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CLEVELAND ELECTRIC ILLt'itINATING Docket No. 50-4ID M ifu S - .N?!$ b " O
'

COMPANY, ET AL. 50 441iOL C d%
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(Perry Nuclear Power Plant,
Units 1 and 2)

AFFIDAVIT OF DREW PERSINK0
REGARDING ISSUE 16

I, Drew Persinko being duly sworn, state as follows:

1. I, Drew Persinko, am employed by the U.S. Nuclear Regulatory Consnission

as a Project Manager in the Systemtic Evaluation Progran Branch of the

Division of Licensing, Office of Nuclear Reactor Regulation. I have been

a menbar of the TDI Project Group since May,1984. I wrote the attached

staff SER on the Perry diesel generators which is partially based on the

o Pacific Forthwest Laboratory review of the Perry diesel genera tors.

A copy of my professional qualifications is attached.

2. The purpose of this affidavit is to address Intervenor's issue No.16,

which states:

Applicant has not demonstrated that it can reliably generate
emergency on-site power by relying on four Transamerica Delaval
diesel generators, two for each of its Perry Units.

3. The attached Safety Evaluation Report, based partially on a technical

review by Pacific Northwest Laboratory, provides the details of a staff

review of the reliability of the TDI diesel generators at Perry Unit 1. -
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2.

4 Pacific Northwest Laboratory performed a review of the 16 Phase 1 com-

ponents, ;i.ncluding the results of a teardown and inspection, the Phase

2 DR/0R report, preoperational testing and maintenance and surveillance '

as applicable to Perry Unit 1.

5. The SER also addresses the Owners Group program, preliminary conclusions

by PNL regardino the 16 Phase 1 generic components, and previous staff

conclusions on similar engines.

6. The staff concludes that actions taken by the applicant and actions

committed to by the applicant are adequate to insure that the TOI

diesel generators at Perry Unit 1 will be capable of reliably gener-

ating on-site emergency power.

7. The' conclusion is based on: 1) the Owners Group program and staff review

of that program, ?) staff review of the adequacy of the Phase 1 com-

ponents at PNPP Unit 1, including the results of the recent teardown

and inspection, 3) the Phase 2 DR/0P. review conducted thus far by PNL

for Comanche Peak Unit I diesel generators and the similarity of the

PNPP diesels to those at Comanche Peak, 4) previous staff conclusions

on similar engines at Comanche Peak, Grand Gulf, and Catawba, 5) pre-

liminary findings by PNL on the 16 Phase 1 generic components, 6) the

proposed preoperational testing program at PNPP, 7) the applicant's

commitment to implement a maintenance and surveillance progran at PNPP

which will receive staff review 8) the applicant's commitment to perform

:
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a torsiograph test and submit the results to the staff for approval,

9) the applicant's commitment not to use any cylinder heads which

have had through wall weld repairs where the weld repair was performed
'

from one side only and 10) the applicant's commitments to confirm that

Owners group reconinendations regarding random sample testing of pushrods

has been followed and verify that the proper torque has been applied

to the jacket water pump shafts as recommended by the Owners Group.

8. I attest that the foregoing affidavit is true and accurate to the best

of my kncwledge and belief.

}
I h a- om -

,

Drew Persinko

Subscribed and sworn to before me
this M day of :[dynt),1985

FcI0MB L.s N ec
Notary Public

My commission expires: )li

.
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PROFESSIONAL 00ALIFICATIONS
OF

-

DREW PERSTNK0

.

I am currently an Integrated Assessment Project Manager in the Systematic
Evaluation Program Branch, Division of Licensing, Office of Nuclear Reactor
Regulation, USNRC. -In this capacity I have been responsible for integrating
the results of 137 individual safety topics relating to numerous aspects of
nuclear power plant design and operation as they apply to one plant in SEP
and making decisions regarding backfit requirements. I have also been
responsible for the review of structural topics in SEP as they relate to all
10 plants in SEP. Since May 1984, I have been a member of the TDI Project_

'--

Group, reviewing the reliability of diesel engines manufactured by Trans-
america Delaval, Inc., as a result of the crankshaft failure at Shoreham.
In this capacity, I have been responsible for staff review of the TDI
diesels at Comanche Peak Unit I and Perry and have assisted in the reviews
on Shoreham, Grand Gulf, Catawba, and the generic component analyses.
Previous assignments at the USNRC involved review of the Trojan Nuclear
Power Plant Control Building structural modifications and masonry wall
issues at Trojan.

Prior to joining the USNRC in 1979, I was a graduate research assistant at
the Massachusetts Institute of Technology where I performed structural
research on the behavior of reinforced concrete frames subjected to seismic
loadings.

.

From 1974 to 1977, I was employed by E.I. DuPont as a structural design
engineer and as a construction engineer. In this capacity I was responsible
for the design of steel and concrete structures, which included butidings,
equipment support structures, footings, and machine and equipment foundations.
I was also responsible for all aspects of the field erection of part of a
multi-million dollar plant expansion project. Aspects of construction for
which I was responsible included electrical, civil, structural, piping,
mechanical equipment, quality control, quality assurance, and field design.

I graduated with honors from the University of Delaware in 1974, receiving a
Bachelor Degree in Civil Engineering. In 1979, I received a Masters of Science
in Civil Engineering Degree from the Massachusetts Institute of Technology.
My graduate research and thesis formed part of an M.I.T. report entitled
"Aseismic Design Procedures for Reinforced Concrete Frames." I have also
taken additional graduate engineering courses at Lamar University and at
George Washington University.

.

I am an associate member of the American Society of Civil Engineess, the
American Concrete Institute, Tau Beta Pi, engineering honor society, and Phi
Kappa Phi, honor society. While at NRC, I received a Special Achievement
Award in 1980 and a High Quality Certificate in 1983.

___. _ _. . _ . _ _ _ ___________ _ _ . _ _ _ - _ - - - _--__ _ _ _ - -
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UNITED STATES/- ',;,

I NUCLEAR REGULATORY COMMISSIONy j
WASHING TON. D. C. 20555*

Eo

''A . . . . ' #
FEB 2 5 SIS

MEMORANDUM FOR: B. Joe Youngblood, Chief
Licensing Branch #1, DL

FROM: Carl H. Berlinger, Project Leader
TDI Project Group, DL

SUBJECT: STAFF SAFETY EVALUATION REPORT IN SUPPORT OF
PERRY UNIT 1 SUMMARY DISPOSITION

.~.

Enclosed is a staff Safety Evaluation Report on the Perry Unit I diesel
generators in support of the Perry Unit I sumary disposition.,

~ .

,f The review was conducted with assistance from Pacific Northwest Laboratory .-

and staff diesel consultants.

Carl H. Berlinger, Projec Leader
TDI Project Group
Division of Licensing

CONTACT:'

'D. Persinko -
~

X2745'8

Enclosure: ~

As stated

cc w/ enclosure:
F. Miraglia
D. Crutchfield

| T. Novak -

| J. Stefano
C. Woodhead

.

.

|
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SAFETY EVALUATION REPORT ON |

TRANSAMERICA DELAVAL INC. DIE 5EL GENERATORS
PERRY NUCLEAR POWER PLANT UNIT 1

I. INTRODUCTION

'

Concerns regarding the reliability of large bore, medium speed diesel

generators manufactured by TDI for application at domestic nuclear

plants were first prompted by a crankshaft failure at Shoreham in

August 1983. However, a broad pattern of deficiencies in critical engine

components have become evident at Shoreham and at other nuclear and
,

|

non-nuclear facilities employing TDI diesel generators. These

deficiencies stem from inadequacies in design, manufacture and QA/QC at_
_

TDI.

The purpose of this staff report is to address Issue 16, admitted as a

contention in the Atomic Safety and Licensing Board proceeding on the

Perry Nuclear Power Plant Unit I which is owned by the Cleveland Electric

Illuminating Company. Issue 16, as admitted by the Board, states:

Applicant has not demonstrated that it can reliably generate

emergency on-site power by relying on four Transamerica Delaval

diesel generators, two for each of its Perry units.

II. STAFF RESPONSE TO ISSUE 16

'The staff disagrees with the conclusions set forth in Issue 16. The

staff disagreement is based on: 1) progress made by the Owners Group

in resolving reliability issues on the TDI engines, 2) staff review of

the adequacy of the Phase 1 components at Perry Nuclear Power Plant

(PNPP) including the results of the recent teardown and inspection,

3) the Phase 2 DR/QR review conducted thus far for Comanche Peak Unit I
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and the similarity of the PNPP diesels to those at Comanche Peak, 4)

previous staff conclusions on similar engines at Comanche Peak, Grand

Gulf and Catawba, 5) preliminary findings by PNL on the 16 Phase 1

generic components, 6) the comitment by CEI to implement a maintenance /

surveillance program reconinended by the Owners Group and Southwest

Research Institute which will be reviewed by the staff,1) preoperational

testing to be conducted as proposed by Cleveland Electric Illuminating

Company (CEI), 8) the applicant's comitment to perform a torsiograph

test and submit the results to the staff for approval, 9) the

applicant's comitment not to use any cylinder heads which have had

through wall weld repairs where the weld repair was performed from one

side only and 10) the applicant's comitments to confirm that Owners

Group reconenendations regarding random sample testing of pushrods has

been followed; and verify that the proper torque has been applied to

the jacket water pump shafts as recommended by the Owners Group.

A. Owners Group Program

In response to the TDI engine problems, thirteen 11.5 nuclear

utility owners formed a TDI diesel generator Owners Group to

address reliability, operability and quality assurance issues

relative to diesel generators used for standby emergency power.

The Owners Group was initiated on October 25, 1983. On March 2,

1984, the Owners Group submitted their plan to the U.S. Nuclear
.

e

Regulatory Comission. The Owners Group program embodies three

major efforts as follows:
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1. Phase 1: Resolution of 16 known generic problem areas

intended by the Owners Group to serve as a basis for the

licensing of plants during the period prior to completion

and implementation of the Owners Group program.

2. Phase 2: A design review / quality revalidation (DR/QR) of a

larger set of important engine components to assure their
-
-

design and manufacture; including specifications, quality

control and quality assurance and operational surveillance and

maintenance, are adequate.

3. Identification of any needed additional engine testing or

inspections based on findings from Phases 1 and 2.

A more detailed description of the program is given in the staff's

Safety Evaluation Report on the TDI Diesel Generator Owners Group

Program Plan dated August 13,1984(Ref.1). In that SER, the

staff concluded that the Owners Group Program Plan incorporates the

essential elements needed to resolve the outstanding concerns

relating to the reliability of the TDI diesel generators in nuclear

service and to ensure that the TDI diesel engines comply with GDC 1

and GDC 17.

!e

The Owners Group has completed its generic reviews of the 16 Phase

I generic components and has submitted those reports to the staff.

.
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The staff, with assistance from PNL, is in the process of reviewing

those Phase 1 component analyses. Although none of these reviews

has yet been published, preliminary conclusions have been made by

PNL and were presented at the Owners Group meeting with the staff

on February 11, 1985 and are provided as Enclosure 2 to this report.

These preliminary results have been favorable. Although in some

r__ cases outstanding items exist, these outstanding items in most

instances relate to appropriate maintenance intervals. Upon

finalization of these reports, all open items will be resolved to

the satisfaction of the staff.

The Owners Group has completed all Phase 2 reports (DR/QR). DR/QR

reports have been submitted to the staff on Catawba, Comanche Peak,

Grand Gulf, Perry, River Bend, Harris, and Shoreham. The Perry DR/QR

is based on the Comanche Peak DR/QR using Comanche Peak Unit 1 as

the " lead" engine in the V-16 category. PNL has not yet completed

any DR/QR reviews, however, much progress has been made in the

DR/QR reviews of Comanche Peak Unit I and Shoreham. To date, a

prelimi, nary review of the Comanche Peak Unit 1 DR/QR has not

revealed any circumstances that PNL considers to be significant.

Although some items remain open, all items will be resolved to the

satisfaction of the staff upon finalization.
9

- - - - _ . _ .- ------ -
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8. PNL Report

Enclosure 1 to this report is a preliminary evaluation of the adequacy

of the diesel generators at Perry Unit 1, Division 1 and 2 engines.

The report was prepared by Pacific Northwest Laboratory (PNL), which
'

is under contract to the staff to perform plant-specific and generic

technical evaluations relating to the reliability of TDI diesels.
_
~

PNL has retained the services of several expert diesel consultants

as part of its review staff.

.

PNL has reviewed information submitted by CEI with respect to

the 16 Phase 1 components, the Phase 2 DR/QR results, CEls proposed

testing plan and CEIs maintenance and surveillance plans.

"

The Phase 1 components were reviewed by PNL with respect to the

Owners Group status, implementation of Owners Group recomendations

by Perry Nuclear Power Plant (PNPP), and the results of a teardown

and inspection at Perry including subsequent disposition of ncn-

conforming components. PNL has concluded that these components

are suitable for their intended service with the exception of the

crankshaft. PNL reservations on the crankshaft are based on the

present lack of torsiograph results. The applicant is planning to

perform these torstograph tests as recomended by the Opers Group

in March. Upon completion of these tests, PNL will review the

results and determine whether the crankshaft is adequate for full

rated load. It should be noted that subsequent to meeting with CEI,

j
._.
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the applicant has informed the staff that a torsiograph test was

performed under conditions expected in the field and that the measured

fourth order critical speed was close to the calculated fourth order

critical speed (438.2 rpm vs. 438 rpm). Therefore, the torsiograph

tests to be perfonned in March are expected to confirm the crankshaft

analysis. PNL has also noted that the 4R cylinder head on the
~

Division 2 engine contains a weld repair in the fire deck area.

The staff has not accepted through wall repairs in the fire deck

area of the cylinder heads where the repair was perfonned from one

side only. The applicant has infonned the staff that the weld repair

on the 4R cylinder head was 'not through wall and will submit infor-

mation to the staff to demonstrate this. The applicant has

comitted not to use cylinder heads which have had through wall weld

repair where the weld repair was perfonned from one side only. PNL

also recomends that the applicant verify that Owners Group reconsnen-

dations regarding sample testing of pushrods, and proper torqueing

of the jacket water pump have been followed. The applicant has

comitted to verify these. The staff has previously concluded that

bottoming out of the air start valve capscrews will not occur at
6

Perry (Ref. 2).

PNLbelievesthattheDR/QReffortsforPhase1and2cyponents
at PNPP will be adequate based on the similarity of PNPP to

Comanche Peak Unit I where PNL has conducted a review of the DR/OR
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effort on Phases 1 and 2 and has reached the preliminary conclusion

that no open items are of sufficient concern to require resolution

prior to licensing. CEI has reported that the Perry diesel ' engines
1

have been found to be the same as those at Comanche Peak with the ',

!
!

exception of the following 11 of 171 components:

1. 02-695A - Engine Shutdown Equipment: Tubing / Fittings and
|

Supports.
1L 2. 02-45DB - Fuel Oil Header: Fuel Oil Supports.

.

| 3. 02-717M - Auxiliary Sub. Base & Oil & Water Piping: Fuel Oil
i

Supports / Supports.

4. 02-717I - Auxiliary Sub. Base & 011 & Water Piping - Lube Oil:

Mounting Hardware.

5. 02-315A - Cylinder Block

6. 02-441A - Starting Air Manifold: Piping, Tubing and Fittings.
I 7. 02-310A - Crankshaft.

8. 02-465C - Lube Oil Lines External Supports.
:

! 9. 02-4678 - Turbocharger: Lube Oil Fittings - Supports.
!

| 10. 02-CFR - Turbocharger Thrust Bearing Drip Lube System
|

(Small Boroscope only).

11. 02-441C - Starting Air Manifold: Supports.

e
Of these, items 5 and 7 are Phase I components and are reviewed in

n

the attached PNL report.
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Of these 11, PNL has judged that only the crankshaft, discussed

above, is significant. '

|'

PNL has concluded that the preoperational testing proposed by CEI

is adequate to demonstrate engine operability. PNL concludes that

those tests are sufficient to detect any abnormal engine behavior.
j-
,

i

PNL has not reviewed PNPPs proposed maintenance and surveillance

program in detail; however, PNL has noted that CEI has agreed to

implement the maintenance and surveillance reconenendations of the

OwnersGroup,theTDImanuals,SouthwestResearchInstNuteaswell

,
as standard CEI practices. The staff has requested a maintenance

,

! and surveillance plan from the Owners Group for each category of TDI
|

engines for staff review. Since maintenance and surveillance plans

| will be reviewed by the staff, PNL concludes that an adequate niain-
i

tenance and surveillance plan will be in effect at PNPP prior to

licensing.

!

C. Previous Staff Conclusions on Similar Engines

Perry, Comanche Peak Unit 1, Grand Gulf Unit 1, and Catawba are all
i

DSRV-16-4 engines. They consist of 16 cylinders arranged in a " vee."

, The staff has performed reviews of Comanche Peak Unit 1, Grand Gulf
! '

i Unit I and Catawba and has issued interim SERs on each.

i

L
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The SERs are " interim" in that they were issued prior to completion

of the Owners Group Program Plan and staff review of Owners Group

findings. The staff SER on the Owners Group Program Plan dated
s

August 13, 1984, specified considerations which must be addressed

by individual utility owners requesting a full power license prior

to completing implementation of the Owners Group Program Plan and
~

prior to completion of staff review and approval of Owners Group j

findings.

The SERs addressed engine inspections performed and results.sbtained,

preoperational testing and proposed maintenance and surveillance.

The conclusions reached in the SERs were predicted on the following

assumptions:

1. The emergency service requirements do not exceed an engine load

corresponding to a brake mean effective pressure (BMEP) of 185

psig (approximately 5740 kw). The need for this assumption is

based on concerns regarding the acceptability of crankshaft

stresses and AE piston skirt stresses at higher BMEP loadings

and because of open items in the implementation of the Owners

Group Program Plan.

p

2. All future engine testing, including surveillance testing

required by the plant Technical Specifications, will be limited

to within 5% of the nominal engine load where the upper limit

of this load range corresponds to a BMEP of 185 psig.
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3. Results of PNL are plant -specific and applicable during the

first refueling cycle with the understanding that the applicant

will implement all applicable recommendations of the Owners

Group and staff.

The staff required that final evaluations and recommendations from
-

the TDI Dwners Group Program and the licensee's actions in response

to that program be submitted for NRC review and approval before plant;

restart from the first refueling outage. The staff also required

1) revisions to the FSAR, as appropriate, to demonstrate that the

maximum emergency service load requirements are within the 185 psig

BMEP load limitation, 2) plant Technical Specifications to limit

engine surveillance tests to within 5% of the nominal engine load

where the upper limit of this load range corresponds to a BMEP of

185 psig, and 3) operating procedures to include a precautionary

note to the operator to ensure that loads will not be added

unnecessarily to the engine which cause the 185 psig BMEP to be

exceeded.

.

Subsequent to imposing the engine load limitation primarily due to

AE pistons and crankshafts, operating experience obtained from both

the TDI R-5 test engine and from the Shoreham EDG 103 confirmatory
e

test leads PNL to now conclude that AE piston skirts are adequate

for full load. However, the load limitation remains in effect on the

crankshaft until the torsiograph test is run at PNPP and PNL reviews

the results.

.. . - _ - ,
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In summary, the preliminary findings by PNL from PNLs review of the

Phase I generic components are that all Phase I components except

the crankshaft are adequate for full load with appropriate maintenance

and surveillance. PNL is presently unable to conclude that the

crankshaft at PNPP is adequate for full rated load because a

torsiograph test has not yet been performed in the field. The

applicant has stated his intentions to perform such a test in March

where upon the staff and PNL will review the results.

CEI has stated that maximum load on the engines occurs on the Unit 1

Division 2 engine for the case of loss of offsite power and is 5634

kw. Loss of offsite power loads in conjunction with LOCA loads are

lower. The information is contained in Amendment 15 to the Perry

FSAR and is under review by the staff.

Perry Unit I has essentially performed the major actions the staff

considered necessary for the licensing of Grand Gulf and Catawba.

These actions consisted of a teardown and inspection, implementation

of Owners Group reconnendations and verification that load demand is

less than that corresponding to 185 psig BMEP.
I

i

|
|

|

.- .-_---_____._.._ _ -_ - _ .
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III. CONCLUSIONS

With respect to the TDI diesel generators at Perry Unit I the staff

concludes that actions already taken by the applicant and those proposed

to be performed prior to licensing are adequate to insure that the TDI

diesel generators at Perry Unit I can reliably generate emergency on-site

power.
,

-

This conclusion is based upon: 1) the Owners Group program and staff *

review of that program, 2) staff review of the adequacy of the Phase 1

components at PNPP Unit 1 including the results of the recent

teardown and inspection, 3) the Phase 2 DR/0R review conducted thus far

by PNL for Comanche Peak Unit I diesel generators and the similarity of

the PNPP diesels to those at Comanche Peak, 4) previous staff conclusions

on similar engines at Comanche Peak, Grand Gulf and Catawba, 5) preliminary

findings by PNL on the 16 Phase 1 generic components, 6) the proposed

preoperational testing program at PNPP, 7) the applicant's commitment to

implement a maintenance and surveillance program at PNPP which will

receive staff review, 8) the applicant's comitment to perform a

torsiograph test and submit the results to the staff for approval,

9) the applicant's comitment not to use any cylinder heads which have

had through wall weld repairs where the repair was performed from one

side only, and 10) the applicant's comitments to confirin tigst Owners

Group recomendations regarding random sample testing of pushrods has

been followed; and verify that the proper torque has been applied to

the jacket water pump shafts as recomended by the Owners Group.
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.
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Information' Considered by PNL in
Reviews of Resolution of~K'nown
Probleins -.

..

o Owners' Group reports on known problems

e Operatir.g experience in nuclear and non-nuclear
applications

' ~e Plant-specific reviews -

- Grand Gulf I: July?
,

- Catawba I: August)
- Comanche Peak i: September?
, San Onofre I: November)

.

'. -

- Shoreham I: December) '

, . .. ..

;

% __ __ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _____ _ __ _ -_ _ _ ____ __ _ _ . _ _ _ _
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Air Start Valve Capscrew
.

-

Type Failures:
-

1) Loosened capscrew at Shoreham and
Grand Gulf due to bottoming-out during
torquing '

. .

:
2? No failures have occurred

'

e ;
''

, ,e . 'e

- -
-

- - -.
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i

| Air Start Value Capscrew
|

.

.
.

j -

| Conclusions:
:
!

!

i Capscrew design is adequate, providing that
| - sampling procedure established to ensure
| capscrews are of specified length
| - installation is made according to SWEC
j recommendations
:

'

|
;

; M/S Recommendations:
!

.

. ,.'' ,

Capscrews are retorqued each refueling outage|

; , . .- .
,

.
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Au'xiliary Module Wiring and- -

. iTerminations ,,

-

.
.

'

Concern: -

Suitability of all class IE auxiliary module wiring and terminations
- Flame retardancy
- Qualification to industry standards "

- Routing in conduit
- Compatibility with circuit requirements

Conclusions:

PNL concurs with OG that wiring and terminations are adequate
with indicated modifications ,

.

- Shoreham
.

- Replace crankcase ventilating fan wiring
- Inspect sliding link terminal block

.

- Gatawba' '
-

- Replace wiring of questionable integrity
- Inspect sliding link terminal blocks ,

'

- San Onofre .' :'

- Replace wiring of questionable integrity
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Connecting Rods .
.

'

(DSR-48 Engines)
.

..

Type Failures:

1) None reported in nuclear service

2) One failure in non-nuclear service after
8000 hours at 1975 psi peak firing
pressure

i .''

.,

, . . . ..

- _ _ _ _ _ _
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!~ Connecting Rods -

~

.

'

{DSR-48 Enjines) -

.
.

| -
,

,
.

i Conclusions:
|

'

,

PNL concurs with OG that -

- Rods adequate for intended service
- Indications in rod eye bushing within 15 of

bottom center are not acceptable
- Rod eye cracks more.than 0.04 inch deep are not

acceptable ..

- No detectable cracks allowed at root of rod bolt
threads

Recommendation: '

;
, ,

.

Connecting rod bolt preload should be checked at
each refueling ' outage -

.

_ _.
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! Connecting Rods - -
-

.
.

{DSRV-4 Enginesr'
-

,

*

.

1

i Type Failures:
|
!

1|| None in nuclear service
! -

.
. ..

.

2;l Fatigue cracking of connecting rod :

; bolts, link rod box, and fretting of
serrations (non-nuclear service:I

.

g 9

9
e e' e



Connecting Reds i' J
-

~

[DSRV-4 Engines)
.

-

,,
.

.

Conclusions: --
,

'

1? Analytical evidence alone does not provide a
sufficient basis for concluding that connectin'g rods

'are adequate
. .

2? Service history provides confidence that, with
suitable M/S, continued use is justified

Recommendations:
1) Implement OG recommendations

~

Inspect and measure every 5 years-
-

Measure clearance between link pin and link rod-,

.

every 5 yearss

Visually inspect rack teeth; verify minimum-

specified contact surface -.
' ,

inspect 17/8-inch bolts and bolt holes each '-
.

200 hours above 50% load.

2) Bolt torque (both~ 1 1/2 and 17/8-inch bolt sizes)
should be checlie'd'every 200 hours of operation or
at each refueling outage

_ _ _ _ _ _ _ _ __ __ -
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Connecting Rod Bearing Shells
1

) .

-

. Type Failures:.

,

1? Cracked bearing shells at Shoreham.

! after only 600-800 hours of operation
. ,

'

.

2) No other reported failures in nuclear
service

-

;.' q. p

,e ,e '8
s

_ _ _ _ _ _ _ _ _ __
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Connecting Rod Bearing Shells .

i,
.

.

Conclusion: -
.

..

Bearing shells are suitable for continued use with
enhanced M/S

..

M/S Recommendations:

1) OG recommendations
- Inspect and measure every 5 years ' '

.

-

- Bump test ateach refueling cycle '

- X-ray new bearing shells per OG criteria

: -

'2) Additional PNL recommendations -

- Visually inspect and radiograph 2 sets at each'
refueling outage

- Regular oil analysis '

_ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _
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Crankshaft
(R-48, Shorehams'

.

Type Failures:

1) Fracture of Shoreham EDG 102
11-inch crankshaft :

2) Cracks in EDG 101 and 103
.

.

. f

'
.

e - '' :'
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-

Crankshaft .,

~

~

'

4R-48, Shoreham) - ,

..
.

.

Conclusions regarding replacement 12-inch crankshafts:
71? Test to 10 stress cycles proves adequacy of -

Shoreham crankshafts for " qualified" load
[3300 kW) -

2) Portion of test at higher loads provides basis for
concluding loads to 3430 kW are acceptable for
limited period in emergency

''

.

3) Momentary ( <1 minute) loads to 3900 kW in
emergency would not compromise operability

'
'

M/S Recommendation: '

NDT of fillets and oil holes of most heavily loaded ;

journals at each r,efpeling outag.e .,
,

;

,

_ - _ _ - _ _ _ _________ ____- - - - . _ _ - _ _ _ - _ _ _ _ _ _ ____.
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Crankshaft
.,

(DSRV-16-4, Grand Gulf) ~

'

.

Ii -
.

Conclusions:

1) Comply with DEMA recommendations for torsiodal stresses at
rated speed

,

.

2) System has 4th order cr.itical at 432 rpm (within 5% DEMArange)
-

- Engine should not be operated below 440 rpm
- Cylinder load balance is important
- Misfiring especially undesirable

M/S Recommendations: '

1) Measure hot and cold deflections at 270 hours /each refueling
|(OG)

,

2) Inspect journals 4, 6, 8 (OG)

3) Inspect all journals until effect of omission of gear train
determined (PNL)

|
-

4) Determine adequacy of TDI cylinder balance /governer sp6ed
variations by torsiograph (OG)

5) Following major mpintenance, balance cylinders carefully per
TDI procedure,s

__
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Crankshaft - -
-

{DSRV-20-4, San Onofre?
,

.

! Type Failures:
|

Linear crack discovered in both '

i crankshafts
- Torsional vibration during rapid startup

likely cause
- Cracks removed by remachinihg oil

holes
'

;', e '

'g e e ''

_.
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.

Crankshaft ~
'

'

l

(DSRV-20-4, SagiOnofre? -

*
,

..

Conclusions: =

1) At rated load and speed, torsional stresses within D$MA limits

2) Engines conservatively rated
- Vibratory stresses low at 450 rpm

9

3) Crankshafts are adequate for their intended function, provided
that:

- requirement for rapid start testing is removed
- M/S is implemented to detect future cracking -

'

.

M/S Recommendations:

1) Hot and cold deflection checks at 270 hours or refueling (per
NRC recommendations) '

'29 Inspection of oil hole regions of journals 9,10 and 11 at
;

<
'

refuelings
3) Inspection of gear drive at first refueling
4) Monitor for misfir,ing,via exhaust temperatures

- _ _ _ _ _ _ _ _ _ _ _ _
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Cylinder Block - -

' ..
-

|
. .

..

Type Failures:
..

1) Camshaft gallery cracks (8-cylinder
engine?

i

!

2) Circumferential cracks in cylinder liner
counterbore

. .

3) Cracks in ligament between liner
.

~

counterbore and stud

4) Stud-to-stud cracks -

,., ,

, . . - :-

.

_ __ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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(ICylinder Block ~

i
; .

-

j Conclusions: '
..

.

.
I

i 1) Camshaft gallery Macks '
-

| - Hot tears
| - Not expected to propagate

, ,,
,

-

i

i 2) Circumferential cracks -

'

! - Caused by liner proudness
| - Not detrimental to engine performance
4 ..

| 3) Ligament cracks
| - Not detrimental to engine performance

- Increase probability of stud-to-stud cracks
;

4) Stud-to-stud cracks
! - Potential threat to engine integrity
. - Must be evaluated on case-by-case basis

, ,

.

Recommendations:!

i

j 1). Camshaft cracks should be monitored
)

2.) Circumferential cracks need not be monitored !
'

| . -

3) Where ligament cracks exist, check for stud-to-stud cracks:

j after each operation at >50% load

| 4) Blocks with kno,wp stud-to-stud cracks should be analyzed for
i suitability for further service
!

-

,

. ---
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'

Cylinder Heads
..

Type Failures:

Crack originating at stellite valve seal
allowing entrance of water into cylinder

..

Failures have involved principally " Group
I" heads (of the three groups in service)

-
' .

q t
t.

*
9 e e

*

_ _ _ _ _ _ _ _ _ .
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Cylinder Heads ~

l
-

.

'

;

;I
'

; Conclusions:
.

' -

Heads from all three groups are suitable for intended service,
,

provided that:
- firedeck has no plug welds ,

- engine is rolled over 4 to 8 hours after shutdown, again at 24
hours, to detect water leaks. Engine is rolled again before'
planned starts

Recommendations:

1) Concur with OG on M/S
- Visual inspection every 5 years
- Record cold compression and maximum firing pressures at

each refueling
- Roll over engine per PNL recommendations after

shutdowns
- Visually inspect fuel injection ports during surveillance tests
- Return leaking heads to vendor for repair '

;

2) Inspections prior to nuclear service
,

- Ultrasonic inspection of firedeck to verify thickness is at
least 0.400 inch

- Surface inspection of firedeck arid valve seats to verify
absence of unacceptable defects. Any heads with plug;

welds in firedeck should be rejected
. _-_ - -_- __
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! Cylinder Head Studs
..

i { Straight and Necked Designs} '

.

.

Conclusion:

PNL concurs with OG that both designs are suitable
for intended service

..

M/S Recommendation: '

Check preload on 25% of studs at each refueling .

' outage such that all are checked after four ~ outages '
.

, . . . ..

'

_ _ _ _ _ - - _ - . - - -
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Engine Base and Bearing
Caps '

.

Type Failures: '

1 > Cracks in main bearing saddles of DSR-
48 engines (at Shoreham) from
improper stud removal

.

2 ) Cracks in main bearing saddles from .

insufficient stud preload (marine
,

service)

3) Nut pocket failure due to defective ;
-

'

** casting (non-nuclear) -

'

, . . . ..



, , , . . . p
..

: '

! Engine. Base a,nd Bearing Ca'ps ~

" .
.

.

!

] Conclusions:
~'

~

.
.

:

i
~

| PNL concurs with OG that base and caps are -

| adequate, provided that: '
-

! - LP examination of saddles is performed at
alternate fuel cycles (DSR-48)

|; - main bearing saddle stud torque is checked at
) alternate cycles

- OG recommendations on removal of oil from
! mating surfaces before assembly are implem'ented
|

Recommendation:
.

. ..

-,,
.

Additionalinspection of cap and base mating surfaces
,

to ensure absence.of imperfections preventing tight
,

bolt-up ''- "

|
.
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Jacket Water Pump -

Type Failures:

Fatigue failure of pump shaft initia'ti'ng at -

keyway (Saudi Arabia and Shoreham)
I

1
'

* '
.. , ,

, . . . ..

1

1
,



.,.. r,.

.
.

.
.

. .

'
.

..

'

Jacket Water Pump .

'

.

Conclusions:
..

1) Concur with latest Shoreham redesign and proposed
River Bend and Rancho Seco redesign

.

2? Concur with OG that V-12, V-16 and V-20 designs are
adequate with addition of torque values and limits to
assembly procedures '

M/S Recommendations:
.

* .

q p '
e

None

, . .. ..

.g
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Types AF and AE Piston .
.

Skirts -

; Type Failure:
. .

I

'

Fatigue cracks in skirt-to crown attachment
bosses .

.

g. h

-.

O $ '

_ _
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Types AF and AE Piston Skirts ~

ii *
.

'

Conclusions:
'

'

1;) Type AF skirts suitable
- Up to 130 BMEP with initialinspection only '

- Over 130 BMEP
initial inspection
100% boss area inspection at each refueling

|
i 2;) Type AE skirts suitable to normal TDI ratings ,

,
..

.

. M/S Recommendations:
i

*
.
.,

-

1;l Inspection as above
2) Inspection, measurement of pin and skirt per TDI

recommendations ~ ..

.
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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| Types AN and AH Piston Skirts'

i
.

] Type Failures:
,

!

!
:

1) AN - Numerous reports of cracks in
nuclear and non-nuclear applications -

-

2? AH - No reports

'

j , , '
-

|
!
;

| . . . . ..

.

I
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.

Type AN and AH Piston Skirts
..

.

.

;

i Conclusions: '-

:

| 1) AN skirts not suitable
4

:

2? AH skirts suitable
- Normal TDI ratings

7- Subject to 10 cycle test on lead engine
.

!

! M/S Recommendation:
i

\ -
.

'

! ' Inspect skirt and pin every 5 years per TDI
'- '

j recommendations
4

e

, . .' ;'
i

|
. .

_ _ _ _ _ _ _
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| Push Rods
~

~

.

| ' Ball-End, Forged-End and ~

Friction-Welded Designs?, ~

!
!

:

Type Failures:
.

Numerous failures of ball-end design in' weld
area

** -
g. p ,

.
'

g e e* e

__ __
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! Push Rods
~

-
-

1 -

| (Ball-End, For'ged-End and Friction-
.

' Welded Designs? ..
.

,

!

| Conclusions: '
~

!

j 1? Concur with OG that ball-end rods should be removed
j from service .

2? Concur with OG that forged-end design and friction-
welded design are acceptable :

M/S Recommendations: -

1) Visually check at each refueling outage; replace push
rods with detectable cracks

2J lnspect after 800 hours with LP; replace rods with. '
detectable cracks

3) Implement OG recommendation for destructive '

examination 6f'fri'ction-welde'd Besign
!

-

i-

. - -.
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| Rocker Arm Capscrews
| [ Original and Modified Designs |I:

i

.

Type Failures:
|

| Isolated fatigue failures from insufficient :
! preload

4

e i
% *

L , . . . - ..

;

!
_ _ _ _ . .__ - _ ___--_ _ __
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,

Rocker Arm Capscrews ' ~

.

{ Original and' Modified Designs?
-

Conclusions: '

,

!
4

j 1) PNL predicts stress may be 3 times higher than SWEC
'

prediction, but margin remains adequate

; 2) Both designs are adequate '

| - based on conservative PNL stress estimate
! - based on service history ' '

I .

M/S Recommendations:
|

|
.

i 1.?,Epsure preload established ! .'-

2? Retorque 25% of capscrews at each refueling outage.

such that all a,re i.nspected after..four outages
- -

. . .

e

_ __
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d.
,

.

Elliott Model 65G/90G ~

Turbochargers~

Type Failure:
.

Thrust bearing failure from inadequ' ate . -

lubrication during startup '

.

., 3,
.

'

*, . . . .. ,

_ .. -
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Elliott Model 65G/90G
.

- -

Turbochargerd -

.
.

;

-
a .

- .

Conclusions:
.

1) Turbochargers are suitable, provided that
FaAA recommendations on drip and full- -

flow prelube systems are followed
.

I

2? Flange and piping alignment and surge margin are;

possible plant-specific items

Recommendations: ''

.

Follow OG recommendations on M/S
.

- Inspect bearings after 40 fast /1 DO total starts
- Measure clearances, clean bearings, analyze oil at

.

* each refueling '- '

- Inspect bearings, other items each 5 years
Consider operation of manual prelube system for brief
period following brigine shutdown,"to cool down bearings

.. .

_ ___ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ ___
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Inlet Nozzle Ring
.

. .
..

Elliott Model 90G Turbocha~rger

'

Type Failures: '

1? Vanes
Missing vanes
Fatigue cracks in roots (Iow operating hours)

2) Broken bolts

3? Cracked washers
: -

- '.,
.

4? Cracked hub

,. ...

_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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| Inlet Nozzle Ring : -

| Elliott Model;90G Turbocharger
..

.

. . .

Conclusions:
.

!

| 1? No evidence that missing vanes had, in fact, been..
| installed
,

2? Fatigue cracks pose potential threat

Turbocharger destruction

Performance degradation
.

'

'

3? Other isolated failures (e.g., bolts and washers? pose a
less serious threat to operability

Recgrgmendations: ! .i
1? Inspect at every refueling outage

2? Replace missing or cracked components

_ _ _ _ _ __
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A REVIEW 0F THE OPERABILITY AND RELIABILITY

OF TRANSAMERICA DELAVAL, INC., DIESEL GENERATORS

AT PERRY NUCLEAR POWER PLANT UNIT 1

1.0 INTRODUCTION

The Cleveland Electric Illuminating Company (CEI) is seeking an operating
license for its Perry Nuclear Power Plant (PNPP) Unit 1 from the U.S. Nuclear

Regulatory Commission (NRC). This action is opposed by the Ohio Citizens for
Responsible Energy (OCRE) in a contention submitted to the Atomic Safety and

Licensing Board (ASLB). OCRE questions the reliability of emergency diesel
generators (EDGs) supplied by Transamerica Delaval, Inc. (TDI), based on
problems with TDI engine components at the Shoreham Nuclear Power Station

(SNPS) and at other nuclear and non-nuclear installations.

The Pacific Northwest Laboratory (PNL) is providing technical support to
the NRC staff in addressing questions regarding the adequacy of TDI diesel

generators as emergency power sources for safety-related nuclear systems. The
scope of PNL's effort encompasses reviews of TDI engine-related information
submitted to NRC by the TDI Diesel Generator Owners' Group (0G) and by indi-
vidual licensees, and reviews of disassemblies and inspections of TDI engines

at nuclear power plants.

At the request of NRC, PNL performed a brief technical review of the TDI
engines installed at PNPP. This report documents the PNL review, which was
conducted over the period from February 11 through February 14, 1985. Partici-
pants in the review included D. A. Dingee of the PNL staff and three diesel
engine consultants who are under contract to PNL: A. J. Henriksen,

B. J. Kirkwood, and P. J. Louzecky.

This review is not intended to provide definitive final evaluations of the
operability and reliability of the TDI engines at PNPP. Rather, the intent is
to provide NRC with preliminary technical guidance regarding the status of the
TDI engines at PNPP relative to similar TDI engines at other nuclear power

plants.

1.1
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1.1 REVIEW SCOPE

The following documents relevant t'o the TDI engines at PNPP were addressed

in this review:

reports prepared by the TDI Diesel Generator Owners' Group on the 16o

components with known problems addressed in Phase I of the Owners'
Group Program

the TDI Diesel Generator Design Review and Quality Revalidationo

(DR/QR) Report dated December 1984, which was prepared for the Perry
Nuclear Power Plant by the TDI Diesel Generator Owners' Groupi

e PNPP. inspection repoits supporting the DR/QR report,_

the Perry Nuclear Power Plant TDI Diesel Generator Program Plane

submitted as an enclosure to a letter dated January 17, 1985, from
M. R. Edelman of CEI to B. J. Youngblood of NRC

an . affidavit dated January 28, 1985, of J. C. Kammeyer of Stone &e

Webster Engineering Corporation (SWEC), describing the formation and

H structure of the TDI Diesel Generator Owners' Group and the princioal
elements of the Owners' Group Program Plan

an affidavit dated January 31, 1985, of C. D. Wood III of Southweste
O Research Institute (SwRI) describing SwRI's review and critique of

Owners' Group reports and related materials on the 16 components
addressed in Phase I of the Owners' Group Program, from the

standpoint of their applicability to the TDI engines at PNPP

an affidavit dated February 1,1985, of E. C. Christiansen of CEI,e

describing implementation of the Owners' Group Program Plan at PNPP

e an affidavit dated February 1,1985, of G. R. Leidich of CEI,
describing TDI diesel engine testing and inspection at PNPP.

This review was perfonned in the context of PNL's overall effort in
providing technical support to the NRC staff. Participants in this review have
been involved in all aspects of this effort, including reviews of Owners' Group
reports on resolution of known problems (Phase I of the Owners' Group Program
Plan), reviews currently in progress of DR/QR reports for several nuclear power

1.2
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plants (Phase II of the Owners' Group Program Plan), and reviews of disassem-
blies and inspections of TDI engines comparable to those installed at PNPP.
These reviewers have also participated in discussions of engine-related issues
with representatives of the Owners' Group and its consultants (Stone & Webster
Engineering Corporation and Failure Analysis Associates). As part of this
review, the PNL representatives have met with PNPP technical staff to discuss
the status of PNPP's TDI engines, and have reviewed supporting technical infor- |
mation provided by PNPP. At the time this report was prepared, however, the i

PNL representatives had not visited PNPP.

| -

1.2 REPORT ORGANIZATION !

I
Following a summary of background information on the TDI engines at PNPP '

(Section 2 of this report), the overall conclusions drawn by PNL from this
review are presented (Section 3). Next, the following topics are addressed as
they pertain to PN'PP's engines: components with known problems addressed by

the Owners' Group (Section 4), design review / quality revalidation of engine
components (Section 5), surveillance and maintenance plans (Section 6), and
engine testing and inspection (Section 7).

,
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2.0 BACKGROUND

Two standby emergency diesel generators manufactured by TDI are installed
at PNPP Unit 1 to carry emergency service electrical loads. Each engine is a
TDI model DSRV-16-4, with 16 cylinders arranged in two banks in a V-type engine
block. The engines are coupled to General ' Electric generators. Each engine-
generator set is rated for continuous operation at 7000 kW and 8750 kVA at a
0.8 power factor, with a short-tenn overload rating of 7700 kW. As reported by
Edelman (January 17, 1985), the maximum load on the EDGs predicted in the PNPP ,

Final Safety Analysis Report (FSAR) would be 5634 kW for a loss of offsite
power (LOOP) and 4668 kW for a LOOP combined with a loss of coolant accident
(LOCA). These predicted loads have not yet been verified by measurements.,

The TDI diesel generators at PNPP are the same model as those installed in
several other nuclear power plants (e.g., Catawba, Grand Gulf and Comanche

Peak). PNL project staff and consultants have reviewed disassemblies and
inspections of the latter engines, and submitted technical evaluation reports
on them to KC in connection with licensing actions. The results of these
previous reviews were considered in the conclusions and recommendations
documented in this report.

| The EDGs were delivered to PNPP in 1978 and installed in 1981. At the
time of this review, preoperational tests of the EDGs at PNPP had not yet been
performed. However, pre-shipment tests performed at TDI included operation of

;

|
the Division i engine for about 12 hours and the Division 2 engine for 10 hours
at varying loads to 110% rated load.

l Pursuant to recommendations of the Owners' Group, the Division 1 and 2
,

| engines were disassembled and inspected in late 19a4 and early 1985 as part of

! the design review and quality revalidation effort. The DR/0R encompassed

171 components. CEI reported only two notable concerns. One was that two
rocker anns on the Division 1 engine and eight on Division 2 had come into
contact with a swivel pad, indenting the rocker ann forgings. CEI concluded
that this problem was caused b) improper adjustment at the factory. The second

,
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was that the eddy-current inspection of oil holes in the crankshaft revealed
excessive machining marks. According to CEI, this was resolved by polishing
the affected area.

CEI requested Southwest Research Institute, San Antonio, Texas, to conduct
an independent review of the 16 components addressed in Phase I of the Owners'
Group Program Plan. The SwRI review is summarized in the affidavit of Wood

(January 31,1985). SwRI co,ncluded that the 16 components in the PNPP engines
are of satisfactory design and will perform their intended functions. Further,

SwRI concluded that the TDI engines at PNPP will perform reliably as emergency
power sources for safety-related systems. The SwRI conclusions are dependent
upon CEI implementation of all relevant OG~ and SwRI recommendations.

2.2
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3.0 CONCLUSIONS AND RECOMMENDATIONS

This section presents the overall conclus'ons reached by the PNL repre-
sentatives who participated in the review of the TDI engines at PNPP Unit 1.
These conclusions depend, in part, on a comparison of the PNPP engines with TDI

engines of the same model at the Comanche Peak Steam Electric Station. The
latter engines are the most appropriate basis for comparison for two reasons:
they were the " lead" 16-cylinder engines for the design review / quality revali-
dation performed as Phase 2 of the Owners' Group Program, and they were previ-
ously reviewed by PNL in support of the Comanche Peak licensing schedule. PNL
concluded that the Comanche Peak engines are suitable for nuclear standby ser-

vice, subject to certain actions including implementation of all relevant
recommendations and requirements identified in the ongoing NRC review of the
Owners' Group Program.(a)

Of the 171 components addressed in the Owners' Group DR/QR report on

PNPP's TDI engines,11 were reported by CEI to differ from similar components
in the Comanche Peak engines. PNL reviewers consider EDG differences that
affect on'ly one of these components--the crankshaft--to warrant further atten-
tion. All of the other components are considered suitable for full-load

operation.

Pending completion of the torsiograph test planned by CEI for a PNPP
engine and a review of the results, PNL does not have an adequate basis for
drawing conclusions on the adequacy of the crankshaft. PNL comments on the

crankshaft are summarized as follows and addressed in more detail in
Section 4.3:

The torsiograph test should include not only variable load tests bute

variable speed tests to identify any critical frequencies that may
exist at speeds near the rated speed and under conditions of startup
and shutdown. The significance of any such critical frequencies

(a) Pacific Northwest Laboratory. September 1984. Review and' Evaluation
of Transamerica Delaval, Inc., Diesel Engine Reliability and Operabil-
ity - Comanche Peak Steam Electric Station Unit 1. PNL-5234, Richland,

' Washington.

3.1
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should also be examined relative to the effects of load acceptance
Iand shedding (e.g., through the engine speed range from startup to

possible overspeed upon load rejection).

If the fourth-order critical frequency is determined through the*

torsiograph test to occur at a speed near (or within) the allowable
range recommended by the Owners' Group for steady operation, it may
be necessary to establish special surveillance requirements to
control engine timing, balance, and speed to alleviate the effects of
the critical frequency. For example, such special requirements would
be necessary if the fourth-order critical occurred at 438 rpm, which
would be within 2 rpm of the minimum speed of 440 rpm recommended by

the Owners' Group.

The results of the torsiograph test should be compared with teste

results for other 16-cylinder engines in nuclear service, to ascer-
tain whether the torsional systems are sufficiently similar that

extended testing performed on another engine (e.g., at Catawba) might
be applicable to the engines at PNPP. Crankshaft stresses calculated
on the basis of the torsiograph data should'also be evaluated against
applicable criteria. NRC should be informed of the results and con-
clusions of the torsiograph test and analysis, and the basis for the
conclusions.

Depending on the outcome of the torsiograph test and analysis, fur-*

ther testing may be called for to qualify the crankshaft. The

approach recommended .in PNL's review (a) of the Owners' Group Program

Plan is to operate an engine at the load chosen by the utility as the
" qualified" load for enough time (approximately 750 hours at 450 rpm)
to accumulate 107 stress cycles on the crankshaft. Such a test
should be followed by appropriate nondestructive examinations to
detect any abnormalities that might indicate crankshaft deficiencies.
NRC representatives should be notified in advance of any inspections.

(a) Pacific Northwest Laboratory. June 1984. Review and Evaluation of TDI
Diesel Generator Owners' Group Program Plan. PNL-5161, Richland,
Washington.

3.2
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Although PNL's review of the DR/QR report for Conanche Peak has not yet
'

been completed, sufficient progress has been made for PNL to conclude that the
overall approach is adequate for the intended purpose. That portion of the
PNPP DR/QR covering the 16 components addressed in Section 4 of this report was
also reviewed by PNL and found to be acceptable, as discussed in Section 5.
The results of this latter review, together with the similarity of the
components in the Comanche Peak and PNPP engines and the lead-engine component
reviews previously performed for Comanche Peak, provide a basis for confidence

that the overall design review and quality revalidation of the PNPP engines has
been perfomed adequately.-

PNL has the following additional comments and recommendations:

PNL notes CEI's commitment to implement the maintenance and surveil-o

lance recommendations of the Owners' Group and SwRI for the compo-

nents discussed in Section 4. PNL's recommendations documented in

Section 4 should also be implemented.

Recognizing that this report precedes the final review by DNL and by*

NRC of the Owners' Group Program findings, any additional recommenda-

tions and requirements from that review that may be relevant to PNPP
should also be implemented by CEI.

PNL considers CEI's plans for post-reassembly tests of the PNPPe

engines sufficient to detect any abnormal engine behavior following
the recent inspections. These plans include the tests required by
NRC Regulatory Guides 1.108 and 1.9, plus the 100-hour component
inspections recommended by the Owners' Group. However, PNL recom-

mends that fast starts be limited to the number consistent with
current NRC requirements. Test results should be provided to NRC.

The following PNL recommendations discussed in Section 4 warrante

reemphasis here:
'

Any cylinder head with a through-wall weld repair of the firedeck,-

performed from one side only, should not be placed in nuclear ser-
vice because of the potential stress concentration associated with

3.3
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.

such a repair. CEI should verify, through appropriate inspection
records, that no such heads are installed on the PNPP engines.

I

CEI should confirm that the friction-welded push rods installed
_

-

in the PNPP engines are from a lot that has been subjected to
destructive examinatio'n of a random sample, in accordance with an -
Owners' Group recommendation.

CEI should confirm, through inspection records and/or field-

verifications as appropriate, that air-start valve capscrews used
in the engines will not bottom out. Owners' Group recommendations
for avoiding this problem should be followed.

CEI should verify that the torque on the nut of the jacket water-

pump shaft is as recomended by the Owners' Group.

$

i

.
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4.0 COMPONENTS WITH KNOWN PROBLEMS ADDRESSED BY OWNERS' GROUP

Each ' f the 16 components addressed in Phase I of the Owners' Groupo

Program Plan is discussed in this section in terms of three topics:
1) Owners' Group status, 2) CEI/PNPP status, and 3) PNL evaluation and
conclusions. PNL has the following general comments on this aspect of the

review:

Based on an examination of a sample of CEI's procedures fore

disposition of component inspection findings, the PNL reviewers found
that these procedures are adequate.

Recommendations applicable to these components that are summarized in*

Section 3 of this report and discussed in more detail in this section
should be implemented by CEI.

.

i

>

|
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4.1 ENGINE BASE AND BEARING CAPS

Part No. 02-305A, D
.

Owners' Group Report: FaAA-84-6-53

4.1.1 Owners' Group Status,

The base and bearing caps of all TDI model DSRV-16 engines were reviewed

by Failure Analysis Associates (FaAA) on behalf of the Owners' Group because of
failures of these components in other TDI engines at the Shoreham Nuclear Power
Station (SNPS), two marine installations, and in an industrial engine. The .

FaAA review included stress and fatigue analyses of the bearing saddles,
bearing caps, bolting, nuts, and nut pockets. It was determined that the
failures experienced were due to specific assembly problems and not to inherent
deficiencies of the parts.

The Owners' G'roup concluded that the DSRV-16-4 engine base assembly

components have sufficient strength to operate for indefinite periods at full
load, provided that the base casting and bolting components meet their nominal
material and dimensional specifications, that components have not been damaged,

and that bolt torque specifications are held. Because the factor of safety was
low for friction forces resisting the lateral motion of the bearing caps, the
Owners' Group recommended cleaning the mating surfaces with a solvent to remove
lubricant prior to assembly or reassembly.

4.1.2 CEI/PNPP Status

At the request of CEI, SwRI reviewed the OG report, generally verifying
the applicability and accuracy of the FaAA analyses and conclusions. However,
the SwRI analysis yielded more assurance of reliability, as they concluded the
cap-to-saddle interface would prove to be stronger than determined by FaAA.
Hence, SwRI concluded that the saddle-cap assembly has infinite life against

'

fatigue failure (Wood January 31, 1985, p. 19). The SwRI analysis also
supported the OG recommendations regarding cleaning the mating surfaces upon,

any reassembly. They also recommended checking preload torque of both bearing

cap studs and through-bolts prior to engine operation.

4.2
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PNPP conducted inspections and found minor indications on the No. 5

bearing cap of the Division 1 engine [actually reported as Division 2 in
Edelman (January 17,'1985, p. 11)]. These indications were documented and
referred to the OG for evaluation. The OG results are to be reported later,
and PNPP "will implement any recommendations which result..." (Edelman i

op. cit.) .

4.1.3 PNL Evaluation and Conclusions

Based on the review of the' subject FaAA report, PNL concurs with the

Owners' Group conclusions that the DSRV-16 engine base, bearing caps, and

associated bolting are adequate for their intended service. !

PNL notes that the service history of the engine base components in the
TDI DSRV-16 engines and other TDI engine types in nuclear service indicates
that a principal cause of component failure has been insufficient preload on
associated bolting. TDI has recommended that the torque on all main bearing
saddle bolts be checked against TDI specifications at alternate refueling
cycles. PNL concurs with this recommendation. Due to the low factor of safety
for the friction force resisting lateral motion of the bearing caps, the
Owners' Group reconsnended that all lubricant be removed from the mating
surfaces of the bearing cap and engine base during installations. PNL concurs
that this should be done any time a cap is removed. Furthermore, PNL
recommends that these mating surfaces be inspected to ensure the absence of

surface imperfections that may prevent the tight bolt-up of the companant.
Imperfections should be removed by stoning, machining, or replacing parts, as

needed.

In light of CEI's inspection results, available analytical evidence, and
favorable operating experience, PNL concludes that the engine bases and bearing

caps are suitable for the intended service at PNPP.

4.3
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4.2 CYLINDER BLOCK

Part No. 02-315A

Owners' Group Report: FaAA-84-5-4

4.2.1 Owners' Group Status

Cracks in cylinder block tops have been reported in TDI engines in both
nuclear and non-nuclear service. Four types of cracks have been observed:
1) vertical cracks in the ligament between the cylinder liner counterbore
landing and a cylinder stud nole, 2) stud-to-stud cracks between studs of'
adjacent cylinders, 3) circumferential cracks from the corner formed by the
cylinder landing and counterbore extending downward into the block, and
4) horizontal cracks in the cam gallery at the upper radius of the camshaft
bearing supports.

On behalf of the OG, FaAA conducted 1) an analysis of loads on the block
that influence fatigue and fracture, 2) a stress analysis to estimate the
levels of stresses caused by these loads, and 3) a fracture and fatigue life
evaluation.

The load analysis considered the combined effects of 1) the preload on the *

cylinder head studs, 2) the load distribution between the head and the block,
,

3) the load between the head and liner, and 4) the thermal and pressure loads
between the liner and the block. These loads were used as input to the stress
analysis to provide estimates of the stress levels in the block.

The stress analysis included strain-gauge testing on the original Shoreham
block (an inline DSR-48 engine) at various loads and types of starts, as well
as two- and three-dimensional finite element analyses of the top of the
block. With the exception of the crankshaft gallery region, the DSR-48 and

.
DSRV-16 engine blocks are identical. The finite element analyses were used to

1

1) analyze the stresses in the ligament region (between the head stud hole and
cylinder liner counterbore) resulting from firing pressure, 2) obtain the ratio
of stresses in the ligament resulting from thermal expansion, 3) determine the
radial stress distribution on the inside surface of the block resulting from a

uniform pressure on the inside surface of the liner for both crac'ked and
uncracked ligaments, and 4) determine the effect of varying the liner-to-block

4.4

__



_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. .

radial clearance. The results of the finite element analyses were used to gain
insight on the distribution of stresses and to determine scaling factors to
relate stresses at strain gauge locations to those at the crack initiation
sites.

In addition, sections of the original Shoreham EDG 103 block were removed
and subjected to metallurgical tests (including fractography and metallography)
and visual inspection of cracks in counterbore-to-stud hole, stud hole-to-stud
hole, and counterbore radii.

. The FaAA findings are summarized as follows:

Initiation of cracks in the ligament between stud hole and linere

counterbore was predicted to occur after accumulated operating hours
at high load and/or engine starts to high load. These cracks were
considered to be benign because the cracked section is fully
contained between the liner and the region of the block top outside
the stud hole circle. Field experience is consistent with both the
prediction of ligament cracking and the lack of immediate
consequences,

The presence of ligament cracks between stud holes and linere

counterbore increases the stress and the probability of cracking-
between the stud holes of adjacent cylinders, and stud-to-stud cracks
are predicted to initiate after additional operating hours at high
load and/or engine starts to high load.

Blocks with ligament cracks are predicted to withstand a LOOP /LOCAe

event with sufficient margin, provided that 1) inspection shows no
stud-to-stud cracks prior to the event, and 2) the block material has
the appearance and ultimate tensile strength of typical gray cast
iron, class 40, or better.

The block tops of engines that have operated at or above rated loade

should be inspected for ligament cracks. Engines such as those at
Catawba and Grand Gulf that are found to be without ligament cracks
can be operated without additional inspection for combinations of
load, time, and number of starts that produce less expected damage

4.5
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than the cumulative damage prior to the latest inspection. The
allowable engine usage without repeated inspection can be determined
from cumulative damage analysis.

The blocks of engines that have been operated without subsequente

inspection of the block top should conservatively be assumed to have
ligament cracks for the purpose of defining inspection intervals.

For blocks with known or assumed ligament cracks, the absence of*

detectable cracks between stud holes of adjacent cylinders should be
established by eddy-current inspection before the engine is returned
to emergency standby service after any period of operation at or
above 50% of rated load. If crack indications at e found, removal of

the adjacent heads and detailed inspection of the block top are
necessary. In addition, it is necessary to ensure that the micro-
structure of the block top does not indicate inferior mechanical
properties.

Engines that operate at substantially lower load levels than their.*

nameplate rating may have increased margins against block cracking
that could allow relaxation of block top inspection requirements.
Modifications to other parameters such as increased liner-to-block

radial clearance and reduced liner protrusion (proudness) above the
block will reduce stresses, and site-specific analyses of such modi-
fications could also permit relaxation of inspection requirements.

Circumferential cracks originating in counterbore radii will not*

propagate to a point were they will impair the intended function of
| the block.
e

| 4.2.2 CEI/PNPP Status
|

|
As a consultant to CEI/PNPP,- SwRI has made a complete study of the FaAA

| analysis of the cylinder block. SwRI agrees with the assumptions, methods,
procedures, and results as presented in the analysis. Further, SwRI concurs
with the OG recommendations, nd concludes:

,

|

Periodic inspections are necessary to demonstrate that each cylindere
|

| block is capable of meeting its inten'ded function.
,

; 4.6
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All blocks should be metallurgically evaluated to verify that thee

microstructure is characteristic of typical gray cast iron.

Cylinder blocks that are inspected and found to be free of ligamente
~

cracks can operate without additional inspections for combinations of
load and time that produce less than the excess cumulative damage

.

index that has been demonstrated by its operation at the time of the
latest block top inspection. Blocks of engines that have operated
without block top inspection or for a time beyond the last inspection
in excess of the cllowable fatigue damage index should conservatively
be assumed to have cracked ligaments,

For blocks with known or assumed ligament cracks, absence of detect-e

able stud-to-stud or stud-to-end cracks between the heads should be
established before returning the engine to emergency standby after
any operation in excess of 50% nameplate load. Any stud-to-stud or
stud-to-end crack indications must be inspected to ensure that they
extend less than 1.5 inches from the block top before the engine is
returned to emergency standby after any operation in excess of 50%
nameplate load. It is also necessary to evaluate the microstructure
to ensure typical cast iron.

'

Available documentation indicates that the cylinder blocks for bothe

i the Division 1 and 2 engines have been inspected by CEI in accordance
with OG DR/QR recommendations. The inspection reports have beca

reviewed by the OG design group, wAo determined that both blocks were
,

dimensionally within drawir.g specifications. No cracks were detected
in either cylinder block top. The material in both blocks has been
confirmed to meet the specification for gray cast iron, class 40.

f

4.2.3 PNL Evaluation and Conclusion

PNL's review of the PNPP cylinder blocks included consideration of 1) the
! FaAA design review of the cylinder blocks, 2) the inspection reports for both

Division 1 and Division 2 cylinder blocks, and 3) the results of the materials

I
confi rmation. The implications of observed ligament, circumferential, and

| stud-to-stud cracks experienced in both nuclear and non-nuclear applications
I
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were considered. Because there is no evidence of ligament cracks in either of
the PNPP EDG cylinder blocks, inspection for stud-to-stud cracks may not be
necessary. PNL believes it is essential that the cylinder blocks from both
engines be reinspected for ligament cracks at intervals bas'ed on the formula
described in the OG report FaAA-84-5-4.

In consideration of the above, PNL concludes that the blocks installed in
the Division 1 and 2 engines are acceptable for their intended service, subject
to the inspections discussed above.

t-

|

|

|
|

i

|

l
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4.3 CRANKSHAFT

Part No. 02-310A

Owners' Group Report: FaAA-84-4-16

4.3.1 Owners' Group Status

The Owners' Group analyzed the V-16 shafts at Mississippi Power & Light's
Grand Gulf Nuclear Station. These engines are of similar design parameters and
comparable operating conditions to those at PNPP; however, because of
differences in generator and flywheel characteristics, the torsional stresses
would be somewhat different at each plant. Therefore",' as part of the OG
Phase 2 efforts, the PNPP shafts are being evaluated separately.

The OG analysis on Grand Gulf included 1) audits of TDI's calculations of
crankshaft stresses for single orders of tors' nal vibrations and torsiograph

tests and 2) calculations of stresses associated with combined orders. It was
concluded that the DSRV-16-4 engine crankshafts were designed in accordance

with Diesel Engine Manufacturers Association (DEMA) recommendations and were
adequate for their intended function. The OG recommended the following:

e Oil holes in certain main journals present the most critical

torsional stress concentrations and should be inspected for machining
discontinuities and fatigue cracks.

Torsiograph testing should be done to establish or confirm torsionale

stresses,

Engines should not be run close to speeds considered harmonicallyo

I critical . (At Grar.d Gulf, a lower limit of 440 rpm was established.)

4.3.2 CEI/PNPP Status

| The crankshaft for the Division 1 engine vis made by Ellwood City Forge
Company and the crankshaft for Division 2 by National Forge Company. (Based on

|
previous experience, these shafts are made from slab forgings.) The material
certification reports for these shafts show that they meet the TDI material
specifications. Also, the crankshaft torsional system was designed to meet the
DEMA requirements.

I
!

| 4.9
-

| /

i



I .

|
-

As-part of the OG DR/QR the crankshafts of both Division 1 and 2 engines
were examined by OG representatives. The crankpin and main bearing journal
surfaces were found to. comply with OG requirements. Eddy-current (ET) examina-
tions of the oil holes, including all crankpin oil holes and the No. 2 and 8
main bearing journal holes, was also perfonned. The oil holes had a number of
surface machine marks that required polishing or grinding prior to ET mea-
surements. Furthermore, the ET inspection down to a depth of 3 inches in the
oil holes revealed a number of indications that were subsequently polished or.

ground out.
,

CEI plans to conduct torsional vibration tests on one of the PNPP engines
to verify FaAA vibration calculations. These tests are currently planned for
1 ate February or early March 1985.

4.3.3 PNL Evaluation and Conclusion

PNL consultants reviewed the OG DR/QR results and the referenced
inspection reports. Based on this information, PNL concludes that the

~ indications noted on the shafts have been properly dispositioned.

Until the torsional analysis and confirming torstograph information have
been reviewed, PNL cannot formulate final conclusions on the adequacy of these

crankshafts. In this regard PNL notes:

1. The calculated fourth-order critical is 438 rpm. This appears to be
closer to the 450-rpm operating speed than other DSRV-16-4 TDI

engines that have been studied. Accordingly, PNL recommends that any
steady operation below 450 rpm be minimized (the OG allows operation
to 440 rpm) and that the torsiograph testing include not only
variable load tests but also variable speed tests. The variable
speed tests should consider speeds extending throughout the engine
operating range from startup to load rejection.

2. Also, in view of Note 1, PNL considers it important that the load
developed in each cylinder be balanced and that the engine does not

misfire.

3. Calculations are needed to determine if higher stre.. : occur at the
oil holes or at the crankshaft fillets. If higher stresses occur at

4.10
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the fillets, inspections of the fillet regions should be performed in
addition to the inspections already planned for the oil holes.

4. If the fourth-order critical frequency is determined through the l

torsiograph test to occur at a speed near (or within) the allowable
range recommended by the Owners' Group for steady operation, it may
be necessary to establish special surveillance requirements to con-
trol engine timing, balance, ar.d speed to alleviate the effects of
the critical frequency. For example, such special requirements would
be necessary if the fourth-order critical is confirmed to occur at
438 rpm, which is within 2 rpm of the minimum speed of 440 rpm
recommended by the Owners' Group.

i

The results of the torstograph test should be compared with test results
for other 16-cylinder engines in nuclear service, to ascertain whether the
torsional systems are sufficiently similar that extended testing performed on-
another engine (e.g., at Catawba) might be applicable to the engines at PN!'P.
Crakshaft stresses calculated on the basis of the torsiograph data should also
be evaluated against applicable criteria. NRC should be informed of the
results and conclusicns of the torsiograph test and analysis,. and the basis for

the conclusions.

Depending on the outcome of the torsiograph test and analysis, further
testing may be called for to qualify the crankshaft. The approach recommended
in PNL's reviewIdI of the Owners' Group Program Plan is to operate an engine

at the load chosen by the utility as the " qualified" load for enough time
7(approximately 750 hours at 450 rpm) to accumulate 10 stress cycles on the

crankshaft. Such a test should be followed by appropriate nondestructive
examinations to detect any abnormalities that might indicate crankshaft

deficiencies.

|
|

(a) Pacific Northwest Laboratory. June 1984. Review and Evaluation of TDI
Diesel Generator Owners' Group Program Plan. PNL-5161, Ricnland,~

Washington.
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4.4 CONNECTING RODS

Part No. 02-340A

Owners' Group Report: FaAA-84-3-14

4.4.1 Owners' Group Status

The Owners' Group addressed two connecting rod failure mechanisms identi-
fied through surveys of reported failures in non-nuclear applications.

The first failure mechanism considered was the fatigue of the link rod
bolts resulting from loss of bolt preload. The problem and its solution were
addressed by TDI in Service Information Memo (SIM) No. 349, dated September 18,
1980. According to this SIM, engines manufactured between 1972 and February

1980 may have been shipped with _ an insufficient locating-dowel counterbore
depth in the link rod or link pin, resulting in unintended clearance between

the link rod and link pin as assembled. Under firing load, this locating ' dowel
will yield, allowing the unintended clearance to disappear and resulting in

,

The OG (through the above-mentioned FaAA report) hasloose link rod bolts.
determined that there must be zero clearance under the specified bolt torque of

1050 ft-lb.

The second failure mechanism is fatigue cracking of the connecting rod
bolts and/or the link rod box at the mating threads. TDI attributed those rod
cracks to " thread fretting." This " thread fretting" was concluded by TDI to
result from distortion of the rod bolt under operating loads in the area of the

mating threads; the distortion could occur if the bolts had been installed witn
the originally specified bolt preloads. The OG addressed this concern for the
two versions of the connecting rod--the original design equipped with
1-7/8-inch bolts and a later design in which the rod boxes are equipped with

1-1/2-inch bolts. Stress analyses of both designs, including finite element
studies, were completed by FaAA, and it was concluded that both designs are
adequate for the service intended, provided that connecting rod bolt preload is
checked within time limits specified as related to engine load requirement in
terms of percentage of nameplate rating. However, the rod with the 1-1/2-inch

4
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bolts has an 8% to 9% higher margin of safety than the rod with 1-7/8-inch

bolts because the related rod box structure is more massive with the smaller
bolt configuration.

The OG reviewed the rod design for buckling and concluded that it is
adequate. The OG also reviewed the bronze wrist pin bushings at the upper end
of the rod and concluded that the bushings are satisfactory, provided that any
indications or porosity meet the specifications and that there are no indica-
tions within *15' of the bottom center.

4.4.2 CEI/PNPP Status ,

PNPP connecting rods are fitted with the 1-1/2-inch diameter bolts. To
comply with OG reconnendations, CEI performed the required tests on the
connecting rods and bolts as follows:

Eddy-current tests were performed on the female threads in the rode

box. Two minor indications were found and were removed by retapping

the threads.

A magnetic particle inspection was performed on all the connecting~

e

rod bolts. No linear indications were found.

A visual inspection of the connecting rod bolts was also made. The*

bolt washers and undersides of the bolt heads were galled. The
washers were replaced and the bolt heads cleaned.

A visual inspection of the rack teeth (serrations) was made. Thee

teeth showed apparent fretting that was judged to be minor, and the

rods were used as is.

The 1-1/2-inch diameter connecting rod bolts installed in the rods*

were torqued to 1700 ft-lb per TDI recommendations.

The connecting rod wrist pin bushings were inspected with liquide

penetrant. All the bushings were found to be acceptable according to
the OG acceptance standards.

The clearance of the link rod to the link rod pin was measured. Thee

clearance was zero when the bolts were tightened.

4.13
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A material check of the connecting parts was made for the Division 1*

and Division 2 engines by Stone & Webster Engineering Corporation.

A material hardness check was also made of the master rod, link rod,*

link rod pin, link rod box, master rod, master rod bushings, link rod
bushing, and connecting rod box bushing.

4.4.3 PNL Evaluation and Conclusion

PNL reviewed the inspections conducted by CEI on the connecting rods. PNL
notes that the fretting at the joint between the master and link rod at PNPP

was slight; thus, PNL does not believe this is of Uoncern. Based on this
review, PNL concludes that the connecting rods are adequate for their intended

service, provided that the OG-recommended mainteeance/ surveillance is performed
and any additional recommendations identified in the ongoing NRC/PNL review of
the OG Phase 1 report on the connecting rods are implemented.

!
i

,
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4.5 CONNECTING R0D BEARING SHELLS'

Part No. 02-340B'

;

!. Owners' Group Report: FaAA-84-31
. ,

I 4.5.1 Owners' Group Status

FaAA, on behalf of the Owners' Group, performed stress analyses of the
' 12-inch and 13-inch connecting rod bearing shells and found them to be adequate

! for the intended service. A criterion was developed that allowed acceptance of
4

bearing shells with voids up to 0.050 inch, because voids of this size were
! shown not to degrade their fatigue performance. FaAA recommended that

! radiographic inspection be used to ensure compliance with this criterion.

| 4.5.2 CEI/PNPP Status

f ,

The bearing shells from both engines were inspected visually and by

| radiograph, eddy current, and liquid penetrant (LP). The visual and LP
j inspection showed some slight galling and scoring considered typical for new

engine bearings; shells with these indications were reinstalled in the engines
if they were not found unacceptable for other reasons. The radiographic
examination and eddy-current tests showed that some shells were not acceptable

i for use as top bearings because of voids but could be used as bottom shells.
CEI used the OG acceptance criterion to make these determinations. If the

questionable shells could not be used as bottom shells, they were discarded.

4.5.3 PNL Evaluation and Conclusion

PNL reviewed the inspections performed on the connecting rod bearing

shell s. The eddy-current, radiograph, liquid penetrant, and visual inspections
were found to have been perfonned as required by the OG. PNL concluded that
the bearing shells as installed are satisfactory for the intended service.

I
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4.6 PISTON SKIRTS

Part No. 02-341A

Owners' Group Reports: FaAA-84-2-14,FaAA-84-5-18,andFbA-84-10-30

4.6.1 Owners' Group Status

FaAA evaluated four basic types of TDI piston skirts for the Owners'
Group. Type AE and modified type AF skirts were analyzed and reported in some

depth; types AN and AH ,were analyzed together with appropriate consideration of
the previous AE/AF study. Variations in bolt bosses, rib ends, and heat
treatments among these designs led to differing conclusions:

Types AE and AH skirts were found satisfactory for EDG service toe

full TDI nameplate rating (i.e., to 725 psig BMEP). The OG concluded
that, although cracks might initiate at high loads, they would not
grow.

Cracks were likely to initiate in the modified AF skirts at nameplatee

loads, but would not propagate out of the immediate high-stress
,

region. Therefore, the AF skirts were deemed usable,

Although crack initiation and propagation in type AN skirts could note

be determined analytically with certainty, actual experience in
nuclear and non-nuclear installations resulted in numerous cracks.
Hence, the OG concluded that AN skirts should not be used for EDG

,

service.

AE skirts have recently completed substantial operating experience at high
| load levels. At SNPS, eight AE skirts experienced over 107 cycles at 212 psig
,

BMEP or higher; subsequent 100% inspections showed no cracks. In addition, a

| TDI research engine with slightly modified AE skirts successfully underwent
79.6 x 10 cycles at firing pressures of 2000 psig, considerably higher than the

1750-psi firing pressure encountered at 225 psig BMEP.

| 4.6.2 CEI/PNPP Status

The PNPP TDI EDGs were furnished originally with AH skirts; CEI chose to
replace all with new AE skirts. The replacement skirts were fully inspected
and found acceptable to OG criteria.

4.16
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At the request of CEI, SwRI reviewed the OG/FaAA reports; no additional
analyses were performed. However, SwRI found the OG report on AE skirts was
appropriate and applicable to the skirts at PNPP and made no recommendations
(Wood January 31, 1985, p. 55).

4.6.3 PNL Evaluation and Conclusion |
In its evaluation of the OG report on piston skirts (FaAA-84-2-14), PNL

'

concluded that type AE skirts are suitable for use to normal TDI ratings
(225 psig BMEP).

I
Based on reviews of CEI's inspection results, the available analytical

evidence, and favorable industry-wide operating history, PNL concludes that the j

type AE skirts installed at PNPP are suitable for their intended service. |
;

-f
I.
'

.

.
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4.7 CYLINDER LINERS

Part No. 03-315C

Owners' Group Report: FaAA-84-5-4 |
|

4.7.1 Owners' Group Status

The OG included considerations of liners in their study of cylinder
blocks. Two concerns were uncovered:

The TDI design calls for the liner to protrude slightly above the tope
*

deck of the block, to ensure a tight, compressive fit against the
head and gasket. However, this protrusion (termed " proudness")
produces bending moments in the head and substantial shear stresses

on the cast iron liner landing of the block. Both aspects are
suspect in some of the real or incipient failures in those
components. TDI has approved remachining to reduce the proudness.

The design also calls for a tight fit between the outer ring of the*

liner ledge and the matching counterbore of the block. There is some
concern by the OG that this could increase hoop stresses in the
block, which might lead to block cracks. TDI has approved e 'ucing
this fit in the cylinder block.

4.7.2 CEI/PNPP Status

In preparation for putting the engines into service, CEI/PNPP dismantled
all cylinder liners from the cylinder block of both the Division 1 and 2
engines. All liners were inspected per OG recommendations. The inspection
documentations have been reviewed by the OG design group who determined that
all liners were dimensionally within acceptable tolerances. While the liners
were out for inspection, all were machined to reduce liner-to-block proudness,
block counterbore-to-liner interference fit, and block-to-liner fit just below
the counterbore. All dimensional changes were in accordance with OG
recommendations.

4.7.3 PNL Evaluation and Conclusion

In evaluating the cjlinder liners, PNL noted that 1) cylinder liners have
not been reported as a problem, 2) all liners at PNPP were found to be

4.18 -
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dimensionally correct, and 3) all liners were modified per 0G recommendations'

to reduce stresses in the cylinder blocks. In consideration of the above, PNL

concludes that the cylinder liners installed in the Division 1 and 2 engines
are acceptable -for the intended service.

|
|
|

|
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4.8 CYLINDER HEADS

Part No. 02-360A

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

4.8.1 Owners' Group Status

FaAA calculated mechanical and thermal stresses in the cylinder heads and
concluded that Group I, II and III heads as designed were adequate for the
service intended. FaAA recommended that the Group I and II heads be LP and MP

inspected and that the firedeck thickness be measured for acceptability.

4.8.2 CEI/PNPP Status

The cylinder heads for the PNPP engines were cast prior to October 1978
and are, therefore, Group I heads. To upgrade their heads in accordance with
OG recommendations, CEI returned them to TDI for inspection and measurement of
the firedeck thickness, LP examination of the valve saats, MP examination of
the firedeck area (excluding the valve seat area), and heat treatment of the

1

cylinder heads. This work was done in the presence of a PNPP inspector. Of
the 32 PNPP heads sent to TDI, three were scrapped and one was weld-repaired in-

the firedeck area. This repaired head was installed on cylinder No. 4R of the
~

Division 2 engine.

| The deck thickness on the acceptable Division i heads ranged from 0.453 to
0.968 inch. On the acceptable Division 2 heads, the deck thickness ranged from
0.409 to 0.967 inch.

In addition to inspecting the heads, CEI also examined the valve guides,
j The chrome-plated valve stems showed no scuffing, so it was assumed that the

guides did not show any wear after the 10 to 12 hours of eng1ne operation.
'

4.8.3 PNL Evaluation and Conclusion.

The engine cylinder head inspection and DR/QR reports submitted by CEI'

were reviewed. PNL concludes that the Group I cylinder heads as inspected and
1- heat-treated by TDI are acceptable for use in Division 1 and 2 algines.

However, any cylinder head with a through-wall weld repair of the firedeck,
performed on one side only, should not be placed in nuclear service because of
the stress concentration associated with such a repair. CEI should verify,

4.20
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through appropriate inspection records, that no such heads, and particularly
the repaired head referenced above, have such through-wall weld repairs.

PNL considers it important that the maintenance / surveillance plan, specify
that, after engine operation, the engine must be air-rolled with stopcocks open
4 to 8 hours after shutdown and then again after 24 hours. In this way, any

water that leaks into the cylinder will be recognized and corrective action
taken. Also, the engine should be rolled again before a planned start to
detect possible water leaks into the cylinder. Each cylinder compression and
firing pressure should be checked at each power plant refueling for possible
cylinder problems.

.
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4.9 CYLINDER HEAD STUDS

Part No. 02-315E
Owners' Group Report: Emergency Diesel Generator Cylinder Head Stud
Stress Analysis (SWEC March 1984)

4.9.1 Owners' Group Status

On behalf of the Owners' Group, Stone & Webstar Engineering Corporation
(SWEC) investigated both the necked-down and straight shank cylinder head stud
designs. Although neither had experienced failure in nuclear EDG service, the
generic.. issue was raised by the OG due to the occurrence of isolated failures
in non-nuclear service, determined by SWEC to have resulted from insufficient
preload. SWEC concluded that both designs were adequate for the intended
service, given proper preload torque. However, head studs of the necked-down
shank design were considered preferable because 1) they have greater fatigue
resistance, 2) they are less likely to lose preload, and 3) the design avoids
possible interference with the cylinder head stud hole, which could produce
side-thrust upon the cylinder block and induce block damage. The SWEC analysis
reflected applied stress from operation at rated engine load (225 psig BMEP),
and considered endurance limits, fatigue, thread distortion, and thermal
stresses.

4.9.2 CEI/PNPP Status

At the request of CEI, SwRI conducted an analysis on both stud designs.
The results did not differ significantly from those obtained earlier by the
OG. SwRI concluded that either stud design is satisfactory for use at PNPP
(Wood January 31, 1985, p. 32). However, CEI chose to replace all straight
shank studs with the alternative necked-down design because the latter design
is more fatigue-resistant (Edelman January 17, 1985, p. 10).

The replacement studs were checked upon receipt against applicable OG and
TDI standards. SwRI recommended that the head studs be retorqued periodically

' during initial engine operation until no movement is detected and thereafter at
each refueling outage (Wood January 31, 1985, p. 33).

4.22
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4.9.3 PNL Evaluation a'nd Conclusion

PNL evaluated the OG/SWEC gen,eric analysis and report on the cylinder head
studs and concurred with the OG conclusion that both designs are suitable for

.

the intended service. In addition to reviewing the referenced SWEC report, PNL
reviewed the Wood affidavit (January 31, 1985), the Edelman/CEI letter
(January 17,1985), the OG DR/QR report for PNPP, and the PNPP inspection
reports.

Based on reviews of CEI's inspection results, available analytical
evidence, and favorable operating history, PNL concludes that the replacement
necked-down cylinder head studs used by CEI are suitable for their intended
service at PNPP.

.
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4.10 PUSH RODS :

Part No. 02-390C and D

Owners' Group Report: FaAA-84-3-17
'

4.10.1 Owners' Group Status

: TDI push rods originally had tubular steel bodies fitted with forged and
hardened steel end pieces, attached by plug welds. An estimated 2% reportedly
developed cracks in or around the plug welds. A " ball-end" push rod design
introduced later consisted of a tubular steel body with a high-carbon steel
ball fillet-welded to each end. This design proved to be prone to cracking at
the weld. A third design, consisting of a tubular steel body friction-welded
on each end to a forged plug having a machined, hemispherical shape, was then
introduced. This third configuration is referred to as the friction-welded

design.

Because . industry (both nuclear and non-nuclear) had expressed concern

about the continued integrity of TDI push rods, the Owners' Group included the
component in the known generic problem category for specific study and

- resolution. Failure Analysis Associates performed stress analyses as well as
7stress tests to 10 cycles on samples of both the plug-welded and the friction-

| welded push rods, at conditions simulating full engine nameplate loading. No
; sign of abnormal wear or deterioration of the welded joints or ends was

observed. Other nuclear owners have run these versions in actual service
7beyond 10 cycles with no adverse results. The 746-hour test on SNPS EDG 103

was completed successfully without any observed push rod failures.

i FaAA concluded from their analyses and tests that both the plug-welded and
friction-welded designs are adequate. They provided recommendations for

~

inspection and for destructive examination of a random sample.-

4.10.2 CEI/PNPP Status

The push rods used in the Division 1 and 2 engines at PNPP are of the
friction-welded design. Two sets of push rods, both main and connector, were

- examined with LP in accordance with the OG recommendations; no cracks were

found.

|
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4.10.3 PNL Evaluation and Conclusion

The absence of reported failures of any friction-welded push rods in bench
7tests and in engines that have operated more than 10 cycles, coupled with the

satisfactory results obtained in the PNPP push rod examinations, led PNL to
conclude that they are suitable for their intended service. However, CEI
should confirm that the friction-welded push rods installed in the PNPP engines
are from a lot that has been subjected to destructive examination of a random
sample, in accordance with an Owners' Group recommendation.

>
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4.11 ROCKER ARM CAPSCREWS

Part No. 02-390G

Gwners' Group Reports: Emergency Diesel Generator Rocker Arm Capscrew

Stress Analysis (SWEC March 1984, July 1984).

4.11.1 Owners' Group Status

On behalf of the OG, SWEC investigated the rocker arm capscrews. This
component had experienced some failures in nuclear standby service (at the
Shoreham Nuclear Power Station). There have been no repurted failures
el sewhere.*

Two capscrew designs are used in TDI engines; SWEC evaluated both and

found them to be adequate for the service intended. SWEC attributed the SNPS

failures to insufficient preload. Satisfactory fatigue life reportedly has
7been demonstrated by several engines with more than 10 cycles of operation

(Wood January 31, 1985, p. 6).

4.11.2 CEI/PNPP Status

At the request of CEI, SwRI reviewed the OG reports on rocker arm
capscrews. SwRI conducted its own analyses of both capscrew designs; no
significant differences between the OG and SwRI analysis results were found as
to stress, fatigue, temperature effects, or creep, when properly torqued (Wood
January 31, 1985, pp. 8, 10). SwRI recommended that the capscrews be retorqued
periodically during initial engine operation until no further movement is
detected, and then be checked at every refueling outage thereafter. (These

recommendations are consistent with those of the Owners' Group.)

CEI personnel conducted the requisite OG inspections on the capscrews.
Visual examinations revealed scoring and other surface damage on the thread
surfaces of numerous capscrews; however, this was considered normal.

Subsequent MP examination cleared all but one for reuse. The rejected capscrew
was damaged in ET examinations and replaced. Requisite hardness and material
comparator tests were also conducted, with acceptable results (Edelman
January 17, 1985, p. 10). Retorque was verified by the onsite inspectors.
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4.11.3 PNL Evaluation and Conclusion
' In its evaluation of the OG/SWEC generic analysis and report on the rocker

arm capscrews, PNL predicted stresses three times higher than those determined
by SWEC. Nevertheless, PNL concluded that margins remain adequate for both
designs. The conclusion also reflected service history within the population
of TDI engines.

Based on CEI's inspection results, the available analytical evidence, and
favorable operating history, PNL concludes that the rocker arm capscrews are4

suitable for their intended service at PNPP.

.

4.27

i

, , . , , . , . . . .-w _ . , -. .. -. - _.,- .- - _ .. , .



, . - - - _ _ _ _ .

. .

4.12 TURBOCHARGERS

Part No. MP-022/23

Owners' Group Reports: FaAA-84-6-56 and FaAA-8a-5-7.1

4.12.1 Owners' Group Status

On behalf of the Owners' Group, FaAA undertook an extensive study into the
causes of reported failures of Elliott Model 90G turbochargers in nuclear ser-
vice. The net result was an affirmation of basic qualification and capability

of these turbochargers for their intended service. However, the OG has noted
inadequate startup thrust bearing lubrication. Consequently, they recommended
improvements to the turbocharger lubrication system, operating procedures, and
maintenance and surveillance program to enhance and ensure turbocharger
operability and reliability.

In a separate study, FaAA considered various exhaust gas nozzle ring
component failures (including missing and cracked vanes, broken capscrews, and
a cracked hub) that have been observed in 90G turbochargers. With regard to
the missing vanes, FaAA concluded that these failed principally from fatigue
due to environmental vibrations and/or from effects of corrosion, and that

disappearance of the vanes apparently caused neither structural nor functional
damage to the turbochargers or their performance. Likewise, failures of other
nozzle ring components did not, nor would they, lead to adverse performance.
FaAA did, however, recommend enhanced surveillance of exhaust temperatures.

4.12.2 CEI/PNPP Status

The two turbochargers for each PNPP EDG were removed, disassembled,

inspected, and reassembled or replaced, with appropriate actions taken. In

addition, CEI requested SwRI to independently review the OG analyses performed
by FaAA.

.

SwRI was in agreement with the OG results and conclusions in regard to
turbocharger operability / reliability, bearings and lubrication, and nozzle ring
components. SwRI did, however, add recommendations on surveillance of lubri-
cating system operation and oil condition, as documented in Wood (January 31,

4.28
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1985, pp. 67-68). SwRI concluded that the turbochargers will perfonn
satisfactorily on the PNPP engines.

CEI inspected the two turbochargers for each EDG. Despite the low number
of operating hours, the inspections revealed scored and excessively worn
bearings, vanes with slightly bent ends, and some wear marks on shafts and

thrust collars. In this regard, CEI has stated that at least eight fast starts
were perfonned at TDI with no prelube or drip lube system utilized on the
thrust bearing. There were no dents or knicks in vanes, and no report of
missing vanes (as has occurred elsewhere); CEI has confirmed orally (on
February 11, 1985, at a meeting with NRC) that none was missing.

As a consequence of the inspections, the following actions were taken:

Division 1 - Replaced left bank turbocharger with spare; sente

rotating elements to Elliott for inspection and refurbishment;
replaced worn and scored bearings; hand-dre; sed and polished shafts,
thrust collars, etc. (The refurbished original left bank

turbocharger became the spare.)

Division 2 - Sent rotating elements to Elliott for inspection ande

refurbishment; replaced bearing of left bank turbocharger; hand-
dressed and polished shafts, thrust collars, etc.

CEI has agreed to implement all relevant OG and SwRI recommendations for

modifications, maintenance, and surveillance (Christiansen February 1,1985,
p. 24). CEI has implemented OG-recommended prelubrication systems (Edelman :

January 17, 1985, p. 12).

4.12.3 PNL Evaluation and Conclusion

The PNPP EDGs are nameplate rated to 7000 kW, or 224 psig BMEP, and the

turbochargers reportedly are sized accordingly. However, PNL notes that CEI
states that the engines will be operated at a nominal maximum of 5634 kW
(Edelman January 17,1985, p. 20), or approximately 180 psig BMEP. This rating
is well below the nameplate rating and should result in exhaust gas tempera-

tures well under the manufacturer's recommended maximum. The fast starts at
TDI without the prelube or drip system on the thrust bearing would account for
the excessive thrust bearing wear that was found.
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PNL's review of the Owners' Group reports on turbochargers and nozzle i

rings has not yet been completed. On the basis of the information and obser-
vations referenced above, however, the 90G turbochargers are considered to be
suitable for service, provided that:

the FaAA recommendations on installation and use of drip and full-e

flow prelube systems are followed (affirmed, as above)

the OG recommendations on maintenance / surveillance are followede

CEI implements the SwRI recommendations (contained in Woode

January 31, 1985, pp. 67-68)

CEI inspects nozzle rings at each refueling (and replaces missing ore
+

cracked components)

CEI monitors the exhaust temperatures at the turbocharger inlet on ane

hourly basis.

.
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4.13 JACKET WATER PUMP

Part No. 02-425A
Owners' Group Report: Emergency Diesel Generator Engine Driven

Jacket Water Pump Design Review (SWEC June 1984)

4.13.1 Owners' Group Status

Failures of water pumps at Shoreham and in similar non-nuclear instal-
lations have resulted in two redesigns of pumps installed in the DSR-48 engines
and caused the OG to include this component in the. list of generic parts to be
investigated. However, the engines at PNPP and other DSRV-12 and DSRV-16

engines installed at other nuclear installations have larger, more robust,
pumps than those at Shoreham, and no failures have been reported for pumps of
this kind. The OG reviewed the design of the DSRV-16 engine water pump and
concluded that the pump is adequaf.e for the intended service. However, the OG
recommended that the installation proced'ure be revised to. ensure that the nut
holding the external spline on the individual putrp shaft would not be over- or
under-torqued (i.e., it would be torqued from 120 ft-lb minimum to 660 ft-lb
maximum).

4.13.2 CEI/PNPP Status

The water pumps used on the Division 1 and 2 engines were examined
according to the OG recommendation. The pumps were disassembled and visually

inspected. The shaft material and hardness were checked, and the pump drive
gear teeth were checked with LP for root cracks and indications.

This inspection revealed no defects with the pumps, gears, shaft, or
keyways in the shaf ting.

4.13.3 PNL Evaluation and Conclusion

The analysis perfonned by SWEC on the water pumps for the various engines
was comprehensive. PNL concurs with tha results of this study. This'
concurrence, coupled with results of CEI's inspection, led PNL to conclude that
the pumps are suitable for service. However, a torque should be specified by
CEI for holding the pump impeller and gear onto the shafting as recommended in
the SWEC pump study.
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4.14 HIGH-PRESSURE FUEL OIL TUBING

Part No. 02-365-C
Owners' Group Report: Emergency Diesel Generator Fuel Oil Injection
Tubing (SWEC April 1984)

4.14.1 Owners' Group Status .

On behalf of the OG, SWEC investigated causes of leaks in the high-
pressure fuel oil tubing and fittings. It was determined that leaks were due
to isolated manufacturing defects on interior surfaces of the tubing and

,

improper installation of compression fittings. The OG concluded, however, that
the tubing and fittings, if properly manufactured and installed, are suitable
for the , service intended.

They recommended eddy-current inspection df the interior of existing
,

lines, and that all future replacement lines be of a superior material and
" shrouded" to protect against open oil sprays in the event of leakages. The OG
also recommended that inspections for fuel oil leaks near compression fittings
be performed while an engine is running.

4.14.2 CEI/PNPP Status

At the request of CEI, SwRI reviewed the OG report on fuel oil tubing to
verify its applicability to the PNPP. SwRI concluded that the SWEC assumptions

and methods of analysis were acceptable; additional analyses were not deemed
necessary. SwRI agreed with the OG recommendations.

FaAA inspected the tubing per OG instructions (excepting certain sections
of tubing where openings were restricted). No reportable indications were
found. Nevertheless, CEI has decided to install shrouds on the fuel oil lines

as an added precaution (Edelman January 17, 1985, p. 11).

CEI has not yet performed the fitting checks. Consistent with the OG
,

recommendations, these checks are to be done with the engine running, which has .

yet to occur at PNPP.

.
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4.14.3 PNL Evaluation and Conclusion

PNL has reviewed the OG/SWEC generic analysis and report on high pressure

fuel oil tubing, the Wood /SwRI affidavit (January 31,1985), the Edelman/CEI
letter (January 17, 1985), the PNPP DR/QR report, and the PNPP inspection
reports.

Based on the available analytical evider.ae and favorable industry-wide
operating history, PNL concludes that the high-pressure fuel oil tubing and
fittings, as used at PNPP, are suitable for their intended service. However,
PNL recommends that the periodic checks for leaks at fittings be done using the

'

manual pump jacks, rather than when the engine is operating, to minimize risk
to operating personnel.

,

e
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4.15 AIR-START VALVE CAPSCREWS

Part No. 02-359
Owners' Group Report: Emergency Diesel Generator Air Start Valve Capscrew
Dimension and Stress Analysis (SWEC March 1984)

4.15.1 Owners' Group Status

No actual failures of the air-start valve capscrews have been reported.
However, in 1982, TDI issued a Service Infonnation Memo warning of a potential
defect due to the possibility of the 3/4-10 x 3-inch capscrews " bottoming out"
in their holes in the cylinder heads, resulting in insufficient clamping of the
air-start valves. SWEC analy7ed the capscrews from the standpoint of stress
and fatigue and concluded that they are suitable for their intended service,
provided that they have the appropriate length. SWEC recommended that the

length of these capscrews be checked and that any 3-inch capscrews found be
shortened by 1/4 inch or replaced by 2-3/4-inch long capscrews.

4.15.2 CEI/PNPP Status

At CEI's request, SwRI reviewed the OG report on air-start valve cap-
screws. SwRI conducted independent computations paralleling those of SWEC. No
significant difference between the OG analysis results and those of SwRI was
observed (Wood January 31, 1985, p. 35). Factors of safety of 1.6 in stresses
during tightening and operation were deemed satisfactory. SwRI recomnended
retorquing of all capscrews at 8-hour intervals during initial engine operation
(per TDI and OG specifications) until no further yield of the soft metal gasket
material is evidenced. SwRI further recommended that care be taken in cleaning
and lubricating threads of both capscrews and heads.

PNPP personnel conducted the -inspections recommended by the OG. Capscrew
lengths were verified to be 3 inches, not the 2-3/4 inches recommended in the
SWEC report. (The DR/QR and Component Revalidation Checklist prepared by the

OG, against which inspections were conducted, do not give a specific length
criterion). Material comparitor tests were also conducted, with satisfactory
resul ts. tience, no changes were made in the capscrews. Initial cold torques

were verified; hot retorquing cannot be done until the EDGs are operated.
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| 4.15.3 PNL Evaluation and Conclusion

In its evaluation of the OG/SWEC analysis and report on the air-start
valve capscrews, PNL concurred that the capscrew design is adequate, provided
that field verifications comply with the OG requirements.

,

From both analytical evidence and successful operating experience else-
where, PNL concludes that the air-start valve capscrews are suitable for their

:

intended service at PNPP. This conclusion is subject to clarification of the

discrepancy between the 2-3/4-inch capscrew length specified in the SWEC report
and the 3-inch length utilized by CEI at PNPP. This may require additional
inspection, verification, and/or replacements.

-
!

.
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4.16 ENGINE-MOUNTED ELECTRICAL CABLE

Part No. 02-688B
'

Owners' Group Report: Emergency Diesel Generator Engine and Auxiliary *

Module Wiring and Termination Qualification to IEEE-383-1974 (SWEC April

1984)

4.16.1 Dwners' Group Status

SWEC investigated, both generically and specifically for PNPP, the engine-
mounted cables that had been the subject of a TDI Service Information Memo

warning of potential defects. This analysis included a review of circuit
requirements and the wire insulation ratings, termination types and ratings,

,

voltage class, maximum temperatures, flame retardancy and routing in actual
use. The OG found that the components in actual service at PNPP met the
applicable requirements.

4.16.2 CEI/PNPP Status

At CEI's request, SwRI reviewed the OG report on engine-mounted electrical
cable and wiring terminations. SwRI agreed with the OG/SWEC analyses and
conclusions; they did not find it necessary to conduct additional analyses.
SwRI also cited a favorable history of these components in service in both
nuclear and non-nuclear TDI engines.

Actual verification of PNPP wiring and termination qualification was
conducted onsite by SWEC for the OG, as part of the Phase 2 DR/QR process. No

unsatisfactory materials or installation were reported.

4.16.3 PNL Evaluation and Conclusion
- Based on CEI's inspection results and available evidence, PNL concludes

that the wiring and terminations, as installed at PNPP, are suitable for their
intended service at PNPP.
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5.0 DESIGN REVIEW AND QUALITY REVALIDATION OF ENGINE COMPONENTS

The second phase of the Owners' Group Program entails a comprehensive

design review (DR) and quality revalidation (QR) of engine components. Compo-

nents selected for review, and the type of review performed for each, are
determined by the Owners' Group on the basis of the impact of the components on
engine performance. Of the 171 components evaluated in the PNPP DR/QR, over
150 had been subjected to both a DR and a QR.

PNL reviewed the PNPP DR/QR of the 16 components discussed in Section 4 of

this report, together with supporting inspection reports and documentation of
the disposition of inspection findings. The design reviews rely on applicable
lead-engine component reviews previously performed for Comanche Peak. For the
16 components discussed in Section 4, the design reviews are also supported by
reports prepared by the Owners' Group (the " Phase I" reports) on resolution of -

problems with potential generic applicability. The PNL reviewers found the
design review aspects of the PNPP DR/y.. to be acceptable for the 16 components.

The quality revalidations of engine components involve documentation
reviews, inspections, and. tests as appropriate to verify important attributes
identified by the Component Quality Revalidation Group established by the
Owners' Group. The PNL reviewers were able to trace all of the supporting
records for the PNPP QR of the 16 components referred to above, and found them
in order for documenting the as-built and as-inspected quality of the
components. For example, the reviewers found nothing contrary to accepted
practice in the documentation of nondestructive examinations performed by CEI
or Owners' Group examiners. The documentation indicated that the examiners

,

held Level II certification er aoGve in NDE procedures, consistent with:

accepted practice, and that the examir:ations were performed in accordance with
procedures and acceptance criteria approved by the Owners' Group.

,

|

|
Of the 171 comporents addressed in tne PNPP DR/QR report,11 care reported

by CEI to differ from similar components in the Comanche Peak engines. PNL
reviewers consider EDG differences that affect only one of these components--
the crankshaft--to warrant further attention. Because of differences in
generator and flywheel characteristics, the torsional crankshaft stresses will

5.1
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differ from plant to plant. PNL recommendations concerning the crankshaft are
summarized in Section 3 of this report and discussed in more detail in

Section 4.3.

As noted in Section 3 of this report, PNL's review of the DR/QR for
Comanche Peak has not yet been completed. However, sufficient progress has
been made for PNL ,to conclude that the overall approach is adequate for the
intended purpose. The results of PNL's limited review of the PNPP DR/QR as
discussed above, together with the similarity of the components in the Comanche
Peak and PNPP engines and the lead-engine component reviews previously per-
formed for Comanche Peak, provide a basis for confidence that the overall {

design review and quality revalidation of the PNPP engines has been performed
adequately.

.
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6.0 MAINTENANCE AND SURVEILLANCE PLANS

Appendix 2 of the PNPP DR/QR report deals with only maintenance; no.

mention is made of planned surveillance during engine operation or while the
engine is in standby status. In this regard, therefore, the PNPP DR/QR report
is incomplete. However, CEI has committed to incorporate the OG recommen-
dations on maintenance and surveillance into their M/S plan.

On February 11, 1985, NRC requested that the OG prepare M/S plans specific
to each TDI engine model. The plan for the DSRV-16 engines was thus
unavailable for this PNL review. Assuming that 1) the OG responds to this NRC
request in a timely manner, and 2) the plan is reviewed and approved by NRC,
PNL concludes that PNPP will have an adequate M/S plan in place prior to plant
startup.

.
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7.0 ENGINE TESTING AND INSPECTION

The PNPP Unit i Division 1 and 2 EDGs were installed in 1.381 and have not
-yet been operated onsite. The only operational time on these engines was
accumulated during testing at the TDI factory in 1978 prior to shipment. Test-
bed logs reveal the operational data summarized in Table 7.1.

TABLE 7.1. Perry Nuclear Power Plant Engine Loads and
Operating Time -

Division 1 Division 2
rpm hr hp rpm hr hp

200 2 1,092 210 1.17 1,165

275 2 1,512 270 1 1,498

380 1 2,185 380 1 2,109
*

400 1 4,730 400 1 4,369

450 1 2,488 450 1 2,497

450 1 4,915 450 0.83 4,915
i 450 1 7,311 450 1 7,296

450 2 9,717 450 2.25 9,687

450 1 10,689 450 1 10,656

TOTAL 12.0 10.25

At 450 rpm 6.0 6.08
,

Because the engines have not been operated at the site, CEI has performed
the inspections and relevant component replacement and refurbishment without
any prior operational experience, relying solely on the guidance of the Owners'
Group. However, CEI is planning to proceed according to NRC regulatory guides
to perform the required preoperational testing of these engines. This testing
will consist of 35 starts on one unit and 24 starts on the other to satisfy the

requirement of NRC Regulatory Guide 1.108 for 69 starts. Additionally, CEI
proposes 10 more starts for each engine according to Regulatory Guide 1.9 and
IEEE-387-1977, Section 6.3.1. Load imposition will not, however, be in steps,

7.1
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but as rapid as possible. Following the stipulated 100 hours of preoperational
testing, CEI will conduct additional component inspections (Edelman January 17,
1985). These inspections will enc sass 19 components or assemblies identified
in the DR/QR report for PNPP, plus four other componhnts added due to changes *
in the OG's stipulation since.the preoperational inspections were conducted.

PNL reviewed these preoperational testing plans and believes that speci-
fied testing will be adequate to detect any abnormal engine behavior. However,
PNL believes that the number of fast starts currently planned by CEI could be

'

deleterious to the engines, based on the operational' history of other TDI
engines in nuclear service. This concern was addressed in the NRC Generic

Letter 84-15-Draf t. Therefore, PNL recommends that the CEI testing plans be

revised to minimize the number of fast starts consistent with current NRC
requirements. Further, plans for component inspections should reflect the PNL
recommendations discussed in Section 4 of this report.

.
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