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Docket.Nos.: 50-322,50-329/330,50-440/441

MEMORANDUM FOR: Chairman Palladino
Comissio.ner Roberts
Comissioner Asselstine
Comissioner Bernthal
Comissioner Zech

FROM: Darrell G. ' Eisenhut, Director
Division of Licensing

SUBJECT: BOARD NOTIFICATION 84-152
SAFETY EVALUATION REPORT ON TRANSAMERICA DELAVAL, INC.
(TDI) OWNERS GROUP PROGRAM PLAN; AND SAN ON0FRE
CRANKSHAFT INDICATIONS

In accordance with procedures for Board Notifications, the following information
is being provided directly to the Comission. The' appropriate Boards and
parties are being informed by a copy of this memorandum. This information is
relevant to all facilities that have diesel generators manufactured by TDI

-including Perry, Midland and Shoreham which are currently before the Comission.

On August 13, 1984, the staff issued its safety evaluation (enclosed) address-
ing the TDI Owners Group Program Plan. The staff has concluded that sufficient
progress has been made by the Owners Group in resolving known problems with TDI
diesel engines such that the NRC can proceed with licensing of these plants for
at least one operating cycle subject to the conditions identified in Section 4.6
of the staff's evaluation. Operation beyond the first refueling cycle will be

: subject to license conditions requiring staff review and approval of licensee
action to' verify and enhance the reliability of TDI engines.

Ouring recent inspections of the #1 diesel generator at San Onofre Unit 1,
'

crack indications were found in four of the main journals of the crankshaft.
.The indications were found along the sides of the oil holes which extend
;through the main journals. The largest indication was 31" long with an
estimated maximum depth of 0.18". San Onofre 1 has two V-20 engines manufactured
by TDI. Inspection of the #2 diesel engine will begin following #1 inspection
completion and repair, approximately September 5. The Boards and parties will
be informed of additional developments as the staff is made aware of them.

f, div~'
3

Darrell. G. Eisenhut, Director
/ Division of Licensing -

Enclosures: As stated N
8409040189
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.ACRS (10)

ASLB
3hoFeham(Brenner,Ferguson, Morris)
Catawba (Kelly, Foster,Purdom)
Perry (Bloch, Bright,Kline)
Comanche Peak (Bloch, Jordan,McCollom)

'

Midland (Bechhoefer,Cowan, Harbour)

ASLAB
'

Shoreham (Rosenthal,Edles,Wilber)-
. Catawba-(Rosenthal, Moore,Wilber)
Perry (Kohl, Johnson,Edles)
Midland (Kohl, Buck, Moore)
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Docket Nos.: 50-322/416-417/206/312/458-459/400-401/413-414/440-441
50-438-439/445-446/424-425/329-330/460

Mr. J. B. George, Chairman
Transamerica Delaval, Inc.

.0wners Group
Texas Utilities Generating Company
Post' Office Box 1002

-Glen Rose, Texas 76043

Dear Mr. George:

SUBJECT: SAFETY EVALUATION REPORT, TRANSAMERICA DELAVAL, INC.
DIESEL GENERATOR OWNERS GROUP PROGRAM PLAN

Enclosed is the staff's evaluation of the Transamerica Delaval. Inc. Owners
Group Program Plan submitted on March 2,1984 The evaluation addresses the
resolution of known problems and the design review / quality revalidation
program, Phases 1 and 2 respectively of the program plan. Additionally, it
addresses engine testing and inspections, maintenance and surveillance, and
administrative controls that are deemed necessary to assure diesel engine
reliability. The SER also sets forth requirements to ensure diesel engine
reliability for owners seeking to operate their plants prior to completion of

-the Owners Group Program Plan and staff review of that plan.

Any future findings and reconsnendations from the Owners Group will be evaluated
in subsequent Safety Evaluation Reports. The staff will continue to issue

. plant-specific. Safety Evaluation Reports regarding the reliability of the TDI
diesels.

Sincerely,

' s

4
| rrell G. Isen u , irector
! Division of .icensing
,.

Enclosure:
As stated

; 'cc w/ enclosure: 7 g , ,(
ohm kI!TDI.
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SAFETY EVALUATION REPORT

TRANSAMERICA DELAVAL, INC.

DIESEL GENERATOR OWNERS GROUP PROGRAM PLAN

1.0 ' INTRODUCTION

Thirteen nuclear utilities that own diesel generators manufactured by

Transamerica Delaval, Inc. (TDI) have established an Owners Group to address

questions raised concerning their reliability, operability and quality

assurance. On March 2,1984, the Owners Group submitted a plan to the U. S.

Nuclear Regulatory Commission (NRC) (Ref.1) which, through a combination of

-design reviews, quality revalidations, engine tests and component inspections,

is intended to provide an in-depth assessment of the adequacy of the

respective utilities' TDI engines to perform their safety related function.

This Safety Evaluation Report (SER) is a review of the proposed-0wners Group

- Program Plan (OGPP), and presents the staff's evaluation and conclusions on the *

. requirements for interim and full-term licensing of TDI diesel generators.

2.0 BACKGROUND

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 since

- 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 by TDI.

91/ M5?]
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In response to these problems, eleven (now thirteen) U. S. nuclear utility

owners formed a TDI Diesel Generator Owners Group to address operational

and regulatory issues relative to diesel generator sets used for standby

emergency power. The Owners Group program was initiated on October 25, 1983

at a technical information exchange meeting held in Atlanta, Georgia. This

information exchange meeting involved 59 industry representatives, including

personnel from 26 utilities as well as the Institute of Nuclear Power Opera-

tions, NRC and Nuclear Safety Analysis Center / Electric Power Research

Institute. The orgariization of the Owners Group is outlined .in a Project

Interface Document (Ref. 2)-

.3.0 OWNERS GROUP PROGRAM DESCRIPTION

The Owners Group program embodies three major efforts as follows:

1. Phase I: 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 II: A design review / quality revalidation (DR/QR) of a larger set

of.important engine components to assure that'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 stemming from the Phase I and II programs.
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13.11 Phase I'~- Resolution of Known Generic Problems =
~

_ ,

+

;f.

On the bdsis of_ a review' of accumulated data on TDI diesel generator
~

,

''
~

operating experience from'' industry sources (nuclear, marine, stationary),.

, the Owner's Group.has identified 16 components with problems that have-

potent'ial generic applica'bility. The compenents are as follows:

" Air Si: art Val'v'e Capscrews, Connecting Rods, Connecting Rod Bearingy

-

~ : Shells; Crankshafti, . Cylinder Block, Cylinder Heads,' Cylinder Head _ Studs,
"

-

LCylinder Liner,- Engine Base and Bearing Caps, Engine Mounted Electrical

Cable,-High Pressure Fuel Oil Tubing, dacket Water Pumps, Piston. Skirts,

_ Push. Rods,. Rocker = Arm Capscrews and Turbochargers.

. Included in the 0GPP is a; task description for.the design review of each

of these components, and a' sumary of. th'e analysis, testing, and inspection
~

.

'

Lplanned for each component -in the lead engine. Under th,e lead engine

concept the ' design would be ' verified through analyses, testing, and

-
inspectio'n of one engine (the " lead", engine) and the verification would

, _ .be considered applicable to other engines equipped with the~same

components and. operated under tha same conditions (the "following"

engines)~ which would, therefore, require only limited confirmatory
,-

_ verification.

~ .

- As stated in the Plan, the Owners Group .recomends that' these known

' generic problemsLbe resolved before' placing the engines in service to

' support full-power operation of a nuclear plant. However, exceptions are
[. - considered permissible by the 0wners' Group to the' extent that interim

'

''

1 operation _ prior to problem resolution may be justified _by any owner.
1

?

''

,_

_
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.3.2 Phase II'- Design Review / Quality Revalidation

The second element'of the OGPP, Design Review / Quality Revalidation,,

entails a review of components other than those already identified as

known problemsL(Section 3.1 above). Through a process that considers

.the. function of each component, its srole in the overall operation of the

engine, known. performance data, and the engineering judgment of the

Owners Group Component Selection Committee, components are selected for'

~ design' review and/or quality revalidation to assure that they have been

adequately designed and fabricated.

1

According to guidelines established by the Owners Group, a component '

is normally selected for DR/QR if its failure would result in engine

shutdown (" Type A" component). The Component Selection Connittee determines,

whether or not DR/QR is required for a component if its failure could
,

result in reduced engine capacity (" Type B"). DR/QR is generally not
..

required for. a ~ component 'if its failure would have little effect on<-

engineperformance("TypeC").

3.3~ Engine Testing and Inspection

l^

The OGPP addresses engine testing in two sections. First, the " Testing
,

e
Program Summary" of the Plan states that technical staff will use results.

of component evaluations to establish testing / inspection requirements for

" lead" engines, and that these results will dictate the need for tests

and inspections of "following" engines. The specific test plans will

result from NRC/ owner interactions. Second, for the known problem

resolution tests, a test inspection plan is provided for engines at
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eleven n'uclear stations in the series of tables in Section III and

Appendix 6 of the Plan (Reference 1). Testing of the 16 components with

known problems would be.for 100 hours at 100%. power but in some cases

components would be tested'on more thar,one lead engine and could be

tested to 300 hours.. Additionally, some number of starts would be part

of the. confirmatory tests on the lead engine. "Following" engines would
'

. only have to' go through preoperational| testing specified by TOI and NRC

if 'all components in the engine could be verified as being similar to

components already tested in lead engines'. (It is the staff's under-
L standing that this~ test program has evolved somewhat since Appendix 6

~ of the plan was-written. The staff notes, however, that plant-specific

submittals will' identify tests and inspections actually performed.)

4.0 NRC STAFF EVALUATION

Enclosure 1 to this SER is a Technical Evaluatiort Report (TE.R) entitled,

" Review and Evaluation of TDI Diesal Generator Owners Group Program Plan,"

-(PNL-5161) of March 2, 1984 This TER was prepared by Pacific Northwest

Laboratory (PNL),' which is'under contract to the NRC to perform technical

evaluations of the TDI Owners Group generic program, in addition to plant-

specific evaluations relating to the. reliability of TDI diesels. PNL has

| retained the services of several expert diesel consultants as part of its

review staff.

The NRC staff has reviewed the OGPP and the enclosed TER by PNL. The Safety

: Evaluation herein addresses the scope and strategy of the 0GPP for purposes of

achieving a resolution of the existing concerns relating to the reliability of
!

t

,
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diesel generators manufactured _by TDI. Specific findings and reconsnendations

from the Owners Group Program review will be evaluated in subsequent Safety

Evaluation Reports by the staff.

.

Based on'its review, it is the staff's' overall finding that the OGPP incorporates

the essential elements neNed to resolve the outstanding concerns relating to

the reliability of the TDI diesel generators for nuclear service, and to

ensure that the TDI diesel engines comply with GDC 1 and GDC 17. These

essential elements include.(1) resolution of known generic problems (Phase I),

(2) systematic design review and quality revalidation of all components

important to reliability and operability of the engines (Phase II), (3)

appropriate engine inspections and testing as-identified by the results of

Phase I and' II, and (4) appropriate maintenance and surveillance programs as

indicated by the results of Phase I and II.

Certain plants will be requesting a full power operating license prior to

completing implementation of the Owners Group Program. Section 4.6 provides

the staff's evaluation of considerations which must be addressed by individual

utility owners to ensure the reliability of the TDI engines for an interim

period pending staff review and approval of findings from the Owners Group

Program and of owner specific actions to resolve the TDI engine issues.

4.1 Phase I - Resolution of Known Problems i

!

As stated by the Owners Group and PNL, the staff agrees that resolution

of known problems is a major element of the effort necessary to establish

the reliability of the TDI engines.

.:
._ _ _ _ _ . _ _ _ __ -- - - _ -
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The Owners _ Group to date has identified 16 components with known generic

problems which it considers to be of most significance and deserving of

priority attention'as a' basis for licensing. In addition to components
.

included among these 16, PNL has identified the engine gears as another

engine component which is ofL particular importance to the reliability and
- operability of the engines and which also warrants careful attention. The

staff notes, however, the gears will be included within the scope of the

Phase _II program for each plant. In the absence of reported engine

Lfailures attributable to 9, ears, the staff concludes that gears need not
.

be folded into the Owners Group Phase I program for priority attention.

However, the condition of the gears should be inspected prior to the

licensing-of each facility (see Section 4.6, " Interim Bases for

Licensing").

The Owners Group has submitted reports addressing each of the 16 problem

areas currently identified as part of- Phase I. However, as noted in

Section 2.1.2 of the enclosed TER, some reports have lacked information

regarding fundamental aspects of the icentification and resolution of'

problems. As guidance, key considerations which should be addressed as

part of.the Owners Group resolution of these issues are identified on

page 7 of the enclosed TER. To complete its reviews, the staff has

requested the infonnation necessary for_ PNL and the staff to complete its
n

review.- Upon completion, the sta.ff will issue safety evaluations of the

proposed Owners Group resolution of each of the Phase I issues.

'

The staff concludes that in view of the critical importance of many of

the Phase I components to the operability and reliability of the diesel

engines, the TDI engine owners must satisfactorily address these known

problem areas as a condition for licensing (See Section 4.6).

o
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4.2 Phase II - Design Review'and Quality Revalidation
. .

The NRC staff concurs that in view of concerns regarding design

manufacturing and QA deficiencies by TDI, the DR/QR program is needed to

ascertain the design'and quality of key engine components, beyond those

.specifically being addressed as part of Phase I. PNL will perform an

audit review of the final Phase II submittals consisting of an independent

review of 10 to 20 key components. The results of this audit review will

~be reviewed by the NRC staff. The staff's review of PNLs audit review

will form the basis of the staff findings regarding the adequacy of the

DR/QR program and, depending upon the outcone of the audit review, whether

.the scope of the review should be expanded. The staff has concluded that

the audit review strategy proposed by PNL will be adequate to ensure

that the DR/QRs are adequately thorough and complete and that Owners Group

recommendations stemming from the DR/QR tasks are appropriate.

Because known problem areas will be well addressed.by all ~ owners prior

to licensing (see section belew, " Interim Basis for Licensing), the

staff has concluded that staff review and approval of the Phase II

-

results should not be a requirement for licensing of near term operating
1

license applicants. However, the staff will condition the operating

licenses to require staff review and approval of the plant-specific Phase
'

II programs prior to restart from the first refueling outage.

,

!,.

!
!

|

I
!

|

. _
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4.3 ' Engine Testing and Inspections

Based'on the current status of reviews being conducted.by PNL on the

Phase I reports submitted-by the Owners Group, calculated design margins

-for some key engine components do not provide sufficient confidence by

themselves'to ensure the adequacy.of the component design. This is

particularly true since the analyses submitted by the Owners Group to

date are intended.to support engine operation at 100% of full rated load.

In the enclosed TER, PNL has recomended testing of a " lead engine" for.

7'

10 cycles to verify design adequacy. The staff agrees that operating

experience is a key ingredient for verifying design adequacy of; key

' components, especially in cases where supporting analyses indicate
C

relatively small design margins, or in cases where significant uncertain-

ties exist. However, the staff concludes that the' need for additional

testing for each of the key engine components must consider the analyses
.

perfonned, the uncertainties in the analyses, an'd relevant operating
experience.

.The staff notes that for many plants, the maximum emergency service load

requirements for worst case loss of off-site power or loss of off-site

. power and Loss .of Coolant Accidents are significantly less than the engine

name plate rating. Realistic consideration of the maximum engine load

requirements in'the conservative supporting analyses would reveal enhanced

design margin relative to the margins which exist at 100% of rated load.
.

Furthennore, it may be possible to establish that these maximum load

requirements fall within the envelope of relevant operating experience

.

s
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for' engines where key components of the'same design have operated
~

7successfully. for extended periods (i.e., beyond 10 operating cycles).

Thus, for plants where the engine load requirements are less than the

load rating of the engine, it may be possible to demonstrate adequate

assurance of component reliability at a'" qualified load" exceeding the

maximum emergency service load requirements without having to rely on

additional.-testing of a " lead engine." Where the " qualified" load is

less than the full rated load of the engines, however, it would be
.

necessary for applicants to propose changes to the engine operating-

procedures and to the Technical Specifications to ensure that the engines

are not unnecessarily-loaded above the " qualified load" during emergency

service and surveillance testing.

The staff will incorporate the results of the Phase I program into its

evaluation of the need for additional testing and inspection during.

Phase II. In the interim, test and inspection considerations pertinent
.

to plant licensing are addressed in Section 4.6.-

4.4 Maintenance and Surveillance Program

m

A comprehensive maintenance and surveillance program is a key aspect

to ensuring the continued reliability and operability of the diesel

generators for the life of the plant.- Surveillance and maintenance

requirements are addressed in the DR/QR report to the owners for the

components considered in a particular engine. The owner is expected to

consult with the manufacturer, the engine manual, in addition to the

surveillance and maintenance schedules in the DR/QR report, to develop

. his plant-specific surveillance and maintenance program. The staff will

1
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review .the maintenance and surveillance programs as part of its review of

the Phase II reports for the individual plants. Pending the staffs

review and approval of these programs, the staff will require implemen- *

tation of an. augmented program as part'of an interim basis for licensing

(See section 4.6 below).

4.5 Administrative Controls

.

In the enclosed TER, PNL has made a number of comments pertaining to

administrative control aspects of the Owners Group Program.

_

1. Provisions for addressing new problems that arise during the program

should be addressed.

2. Formal criteria for disseminating corrective actions to all members of

the Owners Group should be established. .

3. Formal criteria should be established by the Owners Group to assure

corrective actions have been implemented for all applicable engines.

4. The Owners Group Program Director should personally ensure that

technical reports address all pertinent issues, including those

identified by PNL on page 7 of the TER, and is complete within

itself.

t-

i

.
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With regard to comment No.1, the NRC staff notes that there is a proce-

dure established by the Owners Group in a Project Interface Document,

. Attachment 5 " Policy for Communicating Plant Specific Concerns /Recommenda-

tions Having Generic Implications" (Reference 2) which the staff concludes

adequately addresses the PNL cannent. Specifically, the " Project

Interface Document" establishes a formal procedure for ensuring that new

. concerns of a potential generic concern are brought to the attention of

the Owners Group. Upon receipt, the Owners Group will evaluate what, if

any, Owners Group actions are warranted. The Owners Group will notify

the owners of the new concern and identify the actions taken.

.

With regard to item 2, the staff finds that issuance of the Phase I and

II reports by the Owners Group will ensure that recommended corrective

actions are disseminated to all members of the Owners Group.

With regard to item 3, the staff notes that it is the responsibility of

the utility.to implement the Owners Group recommendations as 'the utility

deems appropriate'. The staff will require that the utilities document

' their actions relative to the Owners Group recommendations. The staff

will review the acceptability of the utility actions and issue plant-
specific SERs.
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With regard to item 4, the_ staff feels the Owners Group Technical Program

, - Director should sign all reports to the NRC to signify that he has

L personally. verified that all' pertinent issues have been addressed and,

"

~ that the ' report'is complete unless otherwise indicated. As previously
'

' - : discussed, PNL and the. staff have found that some of the early '0wners

Group submittals have been inadequate in some respects. This has been
t x

communicated to the Owner's Group. To' facilitate the PNL and staff review -

.of these reports, it is clearly to the benefit of-the Owners that the-

reports address all pertinent topics. PNL and the staff will make final

conclusions _concerning the technical issues.only after all pertinent,

_

issues have been satisfactorily addressed by the Owners Group.

;-

'4 6- Interim Basis for Licensing'. _

.

!
*

Based on the staff and PNL review of _ the Owners Group Program Plan and

- of the status of the Owners Group efforts to resolve significant (
,

known problems (i.e. Phase I), the staff concludes that it should

. generally be possible for individual owners to ensure the reliability
~

i of their TDI engines for an interim period pending staff review andI

;. approval of findings from the Owners Group program and of owner

specific actions to resolve.TDI engine issues. The interim basis for
f

- licensing shall include'ths following elements:

.

^1. For engines where emergency service load requirements involve a BMEP

greater than 185 psig, the utility shall provide information

demonstrating that crankshafts, pistons and other key engine

components (as identified below) which are of the same design as

those in the subject engines have operated successfully for at least.

.

<

d
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7
:10 loading cycles under loading conditions which meet or exceed the

severity of the maximum emergency service load requirements for the

subject engines. For purposes of this SER, this load level (i.e.,

the load level above a load corresponding to 185 psig BMEP enveloped

by successful operating experience) will be referred to as the

" qualified loa'd" for the subject engine. Where appropriate operating

. experience does not already exist relative to this qualified load, a

-test of an engine with the same designs of these key components for
7

10 cycles will be required to establish an adequate " qualified load"

for the subject engines.

The staff will consider excepting engines from this requirement on a

case-by-case basis where the 185 osig BMEP criterion is exceeded only..

for brief periods of time.

.

In addition to pistons and crankshafts, the subject 185 psig BMEP ,[. y
criterion may also be made applicable to other components (e.g.

3
c'onnecting rods and engine block) as determined through interaction

between the utility and the NRC. Pertinent considerations for

this determination include predicted component design margins,

analysis uncertainties, and the capability for periodic and

effective component surveillance.

The 185 psig BMEP criterion above reflects existing PNL and staff

concerns regarding the limited design margin available to certain key

engine components, particularly the piston skirts and crankshaft, while

the engine is operated at full rated load. With regard to the piston

skirts, however, AE piston skirts have accumulated in excess of
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6000 hours without failure. A substantial portion of this load has
~

been accunnulated at lofds corresponding (o 185,psig BMEP. PNL has
4

-also concluded that pending the evaluation of crankshaft stresses at

higher loads,-185 psig BMEP is considered to be conservative.

The staff and PNL have _not yet made conclusions regarding the

- applicability of the R-5 engine experience with AE piston. However,

even if the staff findsethat the R-5 experience verifies the

adequacy of AE piston skirts at full rated load, the 185 psig BMEP

criterion above would remain operative idI51ew of concerns regarding

other key components,'particularly the cfankshaft,

j'r
2. For engines with non-AE piston skirts, .the utility.shall provide

information that piston skirts of the same design have operated
I n- .

.

successfully for at least 10'' cycles 'under loading conditions which
,

meet or exceed the maximum emergency service load requirements for
< .,

the subject engines.: Where appropriate operating experience does

not exist, a test of an engine.with the same piston design for,

7
10 cycles will. be required to eitablish an acceptable qualifiedj

load for the subject pistons. The sthff will consider excepting

engines from this requirement whgre utilities can satisfactorily
,a

demonstrate to the NRC acceptable design margin for the pistons for
~

themaximumemergencyservice1bdrequirembts.

i
,

. 'f

A

,

)

.
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3.. Appropriate changes to engine operating procedures should be
'

implemented to ensure that the engines are not loaded unneccessarily
i

above 185_ psig BMEP, or above " qualified load" (see items 1 and 2

above) as justified on the basis of analysis o'f critical component

operational ' data.

4

4 The plant Technical Specifications should be revised to limit testing

of the engines to 185 psig BMEP, or " qualified load" as_ appropriate

to preclude operating the e..gines unnecessarily at more highly stressed

conditions.

5. Following preoperational testing, the engine with the most operational

hours or critical internal engine components shall be subjected to -

j. an engine disassembly and inspection. Action to be taken on the

other engine (s) of a plant will be contingent upon the results of

the inspection conducted on the subject engine, and the owner's-
.

'
ability to demonstrate through a review of the manufacturers QA

L records, that the engines have similar "emanufactured" quality.

'

The inspections should include as a minimum all components currently

being considered as part of the Owners Group' Phase I program, plus

the engine gears and wrist pin bushings. Other components should be

included in this inspection, as approriate, based on any adverse
i-

! operating experience. The types of inspections to be performed should

include those reconsnended by the Owners Group (e.g., dye penetrant,

eddy current, ultrasonic, radiographic, etc) for these components.

'

as appropriate based on the types of problems (e.g., cracks, abnonnal

wear or other distress, inadequate assembly or torqueing, etc.)
-

4

'
4
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A: which have previously~ have experienced on these com'ponents at

Shoreham, Grand Gulf, and other TSI engines. All parts found with

unacceptable defects shall be replaced prior to declaring the engine

' operable. The engine block and engine base may be excepted if

indications are non-critical. Non-critical indications are defined
4

as' not causing oil-or water leakage, not propagating, and not

adversely-affecting the ability of the block to support the cylinder
'

. liners and stud preload.. _s

, A description of'the inspections performed and the results should be
~

submitted for NRC staff.revfew and approval prior to plant operation

. 'above 5% power. This report should ' address 1Ill indications found

and the engineering basis for acceptance or rejection of the subject

components. Where the. type of inspections or acceptance cr'iteria

deviate from Owners Group recommendations, this should be specifically.;

-identified and justification p'rovided.

6. Following engine ~ reassembly, " hot" and " cold" crankshaft deflection

measurements shall be taken to verify that the crankshaft alignment

is'within manufacturer's recommendations. The hot' deflection

measurements should begin within 15 to 20 minutes of' engine shutdown.

In addition, a torsiograph test should be performed. To the extent

not already included as part of the manufacturers recommendations or-

plant Technical: Specification requirements, the following engine

: tests :shall be performed to demonstrate operability of the engine:

10 modified starts to 40% load-

.

r- - , - , , - . , , , . . - + , --..__-,,-r,_, , _ ,,_,n - , , p. p9 ,,,. - - ,-- -y.,y y-ye-w .o _g._,-g- 9 +,,-
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2 fest starts to a lead gr;ater than or equal to the ' '
-

maximum emergency service load but not to exceed a load

corresponding to 185 psig BMEP or " qualified" lead.

124-hour run at a load greater than or equal to the maximum-

emergency service load but not to exceed a load corresponding

to 185 psig BMEP or " qualified load."

~*

A modified start is defined as a start including a prelube period as

'reconsnended by the manufacturer and a 3- to 5-minute loading to the,

specified load level, with operation-at the level for a minimum of

I hour. A fast start is one conducted from the control room on

simulation ~of an Engineered Safety Feature (ESF) signal with the

engine on ready standby status. The engine should be run for 4 hours

for each fast-start test. The 24-hour run is reconinended to detect

abnormal temperatures, pressures, and/or temperature excursions that

might indicate abnonnal engine behavior. Either a modified or a fast

start may be utilized. -

7. The engine maintenance and surveillance program to be implemented

during the (interim) period prior to final resolution of the TDI

engine concerns shall be submitted for NRC staff review and approval.

Appendix A provides an example of a program which was recently.

approved for Grand Gulf.

|

Proposed exceptions or modifications to the above interim bases will be

considered by the staff where adequa.te justification is provided. The

staff will review owner actions relative to the above bases for interim

operation and issue a safety evaluation prior to authorizing plant

operation.
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5.0LCONCLUSIONS

'

Based'on its review of the Owners Group Program Plan (0GPP) and of PNL's~

evaluation of the plan, the staff concludes that the OGPP incorporates the<
-

essential elements needed to resolve outstanding concerns relative. to the

' reliability of_ the TDI engines for. nuclear service, and to ensure that the

.TDI engines comply with GDC 1 and GDC 17. Specific findings-and recommendations

- stemming from the Owners Group Program will be evaluated in subsequent

. Safety Evaluation Reports by the staff.

'

A number of owners are seeking operating licenses and/or authorization to

L operate their plants prior to the completion of the Owners Group program and

the staffs review of that program. The staff has concluded that sufficient

progress has been made by the Owners Group to resolve known problems with TDI

engines such that the NRC can proceed with licensing of these plants for at

least one operating cycle subject- to the conditions identified in Section 4.6

-of:this SER. Operation beyond the first refueling cycle will be subject to
'

license conditions requiring staff reviews and approval of' licensee acticns to

verify and' enhance the reliability of the TDI engines.

7.0 REFERENCES

1. TDI Diesel Generator Owners Group Program Plan, March 2,1984
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Management Project Interface Document.
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1984,'page 110,. lines 5-25, page 111, line 1.
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APPENDIX A.
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AUGMENTED MAINTENANCE - SURVEILLANCE PROGRAM

The'following maintenance and surveillance actions are provided as guidance
.

to augment the maintenance program recommended by TDI.
~ be justified on the basis of plant-specific maintenance practices, designAlternate actions may'

and experience. The overall . goal .of the augmented maintenance program should
.be to stagger .the testing and surveillance to prevent both diesels from being
-out of service at the same time, and ensure reliability of the diesels while

~

minimizing their unavailability.
Action

- Frequency
..

.

1. ~ Air-roll Engine.(Cylinder Heads)
' At 4hr and 24hr after each sh tdu ownand prior to planned start.

2. Visually inspect external engine' . Monthly, or after every 24hr o'f
'

'

block:and base for oil and water
. leakage. engine operation, whichever comes

first.,

3.- Sample lubricating oil |at lube
oil. filter inlet when engine'

is running - chemical analysis~

by qualified laboratory, s

4. | Routinely sample _ lubricating oil - Monthly
'

- -^
chemical analysis by. Qualified
laboratory and sump water check.

>,- -

, -

5. Record lube oil filter diff'erential -
.

.

I

pressure. *

16. Visually inspect all connecting rods After 200 hours of engine opera-tand check for preload relaxation. tion or 9 calendar months ,- which-
ever comes first, and prior to
power levels above 5%.

- 7.- Check 25% of cylinder head studs After 270hr of engine operation or
'

and 100% of air-start valve cap-
screws for. preload relaxation. each refueling cutage, whichever

. , comes first.
'

'8 .~ Visually check cams, tappets and
pushrods.

9. Check hot and: cold crankshaft
deflections.

10. - Check' rotor float for one turbo--
charger and . inspect stationary
nozzle ring bolts.

'

4

?
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Action Frequency

11. Record engine operating parameters: During surveillance test, record
'

a. engine inlet lube oil pressure
b. ' turbo L.0. R.F, pressure parameters hourly, unless more

frequent recording is recommendedc. turbo L.0. L.F. pressure by manufacturer. -

,

d. fuel oil pressure

e. fuel oil filter differential
pressure

f. air manifold pressure L.B.
g. air manifold pressure R.B.
h. lube oil filter differential

pressure
i. Jacket water pressure (inlet and

(outlet)
J. crankcase vacuum
k. all cylinder exhaust temperatures
1. stack temperatures at turbine

inlet
m. lube oil temperature (inlet and-

(outlet)
n.-jacket water temperature (inlet

and outlet)
o. tachometer
p. hourmeter

s *

q. engine load
-

12. Clean and inspect "Y" strainers in Quarterlystarting air system.

13. Flush jacket water system Three to four years.

.

#

w
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ABSTRACT

This report occuments a review, performed by the Pacific Northwest
Laboratory (PNL), of the Transamerica Delaval, Inc. (TDI) Diesel Generator
Owners' Group Program Plan. This report was prepared as part of the technical

~

'

support PNL is providing to the U.S. Nuclear Regulatory Commission (NRC),.

Division of Licensing, on matters pertaining to the reliability of TOI diesel
generators as emergency power sources for safety-related nuclear systems.

.
Dr. Carl H. Berlinger is NRC's TDI Project Group leader.

The report presents the comments and conclusions reached by PNL, with the
advice and counsel of five diesel engine consultants, on the principal elements

~

of the Owners' Group Plan: Generic Problem Resolution, Design Review / Quality-

Revalidation, and Engine Testing and Inspection. Also included are PNL's com-
ments on the related issues of Surveillance and Maintenance, and Administrative

Controls. The conclusions drawn from PNL's evaluation of these issues form the
basis for two additional topics addressed in the report: Critical Elements
Required to Establish Diesel Engine Operability and Reliability, and Considera-
tions for Interim Licensing.

.
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REVIEW AND EVALUATION OF, ,

TDI DIESEL . GENERATOR DWNERS' GROUP PROGRAM PLAN

~

1.0' INTRODUCTION -
,

Eleven-nuclear utilities that own diesel. generators manufactured by
-Transamerica Delaval, Inc. (TDI) have established an .0wners' Group to aodress

. questions raised byia major failure in one TDI -diesel. (at the Shoreham Nuclear

cPowerlStation:in August 1983), and other problems in TDL diesels. On flarch 2,
1984, the= Owners' Group submitted a plan to the U.S. Nuclear Regulatory Com-

~

-nission-(NRC) for "...a' comprehensive program which, through a-ComDination.of
design' reviews, qual _ity'revalidations,-engine tests and component inspections,

,

will provide an in-depth assessment:of the adequacy of the respective util-
. ities'' TDI' engines to perform their intended safety related functions."

Ati.che request of NRC, Pacific Northwest Laboratory (PNL) undertook a
~

project to provide support to NRC staff in addressing questions of TDI diesel--

generator reliability, operability, and quality assurance. A primary task of
the' project is PNL's assessment:of. the TDI Diesel Generator Owners' Group

- Program Plan.

-

. Summarized in this report are the comments 'and conclusions reached by PNL,
with the advice and counsel of five diesel engine consultants, after our review
and evaluation of the Owners' Group Program Plan We focused'our attention on.

- tnree-aspectssof the Plan:

a . adequacy-of the overall approach for identifying and correcting sig-
nificant problems with TDI diesels, and for verifying tne suitability,

of these engines as power sources for safety-related nuclear systems

thorougnness of.the planned effort for addressing all aspects of TDIa

diesel operability and1 reliability that should be covered

* ' critical elements that should be considered in interim licensing
decisions 1(i.e., licensing prior'to completion of the implementation
of the Plan).

.

1
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This report 1 reflects the advice of four PNL consultar.ts in diesel engine
technology who met at PNL on May 2 and 3,1984, .to discuss their initial review
and evaluation of the Owners' Group Plan, and on June 28, 1984, to discuss this
report in its final ' form. Comments received from NRC on a draft version of
this report were considered in the preparation of the final version. The con-
sultants who participated in these meetings are as follows:
e Mr. A. J. Henriksen, private consultant

e Mr. B. J. Kirkwood, Covenant Engineering
'

Mr. P. 'J. Louzecky, Engineered Applications Corporatione

Dr. A. Sarsten, Norwegian Institute of Technology.3

ffr. J. A..Webber of Ricardo Consulting Engineers PLC, West Sussex,

England, participated in a meeting at PNL on: April 2 and 3,1984, to develop an
'

approach for evaluating the Owners' Group Program Plan. Key issues discussed
in that meeting that pertain to PNL's review of the Plan are also incorporated
in this report.

Members of the PNL project team who participated in the above-mentioned
meetings are:

W. W. Laity, Project Managere

e J. M. Alzheimer
o fi. Clement

S. D. Dahlgrene

D. A. Dingeee

R. E. Dodgee

e J. F. Nesbitt
J. C. Spannere

e F. R. Zaloudek.

5. H. Bush, a retired PNL staff member currently serving as a consultant to the
-proj' ct, also participated in these meetings on a part-time basis.e

.
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2.0 -REVIElf 0F- 0WNERS' GROUP PROGRAM PLAN

_ :The Owner s' Group Program Plan encompasses three major elements for estab-
'

.lishing theLadequacy of TOI diesel engines to serve as emergency power sources
for. safety-related nuclear systems. These elements,~and a summary of the
action planned by the Owners' Group ~on each, are as follows:

~ Generic Problem Resolution - Evaluate and resolve significant problemso

with- potentially generic applicability that have' been identified in 16
_ . components, and' prepare reports on these components that will provide

La basis .for near-term licensing decisions involving TDI diesels.

e - Design Review /Ouality Revalidation - Through reviews of 'the Parts
'

Manuals supplied by T01, identify the critical components of TOI
Jengines in addition to the '16 referred to above and assure that these

.

~

components .are properly designed and fabricated. A comprehensive

-Component Data Base of parts will be generated for each power plant,
and the parts classified into one of three categories, depending on
their importance for engine operation,

Engine Testing'and Inspection - Establish special or expanded engineo

tests and component inspections as appropriate to verify the adequacy i

of,the engines.and components to perform.their intended functions,1

i

These'three elements are illustrated schematically in Figure 1 as part'of
an overall approach for establishing diesel engine operability and reliability.
Included in Figure 1 are factors that warrant attention, according to PNL's
consultants, in the action planned to correct deficiencies, verify the adequacy <

of the corrective action, and apply the lessons learned to all engines of the
same class. . Many of these factors are included explicitly or implicitly in the
Owners' Group Program Plan. . These factors and related issues identified in

- PNL's -review of the Plan are discussed under the five subheadings that follow:
e - Known Problem Resolution

Design ' Review / Quality Revalidatione

. e -Engine Testing and Inspection
e Surveillance and Maintenance
e- Administrative Controls.

3

.
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_ '2.1' KNOWN PROBLEM RESOLUTION
. .: .

- 2.1~.1 i Ow'ners' Grouc Plan .

On the basis of a review of accumulated data on TOI diesel generator
Loperating experiences from industry sources'. (nuclear, marine, stationary), the.

Owners'E Group has -identified 16 components with problems that have potentially - - i

: generic applicability. These components are listed in Table 1, together with
.PNL's estimate of the anticipated complexity in resolving the known problems in
each.-

Included in the Owners'~ Group Plan. is.a task description for the design<

. review of each of these-components, and a.sumary of the analysis, testing, and ,

inspection planned for each component:in the| lead. engine (a) of a given mode 1 D)
and for ~other engines of the same model. ' As stated in the Plan, the Owners'

. LGroup recommends that these~ problems'be resolved before placing the engines in
,

- service to support full-power operation of a nuclear'' plant. However, excep-
- ' tions are considered permissible by the Owners' Group to the extent that

intgrim operation prior to problem resolution may be justifled by any owner.

.2.1.2 PNL Comments

Pacific Northwest Laboratory concurs with the Owners' Group that resolu-
~

'

tion of.known problems is a major element of the effort necessary tolestablish.
,

the operability and reliability of.TOI engines. This element takes on added
importance if, as stated in the Owners' Group Plan, the reports on these prob- '

lems "...will provide the bases for the licensing of the early TOI plants...".

d
'n

~ (a) Under the lead engine concept, design changes would be verified tnrough
. testing in one engine (the " lead" engine) and the verification would be
considered applicable to other engines equipped with the same components
and operated under the same conditions .(the "following" engines). 'Recog-
nizing that corrective actions are not yet identified for all components

- with known problems, and that components of different design may be used, ,

in engines of the same model (e.g., AN piston skirts at Catawba and AE,

,

skirts at Grand. Gulf), there may be more than one " lead" engine of the, '

same model.
~ (b) The word "model" as used in this report refers to the manufacturer's

designation for a particular engine design (e.g., the DSRV-16 engine).

5
;)..
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TABLE 1. Components with Known Problems Identified by Owners' Group.

Complexity of' Resolution-(Anticipated by PNL)
Components with 5traight-:

,

Known Problems Forward Intermediate Complex
1. Piston skirts

.X

2. : Connecting . rod bearing X
shells'

3. Rocker arm cap screws X

4 ~ Air-start valve cap X

screws
,

5. _ Cylinder head studs 'X'

6. Push rods X-

- 7. HP fuel oil tubing X

3. Crankshaft
X

9. Turbocharger
X

10. Connecting rods
X

'

11. Engine base and X
bearing caps

12. Cylinder heads
X

13. Cylinder liner X

14 Cylinder block
X

15. Engine-mounted X-
electrical cable

16. Jacket water pumps X

.

*
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Key considerations that warrant particular attention in the Known Problem.
Resolution program element include:

e identi'ication of root cause(s)

. Je ~ ' corrective action - As illustrated in Figure 1, factors .that should be
considered as appropriate include design, specifications,
manufacturing and assembly, quality control / quality assurance,
operating procedares, and surveillance and maintenance.

e ' basis for corrective action - Design changes should be supported by
' analysis.

verification'of corrective action - Testing may be a key aspect; it ise

addressed as 'a separate element of the Owners' Group program Plan and
is discussed in Section 2.3 of this' report.

T01 engines for which corrective. action is applicable - Considerationse

include engine classification -(e.g., R-48), . engines in which the
component in question is used, rated engine load, and the engine-
flywheel-generator assembly for components that transmit shaft

power. For example, action to correct a crankshaft problem will apply
,only to engines of the same type that are rated for the same load, and
that are equipped with generators and flywheels with the same
torsional vibration characteristics.

implementation of corrective action for all engines to which it ise

applicable, and verification of implementation - Formal criteria
should be established by the Owners' Group for this process.

life-cycle performance - Action to assure continued satisfactorye

performance of the lead engine and other engines of the same class
should be identified. A key aspect of this action should be a long-
term surveillance and maintenance program appropriate for diesel
engines in nuclear service.

The PNL team and consultants reviewed those sections of the Owners' Group
Plan pertaining to this program element, as well as reports submitted by the

f
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Owners'' Group through May on known. problems. We noted the following items,
which, in our opinion, warrant additional attention:

content of reports on known problems - Reports received from thee

Owners' Grcup generally lack information on one or more of the funda-
mental aspects (e.g., those ' listed above) of the identification and
resolution of problems and/or malfunctions. .PNL's views on this.
issue are documented'in letters to NRC dated April 18 and June 4,
1984,' and were discussed with the Owners' Group during a meeting on
April 26. Matters that require clarification or elaboration as iden-
tified in letters documenting PNL's reviews of the reports should be
addressed by the Owners' Group in written responses, or the reports
should be reissued with these responses.

.

provision for addressing new problems - According to Section ll!.A,o

paragraph 4, of _the Owners' Group Plan, "...the results of ongoing
Owners Group design reviews or owners testing / inspection results as

; part of the DR/QR efforts may result in rei . ton to this listing" (of
known problems). The Owners' Group should make formal provisions for

addressing additional, potentially generic problems with T0! engines
that may be identified through testing, inspection, expert opinion,
and/or operating experience in nuclear or non-nuclear (e.g., station-
ary)' applications. An example of a potential problem that has been
identified by pHL consultants is the apparent cracking in wrist pin
bushings (both new and used) of TDI engines at the Shoreham Nuclear
Power Station.

critical components - Certain components are particularly importante

for the reliability and operability of a diesel engine, potential
consequences of failure of these components include innediate shut-

down of the engine, possibly severe engine damage, extensive outage
for repairs, and, depending on the circumstances, a potentially
severe hazard to operating personnel in the vicinity of the engine.

,

Accordingly, any problems identified with these components warrant

8
.
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particularly careful attention relative to the " key considerations" '

summarized earlierlin this section. Components in this category
. include:

'--crankshaft-
--connecting rods
--connecting rod bearings
--wrist pin bushings (a)L
--cylinder heads -

--turbocharger

--pistons

.. gears.(a)
*

-

2.2 UESIGN REVIEW /0UALITY REVALIDATION

2.2.1 Owners' Group plan
.

The second element of the Owners' Group plan, Design Review / Quality.
. Revalidation, entails a review of components other than those already identi-
.fied as having known problems-(Section 2.1, above). Througn a process that
. considers the function of each component, its role in the overall operation of
the engine, known performance data, and the engineering judgnent of the Owners'
Group Component Selection Committee, components are selected for design review.

,

1and/or quality revalidation to assure that they are adequately designed and
-fabricated.

According to guidelines established by the Owners' Group, a component is
normally selected for OR/QR if its failure would result in engine snutaewn
.(" Type A" component). The Component Selection Committee determines wnether or

not DR/QR is required for a component if its failure could result in reduced
engine capacity (" Type B"). DR/QR is generally not required for a component if
' its failure would nave little effect on engine performance (" Type C").

(a) These components were not included on the list of 16 components with
known problems identified by the Owners'- Group Plan However,wrist pin bushings are addressed by the Owners' Group (Appendix 5).in Design Review of
Connecting Rods of Transamerica Delaval Inline DSR-48 Emergency Otesel
Generators, FaAA-84-3-13 (Failure Analysis Associat,es, April 1984).

9
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2.2.2_fPNL Comments

In; light of the deficiencies in TDI's quality assurance program identified.

cbyLthe NRC . vendor inspection program,L PNL concurs that action is necessary- to
stablish the adequacy of.the design and' quality of key engine components. pHLe

:also concurs that the OR/QR of components ,other than those for which known *

. problems have been identified reed not be a prerequisite for near-term licens-
-ing''f. nuclear power. plants with TDI engines, provided that the considerationso

discussed in Section 4 of this report are addressed.
~

'

- Any new, potentially significant problems identified in the-UR/OR process
1should be ~added to the list of known problems- discussed in Section 2.1 of this

3 report. The manner in which the' Owners' Group plans to do this is not clear.

.

'The OR/QR of components should also include aspects other than oesign'and
E

fabrication. For example, several ' reports submitted by the Owners' Group on
components witn known problems have identified assembly and installation

. procedures as critical to satisfactory opera. tion (e.g., bolt preload).
Accordingly, these procedures should also be evaluated as part of the OR/QR
process.

To verify the adequacy of the DR/QR performed by 'the Owners' Group, PNL
plans to audit the reports as follows:

SeveraP (three or four) of PNL's diesel engine consultants will iden-e-

.tify 10 to .20 key components. This selection'will be' independent of
the selection made by the Owners' Group, and will include components.

that our consultants classify as " Type A" and " Type 8."

The consultants will then review the appropriateness of the OR/QR fore

each of these components, the -level of the review' performed, and tne
OR/QR action taken on each.

The results of the audit will form the basis for any additionale

, , action that may be' necessary. If there is a concensus among PNL's
consultants that the components audited have received an adequate
OR/QR by the Owners' Group, no further action may be- needed.
If significant differences exist between the DR/QR considered

10
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appropriate by the _ consultants and the UR/QR performed by the
Owners' . Group, it will be necessary to establish a course of
action-for resolving the differences.

2.3 ENGINE TESTING AND INSPECTION,

2.3.1 Owners' Group Plan

The Owners' Group Plan addresses engine testing in two sections. First,
the'" Testing Program Summary * of the Plan states that technical staff will use

_

results of component evaluations to establish testing / inspection requirements
.

for " lead" engines, and that these results will dictate the need for tests and
inspections of "following" engines. The specific test plans will result from
NRC/ owner interactions. Second, for the known problem resolution tests, a
test /icspection plan is provided for engines at eleven nuclear. stations in the
series of tables in Section III and Appendix _6 of the Plan ~.

2.3.2' PNL Comments

The PNL project team and' consultants view this program element as tne key
for tying together corrective actions described in the other major program ele-
ments and verifying the adequacy of design changes. However, the~ tests out-

lined in the " Testing ~ Program Summary" and in Appendix 6 of the Owners' Group
Plan are not suf ficient, in our opinion, to demonstrate the adequacy of solu-

.tions to'known problems.
,

PNL recommends that the elements summarized below be included in the test-
'ing program.. The recommended tests are in addition to tnose already called for
in NRC Regulatory Guide 1.108, " Periodic Testing of Diesel Generator Units Used
as Onsite Power Systems at Nuclear Power Plants."

Because of the plant-specific nature of engine installations at nuclear
power stations, detailed plans for engine tests and inspections should be pre-
. pared by individual owners. Key engine data (e.g., temperatures and pressures)
snould be defined in the test plans, together with requirements for how these,

data-are to be logged. Acceptance criteria for the tests and inspections
~should also be included in the plans. The plans should reflect recommendations

11
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- of the Owners' Group and the engine manufacturer, and should be submitted to
NRC before the tests are conducted.

Engine tests and inspections discussed in this section may be monitored by
NHC representatives.

'

2.3.2.1 Pretest Inspections

F.*ior to conducting the operational tests of an engine (either " lead" or
"following"), the owner should veri fy that the key engine components (e.g.,

those listed in Table 1) are sound and are consistent with the latest recon-
.mendations of the Owners' Group for part model and acceptance criteria. If the
engine is in a nuclear power station that is a candidate for a license before
the Owners' Group Plan is fully implemented, this verification should be accom-
plished through engine disassembly sufficient for inspection of all key compo-

The crankshaft need not be removed for this inspection, unless evidencenents.

is found during the inspection that it should be.

Appropriate nondestructive tests should be performed, defective parts
should be replaced, and design improvements that have been recommended by the
Owners' Group and/or the engine manufacturer should be implemented. A possible
exception may be made for the engine block and engine base, which may be placed
in service if flaws found through nondestructive tests are noncrit.ical, i .e.,
the flaws are not' a pathway for oil or water leakage, are not propagating, and

1

do not otherwise affect the structural integrity of the engine. Any exceptions
for these components should be evaluated on a case-by-case basis.

For TOI engines in nuclear power stations that will apply for operating
licenses after the Owners' Group Plan is fully implemented, the verification
described above may be accomplished through a review of QA/QC records, if the
quality control system and the records are adequate. Included in these records
should be documentation of key engine components by " design" (e.g., "AE" piston
skirts). In the absence of adequate records, this verification should be
accomplished through engine disassembly and inspection as discussed above.
Even with adequate records it would be desirable to open the engine if it were
in storage for more than a few months, and spot-check components for any degra-
dation that may have occurred during storage.

,
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As part of. pretest inspections, crankshaft deflection should be measured '

under. both " hot" and " cold" conditions to verify that crankshaft alignment is
within manufacturer's recommendations. The " hot". measurements should 'be com-.
pleted within 15 to 20 minutes of engine shutdown. For "following" engines

#

only, the " hot" measurements (but not the "co,1d" measurements) may be waived
prior to the preoperational tests unless otherwise recommended by the manufac-4

.turer, but they should be taken at the completion of the 24-hour, preopera-,

tional run described in NRC Regulatory Guide 1.108.

2.3.2.2 " Lead" Engines.-

For key engine components subject to fatigue stresses (e.g., the
crankshaf't), operation at " qualified" load to 107 cycles (about 750 hours at
450 rpm) is recommended to verify design adequacy. " Qualified" load may be

,

taken as 1) the maximum pos'tulated Engineered Safety Feature (ESF) load that
the engine may be required to carry, 2) the continuous rating (" nameplate"
load) of the diesel generator, or 3) the load specified by the owner in the
purchase specifications for the engi,ne. If the engine is qualified at the
maximum postulated ESF load and if that load is increased at some later date

. .(due, for example, to a change in the emergency electrical system), the first
qualification test may not be applicable. Similarly, a test at a given load

.may not be applicable to other engines if they are expected to operate at
higher loads.

7The test to 10 cycles does not have to be continuous. For example, it
. may be necessary to shut down the engine periodically to perform surveillance
and maintenance of key engine components (e.g., articulated connecting rods in
V-engines) in accordance with recommendations of the Owners' Group and/or tne-

engina manufacturer.

This test is not, by itself, sufficient to prove design adequacy. Rather,,

i it is intendec to verify the analysis on which the design of a component is
based, by cemonstrating that tne comoonent will meet load and service require-
ments witnout evicence of distress uncer conditions that could induce hign-

' cycle faticue. r- tne casts of common industry practice, a test to at least

.
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I10 cycles is necessary for this' verification. Together with the analysis,
satisfactory completion of this test will provide reasonable _ assurance of

, design adequacy.
F

Following this, test, crankshaft deflection should be remeasured under ooth
hot" and "c'old" conditions to determine changes, if any, from pretest measure-

"

ments. The deflection data are needed to establish the stability of cranksnaft
' alignment.

'The engine should then be disassembled to the_ extent necessary for
inspection of all key engine components, and the nondestructive tests discussed
in Section 2.3.2.1 should be repeated. Results of all inspections should be
recorded, and compared with corresponding information from pretest inspections.
All parts found'to be defective should be replaced, with the possible excep-
tions noted- in Section 2.3.2.1. ,1f a key component fails the test, the root
cause .should be identified, corrective action taken, and the component retested

7
.to the full 10 cycles. Retesting should be performed in either the " lead"
engine, or-in another engine where the component will be subject to equal or
greater. loads.

Following assembly, " hot" and " cold" crankshaf t deflection shoulc be
remeasured to verify proper alignment. Preoperational. testing should also be

-
performed to confirm that the engine is operable. This testing should include
the manufacturer's preoperational test recommendations and the following ele-

.

ments, if they are not already included in the manufacturer's recommendationsi
ten modified starts to at _least 40% of " qualified" loade

e - two fast starts to " qualified" load
')

'one 24-hour run at " qualified" load.e

A modified start is defined as a start including a prelube period as
recommended by the manufacturer and a 3- to 5-minute loading to the specified
load level, with operation at the level for a minimum'of 1 hour. A fast start
is one conducted from the control room on simulation of an Engineered Safety
Feature (ESF) signal with the engine on ready standby status. The engine
should be loaded to " qualified" load and run for 4 hours at that load on each
fast-start test. The 24-hour run is reconnended to detect abnormal

.
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temperatures, pressures, and/or temperature' excursions that mic,ht indicate

abnormal engine behavior. Either a modified or a fast start may be utilized.

2.3.2.3 "Following" Engines

~ To be considered a "following" engine, the maximum operating load of that
eng1ne snould be no greater than the " qualified" load at [hich the " lead"
engine has been tested, 'and the engine should meet the definition summarizec in
the footnote on page 5 of this report. . "Following" engines should receivi
preoperational testing recommended by the hanufacturer and/or NRC Ret,ulatory

Guides. These tests are considered sufficient to verify' proper engine assembly
(

and' operation.

-At the completion of these preop rational tests, crankshaft deflection
should be measured under both " hot" bnd "co'id" conditions for comparison with
pretest measurements (described in Section 2.3.2.1). If engine cperating
conditions (e.g., temperatures and pressu'res,) remain within' normal limits and
show no abnormal excursions, additional post-test engine disassembly and o
inspection need not be performed except as recommended by the manufacturer

and/or the Owners' Group (e.g., periodic inspections of bolged joints on
articulated connecting rods), or as mIy be required by NRC dn Aho basis of
information that may come to light during,implenyntation of the Owners' Group
Plan. However, the engine should be barfe$-over 4 to 8 hodrs..af ter shutdown to
detect any leakage of Cooling water through the cylinder heads into the
cylinders, and this check should be. repeated at intervals established in the

'engine surveillance and maintenance procedures.
,

#
2.4 SURVEILLANCE AND ttA!NTENANCE s.

, ,

.2.4.1 Owners' Group Plan j
,

The Owners' Group Plan does not specifically address surve111anco and
'

maintenance activities. /
,

,

2.4.2 PNL Comments

PNL views a como'rehensive surveillance and maintenance program as a keyi-

aspect of the overall' ef fort for establishiqq TOI diesel engine operability and
reliability. Such a program contributes to cosinued satisf actory engine per.

'
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formance and facilitates the timely identification of potential engine prob-
lems.

Recommendations for a definitive surveillance and maintenance program
snould oe developed by the Owners' Group in consultation with the engine manu-
facturer, and detailed plans based on these recommendations should be developed
for each engine installation by individual owners. The plans should be pro-
vided to NRC.

2.5 ADMINISTRATIVE CONTROLS

2.5.1 Owners' Group Plan

The Owners' Group Plan provides a charter and organization for carrying
out the program. The Plan also provides bar-chart scheduling plans. Specific
provisions are made for approvals in conjunction with the component selection
for the DR/QR elements of the Plan.

2.5.2 PNL Comments

Certain aspects of administrative controls establisned by the Owners'
Group are not evident from the Program Plan. Those pertaining to resolution of
known problems, identification of new problems, and implementation of correc-
tive action are of particular importance for establishing the reliability of
T0! engines. Formal procedures should be established for:

identifying new, potentially,significant problems and adding them toe

the list of those already being addressed by the Owners' Group

disseminating corrective actions to all members of the Owners' Groupe

e reviewing reports on known problems for the content discussed in Sec-
tior. 2.1.2, above - The Owners' Group Technical Program Director
should certify by his signature that the review addresses all perti-
nent issues and is complete within itself. -

16
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3.0 CRITICAL' ELEMENTS REQUIRED TO ESTABLISH TDI-

-ENGINE OPERABILITY AND RELIABILITY

The' program logic of. Figure 1 forms a basis for identifying the critical
elements needed to' establish TDI engine operab' ility and reliability for nuclear
service (i.e., program elements that should be accomplished prior to licensing
action). The evaluation of the 0wners' Group Plan in Section 2.0 reflects

. . these elements, which are:

For key engine components (e.g., those listed on page 9)~ necessarye
~ '

actions include the following: 1) the Owners' Group should assure
NRC' that all significant problems (e.g., those that can lead to
immediate or early engine shutdown or capacity limitation) with TOI
engines have been identified; 2) the causes of each identified

problem should be datermined to the satisfaction of NRC (viz. design
~

and specifications, materials and fabrication, QA/QC, installation,
maintenance, or operations); and 3) a program for resolving these
problems should be established and submitted to NRC. Standards of
performance in these areas have been suggested to NRC in a letter
from pNL dated: April 18,1984

,

The corrective action should be implemented a'nd the individual ownerse

.should confirm that the intended-action has been taken (e.g., design
changes, materials changas, and. changes to operation and maintenance

-procedures). This woul'd include, as appropriate, testing and inspec-
~

tion described below.

Lead-engine testing and inspection of any new or changed componente

should be completed. . This should-include.the testing elements iden-
- ti fied in Section 2.3.2. A plan.for these tests should be-submitted
to NRC by the Owners' Group 'in advance of the tests. These tests.and

' inspections. may be monitored by NRC representatives.

Each " lead" and "following"' engine should' undergo preoperational*

testing as described in Sectio ~n 2.3.2.

17
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e / A plan to assure continued' satisfactory. performance of engines in
service should be established by the Owners' Group and provided to

.-NRC.- The principal element of the plan is the surveillance and.
maintenance program,

^
A procedure should be' established to communicate future industrye

. problems and disseminate corrective actions to all nuclear industry
~ owners of_TOI engines.-

;
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4.0. CONSIDERATIONS FOR INTERIM LICENSING

Certain plants.may be candidates for near-term operating licenses prior to
completion of the Limplementation of the Owners' Group Plan. Because of the
plant-specific aspects of these licenses,'they will need to be treated on a

- ca se-by -ca se . ba si s . Summarized ;in this section are factors: that PNL recommends
_

for consideration in-this process.

The11ead-engine tests and inspections discussed in Section 2.3.2 of this
report should be a prerequisite for a' license to operate a reactor at power

. levels that would require a diesel generator to carry an emergency load
corresponding to engine Brake'Mean Effective Pressure (BMEP) greater than

~

Id5. ps i g. If the BMEP would not exceed 185 psig under emergency conditions,
~

and if-the engine is equipped with AE piston skirts, the tests and inspections:

~

= could be : performed;in parallel with operation of the reactor under an interim

Itcense. Tnis BMEP' limit'as a condition for an~ 1nterim license is based on the
=followin'g considerations:

e Most of the ~ operating experience with AE piston skirts of which PhL
p - is' aware nas been at' Kodiak,- Alaska, where a TDI engine reportedly

~

has accumulated in excess.of 6,000 hours without piston-skirt
. failure.(a) A. substantial portion of this-operation. reportedly has
been at a power level that corresponds to a maximum cylinder pressure
of ebout 1,200 psig. At the recommended BMEP -limit of 185 psig, the
maximum ' cylinder pressure is also approximately 1,200 psig. The
operating experience at Kodiak establishes a reasonable basis for
confidence that AE piston skirts' will- operate satisfactorily at this
loaa level.

e Pending the evaluation and approval of reports from the Owners' Group
3 - that address: crankshaft stress levels at higher loads, the load

_,. - corresponding to 185 BMEP is considered to be reasonably conservative
for the crankshaft.-

.. g.

) (a)' A discussion of this operating experience is documented in the transcript
of the TDI Owners' Group meeting held on Marcn 22, 1984 (page 91 ff.).

< .
. ,

,I

'19
,

s

)'

.-- . _ _



y :- ,

3
.

-.

-
-

'Because of certain open'1: ems in the implementation of the Owners'e

Group Plan, an adequate basis does not yet exist to provide

reasonable assurance that TDI diesel engines would operate reliably
in nuclear service at power levels higher than those corresponding to
a BMEP of.185 psig. Open items include resolution of comments-and

questions raised by PNL in reviews of reports submitted by the
0wners' Group on known problems, verification of corrective actions
through engine tests, completion of action items on component task''.

descriptions prepared by tne Owners' Group, and design review / quality
revalidation of' key ccmponents. . Key engine components of particular
concern in this regard include the piston skirts and the cranksnaft,
because their condition cannot be monitored without significant
engine disassembly.

If the criteria are met for power plant operation under an interim
license, one.of the TDI engines at the-power plant could be designated the
" lead" engine for the tests and inspections, or the tests and inspectior.s could
be performed on a " lead" engine at another power plant. However, tne TDI
engines at the power plant with the interim license should undergo the pre-
operational inspections discussed in Section 2.3.2 of this report, preopera-
tional testing in accordance with manufacture,r's recommendations and applicable

-NRC Regulatory. Guides, and the additional preoperationalutests discussed in
Section 2.3.2. Furthermore, they should receive enhanced surveillance

. analogous to the surveillance recommended by PNL for the Grand Gulf Nuclear
Power Station in a letter dated April 16,1984 to NRC.

.
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