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STATEMENT OF MATERIAL FACTS AS TO WHICH A GENUINE ISSUE EXISTS
\
i Issue #1é in this proceeding states:
APpPlicant has not demonstrated that it can reliably generate
emergency on-site power by ra2lying on four Transamerica Delaval
di@sesl generatores, two for 2ach OF its Perry units,
2. TOI diesel engines have a history of failure; virtually every
major engine component has experienced failure in nuclear,
stationary non-nuclear, and marine service,
3. TDI has & faulty guality assurance program, by the
assessment Of both APPlicants and Staff,
&, Nuclear facilities using TDI DGs to generate emergency on-
site power are not in compliance with GDC 1 and GDC 17.
5, ApPpPlicants nhave Jjoined the TDI QOwners Group, whiclh has a
program purporting to ensure TDI DG reliability, The true
purpose of the (Qwners Group is to gain NRC acceptance of the TDI
DGSs and not to determine the actual suitability of the DGs for
nJucle2ar service,
&. The NRQC Staff has stated that the Qwners Group Program
£ONtQins the essential elements for compliance with GODC 1 and
GDC 17;: these elements are Phase [, review OFf the 14 known
problems; Phase I, DR/QF: engaine testcing and inspection; ang an
2nhanced maintenance and surveillance proaram, BN-86-152.
7. I+ will not be possible to determine whether the PHNFP OGS
are suitable For nuclear servisce until the results of the
cperational tests and inspections are available, Thiz will not

e until June 1985, See Exhibit 7,

8. Applicants are continuing to rely on TPl for technical
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evaluations, which are of unknown accuracy and valadity,
§, APPlicants have not demonstrated that the crankshaft ais
suitable for nuclear service, in that they admat that 1t has &

‘
critical speed of 438 rpm, within 5% of the operating speed of
450 rem; crankshaft adequacy has not been demonstrated by an
gvaluation of known conservatism, Such as the rules oFf the
marine Classificotion Societies, which consider many varigbles
offecting crankshaft adegquacy, including engine misfirang; the
gstresses produced by the 4th order critical are likely to be
gre2atar than those predicted by FaRA £ince they used adeal,
best-case assumptions; and the adverse experience with TDI VU-l¢
crankshafts indicates that they are vulnerable tc failure,
18. APPlicants have not .demonstrated that the piston assemblies
are suitable for nuclear service in that the Owners Group
evaluation has not addreéssed Gdverse experience with piston
Crowns and rings; there is no assurance that the AE piston
sKirets will not experience stud boss Ccracking as has been
observed in other 3kirt types; insufficient experience exists
with AE skirts under the conditions existing in nuclear servace
0 conclude tmat they will not fFail; FOAR’'S analysis has assumed
1deal conditions and has neglected the effects Of piston sige
rhrust ana tin skirt plating; it has not been demonstrated that
the AE skirts are defect-free; and the DR/QR keport has

evaluated the AH skirt and not the REsSkirt,

See Exhibit 29,



11. APplicants have'not demonstrated that the cylinder heads
are suitable fOr nuclear service in that they have an extensive
history Of failure; the heads were produced in a period in whidh
APPlicants admit there were poor manufacturing processes; a
conservative analysis of the adequacy ofF the heads has not been
performed; it has not been demonstrated that the heads are free
of flawe, including subsurface flaws; the heads are of
inadequate d2sign and manufacture t0 withstand the loads
t0 Wwhich the are subjected; cracked heads are very dangerous ang
leak detection
can couse catastrophic failure; andAtho methods propocsed by
APPlicants will not prevent damage caused by cylinder head water
leaks, See Exhibit 32,
12, APplicants have not demonstrated that the connactaing roags
are suitable for nuclear service in that it k&s Not been Shown
that the FOAAR analysis was conservative, nor did it adequately
address all the adverse operational experience; the FGAAR
analysis indicates that the rods are marginal; failures of 1-1/2

’

inch rods have occurred; and damage to the PNPP connecting rods
was observed (but not evaluated),

13. APPlicants have not been demonstrated that the connectaing
rcd’beorzng shells are suitable for nuclear service in that a
scomplete and conservative analysis addressing all the adverse
gperational experience has not bssn performed; anc Applicants

Rave used Qs-iS bLearings exh:biting indilGticns Jeemedc

rejectable by the Qwners Group, but the bearaings were accepted



by TDI and APpPlicants without further evaluation,
14, APPlicants have not demonstrated that the engine base andg
b2aring caps are suitable for nuclear service in that a
conservative analysis addressing all the adverse operacang
exXperiénce has not been performed; and linear indications are
present in the #S5 bearing saddle; these indications have not
peen evaluated for cause, nNOr corrective actions taken,
15, APPlicants have not demonstrated that the turbochargers are
suitoble for nuclear service in that operating experience and
FOAR's analysis indicates that nozzle ring vane failure 1s

\ .
1ikely; it has not been demonstrated that such failures will not
cause damage to the turbocharger; FaRAR’s analysis has not
addressed all the adverse operatring experisnce; damage to the
PNPP turbochargers has not been evaluated [ Jr root cause; the
replacement tursochorgers are likely t0o experience excessaive
vibration due to misalignment,
14, APPlicants have not demonstratced that the cylinder ©locks
and liners are suitable for nuclear service in that FGRR’'S
analysis, which may not be conservative, indicates that the
bBlocks will erack due to an inkerently defective design; FGARA'S

analysis nRas not addressed all the adverse Qoperational

excerience; there i¢€ no evidence +that the fatigue ahmage index

e

metkhOdOology will accurately predict orack growth rates or th
COrrect cperational experience input will be uged; 1t nG: Nnote

pEen demonstrated (and cannot be demonstratsd wWith the samplang



technigque employed) that the PNPP blocks <0 nor contain
substandard Microstructure and properties; block Ccracks are very
JOGNGEeTous;
the reduction of liner proudness has not bec recommenaes by
FaAA, ond may lead to other problems, such as frecting or 1loss
of erush; and it has not been demonsktrated that the liner is
able t0 resist side thrust forces, GSee Exhaibit 3s.
17. The DR/QR erogram relies heavily On the *lead engine"
concept, This assumes that all Y-16 engines are igentical, and
that favorable experience on the lead engines means that
inspections and testing can be relaxed in the follow-on engines,
As a result, only 1i of 171 components received & unique DR,
and many components received no QR.
18. The *lead engine' concept depends On the assumption that

b,
i

= =
fra =

there is consistent quality and design among e&ngaines,
assumption 1% false,

19. The DR/QR has not considered the mOsSt conservarave
standards and practices; for example, compliance with the ASME
c0d® is nOt considered mandatory; it 1% CoOnsigered acceptable t0
wait for @ marginal component t0o leak before upgrading i1t; Eome
components mnave not been evaluared abt all, when thear Foilure in
a seismic event could damage other components; ne DR/QR has rmot
considered the rooec cause of compeonent failures, and has Failed
te ensure that components will not fail and adversely affect

engine gperation (2,9,, intake and exhaust valves),



20. A potentially serious problem with the enging foundation
chOCKk plates has been ignored, when this problem has caused
failures elsswhere and Can Cause excessive crankweb deflacktion,
which can result in catastrophic crankshaft failure, It has rot
teen demonstrated that TDI’s evaluation Of the proclem is
conservative,

21 Reliance upon *successful‘ operation of l2ad 2ngines as an

-

.

indication of the reliability of PNPP engines is improper, Qs
there is NO evidence that these engines are of the same quality

as the PNPP DGs.

To comply with PNL'S criterion for operation to 1E7 cycles

e
-

g -

Without fFailure, each of the Perry DGs shouldg operate for 750

ROUrs, in Ooddition to the testing required by Re3, Guide 1,188,
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MEMORANDUM FOR: WILLIAM J, DIRCKS

Za@é;?BJECT: GRAND GULF ELECTRICAL POWER SUPPLIES

T {ould like to know whether the electrical power supply
systems at Grand Gulf meet General Design Criterion 17?
Please provide an explanation. lease respond by Wednesday,

May 23, 1984. | :
/QV g

Victor Gilinsky

cc: Chairman Palladino
Commissioner Roberts
Commissioner Asselstine
Commissioner Bernthal
SECY
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MEMORANDUM FOR: Chairman Palladino ::: . 1
Commissioner Gilinsky

_ - Commissioner Roberts
c.\o-‘Commissioner Asselstine
Commigsi%per Bernthal

FROM: - William J. Dircks
Executive Director for Operations

1)

SUBJECT: GRAND GULF ELECTRICAL POWER SUPPLIES

In a memorandum dated May 18, 1984, Commissioner Gilinsky requested
information concerning whether the electrical supply systems at Grand Gulf
meet General Design Criterion 17. Following the Commission's guidance in the
Shoreham proceeding, CL1-84-8 (May 16, 1984), the staff has concluded, on the
basis of the problems associated with TDI diesel engines, that the onsite
electrical supply systems at Grand Gulf do not meet GDC 17. Accordingly,
Mississippi Power and Light had a meeting with staff on May 18, 1984 and was
directed to submit a request for an exemption to GDC 17 for operation at power
levels up to 5% full power, or at any higher power level it thought could be
justified under Commission Shoreham decision of May 16, 1984, The Company
responded that such a request would be submitted in about one week, The staff
has had concerns about the reliability of the TDI diese' engines for scme
time, but has not taken action to suspenc low-power operation at Grand Gulf
because our safety evaluation has shown tnat the risk of such low-power
operation is exceptionally small, and that the risk is not significantly
increased by the total loss of the TDI diesel.

The current onsite power supply system at Grand Gulf in addition to two TO!
diesels includes one EMD diesel dedicated to the high pressure core spray
system and three gas turbines capable of producing a total of 6200 KW. The
offsite power supply system consists of two 500 KV lines and one 115 KV line.

Prior to supporting plant operation above 5% of full power, the staff will
require the TDI diesel generator issue to be appropriately addressed.

(suﬁﬂﬂiﬂﬂhl{.ﬂhum
g-
A7 William J. Dircks
§Q .“ ! Executive Director for Operations
587
ce:  SECY
OPE
0GC
Contact: DL/LB#4* OL/LB#4> DL/AD/L* QELD* DIR/DOL*  DIR/NRR&
CHouston, NRR DHouston EAdensam TNovak MEWagner [Eisenhut riRDenton
49.22358 5/22/84 5/22/84 5/22/84 £/22/84 5/22/84 5/22/84
NRR/DSI* EDC (REVISED [N EDO PER E. CASE 5/23/84)
LRubenstein WJDircks * pRE! 1IRRE T
522,84 5/ 54 /84 SEE PREVIOUS CONCURRENCE SHEE
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ExHIBIT o~

WELDING
1@-25-3 PO3E~-11388 B

INRDEOUWTE *UPPMPTS FOR DG PIFPIN
& RS8Y; TDI ONLY TRCE JELDEC
MR, 11-17-82 po3s-1280
DE PIFPE SUPPORTE nNOT COMPLETEL
WELDED
NR, 8-15-82 FO22-073s

oe AIR INTRKE SUPFORT CRARDLES TR
CK WELDED ONLY

MR, 12-13-32 pPO38-1328

’HY TANK: MT CAN'T BE PERFORMEL
UISURL DEFECTS: WELD SPARATTER, U
NDERCUT, ARC STRIKES, LACK oF FU
SION, :Lﬂu

NR, 1-18-324 PO3S8-2823

pIPE SPO0OL HHﬂ LACK OF FUSIDON &
SUCKE BRCK ON & INCHES OF WELD I

B"0F LELD ON ELEQW: FACTON: WE
BY UENDOR: FOUND WHEN PIRE LR
CUT & RELORKED PER ANOTHE= NF

= 1-18-283 PO3S-1423

FIFE SUPPL’Eu gy TDI mmb ~SAINT ©
N IC AND UNDERCUT. OQUERLAPKELD WE
LDS; USED AS IS SIHCE NONCODE; ©
URLITY OK FOR PURPOSE

MR, 1-17-84 FO33-180%
INDICATIONS IM 3EAM WELD MADE B
MANUFRCTURER; FOOR WORKMANIHIF
ENGINE TO LUBE QIL SUMP DRAIN

NR, 7-28-34 CoC-2S554
POOR UORKHRNiHIP On Db SHPN”D 2T

UDs; POROSIT UNDERCUT, LRCH 2F
FUSION

MR, 12-1-33 cCRC-3@1z2

oG ﬁ’UD: INCOMPLETE WELDS; LALCH
OF FUSION; QUERLAF

MR, 1-25-32 COC-30%%

ORY TANKS, UNIT 2: WELD DEFECTS
OUT OF TOLERANCE FLANGES

We, 12-13-78 COC-1D49
STARTING RIS RECEIVER: NO DOLC 3
MATERIAL CERT, IUNDERCUT ON NAMEP

LATE INTO THNK

MR 23-25-22 RECI-@37
INCOMPLETE WELDS On DG PIPE; FBIP

E FOR 2816 RETURHNED RS QJUERSHIFM

ENT; PIPE PUR 2315 REASIIGNED 7C
2817; REWORKED

Y

TOLERANCES

NR, 7-S-83
LE RUX PUM
NOT OBTRIN

ROBLEM

NR, 7-5-23 POZg8-181%

DG AUX SKID PUMPS . 2IPE.; RLIGHRM
NT TOLERANCES ONT OBTRINABLE
NOOR SUFPLY PROELEH

MR, l-25-32 COC-303¢9

DAY TANKS, UNIT 2: WELD DEFECT:
OUT OF TOLERRNCE FLANGES

NR, l-23-3& FOsa-2641
‘WNNEPT?nAE FOR PIPE ON DG NOT
N DESIGNED LOCRTIONS

MR, 7-T7-22 PD39-0887
INTERFERENCE WITH FLVYLHEEL GUSE
S AND BARRING DEVICES # 3 ENGI
S MEEDED REUWCRF i OK; TDI Ch+

ED DESIGN

NR, 1-8-33 PO3S-1421
SURPPORT R33Y TOO LONG

NR, 9-14-81 PO30-0181

HOLES MOT DRILLED Th 06 PRILS
NR, 4-30-30 GE22-000%

AIR FAnN  CRIMENSIONS DN T CONF
RM TO DRAWING

NR, S-2-30 G §

AIR TRANK: DIMENSI!
M TD DRARWING

Yieh

e

Gt

ON‘'T CONFD

NR, 10-28-31 PO44-0223

FUEL TANK: PIPES NOT PLUMB, MIZA

LIGNED

MR, 12-7-31 FO44-0223, REV.L
FUEL ThaNK: 4 F2C

BLEMS LIITH Q;-GNME“T “TOLERANCES®

o i
REV .
——




NE, 5-8-283 POSS-~-1888
DG SKID MOUNTED TANMKES DO NOT HMEE
T DRRWING REQUIREMENTS

NR, 3-15- PO22-1804
PIPE TOO LU G

NR, 8-13-83 PO38-2083
LO SUMP UENT PIPE NOT LEVEL

NR, 8-5-23 FO3S-2838
DG CRANKCRSE UENT FRM FLANGE NOT
LEVEL

NR, 3-18-83 FO32-161

DG PIPE CRN'T BE INSTHLLED UEND
QR SUPPLIED TACK WELDED PIPE; IN
C. DRRUING; TDI LETTER OF 8-17-8
2 #%; ACCEPTANCE CRITERIR FOR TO
I FRBRICATIONS # | TDI SPEC NO,
19@-iui-29

MR, 3-24-83 PO32-1832
DG SKID MOUNTED TANKS QUT OF PLU
8

NR, 1-20-83 PO3S~-1457
ENbINE QOLEFLQ’E*' INSUFFICIENT
BERRING, < 88X, USED AS IS, DEFL
ECTION CHECES PRIDR TO STRRTUR &
ND AFTER 20 HR3 RAMD 188 MRS, TLI
CALCULATIONS IMDICATE OK; GE Iz
SE MET ALL RLISNMENT REQUIREMENT
S IN TDI UENDCR MANURL; BEARING
REQUIREMENT NOT SPECIFIED UNTIL

RFTER GROUTING BY TDI REP, 33

RLIGNMENT

NR . 12-22-32 POZ2-122%

FO BOOSTER PUMP- MDTDD ALIGNMENT

Lg!gDOR PRILLED HOLES IN LIRONG B
CES3

NR, 10-25-32 FO38-118%

TG TRNKS: SKID LOCRTIONS?

NR, 1l9-27-32 FOS9-120%
GENERRTOR: ANCHOR BOLT HOLES MUS
T BE ELONGRTED

Ne, ll-9-82 FO38-1241

JACKET LRTER PIPE MISALIGNED, ~L
RNGE NOT WELDED ON 22 DEGREE:

2
NR, 11-18-82 9232
R

-1261
PUMP MOTORS CANNMOT BE ALIGNED
HOLES NOT DRILLED OR IN WURBONG LO
CRTION
MR, S-13-32 FO3S-110%3
EOLT HOLES IN U PUMP SKEID LON'T
MATCH
HR, §-11-32 FO28-2721
ol STANDPIPE: BOLTS WON'T FIT:

QOLE ELONGATED

NE, Z-13-22 PO3S-0533
BOLT HMOLES DON'T MATCH

NR., 12-13-32 PO
U5 3KID MOUNTED TAN
SIGN LOCRTIONS

PIPE FLANGE HOLE N /ATCH
MR, 1l0-8-21 FOZ2-Q1390

OG RUX SKID: HOLES MISMRTCHEL
NR, 18-25-823 FE32-23%82

FO DRIP RETURN PUMFE:. BOLT HOLE:
MISALIGNED

MR, 8-7-22 FO44-0731

AIR FILTER: BOLT HOLES DON'T MRT
CH NUT POSITIONS

NR, 11-9-31 Fla4-248

EXHAUST SILENCERS QUT OF ALIGN.
CENTERLINE OFF
NR, 18-12-33 FOI3-2247

DIESEL ENGINE: EXCESSIVE GAP BET
WEEN BRACKETS; BOLT HOLES MISRLI
GNED

NR, 1Q-17-33 POZs-2271

JU KEEPURRM PUMP . BOLT HOLES I
bFONu LOCATION, CODE PLARTE UNDER
BOLT

NE, 11-18-33 POZ2-2a31

FO BOOSTER PUMP: CaMN’'T OBTAIN <
IGHNMENT

NR, 1-13-8¢ FOZz-2822

FO PIPING: WON'T BOLT up

NR, 1-12-83 FOZ8-1aZ22

LD KEEPURARM MOTOR-PUMP BOLT ROLS
3 MISRLIGNED

NR, 1-18-33 20Z8-1443

J PIPE FLANGE NOT WELDED ON @& =

@ DEG, TO FIPE CENTERLINE

NR, 1l-13-83 PO39-144%
gIR INTREE CRADLES OUT OF PO3ITI
N '

NR, 3-18-83 =fub
PIPE TOO LOW, COUP
INSTRLLED

NR, 2-16-83

FO3
CATWALK SURPQORT
O 1° OFF LOCATION

¥
.

1
L]
T

-168@%
EAM INSTRL.

(]
Y

)

NR, §-17-33 PO2339-1738

PG AIR DRYER CAN'T BE INSTARLLEL
NR, 7-27-33 PO38-1994

Ji KEEPWARM PUMP MOTCOK SPRCERS
AN'T BE INSTALLED, HOLEE MIZALIG
NED

NR, 4-25-83 PO039-1718

DG TURBO DRAIN LINE CRAN'T BE IS

TRLLED

NE, 7-19-33 FO39-1954
STRRTING AIR ELEQUS CONTARCT C&/T
RLES

HE, 2-7-34 POS32-2703

RIPE SUPPORT CARMN'T BE INSTRLLEL
EXCESSIVE GAP, BOLT HOLE HMIZHAT
cH



DOCUMENTRT ION
NR, 8-24-82 FO238-1031
NO MATERIAL CERT FOR TDI-SUPFLIE

D DG CODE FITTINGS

NR, 3-9-82 PO3S-238%

CODE DRTR REFORT FOR JRCKET WAT
R STRAND PIPE OQOUERFLOW DRARIN MIZZ
ING, TDI SARIC TrAT COCUMENTARTION
DIDN'T EXIST

NR, 11-19-82 PO38-1267

i

JRCKET WRTER KEEP WRRM PUMP: CO

E DATA REPORT LDISCREFANCIES: NON
~EAZISTANT MATERIRKRL GRADE LISTELD.
INSPECTOR SIGNED REPORT 4-5 mO3

BEFORE INSPECTING PUMP =+

NR, 10-14-81 PU33-0203
CODE DARTR REFPORT HISSéH FOR PIE

g: TOI FAILED TO PROVIDE PRPER.L
tK
NR, 8-1%-81 oP@C-00S2

PUMPS & MOTORS: NO DOCUMENTARTION
RECEIVED

NR, 7-2-31 orac
ENGINE PRRT377 NO CO
TRATION RECEIVED

MR 9-29—81 OPOC-iill

COI DIDN'T COUER RLL FPRRTS

NR, 9=28-081 QPeC-11S

HQ COI TO LOUER RLL ITEMS ON FPRC
KING LIST

NR, 1l0-26-31 opaC-1209

N0 DOCUMENTRTION FOR SPRRE DG PR
RTS

NR, 12-23-81 QrPQC-142
CO0XI & COC DON'T 3PECIFY EQUIFP RE
CEIVED: DIESEL ENGINE PARTS

NR, 2-18-82 oPRC-168 3
INADEDUARTE DOCUMENTATION FOR TC
CRBLE, 750° EXTRAR SHIPPED; 3HQUL
O HAVE BEEN FOR ENGINE 2317

MR Te-2z-Z2 oFQC-281
GASKETS: NO DOC PACKAGE OR COI
GRAI PROVIDED A SPECIAL CCOI WAIVE
R FOR SHMRLL PRRETS =
MR, 19-30-32 oPOC-310
W COC FOR MIZC HRARDUARE
He, 11-17-&z QPQC-331
NQ COX OR COC
11l-z0-82 OFPQC-333
JIRE: NO COI OR COC
nNE  ll-23-32 OR3C-2337
NG COX OR COC
NE, 12-%-32 oPOC-~-248
NDO COI OR COC FOR CUREBENT TRANSF
ORMERS

NR, 1-2Q0-33 OFQC-25%2
PRESSURE GRUGES . UNRARFPROUED DOCU
MENTATION, PO3 ENGINEER TO REUIE
W DOC TO RUOIDC NRS OF THIS TyverE
NR, E-22-82 oPaC-281
GASKETS: NQ COC OR COIXI. NO ID O
MRATERIRL, PRRTS SHIPPED DIRECTL
Y FROM SUBUBNDOR AT CEI'S REJUES
T FOR EXPEDITION OF DELIVERY o
I TOLD TO REQUEST SPECIAL COI WA
IVER =
MR 12~ i3 a COQC-1249

MATER IAL LEQT TUNDEECUT ON NEMEE
LATE INTO TANE

NR, 12-13-73 COC-1050
STRRTING RIR RECEIVER: NO DOC OF
MRATERIRAL CERTS:

N, 12-14-7 CRC-1058
START ING RIP RECEIVERS: NO TEST
REFPORTS & OTHER VENDOR CERTS

NR, 1l2-18-78 COC-1087
RIR DRYERS: NO COI

NR, 1-9-79 ceC~-107@
EXPANSION 7: NG COI; NR 3SUPERCEC
ED BY REV.,1

NR, l-5-72 cac-1@7

AIR FILTERS: NO COI

MR, 8-23-7% COC-12837

DAY TRNKS: NO MILL CERTS, NDE RE
CORDS, OR CODE DRTAR REPORTS

HR, 3-3-80Q COC-1813 ,
BERRING: NO DOC PRCKRGE;, UNDERSEI
ZED

NR. T7-23-7%2 cQC-1286%
COMPRESSOR ACC: NO DOC PECEIUEL
NR, 4-14-30 CeC-1642

GENERATOR: NO DOC

NR, S-21-50 COC -]
ENGINE CONTROL 23NELS, HITORS, ©

AN3, ETC.: NO POCUI

NE, £-23-20 CoC-1724 "
'nNTFﬂ‘ & POUER PRMEL(S): NO DCOC
PRCHAGE OF COI
TRACERBILIT
AND
IDENTIFICATION
NR, S-5-82 PL3S-0838
C& UVALVES: CODE PLATES NOT MARFE
D UWITH YEAR BUILT
MR, &-12-82 BO33-0805C
DG BOLTING: ™MATERIRL 3SPEC DOES
MOT HMEET 3PEC. SCRAPPEL



NR, 10-27-81 PO33-0218

AIR DRYERS: TRG NO3., DON'T AGREE
WITH CODE DRATH REPORTS, TDI INC

$§RECTLY STRAMPED CODE DRTR REPOR
NR, 10-28-21 PO38-9238

AIR DRYERS K TAGS DON REREE WITH

CODE DRTHR REFORTS

4R, 6-15-21 DFuf-384§

MOTORS & PUMPE: ID Tﬂ CON'T MR
TCH UVENDOR PRARTS LIZT DI SAYS
THRT THEY MRY BE ;NTEPLHHN ED
NR, S8-25-31 oPOC-1@7

AUX SUB BRASES HAVE WRONG LUBE 0OI
L FILTERS INSTALLED. BY TDI

HR, 7-16-32 oPC-287
WRONG ID OF BERRING FQOR D

TDI TOLD TO VERIFY THAT DOC
NTRTION 12 CORRECT

NR, 2-23-33 2PaC-3%2
GRSKETS: UENDOR FRILED TO TAS MA
TERIAL WITH ID NOZ

ul
n
s
~
4

NR, 11-7-80 CeC-1230
G STATOR INCORRECTLY ICENTIFIED
MR, S-14-32 FO5-203

‘TRRTINb HIP COMPRESSOR; MPL NO

;DSN TRGS DON'T MARTCH DOCUMENTR
4

-

3
i

NR, 2-25-30 ECI-259

INCORRECT MPL3 O COIS AND EQUIF
TARGS

NR, 9-18-30 RECI-048

gQONG MPL NO. ON EXHAUST SILENCE

DEFECTIVE MRATERIAL

MR, l@-22-32 PO39-1167
JRCKET WATER PIPE I3 LAMINRTED

NR, §-16-32 POS9-1073
INTERIOR QOF PIPE PRINTED

MR, 11-30-33 GES9-0354
JRACKET LATER FIFPE HRD BRSE METAL
EATRUSION MARK

NR, 190-13-33 PO39-2257
CRY TANK: BRSE METAL INDICATION

HNE, 10-18-32 POZz-2252

ODRY TANK: INDICATION OH INSIDE &
URFACE OF FLANMGE . 1,5 INCHES LON
G: BY RT ONLY

NR, 85-30-33 POLS-2122

SLAG PDCKET IN ¢NTEQICP OF DAY T
BNK, FOUND DURIMG WELD REPRIRS
SHIPPING

MR S-21-31 POC-2033

CORROSION ON DG PRRETS, TOI TOLD
TO PACK FOR WATER TIGHTHNESS

P.4oF §

NR, 10-1-31 FOC-113

CRY TANK LEUEL SRAGE DAMRGED; ToI
TO TAKE PRECARUTIONS IN SHIPPING

NR, 1l@0-23-31 POC-118

SUPPORT BRACE BENT. CAN'T TELL I
F NONCONFORMING UNTIL INSTRLLEL

NR, S-10-32

BARRING DEUICE FOUND DAMAGES; TC
I NOTIFIED OF IMPROPER CRATL.S
NE ., 3=21-7= CaC-928

ENGINE: OIL LEAK FOUND., HEX BOLT
S5 SHERARED QOFF, DAMRGE DURING BE&T
L SHIPMENT

NR . 2-28-T72 COC-830

ENGINE.: ”U 3 SHERRED ON TEMPORS
BY OIL PAN COVER;, CIL & WRTER L_E
QiING; DRMAGE DURING RRIL S=IPME
MR, Z3-2-79 CRC=-11233

LUBE OIL CCOLER ANGLE IRON BENT

RETURNED TO TCO FOR REWORK

HR, 8-17-32 FPO3S-1007
CRANKSHAFT THRUST CLERRANCE DAn
AGE TO DOWEL £IN IN SHIPPING: D=
UNIT 1 NO 2

HENDL ING

N, 12-21-821 FO33-03217

CAMRGED DG PIPE: TDI RSKED FOR =&

OOITIONRAL SHIPFING FROTECTION

NR, l2-2-32 ﬂQC-‘&?

TFRNSFOPHECS ROUGHLY HRNDLED

MR, 3-1-79 COC-1071

JRCKET WRATER COOLER: DRAMRGE DUE

;D CHRAINS; UNCLERR WHD'S AT FA_L

NR, 3-2-79 CRC~1134

PLATFORM DAMAGED BY MISHANDL IN
WHO'S FRULT UNCLERR

NE, 3-13-7%2 CeC-1139

FIPES DAMRARGED BY CHAINS, FRULT
MCLERR

MR, 4-18-T7% CQC-1143

FUEL OIL DRIFP TANK: X PIPE COMNECT
ION MRS DISTORTED FLANGE; FRULT
UNCLEARR

HE, §-223-73 cal=-1238

FUEL OIL DRY TR DAMAGE TO &7
NT. FLANGE CQUERS DRAMAGED: ~aT
COUER MISSING

NR, F-24-30 COC-1827

FUEL OIL DAY TANKS: RUSTED ELLD
S SUSPECT LDUE TO ROUGH HANDL ING
TOI TOLD TQO R3SURE BETTER PRCHA
GING




TOI @R

NR, S-14-31 PO39-0151
HOLES NOT DRILLED IN DG RAILS

NR., 1@-12-31 POZS-0197
kEEP UARM FILTERS: HANDWHEELS ™I
S3ING

MR, 10-21-31 POZ9-0211
JuU COOLER BOLTS LOOSE: WOULD NEE
O RDJUSTMENT RNYWAYT

MR, 2-1-34 FOS2-26880
LD PIPE SUPPORT: MOUNTING PRD ON
SUPPORT NOT WELDED BY VENDOR

NR, 2-1-34 POZ8-2094
Ji PIPING SUPPORT PAD NOT WELDED
oN 3KID

NR, 1-12-83 PO38-1l422
HALF COUPL INGS NOT INSTALLED: LU
BE OIL DRAIN FPIPE

NR, 1-13-83 PO39-1433
gg PIPING ASSY SUPPORTS INADEOUR

NR, 3-12-33 TRZ-20%4
gﬁ! OF NOMNCLRS33 1E CRBLE; DAR 13

NR, §-12-332 TARA3-2QS3

JSE OF FUSES TO IsoLRTE NON IE R
ECORDER PROM CLA33 1E TRANSMITTE
R: DAR 128

NR, 2-15-33 PO22-1330

DG AUX SKID PIPE SUPPORTS NOT BU
ILT TO ASME CODE. DAR 117

HNR, 2-14-34 PO32-1530Q, REV.
2 SKEID PIPING nNOT
TO CODE?
MR, 2-ld-0e PO38-27327
DG PIPING NOT BUILT TO ASME COLE
GENERARTOR

NR, 3-18-32 PO332~- 530

BEARING JOURNAL - PITTING, FOREIGN

SUBSTANCE

NR . 4-30-32 PO33-88%

RUST PITE ON ROTOR JOURNARL

MR, 8-1-32 PO32-772

LIGHT s:ﬁﬁTaﬂe= oM ROTOR
MR, B8-1-822 PO33I=773

NICK3 OM ROTOR

MR, &§-T-32 PO0Z3-788
SCRATCHES & PITS IN BEARING

NR, B-7-32 POZI2-739

NGO BEARING IN‘THL_EC SHIFPPED 3P
EpRﬂTELY By TDI,; NR SHOULDN'T H

AUE BEEN uRIT’EH

PO33-5138

ggvl.RFﬂ'l“HES N MATERIAL

§-17-32

ROTOR 3SHRFT U

CRANKSHAFT
g-21-82 PO38-2191
CDQNrﬁHRFT OEFbEPT'ﬁN ON UNIT e )

WITHIN RCC‘PTRN E LPITEFIﬂ; B“'
MEETS TOI REQUIREMENTS

NR, 8-21-33
DG UNIT
CTION NOT U

PO3S-2190
CRANKSHAFT DEFL
LIMITS AT &
BUT MEETS TOI REGUIR

l‘ll'lu



GCR Results

g ArrRenment 4 p-1ef3
HEPORT RLDUESTEL RY G, GAYTON
INIT MR Lot 1 i
- UKG, NG REY ITEm wAAF  llem NUMBER VESCKIPTIUN DATE ATH

ks 0OC 01520 00 CYL, LINER IR4ICOO0IA  MATCH MARKS WERE AOT REALIGNEU 120766 12,26, s
086 nec 01525 00 TURDOCHAR, 1R4ICO001A PROPLER TORQUE INDETERMINATE 121344 Qrs0n 704
RTS 00C 01536 00 ROD BOLT  1R4ICOUOIA  CONNECTING ROD BULT NUT FROLE 121564 1/25/85
NTs 06C 01537 00 WEAKING 1R43C00018  WAIN BEAKING HAS SEVEKAL GOUGES 121206 0/00/00
086  00C 01541 00 PISTNSART  1R41CO0018  PISTON SKIRT OUT OF RUUND 121084 1721765
NTS 00C 01543 00 SUB-ASSY, 2R43ICO001B  SUBCOVER WAS HOLES DRILLED UFF LOCATION 121684  0/00,00
NTS 00C 01546 00 JACKET WT  1R46C0004  IMPELLER RUBBING ON VOLUTE WEAR RING 122086 1/25/85
NTS 00C 01556 00 BOLT HOLE  1£2250001  INADEGUATE CLEARANCE 122104 1/25/8¢
NTS 06C 01558 00 RUCKERARM  IR43ICOOLA  ROCKER ARM ADJUSTING SCREW CHIPPED 122204 0/00/00
NTS 03C 01559 00 ROCKERARM  1R43COCLE  ROLL PIN ON INTAKE ROCKER ARM SPLIT 122204 0/06/00
NTS 06C 01560 00 LUB OIL MT 2R47D0004B  LUBE OIL WEATING ELEMENT DANAGED 122204 1/08/8%
086 0GC 01566 00 BAFF,ASSY, IR46A0003A  STAND PIPE BAFFLE PLATE w/ DNGD TWREADS 123084  0/00/00
NTS 00C 01577 00 EDUCATOR  1R4SDCOOLA  ELUCATOR TOO SHORT 010385  1/05/85
086 00C 0160) 00 CYL, HEAD 1R43CO001B  FUEL INJECTOR KOLE DRILLED OFF CENTER . 010885  0/0C/00
086 08C 01604 00 ROCKER ARM 1R43  EOLTS KAVE DANAGED THREADS 122064  0/00/00
066 00C C1613 00 DIESEL KD  1R43C0001  DELAVAL DIESEL HEAD WAS DROPPED 010885  0/00/00
8 06C 01614 00 TeFITTING  1RIIPOOSAA  TeFITTING W/ LEAKAGE & THREAD DAKAGE 010885  0/00/00
K T08C 01618 00 TURBOCHARG 1R4ICO00IA  TeCHARGE SENSING LINE WAS DMGD FITTINGS 010885  0/00/00
\TS 00C 01620 00 CONROD BRG " "SPARE CONNECTION ROD BEARINGS DANAGED 122184 ns00/00
286 05C ©1632 00 PIPESPOOL  1R43CO0018  PIPE FLANGES WISALIGNED ' 010985  ©/00/00
)86  ©00C 01690 00 FLANGE IR43CO00IB S CASTING PITS ON FACE OF FLANGE 011885 0/00/00
TS 00C 01750 00 BELLOWS  1R4S " TTURBO CHARGER EXWAUST BELLOWS DANAGED 012088  0/00/00
‘4 PO44 04477 00 PIPING 1£22 " VENDOR SUPPLY PRUSLEW w/ WELDED PIPE 123184  0/00/00

Totab ' B : T g '
RN i ExHigiT 3 cbripiiaei -

" ____ OPEN_NR'S FOR NONCONFORMANCE CODE P TA .

3 REFANT REGUESTED BY €,CAVTuN — ~— — -

e = L. pasne vERIELE
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5., 8pgcC neé, NG ¥y
113 084 06C  0144R O}
111 086 (4]-19 01449 0©On
113 086  00C 01450 00
113 086  0OC 01454 00
113 086039 o0oC 01455 00
113 086 0eC 01460 00
113 086 oeC

113 NTS 00C 01462 00
113 086 0oC 01463 00
113 086 peC 01464 01
113 086 00C ~ 01465 01
113 086  o0oC 01466 01
113 086 oec 01470 00
113 086  00C 01485 00
113 086 0oC 01486 €0
113 086 0oC 01487 00
s J86 0oC 01491 00
113 086  00C ©1492 00
113 NTS 00C 01498 00
113 NTS  0oC 01500 00
113 ORE neC 01501 00
13 086  00C 01508 00
13 NTS  00C 01509 01
13 086 oot 01512 o1
13 086  06C 01518 00
785

JTiI'» NANE
Culi, RS
ar AKINGS
ALARIAGS
LINEN BORE
FUFI, PUMP

BEARINGS

REPURT RENCE T2

ITEM NUMRER

Tir4d

1ReICCOLA
1R43C0CIE
1E225000)
1R4SCO0018
iR43CO01E

TR43CO0IA  CHIPPED CHRIME PLATING

PISTON PIN
DIESEL
SUB COVER
SUB COVER
TUBRO CHGR
BEARIKGS
BEARINGS
BEARINGS
BEARING
PISTON
BEARING

ROCKER
ROCKER

sue COVER
TURBO LFT

TIReICO0IA

01461 00 BEARINGS ~ 1RAJCOOLA

§R Fesits
ATTACHMENT

"YIIN

o aCKIPTION
CHACASALEAD PITYING 1N BEARLINGS
BEAKLINGS REJ,UUE TN INDICATIONS
VENUOK SUPPLY PRUMLEN
INAUEUUATE mAINTENANCE

LINEAR LNDICATIONS

‘/,. ?cfj

lon e

DATE
120¢2m4
120194
120164
112984
1202¢4

120484

LINEAR LNDICATIONS

120484

"LINE HAS A LEAK

TR43C001A
1R43CO0LB
1R43C00018

1R43C0O001E
1R43C0001A
1R43C00018
LR43C0001B
1R43C0001A

LINEAR INDICATIONS
LINEAR INDICATIONS
TURBO BASE PLATE DOES NOT ALIGN
CRACK LIKE INDICATIONS OR POROSITY
LINEAR INDICATICNS ' ' -
LINEAR INDICATIONS

INDENTATIONS ON WATING SURFACE
PITTING ON PISTON

EXCESSIVE SCORING

120304
120384
T 120484
120484
120484
120484
120684
120684
120684
120864
120984

" BEAR STUD  1R4ICO00LIA  GALLED THREAD ON BEARING STUD 183 MAIN

ROLL PINHOLE REAMED OVERSIZE
ROCKER ARM ASSENBLY SWIVEL PADS GOUGED

CYL,LINER  1RA3COOIA

CASTING DEFECT FOUND

T LINEAR INDICATIONS

{R4IC00018  TURBO MUUNTING BRACKET WOLES,OFFSET

- —

CRANKSHAFT 1R4)C0001B  SCORRING ON CRANK SHAFT

.
asnny
Qs00/
1/728/m:
171875

12706/~

T 1270874

EYLLYE
070070

0/700/¢C

gs0c

121084 12711/

T T21104  0/00/
T i21104  0s00/
121184  1/28/
121184 e/00s¢e
T121184  1/04se
1728/

121204

OPEN NR'S FOR NONCONFORMAACE CODE

RLPORT REOUESTEL Ry ©,CAYTUN
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- wEPURT REGWHEAYTEL Y by, Y 1
INIT Mk ISae VERIF LU
nRG, NU REV ITi» wang P SRR Ol SCW I Tl Dhir VALY
;;D OOC- Tll‘o on CVI, kEaD Lika iCUQ01A PUNK HANDLING TECHHNIVDES 1009¢4 117113/04
086 o0oC 01265 00 ROUCEFVARM IK43ICO01AGE DAMAGE TN INTAKE ALD EXMAUST 102784 0/00/
NTS 0q9C 01268 0N ALlR START IN4ICO0LIALE LAPPING OF AIR START VALVES w/0UT PROC, 102384 10724784
NTS ooC 01318 60 PISTON X‘NJCDOOI'B 'STUD & NUT DAMAGED 110484 0700700
NTS  00C 01345 00 CON BOLT  MULTIPLE EVIDENCE OF GALLING PRESENT 111086 0700700
088 - oecC 01354 00 COMN,RUDS lR‘J- FRETTING UN RACK TeLTw UN CONNECTING RUD 1111384 12717784
086 DoC 01356 00 SUB COVER  1R43CO001A  SUB COVER ASSY,MAS A CRACK . 111384 0/00/00
TNTS oc 01357 00 GUB COVER  1R43CO00IA  SUB COVER ASSY,CONTAIN REJECTABLE INDIC, 111384  0/00/00
NTS 0oC 01382 00 DIESEL 1P43C000IA  SCORING G/OR GALLING ON CONN, ROD BEAR, 112184 11/30/84
086 S5 01380 00 AIR START  WULTIPLE  FAILED REVAL,INSPECTION T T pn2eee g1/30/84
086  0GC 01384 00 SCREW IR4TFOSASA  SCREW BENT ON OIL REGULATOR 112484 1/04/85
086 oac 01385 00 OIL RGLR, 1R4TFOSASE  EXCESSIVE RUST AND CORROSION 112484 0/00/0¢C
¥ 5o¢ 01386 00 OIL RGLTR, 1RA7FOSA6S  RUST AND SURFACE PITTING e 112484 0/00/00
WIS 06C 01399 00 TURBY 1R43C001 8 RING BLADES W/SLIGHTLY BENT ENDS 112684  0/00/00
NTS 0oC 01412 01 TURBO 143001 TURBO FAILED REVALIDATION INSPECTIONS ~ 112884  0/00/00
NTS 5o 01413 00 TURBO  1R4)CO0T TURBO FAILED REVALIPATION INSPECTIONS 112866  0/C0/00
7T oac T 01414 00 TURBD {R43ICO01 — TURBO FAILED REVALIDATION INSPECTIONS 132004 0/00/00
. TT7Ooe 01417 00 JOURNALS  1R4ICO001A  INDICATIONS EXCEED RECORDING THRESHOLD 112984  1/28/¢:
cé6 S3C 01431 0t TURBOCASE  1R43CO0001A  NOUNTING BASE WOLES,STRIPPED OUT 1126804 0/00/00
NTS  0oC 01422 0o DIESEL 1R43ICO01B  SCORINGGGALLINE,DUE TO WEAR T T 112384 12/06/64
NTs Dac  0143f 01 SKIRTS 1843C001 — TLINEAR INDICATIONS 1M PISTON SKIRTS T 113084 0700700
103 0oC 01432 01 ROCKER 1R43C001B EXHAUST ROCKER ARM SWIVEL PAD DAMAGED 11306 ©/00/0C
56 0oC 01433 00 con ROD 1R4ICO01A  CONNECTING ROD BOLTS GOULED,NUT FROZE 113084  1/25/88
WTS DeC 01434 00 JKT,WATER  LR46C004 SEARING OIL WOLES FILLED,EXCESSIVE GROOV 113064  0/00/00
oee 50C 01447 00 SUB,COVFR  1R4ICO001A  STUD PART NO,)46 BROKEN OFF 120204  1/14/85
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PERRY \UCL“AR POWER PLANT
DEVIATICN ANALYSIS REPORT

W”‘OR!G!NAL RS OF
1582

~rrEelED lTE!'lSYSTEP.'.IACTlVlTY h.OCAT!oN QUANTITY

i
Te824it Rq} q‘f srm CP LA'RTT‘- __QC.___
" RESPONSIBLE ORGANIZATION ’DROJ NOI\-CONPLIANCE DOC. NO.  [10CFR2INOTIFICATION RS

€ A(>S AR TAS 59 @0 O YES (Attached

c 0! —
jo THE ComTrROL

ae.wa,s, AD UIE oF won = CLAsS 1E ComwTrOlL (Cow Ao E~NTS
€ 1L TS wm \CH PRONIPE (OMTROWL. S/reALS TO THC CAFETY eZ1LATED AVt
VENTILATION SYITErAaS, Aw AmacYStsS oY GiunentT Asrccihres’ ProecT
Ececrritnt. Envciwveen. (OSTVLATES THwT™ FRILuvAe o~ IHESE CireenTS
COULD MOVOLIELY &TECT CrERATI0 of THE Ci1Ci6- covENMNTONS,

’\ .
PREPAREL BY:: hhe it ) "D oo CONCURRENCE: ~ a«c‘{ 2 i /
i i NOAD GENERAL VISING ENGIN ‘;/C

: JUCLEAR ENGINEERING AND CONSTRUCTION DIVISION EVAL UATIO'\ (RE: PA11)

W FURTHER EVALUATION REQUIRED: CONDITION REPORTABLE
7 FInAL EVALUATION; D CONDITION REPORTABLE OR ) CONDITION NOT REPORTABLE -

e—

FEVVALUALTION BY: CONCURRENCE: _‘I )
- ‘ NECD GEN. SUPERVISING

NRARE'CATE A0 F - b s
TUCLEAR QUALITY ASSURANCE EVALUATION  ACDITIONAL COMMENTS ATTACHED o @

r/ YES OR NOD
POTENTIAL SIGNIFICANT DEFICIENCY IQCFRm'::‘(c"j W ves [-\ NO
‘;J f"Y’h_ R PORTABLE DEF CT/' ﬁl'f‘c;”_n 12 CP )OCF921 :} C Vs

D 8l1e|8D  1ANAGER, NQAD gi‘b(] _?E/’A’u
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ATTACHMENT

DEVIATION ANALYSIS REPORT 139

The condition identified above was brought to the vendor's (Transamerica
DeLaval Inc. (TDI)) attention via a September 30, 1982 correspondence,
PY/SO-14036. A copy of that correspondence is attached. Since that sub-
mittal several other correspondences were transmitted between TDI, GAI and
the Project Organization identifying the same condition, The transmittals
requested an analysis of the circuits involved to determine if the condition

as stated was in fact a design problem,

Because the final payment on the contract between TDI and CEI has been ‘com-
pleted, additional funds have been requested by TDI before . .they will perform
the circuit analysis. To resolve questions that require additional work since
the completion of the contract, a task force was initiated in May. This task
. » » v‘ . .

force is resolving commercial differences and technical questions to allow
TDI to perform work such as the circuit analysis required in this condition.
Since TDI has not completed a design review of the circuits in question, in

response to our request, no significant deficiency has been reported to date.

A recent substantial backcharge was submitted to the vendor to cover other
previously ideatified problems. Because of this event in our commercial
relationship with TDI we now feel the cooperation between the parties may be
difficult., Recognizing that we have experienced 10 DAR's in the last three
years whfch were reportable and the most recent IE Information Notice on in-
dustry problem with diesel-generators (Ref. 83-51) we now feel it is necessary

to report this condition with further evaluation required.

To our knowledge, TDI has not yet reported this item under 10 CFR part 21.
We will notify them of our 50.55e report and continue to work with TDI on re-

solving all outstanding technical questions.
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Gilbert/Commonwealth egners and consutants RECEIVED
GILBERT ASSOCIATES. INC. P. 0. Bax %498, Reading, PA 19603/ Tel 215-775-2600, Cable Gilssoc/Teiex 836431
APR S0 )82

PNpO
DS IUNMENT CONTROL

April 12, 1982
EXH/BW‘ _/;
PY-VEN-3142-QA

Transamerica Delaval, Inc. INFORMATION RECEIVED

Engine ¢nd Compressor Division

550 85¢h Avenue . APR 30 1982

Oakland, Califormia 94621 [T —
QUALTT L 1

ATTN: Mr. Dick Boyer

Re: Perry Nuclear Power Plant
Units I & II
Purchase Order P-1152-K
Diesel Generators per SP-562

Dear Mr. Boyer:

Attached please find the report for the audit conducted at your facility om
February 23-25, 19&/?’ Due to the status of the work on this contract, no
findings were issued; however, deficiencies found during the audit are noted in
this report.

Should you have any questions concerning this, please call me.
Yours truly,

rD;,m ) ,f// \ (xacen—

Dennis P. Weaver
Program Engineer
Quality Assurance Divison

DPW:ama
ce: R.L. Farrell - w/ 301 (010) 9.2 - w/
T.F. Swansiger - w/ 301 (010) .1 = w/

P.B. Gudikunst - w/
J.W. Mehaffey - w/

F.J. Yurich - w/

NED-SP=-562 - w/ Name: &_&“’ M_/
H.F. Mayhew - w/ v

A. Lambacher - w/ File Code:___S £ 2~

T. Solomon = w/ Toss

A. Pusateri = w/

ROAO H‘nnin‘ - '/

Howard Wong - Delaval - w/ Reviewed:_myf_&__
Geoff King = Delaval = w/ cCURAD

A.E. Nance - Delaval - w/ ngggg;ﬁizzﬁqics

525 Lancastar Avenue Reading PA muwumummm
208 fast Weshagton Avenue Jackion W 51 788 3000, 80 Piae Surset New Yorw NY 217 425480
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Gilbert Associates, Inc.
Quality Assurance Division

Manufacturing Audit -
February 23-25, 1982 ;

o™~

CLIENT: Cleveland Electric Illuminating Compary
UNIT: Perry Nuclear Power Plant - Units 1 & II

AUDIT AREA AND DATE: Delaval, Engine and Comwpressor Division,
February 23-25, 1982

AUDIT TEAM MEMBERS: D.P. Weaver - GAI/QAD Program Engineer - Team Leader
A. Lambacher - CEI/QA Tuality Engineer - Team Member
T. Solomon - CEI/QA Quulity Engineer - Team Member

PERSONNEL CONTACTED: Lance R. Block Q.E. Manager
R.E. Boyer Q.A. Manager
Howard Wong Project Manager
A.E. Nance Quality Engineer
Albert Louie Project Engineer
John Witt Purchasing Manager
Geoff King Product Engineer
Ken Kropf Q.C. Supervisor

A. Marchus L-ad Receiving Inspector



I.

II.

III.

INTRODUCTION:

All equipment has been shipped to the site, but has not been assembled,

and Delaval has been paid for the equipment. Since this is the case, no
Action Requests or Corrective Action Requests were issued to Delaval.

This report is mot in the standard audit report format since it is felt
that its purpose is better served as organized below. The results of
this audit will not be qug,;o_elfoct-a_chan;e,in,belcv11'n QA Program,
but to evaluate the program under which the CEI equipment was built.
Follow-up action by Cleveland Electric Illuminating will be determined at

a later date.

PURPOSE:

A.” Determine Delaval's level of compliance with quality assurance
requirements specification SP-706 in the areas of:

1. Design Control, particularly as related to Engineering
preparation and review of:

1. Drawings

2. Specifications

3. Nonconformance's, and incorporation of nonconformances
into design and manufacturing documents.

2. Procurement Document Control, primarily to verify that Delaval
transmitted the CEI specification requirements to subvendors
and that changes to procurement documents are controlled the
same as the original document. In additionm, Delaval's system
for control of approved suppliers will be reviewed.

B. Verify corrective action implementation of AAR's ! and 4 from Audit
#2 conducted at Delaval on May 1-3, 1978.

C. Determine how Delaval controls the potential significant
deficiencies identified to clients as required by l10CFR2I.

D. Review indoctrination and training records for personnel who perform
'functionl related to assuring the quality of the product.

E. Method of handling spare parts - Determine how Delaval verifies that
spare parts are the same as the parts supplied under the original

order.
CONTRACT HISTORY AND AUDIT BACKGROUND INFORMATION:

A. A Pre-Award Survey was conducted on September 3-4, 1975. Eleven
findings were issued as a result of this audit. These are briefly

described below:
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1. Change order to purchase orders not being reviewed by Q.A.

2. No Qualified Supplier's List available in the Purchasing
Department. .

3. Obsolete drawing revision being used in -nnuflcturing.

4. Corrective Action system was not being utilized. Corrective
Action Requests are not answered and no follow-up system is in

place.
§. Aunual independent audit is not being performed.

6. The internal audit program is not being effectively implemented
due to:

a. No close-out of findings issued.

b. Incomplete distribution of audit reports.

¢. No auditor training/qualification.
7. No follow-up of findings on supplier audits is performed.
8. Welder qualifications not being maintained.
9. Non-conforming material not being controlled.

10. Final piece inspection was not being performed as required by
the manufacturing process sheet.

11. Equipment calibration is not current.

Response to all of the above findings was made by Delaval on
September 10, 1975 and accepted by CEI on September 23, 1975.

A post-award conference was held at Delaval on April 27th and

28th, 1976. At this meeting, the Q.A. requirements of SP-706 were

reviewed with Delaval personnel, the procedures to be submitted for
approval were identified, and corrective action implementation as a
result of pre-award survey findings was accomplished.

On November 9, 1977, a QA business meeting was held at Delaval
becsuse Delaval had fabricated and shipped equipment to the Perry
site without receiving a GAI Certificate of Inspection.

On December 13, 1977, during inspection trip 010-03, three Audit
Action Requests were written at Delaval which are summarized below:

AAR010-03-01 Manufacturing route sheet was revised without being
reviewed.
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AAR010-03-02 Vendor material test reports were not being used in the
shop.

AAR010-03-03 Uncalibrated measuring equipment was being used in the
shop. x

On January 11, 1978, during inspection trip number 010-04, four
Audit Requests were issued to Delaval as summarized below:

AARO10-04-04 The incorrect heat number was stamped on Engine Number
One.

AAR010-04-05 Test equipment is not being calibrated and records are
not being maintained.

AAR010-04-06 The drawing being used by production was not the latest
revision. The current revision contained major revisions.

AAR010-04-07 Drawing in use on the floor had not been properly
reviewed and approved.

On February 17, 1978, during inspection trip number 010-05, four
Audit Action Requests were issued to Delaval as summarized below:

AAR010-05-01 Torque wrench not calibrated.

AAR010-05-02 E7018 weld rod was not controlled and properly stored.
This same rod was later used by an unqualified Delaval welder.

AAR010-05-03 Delaval's QA Manual had been reviewed but not submitted
to CEI for review. Inspection procedures were revised but not
submitted to GAI for review.

AAR010-05-04 Management was not aware that only approved welders
could perform welding.

On February 15, 1978, during inspection trip 010-06, Audit Action
Request 010-06-01 was issued to Delaval because a hold point had
been bypassed for inspection of a control panel.

On February 24, 1978, during inspection trip number 010-07, Audit
Action Request AARO7-0l was issued to Delaval for widespread welding
deficiencies present in ASME welds.

On February 28, 1978, GAI/QA issued CAR024Q to Delaval for failure

to meet the requirements of SP-706 as evidenced by the repeated and

widespread deficient conditions identified by the GAI/QA inspector.
" On March 1, 1978, during inepection visit 010-08, Audit Action
Request 010-08-01 was issued to Delaval for using uncalibrated
measuring and test equipment.
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On March 8, 1978, during inspection visit 010-09, three Audit Action
Requests were issued to Delaval as summarized below:

AAROI0-09-0] Weld rod was uncontrolled. Welder qualification was
incorrect.

AAR(S0-09-02 Documentation not in accordance with spP-562 for PNPP
identification.

AAR010-09-03 Unauthorized specification deviations on the generator
and engine control panel.

On March 10, 1978 Cleveland Electric Illuminating Company issued
Stop Work Notification No. V005 to Delaval due to the many
outstanding non-conforming items identified by CAR 0240 and AAR's
010-09-01, 010-09-02, and 010-09-03.

On March 29, 1978, during inspection trip 010-10, three Audit Action
Requests were issued to Delaval as summarized below:

AARO10-10-01 Continued welding ove unprepared structural members
and piping surfaces.

AAR010-10-02 Delaval failed to notify GAI/QA of Hold point
inspection.

AARO10-10-03 Control Panel tested to an unapproved test procedure
and prior to issuance of a release by GAIL.

On April 3, 1978, during inspection trip 010-11, three Audit Action
Requests were issued to Delaval as summarized below:

AAR010-11-01 Widespread welding deficiencies.

AAR010-11-02 Crankshaft had incorrect heat number identification
stamp.

AAR010-11-03 Instrumentation used in torsional test not calibrated.

On May 1-3, 1978 an audit of Delaval was conducted by GAI/QA. Four
Audit Action Requests were issued as summarized below:

AAR02-0]1 There is no system to assure that the design calculations
have been approved prior to issuance of fabrication drawings.

AAR02-02 Calibration of measuring and test equipment is not being
controlled.

AARD2-03 Personal tools are not maintained in accordance with a
calibration program.
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AAR02-04 No system exists to assure that obsolete drawings are not
being used in the shop.

On May 4, 1978, during inspection trip number 010-13, iive Audit
Action Requests were issued to Delaval as summarized below:

AAR010-013-01 Welding deficiencies identified on ASME piping on the
Engine 1, Unit 1 auxiliary skid.

AAR010-013-02 Welding deficiencies identified the Engine 1, Unit 1
auxiliary skids structural members.

AAR010-013-03 Welding deficiencies identified on the Engine 2, Unit
| ASME Piping. Unauthorized weld repairs made.

AAR010-013-04 Welding deficiencies identified on the Engine 2, Unit
1 ASME Piping.

AARO10=013-05 Welding deficiencies identified on the Engine 2, Unit
] auxiliary skid structural members.

On June 6, 1978, during inspection trip number 010-16, two Audit
Action Requests wer issued to Delaval as summarized below:

AARO10-016-01 Uncontrolled E7018 weld electrode found on Engine
75052 where weld repairs had been made.

AAR010-016~02 Welding deficiencies noted on Engines 75051, 75052 and
75053.

On June 12, 1978, during inspection trip number 010-17, the GAI
inspector identified more problems associated with welding. Delaval
personnel could not identify which welding procedures had been used,
the welding procedures were not included on the shop route sheet
(traveler). No Audit Action Requests were written during this visit
to document this because Delaval requested that the GAI inspector

~~——leave the shop and not return.

On 12/7/78, 1978, during inspection trip number 010-18, four Audit
Action Requests were issued to Delaval as summarized below:

AARO10-018-01 No NDE performed on ASME Section III, Class 3 Pipe
Category C and D for four diesel engines.

AARO10-018-02 No NDE performed on ASME Section III, Class 3 Storage
Tanks.

AAR010-018-03 Inadequate visnal inspection of ASME Section III
welds. "Use-as-is" disposition by Delaval does not meet minimum
ASME standards for "Use-as-is.”
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AARO1-018-04 Delaval unable to delermine if radiographic
requirements of welds were met.

At this point, several inspection trips were made to Delaval to
review final documentation packages. Many deficiencies in the
documentation were found, however Audit Action Requests were not

written.

Upon receipt of the material at the job site, problems with
identification were found consistently. Much correspondence was
generated regarding this problem, and several trips by Delaval and
site personnel were made to attempt to resolve the problem. A
multitude of site nonconformances were generated regarding
identification, painting, welding and documentation problems. The
aumber of the nonconformances is to great to list them individually

in this report.

A problem was identified with the anchor bolts for the generator
termination cabinet which is described in PY-GAI/VEN-2162-QA, dated
10/23/79, from J.C. Rovansek to R.A. Pratt. This was a result of

the failure of Delaval to incorporate subvendor equipment changes

into the design drawings and seismic calculations. During
investigation of this problem GAIL determined that Delaval had not
submitted revised drawings to GAI Engineering and had not
incorporated comments made to drawings during previous GAI review.

CEI began making preparations for assembly of the equipment from

Delaval in 1981, however several problems were incurred which held
up progress:

1. Delaval had not supplied assembly drawings and procedures as
required by the following sections of SP-562:

a. "Section 1:09.7 Imstruction Books and Spare Parts Lists

(1.) ... Instruction books shall include but no
necessarily be limited to:

a. Installation instructions.

b. Start=-up procedures.

¢. Operation, including schematic diagrams.
d. Dissassembly and assembly procedures.

e. Outline drawing.

£, Assembly drawirg.

g. Maintenance.

h. Calibration procedures.

(2.) Instruction books are not considered design manuals,
and if any descrepancies between the successful
bidders drawings and instruction books, or items
omitted from the drawings which are contained in the
instruction books cause the installation to be




different from the instruction book recommendations,
the successful bidder shall amend the instruction
books or modify the installation at his own expense,
vhichever is deemed by the OWNER as giving the most
proper and operative final installatiom.

(3.) The successful bidder shall modify any standard
instruction book sections to agree with the
engineered product and its installation. Tabular
data shall be marked to identify the model supplied.
When assembly, alignment, and/or erection is required
in the field, the successful bidder shall furnish
procedures and instructions for this wurk.

b. Section 2:15.3

"The VENDOR shall provide all special installation and
assembly instructions. These instructiuns shall be part
of the instruction books."

2. ;Thc documentation supplied by Delaval was insufficient,
/ incorrect or improperly identified in many cases. These

deficiencies were identified on PNPP site nonconformance

L\~£§BET:"

3. _Insufficient quantities of items were supplied by Delaval. A
Delaval Service Representative went to the site in August, 198l
to survey the equipment. As a result of this, several items
vere re-ordered. In addition, items which had been improperly
prepared for shipment and had received damage in transit from
Delaval were reviewed. Recommendations for repair were made by
the Service Representative.

4. ‘_A‘L.xgg_agln,oi_;he_equipnent,vas-incorrccg}y identified. An
extensive tagging system had been devised to facilitate ease of

installation of the equipment at the site. This system was .
deemed useless as a result of the marking.

5. Most of the site nonconformances which required a response by
Delaval had not been answered.

A meeting was held at Delaval on December 7-10, 1981 to attempt
to resolve the above problems. The minutes of this meeting are
contained in PY-50/562-9967, dated 12/15/81 from A.P. Pusateri
to Howard Wong.

Delaval has notified the Nuclear Regulatory Commission of
several potential significant deficiencies in accordance with
10CFR Part 21. In one of these, Delaval was unable to
determine whether there was a deficiency or not, since it
depended on the final location of a piece of equipment on the
engine. GAI/QA questioned Delaval concerning the maintenance
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of as-built drawings, or whether the engine was constructed and
inspected in accordance with an assembly drawing. There
response was that although there is a basic assembly drawing,
no two engines are alike, and many items are shop-fit or
field-fit. No record of this type of layout change iz kept.

No determination is made by Engineering or Quality Assurance as
to the effect of shop changes on equipment performance, seismic

analyses, etc.

As a result of the items described above and the past
performance of Delaval om this contract; it was described that
an audit of Delaval was deemed necessary to determine the
adequacy of their QA program, basically in the areas of Design
Control, Procurement of Safety Related Equipment and
Nonconformance Control.

Summary - The audit was hampered initially by a lack of organization
with Delaval personnel. The Project Manager did not have the
required personnel available as requested in the agenda. The
':Ptoject Engineer refused to be contacted by the audit team until
! convinced by the Plant Manager that this was necessary. Also,
unfortunately, the first day of the audit coincided with the arrival
of the Boodmobile at Delaval, which added confusion to the
situation, since personnel were continually called away from the

audit.

During the course of the audit, many areas w2re touched upon by the
sudit team which were outside the original pu-pose of the audit.
The information obtained thus is reported in t.oe section which was
being investigated.

Throughout the course of the audit, when documenta:ion presented by
Delaval was insufficient in meeting the specification requirements,

. the audit team informed the Delaval representative of this. The

| Delaval representative stated in each case that the documentation

{ supplied to the audit team was all that was_in existence.

\ Cleveland Electric Illuminating Company (CEI) specification SP-5362,
Section 2:01 states, in-part, "This specification sets forth the
essential information required by the VENDOR (Delaval, Inc.) for the
design, fabrication, testing, documentation and delivery of four
complete, Class lE diesel generator units, as defined by IEEE
Standard 308." Section 2:14 of SP-562, titled "Quality Assurance”
states, "The equipment to be provided under this Specification is to
be designed, fabricated, analyzed, tested and documented under
Quality Assurance Requirements as given by attached Specifications
§P-706-4549-00 and SP-750-4549-00."

|. Delavals design is divided into two groups, one for items
manufactured at Delaval, and one for "Memo III" items, or items
which are purchased from subvendors. The Engineering Department
Operating Procedures and Division Standard Practices provide the
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design control. The Engine Specification is prepared by the Product
Engineer for parts manufactured at Delaval. Purchased Material
Specifications are prepared by the Project Engineer for Memo III
items. No documented evidence exists for the review of either of
these items against the CEI specification or the therein referenced

ﬂcodol and standards. No documentation of independent design
verification exists. Nor are there controlled procedures for
performing design or design review. The procedures in the
Engineering Operating Procedures Manual and Division Standard
Practices Manual are primarily administrative instruction. Ome
exception is Engineering Operating Procedure #3 which describes the
engineering of ASME Section III, Class 3 equipment. However nothing
addresses the remaining safety related equipment. Personnel
interviewed had only a vague_knouladge_o£~the~requirementi:qpﬂggined
in the above manuals. Many errors were noted in the manuals e
concerning controlled distribution and incorporation of procedure
revisions.

Documentation of review of design changes did not exist; through
interviews with the Project Engineer and Project Engineer, it was
determined that none is performed.

No attempt is made to assure that revisions to parts drawings are
incorporated into the manufacturing process sheets.

There is no_system in place to assure that revisions to Purchased
Material Specifications are incorporated into purchase orders, and
there is no documented review of change orders prior to issuance.
Procurement records indicated that purchasing personnel had
authorized changes in the technical content of the specifications
without review and approval by the Project Engineer and
incorporation into the purchase order.

,////i;here is .-no effective program for assuring‘the_belavalil-subygndorn

( have a quality assurance program which meets the requirements of
SP-706. Vendors are entered on Delaval's Approved Suppliers List by
completing and returning to Delaval a one page_questionnaire.
Completing the questionnaire again after a specified time period
requalifies them for continued supply of safety-related parts.
Occasionally, a Delaval inspector performs a survey at a vendor's
plant. Two of these surveys were p@rformed in 1981. The audit team
reviewed these two surveys and found them to be incomplete.

The Approved Suppliers List is divided into three sections: ASME
Code suppliers, non-Code safety related suppliers, and non-Code,
non-safety related suppliers. Purchase orders (not changes to
purchase orders) are reviewed by Quality Assurance prior to
issuance, however, the Quality Engineer stated that the purchase
order does not indicate whether the parts are ASME code,
safety-related, or non safety-related.



Two findings were issued during the May, 1978 audit performed at
Delaval in the area of Design Control. Corrective action had not
been implemented as a result of either finding.

Several potential significant deficiencies have been identified to
the Nuclear Regulatory Commission by Delaval under 10CFR21. The
audit team determined that Delaval has no established procedure for
reporting and tracking items reportable under 10CFR21.
Indoctrination and training records for personnel in engineering
vhere reviewed. No documented evidence of the indoctrination of
personnel to Division standards, CEI specification requirements or
Q.A. Manual requirements were available.

When an order for spare parts is received by Delaval, they simply
initiate a requisition for parts to the shop or vendors by the
referenced part number, The part many actually be produced to a
later revision of a drawing 6t specification, since this is not
indicated. No documented review is performed to verify that the
part is equivalent to the one originally supplied.

In summary, the audit team feels that the quality assurance program
in effect at the time work was performed for CEI and the ome
presently in place at Delaval does not meet the requirements
contained in SP-562 and SP-706. Even if the program described in
the Q.A. Manual was effectively implemented it would not meet the
requirements of SP-562. The attitude towards quality assurance is
one of tolerance, not support. It is evident from review of the
contract history presented above that this has been the case since

the contracts' inception.




AUDIT DETAILS

A.

Design Control

Delaval's method of procedurally controlling design and design review was
investigated. Engineering procedures are contained in the "Division
Standard Practices" (DSP) manual and the "Engineering Operating

Procedures' (EOP) manual.

The following are the sections related to Engineering in the Division
Standard Practices Manual:

Establishing New Engine and Compressor Ratings

Section 4.001

Section 4.101 - Engineering Department Absorption Procedure

Section 4.202 - Engineering Change Procedure

Section 4.203 - Shippable Bill of Materials Procedure

The following are the sections in the Engineering Operating Procedures
Manual:

1. Communications and Responsibilities

- 2. Red Lining of Drawings

3. ASME Section III, Class 3 Equipment

4. Analysis by the Design Group

5. Analysis by the Piping Group

6. Analysis by the Applied Mechanics Group
7. Engineering Releases and Revisions

8. Shippable Bill of Materials

Both the Division Standard Practices Manual and the Engineering Operating
Procedures Manual are intended to be controlled documents. A controlled
distribution list for the DSP Manual could not be located, nor is a
receipt of acknowledgement system used.

The DSP Manual in the possession of Geoff King was reviewed for
correctness. The Table of Contents requires that obsolete revisions of
DSP's must be destroyed. This manual contained NSP4, 101, dated 9/15/69,
which is obsolete. The Table of Contents does not give the revision
level for the procedures, so it was not possible to determine the current
revision level. DSP4.20l was still in the manual, although DSP4.202
specifically states that it supercedes DSP4.201.

11
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The Engineering Operating Procedures manuals assigned to Lance Block (#3)
and G.E. Trussel - Chief Engineer (#28) were reviewed. Manual #23 was
still assigned to Lance Block and maintained in Engineering although he
no longer works in that department. The index dated 12/14/78 says that
the irdex should be dated 11/11/75 and consist of pages Al through AlS.
In actuality, the section consisted of: g

DATE PAGE DATE PAGE DATE
4/20/81 Al7 3/17/78 A33 NOT IN BOOK
4/20/81 AlB 3/17/78 A4 NOT IN BOOK
4/20/81 Al9 3/17/78 A35 NOT IN BOCK
4/20/81 A20 3/17/78 A36 11/11/80
4/20/81 A2l 4/19/78 A37 11/11/80
4/20/81 A22 4/20/78 A38 11/11/80
4/20/81 A23 4/20/78 A39 11/11,80
4/20/81 A24 4/20/78
4/20/81 A25 4/20/81
4/20/81 A26 4/20/81
4/20/81 A27 NOT IN BOOK
4/20/81 A28 NOT IN BOOK
NOT IN BOOK A29 NOT IN BOOK
NOT IN BOOK A30 NOT IN BOOK
NOT IN BOOK A3l NOT IN BOOK
4/15/81 A32 NOT IN BOOK

Section B, "Drafting Room Practices”; of the EOP Manual has an index
dated 5/25/70, however, the index gives no revision level or issusance
date, nor does it list all the pages in Section B.

The Control List for the "Engineering Standards Books" (apparently the
Engineering Operating Procedures manual) lists #23 as being assigned to
Kirk, Engineering, 4/23/73; however, the manual itself was assigned to

Lance Block, who no longer works in Engineering. The Control List does
not include any method for assuring issuance of or acknowledged receipt
of the EOP manuals.

Based on the above evidence and interviews and the Product Engineering
Manager and the Project Engineer, it is obvious that the design control
procedures available at Delaval are not working documents, nor are the
personnel familiar with the documents.

e —

The Engineering Operating Procedures manual provides instructions for
analysis by the Design group, Piping Group and the Applied Mechanics
Group. However, no instructions are available to govern the work
performed by the Project Engineer and the Product Engineer. The
procedure "Communication and Responsibilities", although primarily an
administrative in nature, does require certain design control functions
to be performed and documented by the Projest Engineer. No records cthat
these functions had been performed could be found by the Project
Engineer. For example, the minutes of the Engineering Pre-Release
Meeting, and documentation of his verification of contractual design

12




requirements could not be found. Also, this procedure states that the
Project Engineer is responsible for designing the auxiliary piping
systems and transmitting the resulting schematics to Product Engineering.
No evidence of this having been accomplished could be found.

r~ - - - ‘.

The indoctrination and training records for Engineering personnel were
reviewed. The records indicated that a one-hour training session had
been held during which all of the following subjects were covered:

e

i. Delaval ASME Q.A. Manual
2. 10CFR21

3., Welding Procedures

4. 1EEE 323-1974

S. IEEE 344-1975

6. NUREG 0588

There is no evidence‘of,:rniuin;_op_indoct:ination,in.custo-or
“requirements, Delaval standards, Engineering standards, ANSI standards or

10CFR50, Appendix B.

A report on a training session on Quality Assurance, a copy of which is

-

attached, was presented to the audit team. This session was attended by
the Chief Engineer on January 23, 1981 and_indicl:es_the_nt;j:pde_Delaval
pcrsopqpl_have_concerningwouality_Assurancq.

—— -

The audit team performed a review of Delavals internal audit program in
the area of Design Control for the past three years. The concern in this
area is that the Product Engineer stated that there was no recall system
for obsolete prints, although the internal audits indicated that there
was a recall system. Question #17 appeared on the internal audit dated
3/21/80 as follows, "Are obsolete specifications and drawings
systematically recalled from point of use and distribution?” This was
answered, "Accept-Depending on status of change." The audit team
expressed a concern that items were being fabricated to obsolete drawings
‘after a significant change had been made. e = TR

It was also noted that no deficiencies had been found in the area of
design control in the past three years. The next internal audit is
scheduled for March, 1983,

Two findings in the ares of Design Control had been issued during a

manufacturing audit conducted in May, 1978. Following are the
observations and responses.

13



AAR02-01

Observation: No documented system assures that design calculations have
been completed and reviewed before Design Engineering issues drawings for
fabrication of ASME Section III items or systems.

Delaval Response: Engineering procedures now provide for a summary
report to “e delivered to the Manager of Design Engineering prior to
releasing equipment for manufacture.

AARO2-04

Observation: No documented system or procedure exists to assure obsolete
drawings or procedures are destroyed when revised drawings or procedures
are issued to the shop for fabricationm.

Delaval Response: Each issuing sub-division now maintains distribution
lists for instructions and drawings. When revisions to instructions and
drawings occur, instructions to destroy obsolete documents will accompany
distribution.

The audit team questioned the Product Engineer, Project Engineer, and
Quality Engineer concerning implementation of the response to these
findings. None of them had any knowledge of these corrective actions

being implemented, nor any knowledge of forthcoming procedural changes.

The audit team reviewed Delaval's method for processing design document
changes. Delaval Q.A. Manual, Section 3.4.] references Engineering
Procedure #7 for instructions. This procedure provides administrative
instructions to be followed in processing a revision. This procedure
does not contain requirements for reviewing changes for impact or items
already manufactured or tested.

Upon receipt of an order for diesel engines, Delaval prepares an Engine
Specification for each engine., This En;xne _Specification is just a list
of _the part numbers which make up the engxne The drawing number is
listed for the parts, however, the revision of the drawing is not listed.
When a drawing is revised, no changc is made on the Engine Specification.
The Product Engineer reviews par* dravzng changes for impact on past and
present engine orders. This review is performed based on his memory of
the requirements of old orders. The cudxt team expressed the concern

"that it seems unlikely that one person's memory can be complete enough to

include review against many different customs and code requirements for
performance materials seismics design, etc.

When a order is received for spare parts by Delaval, the Engine
Specification for the original order is reviewed. The Product Engineer
takes the part numbe. and drawing number off of the Engine Specification.
However, there is no way to determine what revision of that drawing the
original part was manufactured to.

14
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Delaval's Engineering Operating Procedure #2, "Red Lining of Drawings"
contains instructions for making shop changes by fabrication personnel,
which must be authorized by the Product Engineer prior to use. C(hanges
such as these can be made without review by the original design group or
a change in the title block on the drawing indicating that a revision had
been made. There is no system to assure that changes such as these are
incorporated into the final design and do receive the proper review., The
Product Engineer stated that a shop change similar to this is what led to
the potential significant deficiency concerning the lube oil system

governor location.

The method by which Purchased Material Specifications are prepared and
transmitted to the vendor was reviewed with the Project Engineer.
Purchased Material Specifications are prepared by the Project Engineer
for components to be supplied by vendors. These are to include Delaval
design requirements, cvitomer specification requirements, code
requirements and Q.A. requirements. No independent review of these
documents is performed by Engineering to assure inclusion of all of the
above requirements. The Quality Engineer provides the imput tc the
Project Engineer for the Q.A. requirements section of the specification.
Revisions to the Purchased Material Specification are handled in the same
manner and are transmitted to Purchasing and Quality Assurance by
Engineering memo. The audit team expressed a concern that these
documents _received no technical review prior to issuance. Several
Purchased Material Specifications were cursorily reviewed at this time.
It was noted on one that ASME pressure-retaining part had been specified
incorrectly as ASME A325, instead of ASME SA-325. The Specification for
a shut-off valve, part number 75051-154 invokes ASME Code Case 1717 and
ASME Code Edition 1974 with addenda of Winter 1976, SP-562 does nct
allow use of this Code Case and the specified Code Addenda is not s

stated above.

The following Purchased Material Specifications were picked at random in
order to verify through Purchasing that all the applicable requirements
had beea properly transmitted to the vendors.

Purchased
Material Specification Revision Item Purchase Order

75051-107 G Air Dryer 62637

75051~115 D Lube 0il Heat 62640
Exchanger

75051-117 L Jacket Water Keep 62642
Warm Pump

75051-124 B Fuel 0il Drip 62638

Return Pump

The files in the Purchasing Department were made available to the audit
team. The Quality Engineer and Purchasing Muanager stated that these were
the complete files for each of the above purchase orders. The
contractual history of each Purchased Material Specification was reviewed

"with the following results.

15



75051-107

The Purchased Material Specification was included in purchase order
62637, dated 9/24/76. Hold and Witness Points and testing requirements
were identified. ‘

Seven revisions to this Purchased Material Specification were made during
the course of the contract, none o{_yhiph_vere_cnatrcc:ullly~incorporated
.into-the-purchase-order. Each of the revisions had been sent to the
vendor for review only.

Review of the purchase order was indicated by the Quality Engineer's
initials on the first page. No indication of review was_found on change
orders.

PR

75051-1135

Purchase Order 62640 was issued including revision A of the Purchased
Material Specification to Thermxchanger. A letter was sent to
Thermxchanger on !0/14/76 sending revision B for review for cost impact
only. This revision was never included in the purchase order. Revisions
C and_D_were never sent to Thermxchanger. Revision C changed the Quality
Control documentation requirements. Revision D changed the
"Construction" section requirements.

/5051-117

Purchase Order 62642 was issued to Buffalo Forge with Purchased Material
Specification revision B. Revisionms C, H, J, and K were transmitted to
Buffalo Forge for review only, and were not imposed contractually. In
addition Revision M was sent to Buffalo Forge, although Engineering only
had record of revisions through L.

A Delaval memo was on this file from C. Hermann (Delaval Buyer) to R.
Pratt and Al Louie (both Delaval Engineering) dated 5/2/79 informing them
that he had authorized Buffalo Forge to work to the summer, 1978 addenda
of the ASME Code for sections NF1110, NFIlll and NF1112. A letter from
C. Hermann to W. Maslowsky (Buffalo Forge), dated 3/7/79 authorized
this.

A letter was also in the file from Hartdegen (Buffalo Forge) to Guntrum
(Delaval) dated 6/2/78 which requested use of tubing which met the ASME
1977 Edition, winter 1977 Addenda in lieu of the 1974 Edition, winter
1975 Addenda as required in the CEI specification.

75051-124

Purchase Order 62638 was issued on 10/14/76. The checklist for codes and
standards in the Purchased Material Requisition did not have 10CFRS0,
appendix B checked. One revision to the Purchased Material Specification
wvas made but not incorporated into the purchase order.

16
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The above evidence indicates that the design and quality assurance
requirements of SP-562 were not accurately transmitted to-Delaval's
subvendors. Lack of control is evident in that Purchased Material
Specifications received no design review, and some were found to be
inaccurate in a cursory review, Purchased Material Specifications were
pot transmitted to the vendors when amended, and it is unlikely that
Receipt Inspection reviewed the equipment to the same revision it was

|
manufactured to.

\

|

\

None of the Purchased Material Specifications reviewed contained ASME
Certification Sheets or Design Specification Data Sheets.

o ——

Due to this lack of control, Delaval would be unable to assure that spare
parts which had been supplied by subvendors would be manufactured to the

same requirements as the original parts.

PROCUREMENT CONTROL

The audit team reviewed Delaval's vendor qualification program. The
Approved Suppliers List is maintained in accordance with Delaval
procedure ASL-1. This procedure provides for three groups of suppliers:
ASME Code items, non-ASME safety related items, and non-ASME non-safety
related items. Each list contains the following information for each

vendor:

1. Vendors name

2. Rating

3. Next audit date

4, Equipment supplied
5. Last purchase date

6. Q.A. Programs committed to

7s Comments

The vendor rating system is based on the subjective rating of receipt
inspections over the previous six months on a 1-10 scale. A rating of
less than 7.5 results in removal of the vendor from the Approved

Suppliers List.

In order to be placed on the Approved Suppliers List, a prospective
vendor completes the "short form" (P-268) questionnaire. On this form
are several commercial questions and also a space for the vendor to check
off which criteria of 10CFRS0, Appendix B his Q.A. Program meets. The
completed form is reviewed by Delaval and the vendor is placed on the
Approved Suppliers List. When the vendor must be requalified to remain
on the ASL, this short form is mailed to them to be completed again.
Occasionally, a "long form" survey is performed when it is convenient for
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a Delaval inspector to do this while in the vendors shop. The Quality
Engineer stated that two "long form" audits and 16 “"short form" audits
were performed in 1981. He also stated that these surveys were not
performed regularly due to budget cuts.- > Ee

——

Vendors removed from the ASL are placed on the "Exceptions" list.
However, material can be procured from vendors on the "Exceptions" list
after completion of the form "Qualified Suppliers List Waiver %o QSL
Exceptions List."

The ASL is issued every six months, however, changes to the ASL are made
almost daily. Therefore, the only copy which is current is the one
maintained in Quality Assurance. Purchase Orders (not change orders) are
approved by Q.A. prior to issuance. This is signified by the Quality
Engineers' or clerks' initials on the purchase order. The Quality
Engineer stated that when a review is performed, thpy‘do,nnt_know_ii_;he
purchase order is for parts which are ASME Code, safety related, or

non-safety related.
The following vendors on the Approved Suppliers list were reviewed:

ASME Code Suppliers

Buf:ralo Forge

. Non-ASME Code, Safety Related Suppliers

3 - D Instruments, Inc.
Acipco Steel Production

Non-ASME Code, Non-Safety Related Suppliers

Ecodyne/MRM Division

All vendors had receipt inspection ratings above the minimum 7.5
required. All, except Ecodyne, were scheduled to have the "short form"
questionnaire submitted to them in 1982 or 1984, while the last purchases
to be placed with any of these vendors was in 1980 or !981.

When problems are identified during receipt inspection an audit is
performed, using a standard checklist form (P=324). This checklist
provides for "Yes", "No" or "Not Applicable" answers, with space provided
for comments. Several audits were reviewed with the following
observetions:

William Powell Co, - January 24th & 25th, 1977

No findings were issued, but in examining the checklist it was deterwined
that the area of "In-process Control and Inspection” was checked as
inadequate. The checklist did not provide for documenting objective
evidence and it was not indicated what corrective action, if any, was to
be taken by Wm. Powell Co. As indicated above, Powell was listed as an
approved supplier in 1981,

18



j Elwood City Forge - January 29, 1976

No findings were issued during the audit, however the following sections
of the checklist indicated that certain inadequacies in the Q.A. Program

existed:

Section II, "Quality Control System and Procedures"; question b = Is the
Q.C. System derived from a quality specification such as:

ASME Section III
10CFRS0, Appendix B (AEC 18 criteria)
Other
This quesiton is checked "No"
Section XIV; "Audits"
"a. Are there written provisions for planned and pericdic audits?"
This was answered "No".
"b, Do procedures provide for:
Checklists
Training of audit personnel
Reports
Correction Action"
This was answered "No".
Section XII, "Special Processes"”
"a. List of Special Processes”
Heat Treatment
", Are gauges calibrated?”
This was answered "Yes'".
"¢, Are records maintained?"
This was answered "No".

"4, Are personnel and equipment certified?"

This was answered "No" and "Not Applicable”.
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Section VIII, "NDE Methods"
"a. List of NDE Methods"
UT, MP, LP
", Are procedures used?"
This was answered "Yes".
¢. Are NDE personnel qualified to SNT-TC-1A?"
This was answered "Yes, with?"

"4, Are personnel records, resumes and qualification records of NDE
personnel on file?"

This was answered "No".
"e. Are records of NDE maintained?"

This was answered "No."

Parsons Peebles - E,P, Clarkstone - September 30, 198!

. No findings were issued as a result of this audit. The audit checklist

was not completed in all areas. The checklist indicates that the
position of "Head of Quality Control" was "Vacant at this time". The
Quality Engineer indicated that an analyst was performing his duties.
Section X, Drawing and Change Control, was not completed. The section on
"Audits" was completed and a "Yes" checkmark indicated that there were
written provisions for internal and external audits. However, the
Quality Engineer stated that this was not the case. Also, "Yes' was
checked to indicate that audit checklists, personmel training, written
reports and corrective action systems were implemented. The Quality
Engineer stated that this was not done either. This defigiency was
identified during the 12/7/77 audit.

NONCONFORMANCE CONTROL

Several potential significant deficiencies have been identified to the
Cleveland Electric Illuminating Company as required by 10CFR21. Delaval
could not present a reporting procedure for this to the audit team.
Also, Delaval has neo formal tracking system for these deficiencies.

Shop nonconformances are documented on Inspection Reports, which are
reviewed by the Product Engineer and Quality Control Supervisor.

The repair instructions, if applicable, are also included on the
Inspection Report. However, when special processes are included in the
instructions, no procedure and revision is referenced.

Shop routers for the following parts were reviewed and associated
deficiencies found:
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Part Pt. No. . Rev. ggg Comments |
Skirt (Two 03-341-02-AM J 53198 Operation #120 - |

Inspection =
Not performed

Piece Piston)
Modular Iron  03=341-02-AM 3 51771 Operation #120 -

Casting Inspection =
Not performed

Crankshaft 02-310-07~AA A 54141 Operation #50 = UT =
Not stamped

MT - Not stamped

The router for the crankshaft had the Drawing Revision crossed out and
changed in ink, without no formal review and approval of the router
revision. Also, the crankshaft router did not indicate any NDE
procedures or revisions. The Quality Control Supervisor did not know how
this information was transmitted to the shop.

Ultrasonic Test Report #659 was reviewed for UT of part #02-310-08-AE, an
RV-16 crankshaft. The UT procedure stated "ASTM AS03" (not a Delaval
procedure) and the acceptance standard stated "D=4774". No indications
were found. The NDE inspector was "Wm. G. Rowe, Level II", however the

 "Reviewed by" section was not completed.

It was also noted, while in the shop, that many special processes were
not required to be per formed to approved procedures.

RECEIPT INSPECTION OF SPARE PARTS

The process of receiving parts at Delaval does not have special
provisions for spare parts.

The Delaval system for receiving parts is as follows:

1. All parts come O receiving inspection with a packing slip attached.
Safety related items, or as Delaval calls them, control items, are
color coded to indicate special handling.

- Receiving inspection reviews ASL print-out for Vendor name and part
number then calls Quality Engineering to review and stamp papervork
to indicate compliance to purchase order requirements and to assign

trace number.

3. Receiving then forwards matarial to be identified with trace number
as indicated by the Quality Engineer.

4, Upon the return of the material from being identified, Receiving
Inspection then performs the inspection by sample plan and verifies
trace number, then records information on Vendor Cards. These serve
as a vendor inspection reports that list Vendor name and quantity
accepted and rejected,



) ()

§. Prior to sending parts to stores the receiving inspector lead man
records part number, purchase order number, trace number and
quantity on the daily inspection stock record. He then forwards the
packing slip and receiving report to Purchasing for placement on the
computerized inventory control record.

6. Receiving inspector then makes out a move ticket to send parts to
controlled storage.

After the review of this process no problems or concerns can be found.

Prepared by: _Dlwww ﬂ lN«u‘u—/
Dennis P. Weaver

Program Engineer
Quality Assurance Division

e * B
Reviewed by: ﬂ:c‘m,k é’ 33& ‘hl
Frank J. ric

Program Quality Coordinator
Quality Assurance Division
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Transamerica Delaval Inc

'1'&" Engine anc Compressor Division
INTER-OFFICE CORRESPONDENCE
Yo. Bud Trussell ’ Date: Jnuu- 23, 1981

From: M.H. Lowrey

Subject: Trip/Training Report = Technical Seminars
Inc - Dallas, Texas

Introduction: Onm 1/18/81 Dick Pratt and 1 went to Dallas, Tex. to
attend a Seminar entitled "Quality Assurance & Auditing
of Nuclear Power Plants”, presented by Marc Bresseler
of TVA, and Bill Gibbons of Nutech. Both are highly
code qualified; both serve in high places on the
Boiler & Pressure Vessel Committees of ASME. Mr. Bresseler
seemed to be more field and materials oriented, with a
strong ''real world" inturpretation, while Mr. Gibbons
wvas a bona fide member of the Q.A. empire. 1 was
extremely underwhelmed by the pure Q.A. aspects for the
sake of paper. However, I learned several things
about the code as it affects design and quality. I
will elaborate, hoping this results in action and not
merely a report for the training file.

A: Why Section III Class 3 for our system, the major part
of which cannot be bduilt to the code - ie = the engine?

1 gathered from the presentations that the ASME B & PV
code, initially written to keep people from getting
killed by exploding boilers, is in fact, the ONLY code
which receives worldwide acceptance in professional and
governmental circles. It is embraced as Law in 38

States and the Federal Government. It is the quality
verification by third parties in this code which makes

it unique as opposed to the ANSI B-31 Codes. The
Blizzard of paper required to infuse an air of responsi-
bility into design, builder, inspector and owner is a

sad commentary on the state of american craftsmanship

and business and technical ethics. Because of the above,
I don't think there's much chance of my non-section 111/3
systems flying in the ANS Code 1 have written.

B: How can we control Design?

The intent of the code is to establish documented checks
and reviews in the design of a system, The initiating
document is the owners design specs. (content outline

of which is attached) which 1 have never seen in this
form yet. Note that a "design" in the eyes of ASME 1is

Form C-1066-1 (Now) e
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. Transamenica Delaval nc
W Engine and Compressor Division
INTER-OFFICE CORRE SPONDENCE
To: Bud Trussell Date:  January 23, 1981
Page: 2

From: M. Lowrey

Subject: Trip/Training Report = Technical Seminars
Inc - Dallas, Texas

a set of detailed drawings depicting parts and assemblies,
the configuration of which {s supported by a "design
report", which are calculations assuring that the owner's
spec. and the provisions of the code with respect to
stresses, are met. Nowhere are layouts or parts lists
addressed as parts of a "design'. Complete "designs"
must be reviewed by an independant reviewer who may not
be the designer's supervisor (NRC Ruling).

Complete "designs" may be separated into parts and
reviewed thusly, ie, drawings can be reviewed indepen-
dantly, and the stress report cam also be reviewed so,
but by people without direct payroll-type vested interest
{n the result., As I see it, we could do this as follows:

1. A design engineer prepares a layout, which is
transmitted (after {llegal review) by me toO
Pratt, who causes details and Isometrics to be made

and checked. (not reviewed)

2. Pratt or me transmitts these details to Roland,
who causes one of his men to analyze it, stressvise,
per the provisions of the code. This man thereby
{s forced to become familiar with the geometry,
materials, and stresses {nherent in the system.

3, When the calculations are done, Roland's other
man, familiar wvith the calculation procedure, can
legally review the stress report and the drawings.
This man can legally sign documents verifying the
adequacy of the total design with respect toO both
the code, and the owner's spec. Nowhere is it
said he must be familiar wit!; the operational
suitability of the system. The code does not
address operational parameters as the ANS codes
do.

4, 1f the design report certifier, 1.e. one of Roland'
men, is not a pP.E., then the stress analysis
cannot take advantage of ASME allowable stress
pultipliers i.e., it must be analyzed as "Service
Level A". 1f allowable stress multipliers must
be used, then a registered P.E. must certify the
design report, (see NCA-2146, b & NCA 4134.4 a,b,c).

Form C-1086-1 (New) 379
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Transamerica Delaval inc

]I‘Hrl' Engine and Compressor Division
INTER-OFFICE CORRESPONDENCE
Yo Bud Trussell Date: January 23, 1981
Page: 3 '

From: M. Lowrey

Subject Trip/Training Report - Technical Seminars
Inc - Dallas, Texas

1 believe the above system is legal, and so

does Marc Bresseler, however, suitable documentation
(more forms) must be made up, & the QA manual

must be changed.

C: What's the design report for?

Obviously, it verifies the system won't break under the
conditions specified by the owner. Further, when
submitted to the owner (required) he reviews it for
compliance to the design spec (also required) and
forvards his findings to us. In the opinion of Bill
Gibbons, ONLY THEN are we allowed to N stamp systems

& ship, since only then is the required Data Report form
complete. Obviously this many month delay (perhaps
years) simply won't satisfy our Business Plan, 1 don't
know how to solve this. Note that the owner's spec
does not address fatigue due to engine excitation.

D: 1s there a way to do all this more cost effectively?

1 had it driven home this week that there are many
systems & parts that can be legally made from materials
without traceability i.e., outside the rules of NCA-3800.
Only a certificate of compliance is required. Such

‘ systems & parts are:

1. Pipe runs, Pumps, Valves 2" nominal pipe size or
less.

2. NF Supports less than 2 square inches in steel
area; Bolts less than 2" dia.

3. Bar stock & bolts in Piping less than 1" dia.

Such are "size excluded" materials. In order to save
the roughly 302 in material costs, the shop must first
get up means of controlling COC materialy to not do this
means steel without any paper at all could find its way
into code components.

Summary : 1 went to Dallas expecting to learn nothing applicable
to design., 1 was wrong. 1f we must remain in this
business, & commiment to QA {8 essential, and it seems

Form C-1066-1 (New) e
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General Manager
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Transamer. ® - WEMU O T

n elaval Transamerica Delavel Inc.
Engine and Compressor Division
ﬂm ‘ INTER-OFFICE CORRESPONDE!«CE

3 To: Distribution Date: Decenmber 21, 1981

- W e —

3}£§}§§'"'"i Carolyn Bagnes S
o RTINS . Approved Suppliers List Procedure ‘
b7 ."%'qsw Dated December 14, 1981 '

Attached is a copy of the revised Approved Suppliers List Procedure
dated, December 14, 1981. Please destroy any out-of-date copies
of this procedure you may have on file.

Ca.m’-r-ﬁaquv

Carolyn Bagnes
Quality Assurance Dept.

(
cc: R. E. Boyer
Distribution:
Purchasing = L. L. Mills, W. E. Borza
Receiving Inspection
ASL File
Send To \DEWHIS
[WEAVER GAL/p#]
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. . page 2 of &

1. Purpose

1.1 The Approved Suppliers List, (ASL) s established for determining the
acceptability of suppliers and sub-contracted services in accordance
with Transamerica Delaval's Quality Assurance Manual. ;

2. General Procedure

2.1 The ASL is maintained by Quality Control interfacing with the Purchasing
. Department and Receiving Inspection. Suppliers for parts and services
e destined to become a part of the product shall be listed in the ASL.

2.2 The ASL consists of the following:
2.2.1 A listing of ASME Suppliers

2.2.2 A listing of suppliers who furnish components/parts which are
. non-code safety related.

2.2.3 A listing of suppliers who furnish stock/parts/components which
are non-code, non-safety related.

2.2.4 Exceptions List. The Exceptions List indicates those suppliers
whose rating has fallen below the minimum requirements.

2.2.5 The name of the supplier anc 2 mylti-digit Supplier 1.D. Code
assigned by Purchasing in conjunction with Accounting.

2.2.6 Rating. An average of all ratings made by the Receiving Inspectors
for the previous six months followed by the number of inspections cr
‘parts that made up the rating. A rating of 7.5 or less will enter
the supplier on the ASL Exceptions List.

2.2.6.1 Receiving Inspectors assign a rating of 0 to 10 for each
inspection performed with 10 being the highest rating
obtainable.

2.2.7 Last Activity. A date indicating the last time any parts or services
were indicated as being received Dy Transamerica Delaval. Vendors
may be removed from ASL 1ists if inactive for purchases for more than

three years.

2.2.8 Audited-Surveyed

2.2.8.1 Short Form, (P-268), is completed by the supplier or by 2
TDI representative and returnec to Quality Control, Uper
receipt, the form is evaluated. 1f the evaluation is
satisfactory, the supplier is entered on the ASL indicating
pertinent information. 1f the supplier has been approved
for code equipment, Purchasing may also consider the vencor
for non-code, non-safety related and/or safety related
equipment.
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2.2.8.2 Lon? Form, (P-322), is completed by a Transamerica Delaval -
Quality Assurance Audit Team. One of the following entries =

will be made: Mol 0¥ Rolm ,on ASL Redhee of. % _"'?JF“
a. Date - Indfcates when the supplier is to be re-audited”. ‘= . |

If the supplier is not approved, he will be placed on the &&=
Exceptions List and the code NA will appear under the 57
audited column. The supplier shall be notified of his ‘
status. If no response is received from Purchasing or the - -
supplier within two months, the supplier will be removed .-~
from all listings of the ASL. A supplier may request 2 ¢
re-audit of his facility concurrent with his submittal 5 e <3
of completed corrective action reports indicating resoly- - °°
tion of discrepancies from the Q.A. Audit.

b. Inp. - Audit in process.

Purchasing: Purchasing shall receive a copy of a1l 1istings of the ASL. Quality
Control shall inform Purchasing in writing of any supplier that is removed from
the ASL. Quality Control will maintain the ASL distribution log.

3.1 Implementation. Purchasing will use only those suppliers listed in the ASL.
Orders may be placed to suppliers on the Exceptions List by submitting a
waiver request to Quality Control. Quality Control will develop an inspec-
tion plan to assure the gquality of the product received from that supplier
does not fall below the minimum acceptable requirements.

3.2 To add a supplier to the ASL, Purchasing shall request (Form P-325) approval
from Quality Control.
3.3 Purchasing will place the Supplier 1.D. code number on each Purchase Order.

Receiving ' 4

4.1 A receivers forwarded to Receiving Inspection must include the supplier
identification number. When receivers are issued for partial lots received,
the supplier identification code must be transferred to the partial receiver,

Receiving Inspection

5.1 Receiving Inspecticn will be responsible for completing the Vendor Inspectic:
Report (Form P-313). This includes a supplier rating for each part inspectec.

5.2 Vendor Inspection Reports are filed in numerical order by supplier 1.D.
numbers. The inspector shall assure that the supplier I.D. number is
recorded on each set of receiving paperwork. In the event the receiving
paperwork is incomplete, the inspector will refer the matter to his

supervisor.
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6. Quality Control #E ; e A
6.1 Quality Control s responsible for the maintenance of the ASL. .-
6.1.1 The ASL shall be issued every six months. :

6.1.2 Quality Control is responsible for the production and distribution
of the ASL. The master 1ist and distribution record will be main-
tained by Quality Control. Distribution will be: Purchasing,
Receiving Inspection, and the master copy for Quality Control.

6.1.3 Suppliers will make all requests for inclusion on the ASL through
Purchasing. The supplier will not be included on the ASL until a
survey or audit is complete.

6.1.4 Suppliers may be removed from the ASL for the following:
‘ 6.1.4.1 When the supplier rating falls below the acceptable level.
6.1.4.2 When the supplier fails as a result of a re-audit.

6.1.5 Purchasing shall be notified by Quality Control in writing of
suppliers being considered for removal from the ASL.

6.2 Quality Control's review of purchase orders will include verification of
the ASL status of the supplier.

."
1.




JALITY PROGRAM SURVEY ¥

| il applcabie Dioexs

npany Name

TSute

NUFACTURER ) DISTRIBUTOR
PRESENTATIVE O SERVICE ORGANIZATION

Buctis or Serwcels) contracred by DELAVAL Turbine Inc., Engine ang Compx sssor

Do you have an mnspection and/or Quality Program and Faciinwes sdequats 10 3T

contorming 10 wecixatons?

To whom goes the Derion in charge of Quelity Comro rgpor’?
[Name
|

1 your program in compliance with any of the foliowing oect cation’?

1OCFRSO APP. B8 O AnSinas2 O ASME 111 INA3720 D) oP inawcoo O
= i — - — . - aa M

MILQ-5858A MIL-I4520BA ANS! B31.Y L) ANSINS22

LIST ANY OTHERS

t you! Ousiity Progrsm presantly unoer 3 Government Agency sunve snce’

e Cuslity Control and Inspection Personne 7. Number of Proguction Peonne

-

Boss vyour Oualily Program inciuce es1adlished functions and wrinen procecures for the foliowng

YES

YES

I. Organizatior NO I nspecton

Quslity Assurance Progrem NO Tes: Control

Det gn Comro NC Control of Measuring and Tent Equipment

Procurement Documem Conmtrol . Hand ing, Storage and Shioping
-

instructions, Procedures and Drawings Inspection, Tost and Doperating Status

p—
—
-
-
-—
-
—

000000

Document Comro Non Conforming Materiais, Parts or Components

Contro! of Purchased Material, Eguipment snd Corrective Acton
Qualmy Assurance Recorth

0

Servicas
identi! cation and control of Materisl, Para and ! Aud s

Components YES

00

Control of pecia! procenses i YES

we' ders cortified to ASME SEC. IX - AWS Stancert

faci Mmies De surveyed 10 upDDlement the show nformation’

ommaents
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v Dhase I effort, gen

the Owners Group. Each of the Phase 1 reports has been gubmitted to
the NRC for review. Purpose of the Phase 1 Program “as co establish
a basis for licensing plants with TDI diesel generators prior to
coapletion of the Design Review and Quality Revalidation (DR/QR)
program (Phase IL). Based on the results from these reports, the
OQwners Group has concluded that provided the Phase 1 recommendations
have been implemented the TDI diesel generators can reliably perfora

their intended function.

The Phase 11 DR/QR review has also been completed by the Owners Group
for PNPP. This review was performed to show that eritical
components, other than those examined in FPhase I, were adequately
designed and fabricated. Implementation of the DR/QR field
{aspection provided further assurance of the reliability of the TDI

engines as qualified galety related devices.

me third functiorn of the Owmers Group was to establish epecific
cowponent Ctests and inspections. The Owners Group technical staff,
durinz'their review of the engine components established special
inspections, preventive maintenance, and surveillance recom”
mendations. These recommendations, when 1uplcnnnC¢d, will give nddcd'

assurance that the engines will perform their intended function OVer

sha life of the plant.

PNP? has committed €O implenment the requirements of the OwmeIs Group.
All up-grades required by Phase I and inspections required by Phase
1I will be completed prior to fuel load. AnY additional tests
required by the Owners Group will be completed and evaluated io the
sage time frame. A maintenance preograd that will assure the T01
engines will perform their intended function for the 1ife of the

piant will also be in place.

Based on the above, it can be concluded that the TDI engines will
perfora their safety related functicn throughout the 1ife of PNPP.
with the implemenzation of all the Owners Geoup's requirezments and

with the escablishment of a comprehensive maintenance progranm, the

TDI diesel gen._cators installed at che Perry Nucleat Power Plant will

meet the requirements for a full power license.

26
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Program Plan Schedule

Milestone

Join Owners Group

Component selection for Phase II
Submit pNPP-specific regponses tO

NRC questions

Receive Lead Engine phase 1 Reports
Begin work on Initial Engine

Teardown and Inspection i
Receive completed DR/QR reports
(Phase I1) from OQwners Group

Complete work on Initial Engine
teardown and inspection

Submit PNPP Diesel-Generator

Program Plan

gubmit DR/QR Repor:s to NRC

Submit results of Initial Inspection
to NRC

Begin Engine P:e-Operacional Testing
Complete Engine Testing

Begin Supplenencal Engine Inspections
subzit Engine Load Verification to NRC
Finish Supplemencal Engine Inspections
Submit Supplemencal Engine Inspection

results to NRC

Eku/5/T-7

25

Coal

2-15-85

3-19-85
5-9-83
5-10 -85
5-21-85
§5-24=85
6-1-85

Actual
12-21~83
3-6-84
10-26-84

Various

9-24-84

1-4-85

1-11-85

1-17-85

1-17-85
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LILCO has aleo discovered linear indications in 23 of 24 pistoms inspected during the
disaceeably effort. These purons had been field wodified to remove spherical washe:u
from the crown to skirt bolting assewbly and replace thex vich bellevue \mshem. A
10CFR2] waa 1ssued as a result of the discovery.

¥orning Huﬂg

After FAA's presentetioca, a wotion was made, seconded and spproved to utilize
EPRI/NSAC for admintietrative management of the User's Croup. The scope, task and
coots of the serviceas are to be deterwined and approved by the wrility executives.
The meeting was divided into two groups for the afternoon session; one group to
prepare a proposed chacter, the other ro prepare questions for the Transamericx
Delaval meeting on 11/30/83.

Aftermoon Session

The charter group and the T.D.I. question formulation group separated for the
afternoon meeting. A rough draft of the charrer was formulated. It was sgreed that
the User's Group should consist of a technical committee reporting to an executive
coemittee of corporate leadership. Punding for projecte ie proposed to be by those
utiliciee who wish to participate in these projects. Each ucility should have one
vote regarding User's Group activities., Mo decisiocns should be made by the User'ao
Croup that could affect diesel generator wanufactorer competirion in the future. The
chacter will expire 12/31/84 but may be extended at that time 1f deewed neceasary by
corpoute executives, The charter is being completed by Mr., H. Wyckoff of EPRI. -TL
Ueer's Group proposes a meeting of corporate executives in mid-January 1984 for rev!
and approval of the charter.

The T.D.I. question group completed and agreed upon a selection of pertinent question:
to be presented to TUI officials on 11/30/83. The questions are attached to these
wioutes. The meeting was adjourned for the day.

Minutes of User's Croup Meeting With
Transamerica Delaval L1/30/83

After assembling at the TDI facflity, TDI officiale gave a brief outline of their
organigational structure and introduced management pergonnel in attendance. These
msnagers and their titles are as follows:

Ron Pabers - Asaistant General Manager

Al Fleischer - Manager, Project Engineering
Morrie Lowrey - Manager, Eegsearch and Development
Alan Barich - Manager, Customer Service

Roland Yang - Manager, Applied Mechanics

Richard Boyle - Macager, Quality Assurance

Creg Beshour{ -~ Research and Developwent Engineer




LONG ISLAND LIGHTING COMPANY
Lreco

SHOREHAM NUCLEAR POWER STATION
P.0. BOX 604, NORTH COUNTRY ROAD @ WADING RIVER, N.Y. 11792

February 17, 1984 E;yi Tl o ey
To: All TDI Owners' Group Executives,

Alternates, and Site Representatives
Subject: NRC Developments

References: 1. Response of Governor Mario Cummo to Suffolk
County's Motion to Admit Supplemental Diesel
Generator Contentions on the Shoreham Docket
(Attached)
2. NRC sStaff Response to Suffolk County's Motion
" to Admit Supplemental Diesel Generator Con-
tentions (Attached)

As you know, we have been attempting to work very openly and
direc*ly with the NRC staff in order to expedite the progress of
the Owners' Group Program and to obtain NRC concurrence on the
substance of the Program elements. Another very important
objective of this approach has been to obtain NRC concurrence on
our proposal to permit plant licensing on the basis of Phase I of
the Program .(resolution of the 16 known problems).

In addition to the generic Owners' Group efforts, Mississippi
Power & Light, because of its readiness to resume power
ascension, is proposing to the NRC a further accelerated schedule
in their case based on work that they have done coupled with
accelerated work in certain areas on the part of the Owners'
Group. For those plants in ASLB litigation, we_ have been _urging
the staff to._commence litigation on_an issue-by-issue basis (that
is component-by-component) in order to get procedings started
wherever possible.

Our approach in working with the staff has been to provide
preliminary information wherever possible, to discuss issues at
NRC meetings even if those issues are still under study by FaAa,
SWEC, or other Owners' Group elements, and to establish a
professional working relationship. As you know, all meetings
with the NRC have been transcribed, and intervenors have been
present. These develiopments have had a chilling effect on the
exchange of information between the staff and the Owners' Group.
In addition, the intervenors have made numerous self-serving and
negative remarks on the record.
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1, (Cont'd.)

Final Approve Task Descriptions for all Phase I
problems (16).

Submit final approved Owners' Group Program plan,

Submit final reports on a number of Phase I items
(crankshafts, pistons, and bearings as a minimum).

Information on analyses or inspection results will
generally be provided to the NRC on‘y in fznal form.
The Owners' Group will limit any technical meeting
discussions to those items which have been _finally
revxewed and forma¢ly submitted to the NRC,

We will continue to respond to NRC requests for informa-
tion regarding the Program; however these requests will
be funneled through a central point in the Owners' Group
(Mr. John Murphy, SWEC, the Licensing Manager for the
Owners' Group) to ensure that adequate oversight is
maintained.

It is unfortunate that the_outside pressures_on.the staff have
forced us to take these steps. GCiven the circumstances, the
measures outlined above are, in my judgement, required in order
to protect all of our interests.

If you have any comments or concerns regarding how we intend to
proceed with regard to NRC interface, please call me at (516)

929-6774.

e

W. J. Museler
Technical Program Director
TDI Owners' Group

WJIM/mm
Attachments

: M. S. Pollock K. Najuch B. R. McCaffrey

M. H., Milligan J. Murphy R. A. Kubinak
C. K. Seaman ~ G. Rogers W. Baranowski/E. J. Brabazon

J. Kammeyer © C. Wells SR2




Duke PoweER COMPANY
TELEPMONE: AREA 704

R NEE TALE0 GENERAL OFYICES §254b11
422 SOUTH CHURCH STREELT

CHARLOTTE, N. C. 28242
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TD! Diesel Generator Cwners Group S OGTP-109-0-56

Re: July 11, 1984 Meeting between NRC/PNL/
T0! Diesel Generator Owners Group

The main topic of the subject meeting was a discussion of the PNL Report
on the Cwners' Group Program Plan. This report is attached for your
information.

The major point of cont;ntion with the PNL Report is in the area of
endurance testing to 10/ cycles (approximately 750 hrs.). This endurance
testing would be required for lead engines at high power levels., Even
though we discussed two components (AE Piston and Crankshaft) in detail,
the report implies all components are required to undergo the endurance
test. '

One of the key arguments we made was that the loading requirements of the
engine is much less than the rated load. The NRC was very receptive to
this argument and requested more information regarding site specific
dicse! engine loading requirements,

Attached to this letter is a LILCO submittal which discusses loading
requirements for SNPS diesels. In general, FSAR tables exist for each
plant similar to the table attached to the LILCO submittal. However,
this table has proven to be ultra-conservative in many cases. Also, very
little credit is taken for operator action to reduce .engine loads after
10 minutes into the accident. (

Qur plan is to develop curves for each plant similar to the one for SNPS
(attached). Thus, the following information is needed for each utility.

For the limiting transient/accident on the highest loaded engine.

1. ldentify the transient/accicent.

2. ldentify the engine (Train A or B)

3. Initial peak load

4. A1l load decreases due to sequencing of loads or cperator action
or other reasons.

5. A brief explanation of the reason for decreasing the Toad.

6. Source of the information (FSAR, Preop testing, etc.)

DUKE | MANAGEMENT AND
POWER | TECHNICAL SERVICES



If possible, the above information should be as realisti= as pcssible and
not a repeat of ultra-conservaiive FSAR information.

If you have any questions, please call Bill Coleman at 704-373-3488.

Very truly yours,

&4, %

C. L. Ray, Jdr.
Technical Program Director
T0!I Diesel Generator Owners Group

yds

cc: Alternates
Licensing Contacts
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Memo to File E)(H/B o //
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Re: TDI Diesel Generator Owners Group
Executive Committee Meeting Minutes
January 9, 1985
File: MTS-4086

The §ubject meeting was held in Dallas, Texas. Those individuals present are
jdentified in Attachment 1. The meeting agenda (as amended during the meeting)
is provided as Attachment 2,

TECHNICAL SESSION

J. B. George called the meeting to order at 10:00 a.m. CST. Mr. George recapped
the Executive Chair's meeting with H. R. Denton of the NRC on November 29, 1924.

- Mr. George stated that Mr, Denton was advised that the Cwner's Group intenced to

~close and disperse the Technical-'Staff in February 1985. He also noted that the

NRC should give favorable attention to applications requesting less stringent
maintenance and surveilliance requirements from those in the DR/QR reports if
supported based on additional site experience. Mr. Centon noted that such appli-
cations would get appropriate consideration. C. L. Ray continued that in later
discussions with C. H. Berlinger of the NRC, Mr. Berlinger felt that enouch sup-
port has already been provided to NRC to relax the 185 BMEP? interim licensing
restriction. Mr. Berlinger noted that NRC would not issue a singular action
ing this requirement; rather this would be accounted for in each plant specific
SER. Mr. Berlinger further stated than an endurance run for Comanche Paak, as
had been previously requested by NRC, should not be necessary in light of the
hours already logged on the Catawba engines. The Catawba runs should serve as
the performance test for the V-16 engine. '

yip
¥
1 &

C. L. Ray presented the status and schedule of the Phase I and II effort (Attach-
ments 3 through 7). A copy of the mest recent NRC status report was distributec.
Little change from the previous month's NRC status was noted. Mr, Ray statec
that indications from PNL personnel are that dates listed in the status report
are not achievable. (For more details on this item see II A.)

C. S. Mathews noted that TDI is on schedule for implementing MAC recommendatiors
to enhance TOI's QA Program.

Much discussion centered on recently found problems with the cylinder heads to
be provided for TUGCO by TDI!. (Found some dimensions out of tolerance per TD!
drawings. Investigation of problem by TD! and TUGCO revealed that areas where
dimensions were not within tolerance would not result in any problems based on

a design review and operating experience to date of other engines.) The problen
was evaluated under 10CFR Part 21 and found to be not reportable. TOI does not
plan to issue any form of service bulletin since no problems have occurred or
are anticipated.
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Memo to ' File
0GTP-733

January 10, 1985
Page Two

R.. Kascsak noted that fuel load for Shoreham is scheduled to be complete the
week ending 1/8/85. NRC Commissioners are scheduled to meet 1/24/85 to vote on
issuance of 5% power license for Shoreham. FEMA has cancelled the Emergency
Planning drill scheduled in February, 1985. No reasons were cited and the drill
has not been rescheduled. Shoreham's SER has been issued (incorporating results °
of endurance run) noting that the TDI diesels are satisfactory for issuing a
license. Two items on the diesels remain for hearings (concerning the block

and qualified load) and will be heard before the ASLB beginning 2/15/85.

John Bobbitt of SMUD noted that disassembly and inspections are ongoing on the
Rancho Seco engines with completion scheduled for mid-March, Bobbitt requested
that the tachnical staff review the DR/QR reports to verify that all inspecticn
requirements have defined acceptance criteria to permit those utilities that

have not completed their inspections to do so and document the resuits at a
later date. , :

G. W. Hallman of Duke reported that Catawba Unit 1 has a 5% power license and

-achieved -criticality on 1/7/85. Unit 2 diesels will ‘have AN piston skirts replaces

by AE's by mid-year but testing will be done with AN's,
MP&L reported no problems with the unit operating well,
TVA noted that they were 25% complete with inspection on one engine.

Vogtle has the Unit 2 engines disassembled anrd is awaiting delivery of one new
hlock before reassembly can begin. Inspection has identified a gouge in the block
(dimensions approx. 1 1/2" vertical, 1/16" wide, 1/4" deep) that may present a
potential water leak problem. This is under investigation.

WNPS reported that Unit 1 has been mothballed until 1988. ' Unit 3 work will restart

Perry has not encountered any problems with the inspections since the last report.
The first engine should be ready for testing on 2/5/85. Fuel load is currently
scheduled for 6/15/85.

Riverbend reported a crack in the expansion bellows of the exhaust pipg past the
turbochargers. This problem is felt to be associated with engines having 2 vgf:‘
cal exhaust. The bellows has been replaced with a slip joint and is working fire.

Comanche Peak reported on the dimensional problems with the heads noted already
in item I1.D.

no earlier than 1986.
|
|
\
|
|
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The recommended alternative for addressing plant specific problems, inspection
results, non-conformances, etc. subsequent to closure of the Technical Staff
is to utilize the provisions, with any needed amendments, of the existing
Utility-Duke MATS and Duke MATS-Consultant contracts which are currently in
effect through June 1985, In effect, the contracts would become continuing
services agreements with no specified scope or budget and would be exercised
on an as-needed basis by the specific utility requesting services. The advan-
tage of this approach is to maintain continuity which would serve to take full
advantage of work performed thus far and minimize the risk of unnecessarily
raising any additional generic_concerns. These contracts could be renegotia-
ted and extended as neecded beyond June 1985,

The TDI Owners Group Executive Committee has considerably more flexibility in
deciding its future. The recommended alternative is to continue meeting on a
periodic basis through June 1985 to share experiences and discuss concerns,

This could be done with the existing executive members or it could be decided

to replace the existing representation with people who have more hands-on
technical experience. The need for meetings beyond June 1985 would be consider-
ed at the June meeting. One point to consider in making a decision on this
alternative is that the visibility of the Owners Group sets the TDI diesel gen-
erators apart from other make diesel generators and other plant equipment as
_needing special consideration. . st i 5 e e

C. L. Ray, Jr.
Technical Program Director



REE CATE INITIATED |AWARD GATE
PROFESSIONAL SERVICES NOTIFICATION |
CATE FWD TO ACCOUNTING -
J SRM 25100
NO, 38! REV, 5-82 Ly ST

NAN}
Southwest Reszzrch Institute
VENDOR 'Hisoress

P. 0. Drauar 28510, 6220 Culebra Rd., San Antonio, Texas 78284

FROM I STARTING DATE! TO | COMPLETION DAYE!
PERIOD Epril 16, 1584 December 31, 1934
FORUAL WRITTEN
TYPE (] vemsav agreement [[] verreroF acrecmenT > (Y] acmeevests

For consulting services to review the data generated by the Transamerica

" DeLaval, Inc. (TDI) Diesel Cenerators Owner's Group formed to 2ssess the

adaguacy of TDI engines in nuclear standby applications. In addition to thz

SCOPE review, an expert witness will be made available to testify on behalf of CEI

DESCRIBE i

ERIEFLY SER~
VICES TO BE on th2 results from the TDI Owner's GCroup.

RENDERED,

EXE BT

’ VENDOR TO SUBMIT MONTHLY4NVOICES TO BE PAID WITHIN 30 DAYS OF RECEIPT
e —

@ OTHER ( PLEASE DESCRIBE IN DETAIL)

An initia2l payment of upon acceptance of the propesal with addition=l
HFAYMENT . - : - P gt & =
S paynents based upon invoices submitted every four weeks., Feyment OI _nvolices
SCRIBE - -
1% OR WHAT 7 :
D5TS WILL to be made within thirty days from date of invoice. o
2E RCiw =
JRIED AND
I REQUENCY e
GF SILLING,
YOTAL EST'MATED COST TACCOUNY OR 08 ORDER NO. TFUNCT'ON Q.
1 51000 | 6312
W) 'F REVISION: | CRIGINAL DATE o NUMBER OF THIS REVISION - TR
1S THIS A
"EV’SION ? jcllGWJAL ESTIMATED COST § 7
YES HO ] KREASON FOR REVISION .
o A’“ ’. ¥ [ & T
oAl TN ﬁ:[ G LEMEN
OURIGINATOR |5 ‘\ﬁ ?“kaa/ E%risti nsenU Z;(- <
> emd & /YUC CC’//SI /\/(-,
PRAESIDEN t;zcu IVE VICL/ *HESIOYNT 0*"
" S ..- ]o.ﬂ " Bp
APPROVAL 2§ &Lf

\

’2&‘:/' /74\ x5 °‘4:ma4.




NUCLQIR ENney e

S SERING 550 85TH A\'/ENUE
DOCUM-’ZNT CONTROL P.0. BOX 2161

CAKLAND, CA 94621
PHONE 415 577-7400

FTLE;jzzga:glééé_____.

KECEIVED

November ,‘, '977 NV 1€ 1077

LUCLCAR CF
Fha

o8 DEPT
[ILLS

——

EXHIRIT /S5

Gilbert Associates xeveivED
P. 0, Box 1488

Reading, Pennsylvania 19603 NOY 2 3 13
Attention: Project Service Department FeeTmeas T

Subject: Perry Nuclear Power Plant
Stancby Diese! Generator
W.0. No. 044549-000
Order P=1152S = Spec No. 562
Delaval Job No. 75051 /54

Gentlemen:

The enclosed drawing transmittal contains the resubmittal of our
Qualification Testing Procedure. Referencing your letter of
October 4, 1977 on this subject, we have incorporated your comments
1 through 6 and Ba through 8e and portions of 8i. We have not
changed the ioading sequence since we have not received the new
loading sequence,

Also included i, this drawing transmittal are calculations which
cover your comments 8f through 8h,

As far as your ftem 87 in your letter, it is difficult to prove
mathematically or through testing that the engine will meet the

cond tions spelled out in paragraph 2:07.]1 of the specification,
except for us to assure you that the engine is capable of operating
under those conditions specified. The best proof is the successful
operation of our engines of similar design over many years of service
under varying operating conditions. Our engines have been used for
power generation for municipalities where they have had to perform
over a wide load range and also be paralleled to the grid network

bus system., These engines are frequently started and stopped as many
are used for peaking service, and sometimes go for days without use
but are then called into service and do successfully perform,




Gilbért Associates
November 11, 1877
Page 2

(//;;so. many engines are used in marine service which is very
\. demanding since they frequently run at an overload condition to

meet time schecdules,

We ask for approval! of these documents soon since the test time
quickly approaches.

Very truly yours,

DELAVAL TURBINE INC.
Engine & Compressor Division

‘C. W, Doersom
Project Engineer

CWD:1j]

cc: L, 0, Beck - CE'<“_<:

A. W, Inverso
H. G. Towers
S. W. Learn
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li with the San Onofre's? E)(H 1B 1T /7

2? MR. JOHNSTON: 'I'he Oniy vruer engine cuas

3; we've actually measured is Shoreham because as you

lv know we did an extensive test program there of both

. torsiograph and strain gauging. From those

¢! measurements we found that the largest stresses during
il a fast start at Shoreham were lower than the stresses,
§| steady state stresses, at full load operation at

?' Shoreham.

:c; So we actually had those measurements at

i1| Shoreham ana found that during both coast down and

Rf start-up all the transient conditions we considered.
i! The largest stresses are below the full load steady

state operacional stresses.

Now, the reason for that is fairly apparent
ané Clarence Ray addressed this earlier on when he
indicated that the V-20 is unique in that it has 2 or

J criticals that are the worst criticals in the 200 to

‘3! 300 rpm range whereas for example, at Shoreham the

)| largest order that one is concerned with is the fourth
! order which resumates at 580 rpm. So you never get
12| there during a start-up ordering coastal.

1 MR, MURPHY: What about the V-16's?

i MR. JOHNSTON: The V-16's also have their

largest torsional above the full load operation. The

(202) 234-4435 NEAL R. GROBS
COURT REPORTERS AND TRANSCRIBERS
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three and one-half order of critical, I don't remember
the exact frequency but it's in the 500 rpm area. I'm
not quite sure of the exact number but again it is
above the steady full load operational speed.

MR. MURPHY: Were there any criticals done
around 420-430?

MR. JOHNSTON: There is a fourth order
critical at about 420 or 430 as you mentioned on the
v-16. That critical =-- the forcing function for that
is relatively small because it's only due to the
imbalance between the left and the right cylinders.

In fact, in our torsiograph testing at
Catawba in order to determine the natural frequency
where you run steady state response at different
speeds, we captured that fourth order and with the low
forcing function first of all due to the fact that
there's only this imbalance == only due to this
imbalance between the left and right banks and
secondly in the fact that we're looking at a very low
loaé at that time even in a fast start, the racks have
receeded a lot once you get up fairly close to 450
rpm.

If you look at the pressure profile, you get
a lot of pressure at the beginning and then it decays

off. So you have a very low forcing function at the

(202) 234-4433 NEAL R. GROBS

COURT REPORTERS AND TRANSCRIBERS
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APPENDIX I
RES AND TEMPERATURES

e

A

e,

-

OPERATING PRESSV

gy gor
LGy

N

i es should be present fof starting:
j..:‘c‘f'sumﬂgAirSt.lpph/ QB0 PSI  +orenasressernetetet ’ 17.6 kg/sq cm
j*’sumngAirHeader SEORM. venctasdisnneubupsenpmsnsnt s rsE 17.6 kg/sq cM

* while ryrining at rated speed, the operaling pressures should be as follows:

3 psi in.-hg kg/sq cm
2 ‘Lubricating 0" 60 =55 ceeereret 1018 =1120 coasreeees 352 — 387
“. Lubricating Oil at Turbocharger inlet 20 =25 rercrers 407 — 509 .eeeverer 1.41 =17
| Jacket Water 10 =30 aeeneneres 204 — 611 weeeeerer 0.70 = 2.11
:;'FueiOil 90 =30 .eveseener 407 = 611 ceesseenes 1.41 —211

TEMPERATURES
s should be as follows:

while running under rated load, the out'e! remperature

: Lubricating Oit out of Engine’ 170¢ F — 180° £(766°C — g22° C)
Jacket water out of Engine 1700 F — 180° F(7166°C — g2.2° C)

1or all cylinders curng
ed this average
{ the average

EXHAUST YEMPERATURES.
ry Test Results” page are the average

The exhaus! remperatures gnown on the “Facto
factory test under local ambient conditions. Temperatures in the field, therefore, may exce

remperature. Exnaust !emoera&ures may be cons‘Cered norma! within pius of minus 30° Fo
taker: for all cylingers. Temperatures, nigh or low, exceeding this range shoulc b investigated (sae Section 7).

FIRING PRESSURES.
n plus o minus 75 psi of the average for all cylingers. High

s may be consicered normal withi
investigated (see Section 7).

Firing pressure
ding this range should be

or low pressmes excee

per operation. Excep! as notec

NNTES.
establishec as 2 guide 10 pro
10 percent. Suacen

Qperating pressures and temperatures listed are

for exnaus! temperatures and firing pressures. they ghould be neld 1o within pius or MiNus
changes in readings requiré immeciale investigation and correction.

When making adiustments as a resu't of a high or low cvlinger exhaust! temperal
temperature and pressure readings must ne taken into account when determining th

acuon.

ure, or ﬁf!ﬂg Q'ess:re‘ noth
e proper correct

swhen using SAE 40 lubricating oil in engine.



cOI'ONm WEIGHTS.

The component weights listed below are approximate, and are intended to assist in handling and assembly
ations. Suttable weight hanc!ing equipment of sufficient weight lifting capacity must always oe used

when nandling heavy and unwieidy parns and assemblies.

Item Approximate Weight (1os)

Cylinder head 1100
Piston:ndrmqs(lcsspin) sl AESS SR SRRAS ST SRR RS SELYOSLEED 600
Piston pin 120
MASIEr 108 osessrsnnnsnasnsrssonrsnnssts P P 624
Link rod and box 700
Cylinder iNer ..oooesssurnnanereesttts PP R
b Cylinder head sub-cover SesespEassTRESBOTO SIS R vevees 365
+ Cylinder heag COVEr ... :etet*” saassesraseaase Lt 0
‘ Camsnanucsscams) AV-12 cososvassssrssassrnasasonsonsspntssssns 7

o«

Cams (average) e E RS RESTENRSOS NN AT o xR A R

Main bearing Caps: Front ..eeee e d RS S ERRARS K e M 370
= intermediale ... AR SE R RS o h B 200

3 Front fEAr .essessssnsnsessssss . . 300
- Rear rear ..oessesseers e T T S L 300

Ty (31T L

Instruction Manua! eAT
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Instruction

——

pARTC - PISTONS AND RODS

GENERAL.

The design features of the Enterpriseg Moce AV engine makes it possIDie 1o remove the piston
rods by Puliing them straight out through the Cylinaes ners. Normal proceaure s remove !
first, then 1he master rod and 118 P sion. It is possiDe however, 10 remove eitnes

other, including IS ©¥ nder head. The procedure for removing the master roc W thou

slightly @ Herent than if the link 108 C ~onnecting rod bearings may be

rod and piston. and without 5 re g ther ¢ der head

»

The procedures in the following paragraphs INVOIVE

a confined space All weight hanauf equipment

g CUui

care mMust vt exercised 0 nsure that the weight of the parts D€ ng Nandc eC

control 3t a 1imes. Under no CJ’C‘.."“Jfl"Cﬂi ghould any ngrson 10 ex rend any part of !

undey any suspended pat

——

P ———
\\

k.“"!-‘v

\
——

PARTS LISTS.
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MR. JOHNSTON: well, our position is == has

peen that she impalance that results between the ar:iculated
\\
due tC a number of effects,

side versus the master gide is
one of which is the difference in the physical geometry

of the articulated rod itself, another is due to the dif

ference 0 tne time Vversus volume in che

thus there would be minor differences in che cylinder pres<

sure as a gunction in time, and also due €O the

-- which we believe is the biggest face == that cy linder

pressuras typically do not fire exactly evenly. even in

one cylinder, 1at alone in more ~=nan one cylincer, an

of those variations, scme are more deterministic than

oznhers.

'I.

or =xample,
caleulatisg the motion of the articulazed rods certainly

can oe done, bus are pelieved to De small in comparison

with the otherxr conszderat;ons.

Thus, the way ©o determine what xind of an

.

ance, wnhat xind of response one could get is to per-

impal

form a eorsiograpn test and actually measure the response

at the gar:icula: ¢ reguency of concern, s~ fourth orcer

That is what we nave proposed 0 do, and
each of the installations.

T will be doing on ©

MR. SARSTEN: This has been édone in one of
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dere we have more of a problem of scmethninz

being theoretically in balance, but with problems for per-

naps drastical stresses if we have a slight imbalance
petween the cylinders, oI if we calculate the motion of

the link pistcon more accurately.

The report just mentions that one is to
refrain from running selow 440 rpm, except during start

and stop, of course, but dces not-perhaps specifically

address the problems that one nas there.

If you run briefly through the repert, U<

not really sure why you should keep above the speec. we

really here have a problem if =hire's imbalance between
the =wo banks, because in theory, of course, i1f we had
1 rods ané weight there would be no input exitat:

at all at that =-- at the fourth order.

Perhaps the repecrt should more address the
walance between the left and right banks, what will happen

if cne cylinder misfires; for example, which stresses gould

we then rua into, how leng would we be able to operate tic

engine with cne cylinder misfiring, for example.

MR, DINGEZE: Has that peen . consideraticn,

ene lack of balance in the potential for misfiring?

MR, JOHNSTON: The 1ack of balance has 2een

a concern, and that is the reason why we have requestec

«hat

snat each plant conduct a torsiograph test to == S50
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51
she fourth order, the order of concern, the cone that is
eritical at 430 rpm, can in fact be measured.

—~—

—

Specific ecalculations have not peen made

assuming either one orf more than one cylinders are not

£iring.
MR. SARSTEN: I ehink it would improve the

-

report if this was included.

secondly, we have the problem of the true

metion of the link piston.
MR, RAY: Excuse me. 1s that something

that's typically corne in the industry ¢or all crankshafts,

you assume a cylinder misfires, an

Is that a DE sequirement?

MR. SARSTIN: That's not a DEMA requirement.

T+ is a requirement ~f Norsks Verritas, £ar example. They

automatically have i* in their preogram, & check for a
similar mis n That's on marine installations.
MR. RAY: Is that an industry standard pracs

tice?
MR. SARSTEN: That's standard practice on
marine engine installations, yes. aye if it weould e

required here, that is an open guesticn. 3ut pecause of

ehe severity of the problem, the potential severity if the

¢ylinder misfires, perhaps i¢ should be addressed in this

report and s=rengthen the requirement that you should n
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go below 440 rpm, for example.

MR, RAY: How do we strangtihen when we've

MR, SARSTEN: what I'm saying ig chat tae

MR. RAY: We specifically said no, anc
we've alse econcluded that the == on these stationary 2aPP
cation they do not, they cannot ruﬁ at that when T2y are
matched into the grid. I don't think the statement can
pe any stronger, we don't run at ehat speed. o

MR. SARSTEN:. what ==

MR, SARSTEN: No, but the prcblem is here,

when ycu're not in phase with the grid, you can't == C&n
drop beth belo@ anéd above thé snee
azicn where you do not have 2 gric.

MR, COLEMAN: Paul, you might == maybe Yyou
ought <O correct me, But we did tests and experienced che

rapid load, the pickup and drop cof the engine, and looked
at the speed range,
xnow. What did you £ind there?

in the report.

MR. JOHNSTON: The ability of the encine

to maintain irs speed as controlled BY the governcr Was

teseed on the ghoreham engines DY imposing a ST&

+he engine whnile not ~onnected =0 she gric, =9
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various crankshaft analyses. Is that one of those?

MR. SARSTEN: Yes. 1That was included.

MR, DINGESE: I'm not certain in my own mind
how they closed cut the concern for imbalances. Where
is that =~

MR. SARSTEN: No, we didn't close it out,
. DTNGEE: I think that we were going to

rely on their measursment of the engines, but that's

.
-

something that we need ©0 debate among ourselves how much
of that we felt was necessary.
wMR, LOUZESXY: Can I bother you for just

a m.nute? Would it pay the owners to have an analysis made

iring of one cylinder, particularly the 162 The

I

of mis
16 looks like ;: could be a éer:ous problem if Zor any
reascn one cylinder misfired.

The only way you balance an engine is by
checking the rack setting and the exhaust
Other ways get very complex, SO i was wondering, would it

be worthwhile to have that as a wackup production Zor

R

Owners Group?

e, NINGEL: 1I'd have to asX she consultants

Sam e

hat event occurring is to see

h

what the grobability ¢
whether we're in never-never lané or high-probabilit}

MR, HENRIKSEN: One cylinder misfiring?

That's very likely te ==







Instruction Manual
o

pART H — ENGINE BALANCING

GENERAL.

The load on 8 diese! engine should be evenly divided between ail ©Y nders. 11 it is not, one or more ¢
will De forced 10 carry more than their share of the cad while other eylinders loat W vh 3 resulting 108

~rd 10 ONs

economy and the possiD wy of experienc ng one Of more of the following conditions
Scored pistons and liners,
Excessive vibration
Excessive piston, ve yve, bearing and erankshaft wear
Excessive fue consumption
. Excessive lubricating oil usage

CYLVN’DER SALANCE
The balance between oower cylinders on Enterprise diesel &g nes

read the same m meter of rack nosition when the governor s
sccomplish this v ig essentia, that 2 fuel pumps be =3 prated
spec fications The fuel pump reck eyers are adjusted du

3

fuel rack sha

(-M
CAUTION |
L

‘

This setting should not be changed N the field, nor shou d shimming ever De U
the fuel rack lever clamp ang tne #yel rack lever 0 change U
cylinders. AlsO, the female roc end which connects the fuel rack
not be adjusted Ahen 3 variation in ovlinder exhaust temperatures

an underioacec CY nder, this condition should not be remed ed DY

rack settings. Rather, thé real cause of the malfunction should D€ Jetermined anc

sUEL INJECTION EQUIPMENT

niecton

Clean fuel 3 essential 10 the speration of s diesel eNg ne
tolerances #nNC therefore, dirt Of ather impurities N the fue

cepressio $ 0N ector vaive seats some 30 tma they are N v

of dirt and W sffect spray patierns n the combustion chambe’

The frequency of cleaning can hest be determ ned from experienc

periodically
wait 100 long before -leaning. F s Lot should deliver exact amounts

their tue mp racks. 1f they do N obviously nalance of the CY

corrected, |1 18 rece mmended that whenever fuel pump is disassembieC

with “’""‘d".‘é“."'i‘.‘-‘,"l':.\ %

ENGINE OUT OF TUNE

. '

Spray notzies are usudlly suspect if an engine s OV of tune Or SMOKX

bt B these conditions All of them shou A he considerad wher evd

o 14
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ENGINE BALANCING (Continued)

PART H =
., lgnition timing.
p. Shertor long burning lag in some fuels.
¢  Cetane rating of the fue!.
4. Low compression pressure due 1o leaking valves.

e. Worn piston rings and/or liners.

¢ Achange in fuel oil.
'8 Defective fuel iniection pumpls).
n, Valve or linkage maladjustment.

ion of an engine 3nC
mong the conditions
ditcr

ning the condit
ng condition. A
aluable indicators of the son
mperature information. There
|d compressicn pressures, and
is also an excelie 1
enance purposes.

- nwnmv: MAINTENANCS.
All available operating information should be used 25 diagnostic 1o00ls for determi
i ' to maintain the engine in peak operali
iring pressures and cylinder exhaust temperatures ¥ ¢ very ¥
The pyrometer wnd thermocouples provide individua! cylinder exhaust 1#
commercial instru i 10 take peak firing pressures and ©
the manufactures of the mode! selected can detailed instructions for its use. The engine 109
100! for use in recording engine performance tions for praventve maint
itten observations of all pertinent 1actar

Readings should de taken and recorded hourly

gre 9 number of
provide
and max ng diagnostic evalua

and De wpohmoﬂud with wr

ermine the cause of a mattunctan.

should be used to det
intenance curves anc the

TROUBLE SHOOTING.
available information
as well as the preventive ma

When trouble shooting the engine, all
The trouble shooting wbles in Section 7 can be of mssistance,

engine '0gs.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

L”"NG ISLAND LIGHTING COMPANY Docket No. 50-322-0L

(Shoreham Nuclear Power Plant,
Unit 1l).

JOINT DIRECT TESTIMONY OPF DR. ROBERT N.
ANDERSON, PROPESSOR STANLEY G. CHRISTENSEN,
G. DENNIS BLEY, ANEESH BAKSHI, DALE G.
BRIDENBADGHE AND RICHARD B. HUBBARD REGARDING SUPPOLK
COUNTY'S ENERGENCY DIESEL GENERATOR CONTENTIONS

INTRODUCTION

Q. Dr. Anderson, please state your name, address and oc-

cucation.,

A. My name is Robert W. Anderson, and ay business address
is Department of Materials Engineering, San Jose State Univer-
sity, San Jose, California. I am a Professor of Ma*erials En-

gineering at San Jose State University.

Q. Please describe your gualifications and experience

which are relevant to the matters you address in this testimo-

ny.

»
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Standards for Crankshaft Design

Q. Are there any standards governing the design of

crankshafts in diesel engines?

A. There is no single set of engineering standards
governing the design of crankshafts in diesel engines. Howev-
er, the various ship classification societies have adopted
standards for evaluating the adequacy of the design of crank-
shafts in diesel engines in marine applications. We believe
that these standards provide minimum guidance for applications
where reliability is a significant evaluation factor. The ship
classification societies include Lloyd's Register of Shipping
("Lloyd's"), the American Bureau of Shipping ("ABS"), Nippon
Raiji Ryokai ("NKK"), Det Horske Veritas, and Germanischer

Lloyd.

Q. What are ship classification societies?

A. To assure the safety of their vessels, shipowners re-
quire shipyards to build and equip their vessels in compliance
with the rules of classification societies. Those rules in-

clude limitations on propulsion equipment such as diesel en-

gines. EBngine builders use these rules as design criteria when

designing new engines and major engine components, when




increasing the rating of an engine, and when changing the
design of major engine components. Prudent engine builders en-

sure that their engines comply with these rules.

As reported by the NRC's Consultant, Franklin Research

Center ("FRC"):

*Ship classification associations such as
the American Bureau of Shipping and Lloyd's
Register of Shipping, represent possibdly
the oldest machinery review and evaluation
associations functioning today. Lloyd's
Register began operations in 1760 and
published its first set of rules in 1834.
As ships and ship propulsion systems becanme
more sophisticated, the classification as-
sociations served as design review agents
to evaluate functional adequacy and safety.
Considerable experience in the review and
evaluation of diesel engines was realized
from the long=-term use of diesel engines
for propulsion and electric power genera-
tion in ships. The ship classification ’
rules probably represent the most extensive
experience in large diesel engines avail-
able."122/

Q. Wwhy do you believe that the standards set by ship

classification societies should be applied to determine the ad-

equacy and reliability of the replacement crankshafts at

Shoreham?

22/ Evaluation of Diesal Generator Pailure at Shoreham Unit 1,
Pinal Report, Failure Cause Evaluation, April 6, 1984, by
Franklin Research Center ("PRC Report") at 33-34, (Exhic-
it 3%),
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DR-03-34)A-1

PISTONS Classification A
PART NO, N3-341A Completion 03/05/84

PRIMARY FUNCTION: The pistons react to the cylinder firing pressure and pro-
vide a reciprocating mechanism for converting combined inertia and comdustion
pressure forces into mechanical torque through the wrist pfn, connecting rod,
and crankshaft,

FUNCTIONAL ATTRIBUTES:

1. The piston crown must have sufficient strength to resist the high
temperature and pressure firing loads.

2. The load transfer between the piston crown and skirt structure must not
produce alternating stresses sufficient to cause faflure of the skirt,

3. The wall structure of the skirt must be resistant to pressure-induced
deformation which could result 1in skirt fatigue in proximity to the
stiffening ribs.

4, Preload in the crown studs must be sufficient to preclude failures of
studs/nuts /washers,

5, The piston skirt must provide a suitable sliding surface against the
cylinder liner,

6. The piston ring groove must be sufficiently wear-resistant to provide
sufficient ring life,

SPECIFIED STANDARDS: None

EVALUATION:

1. Determine the historica) evolution of the AF, AF.modified, AKX, AN, and
AE piston designs, including casting, heat treatment, dimensional, and
material chanqes,

2. Determine maximym firing pressures and temperatures for DSR.43, DSRV-
16-4, DSRV-12-4, and DSRV-20N-4 designs,

3. Develop finite element models for AF.modified and AL piston designs with
pressure loading (static conditions),

4, Conduct thermo/mechanical analysis to determine thermally.induced load
transfer due to crown distortion,

5, Perform metallyrgica' examination of fracture AF piston skirts,

A.2



7.

8.

9.
10,

11.
12.
13.

Perform eddy current examination of AE piston skirts from TD! DSR-42 and
R-5 engines, and Alaska stationary diese) generator,

Conduct fracture mechanics analysis of possible crack propagation in AF.
modified and AL designs with differing stress conditions,

:Co?duct experimental static isothermal stress distribution test on AL
skirt,

Evaluate the effect of piston skirt loading on wear,

Perform LP and eddy current inspection of SNPS AL pistons following 100
hours at 100% 1nad.

Assess the similarity of the AF.modified, AH, and AN piston designs,
Complete report on AF.modified, AM, AN, and AE pistons,

Review information provided on TER's Q-159, Q-194, 0-203, 0-310, 0-326,
Q-335, Q-338, N-393, Q-412, Q-413, 0-419, and Q-422,

REVIEW TDI ANALYSES:

1.

Examine TD! strain gage testing (static) on skirt stud boss region,

INFORMATION REQUIRED:

1.

2.
KR

TD! drawings for AN and AE designs including studs, Belleville washers,
preload, and material specifications,

Historical information on casting changes, heat treatment changes.

Maximym cylinder firing pressure and temperature for DSR.48, DSV.16-4,
DSRV.12.4, and DSRV.20-4,




KES= 477 D 3o 22
B
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T QUALIIY ASSUNANLUE CHECKLIST

PERRY NUCLEAR POWER PLANT

|

Z INSPECTION (loocument RevICcY
CHECKLIST NO. QR 038 Dwonx — ne'wewD
e - Deucrmcu Dcwuusmucwnu
sweer _|_oF __ 10 guscmmcn D! 8 C
(Jaominzstrarzve [rest
PREPARED BY APPROVED BY DATE
1TEM TITLE W‘yw AT lunsar
DL . =
| Visual inspection of pin assemply.
1A. Perform visual inspection of pin assembly for

|
|

signs of distress such as scoring, galling,
pitting, and chipped chrome plating.

Acceptance is to be determined by the Owners Group.

Record inspection details below. Document with
photographs. -

CHIPFED CHRIOME whsS Foun/D ohy 5/,4'!(,5!-,/
LRIGHT, Mick on [Leff, 2RICHT £ILEFT,

LR -O%C -/462 s ofiSpos | HroroEn

“y&ﬁa_&” QU _sLefT zk’//w ¢fFherT
iﬂfo‘-/?’ ks S oM OEr ? /6

Dimensional check.

Record the as-built dimensions on one space pin (see
sketch below). Record any identifying marks on pin,

Acceptability tobe determined by site engineering.

PLAFORMED BY Siaw & WSy DATE AFPPROVED BY ' s i
; Alda l|‘il},'” » e L ol ?'- [ ; ;
L -‘._”l i i""‘b' J J ! { ! e D S Waw O’} oY ir -4




ECAS UTILITIES
1AaN2<241C

TASE DESCRIPTION NQ. QR=10aié=cSaL

COMPONENT REVALIDATICN CEECRLIST

g rm 2 3

SCCUMENT NO CR-1

- —t

: CoMBCHDm TPLlstanedis Assembly

—— — - - - ——-
SCIEDTLED FOR CSoMALITICN

——————

PAlT NUMSZR 02-141C
§¥P< TART woMesR _ 03-341C

= G i
=5 VEtlel oo .
- — —-las dw

. e — \?:? - ..’R:A:

A s e - .-

RCPIRENCIS:

(B pecTusuTaTICy ; =
” - ~ P p | % M et ! ¥
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Greu? PROGAAM MANAGER [ 4o C 1. -
s - p— . & o
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e s e TSl d AN GoltewsSswa: GCPSES Unit 1, Train A (Serial No, /
§ wrist-pins showed svidencs of chrome blisterins or chipping, 1 gin showed cone
scarring. These were replaced with icceptadle spares or pins from the TOI factcor

All pins showed some evidence of wear.

,. BRCGRNY IWWNAGER,,

. GRGUE, CEAIR2ZARSCY,
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ideal situation which is not valid for the
actual conditions which may be experienced by
the Shoreham diesels,

(b) excessive side thrust load, which
could lead to catastrophic failure, has not been
considered adequately, and

(¢) the analysis does not adequately con-
sider that the tin-plated design of the pistons

could lead to scoring causing excessive gas
blow=by, and thereby causing a failure of proper
operation.

Q. Why were the AE model piston skirts installed in the

EDGs?

A. The AE piston skirts were installed after 23 TDI

%3

model AF piston skirts in the EDGs were discovered to have lin-

ear indications, that is, cracks, in the crown-to=-skirt stud
attachment bosses. Failure Analysis Associates ("FaAA"), an
organization retained by LILCO (through its attorneys) and the
TDI Owners' Group, has published a report entitled "Investiga-
tion of Types AP and AE Piston Skirts" dated May 23, 1984 (the

"PaAA Piston Report"),23/ which concluded that the cracks in

the AF piston skirts were fatigue cracks.

Q. What are the bases for your conclusions that the AE

pistons at Shoreham are inadaquately designed and

23/ PaAA Report 84-2-14. (Exhibit 8).

- 26 -
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unsatisfactorily manufactured, as set forth in the EDG

Contention?

A, The bases for our conclusions are described in detail

below.

Cracking of AE Piston Skirts

Q. Did PaAA conclude that the AE piston skirts might

crack?

A. FaAA conducted a finite element stress analysis of
the AE piston skirt, which showed that cracks may initiate in
the skirt.24/ PaAA also carried out experimental measurements
of strain under static load in the AE piston skire,25/ which
predict that cracks will not initiate in the skirt under the
cyclic stress levels obtained in the experiments.28/ The dis-
agreement between the finite element analysis and the experi-

mental results is 28%, which FaAA maintains is "quite good"”

agreement.27/

24/ FaAA Piston Report at 6-l.

25/ 1d4., Section 3.

z_g/ .I__d.o at 6-10

27/ 1. at 5-1. The disagreement bdetween an earlier finite

element analysis and the experimental results was 33%.
Initial PaAA Piston Report, Pebruary 27, 1984, at 5-7.

- 17 =




Q. Do you agree that the 28% disparity is "quite good"?

A. No. That disparity is the difference between two op-

posite conclusions -- cracking or structural integrity =-- which

are cfi:ical %0 the results of FaAA's study.

Q. Which is more reliable -~ the finite element analysis

result or the experimental results?

A. The usual methodology is to confirm the finite ele-

ment analysis by the stress expariments, The finite element

analysis, when properly done, may be an excellent tocl for
evaluating a structure., It tends to be non-conservative (that
is, it would be expected to show less likelihood of cracking
than experiments) because it averages the properties of the
pisten skirt material and ignores possible imperfections in the
material. Because the experimental results differed signifi-
cantly from the finite element analysis results, it would ap-
pear to us that the experiments were inadequate. The experi-
ments should have been carried out until crack initiation was
shown, and then analyzed., Where, as in this case, the experi-
ments do not confirm the analysis, additional work is required,
Tnstead of doing that additional analysis, FaAA concludes that
the 28% disagreement of the results is acceptable and could be

accounted for by incorrect assumptions in the finite element

- 28 -
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firing pressure of 1670 psig, FaAA cites only TDI reported val-

ues for a DSRV-16-4 engine at Grand Gulf Nuclear Station,3l/
and FaAA pressure measurements of 2 cylinders at Shoreham which
FaAA has acknowledged to be unreliable and too low.32/ 1In
fact, the peak firing pressure in cylinders of the EDGs at full
load (3500 kW) is known to be as high as 1750 psig, and at
overload (3900 kW) the peak firing pressure is at least 1800
psig. The stresses on the AE piston skirt used by FaAA in its

analysis and experiments are thus understated.

Q. what evidence do you have that the peak firing pres-

sures in the EDGs are as high as 1750 to 1800 psig?

A. Test documents for the EDGs and for other DSR-48 die-
sel engines establish these maximum peak firing pressures.
These documents are attached as Exhibit 46.23/ The test data
show numerous peak firing pressure readings of greater than
1670 psig for the Shoreham engines at 100% load (the 1,24/76

run on EDG 102 shows 1750 psig, for example) and pressures as

31/ 1d. at 3-14 (Ref. 3-1; and at 4-7 (Ref. 4-2).

32/ 1d. at 4-7 (Ref. 4-1); Emergency Ciesel Generator Crank-
shaft Pailure Investigation, Shoreham Nuclear Power Sta-

tion, PaAA, October 31, 1983 (FaAA 83-10-2) at 4-9.

33/ See Exhibit 46 at documents 5-9.

- 30



high as 1800 psi are reported for the overlocad condition
(3/19/76 run on EDG 103, This evidence contrasts with the
readings on an EDG taken by FaAA. One must also remember that
firing pressures differ from cylinder to cylinder and engine to
engine. TDI gives no specific authoritative peak firing pres-
sure for the DSR-48., Rather, it. manual for operation of the
EDGs permits a variance in peak firing pressures of the cylin-
ders in one engine of + 100 psi.li/ This means that any single
peak firing pressure read in one cylinder may be exceeded in
another cylinder by 200 psi, so that firing pressures nmay be

even greater than 1800 psi in the EDGs.

Q. What is the impact of the higher actual peak £firing

pressure on the FaAA Piston Report?

A. The higher actual peak firing pressures mean that
cracks are more likely to initiate in the AE piston skirts in
the EDGs than PaAA predicts. FaAA underestimates the crack
initiation in 3 respects concerning firing pressures. First,
FaAA uses a too0-low peak pressure of 1670 psig for its finite
element analysis and the reported strain gauge tests., FaAA

tested the pistons to 2000 psig, but only reported the data at

34/ TDI Instruction Manual at 8-3 (Exhibit 9)
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the 1600 psig point. Second, certain strain gauge m2asuremen:s

are limited to a maximum of 1600 psig.35/ Third, FaAA made no

analysis or strain garge experiments at overload (3900 kW),

even though the EDGs have a 2 hour per each 24 hour overload

rating and an actual maximum peak load of 3881 kW. TDI has
testified that the peak fi:ing pressure of the EDGs at 3900 kW
is about 1800 psi.lﬁ/ These factors would, if taken into con-
sideration by FaAA, result in a much greater likelihood of AE

piston skirt crack initiation than predicted in the FaAA Piston

Report.

Q. Aside from the peak firing pressure, are any other

issues of particular concern to FaAA's conclusions concerning

crack initiation?

A. The initial size of the gap between the outer ring of
the AE skirt and the crown is, according to FaAA, important in
predicting whether or not cracks will initiate in the skir:.31/

The FaAA Piston Report states:

35/ PzAA Piston Report at 3-6 to 3-7, 3-16 and 3-17, 3-19.

36/ Deposition of Gerald Edgar Trussell (May 7, 1984)
("Trussell Deposition®"), at 128-29. (Exhibit 10).

37/ TfaAA Piston Report at 8-1; see, also Figure 3-2 for an il-

lastration of this gap.

~ 3% =
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The experimental results »f Section 3
showed that the stresses due to pressure
are dependent on the initial gap size, g4,
because this parameter influences the gap
closure pressure and load transfer bDetween
inner and outer load rings. As shown in
Pigure 3-2, the initial gap can vary from
0.007 to 0.011 inch and still be within TDI
specified tolerance.38/

Neither FaAA nor the TDI Owners Group personnel has measured
the initial gaps present in the AE pistons in the EDGs.33/
Based upon foundry practices and the lack of effective gquality
assurance at TDI, discussed below, it is quite likely that the
TDI tolerances may be exceeded. Actual measurements of the

gaps in the AE pistons at Shoreham would be useful in testing

FaAA's assumption that all AE pistons have gaps within TDI's

tolerances.

Another factor bearing upon the likelihood of crack
initiation is the tensile properties of the skirts.49/ we do
not know the actual tensile properties of the AE skirts at

Shoreham, but we note that the range of values reported for

_3__8_/ _I_g_a lt 6-40
39/ ‘"Design Review and Quality Revalidation Report, TDI Diesel

Generators Por Shoreham,"” TDI Diesel Generator Owners

Group, June 29, 1984 (the "DRQR Report"), Vol. 5, Pistons,

at Bl to B6. (Exhibit 11).

/ PaAA Piston Report at 6-5,

|o-
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typical material used at TDI shows ultimate tensile strengths
as low as 85 Rsi.4l/ 1If such a piston were subjected to the
higher firing pressures possible (1750 psig or higher), the
conclusions regarding crack initiation would certainly be

invalid.

Q. Do you agree with FaAA's conclusicns that even if

cracks do initiate in the AE piston skirt, they will not propa-

gate?

A. No, because that conclusion is based upon a highly
theoretical fracture mechanics analysis which does not take all
potential effects into account for predicting crack growth
under the actual conditions that will be experienced at

Shoreham. The FaAA analysis assumes:

(1) complete adherence to TDI drawing dimensions of

the AE skirt (and crown);

(2) the AE piston material is isotropic, meaning it
is free of any small inperfections such as sand
inclusions or grinding marks, and with no

subsurface defects such as hot tears or slag

.
|\
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inclusiors, with the ultimate tensile strength

uniform in all directions;

(3) a non=-corrosive operating environment free of

Jases, water Or vapor;

(4) stresses resulting from a maximum peak firing

pressure of 1670 psi; and

(5) a uniform skirt temperature, both circumferen-

tially and axially.42/

Bach of these idealized assumptions is incorrect in terms of

the "real world."”

s 18 Explain why each assumpzion is incorrect, and the im-

pact of the error on FaAA's crack propagation analysis.,

A. (1) The dimensions of each AE piston at Shoreham are
not perfect. Only a very limited dimensional check on a sam-
pling basis was made on piston groove and ring height and pis-
ton pin bore diameter and depths on the AE pistons at Shoreham.

No dimensional check was made of other parts of the piston

42/ FaAA did not independently measure the thermal gradience
in the AE piston skirt. Harris Deposition at 4l. (Exhib=-

it 12).
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skirt, including the thickness of the boss areas or the gap
between the piston skirt and crown.i3d/ Even relatively small
dimensional differences in the skirt and in the assembly of the
skirt and crown would change the mathematics of FaAA's analy-

sis, and could influence the results.

(2) The AE piston skirts in the EDGs are not free of
defects. They are known to have some small defects, and it is
highly likely that many more imperfections are present., At
Shoreham, only 10 of the 24 AE piston skirts were subjected
liquid penetrant tests at the bosses for bolt attachment to
crown.%4/ These tests did disclose some defects, but in any
case were totally inadequate to determine whether there are
small imperfections on the surface or subsurface of the AE
skirts. Such small imperfections are likely to be present in
the skirts in the EDGs. TDI does not use vacuum processes to
ensure a dirt-free casting. Indeed, the foundry is poorly
lighted and has a dirt floor, which increases the likelihood of
sand or slag inclusions. Control of scrap material for cast-

ings is rather informal. Effective gquality control is absent,

DRQR Report, Vnl. 5, Pistons, at Bl-B6.

Id. Eddy-current inspections were conducted by FaAA on 12
skirts on the EDGs. See PaAA Piston Report at 7-1 and

discussion below.







producing additional crack growth. The FaAA fracture mechanics

analysis does not consider these factors at all.

(4) PaAA's analysis postulates stresses resulting
from a peak firing pressure of 1670 psi. The proper maximum
peak pressure of 1800 psi, as discussed above, would result in

greater stresses and a higher likelinood of crack propagation.

(S) The temperature around the skirt is not uniform,.
Actually, the side of zhe piston skirt taking the piston thrust
on the firing downstroke becomes much hotter during EDRG
operation than the side taking the piston thrust on the com-
pression upstroke. The temperature of these TDI pistons will
be even higher than is normally expected in other makes of en-
gines where the initial side thrust is designed to be much
lower, as discussed below. FaAA assumes that the piston skirt
is "nearly isothermal® ,46/ when in fact, one side of the skirt
runs at a much higher temperature than the opposite side. Es-
timates for the piston skirt temperatures were provided by TDI
based on "templug® measurements taken on a non-Shoreham engine

operating at only 213 BMEP,47/ "The EDGs operate at 225 BMEP,

46/ "The Influence of Thermal Distortion in the Fatigue Per-
formance of the AP and AE Pistcn Skirts", June 13984
(PaAA-84-5-18) (the "FaAA Piston Thermal Distortion Re-

port®), at 2-7.

47/ 1d. at 2-6, 2-7.
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and would therefore have higher piston skirt temperatures,

‘

Q. Given al) of these variations from FaAA's idealized
assumptions, is it possible to predict accurately how cracks in

the AE skirt will propagate?

A. No. It is not possible to make accurate predictions
of crack propagation in the AE skirts, given all of the possi-
ble variables. However, the PaAA analysis would have been far
more useful if actual properties of the AE piston skirts in the
EDGs had been recorded, to the extent possible, and sensitivity
analyses performed to account for a range of potential vari-
ables. Thus, the principal dimensions of each AE skirt at
Shoreham could have been measured, especially in the boss area.
The gap between the outer ring of each skirt and the attached
crown could have been measured. Each AE piston skirt in the
ECGs could have been inspected for imperfections, especially in
the boss area, by liquid penetrant tests, magnetic particle
tests, eddy current examination and radiographic inspection.
The tensile properties of each skirt could have been sampled.
The analysis could then have been performed using a range of
more realistic peak firing pressures (up to 1800 psi) and
including the combined effects of maximum side thrust and its

corresponding gas pressure, temperatures, and environmental




conditions. The analysis could have included sensitivity tests

to take into consideration the potential for undiscovered di-
mensional variations, defects in the skirt and differences in
tensile strength, and the possibility of multiple cracks. Such
analyses would give a far better prediction of crack propaga-

tion than the idealized study performed by FaAA.

Q. What else, besides the inspections and crack propaga-
tion analyses you suggest, would be necessary to give adequate

confidence that the AE piston skirts are adequate for operation

at Shoreham?

A. First, an adequate crack initiation analysis should
be performed, using actual data as to dimensions, tensile
properties, imperfections, and gap sizes of the AE skirts at
Shoreham, and the appropriate peak firing pressures of up to
1800 psi. Experimental stress tests should confirm the results
of finite element analyses, or a more refined finite element
analyses or better experiments should be performed. The AE
pistons could be instrurented and tested during EDG operation
for additional experimental data. These analyses could predict
multiple cracks initiating with larger initial sizes, thereby
affecting the crack propagation analyses. The design

deficiencies involving excessive piston side thrust lcad and
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tin plating of the skirt would have to be considered, as
discussed below. Finally, the AE piston skirts would have to

be tested and inspected adequately in the EDGs.

Qs Does FaAA believe the AE piston skirts have been ade-

guately tested and inspected?

A. Yes. PaAA has concluded that on the basis of the re-
sults of its stress analyses (which were contradictory as to
crack initiation) and "the results of inspections of engine-
operated AE skirts," the AE piston skirts "are adequate for un-
limited life."48/ e strongly disagree that the AE skirts have
been adequately tested or inspected to justify any conclusions

about their expected life,
Qs Wwhat inspections was FaAA referring to?

A. FPaAA was referring to inspections of 15 AE skirts, as

follows:

(1) 12 AE skirts of the 24 skirts were
subjected to eddy-current inspections after
over 300 hours of total operation each
(including 100 hours at full load), and no
"relevant indications" were found;

(2) One skirt in an RV-16-4 engine was
inspected after over 6,000 hours of

48/ PFaAA Piston Report at 8-l.



operation at a peak firing pressure of
about 1200 psi, with no "relevant indica-
tions" found; and

(3) Two skirts from a TDI R-5 development en-
gine were inspected after operating at a

peak pressure of 2000 psi or more after
over 600 hours, with no finding of "rele-

vant indications."43
Q. why don't you believe this experience and these in-

spections are adequate to support FaAA's conclusions?

A. For several reasons. Pirst, fifteen skirts is simply
too small a number from which to reach any general conclusions,

particularly without a valid statistical analysis.

Second, the inspection of only 50%, rather than 100%, of
the AE skirts on the EDGs is inadequate, Mr. William Foster,
the NRC Staff official with responsibility for vendor inspec-
tions of TDI, has testified that TDI has an ineffective quality
control program, and consequently inspection on a sampling plan
basis of TDI components "would not tell you anything.'ig/ In
fact, Mr, Poster testified that even a 100% inspection of TDI

compcnents would not identify all defects.3l/ We agree.

5_9-/ _I_g. at 7‘10
50/ FPoster Deposition at 14-16, 54-55, 82. (Exhioit 13).
sl/ Id. at 55.
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Third, the number of hours and the amount of full loads
and overloads run on each AE skirt at Shoreham are insufficient
to reach conclusions about their expected life. To meet the
rating specifications of the EDGs, the AE skirts must be capa-
ble of running many thousands of hours, including significant
hours at overload at 3900 kxW. The AE piston is supposed to
last the lifetime of the Shoreham plant -- 40 years.32/

Testing them for only 300 hours without significant, if any,
overload does not begin to be adeguata., It is also important
to note that TDI did not test the AE piston before supplying it

to customers in the field.33/

Fourth, the AE skirt in the RV-16-4 engine was operated at
a peak firing pressure of only 1200 psi, while the EDGs have a
peak firing pressure of about 1700 to 1800 osi at full load and
overload. Thus, the operation of that single skirt was at such
low stress as to be useless for purposes of reaching any con-

clusions relevant to the AE skirts in the EDGs.

Fifth, the two piston skirts operated in the TDI R-5 en-

gine are of limited relevance. The R-5 engine is significantly

52/ Trussell Deposition at 1l1-13, (Exhibit 10).
53/ 1d. at 107.
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different from the EDGs, including its operating speed (514
RPM). This would chagqe the inertia effects which in turn low=-
ers the piston lateral loading. Therefore, before determining
the impact of the R-5 skirts on the Shoreham AE skirt report, a
study would have to be made analyzing the effects of the dif-

ferent parameters.

Sixth, the referenced inspections were incomplete and the

standards for acceptance were unsatisfactory.
Q. Please be more specific about your last point,

A. FaAA stated that only eddy current examination was
performed on the Shoreham piston skirts.34/ rpurther, only cer-
tain portions of the skirt were subjected to the eddy current
examination, namely, "machined areas on the boss where color
contrast penetrant show (sic) linear indications greater than
1/32 inch."33/ This means that linear indications smaller than
1/32 inch, non-linear indications such as sand or slag inclu-
sions, and areas of the boss which were not machined were omit-

ted from consideration. As we noted earlier, even small

5S4/ PaAA Piston Report, at 7-l.

55/ FPaAA NDE Procedure 11.5, November 2, 1983, para. 6.1l.

(Exhibit 14).
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cited by FaAA are insufficient to support conclusions that the

skirts are adequate for nuclear service.

Excessive Piston Side Thrust

Q. What is piston side thrust?

A. Piston side thrust occurs at all positions of the
piston during operation except top dead center and bottom dead
center. In all of thos: other positions, the conne:ting rod is
at an angle to the vertical line of the piston stroke., The
side thrust on the piston is the result of the force acting to

the line of piston stroke.

Q. Have you calculated the piston side thrust of the AE

piston in the EDGs?

A. Yes. The calculations for piston side thrust of the
AE piston are shown attached as Exhibit 18, These calculations
show that at the first two midordinate positions the mean
unital thrust on the AE piston at Shoreham is over 123 psi and

111 psi respectively.
Q. Is that unital side thrust excessive?

A. Yes it is. An upper unital limit of 85 psi has been

prescribed in a standard design text.52/ Another source states

60/ Diesel Engine Design, T.D. Walshaw, Newnes, London, 1949,
at 140.



that side thrust should not exceed 30 to 40 psi for slow speed
diesel engines and 70 psi for high speed engines.51/ Medium
speed engines like the EDGs should fall within these two lim-
its. In most engines with which we are familiar built by other
manufacturers, the unital side thrust does not exceed 85 psi
and we have reviewed ;he design of an engine comparable to the
EDGs which has a unital side thrust of 35 psi. Thus, the calcu-
lated mean unital side thrust of the AE piston of 123 psi ex-
ceeds the upper value by 44 percent, We believe that the actu-
al maximum unital side loading of the AE piston will be more
than the calculated figure, because the piston pin in the AE
piston is located above the vertical center of the effective
piston skirt haight. The additional increase will depend upon

the s+iffness of the skirt.

Q. what affect does this excessive side thrust load have

on the EDGs?

A. The excessive side thrust increases the temperature
differences around the circumference of the'piston skire, by
causing the side of the piston bearing the higher side thrust

to run hotter than if side thrust were normal, This

61/ Internal Combustion Engines, V.L. Maleev, McGraw-Hill,
1945, at 501-02.
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with the hot éide rubbing on the liner at the ocuter part of the
curve in the banana shape. As clearance between the skirt and
the liner further decreases, the top and bottom parts of the
inner side of the curve on the cool side of the skirt rub the

»
liner, the effective clearance approaches zero, and the piston

seizes.

Q. Are your calculations for piston side thrust in the

EDGs at full load or overload?

A. Qur calcrulations were hased upon 4890 HP of the EDGs,
the full load. At the rated overload of approximately 110%,
the horsepower is 5379 and the maximum and mean gas pressure

increases considerably. Under such conditions, the danger of

piston seizure is even greater.

Qe Is the piston side thrust load affected by the fast

start requirements of the EDGs?

A. Yes. During the required acceleration of the EDGs to
rated speed in 10 seconds the piston inertia forces go from
zero to running "normal” while the firing pressures are high
almost immediately. Since the inertial forces are subtractive
from the side thrust imposed by the piston pressure, the later-

al load on the piston is substantially increased during the
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fast start portion of the cycle. This load condition occurs

while the engine is still "cold" and before lubrication is

fully established.

Q. Are you aware of any evidence of excessive AE piston

sihe thrust in the EDGs or elsewhere?

A. According to the DRQR Report for Shoreham, the TDI
Owners' Group inspections were supposed to verify "lack of
scuffing at the piston skirt" in all three EDGs.52/ Scuffing
was reported in the DRQR Report on a number of AE piston
skirts,83/ but we have not yet had an adequate opportunity to
examine LILCO's deficiency and disposition reports cited in the
DRQR Report to see how these conditions were evaluated. These
reports were only received a few days ago, so our review of
them has necessirily been preliminary and cursory. If our more
complete review discloses significant information, we will file
supplementary testimony. The DRQR Report concludes that "in-
spections performed on AE skirts have not revealed excessive

side load wear."54/ Based upon our preliminary review of the

62/ DRQR Report, Vol. 5, Pistons, at B2, (Exhibit ll).

63/ 1d. at B4-5, referencing TER Q-326; LDR 2275; TERs Q-4l,
Q-82, Q-83: LDR 2147; TER Q-159; LDR 2198.

64/ 14. at 3.

- 83 =



-

inspection data and personal inspections of some AE skirts at

Shoreham, we disagree.
Q. wWhat inspections did you make?

A, During June of 1984, we inspected one AE skirt at
Shoreham which showed a heavy wear pattern, The worn area of
the skirt was completely devoid of any tin plating or sandwich
layer plating. The appearance of the damaged area showed the
light mottled patterning and surface roughness consistent with
micro seizure., We believe this abrasion of the skirt most
likely resulted from heavy side loading resulting in localized
distortion. The profile of ‘the skirt indicated local distor-
tion. During this same inspection, we examined seven other AE
piston skirts. While these skirts did not show the same heavy
wear pattern described above, they did show signs of distress
in the tin-plated area (abraded surfaces and evidence of debris
that had previously been embedded in the plating, but since

removed) .

Q. Are you certain the AE skirt you have described was

damaged by excessive piston side thrust?

A, We cannot be absolutely certain, but that is the

provable cause. Evidence of excessive side thrust is usually

o 8§35 =






0~

yses

-

1
-

FaAA's ana

on




— e ——— -

Q. Was evidence of excessive side thrust in AE skirts

found in the TDI R-5 engine or the DSRV-16-4 engine referred *to

in the PaAA Piston Report?

A. We don't know. If the DSRV-16-4 ran at a peak pres-

sure of only 1200 psi, excessive side load would be highly un-

usual.

Q. Wwhat do you conclude with regard to the piston skirt

side thrust condition on the EDGs?

A. We conclude that the piston side thrust is excessive
and that the AE piston is inadequately designed to accommodate
this load. The FaAA reports have totally failed to address
this concern. There is, therefore, no assurance that the EDGs
will not experience serious failures induced by this condition.
Accordingly, the EDGs have not been shown to be adequately

designed to satisfactorily perform the service intended.

Tin Plating of AE Piston Skirt

Q. Did PaAA consider the potential effect of the tin

plating of the AE skirt in the context of its design?

A. No. PFaAA did not address this issue despite the fact
that a functional attribute for tihe Task Description for

pistons was

- B8 =






skirts tend to overheat. This situation is potentially
dangerous in the EDGs, where the piston design causes a higl
side thrust on the skirt. The high side thrust causes the AE
piston to run hotter leaving little reserve for a further tem-
perature rise from gas blow by. Small amounts of gas blow by

may therefore lead to an early piston seizure.
Q. Why are the AE piston skirts tinned?

A. The piston skirts may be tinned to offset the bad
effects of very high unital side thrust. This is yet another

indication of over-rating of the EDGs.

Q. Aside from the liner scoring potential described
above, does the tin plating present any other detrimental

effects to reliable operation?

A. Yes. Tin and copper/tin nlating of the AE skirts
could initiate two types of failure mecr.nisms. If the %in (or
copper/tin) is electroplated on the piston skirt, catastrophic
failure could occur through the mechanism of hydrogen
embrittlement. The plating process liberates hydrogen at the
cathode which enters the metal structure. This classical
embrittlement meclianism has been responsible for many dramatic

failures of ferrous netals. It is difficult to detect and a
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hazard in all plated metal components. It is difficule,
therefore, to predict if or when such a failure may occur., If
the tinning is applied by a "dippirq" process, the resulting
structure at the plating interface can contain an intermetallic
compound that forms when the tin matter comes into contact with
the iron. This compound is covalent so it acts as a ceranmic.
This material, if present in significant quantities, can behave
in an abrasive manner and thus contribute to scoring of the
cylindet.liner and piston skirt. Such liner scoring could lead

to the failures resulting from gas blow-by and piston seizure

described in the side thrust discussion above.

Q. What do you then conclude regarding the "tinned" AE

piston skirts?

A. We conclude that the EOG rating is well in excess of
the design limitation of the AE piston. Accordingly, there is

no reasonable assurance that they will perform satisfactorily

in service.

REPLACEMENT CYLINDER HEADS

Q. Wwhat is the purpose of this part of your testimony?

A. This part of cur testimony addresses the County's

concerns regarding cylinder heads; the relevant portion of the

EDG Contention states:
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GILBERT/COMMONWEALTH
QUALITY ASSURANCE DIVISION
INSPECTION SERVICES REPORT

0454-84-87

Dec. 04 - 07, 1984

CLIENT: Cleveland Electric Illuminating Co.

UNIT: Perry Nuclear Power Plant - Unit 162

VENDOR: Transamerica Delaval, Inc. (TDI)

LOCATION: Oakland, CA

VENDOR PURCHASE ORDER: Q-3003-69, Chg. 2

PRINCIPAL CONTACT: Doug Stuart

EQUIPMENT SPECIFICATION TITLE: Class 1E Diesel Generator Units
SPECIFICATION NO.: SP-562-4549-00, Rev IV

INTRODUCTION & PURPOSE:

G/C, Inc. was notified that the seventeen piston skirts and forty-eight
piston ring sets (balance of order) were veady for inspection. The
skirts were to be magnetic particle examined, and visually and
dimensionally inspected. The ring sets were to be visually inspected.

The purpose of this visit was to witness the magnetic particle
examinations, perform visual and dimensional inspection of the skirts on
a sample basis, perform a visual inspection of the piston ring sets on a
se=ple basis, review the documentation, and issue a Certificate of
Inspection upon final acceptance.

SUMMARY :

¢/C, Inc. witnessed the magnetic particle examinations performed by TDI
on seventeen piston skirts in accordance with Procedure 600-30, Rev. 2
with D4995. G/C, Inc. performed a final visual and dimensional
inspection of the piston skirts on a sample basis. ¢/C, Inc. verified
cleanliness, preservation, handling and tagging, and packaging.

G/C, Inc. performed a documentation review. All piston skirts and
piston ring sets were fouad to be satisfactory. G/C, Inc. issued a
Certificate of Inspection.

ACTION REQUIRED:

None
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0454-84-87 December 4 - 7, 1984

Dimensional (Cont'd.)

The following piston skirts were dimensionally inspected:

SERIAL NO. HEAT NO.
N34 765K
N3l 765K
N&1 765K
N42 765K
N50 771K

The following calibrated inspection devices were used:

DESCRIPTION SERIAL NO. CALIBRATED DUE
Standard (17 In.) 087-A 05/84 05/85
Dial Bore Gage (6-12 1/8") 061-S 07/84 01/85
Standard (16 In.) 086-A 05/84 05/85
Thickness Calipers (Dail)  360-A 05/84 11/84%
Bridge Gage 061-AD 05/84 11/84%
Master Ring Gage (8-7510) 330-A 10/84 04/85
Depsh Gage Set 030-C 10/84 01/85
Vernier - 26 In. 026-B 10/84 04/85
Blade Mic. (15-16) 016-8 10/84 01/85
Micrometer (16-17) 017-H 10/84 01/85
GO/NO/GO Gage (501-503) 297-R 08/84 02/85
Set Ring (6-7495-XX) 325-D 08/84 02/85
Dial Bore Gage (6-12) 061=-AJ 10/84 04/85

* TDI Calibraticn system allows for a two week grace period on
calibration due dates.

Nondestructive Examinations

G/C, Inc. witnessed the magnetic particle examination of the machined
thrust collar seat and the adjoining radii at the four bosses (inside the
piston skirt) on all seventeen piston skirts listed under the "Visual"
section of this report. The examination was conducted in accordance with
TDI procedure 600-30, Rev. 2 and the acceptance criteria of D=-4995, Rev.
(12/21/83) using the direct contact method (circular) in accordance with
para. 7.7 and 7.2 (each part examined twice 90 degrees apart) with wet
flourescent particles with blacklight. The particles were applied by
flowing using the continuous sequence operation (para. 7.8). No
demagnetization was required. The areas examined were found to be
acceptable with no unacceptable indications noted. All the piston skirts
did require blending with a grinder to remove linear indications -
approximately % inch long. The indications were removed, and blended
areas were re-examined using the same method and found to be acceptable.
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Qe What are your conclusions regarding the adeguacy of

the design and manufacture of the replacement cylinder heads?

A. Contrary to the conclusions reached by FaAA in its
report evaluating TDI cylinder headsf5/ and by the DRQR Report

on cylinder heads, we conclude that:

(a) The replacement cylinder heads are inadequate for
their intended service due to the potential for cracks to ini-

tiate and to propagate in the heads, leading to leaks into the

cylinders.

(b) The potential for flaws in replacement heads of the
EDGs still exists, since the manufacturing techniques for cast-
ing, inspecting, and testing the replacement heads have not
been demonstrated to resolve the deficiencies which resulted in

the cracking of the original heads.

(e) . Cracks in the replacement heads could leak vater into
the cylinders of the EDGs during cold shutdown. The "barring
over" surveillance procedure, dated August 5, 1983, proposed by

LILCO will not preclude the presence of water in the cylinders.

66/ "Evaluation of Cylinder Heads of Transamerica Delaval,
Inc. Series R-4 Diesel Engines,” PFaAA 84-5-12, May, 1984
(the "PaAA Head Report"). (Exhibit 19).
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Wwater in the cylinders could impair or prevent rapid startup

and operation of the EDGs.

(d) The casting process at TDI is not reproducible.
Thus, there is no assurance that each casting will exhibit

identical or even similar characteristics.

(e) The inspections of the replacement heads after
operation were inadequate in that the operating time was insuf-
ficient (only 100 hours). Further, the sampling inspections
utilized were not appropriate since it was not demonstrated

that the population of heads was homogeneous.

() The stress analysis performed by FaAA failed to dem=-
onstrate that the predicted deformation of the replacement
heads due to thermal and mechanical loads will not progress to

the point of impacting acceptability of the heads.

In addition, as a result of our evaluation, we concur with

the Owners Group conclusion in the DRQR Report for Shoreham

that:

The absence of detectable flaws in the
Shoreham cylinder heads does not preclude
the eventual propagation of a crack from a
subsurface defect or a defect in an inace-
cessible location,51/

67/ DRQR Report, Vel. 8, Cylinder Heads, at 3. (Exhibit 20).
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Indeed, Dr. Wells of FaAA acknowledged at the June 22

meeting between the Owners' Group and PNL that:

not knowing the distribution of flaws below
the surface of these heads, that we would
in fact acknowledge the possibility that
cracks would grow and leaks would develop,
and confidence in the -- or lack thereof,
in the behavior of these heads really has

to be established by inspectien and by

examining the causes of leaks . . . ."88/

Based on the preceding conclusions, we do not believe that
the replacement cylinder heads are adequate for nuclear ser-
vice, and thus, there can be no assurance that the EDGs will

perform satisfactorily in service.

Q. what prompted Suffolk County's concern with the cyl-

inder heads in the EDGs?

A. Three of the original cylinder heads in the EDGs
developed cracks in their firedecks which allowed cooling water
to leak into the cylinders. Subsequently, the County filed a
contention in these proceedings, which was admitted by the
Board, and discovery concerning the cylinder heads commenced.
LILCO then committed to replace all of the original cylinder
heads in the EDGs pricr to fuel load of Shoreham with heads of

allegedly superior manufacturing quality.53/

68/ Meeting Transcript (June 22, 1984) at 124.

69/ Affidavit of Bdward J. Youngling, July 22, 1983, para. 3,
(Exhibit 21).
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Q. Did LILCO replace all of the cylinder heads in the

EDGs?

A, It i3 unclear that they did. FaAA states in one part

of its cylinder head report of May 19.4 c.at "all but two (E71
and F64)" of the original heads © replaced with heads
cast by TDI after September, 1980 ,uereinafter called the
"Group III heads"); elsewhere in the report FaAA says that all
of the original heads in the EDGs h1'. been replaced with Group
11l heads.]®/ The DRQR Report asserts that all heads have been

replaced with Group III heads.ll/

Q. Are the failures of three ' f the original cylinder
heads at Shoreham and of other pre-Group III heads relevant to

your conclusions?

A. Yes. FaAA acknowledges that nre-Group III TDI heads
were subject to numerous defects, but asserts that these
defects were caused only by inadequate manufacturing processes
and/or poor quality centrol at TDI.J2/ Based upon information

given by TDI as to changes in manufacturing techniquos,Z}/ FaAA

70/ PaAA Head Report, at 1l-3 and ii.

71/ DRCR Repcrk, Vol. 8, Cylinder Heads, at 3. (Exhibit 20).
72/ FPaAA Head Report at ii 1-2 to l-4.

7°/ 1d4. at 1-5 to 1-6,



has concluded that Group III heads (ircluding the replacement
heads at Shoreham) are “"adequate fur their intended ser-
vice."74/ However, FaAA has not independently examined this
data and in fact stresses its data “"has not been verified as
normally required under FaAA's quality assurance proce-
dures."]3/ FaAA also concluded that "there is a potential for
cracks to propagate from pre-existing flaws in the head leading
to leaks into cylinders," but that "the potential for the
pre-existing flaws in Group III heads is significantly less

than for" heads cast earlier.. 5/

Q. Do you agree with FaAA's conclusions stated above?

A, No. The replacement heads are not adequate, The
FaAA conclusions are based in large part upon TDI's reviews of
pre-Group III heads and ad hoc changes in TDI's manu.acturing
processes. While we agree with FaAA that cracks may well prop-
agate from pre-existing flaws in the heads, causing water leaks
into the cylinder, we do not agree that the likelihood of such

flaws existing in the Group III heads has been demonstrably

7_4-/ Lé. at 4-10
15/ 1d. at 1-5,
_7_§./ ___d.o at 4‘1.
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reduced by changes in TDI's manufacturing processes. OQur
testimony will also address the fact that cracks may occur in
the replacement heads for reasons other than the presence of

cascing flaws, including deficiencies in the design of the re-

placement heads.

Q. Are the Group III cylinder heads in the EDGs of the

same design as the original Shoresham heads and others cast

prior to September, 1980?

A. Basically yes. All of these TDI cylinder heads are
0of the same design, except for a change to weld thicker
covering plates over the core holes in the head, according to
the TDI drawing of the head., This change is not significant to

any of our conclusions as to the head designs.
Q. How is this porticn of the testimony organized?

A. First, we will show that various deficiencies exist
in the design of the replacement heads at Shoreham which may
lead to failures. These deficiencies are unacceptable varia-
tions in dimensions of the firedeck and non-uniform bolt
spacing which induce stresses. Second, we will demonstrate

that changes introduced by TDI in manufacturing techniques have

not solved or significantly diminished problems which result in
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flaws or cracks in the replacement heads. Third, we will
document that the replacement heads in the EDGs have not been
adequately inspected and include at least one flawed head.
Fourth, we will examine the nature and effects of crack
initiation and propagation in the replacement heads, and
explain why the "barring over" procedure adopted by LILCO will
not identify all leaks and make the use of the replacement

heads sufficiently safe for nuclear service.

Inadegquate Design

Q. What are the major design issues with cylinder heads

in large medium speed diesel engines like the EDGs?

A. The cylinder head is one of the most intricate and
difficult-to-design components in the engine. It must be
strong enough to withstand the mechanical stress to which it is
subjected during engine operation, but must also provide suffi-
cient cooling through numerous water passages in the head to
permit thermal stresses to be handled. Thus, the two major

general design concerns are to provide sufficient strength and

adequate cooling.

We were therefore surprised to discover that TDI did not

change the design of the cylinder head when it increased the
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horsepower of the R-4 series diesel, because a significant

increase in horsepower also increases thermal and mechanical

loads.

Q. Wwhat changes were made in the TDI R-4 engines to in-

crease horsepower?

A. In 1966-1967 the R-4 series diesel was developed.
Compared to its predecessor, the TDI R-3 series engine, the R-4
increased engine speed from 375 to 400 RPM, and increased fuel
and air supply to raise its brake mean effective pressure
(BMEP) from 165 to 185 psi.ll/ At the same time, changes were
made in the design of the pistons, connecting rods, cylinder

block, bed plate, cylinder liners and cylinder heads.l8/

In 1970-71 the horsepower of the R-4 series engine was
hoosted to that of the EDGs (about 610 HP per cylinder) Dby
increasing engine speed from 400 to 450 RPM.13/ The BMEP in-
creased from 185 to 225. To deal with the consequent higher
thermal loading, the piston design was changed from a one-piece

iron cast to a two-piece steel casting and flanges were removed

77/ Trussell Deposition at 81-82., (Exhibit 10).

78/ 1d. at 74-81.
79/ 1d. at 82.
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from connecting rod bearings, but no design changes were made
in the cylinder head.20/ The replacement heads at Shoresham are
thus of the same design as the heads designed for an engine
with a speed of only 400 RPM and horsepower per cylinder of

only 445 8P, as compared to over 610 HP per cylinder in the

EDGs.

g. Wwhat deficiencies have you noted in the design of the

firedeck of replacement heads?

A. TDI permits wide variations in the thickness of the
firedeck. The acceptance standard for the thickness across the
firedeck was 0.500 inch # .005 inch instrument accuracy and
+ .010 inch per applicable drawing.ﬁi/ On July 28-29, 1983,
NRC inspectors measured the firedeck thickness in thirteen re-
placement heads at Shoreham and found variations from 0.460 to
0.881 inch.832/ 7TDI takes the position that the minimum accept-

able firedeck thickness is 0.400.33/ Apparently TDI designers

80/ 1d. at 85-87.

81/ NRC Inspection Report No. 50-322/83-25, August 11, 1983
("ISE Report 83-25") at 3. (Exhibit 22).

82/ 1d4. with attachments thereto.

83/ Transmittal letter dated August 15, 1983, for I&E Report

83-25. (Bxhibit 23).
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do not apply any acceptance standards for maximum firedeck

thickness.

Q. Wwhat are the consequences of the wide variations in

firedeck thickness?

A. where the firedeck is too thin, it is susceptible to
cracking from the high mechanical stresses imposed on the
firedeck during EDG operation, particularly at higher horsepow-
er and loading. Piring pressure could cause stress which ex-
ceeds the material strength. Where the firedeck is too thick
there may be insufficient cooling; the diminished heat transfer
increases stress. Where there are wide variations in the
thickness of the firedeck, as in the replacement heads, a
stress gradient is created at the boundary of a thick and thin

portion, which makes cracking more likely to occur.

Q. Has TDI conducted any studies or analyses to deter-

mine when the firedeck wall is too thick or too thin?

A. No. Mr. Lowery, TDI's manager of design engineering
and research and development, has testified that "no calcula-
tions have been done to determine what the firedeck [thickness!

should be.*"84/ The only documentation supporting the reduction

84/ Deposition of Maurice H. Lowrey (May 11, 1984) ("Lowrey
Deposition®) at 85. (Exhibit 24).
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of the acceptance criterion for minimum firedeck thickness to
only 0.400 (from 0.500) is an inspection report dated

February 21, 1981, covering the firedeck inspection of four
heads and bearing the notation "Functionally Acceptable (.400
Min., Tolerance),"83/ and an internal TDI memorandum, prepared
after the NRC inspectors had measured the firedeck thickness of
13 heads at Shoreham in July, stating "The smallest nominal
firedeck thickness is specified as 1/2 inch., This dimension is
allowed to vary to a minimum of 0,400 inches” (sic.)88/ Nei-
ther of these documents is an adequate engineering evaluation

of minimum firedeck thickness.

TDI ignores the maximum firedeck thickness standard, which
should be 0.515 inch with tolerance allowances, except Detween
the intake valve ports, where .765 inch with allowed tolerances
is tequired.ﬁl/ Both of these maximum thickness requirements
are exceeded on at least 20 measured areas of the firedecks of

18 replacement cylinder heads at Shoreham,33/

85/ TDI Inspection Report No. Q-0783. (Exhibit 25).

86/ Memorandum dated August 1, 1983, from G. KRing (then TDI,
now PaAA) to R. Boyer and E. Wilson (TDI). (Exhibit 26).

87/ 1&E Report 83-25 did not refer to the special thickness
specification between the intake valve ports.

88/ 1I&E Report 83-25 (Exhibit 22); FaAA Head Report at 1-3,
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Q. Please describe the bases for your belief that the

non-uniform head stud spacing induces stresses in the replace-

ment heads.

A. when the cylinder head studs are pretensioned the
head is stressed due to the hending moments arising from the
tension in the studs. The barding moments in the head are bal-
anced by tha bending moments in the block and the liner. The
bending moments in the block are induced from the tensile
stress in t’'e studs. When the head stud spacing is
non-uniform, the bending mom.1ts set up around the circumfer-
ence of the head are also non-uniform. The stud location is
such that the bending moment on the head from stud preten-
sioning is greater in the transverse direction (90 degrees to
crankshaft polar axis) than in the direction of the crankshaft
axis. This non-uniformity of bending moment means that head
deflection from pretensioning is greater in the transverse di-
tection, The head is further deflected by thermal distortion
resulting from the thicker dimension of the firedeck between
the intake valves. The deflection of the head may lead to ex-

haust valve leakage and problems attendant with valve leakage.

Q. Did PaAA adequately review the design of the replace-

ment cylinder heads?

7] o



A. No. FaAA did not address all of the functional
attributes of the cylinder head as set forth in the Task De-
scription for the cylinder head design review.32/ Rather Faaa
limited its design review to an evaluation of thermal and pres-
sure stresses on the firedeck, using an extremely simplified
jdealized version of the firedeck and making assumptions which
fnvalidate the conclusions of the review. We believe the FaAA
analyses is unreliable, and the TDI Owners Group apparently
agrees., Mr, Coleman of the Owners Group agreed that no reli-
ance could be placed in the design analysis of the FaAA Head
Report in his statement to PNL at the June 22, 1984 meeting
that: "The idea that we're trying to give you today is that we
didn't depend on the [cylinder head) report either from the
standpoint of the analysis, other than to give us some idea of
what's going on there, but our conclusions of our recommenda-
tions are based on the fact that we did not have enough infor-

mation in our analysis., We were unable to do the complicated

analysis necessary to get that."

Q. Wwhy do you believe the results of the FaAA analytical

evaluation of thermal and pressure stresses are invalid?

9/ PaAA Head Report, Appendix 8.



A. Dr. Wells of FaAA stated that "these are approximate
calculations only intended to show the general levels of ther-
mal and pressure stress."20/ we agree for the following rea=-
sons. FPirst, PaAA used an idealized one-dimensional model of a
flat plate for the firedeck, and therefore assumed 2 uniform
thickness of the plate.3l/ Solutions in the thermal analysis
were obtained for 3 different uniform plate thicknesses,32/

The actual firedeck is non-uniform and has many thickness vari-
ations in a single firedeck. The temperature distribution in
the firedec! is significantly affected by these thickness vari-
ations, as explained above. Second, FaAA assumed a peak firing
pressure of 1600 psi.23/ The actual peak pressure is about
1800 psi. This large difference between the assumed and the
actual firing pressure would substantially alter the results of
both the thermal and pressure stress evaluations by FaAA.
Third, FaAA's pressure stress analysis idealizes the firedeck
as Lf it were a plate uniformly clamped at its outer

boundary.24/ 1In reality, the bolts holding down the head are

90/ Transcript of June 22, 1984 meeting between PNL and the
‘ TDI Owners Group, at 136,

91/ FaAA Head Report at 3-l.

92/ 1d. at 3-3,

93/ Deposition of Clifford H, Wells (May 14, 1984) ("Wells

I

Deposition®) at 130-31., (Exhibit 27).

FaAA Head Report at 3-S5,
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not uniformly spaced. FaAA admits that "the local stresses in
the critical areas ... defy analysis because of the complexity
of the qcometty.'li/ Fourth, the underlying data in support of
the calculations is not provided and thus the report's conclu-
sions are inscrutable. PFor instance, the conclusion that "pro-
vided the range of stress does not exceed twice the yield
stress, the fire deck should be dimensionally stable even if
yielding occurs . . . ." is not supported by calculations., Fi-
nally, the FaAA evaluations assume a perfect cylinder head ma-
terial free of any defects or imperfections. The strength of
the actual casting and the presence of imperfections will af-

fect the ability of the firedeck to withstand mechanical and

thermal stresses.

Changes in Manufacturing Technigues

Q. Do you believe that the cracks in the three original
Shoreham heads and in other heads cast prior to September 1980

are the result of casting flaws, as suggested in the FaAA Head

Report?ZE/
_9_?./ _9.0 ‘t 3-60
96/ 1d. at 1-2 to l-4,
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A. Yes. From the two TDI failure analyses of the three
Shoreham head failures.2]/ we believe there is evidence of
casting defects in those heads. But there is no basis for
eliminating other contributory causes of failures of these and
other TDI heads referred to in the FaAA Head Report, including

the design defects described above.

The causes of cracks in any 4-cycle engine cylinder head
are generally related to a combination of stresses from cylin-
der pressures, thermal stresses from cooling strains (set up
during the solidification and the cooling of the castings), and
stresses arising from bolting the heads onto the engine frame,
Failures such as the ones that have occurred at Shoreham can
come about from fatigue and from the fact that stresses affect
the endurance limit of the castings, Failures can also occur
if there is thinning in the casting process, even if the
thinning is insufficient to cause porosity or hot tears in the
casting, since gas pressure loads can then overstress the thin
areas. PFailures can also occur if there is a thickening of
critical areas of the cylinder heads due to core shift., The

reduction in working stresses from the thickened material does

97/ TDI Pailure Analysis Reports No., 0150 and 0151, March 28,
1983, signed by R. A. Pratt, (Exhibit 28),




not generally compensate for the increase in thermal stress,
and failure usually occurs, starting with cracks developing

within the cooling water space and moving outward.

Q. Will cracks develop if there is porosity or hot tears

in the casting process?

A. Porosity, hot tears, shrinkage and sand or slag in-
clusions are all examples of casting defects which can result
in cracking of the cylinder heads., Por this reason, it is ap-
propriate to discuss not only the cracks that were found in the
three original Shoreham cylinder heads, but also the kinds of

casting defects which can cause cracking.

Q. Hasn't the cause of the cracks in the three Shorehanm

cylinder heads been established?

A. Based upon the failure analyses performed by TDI,
LILCO asserts that the cracks in the three original cylinder
heads were caused by operating stresses acting upon latent
casting defects -~ hot tears and shrinkage in the case of cyl-
inder head S/N E94 and sand inclusions in the case of cylinder
heads S/N E27 and E3l., This assertion, however, is unjustified
because the failure analyses are inadequate and of insufficient

completeness. The analyses do not rule out possible
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contributory causes of the failures. Complete failure analyses
would have included metallography, bulk chemical analysis,
scanning electron microscopy, and perhaps localized chemical
analysis of the fractured surfaces. Metallography would have
disclosed whether the heads had been suitably heat treated.
Metallography would also have revealed information about the
grain structures of the casting at the failure site, It would
have detected the presence of coring material, which can Dbe
deleterious to the integrity of the casting, and could have in-
dicated the presence of residual stresses. Scanning electron
microscopy would have identified the site of crack initiation
and therefore would have helped reveal the mode of failure.
Localized chemical analysis would have confirmed the type of
casting defect present., Without these tests and analyses, TDI
could not have accurately ascertained the cause or causes of
the cracks. For example, while a hot tear can generally Dbe
recognized on a clean and fresh casting surface, the cracks ex-
perienced at Shoreham, when sent back to TDI for analysis, were
corroded. Thus, the cracks should have been cleaned and
examined by appropriate means such as scanning electron
microscopy. Among other things, examination of the corrosion
products would have given an indication of how long the crack

had existed., However, none of this was done, With respect to
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the sand inclusions, chemical analysis of the filings would

have differentiated sand from slag inclusions. While TDI

performed a microscopic assessment of filings, they failed to

chemically analyze the material t> establish its true origin. |
Moreover, metallography would have shown if "sand inclusions®

were concealing other defects, such as gas porosity. Again,

however, these tests were not performed.

Q. Why is a complete failure analysis necessary?

A. Because until the actual cause (or causes) of the
cracks is determined, judgments regarding the adequacy of sol
tions to the problems which permitted the cracking to occur

cannot be made with any degree of assurance.

Q. Is it possible to determine with any confidence
whether the changes in manufacturing techniques adopted by TDI

have solved the casting problems with cylinder heads?

A. No. Since 1976 there have been over 74 changes which
TDI has reported it made in its casting techniques and foundry
ptoccdu:os.iﬁ/ Not all of the changes were in response %0 spe-
cific problems., Indeed, many of the changes were made in

response to production costs. 23/ However, the multiplicity of

98/ °®4 Valve Steel Head -- 03-360-03-0F° (undated) (Exhibit
29).
99/ See Deposition of tdward S. Dobrec (August 1, 1983), at

52-62., (Exhibit 130).
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changes and the interrelationship between changes, makes an as-
sessment of the total effects of the process changes impossi-
ble. Thus, the changes claimed by TDI do not reflect a clear
evolution in techniques and procedures, but rather an ad hoc
*hit or miss® approach. In addition, TDI had no detailed
foundry practice procedures at the time the original cylinder
heads at Shoreham were produced, so the original and the re-

placement head casting processes cannot be accurately compared.

Q. The FaAA Head Report refers to particular
manufacturing procedures to support its conclusion that, al-
though the replacement heads might crack due to pre-existing

flaws, they are less likely to do so than the pre-September

1980 heads. Do you agree?

A. No., FaAA states that TDI's casting problems of inad-
equate mold guality, core shifting, and poor gaging procedures

in machining the firedeck "were apparently addressed"” bdy:

(1) “Improvements® in mold and core design, and

(2) “"Changes® in materials used for mold and
cote fabrication, especially use of a sodi-
ym silicate ester sand for the mold and use

of core shells,:28/

100/ PaAA Head Report at 1-5 to 1-6.



Second, PaAA says that unsatisfactory flow and supply of
liquid metal to the mold and the inadequate solidification

pattern in the mold "were apparently addressed" by:

(3) *Modification® of gates and risers, and

(4) Use of chills,lO0l/

FaAA does not conclude that these changes have solved
TDI's casting problems, because FaAA could not support such a
conclusion. FaAA has undertaken no analysis of the changes in
the techniques which it mentions., It does not describe, and
admits it has not verified, what techniques were used by TDI
prior to the current ones. Without a careful analysis of both
the current and the previous casting procedures, one simply

cannot conclude that the changes are "improvements.”

Q. Please explain your views as to each particular mat-

ter referred to by FaAA in the previous answer.

A. (1) The "improvements® in mold and core design are
not described., This is a purely conclusory statement with no
supporting analysis; we don't know what changes FaAA believes

were made in mold and core design, so we can't evaluate whether

LQL/ I_d_. at 1-‘,0
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or not they were improvements. Our own investigation disclosed
that TDI never used design drawings of molds, so accurate com=-
parisons of current and older mold and core designs could not
be made. As TDI experimented with different mold and core de-
signs, improvomcncs may have resulted, but poorer results could

also have occurred with equal probability.

(2) The change to sodium silicate ester sand for molding
sand can increase the chances for gas porosity in the casting
gsince sodium silicate ester sand is more resistant to gas flow

and the gas can be trapped in the casting.

(3) The manner in which gates and risers were modified is
not described by FaAA, and there is no information %o serve as
a basis to determine whether the changes effectively addressed
the casting problems, For example, placing a gate in a mold
may reduce the rate of metal flow so that the flow i3 too slow,
thereby permitting metal already in the mold to cool Lefore the

casting is complete., A riser which is too small can contribute

to shrinkage defects.

(4) The use of chills may reduce the 'likelihood of hot

tears in some instances. Cnills also increase the likelihood

of gas porosity in the casting.
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The claim that these changes in casting methods and tech-
niques have successfully addressed TDI's casting problems is
belied by the extremely high rate of defects in cylinder heads
produced since all of these changes were made. TDI docu=-
mentsi02/ for foundry rework on cylinder heads show that nearly

all of the heads cast in 1982-81 had defects and required re-

working.

Q. What other changes in cylinder head manufacturing

processes werae referred to by FaAA?

A, FaAA refers o a 1978 TDI procedure :0 post weld heat
treat the heads after deposition of the Stellite valve seat
overlay and to a 1980 TDI Service Information Memo changing
valve seat weld repair proccdurcs.iﬁl/ The changes are not an-
alyzed as to their adequacy, implementation, or effects. We
have no basis to believe that these changes have solved the

cracking of the Stellite weld deposits seen in TDI heads at

Geand Gulé.

102/ TODI Documents, "Casting and Machining Problems with RV=4
Cylinder Heads." (Exhibit 31).

103/ PaAA Head Report at 1-5.

-9‘-



FaAA also states that TDI claims that all heads cast after
October 1978 received a second stress relief treatment., Stress
relieving, or normalizing, can reduce stresses in the casting,
but does not eliminate or affect geometrically-induced stress,
gas porosity, inclusions, shrinkage or hot tears, each of which

can cause cracking of the heads and increase crack propagation.

FaAA raises the problem of poor gaging procedures during
ficedeck machining, but does not state how TDI addressed that
problem. Given the large variations in firedeck thickness in
the replacement heads at Shoreham, we believe TDI has not
addressed this problem, Moreover, in our opinion it is not a
gaging problem; firedeck thickness is rather a design,

manufacturing, and gquality control problem,

Q. Does the operating history of the Group III heads
(including the replacement heads at Shoreham) support FaAA's
conclusion that the replacement heads are adequate for nuclear

service and are significantly less likely to have pre-existing

flaws than earlier heads?

A. No. The only oﬁo:aetnq history of Group III heads
verified by TDI is that pertaining to 16 replacement cylinder
heads at Shoreham, out of 211 Group III heads TDI says it has

produced. 104/ FaAA states that Messrs. Trussell and Prate of

104/ PaAA Head Report at 1-2; Wells Deposition at 103, (Exhib-
it 27).




TDI said in December, 1983, that "there have been only five in-
stances of water leaks in Group II and Group III cylinder heads
that have resulted in water in the cylinders....*105/ wuowever,
Mr. Mathews, vice president and general manager of TDI,
testified in May 1984 that TDI had never in the past two years
conducted any review of its files to ascertain failure rates of
cylinder heads.106/ rhere is simply insufficient evidence from
TDl's operating history to conclude that Group III cylinder
heads will not crack or will have any less likelihood of

cracking than pre=-group III heads.

Inspections of Replacement Heads

Q. Have the inspections of the replacement cylinder

lieads at Shoreham ensured that they are adegquate for nuclear

service?

A. No. The inspections performed on the Shoreham re-
placenent heads have been inadequate in a number of respects.
First, there can be no confidence in inspections carcied out by

TDI before the heads were delivered, Second, the Lnspections

105/ FPaAA Head Report at l-4,

106/ Deposition of Clinton S, Mathews (May 8, 1984) ("Mathews
Deposition®) at 79-82. (Exhibit 32).




of the replacement heads performed at Shoreham after 100 hours
of operation were insufficient because inspections were done on
a sampling basis, not all of the inspection technigues neces-

sary to detect flaws were used, and the inspection staniards

were inadequate.

Q. Wwhat inspections {s TDI supposed to have performed on

the replacement cylinder heads?

A. TDI has written procedures for carrying out visual
inspections, magnetic particle inspections, ligquid dye
penetrant testing and hydrostatic testinq.lgl/ However, these
procedures are seriously deficient., The magnetic particle in-
spection procedure does not specify which areas of the cylinder
heads are to be inspected, Indeed, the procedure is only a
general procedure "for the testing of ferromagnetic parts and
assemblies,” and is not specifically written for cylinder head
inspection., In fact, TDI did not inspect the replacement heads
by magnetic particle techniques, because it only started to use
this procedure on cylinder heads in April 1984.123/ The hydro-

static test procedure, which is written for use i{n "welded

107/ Respectively, TDI QC Procedures 600-10, 600-30, 600-20 and
600-70.

108/ PaAA Head Report at ii.
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assemblies and cast products,” is not expressly applicable o
cylinder holdi. TDI interprets its inspection procedures to
permit acceptance of a cylinder head which fails a visual in-
spection (by having a visible indication), so long as it does
not leak during the hydrostatic test, 109/ A further example of
TDI's inadequate test and inspection procedures is the in-
process inspection procedure (I.P.-300), which directs the QA
inspector to use the same gauge blocks as the machinist and
gsets forth no measures for ensuring that the gauges are proper-
ly controlled, calibrated and adjusted so as %o maintain accu-
racy. Mr. Mathews of TDI testified that TOI! may well deliver

cylinder heads to nuclear plants that have cracks or sand in-

clusions 210/

Q. Are TDI's inspections and testinj techniques, if they
ate properly performed, capable of detecting all casting

defects and cracks in the replacement cylinder heads?

A, No. It is unlikely that any of the techniques used
by TOI will detect cracks or other casting defects more than

1/4 inch beneath the surface of the casting, Visual

109/ I&E Report 83-25 at 4. (Exhibit 22).
110/ Mathews Deposition at 86-87, (Exhibit 32).



inspections and dye penetrant testing, if done correctly by
trained personnel, will only reveal surface cracks., Hydrostat-
ic testing only discloses through-wall cracks in or around the
cylinder head passageways that are tested, and will not detect
subsur face cracks, Magnetic particle inspections can reveal
subsur face cracks or other casting defects, but only to an ap~-

proximate depth of 1/4 inch.

Q. What inspections were subsequently carried out on the

replacement heads at Shoreham?

A. A liquid penetrant test was done on the exhaust and
intake valve seats and firedeck area between the exhaust valves
on 9 of the 24 cylinder heads, after 100 hours of full power
opecation, Ultrasonic measucrements were tacken of the firedeck
aceas of 12 cylinder heads., Finally, visual inspections were
performed on the valve seat areas of 12 of the 99 valves, and

on 7 firedecks of the 24 cylinder heads for indications of sur~-

face damage rll/

Q. Were these inspections adequate to conclude that the
replacement cylinder heads at Shoreham are qualified for

*unlimited operation®il?/ in nuclear service, as FaAA

All/ DRQR Report, Vol. 8§, Cylinder Heads, at B1-84, (Exhibit
20).

112/ PaAA Head Report at Lii,
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concludes?

A. Absolutely not, In fact, the DRQR Report for

Shoreham states

The absence of detectable flaws in the

Shoreham cylinder heads does not preclude

the eventual propagation of a crack from a

subsur face defect Or 7 defect in an inac-

cessible location,.iil
We agree with this statement, but we alio believe that the in-
spections were not sufficient to detect even all relevant £lavws
and defects in accessible areas of the replacement heads. Ac-
cordingly, the probability of cracking of the replacement heads

may be much higher than indicated in the DRQR Report.

Q. Wwhat are your reasons for concluding that these in-
spections did not sufficiently disclose even surface defects in

the replacement heads?

A. First, only a limited number of samples of the re-
placement heads were inspected., As described above in our dis-
cussion of the AE piston skirt inspections, a sampling inspec-
tion is particularly inappropriate because of TDI's ineffective

QA/QC program, Region IV of the NRC informed TDI that tesults

of NRC Vendor inspections of TDI shew

AL}/ ORQR Report, Vol. 8, Cylinder Heads, at 3. (exhibit 20).
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[s)erious deficiencies have existed in the

implementation of your committed gquality

assurance program for manufacture of emer-

gency diesel generators. What concerns us

greatly is that certain of these findings

are of a nature which brings into question

both the adequacy of existing manufacturing

process controls and the level of compli-

ance by mangufacturing and quality control

personnel s/
We agree with Mr, Poster of NRC Region IV that TDI's ineffec-
tive QA/QC program makes a samplying inspection next %0 useless
and mea.. that even a 100% inspection is unlikely to reveal all
defects .15/ However, given the importance of the heads, a

1008 inspection should have been performed,

Second, of the sample heads, only selected portions were
examined, For example, the liquid penetrant test was performed
on the firedeck only in the area between the exhaust valves,

Other areas of the firedeck are as likely to have indications

or inclusions.

Thicd, inspections were restricted to visual and ligquid
penetrant, The ultrasonic measurement was done only Lo measure

firedeck thickness, It is likely that more defects would have

/ Letter dated January L7, 1984, from V., Potapovs (NRC) to
C. Mathews (TDI). (EBxhibit 33).

115/ Foster Deposition at 54-55, (Exhibit 13),
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been detected if magnetic particle examination, eddy current
examination, and radiograph testing had been employed. The vi-

sual examination is unfortunately of limited value.
Q. Why is the visual examination of limited use?

A. Apart from the obvious fact that it is limited to
what the naked eye can see, the results of the visual inspec-
tion have apparently been ignored. The NRC Staff discovered an

indication about 3/8 inch long on the machined bottom part area

of replacement head S/N H=34 at Shoreham,.1l8/ 7TDI advised the

staff that this crack was within TDI's acceptance criterion be-
cause the head had not leaked under hydrostatic test, LILCO
and PaAA have not replaced the cylinder head with this indica-

tion, apparently accepting TDI's criterion.

Q. Do you believe that the LILCO response was appropri-

ate?

A, No. A 3/8 inch indication such as on head H-14 may
grow under operating stresses and with the effects of corro-
sion. Yet LILCO, TDI and PaAA would permit one or more small

cracks or inclusions in the replacement cylinder heads, This

116/ I&E Report 81-25 at 4. (Exhibit 22).




is also shown by the acceptance criteria used by LILCO and

FaAA. |

Q. what is the basis for the FaAA/TDI Owners' Group in-

spection criteria for cylinder head inspections?

A. No bases are provided for the liquid penetrant in-
spection or the ultrasonic measurement criteria citad in Appen-
dix A of the FaAA Head Report. For the magnetic particle in-
spection, no basis is provided to demonstrate that the ASTM
criteria are appropriate for the intended service. For the
firedeck UT measurement, the thickness is only required to Dde
tecorded. No maximum thickness is specified and the technical
basis for the minimum thickness is not cited. The bases for
all the acceptance criteria should have been provided by TDI
and assessed by FaAA. The acceptance criteria bases must De
demonstrated because without knowing the distribution of flaws

below the surface, any crack or void can be assumed to Jrow.

Cracks in Replacement aeids

Q. If cracks similar to those in the three original
heads occurred in the replacement cylinder heads at Shorehanm,
is it true that only a very small amount of water could leak

into the cylinders after shutdown of the EDGs?
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A. No. This proposition was asserted by LILCO based
upon TDI's inadequate and incomplete failure analyses of the
original failed heads, which determined that the cracks were
caused only by operating stresses acting upon pre-existing
casting defects in the cylinder heads.ll?/ TDI contends that
since these operating stresses are caused by the cylinder fir-
ing pressure, once the EDG is shut down and operating stresses
are substantially reduced, any cracks would close.:18/ 1n ad-
dition, TDI asserts that the stresses are further reduced when
the cylinder heads cool to a steady-state temperature. Thus,

it was concluded that the cracks were self-relieving and would

not have propagated.

while the evidence suggests that a cause of the failed
cylinder heads was casting defects, there i1s no support for
TDI's assertion that only the operating stresses were acting
upon the casting defects and that the cracks were therefore

self-relieving and would not have propagated. In fact, cracks

117/ Affidavit ¢f Edward J. Youngling, dated July 8, 1983 (Ex-
hibit 21).

8/ Contrary to the preceding assertion, PNL consultant Mr.
Louzecky stated at the June 22 meeting (Tr. at 129) Dbe=-
tween PNL and the Owners' Group that ", . . in the
cooling~off period, that's usually when your (cylinder
head) crack opens up . « « "

Uad
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such as those found in the three failed cylinder heads at
Shoreham will always propagate and grow, unless arrested by

heavy material or a void.

Q. What factors other than operating stresses would

cause cracks to propagate and grow?

A. Cracks propagate (i.e., deepen and/or travel) and
grow (i.e., lengthen and/or widen) due to operating stresses,
residual stresses (i.e., manufactured-in stresses, such as from
the casting and welding processes), geometrical stressas (e.9..
stresses arising from design, such as stresses which exist at
sharply-angled edges) and corrosion. What must be kept in aind

is that cracks are stress raisers, and that stresses other than

operating stresses will propagate a crack. Residual and geo-
metrical stresses commonly accelerate crack propagation and
growth, and corrosion occurs preferentially at cracks. All of
these mechanisms (residual stress, geometrical stress and cor=-
rosion) will act to prcoagate a crack even when a diesel is not
in operation., Purther, the environment may increase the growth
of the crack at a higher rate than one would calculate Ddy

merely summing the cyclic loads.il?/ 1Indeed, cracks in the

119/ "Introduction to Practure Mechanics," Rare Hellan, McGraw-
gill, 1984, at 135. ,




cylinder head by their very nature propagate and grow until
they hit a massive part or a void, such as an exhaust valve,.
When a crack enlarges, the flow of water through the crack wi

increase. PFurthermore, cracks are seldom self-relieving, ex-

cept perhaps when they split open, and cracks never decrease in

dimension, especially when the crack surfaces are covered with
corrosion products. Therefore, water can continue to leak into

the combustion chamber after shutdown and at any time thereaf-

ter.

Q. Could cracks in the replacement cylinder heads first

begin to leak during cold shutdown of the EDGs?

A. Yes. For example, a crack which initially occurred
from operating stresses may not leak during operation., That
same crack may not leak for some time after the EDG is shut
down. However, stresses other than operating stresses, such as
stresses from corrosion products acting to force the crack
apart, may cause the crack to propagate or grow after shut-
down.220/ Cracks may grow very slowly for some time, but once

a crack reaches its critical size it will grow very rapidly and

20/ "Analysis of Oxide Wedging During Environment Assisted
Crack Growth,® S.J. Hudak and R.A. Page, NACE, Vol. 39,

No. 7, July, 1983, at 285 to 290.




e B A0l 1. S Tl N .

rupture. Thereafter, the flow of water through the crack could
be significant. The amount of such water leakage would depend
upon the number and the size of the cracks and their location.
The existence and interaction of these factor~ cannot be
predicted. However, depending vpon the circumstances, signifi-

cant leakage could occur in a matter of days or even hours.

Q. Wwould undetected leakage from a cracked head into the

cylinder affect the rapid restart capability of the diesel gen-

erators?

A. Yes, If liquid is contained in the cylinders, there
will likely be damage to the engines. Quantities of liquid can
cause dangerous pressure rise within the cylinders. If liguid
is contained in the cylinders, the compression pressure in-
creases and will continue to increase until it equals the fir-
ing pressure; the volume of liquid contained in the cylinders
ther becomes known as the "critical volume." TIf the liguid in
the cylinders is greater than the critical volume but less than
the clearance volume, the liguid may not show up during the
barring procedure proposed by LILCO, and dangerous pressures
may build up during the start period. This very high and dan-
gerous pressure buildup can cause studs holding the head in

place to stretch, thereby "blowing® the head gasket. When this
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occurs, the EDG cannot be operated because of flames blowing

out between the head and liner faces.

Water leakage into the cylinder head could also lead to a
catastrophic failure should the cylinder head go "solid with
water." The Shoreham piston crowns have a dished configura-
tion, and should there be leakage the dish area could £ill up
and the water overflow down past the piston rings into the lube
0il sump. This could cause water contamination of the lube
0oil. Leakage, even in very small amounts, could also impair
lubrication of the cylinder. Scoring of the cylinder liner

bores can occur, followed by rapid seizure of the piston and

coensequential damage.

Catastrophic consequences can also result from cracks in
the cylinder head firedeck, even when thers is no water leak-
age. Higher pressure combustion gases can leak into the cool-
ing water space. In the short term, the combustion gases enter
the cooling water and may "air lock" the heads. Alternatively,
the heat exchangers may not be able to handle the heat input to
the cooling water and a rise in temperature could cause a shut-
down. A further problem could arise when the cooling water
pumps "gas up,® causing the cooling water temperature to rise

and the engine to shut down.
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s 1 Could the corrosion inhibitors in the cooling water

of the EDGs affect rapid restart if leakage occurred?

A. Yes. These corrosion inhibitors can alter the cylin-
der liner diameter by building up salts and other corrosion
products, if cooling water leaks into the combustion chamber
and cylinder space. This, in turn, prevents adequate lubrica-
tion and causes a number of dry strokes during the starting of
the engine. The dry strokes would result in localized heating,

with probable additional failure of lubricant and seizure of

the pistons.

Q. But won't the corrosion inhibitors prevent corrosion

in the cylinder, should leakage occur?

A, No, the corrosion inhibitors act to passivate a sur-
face by providing a stable film to act as an oxygen barrier.
Corrosion would preferentially occur in the space between the
cylinder walls and the pistdh. Thus, it is possible that cor-
rosion products could form that would act as a barrier and pre-
vent the passage of water betweeen the piston and the walls and
into the lube 0il sump. In other cases, muck, carbonaceous ma-
terial and detritus from the piston ring grooves can act as a
sealant and prevent leakage down the side of the piston. Then,
water would collect in the cylinder, causing the cylinder head

to go "solid with water."
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Q. How fast could this corrosion occur?

A, The passivation occurs immediately on contact with

the metal. However, the speed at which subsequent corrosion

processes occur is dependent upon a variety of factors and

their interaction, including temperature, surface area and
driving force. Hence, the speed of corrosion development for
this case is inherently unpredictable, What must De kept in

mind is that the concern lies not only with corrosion in the

cylinder, but also with the effect of corrosion on cracks in
the cylinder head. As previously mentioned, corrosion products
put a stress on cracks. Thus, a crack may grow slowly until it
reaches a critical size. Thereafter, however, it Jrows much
more rapidly. 1Indeed, cracks can change significantly in a

matter of days or even hours.

Q. Will water flow through a crack during cold shutdown
even though there is essentially no water pressure to drive the

water through the crack?

A. Yes, because the water has substantial driving force
through the crack without the water pressure of the cooling
system, The cooling water flows into the crack in an effort to
dilute the corrosion products and creates an osmotic pressure.

In addition, the driving force from the capillary action causes



flow through the crack. As the crack grows, the flow of water

increases proportionally.

Q. But isn't a steel cylinder head strong enough to re-

sist cracking caused by corrosion?

A. No, it is not. The stresses generated by corrosion
products are extremely high. Moreover, the tip of a crack acts
as a stress riser and can synergetically exceed the tensile
strength of the metal without any additional stresses. 1In ad-
dition, TDI has changed the steel in its cylinder heads to a
lower strength alloy (TDI's No. 7 steel) with less carbon con-

tent. This reduction in carbon can cause cracks to initiate,

to propagate, and to grow.

Q. Couid leakage from cracked replacement heads also

have an adverse impact on EDG's performance during operation?

A. Yes. Operating stresses could cause the cylinder
head to crack or could exacerbate existing cracks' growth.
LILCO and TDI contend that there would be no adverse impact on
the EDG's performance, since any water leaking into the cylin-
der during operation would be expelled along with combustion

by-products. However, depending upon the location and size of

the leak, water in the cylinder could be sufficient to impair
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lubrication in the cylinder and cause seizure of the piston and
fracture of the piston skirt, leading to engine shutdown. In
other cases, only partial seizure may occur; however, this can

lead to heavy bearing wear and misalignment,.

Q. But isn't water sometimes injected into the combus-

tion chambers of diesel engines to improve performance?

A. Yes., Sometimes distilled water in very small amounts
is homogenized with fuel and injected into the combustion cham-
bers. This is done to reduce the emissions of nitrous oxides
with the exhaust gases. However, this process requires strict
control of the quantity of water that is homogenized with the
fuel prior to injection. 1In addition, the cooling water in the
EDGs contains corrosion inhibitors. If the cooling water leaks
into the combustion chamber and cylinder, the salt residues
from these corrosion inhibitors can cause abrasive wear on the

cylinder liner bore, thereby reducing piston ring life.

Q. Could cracks in the cylinder heads also cause prob-

lems in the long term?

A. Yes., While it is true that water leakage into the
cylinders generally flashes to steam and passes out with the

exhaust gases, if any water remains it is sprayed out with the
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exhaust gases and erosion of the turbocl.arger blading will
occur in a manner similar to steam turbine blading erosion., In
that event, the turbo blower speed falls and the engine
overheats due to a reduction in air flow. Moreover, cracks in
the cylinder head firedeck may cause a reduction in cooling
water pH value, leading %o the formation of acids which attack
various parts of the engine cooling system and cause corrosion
of the engine. Water leakage may also damage or score the cyl-
inder liner, damage the piston rings, reduce power and allow
gases into the cooling water system. The scored liners allow
hot combustion gases to blow down between the cylinder and the
piston skirt. This causes distortion of the piston, further
scoring of the cylinder liner and serious overheating, which

may eventually lead to a crankcase explosion.

Q. Has LILCO committed to perform a “"barring over" pro-
cedure at certain intervals after EDG shut-down to detect water

which might have leaked into EDG cylinders due to cracks in the

replacement heads?

A. Yes. LILCO intends %o use the procedure referenced

in §P27.307.02.121/

121/ DRQR Report, Vol. 8, Cylinder Heads, at 3. See
cedure SP 27.307.02, Emergency Diesel Generator Cyl
Head Leak Detection Test. (Exhibit 34).




Q. Do you believe that the proposed barring over proce-
dure, if implemented, will ensure that leakage, if 1t occurs

during testing or operation, will be detected?

A. No. LILCO's proposed procedure will not ensure the
detection of leakage of water into the cylinders. In fact,
given the nature of cracks in cylinder heads, no barring over
procedure can ensure that leakage will be detected prior to an
emergency rapid startup of the diesels. Cracks which occur
during operation may not leak during operation or even withir
the first 12 hours after shutdown, the time under LILCO's pro-
posed procedure when the EDGs would last De barred over, For
example, cracks formed during cperation could be focal points
for corrosion, which would maka it difficult for the cracks to
close. Water could therefore leak into the combustion chamber
of the EDG after shutdown, including more than 12 hours there-
after, in amounts sufficient to impair an emergency start.
Such a leak would not be detected by LILCO's proposed barring
aver procedure. Even swinging over the engines with starting

air might not detect small amounts of water symptomatic of a

leak,

Q. Would your concerns with LILCO's barring over proce-
dure be alleviated if the barring over were performed more

frequently than proposed by LILCO?
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A. Even if barring over were done more frequently, there
would be no assurance that leaks which could impair emergency
startup of the EDGs would be detected, It is not possible to
predict when emergency startup would be needed, and it is
therefore impossible to bar the engine over immediately before
startup is required. Unless the barring over is done immedi-
ately prior to emergency startup, there can be no assurance
that water from one or more cracks would not leak into the cyl-

inder of one or more EDGs and impair startup.
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Ultrasonic Ixamination of fire deck.

Perform an Ultrasonic Examination of the fire deck in six locations
(see sketch ,below) to é.et__er:ine the thickness betwesn the valve seat

area.

The nominal thickness reading is 0.500 inches, *+ith a zminimum acceptable.
thickness reading of 0.400 inches.
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ExH Bt 35
Instruction Manua! e —aiied 2.2

CLEAR CYLINDER CHECKX )

An essential part of the pre-start procedure is 10 check for the presence of water in the combustion chambers
and the intake air manifoid. In any water cooled engine there s some possibility of internal water leaxage Ths
may be fromthe internal passages inthe engine, the intercooler(s), or fromthe wroocharger(s). Otner possibie
causes of water jeaks include mproper maintenance or repair procecures. faylty installanon, of improper
handiing during shipment and storage. Although the presence of waterina combustion chamboer, Of the 1ntake
manifold in any significant quantity s a rare occurance, the consequence of such a Congition can be serous.
|f the engine IS cranked with full stanting air pressure, and with water in one or more combustion chambers,, of
in the intake air manifold, the result may well be serious gamagetethe cylinger head and/or dlock. Therelore

it is essential tnat the cyhingers and ntake manifolds ne checxed and determined 10 de free o! liquids prior 1o
astan. This check may be considered mandatory when starting the engine for tne tirst ime afer instaliation

or after a long shutgown Of mMajor overhaul, or whenever the engine has been shut down and allowed 10 €oC

for eight hours or Mare. For maximum protection, it is strongly recommended that the cneck be performes
pefore each engine stan. It is recognized that \his may not be practical n installations where remote of
unattended operation are a pan of the design, therefore, in these Cases ihe status of fluid Systems and pressure
vessels shoulc be requiarly monitored 1o mnimize \he nsks of water leaxage probiems The engine shouid
not be rolied on full staning air pressure until such time that it has peen determineg that there 1S NO 1iguS
in any of the combustion chambers Sarnng the engine over 10 getermine this IS satistactory. Bnetly. ne
D’OCQOU'Q for checking 10 getermine that the combustion chamber and the intake manitoldls) are free O
morsture involves the following sequence of actions

a Open ndicator COCKS on all cylingers.

p. Check for presence of water in the ntake air mani'old(s). Striking the sides of the manifoig win
a mallet anc Listening to the sound 1s one method of doing this it water is detected, the source mus! Le
found and the conaiion corrected before proceediig

¢ Place Stop/Run valve on the engine n the STOP pasition. This will prevent fue! admission to the
engine dunng the subsequent sieps
d Bar the engine over slowly with the barmng device for two comp'ete revolutions of the crankshatt
Caution
It any resistance 10 free turning is encountered, stop cranking anc cetermine cause
pefore proceeding
e (Check all inc.cator cocks for presence of moisture It any hiquid has neen gjected from any cocx
the source must de found and the gefect corrected pefore proceecing
{ Rollengine!wo complete revolutions on starting ar then again check all INgicator COCks tor presence
of moisture | all clear, proceed.
g Close all incicator COCKS.

n Place Stop/Run vaive in RUN

4-2
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CHARLOTTE, N. C. 28242
January 24, 1985 CGTP-773-0-477

Mr. F.R. Stead A a0 S Jm
Cleveland Electric Illuminating Company :
Perry Nuclear Station

P.0. Box 97 fi A2 2
Perry, Ohio 4408 /’;‘f/“f/‘f A

A ¢

Re: TDI Diesel Generator Qwners Group
Recommendation For Detection of Cylinder
Head Leakage
File: MTS-4086 o AR

-

Dear Mr. Stead:.

The Owners' Group Technical Staff has recemmended a "blow over" procedure to
be used as a surveillance to detect potential water leakage into the combus-
sion .chamber, A "blow cver" procedure has been recommended sincs the barring
over device depicted in TDI's operating manual §s primarily 2 maintenance
device, not a surveillance devica.

The "blow over"” procedure is a medified air roll, and insures damage to an
engine does not cccur as a result of rapidly air rolling an engine with a
hydraulically locked combustion chamber. The following methods for slowly ro-

_tating the engine were recommended to the Owners Group by TOI:

The first method invclves the use of a manual actuator on cne

of the starting air inlet valves on each bank., By manipulating
the 2pproximately 18 inch leng lever while watching the flywheel,
one operator can turn the engine over twice, without building
significant crankshaft inertia and without taking the diesel out
of the standby mode. A second operator must watch the indicating
cocks on the opposite bank for signs of moisture.

If an emergency occurs during this leak detection mode the engine's
automatic controls will start the engine in the norma! fashien.

The operator should close the indic.ting cocks immediately following
an emergency start of the engine. .The c¢losing of all cocks should
not exceed one minute. As a precautionary measure, the fuel rack
sheuld be manually placed in the “fuel off" positicn, and held there
using the lever provided on the rack shaft. If an emergency start
were to occur at this point, the governor oi) bocster will force
the rack into the "full fuel pesition”,

DUKE | MANACEMENT AND
POWER | TECHNICAL SERVICES

g ooty 3o ¥
W LT e TR et e
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The two methods recommended require operator training and planning. Should
you have any questions ar if you wish to discuss this further,

roags €

The second method recommended, is to arrange for a bypass valve
around the starting air inlet valve. TDI has tested this methed
on their R-46 test engine and reported goed control of the
engine's slow rotation by operating the bypass valve.

The same as for the first method of leak detection, precautionary
measures must be exercised. The fuel rack should be placed in
the "fuel off" position and held there using the lever proviced
on the rack shaft. Should there be an emergency engine start the
indicating cock should be closed within one minute, to avoid
ceasing. If any of the cocks cease open, 2 C2p should be placed

on that cock.

Mr. John C. Kammeyer at (704) 373-3423.

C.L. Ray Jr.
Technical Program Director
T0I Diesel Generator Owners Group

cc:

CLR/ICK/ da

Executive Committee
J. Kammeyer

R. Bonsall

V.A, Saleta

M. Curry

K., Fitzpatrick

A.P. Cobb Jr.

Job Beok

Alternate Contacts
Licensing Contacts

PSRRI eyl TN LT TR S

please contact
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COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION
LISY 30A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER

EXPERIENCE ITEMS ADDED 1O COMPONENTS AFTER 7/1/8% ARE DATED.

EXPERIENCE 1TEMS RLMOVED FROM COMPONENTIS AFTER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

OWNERS GROUP come DESIGN QUALITY
COnP NO CLASS RVM RVL

03-360A <CONTINUED.......> <I> X X

1RE SHOREHAM, NOTICE 83-51 o1
70 EVLIWE'!”:EM HATER LEAKS WERE ORSERVED, ON A TDI 8 CYLINDER ENGINE AT KUOSHENG, TATHWAN.
TELEX FROM PEI TO LILCO DATED 11/28/83

8) DURING INSPECTION OF TDI V-16 ENGINE'S CYLINDER HEADS, ONE WAS FOUND TO MAVE CRACKS., THE
LSACKS WERE IN THE STELLITE SEAT FOR THE ENHAUST VALVES - ONE CRACK WAS APPARENTLY A THROUGH-

HALL CRACK.
: NOS: MANUF ACTURER:
TELECON C.SEAMANILILCO)EH. ANGLE(MPL)ION 12/13/83.701

9) MOD OF Vltvt GUXOES YO CONTROL OIL CONSUMPTION.
SOURCE @

101 SIN- 301, REV. 1

30 VINFO-METHOD roa MEASURING STEM 10 GUIDE CLEARANCES.

S1M-295

JLIINFO-CY), HEAD VALVE SEAT REPAIR PROCEDURE .
SOURCE : NOS:
101 SIN-249, REV. 2

12 VINFO-CYL HEAD OVERHAUL PROCEDURE.
€ NOS:
SIM- 250, REV. 1

IDELETED OB/22/84)

1671 CYLINDFR HEAD ON DIESEL 1A DEVELOPED A MINOR JACKET WATER LFAK WITHIN THE TNJECTOR BORE AND
ADOVE THE INJECTOR SEAT. ONE CYLINDER MEAD OM DIESEL 1B ALSO DEVELOPED MINOR JACKET HWATER LEAK.

SOURCE ¢ S MANUF ACTURER:
OTHER CATAWBA -RCPORY “EXTENDELD OPERATION TESTS AND INSPECTION OF DIESEL 101
CENERAIORS DATED 04/05/84 PG 7-2 (FILE MO, T-53)

15) WATER LEAK INTO THE CYLINDERS. TDI REVIEWED THE THREE FAILURES AND ADVISED THAT THE SMALL
AMOUNT OF WATER ENTERING THE COMBUSTION CHAMBER 1S Slnl’l.' BLOWN OUT OF THE EXHEUST. LILCO-
UH.wAg(D THE CYLINDER HEADS TO THE IMPROVED TDI DFS (RDDED 08/26/84)
SOURCE :

NOS:
T0CHRSO,S5E 1OCFRS0.55 LILCO LTR SNCR-873 DATED 4/15/83 TO TDI FILE NO.T-69
R e T

NON-NUCLEAR INDUSTRY EXPERYENCE:

1) FIVE HEADS HAVE FATLFD LOCKED UP, CASTING STRESSES IN MIADS, SEVERE AERATION PROBLEM IN
STARBOZRD ENGINE CONTRIBUIED TO HOT SPOIS IN HEAD. TDI STATED STANDPIPE CAUSED AERATION,
/v "GCTT™)

SURCE ¢ NOS ¢

OTHER HUMT & WILLYEMS (12/7°0/83) 10 C.SFaMAN

O1HER MINUTES OF MIFTING KITH TDT AT LAKE SHIPPING OFFICE 111/20/780) (/Y GOTY)



COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY MMBER
EXPERIENCE 1VEMS ADDED TO COMPONENTS AFTER 7/1/84 ARE DATED.
EXFERIENCE ITEMS RENOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

OWNERS GROUP comp DESIGN QUALITY DESIGN QUALITY
COoMP NO CLASS RV RVL ACC ACC
03-360A <CONTINUED.......> <N> X x 0 z

2) TWO HERDS S\nfﬁs RELIEVED PICKLED HEADS EXHIBITED VERTICAL CRACKS IN BACK WALL OF EXHAUST
FORT. (WY “GOTT

SOURCE : NOS :
UTHER HUNT & WILLYAMS {12/30/83) YO C.SEAMAN
OTHER TOI MEMO FROM G.TRULSFLL TO C. MTT“EUG DATED 02/17/81. (W/V GOTT)

3) FOUR QUANTITY HEADS FAILED WATFR TESy. " QUANTITY HAS AN SR HEAD. EXPECT 3 MORE HEADS
FAILED, BUT PAS ..»50 HATER TEST. (MY “GOTT™

SOURCE :
CIHER H.NT & WILLIAMS (12/30/83) TO C.SEAMAN
OTHER MEMO FROM S.SCHUMACHER (TDI! TO G.KING 02/27/81. (M/V GOIT)

4) TDI TELEX-RECONDITIONED HEADS WILL PE ABS INSPECTED -SOME HEADS KILL BE CUT UP FOR
EXAMINATION. (M/V "GOTT™)

SOURCE : NOS:

OTHER HUNT & WILLIAMS (12/30/8%) TO C.SEAMAN

OTHER TELEX FROM J.BOUNTIN (TUI) TO LINDA BLOCK (01/27/81) (HM/V GOTT)

5) WEAD CRACKED THROUGH INTAKE SEAT.

SOURCE :

OIHER MT & WILLIAMS (12/30/83) 7O C.SEAMAN

OTHER MEMD FROM S.SCHUMACHER (TDI) 7O FILE DATED 01/23/82 (M/V GOTT)

§) MEAD LEAKING JACKET WATER INTO EXHAUST CHAMBER -REPLACED WEAD & GASKETS. (W/V “GOTT")
OTKR uuur & WILLIAMS (12/30/8%) TO C.SEAMAN

OTHER USS CORP MECHANICAL REPORT 81-2%52 (10/08/81) FROM R.HUTTON (M/V GOTT)

7&/\[]!5&% CYLINDER MEADS (TDI) IN SERVICE ON 09/01/83 MANUFACTURED BY TDI SINCE 1978.
1 =

SOURCE NﬂSz

OTHER HUNT & WILLIAMS (12/30/83) 7O C.SEAMAN

OTHER USS GRANT LAKES FLEET SERVICE DATED 09/07/83 (M/V GOTT)

8 cn‘l;gon'cncun IN HAY OF BRIDGE BETWEEN EXHAUST VALVE CAVITIES., INSTALL CYLINDER HEAD,
v T

SOURCE ¢ NOS:

OTHER HUNT & WILLIAMS (12/30/83) 70 C.SEAMAN

UTHER USS CORP, MECHANICAL REPORT MO. B0-96 (07/18/80) AND NO. 80-176 (11/13/860)
OiHLR TELEX FROM B.LIDERTY (LAKE SHIPS) TO 10 B.DURIE (11/18/80)

OTHER TELEX TROM S SCHUMACHIR TO B.LIBERTY (11/18/80)

OITHER USS CORP. MECHANICAL REPORT (11/01/779)

OYHER MEMD FROM TOI DATED 01/23/81, FROM SSCHUMACHER., TELEX 335304 TO LINDA BLOCK FROM

JOMN BOUNTIN (01/17/81) (M/V GOIT).

9) ALL 32 CYLINDER WEADS MAVE BEEN REMOVED, REINSTALLED OR RENEWED AT LEAST THREE TIMES FOR
REASONS OF LEARING OR FRACTURED HEADS, UNDER SIZED PISTONS, CRACKED VALVE SEATS, FAULTY LINER
SLALS, BROKFN OR STUCK VALVES, BROKEN VALVE GUIDES, ETC. tM/V "COLUMBIA™)

CIHER HUNT B WILLIANS 112/29/83) 10 C.SEAMAN

OIHIR LETTER-W.R. HUDSON 10 D.H.MARTIMN- 12/716/76

11/30/8%
PAGE 125

PERRY
comp NO

02-360A




COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION 11/30/84

PAGE 126
LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
EXPERIENCE ITEMS ADDED YO COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS AFTER 7/17/8% ARE DAVED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84% ARE DATED.

OWNERS GROUP comMp DESIGN QUALITY DESIGN QUALITY PERRY
coMP NO CLaSS RV RVL ACC ACC coMP NO
03-360A <CONTINUED.......> <N> x X 0 z 02-360A

lg}vtlcgz CV&IP.;ER HEADS REMOVED AND RETURNED 7O TDI AFTER EVIDENCE OF CRAKS FOUND.
{ "COLUMBIA

OTHER HUNT & WLILLIAMS (12/29/83) 10 C.SEAMAN

OTHER LETTER-M.ZBINDEN 1O J.BARICH-07/28/88

11) PRIOR 1O THE START OF 1978 SEASON, .7 CVlllOCR HEAD ON THE STARTBOARD ENGINE FOUND CRACKED
THROUGH THE VALVE BRIDGE. (M/V "“COLUMBIA

OTHER HUNT & WILLIAMS (12/29/83) 'ld C SEAMAN

OTHER LETTER-M.E.ZBINDEN TO H.HUDSON-02/0279

12 ) SEVEN CYLINDER HEADS HAD CRACKS-ONE OF THE HEADS CRACKFD IN THE EXMAUST PASSAGE AND PORT
AREA JUST ABOVE A RENEWED VALVE SEAT. AND DEFECTS OR BLOWN RINGS. (M/V "COLUMBIA™)

OTHER HUNT & WILLIAMS (12/29/83) 1O C.SEAMAN

OTHER lésnls’l!‘;ﬂﬂﬂ M.ZBINDEN (STATE OF ALASKA) T3 D.MCLDAVIDSON (FERGUSON 3 BURDELL) DATED
/25/80,

OTHER LETTER FROM M.ZBINDEN TO D.MARTINI (TDI) DATED 06/14/79 AND 03/19/79

OTHER LETTER-M.E.ZBINDEN TO W.HUDSON-02/0279

13) ACTION TAKEN SINCE VESSEL DELIVERY-INSTALLED RELIEF PASSAGES IN CYLINDER HEADS 10 PERMIT
COMBUSTION GASES, LEAKING PAST FIRE RINGS, TO VENT INTO FNGINE ROOM. PRIOR 10 THIS, GASES WOULD
ENTER JACKECT WATER SYSTEM AND CAUSE ATR BINDING OF CIRCULATING PUMPS. (M/V "COLWMBIA™)

OTHER HUNT & WILLIAMS (12/29/83) TO C.SEAMAN

CTHER LETTER 70 TDI (D.MARTINI) DATED 03/24/80 FROM M. ZBINDEN (STATE OF ALASKA)

14) ADDITION OF "POSTS™ TO EXISTING CYLINDER HEADS SHOULD RESULVE WARPAGE AT 3 8 9 O'CLOCK
POSITIONS AND BURN OUT OF FIRE RINGS. DELAVAL NOW STRESS RELIEVES ALL HEADS AFTER VALVE SEAT
REWORK -HEADS SO MARKED SR. (M/V "COLUMBIA™)

OTHER HUNT & WILLIAMS (12/29/8%) TO C.SEAMAN

OIHER MEETING BETHEEN TDT (1C. MATHEWS ) AND ALASKA (R.LIND) ON 09/04/80
OTHER LETTER-GE TRUSSEL 10 M. ZRINDEN-11/28/78

OITHER LETTER FROM M_ZBINDEN 1O W. HUDSON DAVED 02/02/79

DTHER LETTER FROM M.ZBINDEN TO D.MARTINI DATED 03/19/79

15) SIMTMARY OF PRUBLEMS -WARPAGE OF CYLINDER HEADS AND FIRE RING BURN OUT. CRACKING OF VALVE
SEATS AND CYLINDE®™ HEADS. (M/V "COLUMBIA™)

OTHER HUNT & WILLIAMS (12/29/83) 10 C.SFAMAN

OTHER LETIER TO TDI (D . MARIINI 'DATED 03/26/80 FROM M. ZBINDEN 1 SiATE OF ALASKA)
OTHER LETTER FROM M. ZBINDEN TO M. MARTINI DATED 01/16/80

OTHIR LEVIER FRO M.2BINGEN TO TDI DAVED 07/10/79, 03/29/79 AND 03/19/79

OITHER LETTER FROM M.JBINDEN TO W HUDSON DATED 02/02/79

161 DURING OVERMAUL, CYLINDER HEAD WAS REMOVED DUE TO INODICATIONS OF INTERNAL WATER LEAKAGE.
(M/V "COLIMBIA™)

OTHER HUNT & WILLIAMS (12/29/83) 7O C.SEAMAN
OTHER LETTER FROM M. 7BINDEN (STATE OF ALASKA) TO B.DURIE (7D1) DATED 06/17/80
17 (DELETED 05/27/84)

18) SIXTEFN NEW HFADS DEFFCYIVE DUE TO CASTING CORE SHIFY HHICH BILOCKED OF COOIING WATER PASSAGE
~REPAIRCD BY GRINDING £ WLLDING, IM/V “COLUMBIA™)

OYHER HUNT B WYLLTANS (12/29/83) 10 €. SFaMaN

OTHER POMORANDIEY FROM MLZRINDEN YO R.OLIND (STAVTE OF ALASKA) DATED 06/17,681 AND M. ZRINDEN



COMPONENT TRACKING SYSTEM PERRY MUCLEAR STATION

LIST 308 -~ SITE AND INDUSTRY COMBINED - BY UTILITY MMBER
EXPERIENCE ITEMS ADDED 7O COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS REMOVED FROM CONPONENTS AFTER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84% ARE DATED.

OWHERS GROUP comp DESIGN GUALITY DESIGN QUALITY PERRY

conP NO CLASS RVH RVL AccC ACC coMP NO

03-360A <CONTINUED.......> <N> X X D Z 02-360A
TO FILE (STATE OF ALASKAIDATED 06/01/81 AND 04/29/81

OTHER LETTER FROM M.ZBINDEN (STATE OF ALASKA) DATED 09/12/83

i9) (DELETED 08/27/84)

20) TDI RECOMMFNDS: REBUILD CYLINDER HEAD, NEW EXHAUST VALVE, SPRING ETC. REMOVE CYLINDER MEAD
AFTER 5000 HRS OFf OPERATION AND CHECK EFFECTS OF PISTON CROWN CUTBACK, WATER WASH SYSTEM,
ENHANCED AIR FLOW, (H/V “COLUNSIA™)

OTHER HUNT & WILLIAMS (12/29/83) TO C.SEAMAN

OTHER HEMO FROM S.SCHUMACHER (TDI) 10 R.PRATT (07/09/82) PG 1,2,

21) DISCUSSION CONCERNING HEAD-HEAD REMOVED, FIRESEALS IN GOOD CONDITION, EMHASUT VALVES LEAKING
» INTAKE VALVES GOOD-POSSIBLY DUE TO IMPROVEMENT OF COMBUSTION. (M/V “COLURMSIA™)

OIHER HUNT & WILLIAMS (12/29/8%) 70 C.SFAMAN

CTHER MEIO0 FROM S.SCHUMACHER (TDI) YO R.PRATT (07/09/82), PG 2,3

22) STATE OF ALASKA SENT TDI & JUNK HEADS (3 HAVE CRAKS BEYOND REPAIR POSSIBLY CAUSED BY EXHAUST
VALVE SEAT RENEWAL). CNE HEAD FROM TOI DAMAGED IN TRANSIT, SOME MEADS RECEIVED WaD BEEN
RUTCHERED-CRACKS, TAP BROKEN OFF IN THREADED HOLE, DAMAGED FLANGE FACES. SONE HEADS WELDING
SLAY, PITS, BLOW HOLES, RUST. (M/V "COLUMBIA™)

SOURCE ¢ NOS:

CTYHER HUNT 2 WILLIAMS 112/29/83) 10 C.SEAMAN

OTHER MEMORANDUM FROM MAX ZBINDEN (STATE OF ALASKA) TO HUGH MCDONALD (03/09/83)

OTHER LETIER FROM M.ZBYNDEN (STATE OF ALASKA) TO B.BAILEY (101) (03/01/83% AND 03/07/83)
OTHER LETTER FROM M ZBINDENISTATE OF ALAS KA) TO B.BAILEY (TD1) 12/02/8 .

231 FIRE RING DISTRESS AND/OR FAILURE OF HEADS CAUSED BY UNSYMMETRICAL HEAD BOLTING PATTERN
S:"lgé?s MOMENTS HITHIN THE HEAD ASSENBLY. (M/V “COLUMBIA™)

OTHER SES REPORT NO. 123-01 DATED APRIL 1983, PG 3-10, 6-2

26 ) CYLINDER MEAD REMOVAL AND FATIURE RATE VERY MIGH DUE TO POOR CASTABILITY OF CAST STEEL AND
CLOSER CONTROLLED FOUNDRY TECHNIQUES REQUIRED, THIN CROSS SECTIONS, MISALIGNED COOLING PASSAGES.
(MY ;cmumu"l

SUURCE :

NOS:
OTHER SES REPORT NO. 12%-01 DATED APRIL 1983, PGS 3-7, 3-8, 6-3%

25) CYLINDER HEADS HAVE EXCESSIVELY WIGH FATLURE RATE-WARPAGE, CRACKING, LOSS OF FIRE RING SFAL,
E:JC".'CE(»RAVS SHOHED GAS POCKETS TROM CASTING AND INADEQUATE WELD REPAIRS. (M/V “COLUMSIA™)
SOU H

NOS:
CIHER ENGINE REBUILD REPORT FOR STATE OF ALASKA DATED 03/31/81, PGS III, 11I-2, VI

£6) CYLINDER HEAD CRACKED AT INLET VALVE BRIDGE
M/ STAR OF TEXxaS
SOURCE ; NOS:

OVYHER TELEX FROM TITAN NAVIGATION 10 R.PRATT (TDI) DATED MOV, 'SZ (FILE NO.T-36)

¢7) HATER LEAK ON ONF OF THE CYLINDER MEADS. CAUSED BY RUMRMING THIS PARTICULAR HERD WITH

INCUFFICTENT TORGUE ON THE CYLINDER HEAD BOLTS THMUS DESTROYVING THE RUBBER SLALS FOR THE CYLINDER
ML AD WATER PRSCALLS.

QURAYAT FLECTRIC 7520DT AR GIA
SOURCE : NOS:

11/30/8%
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COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
EXPERIENCE ITEMS ADDED 10 COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/8% ARE DATED.

OWNE RS GROUP come DESIGN QUALITY DESIGN QUALITY
CorMP NO ciass RVH RVL ACC ACC
03-360A <CONTINUED.......> <N> x X o z
OTHER LETTER FROM K. BUZEK (TDI) YO Y. AL BASSAM (ELECTRICITY CCRP) DATED 01/14/79

(FILE NO. T-49)

?8) SIX CYLINDER HEADS ARE LEAKING OIL. NEW CYLINDER HEAD GASKETS SETS ORDERED.

MAUMAAH ELECTRIC/SAUDI ARABIA.

SOURCE : NOS:

OIHER '('l?:'mlﬂ!'l. BUZEK (TDI) 7O TDI OAKLAND CUSTOMER SERVICE DEPT DATE MARCH T 1980
F T-49)

29) CYLINDER HEAD CRACKED ACROSS THE FIREDECI [Ace ot INEEN EXHAUSI vaiven. ANOTHER CYLINDER HEAD
C:cgl;g‘:gﬂﬂss THE FIRFDECK FACE BETHEEN EXHAUST VALVES WITH CRACK EXTENDING INTO ONE OF THE

VA .

QURAYAT ELEC TRIC/SM( ARABIA

SOURCE ¢

CTHER h%ll?!fwg IUZfK fTDI) 7O TDI CAKLAND CUSTOM SERVICE DEPT DATED MARCH 13,1980
1 49

OTHER TDI CUSTOMER SEIVICi REPORYT BY B. POPE DATED MARCH 9,1980 (FILE NO. T-49)

Z0) DEFECTIVE CYLINDER MEADS.
WURAYAT ELECTRIC/SAUDI ARABIA

SOURCE @ HOS:

CTHER unu FROM K _BUZEK (TDI) 1O M.RAHMAN (FLECTRICAL WORK & MAINTENANCE )} DATED

0404779 LFILE NO. T-49)

OTHER LETTER FROM H., RAMMAN (ELECTRICAL WORK & MAINTENANCE ) 70 K. BUZEK (TDI) DATED

MAY 16,1979 IFILE NO.T-49)

OTHER LETTER FROM Y. BASSAM lnecmxun CORP) TO HMANAGER) ELECTRICAL WORK & MAINTENANCE
DATED 06718779 (FILE NO.T

OTHER LETIER FRUM J. CLAFSSEN lEHC!llCll WORK & MAINTENANCE ) TO K . BUZEK (TDI) DATED
MAY 22,1979 (FILE NO. T-49)

OTHER LETIER FROM A. SARD IQURAYAT FLECTRIC) 7O TDI  (FILE NO.T-49)

OTHER TELEX FROM S, HASSAN 10 H. RANMAN DATED 09/30/79 (TILE NO.T-49)

CTHER LETIER FROM A, GALSTAUN (FLECTRICAL WORK & MAINTEMANCE ) 10 K. BUZEK (IDI) DATED ANY
28,1979 tFILE NO.T -49)

CIHER lg}::lém K. BUZEK (7DI 7O J.CLAFSSFN (ELECTRICAL WORK & MAINTENANCE ) DID 05/24/79
t . T-49)

OIHER LETTER FROM M. RAMMAN (FLECTRICAL WORK R MATNTENANCE ) TO K. BUZEK (TDI) DTD 04/01/79

FILE NO.T- )

310 CYLINDER WEAD FAILURE DUE 10 MANUFACTURING PROCESS. THE PROBLEMS IN THE MANUFACTURING
PROCESS HAVE BEEN OVECOME,
FIFCTRICLTY CORP. ARABIA

SOURCE : NOS:
TR MINUTES OF DISCUSSION HELD TN THE OFFICE OF ELECTRICITY CORPORATION,RIYADH,ARABIA.
DATED 02/1B/79 (FILE NO.T-27)

320 CYLINDER WEADS CRACKED UNDER A FATIGUE TYPE BREAK. TESTING SHOMID SUBSTANTIAL STRISS AT THE
CHACRED AREA.

M S.C./BIN-5/L ANTARTIC.
SOURCE ; St
CIMER FATLURE AMALYSIS REPORT NO., 0109 DAVED 12/78/77 (F1LF NOL.T-210

) CYLINDER MEAD HAD A MOLE IN IT AND THE SPARE HEAD WAS INSTALLED 10R/20/75) FNCINE NO. 18

11/30/84
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COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND ITNDUSTRY COMAINED - BY UTILITY mu-
EXPERIENCE ITEMS ADDED TO COMPONENTS AFTER 7/1/84 ARE

DATED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS “‘(l 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DA

CHNE RS GROUP - oMP DESIGN QUALITY DESIGN QUALITY PERRY
corP NO cLass RVH RVL ACC ACC coMP NO
O3-360A <CONTIMND....... > X X o z 02-360A
CITY OF HOMESTERD, FL.
CIMER ENGINE INCIDEMCE REPORT (CITY OF HOMESTEAD, FL) DATED 09/30/78 (FILE NO. T-10)
34 'llluﬁ N ENGINE CYLINDER HEADS
MY PRIDE OF TExas
SOURCE @ HOS:
CIHER LETTER FROM H.R.WASSON | LOVEJOY ,KASSON,LUNDGREM & ASHTON) Y0 C. MOB (701 ) AND
- BARRIOS (LEVINGSTON SHIPBUILDING (Gl DATED Des07/82 !fll! NO.T-44)
35) cnnou nzu CRACKING
H/V PRIDE OF us
OIHER . L!Ilfl FROM J. WALLACE (CASE WESTERN RESERVE UNIVERSITY) TO C. MATHEWS (TDI)

DATED MAY 19,1982 (FILE NO.T-43)

36) SEVERAL CYLINDER WEADS MAVE CRACKED IN THE AREA OF THE EXMAUST VALVE PORT. THESE CYLINDER
lﬂl.S HAVE l‘(l‘ REPLACED.

CITY OF ROMESTEAD,FL .
SOURCE : nOS:
CIHER LETTER FROM A MUXO (CITY OF HOMES Y(ﬂl TO C.S. MATHEWS AND R.J. BRZZINI (1DI)

DATED MAY 13,1982 (FILE NO. T-10
37 %;ﬂl HEAD FAJIURE 1CRAKS ). THOUGHT TO BE CAUSED BY JACKET WATER FOAMING.

SOURCE : NOS -
OIHER n'ntza.;lct MEMD FROM S_SCHUMECHER (TDI) YO TDI FILE DATED JAN 23,1981
(FTL . T-46)
CiNER ln(mlgt MEMD FROM S SCHMI™ACHER (TDI) 7O TDI FILE DATED FEB 10,1981
tFIL 46 )
OTHER LETTER FRAOM S SCHILLING (701 ) YO J . NALLACE (CASE WESTERN RESERVE UNIVERSITY)
DATED FEB 23,1981 (FILE NO T-46)
I8) (FACKED CYLINDER MEADS DUE TO NIGH CYCLE FATIGUE num ALL CYLINDER HFAD PATTERNS WiRE
CORRTCIED 10 FLIMINATE THE THIN RALL SECTIONS. ALSO, THE HEADS ARE MOW AMMEALED AFTER §INAL
PICHINING 7O FLIMINATE ALL RISIDUAL STRESSES.
wWY GoTY.
SOURCE : NOS:
crER FRELIMINARY RFPORT FROM FAILURE ANALYSIS DEPT (TDI) 7@ €.6.DEANE (TDI)

DATED 11/02/79 (FILE NO. Y-25)
35) MEAD FAILURES EXPERTENCED BY U.S. STEEL

LA S
SOURCE; NOS:
CiHER LETIER FROM L .M. PIERSON MV GOTT) 7O B.E. LIBERYTY (U.S. STEEL)

10725781 (FILE 8 T-15)

SO CYLINDER HEADS CRACKED DUE 1O RESINDURL STRESSES INTRODUCED BY WIIDED CORSTRUCTION & SYFLLITE
APPLICATION. NiW WEADS HAVE CORRECT THICENESS & PROPER MIAT TREATMINT.
MWV CTILMEIA.

SOURCE : HOYS:
OiHER FEFORT BY G- O9CE €, SHARP, INC "OVERVIEHW COF REPORTS, ANALYSIS 2ND RECOMUNDATIONS RE

1
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COMPONENT TRACKING SYSTEM PERRY MUCLEAR STATION 1

1/30/84
PAGE 132
LIST SOA - SITE AND INDUSTRY COMBINED - BY UTTLITY .(l“.
EXPERIENCE 11EMS ADDED TO COMPONENTS AFTER 7/1/86 ARE DATED.
EXPERIENCE 17EMS RENMOVED FROM COUPONENTS AFTER 7/17/84 ARE DATED.
EXPERTENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

ORI RS GROUP comp DESIGN QUALITY DESIGN QUALITY PERRY
coMP NO CLASS RvH RVL ACC ACC CoMP NO
03-360A <CONTINUED.......> <N x x 0 z 02-360A
CIRCE @ NOS:

CIHER FATL')RE REPORY DATED 05/27/76 (FILE NO.T-49)

1AL JOUF/SAUDT ARABIA)
S8) CRACKED CYLINDER MEAD IN FIRE DECK AREA BETWEEN EXHAUST AND EXHAUST VALVES. CAUSED BY POOR

CASTING.,
SOURCE : NOS:
CTHER FAILURE REPORTY - DATED 10/10/75 (FILE NO. T-49)

AL JOUF/SAUDI ARABIA)
sn CRACKED CYLINDER HEAD IN FIRE DECK AREA BETWEEN EXHAUST AND EXHAUST VALVES. CAUSED BY POOR

STING.,
- “I&C!: NOS
TTHLR FAILURE WFPORT - NO DATE IDENTIFIED (FILE NO. T-49)

LAL JOUF/SAUDT ARARIA)
601 CYLINDER MERD CRACKED IN FIRE DECK AREA.
SOURC NOS:

H

CIHER FAILURE l“‘ﬂ" DATED 03/03/76 (FILE NO. T-49)
AL JOUF/SAUDT ARASIA

#1) CYLINDER MEAD CRACKED ACROSS FIRE DECK, EXHAUST PORT 10 EXHAUST PORT.
SOURCE : N3OS

CTHER FATLURE REPORT DATED 01/27 76 (FILE NO. T-49)
TAL JOUF/SAUDT ARABIA)

Q»Zl PgRO"l“ lEMS TH CYLTHNDER HEAD. REASON FOR FAILURE WAS ATTRIBUTED YO POOR CASTING OF HEAD.
l‘li((l 'lllUﬁE REFPORT DATED 09/264/75 (FILE NO. T-49)
AL JOUF/SAUDT ARABIAG

€X) DAMAGED FIRF DECK AREA OF CYLINDER HEAD. PLANT PERSONNEL LEIT A NUT OR TOOL ON PISTON Al ON
START-UP OF UNIT CYL. HEAD WAS DAMAGED.

SOURCE : NOS:

OTHER FATLURE RFPURT DATED 12/19/75 (FILE NO. T-49)

(AL JOUF/SAUDI ARABIA)

w4 Czl INDER HEAD CRACKRED BETHEEN ENHAUST BRIDGE .
SOURCE 2 NOS:

CTHER FAILURE REPORY DATED 0O3/17/76 IFILE NO. T-49) ¢

1AL JOUF/7=alUDI ARABIA)

51 CYLINUER MEAD CRACKTD ON THE EXTFRNAL STDE OF CYLINDER. CRACK REPAIRED BY WELDING A PLATE TN
CRACKED AREA. Cll D BY COOLING WATER ON "ﬂS AREA.

SOURCE @
TIHER lﬂll!m( RiPORT - WO DATE IFILE NO. T«
CIiHER LEITER FROM Y. ZARO (LTDI) TO AFOLTZ l'“!' DATED Wi ADS/79 PG 3 (FILE NO, T-49)

FHATL/7SAUD] aPaBIAD

f6) CYLIKDER HiAD CHATYED ACROSS FIRE DICK AREA PETHIEN EXHAUST AND EXHAUSLT VALVES.
SOURCE NOS e

CiMHER MIND FROM V., ZARD (TDI) YO A, FOLYZ (TD) ) DATED 07705779 (FILE NO. T-49) FNGINE



COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
EXPERIFNCE ITEMS ADDED TO COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERTENCE ITEMS REMOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.
EXPERLENCE ITEMS UPDATED AFTER 7/31/84 ARE DAVED.

OWNERS GROUP comp DESIGN QUALITY DESIGN QUALITY
CcoMP NO CLASS RVHA RVL ACC ACC
03-360A <CONTINUED.......> <N> X X o z

OPERATIONAL STATUS REPORT BY Y. ZARODATED 06/12/79 (FILE NO. T-49)
(AL JOUF/SAUDI ARABIA)

67) WATER COZING FROM THE INDICATOR COCK, BLOW HOLE (1/16™) ON THE EXH. PASSAGE VALVE OF THE
CYLINDER HEAD. REPLACE WITH NEW CYLINDER HEAD.

SOURCE : NOS:

OTHER BHEL LYD. DATED 08/24/81 FROM M.L. ACHARYA TO TDI, OAKLAND. ENG. NO. 6 S/N 77041,
CYLINDER HEAD OF RB-4, (FILE 8T7-52)

OTHER BHEL LTD FROM M.L.ACHARYA TO G.BESHOURI (TDI) FOLLOUW DEFECTS ENG ®6-1IHATER LEAK

M CYL MEAD RBGy 2 JHATER LEAK FROM CYL HD LBG FROM ENG ®1: 1) LEAK FROM CYL HD LB1y
ZILLAK FROM CYL HD LB2 (FILE a87-5 )

OTHER TOI TELEX DATED 09/23/81 TO M.C.ACHARIA FROM B.BAILEY (7DI)

(JIZEN, SAUDI ARABIA)

68) V:WE GUIDES BREAKING OFF AND DAMAGLING HEADS DUE TO CARBON BUILD UP. (M/V "COLUMBIA™)
SOURCE : NOS:
UIHER SES REPORT %123-01 DATED APRIL 1983,76¢ 3-8 (ADDED 08/10/84)

69) DIESEL HEADS DISASSEMBLED DUE TO HIGH EXHAUSY TEMPERATURES. FOUND GUTTED EXHAUST VALVES AND
CRACKED SEATS, AND WATER LEAKAGE IN COMBUSTION CHAMBER. METALURGICAL ANALYSIS REVEALED SERERE
CASTING INCLUSIONS AND CRACKS IN CLYINDER HEAD. NOTE: HEADS WERE A.B.S. APPROVED, DMRV 16-4 TDI

ENGINE. (M.V. CAL RICE TRANSPORT) (ADDED 08/22/84)
SOURCE : NUS :
OTHER LETTER FROM NAUTILUS SURVEYS INC (D.F. BROWN) TO TEEKAY SHIPPING CO, INC (VINAY PAT-

WARDHAN) DATED 03I/16/864,

70) EXHAUSY VALVE GUIDES ALL ATTACKED FROM SULFURIC ACID. IN AN EFFORT YO REDUCE THIS SULFUR
ATTACK, A VARIETY OF METHODS HAVE BEEN TRIED. THE METHODS USED HAVE BEEN BLOWING AIR DOWN THF
EXHAUST GUIDFS, PUTTING OIL DOWN THE GUIDES, REDUCING THE AMOUNT OF THE GUIDE IN THE FLOW OF EX-
HAUST CASSES AND ADDING OIL SEALS TO YHE TOP OF THE GUIDE. WITH ALL THESE ATTEMPYS, THERE HAS
BIEN NO SIGHIFICANT REDUCTION IN SULFUR ATTACK OF EXHAUST VALVE STEMS. 1IN A FUTHER ATTEMPT TO
REDUCE EXHAUST VALVE STEM CORROSION, THO NEW TYPES OF EXHAUST VALVES WILL BE INSTALLED IN ONE OF

THE ENGINES. THE NEW VALVES WILL HAVE COATINGS OF TUNGSTEN CARBIDE. M/V GOTT (ADDED 08/22/84)
SOURCE : HNOS :

Ui HER ltﬂ:::otm!’lci MEMT FROM G. MATTUZZI (7T0I) YO R. JOMNSTON (TDI) DATED FEB 21,1984

tF . T-30)
OTHER MINUTES OF MEETING BETWEEN 1DI AND USSGLF ON SEPT 20-21, 1982 (FILE NO. T-30)
71) EXHAUST VALVE GUIDE BROKEN OFF-EVEN WITH TOP SURFACE OF CYL HEAD. TITAN NAVIGATION/MV PRIDE
OF TEXAS CADDED 0B/22/84)
SOURCE : NOS:
OTHER TOI CUSTOMER SERVICE REPORT BY T. BARGE DATED 10/25/84-10/29/82 (FILE NO, T-33)
72) CRACKED EXMMAUST VALVE SEAT. (ADDED 08/22/84)
SOURCE : NOS:
CIMER FATLURE REPORYT DATED 06/21/79 BY Y. ZARO (FILE NO. T-49) (AL JOUF/SAUDT ARABIA)
73) CRAKED EXHAUSY VALVE SEAT. LADDED 08/22/84)
SOURCE & NOS:
CIHER FAILURE REPORT DAVED 12709775 (FILE NO. T-49) (AL JOUF/SAUDT ARABLA)

72) CYLINDER HEAD FAILURTS, MV GOTT, MEAD SERIAL NO, P-68, HY. NO, BR91Fy STRESS RELTIEVED & PICK-

11/30/84
PAGE )33
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COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTTLITY MUMBER
EXPERIENCE ITEMS ADDED TO COMPONENTS AFTER 7/1/84 ARE DATVED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.

EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

OWNERS GROUP corp DESIGN QUALITY DESIGN QUALITY
CoMP NO CLASS RVH RVL ACC ACC
03-360A <CONTINUED....... > <N> x X o z

LEDy DATE CAST, 2-2Z 803 OPERATING HOURS 9 FAILURE, 9278y FAILURE MODE, HEAD CRACKED); COMMENTS,
SCRAPPED. HEAD P-68 REPLACED HEAD N-30. (ADDED 08/23/84)
SOURCE : NOS

CTHER TOI LTR 6/26/086 FROM M. LOWREY TO M.LITTMAN. EXCEPT FOR CYLINDER MEAD NO. P68 HT. NO

BO91E, ALL OTHER EXPERIENCE DATA IS CONTAINED IN "SWARV OF U.S. STEEL HEAD FAILURES" S/N 75039/
40 S. 6. SCHMACHER REV. 9, 3-5-81, FILE NO. T-53. (FILE NO. T-70)

PERRY
Cone No

02-360A

11/30/8%

PAGE
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COMPONENT TRACKING SYSTEM

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
EXPERIENCE ITEMS ADDED 1O COMPONENIS AFTER 7/1/34 ARE DATED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS AFTER 7/17/24 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

PERRY NUCLEAR STATION

OWNERS GROUP conp DESIGN QUALITY DESIGN QUALITY
COMP NO CLASS RVH RVL ACC ACC
0% -340A A X X Q z

.Q.I.ll!’l.'ﬂ'.ﬂ'l'&ﬂ.lll.l....‘l.l...ll".lﬂ.'......l!.lﬂ-Q-"Cl.'I’l'!.‘.'Cﬂ..ﬂ‘i’!ﬁ‘li‘.‘i"
COMNECTING RODS - CONNECTING RODS & BUSHING.
QlI.D..llh.l'il"!l.'lllh.{lill'llQ".'li..I"l"lﬂiﬂﬂl’l‘l".."i'l.III'I’.Il.i..i.!l.i"l.l..
PERRY EXPERIENCE:

1) CHECKFD BREAK-AWAY TORQUE VALUE OF LINK ROD BOLYS (GREATER THAN 600 FT/LBS) YO VERIFY
ACCEPTABLE LINK ROD DOWEL COUNTERBORE. ALL LINK RODS TORGQUED TO 1050 FT/LDS FOLLOWING CHECK. ALL
NCR CQC-1965
I-Ql*iﬁhﬂ‘..ﬂi'.'l.ﬂi.".'QCi’.l’ﬂII"Q‘Q’.’Q‘.Q‘Q"C!“'C'l".‘.l.'l{lICC!.‘Qll‘bﬂﬁ'#ﬁ....“"ﬂ
RECOMMENDED DESIGN REVIEW ATTRIBUTES:

1) OgTFPHINE IF COMPONENT 1S DIFFERENT FROM THOSE USED ON PREVIOUS DESIGNS. IF SO, REVIEW DESIGN
APPLICATION.

R e L D R ISP e~
RECOMMENDED QUALITY REVALIDATION ATTRIBUTES:

1) ASSEMBLE AND REVIEW EXISTING DOCUMENTATION.

2) DEVFLOP EDDY CURRENT INSPECTION PLAN FOR FEMALE THREADS IN ROD BOX (SAMPLE BASIS IF REQUIRED)
3) DEVELOP MP INSPECTION PLAN FOR CONN ROD BOLTS (SAMPLE BASIS IF REQUIRED)

%) VISU;LLV INSPECT CONN ROD BOLT WASHERS AND CONTACT SURFACES FOR GALLING (SAMPLE BASIS IF
REQUIRED).

S5) VERIFY BOLT TORQUE {SAMPLE BASIS IF REQUIRED)
6) VISUALLY INSPECT RACK TFETH FOR CRACKS (SAMPLE BASIS IF REQUIRED).

71 LP COMN ROD BOX EXIFRNAL SURFACES IN AREA BETREEN CONN ROD BORE AND LINK ROD BORE (SAMPLE
BASIS IF REQUIRED),

8) PERFORM HARONESS TEST ON CMN ROD BOLT HWASHERS (SAMPLE BASIS IF REQUIRED)
9) LP LINK KOD BUSHING (SAMPLE BASIS IF REQUIRED),
B e R T vy

NUCLEAR THROUSTRY EXPERIENCE:

1) NOPMAL SURVETLLANCE B ING PERFORMED. INVESTIGATION REVEALED ONE OF THE TH ROD CAP RETAINING

BOLTS MAD COME OUT A1 CWING ENGINE TORGUE T0 BREAK SECOND RETAINER BOLY WHICH ALLOWED ROD 10
SEPARATE TROM CREMMSIIAFT.

PERRY
comMp NO

02Z-340A

§o——

11/30/84
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COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
EXPERIENCE ITEMS ADDED 70 COMPONENIS AFTER 7/1/84 ARE DATED.
EXPERIENCE 1TEMS RENOVED FROM COMPONENTS AFTER 7/17/84% ARE DATED.
EXPERIENCE TTEMS UPDATED AFTER 7/31/84 ARE DATED.

OHNERS GROUP comMp DESIGN QUALITY DESIGN QUALITY
coMP NO cLass RVH RVL ACC ACC
03-340A <CONTIMNUED.......> <I> x X ] z
SOURCE : NOS : MANUFAC TURFR:

LER HATCHM 2, 366-81127-1, 811216 FAIRBANY S-MORSE

2) SUPVEILLANCE PERFORMED ON DIESFL GENERATOR. INVESTIGAYION REVEALED COTTER PINS THAT LOCK
COMNMNECTING RODS IN PLACE IN ONE CYLINDER WERE BROKEN ALLOUWING CONNECTING ROD TO SEPERATE FROM
CHANKSHAFT RESULTING YN ENGINE FAILURE.

SCURCE: ' MANUF ACTURER:

N0S @
LER HATCH 2, 366-80159-1, 801126 FAIRBANCS-MORSE

3) DURING OPERATION, UPPER PISTON CONNECTING ROD BEARING CAP CAPSCREWS SHEARED. THIS RESULTED IN
EJFCI:Gl'OF ROD THROUGH CRANKCASE COVER. THIS HWAS PROUBABLY CAUSED BY A SERIES OF UNLUBRICATED
DRY SIARTS.,

SOURCE : NOS @ MANUFAC TURER :

LER HILLSTONE 2,336-76000,761218 FAIRBANYS -MORSE

S Do fec i ION TOUND BOLT HEAD CRACKED ON CONNECTING ROD - %3 D.G. C:USE UNKNOWN. REPLACED ALL CO
NECTING ROD BOLTS,

SOURCE NOS . MANUFAC TURER:

NFRDS BRUNSHICK 2, 820416, HIT 252 NORBERG

5) (DELETED 08/30/84)
6) INFO-CONN ROD WRIST PIN BUSHINGS LOULKED IN PLACE YF HO OIL GROOVE.

SOURCE : NOS:

1134 SIM 312

7) CYLINDER FAILED. CAUSED BY FAILURE CF PISTON ROC PIN SOLTS. THEIR [ATLURE WAS CAUSED BY ART-
JCULATING ROD PIN BOLTS AND PISTON PIN BOLTS BEING STRETCHED PROBABLY DURING PARTIAL PISTON

SE1ZURE . (ADDED 07/18/84)
SOURCE : NOS:
1ER COWER 298-80027 B00S08

B e e ————

NON-NUCLEAR INDUSTRY EXPERIENCE:

1) DELAVAL INSPECTED DEFECTIVE CONNECTING RUD BOLYTS AND HEAVY FRETYING NOTED IN THE LINK ROD BUS
HING BORES. DAMAGED ROD BOLY RECEIVED FROM TDI. (M/V “COLUMBIA™)

SOURCE : HOS:

CINFER HUNT & WILLIAMS (12/29/83) 10 C.SEAMAN

OTHER LETTER FROM L.S1LOCK (TDI) TO M.ZBINDEN (STATE OF ALASKA) 06/02/80

OTHER LETTER FRUM M/ZBINDEN (ZTATE OF ALASKA) TO M. MARTINI (YDI) DAYED 01/16/80

OTHER MV COLUMBIA-RLPAIR PART STATUS (STARTING DATE 07/27/79)

2) (DELETED 10/23/84)

5) COLUMBIA TAMEN OUT OF SERVICE PREMATURELY DUE TO CRACKING OF CONNECTING RODS.
(Y "COLuMBIA™ )

SCURCE ; NOS:
OHHER HUNT & WILIYAMS (12/29/83) 1O C.SEAMAN
OIHER LETTER FROM L BLOCK (TDT) 10 M.ZBINEFEN (STATE OF ALASKA) DATED 06/02/80,

CTHIR LETTER FROM A MCDONRLD (STRATE OF ALASKA) 10 J . FIDE (DIV OF MARINE HWY SYSTEMS) DATED

PERRY
coMP NO

02-340A

11/30/84
PAGE 80



COMPONENT TRACKING SYSTEM

PERRY NUCLEAR STATION

LIST 304 - SIVE AND INDUSTRY COMBINED - BY UTILITY MUMBER
EXPERIENCE ITEMS ADDED TO COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS REMOVEO FROM COMPONENTS AFTER 7/17/8% ARE DATED,
EXPERIENCE ITEMS UPDATED AFTER 7/31/84% ARE DATED.

OWNERS GROUP come

DESIGN QUALITY DESIGN QUA!' ITY
cere No CLASS RvH RVL ACC AL
03-3G604 <CONTIMNUED.......> <N> X X Q z

12/26/79.

%) ACTION TAKEN SINCE VESSEL DELIVERY-CHANGED ORIGINAL ROD BOLTS TO THOSE WITH ROLLED AIRCRAFT

TYP

SOURCE
OTHER
OTHER

E THREADS-PROBLEM OF CRACKING CONTINUES.

MV "COLUMBIA™)

HUNT & WILLIAMS (12/29/83) TO C.SEAMAN
LETTER TO TOI (D.MARTINI) DATED 03/24/80 FROM M.ZRINDEN (STATE OF ALASKA)

5) CONNECTING ROU CAPSCREWS INSTALLED TO REPLACED CRACKED OMES-INCREASED TORGQUE CAUSED MATING
SURFACES TO BECONE GALLED. (M/V "COLUMBIA™ )

CE:
OTHER
OTHER
OTHER

HUNT 3 WILLIAMS (12/29/8%5) TO C.StaMAN
MEMO FROM M.ZBINDEN (STATE OF ALASKA) YO FILE 04/09/81.
MEMO FROM M.ZBINDEN (STATE OF ALASKA) TO R.WARD DATED 12/10/80.

6) TDI FEELS DAMAGE TO LINK ROD BUSHING BAIL AREA CAUSED BY FOREICN (DIRTY) MATERIAL IN LUGE

OIL. STATE OF ALASKA FEELS THAT THE DRILLED OIL PAS

;nsm AREA OR BURR AROUND OIL HOLE IS THE CAUSE OF THE DAMAGE. (M/V “COLUMBIA™)

OURCE :
OTHER

7) DAMAGE TO ROD BOLTS INCLUBING CRACKING.
SOURCE : NOS -

OTHER
OTHER
OTHER

NOS -

LETTER B.ZURIE (TDI) FROM M.ZBINDEN (STATE OF ALASKA) DATED 02/29/80.
(MY "COLUMBIA™)

HUNT & WILLTAMS (12/29/8%) TO C.SEAMAN
LETTER TDI (D.MARTINI) DATED 03/264/80 & 03/19/79 FROM M.ZBINDEN (STATE OF ALASKA)
LETTER FROM M.ZBINDEN YO W.HUDSON DATED 02/02/79.

8) CRACKING OF CONMECTING ROD BOXES AND BEARING SHWELLS. FRETTING OF LINK ROD AND LINX ROD PINS
AT THEIR ATYACHUENT TUGETHER. INSUFFICIENT CONNECTING ROD BEARING WEAR/CONTACT AREA TO JOURMAL
SoRCAN IT IS LESS THAN 15/ OF THE TOTAL BEARING AREA. (1979 SEASON) (M/V “COLUMBIA™)

SOURCE : NOS :

OTHER
OTHER

HUNT & WILLIAMS 112/29/83) 7O C.SEAMAN
LETTER TO TOI (D.MARTINI) DATED 03/24/80 FROM M.ZBINOEN (STATE OF ALASKA )

3) CRACKING ON CONNECTING RUDS USUALLY IN THE LINK PIN AREA BETWEEN THE LINK PIN BUSHING AND

SERRATED BUSHING. MODIFICATIONS MADE.
FORCES AT THE SERRATED JOINT BETHEEN MASTE

UNEVEN FIRING, SURFACE FINISHES. CONNECTING RODS
(M/V "COLUMBIA™)

SOURCE :
OTHER

ROD BOX HAS DISTRESS IN LINK PIN BUSHING, HIGH LOADING
R COMNMNECTING ROD AND COMMECTING ROD BOX. CAUSED BY
SHOULD BE MORE RELIABLE IF ENGINE IS DERATED.

SES REPORT $123-01 DATED APRIL 1983, PG 3-16 THRU 3-19, 4-4.

10) CONNECTIMG ROD SPLIT NEAR THE PISTON PIN BUSHING. FAILURE WAS CAUSED BY A STRESS RISER THAT
EXISTED AT THE GEAR CASE END OF THE ROD EYE.

£3

OTHER FAILURE ANALYSIS REPURT NO. 0117 DATED 11/06/78 (FILE NO. Y-18)

10 (DELETED 10/23/84)
121 CONROD FAILURE DUE TO FATIGUE.

SOURCE : NOS -

OTHER INTEROFFICE MEMO FROM H.SCHILLING (TDI) TO E.DEANE (TOI) DATED 08/21/78

SAGES WERE NOT PROPERLY MACHINED-THE REMAINED

11/30/84
pace 81

PERRY
come N

02-340A



COMPONENT TRACKING SYSTEM PERRY MNUCLEAR STATION

LIST Z0A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
ENPERIENCE ITEMS ADDED TO COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS RIMOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.
EXPERIENCE LiTEMS UPDATED AFTER 7/31/8% ARE DATED.

OWNERS GROUP conp DESIGN QUALITY
coMP NO cLASS RVH RVL

03-340A <CONTINUED.......> <N> x X

.

(FILE NO. T-32)
(M/V COPPER VALLEY FLECTRIC/GLENN ALLEN)

13) cg«tcnm ROD AND BOLY FAILED DUE TO ROLT AND BOX THREAD DAMAGE.
SOURCE ; NOS:

UIHER TOI FAILURE ANALYSIS REPORT TO T&S DATED 01/23/79 (FILE NO. T-11)
MV BHEL JIZAN)

14 tmt ,CTI%ROD CRACKS THOUGHT TO BE CAUSED BY IMPROPER BOLT TORQUE .

SOURCE @ 3

OTHER TELEX FROM A BARICH (TDI) TO J.MOLINA (FALCON SHIPPING! YO C.MATHERS (TCI) DATED
12/05/83 (FILE NO. Y-38)

OTHER TELEX FROM J MOLINA (FALCON SHIPPING) TO C.MATHEWS (TD1) DATED 12/05/83
(FILE NO. T-38)

(M/V STAR OF TEXAS)

151 COMNECTING ROD BOLY FAL URES.

SCURCE : NOS:

CIiHER liiﬂt'luf,ﬂm .l!.l.SHlYN (CITY OF HOMCSTEAD) TO G.E.TRUSSELL (TDI) DATED 06/16/77
(FIL . 1T-10)

MY CITY OF HOMESTEAD, FL.)

16 ) CONNECTING ROD BOLYS 81 & 2 BOTH HAD CRACKED AND STRIPPED THREADS. FATLURE WAS CAUSED BY THE
FLEXIBILITY OF THE BOX ASSEMBLY.

SOURCE : NOS :

UTHER FAILURE AMALYSIS REPORT NO. 0115 DATED 06/13/78 (FILE N, T-20)

(M/V KODIAK ELECTRIC ASSN. )

171 COMNECTING ROD BOLY FATLURES HAVE BEEN ATTRIBUTED TO THREAD FRETTING BETWEEN THE THREADS OF
THE BOX AND BOLTS.

SOURCE ; H

OTHER TDI FATLURE ANALYSIS REPORT N9, 0136 DATLD 01/16/81 (FILE T-35)

MY RV-§ OWNERS )

11/30/84
PAGE 82

181 LOST BOTH RIGHT & LEFT BANK COMNECTING RODS. (10/07/75) ENGINE NO. 18.

SOURCE : NOS:

CiHER FHGINE INCIOENCE REPORT (CITY OF HOMESTEAD, FL.) DATED 09/30/78 (FILE NO. T-10}

CTHER LETYER FROM J A SMITH (CITY OF HOMESTEAD) 10 G.E.TRUSSELL (TDI) DATED 06/14/77
IFILE NO, T-10)

(MY CITY OF HOMESTEAD, FL.)

197 %3 ROD BLARING BROKEN UP THE UPPER BOLT LEFT SIDE ALSO BROKEN. ROD DAMAGED BOTTOM SIDE OF
DOTH éB & RB LINERS AND DAMAGED VALVES IN HEADS.(07/21/78) ENGINF N3, 19,

SOURCE NOS:

CIHER tuf":!NE INCIDENCE REPORT (CITY OF HOMESTEAD, FL.) DATED 99/30/78 (FILE NTY. T-10)
(MY CITY OF HOrNs“F20, FL.)

20) ALL CONNECTING ROD BEARINGS SHOW CRACKS ON BACK OF BLARING SHELL & A WAS FOUND 10 BE
TRACKED ® RB LINERS 2ANU DAMAGED VALVES IN HEADS. (07/21/778) ENGINE NO. 19,

SOURCE ¢ NOS «

OiniR ENGINE INCTDENCE REPORT (CITY OF HOMESTEAD, FL.) DATVED 09/3%/78 (FILE NO. T-10)
Y CITY OF HOMESTEZD, FL. )




COMPONENT TRACKING SYSTEM e PERRY MUCLEAR STATION ;:é20/8:3
LIST 30A - SITE AND INOUSTRY COMBINED - BY UTTLITY MUMBER
EXPERIENCE ITEMS ADDED TO COMPUMNENTS AFTER 7/1/8% ARE DATED.
EXPERTENCE ITEMS REMOVED FROM CUMPONENTS AFTER 7/17/B4 ARE DATED.
EXPERIENCE TTEMS UPDATED AFTER 7/31/84 ARE DATED.

OWMERS GROUP comp DESIGN QUALITY TESIGN QUALITY PERRY
ConP No cLass RVH RVL ACC ACC ComP NO
03-360A <COUNTINUED.......> <N> X X Q z 02-340A

g‘:’&-nco BOLT BENT AMGTHER FOUR WERE FOUND 10 HAVE CRACKS.

UTHER l!‘;iiﬂ FROM S.CHANG (TAIWAN POWER CO.) TO M.SANDE (LILCO) DATED 05/264/83
(FILE NO. T-456)
MV KUO SHENG/TATHAN POWER )

22) CONNECTING ROD BOLY FAILURES,
SOURCE : NOS

OTHER MEND FROM R.DESRUMEAUX (TDI) TO J.MILLER (FALLS CITY) 03/60/81 (FILE ST-S)
(MY FALLS CITY)

23) CONNECTING ROD BOX ANO BOLTING CRACKED. BOTH THE FATLURE OF THE BOLTS AND ROD BOX WAS CAUSED
8y 'glz.l' PRil%g BEING TOO LOW.

OTHER TO1 FAILURE ANALYSIS REPORT 80128 TO TDI DAVED 02/22/80 (FILE 8T-12)
MV MARINE TRANSPURT LINES-S/L MEGLTERRANEAN)

261 CONROD BUSHING FAILURED AND TURNED CONROD BUSHINGS.

SOURCE : NOS -
OTHER TD.I, (FAILURE ANALYSIS DEPT) REPORT NC. 0127 DATVED 02/20/79 (FILE NO. T-32)
OTHER TOI (FAILURE ANALYSIS DEPT) REPORT NO. 0118 DATED 10/26/78 (FILE NO. T-321)

MY VARIOUS LOCATIONS)

E?"KCQUS;:‘O‘PHIC FAILURE OF ENGINE THAT THE ROOT CAUSE WAS THOUGHT TO BE AN IMPROPERLY TORGUED
0 ;

SOURCE : NOS

OTHER TELEX FROM SCHMITZ (TDI) TO PRATT, HUSHER (TDI) DATED 09/82 (FILE NO. Y-32)
(MY NAJRAN POWER STATION)

26) CRACKED CONNECTING ROD BOX AND BOLTS. FAILURE OF THE BOX IS DUE TO A FRETTING FATIGUE STRESS
RAISER IN A CYCLE LOW TENSILE STRESSED CONROD BOX. FATLURE OF THE BOLTS ARE DUE TO EITHER OR
BOTH, A FRETTING FATIGUE STRESS RAISER OR A CUT THREAD SHARP ROOT STRESS RAISER, IN A CYCLE LOW
STRESSED BOLY. BOTH THE FAILURE OF THE BOLTS AND ROD BOX WAS LIKFLY CAUSED BY BOLT PRELOAD BEING
Too I.gﬂ. POS:»};LY THE RESULT OF INSUFFICYENT TIGHTENING TORG.D.

OTHER LETTER FROM R.ASAZAWN (TDI) TO J.MACAULEY (MARINE TRAMSPORY LINES) DATED 04/17/80
(FILE NO. T-28)

OTHER TOI (FAILURE ANALYSIS DEPT) REPORT NO. 128 DATED 02/22/80 (FILE WJ. T-28)

MV SEALIFT MEDITERRANEAN )

27) CONROD BUSHING FAILURE DUE TO LOSS OF LUBE OIL PRESSURE AT 1107 LOAD. RECOMMENDAT TONS -
REDESICN LUBE OIL SYSTEM FOR BETTER CONTROLS, ADO AN ALARM SYSTEM AND ADD INPROVED LUBE OIL
CENTRIFUGING SYSTEM.

SOURCE : NOS :

OTHER TOI (FATLURE ANALYSIS DEPT) REPORT NO. 0114 DATED 06/07/78 (FILE NO. T-33)
(M/V CLEVELAND )

281 N:SY(I %sm CRACKS RESULTED IN BEARING SHELL CRACKING. o
OTHER REPORT BY GFORGE G.SHARP, INC. “OVERVIEW OF REPORTS, ANALYSIS AND RECOMMENDATIONS
REMAIN PROPULSION ENGINES M/V COLUMBIA™ BY 07/26/85.




COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST 30A - SITE AND INDUSTRY COMBINED - BY UTILITY MRBER
EXPERIENCE ITEMS ADDED 7O COMPONENTS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.
EXPERLIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

OHNERS GROUP comp DESIGN QUALITY 0TSIGN QUALITY
coMP NO cLasS RVH RVL ACC ACC
03-340A <CONTINUED.......> <N> X X Q " 3

(M/V COLUMBIA)

29) CRACKS IN CON ROD BOLYS AND BOX, CAUSE, BOLTHAS CRACKED AND THE THREADS FRET AGAINST THE
BOX - BOLY CRACKING - BOLTS MUST BE TIGHT ENOUGH1O PREVENT MOVEMENT.

SOURCE : NOS:

OTHER TOI FATLURE AMNALYSIS REPORT TO G.E. TRUSSELL (TDI) FROM MAROLD V. SCHILLING (TDI)
05/07/82 {FILE NO. T-54)

(P.H.L.)

so&g:ms xnmgm ROD BOLTS AND CON ROD BOX. CAUSED BY LODOSE CON ROD BOLTS.

SO H 3

OTHER TDI FAILURE ANALYSIS REPORT NO. OLl4GS4DATED 04/29/82 (FILE NO. T-58)

(MEDAN-SUMATRA-INDONESIA)

31 !“(g!NEC"H; ROD BOLTS - BEARING AND ROD BOX CRACKS - PROBABLE CAUSE IS LOW TORQUING VALVES.
SOURCE : NOS

OTHER LETTER TO DI FROM TOWN OF JONESBUOROMAYOR J.P. GIHBERS 06/10/77 (FILE NO. T-55)
{1ORN OF JONESBORO)

32) !'»Gs. S/N 79002 EXPLODED. NO. 3 CYL. CONNECTION ROD DAMAGED. ATTRIBUTED YO MULTIPLE HEAD
GASKETS.,

SOURCE : NOS:
OTHER RAFHA ELECTRICITY CO. & SUBURBS, SAUDY, CO. LTD., SAUDI ARABIA DATED 07/12/81. NO
AUDDRESSEE OR TRANSMITTAL LETIER AVAILABLE. NO. 3 GEN. IFILE NO. T-57)

(RAFHA, SAUDI ARABIA)

313) TOP § INCHES KAS DISCOLORED DUE TO MEAY. SETSCRICW SUFFERED FATIGUE FATLURE AT LINE OF SHEAR
gg{vm;n BUF-H'I«";;S AND CON ROD.
SOURCE :

OTHER TELEX FROM SCHIMTZ (TDI) 7O R. PRATTUTDI) DATED 10/21/82 (FILE NO. T-49)
(PAFHA/SAUDI ARARIA)

36 ) BROKEN CONROD BOLYS AND BOX, MASTER ROD AND CONROD SHELLS DAMAGED - EVIDENCE SUPPORTS LOW

Igi.?,mc.lg - Lounggu FORCE WAS CAUSED BY INSTALLINGBOLY WASHER BACKHARDS.

SOURCE H

OTHER TOI FAILURE ANALYSIS REPORT FROM HAROLD SCHILLING I1TDI) YO ED DEANE 08/23/77
(FILE NO. T-56)

(TULTA, TEXAS)

35) CONNECTING ROD BOS AND BOLY FATLURE. CON-RODBOX WAS CAUSED BY INSUFFICIENT RIGIDITY OF
CONROD ASSEMBLY.

SOURCE @ NOS:

OIHER TOI FATLURE ANALYSIS REPORY FROM MAROLD SCHILLING (TDI) TO ED DEANE (FILE NO.T-56)
06714777

{ ANAMAX )

36 ) BROKEN CON ROD ROLTS. CAUSED BY BOLYS NOT TORGQUED UP 10 CORRECT VALVE.

SOURCE : HOS:

OIHER REFORT “ITNVESTIGATION OF CON ROD BEARING FATLURES MEDAN -~TITI KUNING™ BY ROBERT GRAY
(FILE NO, T-49)

STITI KUNING/INDONTSIA )

PERRY
conpP NO

02-340A

11/30/84



COMPUNENT TRACKING SYSTEM PERRY NUCLEAR STalion
LIST 304 ~ SITE AND INOUSTRY COMBINED - BY UTILITY NUMSBER
EXPERIENCE ITENMS ADOED TO COMPUNENTS AFTER 7/1/8% ARE DATED.
EXPERIENCE ITEMS REMOVED FROM COMPUNENTS AFTER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/8% ARE DATED.

cLass

03-34604 <CONTINUED...... .> <N> x x

OWNERS GROUP come DESIGN QuUALITY
come NOo RVH RVL

QuUALITY
ACC

acc
qQ z

37) CON RoD g'& RCO BOXES BROKEN AND COM RUDS MAVE BECOME UMUSABLE BECAUSE OF FRETTING.
”m - S-

OTHER ﬁ:ﬁlﬂ’;“ﬂ'ﬁfﬂlml’lm OF CON ROD BEARING FAILURES MEDAN -TITI KUNING™ BY ROBERT GRAY
LE « T=49)

(TITI KUMING/INOONESIA)

38) VARIOUS REPORTS OF OUT OF ROUND RODS, NEW CON ROD BUSHINGS, ETC.
SOURCE : NOS:

OTHER fnmocxgng SUMMARY OF GLENCOE EVENTS - & PAGES - DATED 02/20/80. ENG. S/N 72052
LE NO. T-57)

39) LONGITUDINAL SPLIT ALONG THE OIL HOLE INITVIATED IN FATIGUE FROM THE RODEVEBORE IN DSR-46 ENG
INE "E‘ GL!M‘%;(N. ALASKA, OPERATED BY COPPER VALLEY ELECTRICAL ASSOCIAVION. (ADDED 07/18/84)

OTHER FAA REPORT NO. 84-3-13 "DESIGN REVIEW OF COMMECTING RODS OF TSI INLINF DSR-48 EMERG-
ENCY DIESEL GENERATORS,™ JUNE 1984. FAILURE ANALYSIS REPOURT-DELAVAL ENGINE & COMPRE-
SSOR DIVISION-FOR GLEMNALLEN, ALASKA, NOVEMBER 6, 1973

40) REPLACED 36 AND $10 CONMECTING RODS WITH NEW CON RODS DUE TO EXCESSIVE FREVTING AT BEARING
FIT, :05/!7/'7‘;! ENGINE NO. 18. LADDED 08/24/84)
SOURCE : = &

OTHER ENGINE INCIDENCE REPORT (CITY OF HOMESTEAD , FL.) DATED 09/30/78 (FILE NO. T-10)
(H/V CITY OF MOMESTEAD, FL.)

11/30/84
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125;164 A

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

CONNECTING ROD Classification A
PART NO, 03-340A : Completion 3/20/84

PRIMARY FUNCTION: Jne connecting rod transmits engine firing forces from the
pistons and piston pins through the rods to the crankshaft such that the
reciprocating motion of the pistons induces rotation and output torque of the
crankshaft,

~

FUNCTIOMAL ATTRIBUTES:

1.

3.

The connecting rod must have sufficient column buckling strength and
fatigue resistance to withs®tand cylinder firing forces end inertia)
10ads. :

In the RV engine design, the three oscillating bearings two (2) wrist
pin bearings and one (1) link pin bearing and the rotating crank pin
bearing al! regquire support from Lhe connecting rod. I1n the R.43
design, a single wrist and crank pin bearing are supportad, The
flexure of the rod must be such that bearings are not unacceptadbly
distorted. .

Passages within the rod must provide cooling and ludbricating oil to the
bearings and pistons.

Stress levels, both mean and alternating, mus{ fall within the endur.
ance limits for the material utilized.

In the RV design, the two bolted joints (link rod to 'ink pin and
master rod to link rod box; must maintain sufficient contact
pressure., The R-48 design likewise requires sufficient clamping forces
on the crank pin bearing cap.

The rod cap bolts must support the necessary preload without yielding,
fracture or unacceptable thread distortion,

8.1



7. The wrist pin (or rod-eye) bushing must acceptably support the gas
pressure and inertia forces transmitted by the pistons during the
unique nuclear standby required starting cycle and normal! operation,

SPECIFIED STANDARDS: None

EVALUATION:

1. Determine the service histories of the connecting rods. In particu-
lar, evaluate the two Ve-style connecting rods (the 1 7/g-inch bolt
diameter connecting rod and the 1 !/2-inch bolt diameter rod) and the

R-48 style connecting rod.

Incorporate firing load profile data for the crankshaft analysis and
the results of the 13-inch diameter rod bearing analyses to produce a
connecting rod static load profile, with the addition of inertia loads

for a complete time-10ad map.

Evaluate the significance of possible rod bow as it affects bearing
centerline angular misalignment,

Review and report on failure of connecting rod at Copper Valley
Electric, Glenn Allen, Alaska,

Conduct journal orbit analysis of the wrist pin bearing,

Using examples of fractured rods to focus the area of investigation,
develop finite element models of the 1 7/g-inch bolt diameter V-type
rod, to define deformation and the possibility of crack initiation and
propagation,

Evaluate tre necessary preload and acceptable design regquirements
(yielding, thread distortion) of the rod cap bolts for the R-48 and RV
designs.

Evaluate the loading, fabrication and installation requirements of the
wrist pin (or rod-eye) bushing for acceptable nuclear standby service,
Perform a metallurgical examination of fractured connecting rods in

FaAA possession,
Complete fina! report,




REVIEW TDI ANALYSIS:
1. Review any TDl stress analyses or strain gage testing of connecting

rods.

INFORMATION REQUIRED:
1, Connecting rod, wrist pin bearing and cap bolt drawings.
2. Engine operating parameters (i.e., speed, firing pressure time history,

etc.).

Component physica' parameters (piston weight, connecting rod recipro-
cating and rotating weights, etc.).

TD! specified rod cap bolt torques and installation procedures,

TD! failure history of DSR-48 and DSRV connecting rods.

Bushing and connecting rod materia) specifications.
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COMPENENT TRACKING SYSTEM PERRY MUICLEAR STATION

LIST 304 - SITE AND INDUSTRY COMBINED - BY mxxn MNUMBER
EXPERIENCE LTEMS ADDED TO COMPONENTS AFTER 7/1/¢+ ARE DATED.
EXPERIENCE ITEMS REMOVED FRUM CUMPUNENTS AFTER 7/17/8% ARE DATED.
EXPERIENCE ITEMS UPDATED AFIER 7/31/84 ARE DATED.

CHNERS GROUP cone DESTGN QUALITY DESTGN QUALITY
core No cLass RVH RVL ACC AcC
03-3408 <CONTIMNUED....... > N> x X x z

18) CON ROD BEARING SWEU FATLURES CAUSED BY RAPID BFARING WEAR FROM INADEQUATE OIL FILYRAVION
Aaro '?'l~ll¢l° BEARING HOUSING FROM LOOK BOLTS.

orTHER YOI FAILURE ANALYSIS REPORT NO. O1G94DATED 04/29/82 (FILE N, T-58)
(MEDAN-SUMATRA - INUONESIA Y

19) FAILED COMNECTION ROD BEARINGS.
SOURCE : NOS -

OrnER LETTER G.F. TRUSSELL (TDID) FROM JUMNSMITH (CITY OF HOMESTEAD) 06/14/77 (FILE 8 T-55)
(CITY OF WOMESTEAD, FLORIDA )

20} VARIOUS REPORTS OF BEARING SHELL FAILURES AND REPLACEMENTS.
SOURCE : NOS:

OTHER CHRONOLOGICAL SUMMARY OF GLENCOE EVENTS - & PAGES - DATED 02/20/80 ENG. S/N 72052,
IFILE NO. T-57)

!l“l’lnlc.;ﬂi OIL PLUG ON CYL. NO. 1 MAS TORN OFF FROMSIDE OF BUSHING. (ADDED 08/20/84)
Oinen TOI CUSTOMER SERVICE REPORT BY C. OUNEHAND DATED 8/29/82 (FILE NO. T-49)

(RAFHA/SAUDE RRABIA)

22) FALLURE -CONRAD BEARING SHELLS THAT TURNED DURING TEST STAND BREAK-IN BUNS. CAUSED BY BOWED

HORGING OF THE ROD ANO BOX TEETH. LACK OF SHELL CRUSH COULD BE A SECONDARY CAUSE . RECOMMENDA-

TIONS -INCREASE CRUSH ON THE BEARING SHELL. HOSS, ARBOR AND IMNGERGLL MILL PARTS MAVE BEEN COR-

RECTED AND NOW GIVE STRAIGHT TEETH ALIGMIENT. INCREASE TORQUE ON CONROD BOLTS. (ADOED 08/27/78%)
SOURCE : NOS:

OTHER TOL (FAILURE AMALYSIS DEPT) NO. 1351 DATED O7/11/80 (FILE NO. T-29)
/Y TAIRAN)

11/30/8%
PAGE 89
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'Leficiency Reports, Field Questions, Engineering Change
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Record all linear indications, or evidence of excessive
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PNPP NO. 6096

PERRY NUCLEAR POWER PLANT
/trym/vz EXAMINATION REPORT

The Cleveland E' rer'c Illuminating Company
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Black Light Intensity M/cm?
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Other: az:zaz 4 M‘ybwm 71

o

Particle: w,ltyL
lo
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Black Light Ir

Current
Machine No.
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COMPONENT TRACKING SYSTEM PERRY NUCLEAR STATION

LIST %0A - SITE AND INDUSTRY COMBINED - BY UTILITY NUMBER
EXVERIENCE ITEMS ADDED 1O COMPOINTS AFTER 7/1/78% ARE DATED,
EXPERIENCE ITEMS RENOVED FROM COMPONENTS AFTER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

CWNERS GROUP comp DESIGN QUALITY DESIGN QUALITY PERRY
comP NO cLass RVH RVL ACC ACC come NO
HP-017  <CONTIMUED.......> <N> x x o z MPO22/3
OTHER LETTER FROM R.E.LANE 'USCG) TO G.E.TRUSSELL (TDI) DAYED 06/07/79 (FILE WO, 7~ )

1MV USCE NORTHWIND )

gﬁl WHARGEI CRACKED. FAILURE DUE TO MISALIGNMENT OF THE EXHAUSY STACK.

OURCE :

OTHER lt'l!l FROM R.DESRUMEAUX (TDI) VO L.MUNNSON (HOLMES BROTHERS ENTEPPRISES INC. )
DATED 01/16/80 (FILE NO. T-2)

(M/V USCE CUTTER NORTHWIND )

21} TURBOCHARGER CASING BADLY DEAMAGED DUE VO INTENSE HEAT NECESSITATING A REPLACEMENT OF CASING.

%MB!:HB IN:K!’;LI.AYIQ‘ OF 3/4 AND 3/8 NPT SOCKET HEAD PLUGS IN TURBOUHARGER DURING AN OVERHAUL .

OTHER LETTER FROM C.L MUNSON tHOLMES BROTHERS ENTERPRISES, INC.) TO MR, STAUS {7o1)
DATED 12/13/79 IFILE NO. T-2)

1MV USCE CUTTFR NORTHWIND )

22) IDELETED 08/10/84)
228) FATLURE ON BLOWER SI1DE OF TURBOCHARGED DUE TO SOME PIECES OF THE BROVEN EXHAUST VALVE GUIDE
O‘H&I‘. mlmﬁ REPORT DATED 06/17/84 (FILE NO. T-49). (HAIL/SAUDI ARABIA)

23) (DELETED 0R/10/84)
a;mb&ﬂl'l’ggl FEET BROKEN BY DELAVAL SERVICE REPRESENTATIVE.

CTHLR TELEX FROM SCHMITZ (TDI) 10 R. PRATTU(IDI) DATED 10/30/82 (FILE NO. T-49)

(RAVHA/SAUDI ARABIA)

b4 lagéﬂlﬁfn TURBOICHARGER ROTOR & DIAPHRAGM - DAMAGED BY VALVE SPRING FATLURE.
'l) - ,cs

CIHER TELEX FROM SCHMIIZ (TDI) YO R. PRATTUYDA ) DAVED 06/14/83 (FILE NO. T-29)
(RASICH ELFCTRIC/SAUDI 2RAKIA)D

11/30/84
PAGE
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DUKE POWER COMPANY
TELEPHONE: AREA 704

B SRS ARLRY GENERAL OFFICES S35 2811
422 SOUTH CHURCH STRELY

CHARLOTTE, N. C. 28242

November 14, 1984 ' 0GTP-528-0-325

Ms. Linda Routzahn (/
Cleveland Electric I1luminating NgA
Perry Nuclear Station [;:>(t—\l & (T / I
P.0. Box 97 ,

Perry, OH 44081

Re: TD! Diesel Generator Owners Group
TER 69-024, Component # MP-022/3 ,
File No: MTS-4086

Dear Ms. Routzahn:

There have been reported cases where the core plug (hubnut) in the center of
the turbocharger nozzle ring worked loose and damaged the turbocharger.
Service Information Memo (SIM) # 300 (part A) was issued. Liquid Penetrant
{LP) Examiration at the Shoreham Nuclear Power Station found that these welds
had cracked, therefore, tne following inspection has been recommended by the
Owners Group. Verify that SIM #300 was implemented and perform an L.P,
Inspection of the welds retaining the nut,

Also in addition to the weld inspection, verify if the nut is staked.

If you have any questions, please do not hesitate to contact Gary Ghika at
(704) 373-4098.

CIE Lo b

C. L. Ray, Jr.
Technical Program Director
TD! Diesel Generator Owners Group

CLR/GDG/yds
cc: J. Kammeyer R. Bonsall
V. Saleta M. Curry

A. P. Cobb, Jr. G. Ghika
Job Book 8
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ENGINE REBUILD REPORT
Motor Vessel Columbia

- ST o -
\ e Ve EXHIBIT 4G
E;Sﬁﬂ1¢¥€Y'§;V“A for /

N RAL-RY-01(%

State of Alaska
Division of Marine Transportation

Department of Public Works

by

Jon O. Jacobson
6869 Woodlawn N.E.
Seattle, WA 98115

for

Todd Pacific Shipyards Corporation
1801 l6th Avenue S.W.
Seattle, WA 98124

March 31, 1981
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Tables 5 and 6 show the counterbore depth of the starboard engine has

increased by .003 inch and .005 inch for the port engine severely compromising
the ability of the engine to fix the liners in place.

A design feature of the counterbcre and lip may preclude avoiding the
problem. The force from the eight studs when torqued to 3600 ft-1lbs must be
borne on tycnfzsqﬂ;nchAlip face producing a compressive stress in excess of

76,000 psi. TQis_value”}sgabove_thernorma;”"gqgiqn limits for cast iron and,

e S —

with the sharp interior corner, will be a source of recurring failure,

Section 1V, Nondestructive Testing, discusses the failures observad.

These failures led to the decision to replace the original blocks with new
units. Because the design stresses were so hich, there was no foreseeable

way to prevent failures from occurring without a significant redesign of the

liner-block landing surfaces.



Iv
NONDESTRUCTIVE TESTING

The basic structural parts of the engine--the blocks and the bases--
were examined by nondestructive testing. Testing began after presentation

of a preliminary draft of the January 30, 1981 report.

Blocks
The top surface of the blocks for both engines was tested. UData from
ultrasound examination of the blocks are presented in Figures 12 and 13
(pp. IV=2 and IV-3) with details in Figures 14 and 15 (pp. IV=4 and IV-5).
Fractures seen most frequently were radial cracks extending out from the
cylinder counterbore. The radial cracks were either in areas of stress con-
centrations caused by holes for cooling water passage or stud drillinags, or
in the inter-web area between cylinders in the center of the block. The most
destructive type of fracture was seen in cylinders 2 and 3 of the left bank
of the starboard engine. Figure 14 shows the form of the delamination crack
where thf_pylinder liner lip was separating from the block structure. This
fracture prevented the liner from being properly installed and could have
led to a catastrophic»engine‘fa;lure;n7”
The fracture was caused by the following:
1. high_gomptessive stresses on the counterbore lip,
2. localized stress condition from the combinations of sharp internal
corner for lip (1/32 inch radius),
3. nearby drilling for waterjacket or stud,
4. termination of stud threading at the same level,
S. creep deformation, and
6. fatigue.

Because of the delamination cracks, one block was not serviceable, and

so both blocks for the starboard engine were renewed.




PO DBOX 97 = PERRY, COHIO 44N81 w TELEPIIONE (216) 259-3737 = ADULAECSS-10 CrNILA 13

Serving The Best Location in the N
PERRY NUCLLAR PCWER PLANT

July 23, 1984
PY/S0-26339

€. L. Ray Jr,

Techoical Piogram Director

191 Owurr's Croup E)({'( & (T 50

Nuke Powor Coinpany

P.0. Box 33189 .
Chacrlotte, N.C. 28242

e . e

RE: Ouwner's Group Correspondence
OGTP-109-0-56

Naar Mr. Ray: -

The above referenced letrter rcquested information on the lcading of
our dic:el generator engines. A study was recently cempleted by our
r consultant as to the-expected loading of our -engines. This-study wes aot
. ewerly conservative and should meet the requirements of your reguest,

The division o.e engine (train A) of the first Perry unit will cairy
[ the heuviest load, Worst case considered in the loading study was a
efmiltonions loss of offsite power (LOOP) and loss of coolant acecident
f (10CA), Lisred below is the step loading with the time the lead will
be applied, total lcad on the engine at that time, plus the percentage
of rared full load st each step.

Division 1 (Train A) Loading Summary

: Tie wlen Total load on Percert of load carvied
? lu:d is applied unit in Kilowatts vs. nameplate rating
t=20 1018 15
t = 10 sec. 3985 57
t = 30 sec. 3936 56
t = 60 sec. 3914 56
t = 100 sec. 4464 64 :
t = 10 mins, 4453 64
t> !0 mins. 4459 64

1
L.'l_l-.-nl el s Do T ———_— pon— ——



Notes: A.) t = 0 is at closure of gencrator output
hrealer,.

B.) t > !0 mins. is considered long term
}oi’dingo

I hope the above information is sdequate for your efforts. If
additional information is required plcase contact me at (216) 259-3737,
ext., 5467.

Very truly yours,

—g. C . Q.a\.'u:.é\—!:c\.v%@

E. C. Christiansen
Senior Electrical Construction Engineer

G. R. Leidich
E. M. Root

W. E. Coleman
PO/DC - R290
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ELECTRICAL POWER SYSTEMS Exwia 1T 51 BRA”- !
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SURVEILLANCE REQUIREMENTS

4.8.1.1.1 Each of the above required independent circuits between the offsite
transmission network and the onsite Class 1E distribution system shall be:

a. Determined OPERABLE at least once per 7 days by verifying correct
breaker alignments and indicated power availability, and

b. Demonstrated OPERABLE at least once per 18 months during shutdown
by transferring unit power supply from the normal circuit to the
alternate circuit.-

4.8.1.1.2 Each of the above required diesel-generators shall“be demonstrated "
OPERABLE:

a. In accordance with the frequency specified in Table 4.8.1.1.2-1 ¢n a
STAGGERED TEST BASIS by:

Verifying the fuel! level in the day and engine-mounted fuel tank.
Verifying the fuel level in the fuel storage tank.

Verifying the fuel transfer pump starts and transfers fuel from
the storage system to the day fuel tank.

4. Verifying the diesel starts from ambient conditions and acceler-
ates to at:-least 441 rpm’for Div 1 and Div 2-and 882 rpm for Div 3
in less than or equal! to 10 seconds.* . The generator voltage and
frequency shall be 4160 ¢ 420 volts and 60 = 1.2 Hz within
10 seconds after the start signal. The diesel generator shall
be started for this test by using one of the following signals:

w N

a) Manual.
b) Simulated loss of offsite power by itself.
" c¢) Simulated loss of offsite power in conjunction
with an ESF actuation test signal.
d) An ESF actuation test signal by itself.

5. Verifying the diesel generator is synchronized, loaded to greater
than or equal to 7000 kw for diesel generators Div 1 and Div 2
and 2600 kw _for diesel generator Div 3 in less than ar.equal to
60 seconds,* and operates with this load for at least 60 minutes.

6. Verifying the diese! generator is aligned to provide standby
power to the associated emergency busses.

*The diese! generator start (10 sec) and subsegquent Toading (60 sec) from
ambient conditions shall be performed at least once per 134 days in these
surveillance tests. A)] other engine starts and loading for the purpose of
this surveillance testing are not required to meet the 10 sec and 60 sec fast
start criteria and may be preceded by an engine preludbe period and/or other
warmup procedures recommended by the manufacturer so that mechanical stress
and wear on the diese! engine is minimized.

PERRY - UNIT 1 3/4 8-3
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ELECTRICAL POWER SYSTEMS

SURVEILLANCE REQUIREMENTS (Continued)

Verifying the pressure in all diesel generator air start
receivers to be greater than or equal to 210 psig.

At least once per 31 days and after each operation of the diesel
where the period of operation was greater than or equal to 1 hour by
checking for and removing accumulated water from the day fuel tank.

At least once per 92 days by checking for and removing accumulated’
water from the fuel oil storage tanks.

At least once per 92 days ard from new fuel oil prior to its addi-
tion to the storage tanks by verifying that a sample obtained in
accordance with ASTM-D270-1975 meets the following minimum require-
ments in accordance with the tests specified in ASTM-D975-1377:

1) A water and sediment content of less than or equal to
0.05 volume percent;

2) A saybolt universal viscosity at 100°F of greater than or equal
to 32.6 sus, but less than or equal to 40.1 sus;

3) An API gravity as specified by the manufacturer at 60°F of greater
than or equal to 26 degrees but less than or equal to 36 degrees;

4) An impurity level of less than 2 mg of insolubles per 100 ml
when tested in accordance with ASTM-D2274-70; analysis c<hall be
completed within 7 days after obtaining the sample but may be
performed after the addition of new fuel o0il; and

The other properties specified in Table 1 of ASTM-D375-1977.
and Regulatory Guide 1.137, Revision 1, October 1979, Position
2.a., when tested in accordance with ASTM-0975-1977; analysis
shall be completed within 14 days after obtaining the sample
but may be performed after the addition of new fuel oil.

At least once per 18 months, during shutdown, by:

- -

1. Subjecting the diesel to an inspection in accordance with
instructions prepared in conjunction with its manufacturer's
recommendations for this class of standby service.

Verifying the diesel generator capability to reject a load of
greater than or equal to 1400 kw (LPCS pump) for diesel generator
Div 1, greater than or equal to 725 kw (RHR B nump or RHR C pump)
for diesel generator Div 2, and greater than or equal to 2200 kw
(HPCS pump) for diesel generator Div 3 while maintaining volitage
at 4160 *+ 420 volts and speed plus 75% of the difference between
nominal speed and the overspeed trip setpoint or 15% above
nominal, whichever is less.

PERRY - UNIT 1 3/4 8-4
JAN 01285
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ELECTRICAL POWER SYSTEMS {:ﬂ'{ ;.L i
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SURVEILLANCE REQUIREMENTS (Continued)

2) Verifying the diesel generator starts on the auto-start
signal, energizes the emergency busses with permanently
connected loads within 10 seconds, energizes the auto-
connected emergency loads through the load sequencer
and operates for greater than or equal to 5 minutes
while its generator is loaded with the emergency loads.
After energization, the steady state voltage and
frequency of the emergency busses shall be maintained -
at 4160 * 420 volts and 60 £ 1.2 Hz during this test.

b) For division 3:
1) Verifying de-energization of the emergency bus.

2) Verifying the diesel generator starts on the auto-start
signal, energizes the emergency bus with its loads and
the auto-connected emergency loads within 10 seconds
and operates for greater than or equal to 5 minutes
while its generator is loaded with the emergency loads.
After energization, the steady state voltage and
frequency of the ermergency bus shall be maintained at
4160 = 420 volts and 60 £ 1.2 Hz during this test. . .

7. Verifying that all automatic diesel generator trips are auto-
matically bypassed with an ECCS actuation signal except:

a) For divisions 1 and 2, engine overspeed and generator
differential current.

b) For division 3, engine overspeed and generator differential
current.

8. Verifying the diesel generator operates for at least 24 hours.
During this test, the diesel generator shall be loaded to
7000 kw for diesel generator Div 1 and Div 2 and 2600 kw for
diesel generator Div 3. The gemnerator voltage and frequency
shall be 4160 + 420 volts-and 60 £ 1.2 Hz within 10 seconds
after the start si~ .i.; the steady state generator voltage and
frequency shali be .»intained within these limits during this
test. Within 5 minute after completing this 24-hour test,
perform Surveillance Requirement 4.8.1.1.2.e.4.a)2) and b)2)*.

*Tf Surveillance Requirements 4.8.1.1.2.e(4).a). and b)2) are not satisfactorily
completed, it is not necessary to repeat the preceding 24 hour test. Instead,
the diesel generator Div 1 or Div 2 may be operated at 7000 kw or diesel
generator Div 3 may be operated at 2600 kw for one hour or until operating
temperatures have stabilized.

PERRY = UNIT 1 3/4 8-6
JAN 3 01985



TABLE 4.8.1.1.2-1

R R R R R R R R R R I R R R RO R RS

e s e e

P —

PERRY - UNIT 1 3/4 8-9

DIESEL GENERATOR TEST SCHEDULE

Number of Failures in

Last 100 Valid Tests* Test Frequency
<1 At least once per 31 days
2 At least once per 14 days
3 At least once per 7 days
> 4 At least once per 3 days

*Criteria for determining number of failures and number of valid

tests shall be in accordance with Regulatory Position C.2.e of
Regulatory Guide ..108, Revision 1, August 1377, .where the last

100 tests are determined on.a per nuclear unit basis. . For the it
purposes of this test schedule, only valid tests conducted after

the OL issuance date shall be included in the computation of the

"Yast 100 valid tests." Entry into this test schedule shall be

made at the 31 day test frequency. With the exception of the
semiannual fast start, no starting time requirements are required

to meet the valid test requirements of Regulatory Guide 1.108.

JAN 3 01385
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CYLINDER BLOCKS

Q. What is the purpose of this testimony?

A. The purpose of this testimony is to set forth the re-
sults of our evaluation of that portion of the County's conten-

tion which addresses the cylinder block problems of the EDGs.

That portion states:

*Cracks have occurred in the cylinder
blocks of all EDGs, and a large crack prop=-
agated through the front of EDG 103.
Cracks have also been observed in the cam-
shaft gallery area of the blocks. The re-
placement cylinder block for EDG 103 is a
new design which is unproven in DSR-48 die~
sels and has been inadeguately tested."
Q. What are your conclusions regarding the adeguacy of

the design and manufacture of the cylinder blocks?

A. We believe the block cracks are evidence that the
EDGs are ove:-tatedwand undersized. The EDG cylinder blocks
are not properly designed and manufactured to withstand the
stresses to which they are subjected. We are concerned that
LILCO proposes to use the cracked blocks of EDGs 101 and 102
for EDGs in nuclear service during the operation of the
Shoreham plant. Those blocks are unreliable and are likely to

experience crack propagation which can lead to catastrophic
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failure of the EDGs. The newly designed block for EDG 103 is

unproven and inadequately tested.

Contrary to the conclusicns reached by FaAA in the cylin-

der block reportif2/ and by the Owners' Group DRQR Report on

cylinder blocks, we conclude that:

1.

The cracks in the ligament between stud holes and
liner counterbores of the blocks of the EDGs are not
benign and may be lead to catastrophic failure of the
engine. Purther, the cracks may not be fully
contained between the liner and the region of the

block top outside the stud hole circle.

Field experience in non-nuclear service has not been
systematically documented or reviewed in order to
demonstrate the extent of ligament cracking or the

immediate consequences of such cracking.

The deepest crack (5-1/2 inch depth) between stud
holes was measured after the immediate shutdown of

EDG 103 following crack propagation during overload

62/ "Design Review of TDI R-4 and RV-4 Series Emergency Diesel
Generator Cylinder Blocks and Liners," FaAA-84-5-4, Fail-
ure Analysis Associates, June, 1984 (the "FaAA Block Re-
port®). (Exhibit 7).
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testing of EDG 103, and contributed to the decision
to replace the block. The replacement block has not

been adequately tested,

Blocks with ligament cracks (those of EDGs 101 and
102) have not been demonstrated to be capable of
withstanding a LOOP/LOCA event. While we agree with
FaAA's conclusion that cracks between stud holes are
likely to occur and propagate in blocks with ligament
cracks, we disagree that FaAA can predict with any
accuracy when such cracks will initiate or the rate

at which they will propagate.

The preliminary material evaluation by FaAA of the
microstructure of a small region of each block top of
the EDGs is not representative of the properties of
the entire block and does not demonstrate that the
block EDG 103 is significantly weaker than the other
two blocks. To reach conclusions regarding the suf-
ficiency of the material strength of the blocks of
EDGs 101 and 102 in comparison to that of EDC 103,
‘e material of all three blocks must be adequately

evaluated.
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The cracks in the cam gallery support region of the
EDG blocks may be detrimental to the operation of the
engine. Further, the assessment of these cracks has
failed to demonstrate that the cracks will grow very
slowly at £full lcad and not at all at 75 percent
load, or that the cracks can be attributed solely to

the casting process.

Bas¢ on the foregoing, we conclude that it has not been demon-
strated that the cylinder blocks of the EDGs will reliably per-
form their required functions, and thus, there can be no assur-

ance that the EDGs will perform satisfactorily in service.

Q. Please describe the cracks which have occurred in the

cylinder blocks of the EDGs.

There is no disagreement that numerous cracks exist
on the block tops of EDGs 101 and 102, running in the radi-
al/vertical plane between stud holes and the cylinder bores.
These cracks are shown in drawings, and some of them are de-
scrifaed, in the FaAA Block Repo:t.lﬁl/ Similar cracks were

found in the top of the block of EDG 103, which also had cracks

between stud holes for adjacent cylinders 4 and 5.184/ on

163/ FaAA Block Report at 1-2 to 1-3 and Pigures 1-2 and 1-3.
164/ 1d4. at 1-2 and Figure 1-4.
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April 14, 1984, during qualification testing at 3900 kW, a
crack was noticed starting under the nc. 1 cylinder head and
extending across the front of the EDG 103 bleck and about §
inches down the front of the engine.lﬁi/ Subsequent inspection
of the EDG 103 block showed that many existing cracks had prop-
agated, and that additional between-stud hole cracks had
developnd at four other locations. 156/ 1n addition, there are
cracks in the camshaft gallery areas of all three EDG
blocks.287/ fThese cracks have been observed to grow in the EDG

103 block.168/

Q. Does the FaAA Block Report provide a satisfactory de-

sign review of the cylinder blocks?

A. No. Rather than a design review of the blocks, it is
a summary of PaAA's "investigation of the structural adegquacy"

of the blocks.152/ paaA fails to address most of the

-
o
u
~

Letter dated April 17, 1984, to Adninistrative Judges from
E.J. Reis (NRC Staff). (Exhibit 54).

166/ FaAA Block Report at 1-2 to 1-3 and Figures 1-5 to 1-3,

267/ Lg.o at ‘-60

168/ Morning Report, NRC Region I, March 20, 1384, (Exhibit
55).

169/ PaAA Block Report at i and ii.
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functional attributes of the cylinder blocks set forth in the

Task Description for the Component Design Review,
believe it is significant that FaAA does not conclude that the
cylinder blocks are adequate for nuclear service and capable of
unlimited operation. However, based solely upon the FaAA Block
Report and its supporting packages, the TDI Owners Group con-
c¢luded that the cracked blocks of EDGs 101 and 102 and the re-
placement block for EDG 103 (pending final material study re-
sults for the original and replacement EDG 103 blocks)

are acceptable for intended function with

implementation of ro:tine inspections in

accordance with E&DCR F-46505.27%/

Q. What does the TDI Owners Group mean by the phrase

®"acceptable for intended function"?

A. The DRQR Report does not expressly define this
phrase, but indications are that it refers to the ability of
the cylinder block "to withstand with sufficient margin a
LOOP/LOCA event."l72/ There is no suggestion of what a "suffi-

cient margin® might be. Mr. William Museler, a vice president

170/ 1d., Appendix.
171/ DRQR Report, Vol. 4, Cylinder Block, at 3. (Exhibit 56).

172/ 14. at 2; see also Id. at Cl and C2.
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of LILCO and former technical manager of the TDI Owners Group
program, testified that the ad hoc acceptance criterion applied
by the Owners' Group program for adequacy of the EDGs was no:
the performance rating of the EDGC established by the FSAR and
the contract specification.lll/ Rather, the TDI Owners Group
criterion was reliable operation during the testing regquired to

' be performed plus one LOOP/LOCA event for seven days.l74/

Q. Is the TDI Owners Group acceptance criterion intended
to be applied to qualify the EDGs only for operation during the
approximately 18 month period until the first refueling outage
at Shoreham, when the newly purchased Colt EDGs are scheduled

to be installed?

A. Not according to Mr. Museler. He testified that al-
though LILCO intends to replace the EDGs with Colt diesels by
the first refueling outage, the Owners Group criterion was in-
tended to qualify the EDGs for a period "far beyond the interim

period."175/

it

173/ Deposition of William J. Museler (May 22, 1984) ("Museler
Deposition®) at 7-8. (Exhibit 57).

174/ 1d. at 14-17.

—

172/ Lq.o .t ‘3"“60
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2. Ts the critecrion used by the TDI Owners' Croup appro-
priate to ensure that the EDGs, and specifically their cylinder
blocks, are adequate and reliable enough %0 meet the require-

ments of GDC 177

A. No. The Owners Group criterion is extremely limited,
subjective and does not meet the technical requirements of GDC
17. As discussed above, the proper technical standard for GDC
17 is the performance rating for the EDGs set forth in the
FSAR. That rating =-- 3500 RW continuously for one year and
3900 kW for 2 hours per 24 hour period -- was established by
LILCO and approved by the NRC Staff on the basis of the
required service for the EDGs. There is no rational or regula-

tory basis to eliminate that performance standard.

Q. 0id the FaAA Block Report use the same improper ac-
ceptance criterion as the TDI Owner's Group for determining the

adequacy of cylinder blocks?

A. PaAA issued an interim report on the cylinder block
and liner, which concluded preliminarily that the DSR-48 cylin-
der blocks may be adequate "for interim use® depending on fur-

ther analysis.lli/ Mr. Robert Taylor of FaAA, who prepared the

176/ Exhibit 1 to Taylor Deposition. (Exhibit 58).
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interim report, testified that in determining "interim use,” he
used an "intended lcad profile® for two years of about 260
hours of EDG operation, including 80 hours at £full load and
less than one hour at 3900 kW.l77/ 1In the final FaAA Block Re-
port no statement is made as to whether or not the cylinder
blocks are adequate for interim or any other use, S0 no accep-
tance criterion is expressly applied. However, FaAA appears to
have further reduced the inadequate and improper criterion of
the two year "intended load preofile,® because the FaAA Block
Report only specifically addresses whether an engine block with
cracks between the stud holes and cylinder bore (so called

"ligament cracks”), but with no stud hole to stud hole cracks,

can be predicted to survive a LOOP/LOCA event.l?’8/ ohis crite-

rion is totally inadequate to satisfy the standards required by

GdC 17.

Q. The FaAA Block Report sets forth a number of conclu-
sions and recommendations which are applicable to the EDGs. Do
you agree with the FaAA conclusion that the cracks in the liga-
ment between the stud holes and liner counterbore are

*benign."173/

177/ Taylor Ceposition at 69-70. (Exhibit 59).
178/ FaAA Block Report at 4-3 to 4-5,.

———

179/ _I_Q.o at 5"'1.
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A. We strongly disagree with FaAA's conclusion that
these ligament cracks are "benign.® PFirst, PaAA states, and we
agree, that one consequence of the ligament cracks might be
leakage of coolant (although not into the cylinder).l180/ such
leakage is far from "benign,” and could lead to catastrophic

failure of the EDG.

Q. How could the leaking of coolant lead to a cata-

strophic failure?

A. The leaking of the coolant could result in tempera-
ture increases of the upper part of the cylinder liner and
head. The consequent thermal stresses on the cylinder block,
cylinder heads, pistons, and other engine components increase
the likelihood of cracking. For example, the overheating of
the cylinder liner could crack the liner and/or cause a partial
piston seizure. A partial piston seizure makes combustion gas
blow-by highly probable, which may lead to a crankcase explo-
sion and complete pistoh seizure. Lack of sufficient coclant
could also lead to distortion of the cylinder head, which could
cause the exhaust valves to fail to seat completely. Distor-

tion of the cylinder head and the leakage of gases from the

180/ 1d. at ii to iii.
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exhaust valves could lead to overspeeding of the turbocharjer
and damage to the blades and rotor, which would stop the
turbocharger. This would result in an insufficient Juantity of
air supply to the engine, further increased temperatures of the
operating parts, and ultimately to a complete piston seizure.
Complete piston seizure would cause bent or broken connecting
rods, serious overlocading and possible cracking of the main
bearing shells, cracking in the engine base and stretching of
the main bearing hold down studs. A complete piston seizure

will almost always stop the EDG.

Q. Can you predict how guickly the coolant would leak

from the ligament cracks?

A. Coolant water could leak rapidly from ligament
cracks. The coolant water is under pressure of 40 psi. The
cate of leakage would depend on the number of cracks and their
widths, The leakage becom2s critical when the expansion tank
(coolant reservoir) either cannot replace the loss of coolant
water fast enough or is depleted. A dangerous overheating con-
dition occurs when the temperature is high and the water low so
that the circulating coolant mixture consists of liquid and

vapor.
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Q. Do you agree with FaAA's conclusion that the ligament

cracks are benign

because the cracked section is fully
contained between the liner and the region
of the block top outside the stud hole circ-

cle 1S

A. It‘is not clear what FaAA means by this description.
FaAA describes the ligament cracks accurately as running be-
tween the stud holes and the liner counterbore, so the cracks
¢o run to the stud hole itself. We believe that FaAA is refer-
ring to the "apparent arrest" of the ligament cracks at the
liner landing ledge.l82/ mhis conclusion as to the ®apparent
arrest® of ligament cracks is based uponr observation of liga-
ment crack depth on the EDG blocks, and unconfirmedl®3/ and in-
complete information regarding salected blocks of TDI engines

in non-nuclear service.

Q. Were ligament cracks "fully contained®™ during the

testing of the EDGs?

181/ 1d. at 5-1,
182/ 1d4. at 1-2 and 1-3.
183/ 1d. at 1-1.
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A. No. The history of the ligament cracks on the EDG
blocks dcoces not support the conclusion that they are "fully
contained"” and therefore "benign."™ On the contrary, the large
§" crack which occurred cn the EDG 103 block during overload
testing ran from a stud hole at cylinder No. 1 which already
had a ligament crack. Compare Pigures 1l-4 and 1-8, FaAA Block
Report. That comparison also discloses that after the overload
test was aborted, nine new stud hole to stud hole cracks had
initiated. Thus, even if the ligament cracks on the EDGs had
not propagated downward past the liner landing, they cannot be
described as benign. If the ligament crack is in fact arrested
at the liner landing ledge, it would appear that continuing
sufficient operating stress causes cracks to initiate and prop-
agate radiailly and vertically from the stud hole with the liga-
ment to adjacent stud holes or to the outer wall of the
block.l84/ Finally, Figure 1-8 concradicts FaAA's assertion
that ligament cracks will not grow beyond the 1-1/2" depth of
the liner landing ledge, because it shows six ligament cracks

with a depth of 2 to 2-1/2."

184/ Note that Figure 1-8 of the PaAA Block Report shows that
most of the liganent cracks had reached a depth of at
least 1.5", the reported depth to the liner landing.
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Q. Doesn't FaAA's data on cracked blocks in non-nuclear
service demonstrate that the ligament cracks are "becign" and

cannot have adverse "immediate consequences"?183/

A. No. The unconfirmed information given  n the FaAA
Block Reportl85/ does not support FaAA's conclusicn at all.
PaAA concludes that the mechanism of crack initiacion in the
cylinder block tops are low cycle fatigue during startup to
high load levels, high frequency fatigue from firing pressure
stresses, and overload rupture occurring at loads above rated
power levels.127/ fThese factors, which also affect crack prop-
agation, are all related to the loads at which an engine is
run, that is, the higher the load, the greater the stress and
the more likely is cfack initiation and rapid propagation.

FaAA states the hours which the non-nuclear have run, but does
not disclose the loads at which they ran during those hours.
We believe it inappropriate that PaAA has relied at all on the
marine non-nuclear cases they cite. When asked why FaAA had
decided not to examine cracks in.blocks othgr than at Shorehan,

Mr. Taylor of FaAA responded:

85/ FaAA Block Repurt at 5-1.

86/ 14. at 1-3 to 1-4.
/

187/ Id. at ii.
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Well, the engines in the Marine service see

a different service tran shore-based en-

gines. Their load profiles are different.

They're operated differently, and just

looking at the block for the COLUMBIA with-

out knowing the size of the liners, how

much the liners protruded, exact locad his-

tory, even if I were to go lock at that

block, I would -- there's a wealth of other

data that would be pertinent that I don't

have yet and probably would not be able to

reconstruct.138/
Mr. Taylor also testified that data such as load factors would
make examination of other cracked blocks useful. PaAA concedes
that non-nuclear engines generally operate at lower loads and

with fewer starts than nuclear diesels. 183/

Q. Do you have additional comments on the specific cases

of non-nuclear engine block cracks relied upon by FaAA?

A, Yes. The information on the M.V. Gott dces not dis-
close load levels for this DMRV~16-4 engine, the methods by
which crack depth was measured, or the fact that as the result
of the cracks the engine blocks were repaired and modified.130/

During the telephone conversation on which FaAA relies for its

/ Taylor Deposition at 40- 41. (Exhibit 59).
189/ FaAA Block Report at 4-3,
/

Letter dated November 30, 1983 from Lowrey (TDI) to
Blanding (American Bureau of Shipping). (Exhibit 60).
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information on the M.V. Gott, the owners also told FaAA that
(i) the blocks on the Gott were being machined to reduce
stresses, (ii) the engines on the Gott had been so extensively
modified they could no longer be considered "stock" TDI die-
sels, (iii) a maintenance/inspection program for the engines
much more comprehensive than the recommended TDI program was
being used, and (iv) the design of the TDI blocks, with a cyl-
inder liner placed in a counterbore, "is an old design which
nobody uses anymore because of the resulting thermal prob-
lems."191/ The FaAA Block Report fails to disclose this infor-

mation.

The statement on the M.V. Columbia fails to disclose load
levels or that the State of Alaska replaced the cracked block
and derated the TDI DMRV-16-' engines by approximately 433,192/
Further, these engines were originally rated at over 35 HP less
per cylinder than the EDGs. Information on the St. Cloud, Cop-

per Valley, Homestead and Bhiel engine blocks do not disclose

191/ FaAA Blocck Report Raf, 1-3, Memo of June 7, 1984 tele-
phone conversation between Spiegel (FaAA) and Liberty
(U.S. Steel). (Exhibit 61).

192/ Evaluation of the Operational and Maintenance History of,
and Recent Modifications to, the Main Engines in the M.V.
Columbia, SES Report No. 123-0l1, by Seaworthy Engine Sys-
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load levels or other pertinent operating information, such as
peak firing pressures. The engine at Homestead is rated at
8800 kW, but is operated at only about 6300 kW. Three of the
TDI engines owned by Copper Valley have been derated by 20%.
Maintenance history documents obtained by LILCO or FaAA from
Copper Valley disclose many problems, including replacement of
a block on engine S/N 75011, but do not specifically refer to
ligament cracks in the blocks.193/ Finally, FaAA has supplied
no information on the block material properties or chemical
composition of the cylinder blocks in non-nuclear service. Yet
FaAA believes these factors are very important. to crack
initiation and propagation.l%4/ 1n summary, FaAA's information
on non-nuclear service does not demonstrate its conclusion that

the ligament cracks on the EDGs are “benign."”

Q. Do you agree with FaAA's conclusions that ligament
cracks and stud hole to stud hole cracks are predicted to occur
after operation at high loads and/or engine starts to high

load?195/

93/ Maintenance History on TDI S/N 75011 and 75012, Copper
Valley Electric Ass'n. (Exhibit 63).

FaAA Block Report at 4-5 to 4-6, iv.

194/
195/

I_q.o at 5-1.
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A. Yes. But FaAA understates the stresses to which the
blocks of the EDG are subjected, and thus underestimates the
likelihood and rapidity of the initiation of ligament cracks
and stud hole to stud hole cracks, and the spe2d of propagation
of those cracks. Thus, FaAA has failed to demonstrate that
blocks with ligament cracks are capable of reliably with-

standing a LOOP/LOCA event.

Q. Please explain why you believe these stresses are

underestimated by FalA.

A. First, FaAA understates pressure loads on the block
by assuming a peak firing pressure of only 1600 psil38/ rather

than the actual value of 1700 psi or greatar at 100% load.

Second, FaAA has not properly determined the preloading
stress or how much of the prelocad is borne by the liner collar
onto the liner landing ledge and how much is borne by the
block.137/ rpaAA states that ®"much® of the preload is
transmitted to the liner collar, depending upon several vari-
ables. But it does not address these variables in terms of

their importance or give any calculations. The liner collar

12_6_/ Lg-- at 2"30
197/ 1d4. at 2-1.
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protrusion, or "proudness,® above the block top on the EDGs is
greater than current TDI specificatioi.s, and would result in

greater preload on the liner landing ledge.l28/ FaaA nmeasured
the liner proudness £for the cylinders of EDG 103; the measure-

ments varied from 1 to 9 mils.l1%9%/

Third, FaAA has not calculated the amount of thermal load
on the block due to thermal expansion of the liner.209/ raaa
correctly points cut that thermal expansion stress of the liner
will not all be transferred to the block, depending upon the
clearance between the liner and block.20l/ 3ut there are no
calculations of the optimum clearance or the amounts of stress
not transferred under those optimum conditions. Further, there
are no calculations of the actual clearances in the blocks of
the EDGs, so there is no basis for FaAA's statement that "in-

terference stresses in the block are as small as possible,."202/

198/ 1d4. at 1-5.
/

Calculation "Liner Proudness of DG 103, Project No.
03315A", by John H. Lau, dated 6/10/84., (Exhibit 64).

199

FaAA Block Report at 2-2.

0/
0l/ 1d. at 2-3.
02/ 14

N
D
H
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Qe Does FaAA's finite element analysis accurately show

the effects of stresses on the top of the block?

A. No. The FaAA analysis does not accurately reflect
actual probable stress effects. First, it incorrectly assumes
a peak firing pressure of only 1600 psi, thereby significantly
understating the stresses due to pressures. Second, it assunes
the optimum clearance between the liner and block necessary to
close the clearance by thermal expansion.2023/ 1If the actual
clearance for each cylinder is less than the assumed optimum,
the stress effect will be greater. Third, FPaAA assumes thermal
stresses are symmetric between cylinders. This would only
occur if the firing pressure and locad in all cylinders were the
same., Actually, firing pressures differ significantly from
cylinder to cylinder of the same EDG, and TDI's operating manu-
al permits a variance of + 100 psi. Pourth, FaAA assumes all
thermal stresses act radially in the plane of the top of the
block. Actually, there are also longitudinal stresses in the
upper surfaces of the block, so the thermal stress pattern is

an oval shape.

s 8% 3=,
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Q. Please explain how FaAA's incorrect and/or
non-conservative assumptions affect its conclusions that liga-
ment cracks and stud hole to stud hole cracks are predicted to

initiate and propagate in the cylinder blocks?

A. FaAA predicts that these cracks could occur in fewer
than 100 starts from 0 to 90% power or above and/or steady

operation for over 100 hours at 90% or higher power, with a

block having minimum material properties.204/ The incorrect

and/or non-conservative assumptions of FaAA and ics understated
peak total stress figure of 33 ksi (as compared to the minimum
ultimate tensile strength of 32 ksi for a 2-1/2 section) mean
that the cracks might well initiat . under FaAA's predicted con-
ditions in blocks having higher than minimum material
properties for ASTM A48-64 Class 40 gray cast iron, or at below
90% of power or at steady operation for fewer than 100 hours,
ot any combination of these factors. It is not possible to
state by what percentage the FaAA conclusion is in error be-
cause the many variables, such as actual firing pressures, cyl-
inder block and liner clearance, and "proudness® of the liner
are impossible to predict without further experimental data for

a specific engine.

204/ 1d. at 3-6.
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Q. FaAA predicts crack initiation to occur at steady
running for mecre than 100 hours at 90% power or above.205/

Wouldn't one expect that at lcads above 90% cracks can initiate
at fewer than 100 hours of operation, even taking all of FaAA's

incorrect assumptions as correct?

A. Yes. The higher the operating load, the fewer hours
would be required before cracks initiate. FaAA does not ad-
dress this issue.206/ This is a significant omission. A 90%
load on the EDGs is only 3150 kW, well below the required actu-
al maximum loal of 3881 kW an EDG is required to carry during a
LOOP/LOCA event, After 10 minutes into a LOOP/LOCA event, two
EDGs must each produce » maximum coincident demand of about
3400 kW, or 97% of rated l0a1.297/ when this factor is com-
bined with accumulated damags from past start-ups and
operation, it is apparent that cracks can initiate in a block

during a LOOP/LOCA is much less than 100 hours.

06

205/ 1d.
/

The FaAA Block Report does state that 110% load "is clear-
ly more damaging relative to 100% load than 100% load is
relative to 90% locad” (at 4-1).

207/ FSAR Table 8-3.1-1 at 4.
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8- PaAA suggests that stud hcle to stud hole cracks
might not be dangerous, because "the deepest measured crack in
this region (5 1/2-inch depth) did not degrade engine operation

or result in stud loosening."208/ po you agree?

A. No. FaAA fails to state, indeed if it knows, when
this crack grew to a 5 1/2 inch depth or how long EDG 103 oper~-
ated with this crack. Even if we assume that this crack grew
during the "abnormal load excursion® affecting EDG 103 on April
14, the engine could only have run less than 2 hours before it
was shut down and the crack was discovered.203/ The very deep
stud hole to stud hole crack contributed to the decision to re-
place the block. Such cracks could cause the loosening and
breaking of the cylinder head studs, with consequent loss of
power and overloading of the remaining cylinders. This condi-

tion would probably lead to engine failure.

Q. FaAA concludes that the cracked blocks on EDGs 101
and 102 can survive a LOOP/LOCA event if they have no cracks

between stud holes and if the block material of the original

208/ FaAA Block Report at 5-1.

209/ 14. at 1-2., EDG ran for 10 minutes after the "abnormal
10ad excursion,® then was run for 100 minutes before being
shut down when the 5" crack running from cylinder no. 1
was noticed.
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EDG 103 block "is shown to be sufficiently less resistant to
fatigue than typical gray cast iren, class 40.°218/ po you

agr=e?

A. No. The FaAA's conclusion is based upon a purported
ability to accurately predict crack initiation and growth in
EDGs 101 and 102 by “"cumulative damage analysis of the known
expectience during operation of DG 103 between 3/11/84 and
4/14/84.%211/ paan's analysis is based upon faulty premises
and insufficient data. FaAA cannot accurately predict whether
and when the cracks in the blocks of EDGs 101 and 102 may cause

a failure during a LOOP/LOCA event,
Q. What are FaAA's faulty premises?

A. FaAA bases its analysis on a "linear cumulative dam-
age approach (presented in Section 4.,1) to obtain the kotal fa-
tigue damage® of a block.2l2/ The use of the linear fatigue
damage index is not limited by FaAA, that is, it is assumed ap-
plicable for all ranges of stress, load and'dura:ion. Ex-
tremely high loads for a short duration are known to result in

failures or excessive cracking;21l1/ this fact is not reflected

W ey

M/ _I_q. ac 5-10
M/ _I.éo at ‘-30
212/ 14.

213/ Indeed, FaAA emphasizes that the large crack running from
the no. 1 cylinder down the front of the EDG 103 block

(Footnote cont'd next page)
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by faAA's linear damage index. Purther, FaAA assumes that the
damage index recorded for EDG 103 between 3/11/84 and 4/14/84
is an appropriate benchmark to predict the behavior of other
blocks. On this basis, FaAA concluded that:

A block with no existing stud-to-stud

cracks and material properties sufficiently

better than those of DG 103 should be able

to complete the LOOP/LOCA requirements

without any cracks as deep as the 5-1/2

inch crack inﬂDG 103, while continuing to
tun normally.2l4/

However, the assumption for this conclusion is erroneous.
Q. What are the errors in the assumption?

A. First, it completely ignores the large ctack which
appeared in the EDG block during overload testing and ran from
cylinder no. 1 about 5 inches down the block front, resulting
in aborting the test, shutting down the engine, and ultimately
contributing to the decision to replace the block. The damage
caused by that crack and its impact on the ability of an EDG

"continuing to run normally®” is not assessed by FaAA. Second,

(Pootnote cont'd from previous page)

occurred after a 23 second unusually high load. FaAA
Block Report at 1-2.

214/ PaAA Block Report at 4-5,

e s B
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applying PaAA's damage index to EDGSs 101 and 102 in comparcison
to the EDG 102 index for the stated period does not take into
account the effects of differing load spectra on the three en-
gines. Crack dynamics are affected by sequence of loads as
well as their duration., FaAA provides insufficient evidence
that the E0G 103 block damage in the stated period is a worst

possible case.

Q. Do you have other concerns with the validity of

FaAA's analysis?

A. Yes. Although we have not had an opportunity to re-
view some of FaAA's underlying calculations which were enly ob-
tained a few days ago, we are concerned with FaAA's conclusion
that an amount of additicnal damage regquired to initiate cracks
between studs after ligament cracks initiate must at least
equal the cumulative damage required to initiate the ligament
cracks.213/ This conclusion does not appear to take into ac-
count the results of FaAA's finite element analysis, which
shows that after ligament cracks have formed, the transverse

stress between stud holes doubles.218/ This increase in stress

215/ 18. at 4-1.
216/ 1d. at 3-4.,
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would appear to cause the damage level to accumulate more
rapidly than FaAA considers, and the additional damage required
for cracks between studs to initiate would be less than assumed

by FaAA.

Second, the quality of the cast iron determines the ease
of initiation for a given damage index. This is presented as
*n® (Paris law exponent) which is normally an unvarying con-
stant for a given material condition. However, FaAA has con-
siderable trouble in finding the best value of "a" and gives a
value of 5.37 to 9.62. The proper value would be determined by
testing the metal of the blocks. The conservatively assumed
estimates of "n" in the FaAA report have no relation to the ac-
tual values for EDG 101, 102, and 103 blocks. The values are
expected to be different for each block, because of the signif-
icant variance in the TDI casting procedures and its poor Jual-
ity control. As discussed below, all three blocks should be
properly evaluated to determine their material properties,
rather than relying upon assumptions which may or may not be

correct.

Thizd, while the PaAA analysis purports to te empirically
based on EDG block behavior, it lacks information of signifi-

cant importance. When did the ligament cracks first initiate

- 169 -
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in each of the three EDG blocks, and what was the cumulative
damage index of each at that point? When did the original
crack between the stud holes in the EDG 103 block first initi-
ate, and what was the additicnal damage index accumulated be-
tween the initiation of the ligament cracks in the same block
and that point? Wwhen and under what conditicons did the origi-
nal crack between the stud holes in the EDG 103 block grow to
S=1/2 inches in depth, and what was its rate of growth? When
did the large crack running from cylinder no. 1 down the front
of EDG 103 first inititate and at what rate did it propagate?
The answers to these gquestions would provide some meaningful

empirical data.

Q. Did FaAA use fracture mechanics techniques to predict
the rate of crack growth of the cracked block tops of EDGs 101

and 102?

A. No. The PaAA Block Report does not use a fracture
mechanics analysis to predict the growth of ligament cracks or
the initiation or growth of stud hole to stud hole cracks. But
FaAA does use fracture mechanics to predict the propagation of
cracks in the camshaft gallery areas of the blocks and of
cracks which may initiate in the AE piston skirts. We believe
this is a significant inconsistency in the approach FaAA has

used to predict crack growth.
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C. Can the excessive cracking in the original block of
EDG 103 be attributed to significantly weaker material than

those of EDGs 101 and 1027

A. No. There i3 insufficient evidence of any actual
block material propert.:'s. FaAA examined only a small area of
each block top.zllf But within the same block the cast iron
properties may vary wida2ly due to the presence of trace ele-
ments in certain areas. A meaningful analysis of the material
properties of a cylinder block would regquire metallurgical ex-

amination of numerous sample areas of the block.

The performance of the EDG cylinder block ié dependent on
the properties of its materials of construction. FaAA's exami-
nation of a "small region of the block tops" of the EDGs was
inadegquate to characterize the materials of each of the blocks.
FaAA has assumed that the bleck is homogenous, but in actuality
the casting is not uniform because of the segregation which
naturally occurs during the casting process. Therefore, more
than a single small area must be evaluated to determine whether
or not there are differences in the entire blocks of EDGs 101,

102 and 103. FaAA states, "Specific materials testing is

2 7/ _I_g_o ‘t 4-‘0
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required to guantify any degradation in fatigue or fracture
properties of the thick section block casting."218/ wWe agree.
Bowever, FaAA proposes that only the material of the original
block for EDG 103 be completely evaluated. 1If that block mate-
rial is "shown to be sufficiently less resistant to fatigue
than typical gray cast iron, Class 40,%21%3/ the blocks of EDGs
101 and 102 would be predicted by FaAA as capable of surviving
a LOOP/LOCA event. This assumes that the materials of those
blocks are at least as strong as "typical® material. There is
no adequate basis for this assumption. To reach conclusions
about the material strength of the blocks of EDGs 101 and 102
compared to that of EDG 103, the material of all three blocks

must be properly evaluated.

Q. Can the excessive cracking of the EDG 103 block be
attributed to the "abnormal load excursion" at Shoreham on

April 14?2

A. FaAA did not do so. FaAA notes that the power outage
affected EDG 103 with an excess load for 23 seconds, and that

the large crack from the no. 1 cylinder down the front of EDG

o —— e DA -

_2_;9_/ ‘I_g'o at 4-5.
_z_lg/ _I_go at 5-10
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103 occurred after the excess load event. 3ut FadA refrains
from making any causal connection betwesen the two matters.

Neither PaAA nor LILCO documents describing the effects of the

power outaquZQ/ disclose the amount of the load during the 23

seconds. We do know that ECG 103 ran at test overload for 1430
minutes thereafter before the large crack down the block front
was noticed. With the available facts we are unable to deter-
mine what, if any, effect the 23 seconds had on the block. Two
observations are in order. Pirst, the “"abnormal load excur-~
sion®™ demonstrates again that accidents happen, even if they
are thought to be unlikely. The EDG's and their blocks should
be strong encugh to survive such an accident, which might have
occurred during the inception of a LOOP/LCCA. Second, EDG 103
tan for ten minutes after the 23 second episode in an unloaded
condition and without cooling water,22l/ <that fact, coupled
with the subsequent block damage resulting from the overload
test, suggests that other components of EDG 103 may have been
damaged. LILCO has committed to repeat the entire start-up
test program with EDG 103 after installation of its replacement

block, and then disassemble and inspect the engine.222/ This

220/ Letter dated April 24, 1984, from J.A. Notaro to W.E.
Steiger., (Exhibit 65).

221/ 14. at 2.

222/ LILCO's Response ta Suffolk County's Filing Concerning
Litigation of Emergency Diesel Generator Contentions, June
21' 1984' at 55.




commitment is very important. The inspection should be subject

to the scrutiny of all parties in this proceeding.

Q. Do you agree with FaAA's conclusion that the cracks
in the camshaft gallery areas of the blocks will not grow to

any significant degree?

A. No. PaAA gave one example applying its formula for

fatigue crack growth, which predicted the assumed crack to

grow, but at a slow rate.223/ 1n its analysis, PaAA uses the

simple Paris empirical relation, which does not take into ac-
count important parameters such as mean stress effects on fa-
tigue crack propagation. 1In addition, FaAA evaluated the
parameters in the Paris evaluation based on gray cast iron
without the defects apparently present in the EDG 103 block.
The conclusions presented on crack growth are meaningless with=
out presenting the sensitivity of initial crack size to fatigue
life and the physical properties of the actual block matecial.
We should also point out that our general comments on the limi=-
tations of a fracture mechanics analysis discussed above with
regard to the AE piston skirts also apply to the FaAA predic=-

tions for the growth of the camshaft gallery area cracks.

223/ FPaAA Block Report at 4-6 to 4-7,

-
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Q. Did you also discover other inconsistencics in the

PasAA evaluacion of the camshaft gallery cracks?

A. Yes. Pirsc, PaAA assigns different values to n
(Pacris Law exponent) in their cumulative damage index (n = 9.§)
and in the camshaft gallery crack analysis (n = 5,37). S8ince
the same matecrial is used in both cases, this change in expo~
nent value confuses the results. Second, the value of "n"
should be evaluated for the specific material used in the EDG
103 block and Table 4-1 should be recalculated. FaAA failed to
obtain the "n" value from testing of specific block material.
Further, FaAA failled to provide the basis for its selection of
generic "n® values. Third, crack growth rate is vecy sensitive
to the value of "n." Por example, {f n = 9.6 i3 used in the
gallery crack growth rate example given on page 4-7 of the FaAA

Block Report, the rate is increased by 10,000.

Q. HBave the cracks in the camshaft gallery area of the

EDG blocks been mapped and measured for propagation?

A. Apparently LILCO did map these cracks and some ap-
peared to have grown.224/ The PaAA Block Report does not

224/ Museler Deposition at 97-59 (Exhibit 57); Morning Report,
NRC Region 1, March 20, 1984. (Exhibit 55).

- 175 -




report any empirical data concerning propagation of these

cracks.

Q. How could cracks in the camshaft gallery area of the

cylinder block affect the operation of the EDGs?

A. If the known cracks propagate (and there is no
reported metallurgical evidence that they will not) the first
effect will be increased flexing of the camshaft., The flexing
will then increase the load on adjacent bearings, which could
further increase the propagation rates of cracks at these loca~
tions, As flexing of the camshaft takes place, the load on the
cylinder where camshaft flexing is occurring will be reduced,
Consequently, the loads on the othet cylinders will be ine-
crteaced, and cylinder balance will be lost. As there appears
to be almost no resecrve of power in the EDGa, the ability to

take full load will be seriously affected by the unbalance. In

the worst case, the cracks could cesult in a broken camshafe

leading to irreparable damage of the ¢ylinder block and loss of

engine.
Q. Bow is the load imbalance evaluated by FaAA?

A. The intecaction resulting from changing loads due to

crack propagation in one location and increased loading in




other locations i{s not part of the crack growth forecasts r 1le

by FahA.

Q. The DRQR authors conclude that cam gallery support
cracks "are predicted to grow very slowly at full load and not
at all at 75 percent load."223/ what is the basis for this

conclusion?

A, No basis for the conclusion is provided in either the
ODRQR Report or the FaAA Block Report. Fui:her, the informatieon
provided by FaAA does not support, and in fact contradicts, a

conclusion that cracks will not grow "at all.,"

Q. Will FaAA's recommendation that the cracked blocks on
EDGs 101 and 102 be examined for cracks between stud holes by

eddy current after each operation ensure the safe and reliable

operation of the EDGs?226/

A. No. As dltcull.d,pttvlbully, cracks between stud
holes can initiate rapidly during a LOOP/LOCA event and lead to
catastrophic failure. Inspection of the block after periodic

testing does not therefote ensure reliable operation in an

223/ DRQR Report Vol. 4, Cylinder Block, at 3, (Exhibit 56).
226/ PaAA Block Report at 5-2,




emergency. Moreover, as discussed above, ligamant cracks can
cause lecakage of coolant which itself can result in catastroph~-
ic failure., The propagation of the large crack down the front
of EDG 103 running from a stud hold in cylinder no. 1 (which
had a ligament crack) demonstrates that unanticipated and dan-
gerous crack propagation, other than of cracks between stud
holes, may occur rapidly during a LOOP?/LOCA event. Ligament
eracks similar to that on the stud hole for cylinder no, 1 cur=
rently exist at two stud holes for cylinder no. 8 of EDG 101
and at one stud hole for cylinder no, 8 and another for cylin-

der no. 1 of EDG 102.227/

Q:t Aside from the radial/vertical ligament cracks, the
cracks between stud holes, and the cracks in the camshaft gal-
lery acrea, have other types of cracks been found to occur in

the R-4 and RV-4 series TDI cylinder blocks?

A: Yes. The FaAA Block Report refers to cracks in the

blocks of TDI DSRV-16-4 engines at Comanche Peak Steam Electric
Station. These cracks appear to extend down the counterbore

and through the counterbore landing.22%/paAA also refers to

227/ 1d. at Figures 1-2 and 1-3,
w &o at 1-10
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"eircumferential cracks in the liner counterbore at the liner

landing ledge.'lli/

Q: Has FaAA determined the causes of these cracks and
addressed whether they could occur in the EDG blocks at

Shoreham?

A: No., FaAA states that the cracks at Comanche Peak have
been "metallurgically examined and were identified as
interdendritic shrinkage or porosity resulting from the casting
p:ocess.'glg/ However, FaAA does not state who performed this
examination, give any results in detail, or address whether
similar cracks might occur at Shoreham. 1If the conclusion
stated by FaAA is correct -~ that these cracks are due to cast-
ing defects -- it supports our view that castings by TDI,
including the blocks, piston skirts, and cylinder heads, are
not reliable, FaAA does not discuss the circumferential block
cracks at all. When guestioned about the circumferential blogk
cracks, Mr. Robert Taylor of FaAA, who headed the block study,
testified th;t the PaAA report would not address the circumfer-

ential cracks:

m/ uo at 1-10
230/ Lo at 1-3.
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ld}ecause I am receiving pressure from man-
agement and LILCO to put a report out so
that they can start a dialogue with the
NRC. It's my understanding there have been
pronises made to NLCA (sic == NRC) a bleock
report will go out in the very new (sic ==
near) future. And I just can't -~ it just
won't be a complete analysis, but it will
start things moving.231/

Q: Are you concerned about circumferential cracks

devaloping in the EDG blocks?

A: Yes. Such cracts could be very dangerous and lead to
EDG failure. There is no reason to believe they will not de-
velop in the EDGs. The causes of the circumferential cracks

nave not been determined.

Q: Did FaAA determine the causes of the ligament cracks
and stud hole to stud hole cracks in the block tops of the

EDGs?

A: Not precisely. FaAA only concluded that these cracks
were service~induced and identified "three possible mechanisms
of crack initiation (acting separately or in combination) in
the block top, . . . low cycle fatigue . . . , high frequency

fatigue . . . , [and] overload rupture."232/ These same

231/ Taylor Deposition at 67, (Exhibit 59).
232/ PaAA Block Report at ii.
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mechanisms could cause the intitiation of the circumferential

cracks.

Q: Do you agree that the cracks in the block tops of the

EDGs were service-induced?

A: All of the evidence available to us certainly supports
that theory. We believe these cracks are indications that the
EDGs are over-rated and undersized. They cannot operate at
rated and required loads without the cracking of the blocks and
other components. Dr. Chen, the diesel consultant to LILCO and
the TDI Owners Group, testified that the high firing pressure
of the EDGs contributes to the block cracking, and recommended
that peak firing pressure be reduced to 1,500 to 1,550 psi.le/
Of course, such a reduction in firing pressure would reduce the
horsepover of the EDGs to below the required amount for service

at Shorehanm.

Q. What is the basis for your assertion that the re-
placement block for EDG 103 is of an unproven design and has

not been adeguately tested?

233/ Deposition of Simon K. Chen (May 15, 1984) ("Chen Deposi-
tion") at 129. (Exhibit 66).
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A. Mr. Lowrey of TDI testified that the design of the
teplacenent block was only developed in the last two months of
1983, in an attempt to sclve the block cracking problems of the
R-4 series cngincs.llif The newly designed replacexsent block
was never tested by TDI, according to Mr. Mathews, the general
manager.llé/ Rather, TDI relied on the fact that the top por-
tion and boss section of the replacement block design was the
same dcsign as similar portions of the block of the TDI RV-S
engine, and the RV-5 block had been tested.238/ A bluck is a
single casting. We do not believe that a new design of an en-
gine block is adequately tested sinply because a portion of the
casting is the same as a portion of an entirely differently

designed blecck.

Q. Do you believe that the replacement block for EDG 103

is likely to crack?

A. Even if the design were adeguate, and we believe such

has not been demonstrated, the material properties used in all

234/ Lowrey Deposition at 15-16. (Exhibit 24).
235/ Mathews Deposition at 106-107. (Exhibit 32).

236/ 1d. 1In 1981 TDI decided to use the RV-5 blocks in current
production for RV-4 engines, to address the block cracking
problems. See Memo dated 4/1/81 from Lowrey to Pratt
(TDI). (Exhibit 57).

- 182 -




of F:AA analyses are dependent on the casting g:ocnss.' The

casting process can introduce defects such as porosity, tears,
inclusions, and degenerate phases which critically effect the
results of analysis. From the results of our inspecticn of the
TDI casting processe2 and review ¢f pertinent documents
relating to changes made in those processes, we are not
satisfied that TDI can produce a defect-free block. Therefore,

any new replacement block must be completely inspected and

Q. Have you recently received documents cited in the
"Component Review" section of the DRQR Report on cylinder

blocks?

A. Yes. A number of the underlying documents were re=-
cently received by the County. We have only had time to
preliminarily review these documents. Many are illegible or

have missing pages.

Q. What do you conclude based on your initial review of

some of these documents?

A. Contrary to the conclusion in the DRQR Report that
the "Owners Group has completed its review of the TDI diesel

generators installed at SNPS" (p. 4-1) and that the Report
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provides the results which provide the basis for the conclusion

that the EDGs "presently installed are fully capable of
teliably performing their intended safety function® (Executive
Summary, p. 1iii), we have discovered that final resclution of
a number of unsatisfactory conditions documented on LDRs had
not occurred when the Report was issued, Further, our review
has disclosed that objective standards were not applied to ce-
solve identified deficiencies. Thus, rather than documenting
the completion of the DRQR assessments, the Report in fact pro-
vides only a status of the ongoing investigation. Should fuc-
ther review reveal additional information relevant to our tes-

timony, the testimony will be supplemented.
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The diesels in Rooms 5 & 7 have bearing as indicated on peges 4 and § respec-
tively. Diesel 1RZ,-CO01A was grouted on 9/3/82 and Diesel 1R43-COO1B was grouted
on 8/25/82. Both a GE/ILSE production enoineer and OC inspector were present
during grouting along with a COC civil inspector, a Delaval cervice representative
and the CEl responsible engincer, Prior to trouting GE had mot a1l alignzent
requirements spacified by the Delaval vendor manual (96-0239.3-01) SF 39
(and all relevant ECN's), th: GE Diesel Gonerstor imstallation procedure (GEP- ﬁ
IP-0050 Rev,-3) and GE Travelers T1-R43-07 and 8. The bearing requirement was
not brought to GE/I&SE's attention until after the grouting of 1R<3-COOIA, it
was brought to our attention after grouting by the C2laval representative and
confirmed by the referenced field question received Ly GE on 11/5/82.

Beering contact data was tzken after diesel engine foundation bolts were torqued !
to final value (2200 ft-1bs) but before cenerators were torqued (due to other
technical problems). A crankshaft deflection check was also taken after torquing,
data for this is presented on pages 6 & 7.

P ke 031162

—— -




{ - -
T
A t ! - - :
= ?..m .*L-#.(OQ ay.ﬂ Rl 4\\—:.&_.'.23 .O(t..sf@ﬁ ?a‘w . ﬂ»\ﬁ.ﬁuﬁ Am
i 1t .11r.0—.. o S ;3/...!@;\1.4
. O T B S 2 Uit B o e S LR
m P QIS
I Anaty |
“a
“ m 59
t > : '1"4

SRt W b it &

cexenaL () ELECTRIC

ot G
NioosErMl —~ 1S0SC TNy

Paven m. GOVYS

s s T ' il
R S i b L bt WSk 4 ok s N L




N i o o o it s

Q“.-_ AT B ——

T I . N T S T T L e T D S R A e N e s R ST s =
.wv(fs‘..b &Vov LW auty 1\11,:\(3 f’.. ;;4 33..— Ll ® —fﬁ..«.ﬁ Av.

.\V).-snlb IR AT Y R i S Aadan e R Aﬁ

- Av-.f - ok My
- R Aalg gy PeORURy Wi Ay Shegipaiady, SeTeas RL AN

£2 hy S

ﬂ_ g R, e r
<A 1. 4

AR a\@e\ %str 452

Barc e Tl > o v P

T SOEVERGEORCNSTL. A T |7 L T T ST A
- e ey
-~ I
- S v

% g
- m o N /4 ,\n\.y% ,. L4 3 : g v’ .
..M rtw:‘,..“.\h\’ L hl- 2 o A .-. ” : = 4
o “4oert -sh n..n! “goor WEL~ | o0l WUl I~

9
a3

sars 1437

-

-
e
e

[
[

TR ST N U IR R S e N e AR IR
LECT

(, woely
€ So S5

L= ]

SETALLATTR @ TEFVKH €7 e erwta

0.1.@3\\“\\

YRR I-BE ¥

Pares e, GGt Vo8

#)) ) “9

e

-

- —




[ s e ™

5

GEP-1P-C

Pane £ -
s

Kh

““ i i i ik b Sl s B 51 3 A i e 4 2 2y
— s ek St S PNGRIIES S - _— ¥
: TNl - T \: '?J
BENENAL LJ) ELECTRIC
P — - — (S
& - 2 TS CRANK SHAFT WEE DEFLLL-

£728/9900E3

’a--u‘l? o wo, /

TN AN TE

w1y CLEAR

' A‘\"KF P;CO:\ i4

r.

-

st Al

-

SR

v

pum ey, =
- &

o i

Y/A/DIC/?I‘?" "(‘ Am,.)

¢ ~ f/’ ,\'*\10

LW

|
Lpn <710 fy-w"’

(

é__:"-u-;f}/» h{ &? 9
(70- ‘-J'--—#) "0'0/'-— ”)

o
f' v AN

. e e S

50D Tow

.f.‘_'

S YCU)

CATA SH

Farrn L 10632

'
iy S

GEPIP-0052A

FGO. FiNAL S GNATURE DATE

Ff.)c‘auﬂi

f'\\.‘«)/"

/710

QT E e 1A e G-TE
2505 !

S~

X

&/ oY 3(%»/}3’4 Sisih
xS

N MU
(57 AV o 0D s phons 18,10 ponsen mien/,c0res sl
PT'T{"A ad -:—-,_..:;,....l PO, w..—g-...« —»-d- .4‘4.‘-’ o WM*. mw?
s i g an U A d i -
: -~ o o ~ o~ 1 /5 | ) &) &% i | LJ.
| \ 1/ |
] \ _/ |
s, > ,’/‘( "/“ O O ' D C e —{/v{ \ j ; ,M
{
' " '
+ /)y / (») O -{/z ‘//y - ’/4 it Lot
. - ‘ —
. \ C 4 ’/,-) “’/V (\» o (li--.. N.t'\ < \ b 'AA!."
bl b 1?;%7? Abrreh |
o - QLSS s H
| I
@ ey s Yty 1O cl ool i \_Luled '
)
‘ |
§ - { - ] e TS 10
L@’.- g o &2 20z
’ 'l:”‘ ({./:j.t 10 T ’f -“-“-w-----“ ‘ & / 0 R
d — ‘ <iv{ gt ;4:.;':./ < s ___J._‘-w-( 9 ;:J‘,u




r- - B R O Selonhlil ko I O s g - T e
! m“;&nmw.Aﬁ ml ot s o M it i A SO e o b s s W S .

|

I :

: » B

L

.‘

S TEERETEETE eV B

1

{ rﬁzﬂut

7y ELECT

S

GEP-1P-CC20

fna‘b‘.’

o s -
GEr: 8290

[
w“’-‘ Nttt
ey

~
i

————

A —~- ThE B SOy s €9 el - ta
b}a\o 1 C,J i ;{&ddl [ WL &7 \-ﬂ-h
Ty S o= " N . r{ "Q : " 'I""'}' C}':/' i ,.;,:C{ ;‘..‘ ":O;:"
65?.1\—,..//\'0(."‘ — am—— —ag
o . pEY - o ea f FRST PAGE AOR ;','..’.1-.-; iy o
“> - S — "‘"‘/ v -‘{, RS
“AEh r ¥ Dalwwrl Form Lo s
§ (.45 )'_’_.)_‘Z-.. 5 - %’,, 77 |
: CATA SHEET P
J/‘:'ID.‘ Iifd’ (G‘ & 4‘3) "'
ol 2aD GEPIP-00i
- g _—— “_”",’e‘/ _,‘.. \‘, ‘JJ

v e

LIS & i MY

VN mtd 54

-

-t *“‘347;* ;4«
110 /"/ (n. '...aw)(,.w‘. :>

Lo e i
4".'.~nfyf Ahkr‘f

20D sivieiY ricivt YOV) .

( CJ ’%..-p&b'd m’)

PACD. FiNat SIGNATURE Uaie

Q& EINAL SIGNATURE &=7¢
e U e, S

frugma 75052 )

20 M 7 /

‘ t(w!?/‘_——-
f »
f(ﬂS/ﬂﬂAh.' -

,.,‘_.C”,,’ .‘!""‘O!’ e s /-'44 1”2 /p ?‘/;? 7})/.4,/,\*( T b 3/./.,,..,.
Ry S _ & -“‘:0.‘ Am@__v,___,_......‘.;...‘ LS ALEEE S maﬂ-
e g v - ‘
= -l IR W, ~lololololo Wil
-r‘~| - e s ==
" O\ | ’ YX /~
i VAL
8 NN O 1PN PN B N B8 ) VU L
| |
iR
i '& 3
iy te k“'/“ "'/(! o I* U,}\ 1% cdiddi
|
" c,).. f’/)_ o ir ’/“ f'/l./ ¢J i i[‘;/ﬂr
| |
e T Lot B Lt Lo o Kkl A
Ju‘u- Jiﬁb!l<‘zﬂd“ el i

07&"' { A:'__ ails

|

.._h._.ri" 3.5

- Al =

ARINTS TOI
R G2a20 ] 1 [l QEPY77008S |
k—-m.“- { o 1 'ea h -;-J* .: / -j i-; P e s ...an—‘m.:ﬁ:.;at 3 -,mw::...w......ix‘!, ot 2




T s >

R s AN AR e . I TN - wtcra A s o WS hdr_ aide e e N5 n BAETRE

\ . ‘ \ ) . »
. 1 \ : “. - .. .i l ] " l { : \ ’\ L } ' ;
o B ¥ L <R CANE Lt AN BN AS e %oy oW .
BIFN L SLION o154
P Ne. Zee: tov. w/A2 SP - 3@ : e
e 2 3-0501 sY - Faa . GATE 0., Fg. %
@ URIGINATOR : LRTINYZATION
| T . Bryan P | General Electric Co. - I & SE
| PLANT BIDG. 2REA ' REFERENCE DOCLMENTS
| Diesel Gencrator Building | VPF 7 96-0239-1-01
! PROBLEM . § |
, , P T el s 24K ]
Ie there a minimun. bearing SUf'fﬁmmm.;M e S SIS

(MPL ¢ 1/ZRA3-CO01A/B)? If so, is this mininum bearing surface to be per soleplate .

or oveiall?

DISTRIBUTED T0 CONTRACTOR

DATE. 2L S ::(,’;’\
N |
RECOMMENDED SOLUTION
Enfineering to advise.
RECEIvEp :
@ SEpa 7 1082 '
e rreed OB .

5= w..t!h'“ é%wglm‘}é_gl
S GNATURE ;
ENGINEERING RESPONSE D D |

MATERIAL TO BE PURCH. BY P.C. YES NO

Mivirnem  beaninvs sorfmee  se? both he He FPerry s:7e
s $57, Dc/ﬁv&/ Ans ,m.&;é/ e pledafrons wbhsdd
pfov}/c. v » rveck smaller 7% beamirg Reg. Cmemd, Beaiwg
less #nw §57% /..f Yo be /0“”'"-'/(/00 A WNewecr Grrmmce

0 !

ﬂgfuf'/. . (g\‘{" )

” M@ /72~ GAI ENGINEER AR

SIGATUE CONTACTED RAME P
GAI (FIELD ENGR.) CONCURRENCE BY _ M dbfinrtems’ (175752
Vi SICNATURE DATE
ADDED DOCUMENT NEEDED: 0O O
FVA ECN NO.
422/3/1/em
8 Loors Lo da b Mt K il i ﬁuﬂ ’
0 iisiigilu.‘o'ﬁd§\|‘ Biia‘o{{

-

.- R LR R - - am— LA s ro - - . ’ .
. b i, HLS UG L St S I e TG




- ’M'm(’?ﬁ‘,., e - ‘;I. e - T » _— -~ e - "
Wi‘,@m-b,ﬁma' R O wdeid. o Mo ~ R L e e i oo e . o
.

Attachmemt Jo
NCR, PO 3% -/¥57
: Py /ot 5
Q

_J_ii?‘{ {;cn{fuv .
/./ Pc/ flc Af?’ﬂclt/ /cf/Cr Froem De./#.«»/’

flerc /s /l/eywn’c bearting Serbce 7o Accep”
He sofe f/n/cs A5 ~/8,
‘2/ To previde 4 p/-/sfc'n-/ backvp 79 e
caleclnthors Emgiie Deflection checks of vl
Cranhkshatlt pne > de Frken J""’f prio~ e
D Sfm*-vp ared At 20 has pnd 268 hnr., o¥F
operntiom . This will Le pdded v0 #e m,D. L,
for eveadval inclosion 100 #e MTS, Gprecs Fig or Testiiy
. froced'”w. This MCR, s5 #o be closed vpen
veribicatume of e DL, 432 BFCRNATION 01U

{ '.;‘
svd -...-unn'ed‘é(isj W iide b
L — e

y Prier % ’rcvv‘/}u} ﬂufnf/)u) o yoﬂ*ﬂo/ﬂ)‘iv

C’U;M'rlf— comtractor /'s*ver-i// /p‘,,)‘/éy ﬁ~l/ Correcy

‘é S‘Q;\QMUA.’)/Atmlb) n-.v/ /&VC/”"S o ¥ f/c e’vilannv.
T‘“ /‘Sﬂ’{ﬁ”/m/ &Hjl'ﬂuniv; practice and 75 te
:up% bc ngc ons ﬂ// c,v'ganhv‘/ s fﬁn/‘ l( /Vurmn/ /ﬂ)/ﬁ//-
9

At o~ Prnchécs, The NCR. de criptiom (Line 7) 1§ wel ¥

chscl o prn.’a’e. A Comnereinl dis c/n:mcr,
. -~ S el Al

L - - e -
St b RIS i Ss. C o Khis S £ BN b .»f'w\.“..":i‘.m,ﬁ;u. oEy’ .i}.-‘xr: A




/(‘,7‘7{47(‘1‘180‘1/ Yo
AMNCR PO35- )45 7

Pj 2 eaf S

Steps VYo ﬂrcvhv" Becurrmmce

!/ /7// 57‘»-«/4-/ Diesel l;.v’/r«'cs Ave been

jrov‘h/ ar 7*14/'5 Frme,

2// The Reteremced Fredd Gvestiom s olnred
///5’/8’1 ped His MR, 15 dnted o1/20/83.
5735 /.S 7‘0 Prouil/e /}-rﬁt/l;"l‘t /\Nf/ /Itﬁﬁo.u

(vie e /V.Cﬂ.) when p pow con 14-/»'1/39 Connids #oomn
15 ’["v'*’/. '/’/c var t 2 ey’ubcg were

j('v"‘ﬂl I ‘fl/s irqe Fc,r:'o/, (B"‘f’;j_"'”’
VCI’I.A'&J Aawcvcr). |

'-":,- -

L EAR |
£eh '-’, . ié‘é.ﬂnici‘a‘u“ hh
=
i e —— . S i e i1 e - AN




nw"‘"’w‘t‘;’”:’a Transomencs Detavat Ing
E_.a P S (ODNEEE 3T ) SN Engine ena Compressor Drwrson
["‘ oA S50 851h Avenue
PRV PO Bor 2161
= ”3 Oatiang Cantormg S48
= y
(415; 5777600

Attschoaent 7o MCP

Po39 « 145 )

PJ s c%ﬁ'

Octobar 22, 1982

Cleveland Electric Illuminsticg Ceupeny
F.0. Bax 97
Perry, Ohio 44031

Attention: A.P. Pusataeri

Subject: Terry Pewar Plent

Unics S$/4 75051/54

Rafercnce: Your Letter to Sc. Schumscher Dated 10/5/82
(Chock Plate esring Arsa)
Gantlemen:

Pleasa find attached the dlesel enzine minisam load baaring
erea calculstions ruquirsd par chock plate as you roquested in
your latter of 10/5/82.

It 15 recommendsd thst adjustments be made om uaits 75053/54
prior to grouting., Allewine for moxims ecatsss tharsdy praventing
the poesibility of revork.

If you ebould have sny furthar questions, plesse do mot
hssitate to contact this office.

oy

Eaginser, Costoner farvice

W/wen i “LY
€C: H.A. Putre LY l‘;‘?f’éi’:n"\“““ ﬁti
Sc: P.B. Ricet(Salas)
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SECTION 2
L INSTALLATION

GENERAL.

The irstallztion of a DELAVAL Engine and Compressor Division “Enterprise” engine may vary from site to site,
tnerefore, the instructions contained in th's section of the manual ae representative of a typicsl instaliation ang not
necessarily the exact procedure for @ s‘p‘eciﬁ: site, Certitied installztion and foundation drawings are furnished to
eacn customer which detail the dimensions and instatlation requirements for that particular unit.

.

FQUNDATION DRAWING.

The foundation d-awing will be accurstely dimensioned and must be carefully observed. Carelessness in locating
foundation Doits, pipes, conduits end drains will cause difficulty during installation and alignment. 1t is essentia!
thet the fuundation ba cosstructed 10 stantaids of the highest accuracy.

e a——

INSTALLATION DRAWING.

Thz instaliation drawing d2tails the meoasurements for machingry location, distances required for normal maintsnance
tasks end the overhead glearances necessary for piston removal. In addition the drawing will indicate the location and
size of connzetion points for pipes and the electrizal requirements for glarm and control mechanism,

SYSTEM SCHEMATIC DRAWINGS.

Electrical and flow diagrans are furnished for the various systems. Flow diagrams specify pipe sizes and the type and
locztion of fittings and apparatus. These represent minimum requirements. To insure compatibiiity, any changes should
bz zpproved by DELAVAL Engine and Compressor Division engineers before instaliation,

HANDLING AND SHIPMENT.

Care must be exercised during the shipment and handling of the engine and associated equipment during installation
to aveid damags, The unit should be lifted only from the lift pads on the side of the engine base (where provided! &
indicatad on the installztion drawang. When securing the engine during shipment or other movement, make suyre no
bingding stresses gre imposed on the engine base or crankshaft.
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ENTERPRISE 550-65TH AVENUE iyl )
ENGINES OAKLAND, CALIF. 84621 S g 5
FOUNDATION.

Kake a foundation bolt template, using the certified foundstion drawing to determine the location of the equipment
mounting bolts, See figure 2-1 for a suggested method of building the template, Exercise care in loczting bolt centers,
Place and support the template from the foundation forms, Anchor securely to prevent movement of the 1amplate
Threed foundastion bolt into lower nut in pipe sleeve being careful not to damage cap st bottom of nut. Insent
founcetion bolts and sleeves in holes provided in the template then tighten the upper nuts, Slesves must be securely
held in correct position to prevent any movement when pouring concrets. A suggested method is to use reinforcing
rods welded to esch sleeve or on top of each anchor plate in both rows of bolts, running the length of the engine,
and zdding “X" bracing between the two rows of boits. Anothet suggestion is to tie the boit assembiies to other
reinforcing rods already in the foundation. Recheck template position, alignment and elevation before pouring con
crete. 1t is recommended that @ DELAVAL Engine and Compressor Diwvision service representative be present to
check bolt layout. The foundation is 10 be poured monolithic and must be suitably reinforced with reinforcing steel,
Let concrete set for 10 days bafore installing equipment, and 30 days before running equipment.

MATERIAL: WOCDEN PLANKS SECURELY NAILED TOGETHER

| 2 i ! o
| 1 2
| 5
: ! A 2% 65 NAILED TOGETHER
¢ s B, v ;¢. 1% 6 CROSS ERACING. NOTCH
'¢' 4} <) NOTCH TOP OF 2% 6 AT CORNERS TO SULIT.
‘¢‘ ¢- /z * 6 ON EDGE PIPE SPACER
\ ~ y
[ + ) L J
;YN | |
tel
4 4+ LjiE
e - . o
i ' I 7 3 A J 374" b \~_'_’J.._ 2 o ?E%’
= e ALLOW 1/32° CLEARANCE
Ab o - A N\ ¢- _L__.._’g%&‘/g?‘ oK SIAMETER
Suhiin | | -

bt o -

b e e -

SECTION A-A

PLAN VIEW

Figure 2-1. Suggested Foundation Bolt Template

FOUNDATION BOLT ASSEMBLIES.

The foundation bolts are so designed that the anchor studs can be removed frem the anchors after the foundation
has been poured, This permits the engine to be placed over the founration without any interference or dangsr of
damage to the studs. Once the engine is in place, the ctuds are instzlled and screwed into the enchor assemblies,

o RAYIS .4 2-2
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PREFARATION FOR INSTALLATION.

Z:tore landing ths unit on the foundation, the surfeces of the foundation must be rouchened wherever grout is 1o be
zoptied. Chip and cleen a5 necessary to remove 8l lzitance end foreign matter so that the ¢lean, dry, sharp aggregate
rzquired for @ goed Lond te epoxy grout is exposed, The machinad surfaces of the sole plates erd chotks must be
thoroughly cleaned and the leveling screws waxed to prevent their stitking 1o the grout. The machined bottom faces
2f the gngine Lase must 2iso be. aned thoroughly, Remove engine foundation bolts, Plage steel plates &t jacking serew
‘ocetions, level plates and grout in place.

‘PLACING ENGI!VE OVER FOUNDATION.

Sosition engine over foundation and insert four toe jacks, one at esch corner of the engine, inboard of the shipning
fcids, Hf engine i rolted into position, the ends of the jacking screw shields and foundation bolt shields must be
Stotecied 10 eaveid camaging shield ends with the rollers, Do not place jacks in the center of the engine es this could

zute damage 1o the enging base. Insure that the combined capacity of the jacks is gt lees fifty vercent greater than
17e 10tal weight of the engine. See Installation Drawing for weights.

& Remove shipping skids, thoroughly elean mounting rails and then lower ¢ngine 10 grade. Be sure the
foundstion belt holes in the engine base are correctly aiigned with the foundation bolt slesves in the foundation for
gzsy installztion of the foundation bolts.

b. Ciean sgle plates and chocks with & degreasing type solvent. It is recommended that after the sole plates
&re washed, they be primed with 2 primer recommended by 2 grout manutacturer, Lubricate the threads of the jacking
sSrews with a mixture of powcered graphite and engine lubticating oil. The lower end of the jacking screws should be
coated with wax 10 prevent the epoxy grout material from binding to the screws.

¢.  Place sole plates and choeks in position under the engine as shown in the foundation drawing. [n<tzil sole
plate retainers on the front and rear sole plates, making sure the sole plates are forced tightly against the shoulder at
the jnner edge of the engine mounting rails,

d. Lubricate lower threads of the foundztion bolts with stendard graphige snd oi! mixture, instz!l bolts in
s'zeves and sorew firmly into the threads ot the bottom of the sleeve. Lubricate threads &t the upper end of foundation
paits with oil gnd graphite powder then place washers and nuts on bolts.

e Leve! and #'ign the engine. Refer to Section 6, Part D of this manua! for the method of taking crankshaft
web deflection measvrements. Record web deflection measurements on Form D-1063. Insure that all sole plate jacking
serews are so adjustad as to distribute the weight evenf;’ on gll sole plates. When leveling end alignment is satisfactory,
s~ug down the foundetion bolt nuts to prevent movement of the engine curing installation of the driven equipment
and g'out(iggA

-

Lasyglre 23 1P 1 B TE




. ;.30 i‘

T A A e M ln

Sawacy S SR

SR S~
& W e 2 M SAIRIRD S
M !

~ e e
27 2 e ‘.rl; rAETE) ~*
B .1..' ST JIL LTI IN R 2
B o .\._ZL: . \3.\:
TEEANY A Y

e .»\
...l..\ |
\e\‘.
YT vi
v J¢\u !

SNFS ety 2R B
AT I LV e e ~
‘ PR
platy wers 273 @8,

Y s

o o AR W
T P AT

v i N prrewmg gark 5y

ivf. SRS el W N I

T, I e sﬁh.t» ZS\\\_

TEREE I 0T LAY aw SRS

S~ s
Bt

\ulql

“aveg? 4

\;H‘zvx b‘

av u;tu.-\ o TR
oo

l
wls br\\r‘\?@

Y Tﬂ b

— T e

(VWG R
..Lu.'..‘al't LA R D TT0

/

WAL T oy - Liset avsee LN A e
LSRR Y'Y 2 b ‘w0 et v iGN
Vawd WS wa Y S0 L gl ST 6 TIN N
e R ———"
SesddiN Lsd

VIR e s e r i
s Al e

TRERTaw 3w wof v
B LBT o e R,
TELTVET 00N ey WrY s L hed S S

PRt Ui
yyRrDw

’
F IR rrrye]

B
e

»

\Q‘Y\ £
s
\3\1&\

. \ iy L

W Lonwe
iy 2 1 s A

waVY

—
a4
e

3 Wacuuse” ik

D LI B-F
P

TN PAEE T T Tow O LN\/ ¢

h

4 3 i 5 ‘s v

4w = W
ll.\d\ulwln.‘y\ to\k. A . n.
TSN

2 L

- TEat
b s — -

(RO RN KDNT Yw)
e 2O B LA /
LISF 98 o 20 AN AW Lo

-

el w Wk v G

PO Ko T TR~

LA d \-l\ )
BN L s py
i id - ?l ~

l.\.’.l' \ﬂ\vl k¥

Fwr —— -

TN T T, .\.\\\\\\\«\W\\\‘\\WA TIIITD e 77 \\\«M
N\ \..g.

N\ %
yaid

lf.rll..ql.lx. S

: u\“

e 4 [

TP “
D wossas ' -~

iy L AT WY ot
! - -

T e
(.

_ g ] *-.l. -
gar ==

o

o

i
i
|

| @i

WA, " LS — i‘ -

’[

lm

1
|

‘w.uﬂ. e J.aH#M!nﬁl«/

ﬁ.[‘ 40..0-.- — ——

A
[ i
_ l.‘NxVilf-lllﬂ). 4 =

.“* =t
...,.... M “wnmw "

I TSR, n
1 .ﬁls + J‘n~

| “m | sware

T_u h.nv!:f‘;.
.‘.ihl...rngﬂu i

i

t
rq_m

a—
L% 2o H—1
b | m.HL !

i

LI..?!

L~..'D.m .w
.II\:M\‘ -!m r-*s
E I LR

ey 1%

‘r.r

il
i P -

ILI oo —ls
j5@yie el
S

fisr

<o sw)




T e T

604

lnstruction Manual
/ ) o e

g

PART D = CRANKSHAFT AND BEARINGS {Continued)

UsT CLEARANCE.
the arankshaft,

measured
tinuous

AFT ALIGNMENT AND THR
hasized that axCEssive erankshaft eflection can lea
poth time and Money. It is recammended Tt o
immediately aftel grouting of chocking of the unit, the day oeior initial

ration, and ot six month intarvsls therestier. Refer 10 Transarnerics
D-1053 (see figure 60-4) for an outiine of th
and thrust clearance readings. Copies of this form may be ob

¢ catastraphic {ailure of
nd thrust cleerance be
first saven days of con
Compressar Division Form
ging both getigenon

CRANKSH

; ' It must be emP
/ This is costly in

4 to an uitimat
snkshaft alignmant
start up, after the
Delaval Engine and

ese procedures. Note that spece 1S proviged for recor
1ained from Transameiica Delaval,

produce satisfactory
ert No. 165,
be mounted
s follows:

CHECKING THRUST CLEARANCE.
Experiencs has shown that the feeler gaug? method of mescuring thrust clearance does NOt always
results. The dial indicator mathod is [ecommenced 1o produce the gesired accuracy of readings. A 51arr
ot similar, type dial indicator with magnetic base and extention fed long enaugh 10 allow the indicator 10

batween the engine and flywheel with the spindis pearing on the frywhael. Check thrust clearances @

ast one-halt revolution 10 estabilish an ol

ne over at le
crankshaft,

BRA) lubnicating oil pump. Bar eng!
mit gasy movement of the

ngs and the journais. This should P
2, butwaen frame and flywheel,

. Stun suxitisry {

film between the main beart
Spindle of indicater must bear

b, Mount dial indicator on rear ot enging fram
on fiywheel to measure horizontal movement of the crankhaft.
as a heavy. spade-

inside the engine.
gh to

sntal plane with 2 Bry bar such
an enough for use
bar deeply enou

nd aftin the hotiz
eet long Make sure Dar 8 cle

The crankshaft meay be moved forward 3
de crankcase. Do not nsart

s
type, tempercd steel digging bar, soproxunately sin §
Insert bat between fear rank web snd ncarest frame member Nk
damage either the main bearing sheil or the gankshaft journal.
1| the way forward,

arcase end as far as it will go. 1f the crankshaft s @
and the rex thrust

shaft rear thrust collar
the minus girection.

forward, towiards the 9¢
0.0015 inch feeler gugs etween the oran«

for st least 0.050 inch movement towards

Noto

moved to the limit of its possible
engine over with tha bamming cevice

wshiaft with 1he bar to move It

d. Prygank shaft

it should be impossible to insert 3
ring. 2ero the dial indicator, allowing

traval by use of the pry bar alone. it

It crankshatt cannot be
whilg at the same time exeruing

may be necessary to bar the

s horizantal force on the oan
end. Pry crankshaft to the red

ear, wowards the flywheel
torward crankshdl

e. Reposition MY bar to move cranksheft 1o the r
s far as it will go 3% indicated by the inability to insert 8 0.0015 inch faeier gaUge between the

Jarust collar and the forward thrust fing.
dial is the cankshaft thry

or. The number of thousandths (minus) indicated on the
5t clearan)

appropriate space on Form D-106£3, and compare with previous thiu

1. Cbserve dial indicat
clearance. Record reading in the

readings.
H
H tiote
|t there is sny coubl 25 10 the acSuracy of the reading, repest procedure.
\
: e : and
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PARTD - CRANKSHAFT AND BEARINGS {Continued)

cﬂANKSﬂAFT WEB DEFLECTION.

The imporntance of cankshatt wed deflection messuryments is such that the care and attention to detail required to
obtain and record theie messurements cannat be overamphasized. Placsment of the dial indicator 13 vital i accurate
readings e 10 be obtained, Form D-1053 (see figure B.0-4) Qusirates the five pasitions of the & ankghaft at which wed
detiections are to be messured, and the swrting position of the crankshalt for sach crank web. Cares must D¢ exercised
1o insure that the dial indicator is positioned in the center of the web, exactly oppasite the center of the crankpin, and
one-fourth inch from the edoe of the cankweb. Take defiections as foilows:

s. Renove engine side doors 10 gain 2cTRss 1o the crenkcase.

b. Bar engine over in direction of normal retation with tarring deviers yntil number one crank is 52 degress
after vertical bottom centec.

= Insart dial indicator between web for number ong crank. Double check that erankshaft is peoperty positioned.
i not in correct pasition, it is possibie that the connacting rod will knock the dial indicator out of the web asine
engine is parred over 10 118 next position. Insure the two bearing points of the indicator are \n a line exactly parailel
to the centerline of the gankshaft, If indicatot is not parailal, erroneous reacings will be obtained. Zero the indicatar.

d. With the dial indicator in place end not disturbed, bar the engine over, stopping 3t each pasiticn {2.3.4 &5)
as indiated on form D- 1083, Record reading at esch position i mils (plus of minus) in the appropriate spic for gzch
position.

e. Repaatentira procedurs for each cankshatt wab and record readings on Form D-1083.

{. Compare all readings with each other and with previous Medsurements. Evaluate results, pased on the
standards set forth in the fo'lowing paragraen. and determuns nesd for corrective action.

DEFLECTION STANDARDS.

It the deflection in #0Y crank of an engine in service exceeds 3 mils {0.003 inch/0.0762 mm], corrective action i§
indicated. If the detiection in any web exceeds 6 mils {0.008 inch/0.1524 mm), the engine should be taken out of
service until the fault is corrected. Corrective action is 310 necessary of the 1otal geflection in any Dau of adjacent
eranks excrods 3 mils. For example. if the geflection in one crank is plus two mils, and the detlection in an adjacent
erank is minus two rmils, the total ceflection is four mils, and corrective scTi0N 1% indicated.

CORAECTIVE ACTION.

The nsture of the corrective action needed 10 desl with excassive crankshaft deflections will yary, depending upon the
specific cause of the defect. The cause may be worn main bearings, improper foundation bolt torque, the foundation
itsel!, or the growting, misalignment of the engine and/of driven equipment, or 8 combination of elements. For instance,
excessive deflection 3t positions two, thres oF four in the o ank web adiscent to the extarnal shatiing on engines having
8 solidly coupled connecting shaft wsually indicates misslignment between the connecting shafting and the enging
erarkshatt. In some cases replacament of main bearings may corract the problem, and often the probiem s correctabie
by reslignmant of the engine. if one portion of the ergine base is found 10 be lower than other parts, it may B2 neces
sary to jack the base with jacking screws and shim the low erea. 1t must be emphasized that engine alignment is2
complex, trisl and error procedure which should be uncertaken only By experienced and qualitied personnel who are
capable of correctly interpreting the wabd deflaction patisrn, and of taking the appropsate measures to correct defects.
It is recommended that the Transamerica Delsvat Engine and Compressor Division Customer Service Department b2
consuited prior 10 ynderiaking any corrective measures invaliving 8 suspected OF confirmed c enacase alignment proglem.




COMPONENT TRACKING SYSTEM PERRY M.I'L!.ll STATION

LIST 20A - SITE AND INDUSTRY COMBINED - BY UTILITY MRMEER
EXPERIENCE ITEMS ADDED TO COMPONENTIS AFTER 7/1/84 ARE DATED.
EXPERIENCE ITEMS REMOVED FROM COMPONENTS AFYER 7/17/84 ARE DATED.
EXPERIENCE ITEMS UPDATED AFTER 7/31/84 ARE DATED.

OWNERS GROUP come DESIGHM QUALILITY DESIGN QUALITY
cone NO CLASS RVH RVL ACC ACC
03-550 B X X S z

e e L e e L s L e e e e e R Ry s ]

FOUNDATION BOLTS - ANCHORS, BOLTS, MISC. HARDHARE

B TR T )
PERRY EXPERIENCE:
NONE

B e e e
RECOMMENDED DESIGN REVIEW ATTRIBUTES:
1) REVIEW SEISMIS QUALIFICATION REPORT.

B e ™
RECOMMENDLD GUALITY REVALIDATION ATTRIBUTES
1) ASSEMBLE AND REVIEW EXISTING DOCUMENTATION,

R e e e L L e L e e e S e R R SR s S et ]

NUCLEAR INDUSTRY EXPERIENCE:

1) DIESEL GFNERATOR TRIPPED., TINSPECTION REVEALED DAMAGED KOD, MAIN BREARINGS, CRANKSHAFT,
SEVERAL PISTONS, A BASFPLATE MOUNTING SCREW FOUND LOOSE, WHITH MAY HAVE NOT ALLOWLD UNLFORM
EXPANSION, MAY HAVE CONTRIBUTED TO FAILURE. ANALYSIS FOUND C(L WITHIN SPECIFICATIONS.
SOURCE @ NOS M, HUFACTURER:

LER ARKANSAS NUCLERR 2, 268-78016, 781109 FATRBANKS -MORSE

RPN AN AR AR AR P AN A AR AR AR SRR AR VAR EARABERERRFEFERR A RAREEEREAARER A AP R AR A AR AE TR

NON-NUCLEAR INDUSTRY EMPERIENCE:

1) SEVERAL ENGINE BOLYS SHEARED OFF DUE TO AN EXCESSIVE GAP BETHFEEN THE ENGINE SKID AND
FOUMDATION PAD. RAFHA/SAUDI ARABIA
SOURCE ¢ NOS:

OTHER TELEX FROM BATILEY (TDI) TO G. KING 1TDI) DATED 04/15/81 (FILE $T-42)

2) ENCINE FLEXED ON FTOUNDATION CAUSING ENCINE COVER BOLTS TO BREAK. CAUSED BY GAP BETWEEN SKID

AND CHOCK PLATES. TDI HAND GROUND CHOCK PLATLS TO ACHIEVE FUILL FACE CONTACT WITH THE SKI1O.
SOURCE : KOS

CINIR TELEX FROM BAILEY (TDI) TO DELAVAL HQ (FILE NO. T-49)
LRAFHA/ZSAUDT ARABIA)
3

(DELETED 10/31/84)
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2. ¥n's §1A and 72A are locals d in t} forward ongine room, ;o8
HOE's +18 an 75 ave located In the aft encine rotuly & 38, Eoach en: ine

PT) :

]
drivés a different generator ir B-2E.

3, The MDE's have nine bearings on the erankshaft with nunber 5 bearing

the center bearing.

4. RNORTHWIND's engines were manufactured in 1972 and all applicable

Service Information Memorandum (5IM's) were incorporated at that time.,
P
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17. Bolts moaufactoured in accordarnce with MIL=8-0N1222C (SHIPS) Grade ]
hot rolled steel have a tensile strengih of 60 = 107 ksiy whereas, Grade
8 bolts (less than 2-172") would have tensile strength of 150 = 170 kel

18. Specifying torque {s not a good indication of the tensile force in a
bolt due to a wide variance in torque coefficients with lubrication typo.

19. The stress in the Chockfast Orange chocks was degioned to be 454,29
psi. (See enclosure 49). Engine torque adds an additional + 10,2 pci of
chock loading. This is within the desipn criterid recomended by
Philadelphia Resin Co.

20. Transamerica Delaval's SIM 2 230 of 11/4/71 pernits the use of
Philadelphia Resin Co. IPR-610TC (Chockfast Orange) under mavine engines.

21. During initial jnstallatien of DSR-46 engines, the Pogition 3
erankweb deflection at yoth end throws should be +.002" and at the center
throw =.00075" to allow for difierential engine and generator provth.

22, Transamerica Delaval SIM & 237 of 4/25/72 states that, for Model "R"

engines with 13" crankshaft, if crankwab doflections are in the rvange of
.0045" to .0090", investigate and correct. The engine is to ba taken out

of service if crznkwed deflections exceed 009", DSR-46's are Model R
engines.

23, Transamerica Delaval Form p-1063 allows a maxinum of 003" eranikwedb
deflection on engines in service before any corrective action is required.

24. Transamerica Delaval Form nN-1036 is for use during initial
jnstallations, when trying to achieve the bast possible alignment.,

25. On NORTHWIND the mazimum recorded MDE crankweb deflections to date
were!

$1A MDE ,0055" on 18 Dec 1678
$1B ¥DE ,0032" on 14 MNov 1978

¢2A MDE ,0085" on 22 Jun 1970 (this is a one-time occurrence; other
maximums were .0035" en maay occasions)

£28 IDE .0030" on 15 Dec 1978 r

26. lot crankweb deflections must be taken in order to get a true picture
of engine alipnment. The engines wust be run under load 8 = 12 hours in

i _order to get hot crankweb deflections.

27. The taking of crankwed deflect’ i+ required, by par. 0412.5 of
cG-413 (BEM), only after each o+’ = rarksul, unless damage is suspected
s @ result of grounding.

PERpE——— L R
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8. NORTHWIND's MDE foundation bolts vere sounded wmore frequently than at

the 4100 hours of engine oprration recommended by Transemerica Dalava
and required by CC~413 (NEMD.

99 . Loose ¥PEZ foundation holts were found by NORTHWIND' hips force late
in February 1978, However, this infoomatien wis not passed up the chain

of commond.

2 foundation bolts has at times beon done by

2" body bound bolts were

30. Sounding of the K
inexperienced personnel. At times, only the

sounded.

31. The command became aware of leose MDE foundation bolts late in August
]

1978. However, the Comnanding Officer did not fully appreciate the
] . P e
problem until early October 1%78.

32. Transaverica Delaval SIM £ 64 sots the torque value for main bzariug
cap bolt nuts at 1500 ft.~1bs., for hot rolled steel foundation bolt nut
at 700 ft.-1lbs. and for 4140 HT stcel foundat on bolt nuts at 1400 ft.-

ibs.

33. On 30 May 1979, Transamerica Delaval cfficially notified the Coast
Cuzrd in a letter to CDR J, D. Vitkauskas, CCCD5{mmt), of aa increcase ir
the recommended torque value for the main bearing cap nuts to 2,050
ito‘le- .

3%. Transamerica Delaval SIM # 64B states that active bolts, such as
foundation bolts, will be broken when the preload i allowed to decrease

to the point where movement cam occur between bolted parts., Breakage
usually occurs in the threaded area. The torque specificd is SIM & 04 is

sufficient to prevent cyclic stretching and relieving, and must be
retained.

35. The chocks removed from under the MDE's carried the impression of the
structural foundation roughness and the machine marks on the engine base.

36, Five MDE foundation bolts were chemically and physically tested, the
result being that: 1 bolt was similar to AISI 1020 of ASTH-103, 3 bolts
were similar to resulfurized AISI 1116 of Fed. Spec. QQ-5-637, and 1 bolt
was similar to AISI 1018 of ASTH A-1083,

37. Resulfurized steel has a reduced fatigue limit 2s opposed to
conventional steels.

38, Not all the foundation bolts installed on NORTHWIND during
re-engining were available when the iavestigation started. Thirtesn 2"
bolts, and 23 1-1/2" bolts were recovered. One 1-1/2" bolt had its head
broken off.



39. The untlireaded leagth of 13 of the 175 2 fou ' : bolta varied
from 9.0025" to 9.1875".

40. The unthreaded length of 23 of the AD 1=1/2" ¥E feundation bolts
varied from 9.4375" to 10" with 12 bolrs having unthreaded lengths
greater than 9.75".

41, The major thread diameter of 23 of the 40 1-1/2" MDE foundation bolts
varied from a maximum of 1.497" to a minimum of 1,491".

42. The major thread didmeter of 13 of the 16 2" MDE foundation bolts
varied from a‘maximum of 2.0005" te a minimum of 1,9938".

43, As designed, the nominal distance from the top of the engine base to
the bottom of the bed plate was 9-1/2".

&%, The 15 main bearing saddle on all RORTEWIND's MDE's was fractured in
the vicinity of the alignment dowel pin boles and the main bearing cap

bolt holes.

45, Repairs to the #5 main bearing saddles invelved machining out portion
of the saddle and installing steel block in vay of the machining.

46. Recent engineering studies done by Tronsamsrica Delaval show that
when the DSR-46 engine overspeeds the inertial forces created by the
moving parts is of sufficient magnitude to cavse ralative motion batween
$5 main bearing cap and saddle. This could initiate cracks in the
gaddies.

47. To operating personnel, NORTHUIND's MDE's 1B and 2A appeared to
vibrate more than the other two !DE's.

48. NORTHWIND experienced the following vibration related casulaties?
a. Fractured & turbo charger mounting bracket bolts,
b. Fractured 3 exhaust btellows.

¢. Many lube oil and water pump failures, with associated piping
failures.

d. One exhaust pipe failure.
e. Three governor failures.

49. The foundation bolts nuts did mot require excessive forece to remove
in October 19783,

50. Dye penctrant checks of one 1-1/2" bolt, which was split in half, did
not show any fractures anywhere along the bolt.

T ———————————— R S
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Sumnary of telephone call with Mr. J. Wilsen of Philadelphia Resin Co. en
2 April 1979

1. Chockfast Ovange chocks are desipned so as Lo limit compressive
stress to 500 psi which is well below tha co nressive streagth of the
material (19,000 psi). Tnxs des)gu rr:tcrin is based on small scale
testing done by Lloyde. The tests done ave sensitive to specimen sizeg
but retesting using larper specimens $o as to inciease allowable load was

not - justified. Failure during Lloyds testing was by crecep.
2. & chock removed from NORTHWIND was szent to Philadelphia Resin for
teeting and found to be within specifications for the material, No edpe

i

~t
cks

indicating creep was seen. Satisfied that the cho por forme

cted and did not couse the problem.

bulging
as ‘expe

3. Cormercial wvessels fitted with diesel enpines often have loose
i
foundation bolits.
4. Shoreside industrial applications are often Mosigned for a continuous
load of 1,200 psi and intermittent loads of 5,000 pai.
5. Chockfast Orange is not subject to fatigue failures. The chocks

S

would have a polished appearance if the engines vere sliding on the

chocks.

6. The maximum possible chock area should be used., The original Wind
Class chocks were somewhat small for 1,400 {t.-1bs. foundation bolt
torque if the chock loading was to stay below 500 psi. The Coast Guard
chose to use less bolt torque against the recommentations of Delaval.
7. Pins should be installed on the foundation in the vicinity of the MDE
chocks so as to provide a means whereby any relative motion between the
engine bed and the foundation can be measured.

E

Enclozure (21)
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TASXK DESCRIPTION WO, 02=-10-02~341A
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COMPONENT pisten DOCUMENT NO CR-LRev. 1

FART NUMBER 02-3451A SCHZDULID FCR

eNTS PART NUMBER 03-341A

ivea

FASK DZSCRZFPIZ

1) ricz i llation perform LP inspe 3 of new piston skirts.
Map all linear icaticns in stud boss ar ccument with
phctsg:aphs.
2) Aassemble and review any documentation,

NOTL: To be perfcrmed on all station eigines.

—
TTHRIOU

+ud boss area. 2) Quality status cf compe

- r = S Y Y-Rd e ———
-"':s TO 5= ’ZR:?I:‘D: )] eaiitia ancCiCds

ACCZOTANCE CR =1 Ko linear indicatiocns (see attached)
{(Document indications via photographs) 2) Acceptable
documen

R:.-.-- —r
8 PRS0
& smabinat

DOCUMENTATION R Document Summary Sheet, Inspection R
' Photograph of any cracks.

GROUP CHAIRFERSON 0 St LT ° pROGRAM MANAGIR Nl el
)

EONMPCLET REViILW:

§TAND COLCLUSIONS: ‘coses ynit 1, Train 8 (Serial No. 76002)

New tyne AE pnistons to replace old tyne PH nistons. New No. 8R piston skirt
was received with an area of the stud boss 1in ground down below the rest of
the machined surfacs (approximately 4/32" deed by 1" long). New Ho. JL nisten
skirt showed one lingar indication in the stud beoss 1is which has beesn around
out by TUGCD. The ground areas of both of tnese nisten skirts serve no struc-
tural purpcse and are accentable for usa.

PROGRAM [WNAGE!
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GILBERT/COMMONWEALTH
QUALITY ASSURANCE DIVISIORN
INSPECTION SERVICES REPORT

3 0454-84~80
Nov. 20 = 23, 1984

CLIENT: Cleveland Electric Illuminsting
VENDOR: Traansamerica Delaval, Inc. (TDI)
UNIT: Perry Nuclear Power Plant - Unit 1 & 2
LOCATION: Oakland, Ca.
VENDOR PURCHASE ORDER: Q-3003-69, Chg. 2
PRINCIPAL CONTACT: Doug Stuart
EQUIPMENT SPECIFICATION TITLE: Class IE Diesel Generator Units
SPECIFICATION NO.: SP-562-4549-00, Rev IV
INTRODUCTION & PURPOSE:

G/C, Inc. was notified that 20 of 37 skirts were ready for magnetic
particle examination (hold point) and for sauple inspection of the final
dimensions (hold posint). Also, tweaty (20) piston ring sets were ready
for visual inspection.

The purpose of this visit was to witness the magnetic particle
examinations of the skirts, perform final dimensional and visual
inupections of the skirts and piston ring sets, perform a documentation
review, and issue a certificate of imspecticn upon final acceptance.

SUMMARY':

G/C, Inc. witnessed the magnetic particle examinations performed by TDI
on twenty (20) piston skirts in accordance with procedure 600-30, Rev., 2
with D4955. G/C, Inc. performed a final visual and dimensional
inspection, on a sample basis, of the twenty (20) piston skirts and ring
sets. G/C, Inc. reviewed the documemtation package. Only a
certification of heat treatment was provided. The heat treatment records
are to follow as authorized by CEI letter FY-50/000-29249 (11/23/84).
6/C, Inc. performed a visual inspection of the clesning and packaging for
shipment. The piston skirts were tagged with metal tags wired to each
skirt. The piston ring sets were tagged with paper labels on each of the
ring set boxes as authorized by CEI letter (11/23/84). All of the twventy
skirts and ring sets were found to be satisfactory. C/Cy Inc. issued a
Certificate of Inspection.
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Dimensional: (Cont'd.)

Five (5) piston skirts were selected. The outside diameter, height,
thickness of the skirt, pistom, ring grooves, o-ring grooves, wrist pin
bores and tin plate surfaces were checked and found to be satisfactory
and within the tolersnces and surface finish specified in the part number
DWG.=03-341-04~AE, Rev. F.

The following piston skirts were dimensionally inspected:

SERIAL NO. HEAT NO.
M13 702K
M79 750K
M86 751K
M6l 748K
M78 750K

The following calibrated inspection devices were used:

DESCRIPTION SERTAL NO. CALIBRATED DUE
Depth Guge Set 030-C 10/84 01/85
Verner = 26 inch 026-B 10/84 04/85
Blade M/C (15-16) 016-B 10/84 01/85
Micrometer (16-17) 017-H 10/84 01/85
Go/No Go Gage (.501-.503) 297-R 08/84 02/85
Set Ring (6.7495~XX) 325-p 08/64 02/85
Dial Bore Cage (6-12) 061~AJ 10/84 04/85

RONDESTRUCTIVE EXAMINATIONS

G/C, Inc. witnessed the magnetic particle examination of the machined
thrust collar seat and the adjoining radii at the four bosses (inside the
piston skirc) on all twenty (20) piston skirts listed under the "Visual
Section" of this report. The examination was cenducted in accordance
with TDI procedure 600-30, Rev. 2 and the acceptance criteria of D-4595,
Rev.=(12/21/83) using the direct contact method (circular) in accordance
vith para. 7.7 and 7.2 (each part examined twice 90 degrees apart) with
wet f{lourescent particles with blacklight. The particles wera applied by
flowing using the continuous sequence operation (para. 7.8). No
demagnetization was required. The areas examined were found to be
acceptable with no unacceptable indications noted. Two (2) piston skirts
did require blending with a grinder to remove linear indications =
approximately % inch long. The serial nos. were N29 (heat 754K) and N5
(heat 752K). The indications were removed, and the blended areas were
re-examined using the same method and found to be acceptable. The
blending did not affect the mininum wall thickness. The following
equipment was used and found in good condition, serviced and calibrated:






