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information is relevant to all facilities that have diesel generators
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On March 2,1984, the TDI Owners G,roup forwarded to the NRC their Program
Plan detailing their organization and approach for resolution of concerns
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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 Midland and Shoreham which are currently
before the Commission.

On March 2,1984, the TDI Owners Group forwarded to the NRC their 'rogram
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Plan detailing their organization and approach for resolution of concerns -

with TDI diesel generators. The Program Plan is included as Enclosure 1.
The staff will review this submittal as part of its overall assessment of
TDI diesel generators. ,
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I. EXECUTIVE SUMMARY

Eleven U.S. nuclear utility owners have formed the Transamerica

Delaval, Inc (T.D.I.) Diesel Generator Owners Group in order to

address operational and regulatory issues relative to Transamerica

DeLaval diesel generator sets used for backup power supplies in

U.S. nuclear power plants. The T.D.I. Diesel Generator Owners

Group has established a comprehensive program which, through a

combination of design reviews, quality revalidations, engine tests

and component inspections, will provide an in-depth assessment of

the adequacy of the respective utilities' T.D.I. engines to perform

their intended safety related functions. This program document

outlines the essential elements of the program which is now under

e ~ way, provides information regarding the organization, membership

and charter of the Owners Group, and describes in detail the

technical approaches and actions in progress to resolve the :

operational and regulatory T.D.I. engine issues.

A. Background

The genesis of the T.D.I. Engine Owners Group occurred on

October 25, 1983 when, as a result of a number of dierel

generator operating experiences involving various nuclear

utility. owners and diesel engine types, a technical

information exchange meeting hosted by Mississippi Power and

Light was held in Atlanta, Georgia. This information exr;hange

meeting involved 59 industry representatives, including

1 DG
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personnel from 26 utilities as well as INPO, NRC and

NSAC/EPRI. As a result of the meeting discussions it was

decided that an owners group should be organized to address

the common diesel generator issues and it was also decided
:

that follow on meetings should be held to work toward
9

resolving the issues.
.L

5
,

i

', The present structure of the T.D.I. Owners Group was for-
<

j malized and approved at an executive meeting held in Atlanta,
i-

f.j Georgia on December 21, 1983. Eleven utilities owning T.D.I.
1

i engines agreed to participate in a common effsrt to assess the
.!

J.
adequacy of the respective utilities T.D.I. engines. After

3 discussion of the concepts required to adequately address the
4

j TDI engines, it was agreed that a common program methodology
i

would be utilized by all owners which embodies three major.

' efforts: :

3

! 1) Resolution of known generic problems
:

2) Design Review of important engine components and
:

Quality Revalidation of important attributes for
,

|f selected engine components
:

3) Expanded engine testing and inspection

.
McGaughy of Missisnippi Pcwer & Light (MP&L) wasMr. J. P.

*

; nominated as Chairman of the. group and Mr. W. J. Museler of
.

Lor,, .sland Lighting Company (LILCO) was nominated as the
.

t

Tec.nical Program Director. It was also agreed that the,

:
- Owners Group Design Raview and Quality Rovalidation (DR/QR)
.

,o
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program efforts would be undertaken by an organization which

is centralized at the Long Island Lighting company Shoreham

Nuclear Power Station site. Resident technical representation

for the various TDI Diesel Generator owners is provided by the

7 participating utilities.

;

B. General Procram Description

Introduction

The T.D.I. Engine Owners Group Program has been developed to

assess the adequacy of the various T.D.I. engine design
.

configurations to perform their intended safety related

functions. The program involves three major elements which,

by a combined approach involving design reviews and analyses
'h of engine components, quality revalidations of important

~

-

attributes, and expanded engine testing and component in-

spections, will provide reasonable assurance of the ability of -

the T.D.I. engines to provide reliable backup power supplies

for_ nuclear power plant service.

Resources Acolied

The T.D.I. Owners Group has employed high quality technical

resources in the T.D.I. program. Organizations and

individuals with expert knowledge in the various areas

requiring investigation, inspection and analysis ensure that

the evaluations of the individual T.D.I. engines will be

thorough and meaningful.

_
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The major technical resources applied to this program are

summarized as followa:

Organization Role in Owners Group Program

1. Failure Analysis a) Analysis of known problems
Assoc. (FaAA) (Forensic Engineering)

b) Manager of Design Review effort
c) Design Review Tasks as assigned.

2. Stone & Webster a) Manager of Quality Revalidation
(SiiEC) effort

b) Design Review Tasks as assigned.
c) Licensing and Logistical Support

3. FEV (German Diesel a) Technical Evaluations of known
Consulting Firn) problems

b) Review of design Review Tasks

4. Transamerica a) Provides technical and
DeLaval (TDI) experience data to the Owners

Group
h) Reviews Design Rcview and Quality

Revalidation results

5. Owners Grnup a) Provide plant specific technical -

and experience data
b) Provide working level engineers

familiar with diesel generator
plant specific applications

c) Provide overall Program
Management

6. Subvendors a) Provide technical expertisc on
unique ccmponents

b) Support investigations and cite
specific disassembly / reassembly

.

Generic Known Problem Resolution

The first major program element is characterized as Phase I

and involves the resolution of generic known problems. A
..
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significant activity in this area which has been in process

since November on behalf of the Owners Group has been the

assemblage of documentation operational experience data which

is potentially portinent to the T.D.I. engines. Using input

from various nuclear data sources (INPO, SOER's, LER's,

10CFR50.55e's & 10CFR21's, etc.) as well as non-nuclear

sources (marine and stationary T.D.I. engine applications), a

substantial data base of T.D.I. engine / component operational

experiences has been accumulated. While review of applicable

experiences will also be routinely factored into the respec-

tive utilities' design review / quality revalidation efforts, a

review of the experience accumulated to date has reaulted in a

conclusion by the Owners Group technical staff that a limited
~

number of components warrant prioritization and consideration

as significant known problems with potentially generic appli-

cability. Accordingly, these components are receiving -

priority attention within the Owners Group design review

group. A listing of the significant known problem components

is shown in Appendix 5. Descriptions cf the task plans

presently underway for evaluation and resolution of these

problems are shown in Appendix 6. As final reports are

prepared for specific components, they will be submitted to

the NRC by the Owners Group on behalf of the owners of

applicable " Lead" (Shoreham and Grand Gulf) engines. Followup

reports will be issued for "following" engine owners, modified

as appropriate for the specific engine configurations.

5 DG
.
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/hese Phase I reports will provide the bases for the licensing

of the early T.D.I. plants with the balance of the DR/QR being

completed within a few months. The T.D.I. Owners Group3

4

; presented this proposed licensing basis to the NRC on January

. 26, 1984 and it is currently being considered by the staff.

.

5

k Desien Review / Quality Revalidation (DR/QR)
:
i
:

) The second major program element involves the conduct of

Design Review and Quality Revalidation. The Owners Group

Design Review / Quality Revalidation effort has been developed
.

to examine the critical components of each owners engine, from

both a design and quality attribute viewpoint in order to

assess their ability to reliably perform their intended design

function. The effort is being conducted by a centralized team

of engineering personnel with specialized skills in appropri- :

ate engineering fields as well as specific diesel generator

design expertise. (An organization chart showing this group

is shown in Appendix 2)

The Design Review involves first reviewing and selecting the

components of each engine that warrant a detailed design

and/or quality revalidation. A component select' ion committee

formally reviews each owners engine components with selection

and recommendation being based on the specific components'

function and role in the overall operation of the engine,

applicable site and industry experience, and the engineering

6 DG
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judgement and experience of the committee. (Additional

information regarding the component selection process is

provided in Section IV and Appendix 4)

Following component selection, the selected engine corponents

will be subjected to either a design review, a quality re-

validation, or both, with appropriate design review and/or

quality revalidation requirements specified by the component

selection committee. To implement the required actions a task

description is prepared by the respective design and/or

quality revalidation groups to define the appropriate reviews,

inspections, calculations etc. that will be performed for each

component. The task descriptions will include any requirement

specified in the selection process as well as a more detailed

description of procedures, standards or design review ap-

proaches to be applied. Following this, the actual design :

reviews or quality revalidations are implemented by the

respective design or quality groups. Upon completion, the

inspection results, document packages, design review findings

and calculational results will be reviewed and approved by the

Owners Group Technical Staff. Where results of these reviews

or inspections indicate the need for additional action

(component replacement, maintenance recommendation, etc.)

followup activities will be initiated.

At the completion of each owners Design Review / Quality Re-

validation effort, a final report will be issued to the NRC

7 DG



which will summarize and transmit the results of the DR/QR

reviews, identify any corrective actions or recommendations,

and provide conclusions regarding the adequacy of the engines

fcr their intended service.

Engine Testing / Inspections

The third major program element involves the conducting of

enhanced engine testing coupled with specific component

inspections. The Owners Group technical staff, in evaluating

specific engine componencs, will provide technical recommenda-

tions to the owners regarding special or expanded engine tests

and component inspections which may be appropriate to insure

the adequacy of the engines and components to perform their

intended operational functions. These tests and inspections

may be recommended for all engines or they may be recommended

for " lead" engine types only, depending on the components

under consideration. Results of the " lead" engine

tests / inspections will be used by the Owners Group technical

staff to determine if test or inspection recommendations

should be e.spanded for "following" engine types.

Generally, the tests and inspections recommended will need to

be integrated by the respective owners into their preopera-

tional or post operational engine testing schedules. There-

fore, these test plans and schedules will be finalized by

direct NRC/ Owner interaction.

8 DG



.-

-- C. Status / Schedule
-

The T.D.I. Engine Owners Group Program members and staff have

to date participated in three meetings with the United States

Nuclear Regulatory Commission and its technical staff to

present the overall Owners Group Program concept and schedule,

provide briefings on the status of lead engine activities, and

provide descriptions of generic problem component analyses in

progress. While a great deal of work remains to be done,

several significant early milestones have been completed and

several others are nearing completion. These activities

include:

1. For the lead R-48 engines (Shoreham) , a significant amount

r' of engine testing has been completed, including
-

torsiograph and strain gauge testing on one engine and

completion of 100 full power hours and post-test engine ;

component inspevtions on another engine.

2. The component selection process for the lead R-43 engines

has been completed and design review task description

implementations are in progress.

3. For the lead V engines (Grand Gulf) the compdnent

selection process has been completed as have several

site-specific component inspections.

4. For Phase I (generic problem components) , task

9 DG



~
.

o

- descriptions have been completed and design analyses are
"'

in progress. The first final report (on AE pistons) was

issued February 28, 1984 and the majority of the

Phase I reports are scheduled for March.
4

More detailed information on overall Owners Group milestone
,

schedules and schedules for generic problem components are

provided in Section IV and Appendix 6.

D. Conclusion

The TDI Diesel Generator Owners Group believes that the
-'

( extensive program outlined herein provides a firm basis for

reestablishing confidence in the TDI Diesel Generators in

nuclear service.

The program may require modifications or enhancements

depending on the findings early in the effort; and early

findings may also suggest that physical or procedural

modifications to the TDI engines may be required. Successful

completion of this program will provide reasonable assurance

that the TDI Diesel Generators will perform theit intended

safety functions reliably.

-

10 DG
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II. Program Overview

A. Members and Charter
.

. The T.D.I. Engine Owners Group consists of eleven

participating United States Nuclear Utility Owners who
'

have installed diesel engines manufactured by
:

Transamerica Delaval, Incorporated (T.D . I . ) . These,

'

engines are installed to provide backup electrical power

supplies to the owners' nuclear facilities. The T.D.I.

Engine Owners Group members and their nuclear facilities
*

are as follows+:

Utility Site

1. Carolina Power & Light Shearon Harris,

2. Cleveland Electric Perry Nuclear
Illuminating Co.

3. Consumers Power Co. Midland
4. Duke Power Co. Catawba
5. Georgia Power & Light Vogtle
6. Gulf States Utilities River Bend
7. Long Island Lighting Shoreham

Company
8. Mississippi Power & Light Grand Gulf
9. Sacramento Municipal Rancho Seco

Utility District
10. Southern California Edison San Onofre
11. Texas Utilities Generating Comanche Peak

Company

.

Two additional U.S. Nuclear Utilities owning Transamerica+

Delaval Inc. engines are not, at present, participating members.
They are: Tennessee Valley Authority - Bellefonte Station, and
Washington Public Power Supply System - WNP-1.

..

1 DG



The commitment of the members of the T.D.I. Engine Owners

Group is to participate in and fund the activities

described in this program document in order to provide

assurance of the T.D.I. engines' ability to perform their

intended safety functions. The charter of the T.D.I.

Engine owners Group is provided in Appendix 1.

B. Oraanization

The T.D.I. Engine Owners Group consists of an executive

chair Committee consisting of company officers from each

participating utility and a Technical Program Director

with supporting technical staff. Mr. J.P. McGaughy

(MP&L) is the Chairman, Mr. J. George (TUGCO) is the

Vice-Chairman, and Mr. W. J. Museler (LILCO) is the

Technical Program Director.

The Owners Group technical staff, under the supervision

of the technical program director, is a combined

organization consisting of engineering representatives of

the member utilities, Failure Analysis Associates

specialists in metallurgy and materials analysis,

Transamerica Delaval Incorporated, Stone & Webster

Engineering Corporation specialists, and a number of

expert consultants with substantial diesel generator

design expertise. The staff has the necessary expertise

to review and select engine components for design and/or

quality reviews, perform the necessary design reviews and

2 DG
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quality revalidation inspections and prepare, review and

issue the Owner's Group Technical Reports. The

organizational charts for T.D.I. Engine Owners Group are

shown in Appendix 2.
.

C. Program Elements Summary

C.l. Known Problem Resolution

The first element of the TDI Diesel Generator Owners

Group Program (Phase I) is the resolution of generic

known problems. It became apparent in the initial stages

of the TDI Diesel Generator Owners Group Program that

there were a limited number of engine components which

warranted consideration as significant known problems.

These components, which exhibit possible generic concern

either among engine types or among all TDI engines, are

being subjected to a priority review and reporting

program.

The initial stager of the TDI Diesel Generator Owners

Group Program includes the assembly of experience data

regarding diesels. In particular, nuclear industry data

is gathered for all engine manufacturers and non-nuclear

industry data (stationary diesel generator and marine

diesels) is gathered for TDI engines. TDI was

instrumental in assuring that the experience data was

3 DG
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accurate regarding TDI engines and provided supplementary

data where appropriate.

Another important element of the TDI Diesel Generator

Owners Group is the component selection process. As

progress was made in this area, considerable information

was exchanged among selection committee members including

the diesel engine consultants regarding the design of the

TDI engine components. This information exchange

resulted in the identification of a limited number of

components for which specific design and/or manufacturing

concerns were identified.

The laZcrmation available resulted in the identification

of the sixteen (16) significant known problems. It was

determined that resolution of these significant known -

problems would provide substantial confidence in the

reliability of the TDI engines. Therefore, these

components are being subjected to a priority design

review to address regulatory concerns, past experience

and the design adequacy of these components.

The design review of the significant known problem.

components will address several key factors in accordance

with the Owners Group Program. A detailed design review

of each of these components will be conducted to

establish the adequacy of the design. An evaluation of

4 DG
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site and industry experience, maintenance requirements,

and the preparation of inspection plans developed by the

design review group will also form part of the Phase I

effort. The component designs in place in the lead plant

e.'gines (Grand Gulf and Shoreham) will provide the basis

for the design reviews. Reports will be issued after

completion of the lead plant engine review, which will

form the basis for reviews to be conducted for

"following" engine owners. Follow-up reports will
,

include an evaluation of different loading
,

considerations, modified parts and other differences

which should be considered as part of the design review

] of the other engines, as appropriate.

>

C.2 Desian Review / Quality Revalidation

The Design Review / Quality Revalidation Program has been

organized to provide a detailed review of TDI engines

supplied to nuclear power plants for emergency diesel

generator service. This portion of the Owner's Group

Program will address all components of the engines

supplied to each owner by review of the Parts Manuals

supplied by TDI, excluding the Significant Known Problems

which are addressed separately as discussed above.

Engine components are individually reviewed based on

their significance to engine operation and past.

5 DG
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- performance (experience data) . Considering these

factors, components are selected for design reviews or

quality revalidations with minimum review requirements
i
j specified.
J

i
i

Components selected for design review are assigned to a
.

| Task Leader. The Task Leader is generally an engineering
i
; specialist in the design discipline associated with that

component. A Task Description is prepared to detail the

j design review which will then be directed by the Task
e

; Leader. Design reviews will consider maintenance and
_

i

j inspection programs where appropriate, and in all cases
.

; will examine experience data associated with each-

s

j component.
. -

.
.

Components selected for quality revalidation are

subjected to inspections specified during the selection

process and additional inspection which may be identified

by the Design Group. Inspections are performed by

qualified personnel in eccordance with approved

procedures. Where required, inspection results are

forwarded to the Design Group for evaluation.

.

Upon completion of the DR/QR Program on Nie lead engines,

the results of the DR/QR Program for the lead engines

will be factored into the follow-on engines. A separato

design review will not be required, for example, on a

6 DG
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common component for a follow-on engine. However an

inspection may be required to verify that the component

is actually the same as the one reviewed for the lead

engine. Likewise, quality revalidation inspections

completed on a component in a lead engine would serve as

a basis for either increasing or decreasing inspections

for a follow-on engine, depending on the lead engine

inspection results.

A final report will be issued for each plant to provide

the results of the DR/QR Program. Components which are

acceptable, require replacement, require increased

maintenance end/or require follow-up inspection will be

clearly identified in the final report. In addition, the

final report will identify recommendations regarding

improvements for possible future implementation and _

recommendations regarding future testing.

C.3 Testina/ Inspection

In the process of evaluating specific engine components,

the Owners Group technical staff will provide

recommendations to the owners regarding special cr

expanded engine or component tests or inspections which

may be appropriate to insure the adequacy of the engines

and components to perform their intended operational

functions. Depending on the circumstances associated

7 DG
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with the specific component, for example prior industry

operating experiences, criticality of the known failure

modes to continued engine operation, appropriateness of

the test / inspection results with respect to accumulated

operating engine hours etc., these tests or inspections

may be recommended for implementation anytime during

preoperational testing, after a certain number of

accumulated engine hours at power during preoperational

testing, or as a post operational test.

Expanded testing or inspections will generally be focused

on " lead" engine types, with less stringent requirements

for following engine types if warranted by preceeding

results. This approach anticipates favorable inspection

and testing results for the " lead" engine. However, if

feedback from the " lead" engine inspections or testing _

programs result in unfavorable conclusions which have

applicability to other engines, appropriate expanded

testing and/or inspections would be recommended for

"following" engines.

As an example of the expanded testing and inspection

program, the crankshaft component testing /in'spection p~lan

shown in Appendix 6 provides a useful illustration. In

order to thoroughly examine and document the dynamic

response of the lead R48 engines (Shoreham), strain gauge

and torsional testing was conducted on one engine.

8 DG
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Additional instrumentation was also installed to measure

dynamic cylinder pressure and dynamic output torque.

Confirmatory torsiograph testing will be conducted on a

second engine. Following completion of operation at full

power for 100 hours, non destructive examination (eddy

current) of crankpin fillets for all Shoreham engines

will.be conducted. For the "following" R48 engines,

inspection.and testing requirements are lessened based .

upon their similarity to the lead engines. However,

confirmatory torsiograph testing is reccmmended (1 engine

per plant), in addition, as are crankshaft fillet non

destructive examinations for River Bend on one engine

following 100 hours at full power.

For the " lead" V engines (MP&L), non destructive

examination of crankshaft fillets is recommended for one
_

_

engine, following accumulation of 100 hours at full

power. Verification of original torsiograph adequacy is

also recommended. For "following" V engines,

confirmatory torsiograph testing is recommended for one

engine at each site. If torsiograph deflections are not

found to be significantly above those determined for the

- " lead" engines, non destructive examination *of crankpin

fillets is not recommended.

d

A similar approach is applicable to most component

reviews. The Task descriptions for the later plants will-

9 DG
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be modified as required based on the results of the

earlier tests and inspections. Consistency of the

evaluations and adequate feedback of inspection and

testing data is ensured by maintaining the individual

Task Description responsibility assignments constant for

all engines.,

4

: -

Scheduling of integrated engine testing and inspection,

activities for those actions recommended by the owners
,

-
Group technical staff is the responsibility of each

) owner. Similarly, the development of a preoperational

engine test program, considering the load profiles

applicable to each site's engines, is the responsibility

'} of each owner.

C.4 NRC Question Responses
:

Although it is not a formal program element, one area in

which the Owner's Group Staff will provide support to the

T.D.I. engine owners will be the receiving and responding
to NRC staff Generic Technical questions. It is antic-

ipated that NRC staff questions regarding programmatic

aspects of the overall TDI Diesel Generator' Owners Group

Program Plan, technical bases regarding analyses or

testing / inspection approaches to be used to resolve

generic :nown problems, and comments / questions regarding

generic Owner's Group submittals will be directed to the
_-

10 DG
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Owner's Group Generic Licensing Manager for coordination-

and development of Owners Group responses.
.

NRC questions which deal with plant specific items, such

as preoperational testing plans, results and conclusions

of individual Owner's DR/QR final reports etc. will not

be handled through the Owner's Group and should be,

i directed to and responded by the respective Owner's Group

utilities.
.

.

4

D. NRC Submittals

,' Resolution of the TDI Diesel Generator issues will
require a significant number of formal.submittals to the

Nuclear Regulatory Commission. These submittals will be :

provided either via the Owners Group Technical Staff and

Generic Licensing Organization or via direct utility
submittals depending on their generic applicability. In

general, the following division of submittals will apply:

Owners' Group Submittals

.

- Owners' Group program plan

- Generic known problem task descriptions

- Generic known problem final reports " lead"

.

plants
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- Generic known problem final reports "following"

"p'lants

- Responses to NRC staff generic questions

Utilitv/ Plant Specific Submittals

- Documentation of bnplementation/ endorsement of

owners' Group generic known problem reports &

report recommendations

- Design Review / Quality Revalidation Task

Descriptions

- Design Review / Quality Revalidation final reports

- Engine / Component testing commitments & results

- Responses to NRC staff plant specific questions

E. Schedules
_

.

Since its inception, the TDI Diesel Generator Owners

Group Design and Quality Revalidation Program has made

significant progress in each of the three major on going

efforts:>

1) RJsolution of known generic problems

2) Design review of important engine' components and,

Quality Revalidation of important attributes for
,

,' selected engine components.

3) Expanded engine testing & inspections.

,

12 DG
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Resolution of known generic problems are receiving

priority attention within the Owners Group design review

group. Evaluation of the individual components as

specified in the task descriptions is presently underway .

on each of the components, with the required

analysis / evaluation scheduled for completion in late

March.
,

A final report will be prepared for each of the specific

components and will be submitted to the NRC on behalf of
,

the owners of the R-48 and V lead engines. Follow-up,

reports will be issued for "following" engine owners,

modified as appropriate for the specific engine

configuration. A summary status for the known problems
s

is presented in Appendix 8.
.

.

.

The Owners Group Design Review and Quality Revalidation
'

effort is proceeding, both with Laplementation of

Shoreham Task descriptions and with revie. ting nnd,

- selecting the critical components for the lead V engines.
Appendix 8 provides a schedule / status of bv.n the.

Shoreham and Grand Gulf Engines.
.

Although evaluation of the known problem components is

receiving priority attention, assembly of individual

utility site experience is either complete or nearing
,

completion on five other utilities, in addition to-

13 DG



.

<

Shoreham. The component selection process, which entails

a formal review of each owners engine components, with

selection and recommendations made for evaluation of

| critical engine components, is complete on two owners
!

I engines in addition to Shoreham. Five additional

utilities engines are scheduled for completion cf the

j component selection process by the end of March.
.i
.s

i

3
'

.; A summary schedule for the overall owner group Design &

Quality Review is provided in Appendix 8. As shown,

implementation of task descriptions extends into July

.' 1984, with submittal of final reports for each owners

'

DR/QR effort extending from May to October 1994.
. < -
. .

,
Recommendations for special or expanded engine tests and

engine component inspections, provided to the owners by :

the Owners Group Technical Staff, is expected to be

scheduled by the owners with direct NRC/ Owner inter-
.

action. In the case of the lead R-48 and V engines, a

significant amount of engine testing and specific

component inspections have been completed. Significantly

for the Shoreham engines the torsiograph and strain gauge

testing has been completed on one engine. 'In addition,'

operational testing on a second engine, including 100

full power hours and a seven day endurance run, with the

subsequent engine component inspections, has been

completed.
,.
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As indicated by the summary schedule, testing and

inspections of the lead R-48, Shoreham, is scheduled for

completion in April 1984.,

.

we

i
i

.

* *

%
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III. GENERIC KNOWN PROBLEM NESOLUTIONS

A. Problem Resolution

As described earlier in this report, the first major

program element of the TDI Diesel Generator Owners Group

is the resolution of generic known problems.

A review of the accumulation of data by the TDI Diesel

Generator Owners Group Technical Staff from industry

sources (Nuclear, Marine, Stationary) has resulted in

conclusions that a limited number of TDI engine

components had evidenced sufficient adverse operating

experiences in one or more applications, such that they

warranted priority attention and consideration as

significant known problems with potentially generic

applicability. Therefore, the Owners Group technical
_

resources have been heavily applied to these problem

areas in order to expedite the reviews, tests and/or

analyses necessary to resolve these issues.

Resolution of these problems, to the extent they are

applicable to each engine, is recommended by the owners

Group technical staff on a priority basis, snd in general

should be accomplished prior to placing the engines in

service to support plant full power operation.

Exceptions to this general applicability are permissible

..
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to the extent that interim operation prior to resolution
..

may be justified by any owner.

The generic known problem listing is generic only to the

extent that a body of experience exists to suggest that a

design type (or several design types) of a particular

component in service in one or more TDI engine

applications has not performed acceptably or has not been

designed adequately. Applicability of the ge neric known

problem listing is to be determined via the Ot'ners Group

technical staff reviews. Additionally, the results of

ongoing Owners Group design reviews or owners

testing / inspection results as part of the DR/QR efforts

may result in revision to this listing.
,

B. Examole Descriotion

An example description of the Owners Group approach being

used to resolve one of the generic known problem

components, which is illustrative of the combined

analytical, testing and inspection methods which are

applied to develop an understanding of the critical

component problem areas and assess their adequacy, will

be discussed here. The example utilized will be for AE

pistons. (For convenience, copies of the task

descriptions for the 16 generic problem component task

2 DG
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descriptions are provided in this section, in addition to

Appendix 6)

The piston task description discusses the primary

function and functional attributes of interest in the

piston design. The evaluation section describes those

activities which will be undertaken to assess the

adequacy of the piston design (s) . The task plan requires

the following investigations:

1) Determination of the historical evolution of

the various TDI piston designs, including

applicable heat treatment, dimensional or

materials changest j

2) Determination of peak firing pressures and

temperatures for the various engine 't:npes

3) Development of appropriate finite element

modeling to assess the stata of stress in areas

of interest

4) Conduct of metallurgical examination of prior

AF design piston cracking

$) Non destructive examination of AE pistons in

prior service *

6) Conduct of fracture mechanics analyses of

potential crack propagation in AF and AE piston

designs

_ . .

Conduct of static strain gauge piston testing7)

3 DG
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S) Nondestructive examination of lead R48 pistons

after operation at 100 full power hours

9) Assessment of the similiarity of AF, AH, AN

piston designs to the AE design

The task description also outlines those analyses which

will be undertaken by the TDI Diesel Generator Owners

Group technical staff for each unit and provides

recommendations regarding thoce tests and/or inspecitons

which each owner should conduct in order to confirm the
absence of known potential failure mechanisms.

C. Schedule

( As the known generic problem items are receiving priority
attention within the Owners Group technical staff, the

schedules for completion of the Lead Plant reports all -

fall within the months of February, March and April.
Follow-on activities such as post-test site examinations

will be scheduled by each utility owner. Following plant

reports for applicability or supplemental reports for the

generic components are expected to be completed by May.

a
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TU!1BOCHARGER

NP-017
.

T o134I 7 ANALYSIS TESTING INSPECT!Ottg
,

ft-48 ENGINES:

Thrtsat bearing oil film / load / 100 lirs # 1004 power Inspect end clearance
material analysis; Nostle ring LOOP /14CA Simulation - 3 engines Inspect thrust bearing after *

Ellicitt vane and cap screw thermal / 100 starte - 1 engine 100 firs 9 100% power - 3 engteSif 0REN Ast 90G pressure Icadings evaluate ef fect- 23 starts - 2 engines Inspect thrust bearing after
iveness of prestart thrust bear * starts - 1 engine
ing lube oil supply Inspect end clearance at 23 s'

- 2 enaines

verify similarity to SNPS 100 lies 9 1004 power - 1 engine Inspect end clearance - 2 eng.
RIVER ISEND | Elliott Evaluate differences if any Inspect thrust bearing = 1 ent90G

-
_

Elliott Verify similarity to SNPS Normal Preop testing Inspect end clearaece - all
RANQtO SECO 90G Evaluate differences if any engines

V-16 ENGINESe +

Vertfy twin installation 100 Itra 9 100% power - 1 engine Inepect end clearance - all
aimilarity to Shoreham. 100 starts mintaum - 1 engine enginesElliott Evaluate aux 118ary tube o11'

GRAND GULF 90G gygg,, ((2) ;
,

.

Verify siwilarity t. JGNS Normal Preop teating Inspect end clearance - allCATAWBA G
waluate difference., /P any enginegp

I E
Verify sim!!arity to GGNS | N0rmal Preop lesting Inspect end clearance - allpggg g

gg Fvaluate differences if any engines

Verify similatity to GGNS Normal Preop testing Inspect end clearance - allU>HMANCifE FEAF. G
gn Fvaluate differences if any engines .

Elliott verify similarity to GGHS Normal Preop testing Inspect end clearance a fff AP.RIS | Evaluate dif ferences if any engines

| Elliott Verify similarity to GGUS Normal Preop testing Inspect end clearance - all ANU Evaluate diffarences if any- engines

V-12 PNGINEs I

Nab sh bq N taal Pre P t es ting Inspect end clearance - all engogMIDIA4D m

121 thrust bearir g preluim inspect thrust trearing . . eng
i V-20 ENGINES:

Elliott Verify similarth t.o Midland Normal Preop testing Inspect end clearance
SAN ONOfRg 65H

I41
_

._ ._
_ __ ._ . - _ . . . . - - - . - --
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DR-MP-017

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

k
TURBOCHARGER Classification A
PART NO. MP-017 Completion 3/20/84

PRIMARY FUNCTIONS: The turbocharger is composed of a gas turbine anc
centrifugal inducer /impellar mounted on a common shaft and housed by
integral castings. It utili:es engine exhaust gasses to pressurice the
engine intake manifold air for higher out put combustion. Energy from the
exhaust gas is extracted by the turbine which drives the comeressor
thecugh a common shaft.

FUNCTIONAL ATTRIBUTES:
1. The turbocharger components require adequate strength and fatigue

resistance to react loads imposed by flowing engine exhaust gasses
during the severe startup and transients unique to nuclear standby
service in additicn to normal operation. In particular, these
components include the diffuser, no:cle ring assembly, rotor assembly
diffuser bearings (thrust and radial.)

2. The turbine and components must have the ability to withstand a high
temperat ure corrosive environment.

3. The lubrication system must have the ability tot
4. Supply sufficient oil to the bearings to prevent bearing wiping

(prelube) during the repeated startups required by testing.
b. Ensure a minimum time lapso between start of rotation of the

rotor and required pressurized oil in the bearings.
I c. Maintain adequate inlet and discharge oil temperatures.

d. Provide adecuate oil seals.
4 The cooling system must provide sufficient water flow and pressure tc

-

maintain adequate component temperatures and allow adequato vent ing
to prevent air or Steam pocket formation.

5. External piping must be configured such that there is no unacceptable
transmission of thermally induced loads to the turbocharger casings.

E. The turbocharger itself must have sufficier.t operational performance
surge mrargin to avoid reverse loading damage.

SPECIFIED STANDARDS: None known

EVA.UATION:
1. Review the operational history from several users

with Elliott model 90G and 65H turbochargers.
2. Review pre-operational test logs to verify performance.
3. Examine possible structural deformation of casings and

mounting bolts under start up and operational condit ions
which could affect bearing performance.

4 Re, view turbocharger performarce data to determine the
gas loacing of rot.ating component.

'

5. Eval uat e the bearing loads during normal operating
conditions.

-
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6. Conduct rotor dynamics analysis to assess possible
( startup-induced deflection or rotor instabilities.

7. Stress analysis of bolting components in particular,
ro::le ring capscrews.

8. Review material selection.
9. Review bearing lubrication requirements such as thrust

bearing during startup and full load.
10. Evaluate the differences between R-48, RV-16, RV-12

and RV-20 auxiliary lube pump configurations and the
possible effects on thrust bearings during startup.

11. Evaluate preventative maintenance and possible monitoring
techniques.

12. Review specified as-built clearances for bearings and
seals.

13. Review specified assembly procedure to verify that all
important as-built dimensions are being measured.

REVIEW TDI ANALYSES: Review TDI analy=es of thrust bearing
drip system configuration.

INFORMATION REQUIRED <
1. Manufacturer's bullet ins
2. Component drawings, piping schematics, assembly drawings,

installation drawings
3. Material specificatiens
4 Performance data such as compressor and turbine maps
5. SNPS thrust bearing disassembly and inspection results
6. Lube and cooling system specifications such as flow,

pressure, filtration, etc.
7. Engine exhaust gas data

_

,
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DR-03-305A
_ COMPONENT DESIGN REVIEW

(
-

TASK DESCRIPTION
..

BASE AND BEARING CAPS Classification A
PAPT NO. 03-325A Completion 3/E3/84

PRIMARY FUNC. TION:
The base assembly supports the crankshaft and the uoper engine

assembly. It reacts the crankshaft, piston inertia and firing loads at the
bearing saddles, reacts the firing force transmitted through the bolting to
the upper engine asserably and provides axial restraint to the crankshaft anc
e r. g i ne.

The major cornponents of the base assembly cre the base casting, the
rcain bearing caps, shells, nuts and studs; and the bolting to the u cer
assercbly or the crankcase (through bolts).

FUNCTICNAL ATTRIEUTES:
1. The base casting bearing saddles must have sufficient strength to carry

the later al loads imposed by the crankshaft inertia and to react the
vertical compression and tension loads imposed by the engine firing r.-
the crank / red / piston inertie loading.

2. The base casting r.ut pockets for the raain bearing studd and through
bolte v2st 5 ave sufficien! contact strength to carry the nut preload,
1 ertial and dynamic 1c& ding from the crankshaft, and * iring loads
trancmitted faom the upper engine.

I. *he st uds, bolts and nuts connecting the base casting to the bearing
capi e.nd th upcer en;inc assembly must have sufficient strength to
ccery the imposed preloads, dynamic loads, and firing Icadz. The
c l ari- ing f:rcc. grovided by the ma;n bearir,c st uc o and nuts must bes

s.f ficie t to revent lateral movernent cf the raain bearing caps under
*atere! r tr.kshaf t leading..

'. Mc .. air. tearir.g caps must have sufficient strength to withstand the
'apoced crankThaft l oa d s.

!. ~w best must be cufficiently -igid t o raair t ain adequat e ma2 n bearing
: l i ; . n s n *, d uri r.g c : erat ior..

?!~Cir1EO C ANDc?DE: Nore

EV.FLL'C !OM
:. 7v.ica l''or aat ic n available on industry exoerience

with tcrer ; ssddle indications, includin; those
:,r- the E-l.E cngines at Shoreharn Nuclear Power Station,
the #r ect v"e'- o r. the USCG Icebreakerc West Wind and
North * *i n;, tr.d the RV-16 base at the P.NAMAX rai ne.

2. Exavir.e the adequacy of the bearing saddle pedestal
under .artical and lateral loads imposed by the
eranks h a. f t and th6 bearing cap bolt preloads.

2. e:1 owin; 100 hrs of operation or normal Preop testing,
t. r. NOC Inspection of the- most heavily loaded bearing
:sdestalc cn the CNPE engines and a selected nurnber of
:t ho. R-4 e ar.d PV-1E enginec will be conducted and the
-esult i c va * aat ed with respect to possible l oad i ng mechani stas.

'
,

.
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DR-03-305A

f

4. Ar. eva! uat io . c' the mai n bearing caps under the crank-
shaft inertisl loads and stud preloads will be performed.
Thic will consider the adequacy of the lateral loading
between bearing cap and pedestal to prevent bearing cap
movencr.t under crankshaft loading.

5. Analysts of the bearing saddle nut pocket and upper
assembly nut pecket s will be conducted. The pockets
will be t.odeled as a column with a through hole under a
tension load corresponding to the preload; firing
pressures and crankshaft inertial loading. These
analysec will initially be performed on R48 and RV-16
Engines. The need to perform detailed analyses on
RV-1E and RV-EC enginec will depend on the findings of
the 'orn s e.

E. *nd ast ry en;erience with base assembly bolting problems
will be reviewed including through bolt and washer
fa:1vres at Copper Valley Electric and Valder, Alaska.

T. The base assembly boltc, studs and nuts will be analyzed
fr- cdeq uat e preload.

c~'.* * EL' ~O 1 A''Q' YSES :
1. p. ny TO analyser and test experience on the base assembly

component: will be reviewed.

P *~ O*.Y T ~ I O': DEOUIREO:
( Cas :.ssembly ornpor.e nt drawings and manufacturing

*
.

eri'ications
2. ~ase assembly component material croperties, including -

yield strength o' casting in various sect ion thicknesses
2. Main bearing cap and upper assembly bolting torque

specification:
Engine firing loadc'

.

5. C an! shaft acacc on main bearings
E. ~ .g i r.e compor.ent weightsr

o
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CRANKSHAFT

03-310A
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UNIT ANALYSIS TESTING INSPECTION

R-48 ENGINES:
Nolzer analysis 100 prs f 1004 power and NDT Crankshaf t - 3 enaines arte

,Model Superposition LOOP /LOCA simulation - 3 engines 100 H:s f 1004 power
Finite element analysis Torstograph - 2 engines

SNOREH AM Strain d a ge test data correlation Strain Gage testing crank pin
with analysis fillete - 1 engine

Holzer analysis 100 Hrs f 100% power - 1 engine NDt crenkshaft - 1 engine after
RIVER BEND M dal superposition Torslograph - 1 engine 100 Hrs f 1004 power iIIf different from SNPS)

Verify sim!!arity to SNPS Normal Preop testing None if similar to SNPSRANCHO SECu Torslograph - 1 englne

V-16 ENGINES:

Holzer analysis 100 Hrs 9 1004 power - 1 engine | NDT crankshaft '

Modal superposition verification of torstograph 1 engine after 100 Hrs 9 100%
GRAND GULF power

I

Verify similarity to GGNS Normal Preop testing HDT crankshaftCATAWBA
Torolograph - 1 engine af ter preop test '

PERRY verify similarity to GGNS Normal Preop testing Hone if similar to GGNS '
Torslograph - 1 engine

verify similarity to GrMS Normal preop testin9COMMANCHE PEAR None if sieller to GGNSTorslograph - 1 engine
4

Verify similarity to GGHS Normal preop testin9HARRIS None if similar to GGNSTorslograph - 1 engine
t

VOGTLE Verify similarity to GGNS Normal preep testin9
ffone if similar to GGNS *

Torslograph - 1 engine
;

V-12 ENGINES:

NIDLAND 11 1:er analysis Normal preop testing
,

8

Modal superposition Torslograph - 1 engine None depending on Torstograph
V-20 ENGINES:

'

1:alzer analysis Normal preop testing None depending on TorslographS AN ONOFRE Hodal superposition Torslograph - 1 engine

.i
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DR-03-310A

COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

CRANKSHAFT Classification A
PART NO. 02-310A Completion 2/5/84

PRIMARY FUNCTION: The crankshaft converts reciprocating motion, component
inert ial forces and gas pressure piston forces to rotary motion and torque
at the output flange.

FUNCTIONAL ATTRIBUTES:
; 1. Structural stiffness of the crankshaft must be sufficient to maintain

acceptable states of stress in the crank pin web and main journal
areas and to maintain system natural frequencies which are sufficiently
removed from engine operating speeds. The crankshaft design should
also be sufficient to withstand main bearing misalignments inherent
in service.

2. The journal area of the main and connecting rod (crank pin) bearing
must be sufficiently large for acceptable bearing oil film pressure
but the overall bearing length must be sufficiently short ti minimiet
end wear of the bearing sleeves.

3. The material of the crankshaft and the surface finish should bE
sufficient to resist fatigue crack initiation.

SPECIFIED STANDARDS:
1. ASTM

'
2. DEMA

EVALUATION:
1. Review TDI calculations and tests. =

2. Conduct engine test of 12x12 shaft.
2. Conduct modal superposition and Hol:er torsional

analyses of:
a. SNPS (R-48)
b. GGNS (RV-16)
c. Midland (RV-12)
d. San Onofre (RV-20)

4 Conduct finite element analysis of F-48 12 inch
erank pin fillets.

5. Compare measured and calculated stresses R-48 12x12
shaft.

6. Compare measured and calculated out put torque and
free end torsiograph traces for R-48. .

7. Compare stress levels with endurance limit for R-48.
Sc. Compare nominal stresses of R-48 & RV-1C with those

recommended by other standards.
b. Compare nominal stresses of RV-12 and RV-20 with

those recommended by other standards.

.
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DR-02-210A

( 9. Complete final report on SNPS and GGNS crankshaft
integrity.

10. Complete final report on Midland RV-12 and San
Onofre RV-20.

REVIEW TDI ANALYSES:
1. Experimental stress analysis (static) of DSR-46

crankshaft
2. Torslograph tests .

3. Hol:er Table calculations

INFORMATION REQUIRED:
1. TDI drawings for DSR-48 and RV engines
2. Test reports for DSR-48 and RV engines
3. Original Hol:er calculations and revisions for R-48

and RV-16, RV-12 and RV-20 engines
4a. Experimental pressure vs. time curve "or R-48 and

RV-16 engines.
b. Experimental pressure vs. time curve for RV-12 and

RV-20 engines.

(
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CTT.,INDER BLOCK AND LINEP. t
03-315

t .

.

. UNIT ANALYSIS TESTING INSPECTION *

.f ' R-48 ENGINES:

Evaluate stresses in liner 100 hrs 9 1004 power LP inspection cylinder .

landing including head stud LOOP /LOCA simulation - 3 engines block liner landing,
and thermal loads Sample Basies .

SHOREHAM Inspect liner for unacceptable
distortion, wear or flaws.

.

*

verify similarity to SNPS 100 hrs 9 100% power - 1 engine Dependent on SNPS t'esults, D

).
,.

!;

[7 RANCHO SECO Verfly similarity to SNPS Nor:nal Preops testing Dependent on SNPS results
t *
s-

,l- V-16 ENGINES:
b
{ Verify similarity to SNPS 100 hrs 9 1004 load - 1 engine LP inspection cylinder block,

GRAND GULP liner landing. Sample basis
Inspect liner for unacceptable
distortion, wear or flaws.*

.,

.U
I CATAWBA Verify siellarity to SNPS Normal Preope testing # pendent on GCNS retults
.

PERRY Verify similarity to SNPS Normal Preops testing Dependent on GGNS results*

l. 6gj COMMANCHE PEAK Verify similarity to SNFS Normal Preops testing Dependent on GGNS renults
.I.?, ,

!
. HARRIS Verify similarity to SNPS Normal Preops testing Dependent on GG'fS results

. */r>GTLE Verify similarity to SNPS Normal Preops testing Depe,1 dent on GGNS results .

V-12 ENGINES: 0

! NIU
Verify similarity to SNPS Normal Preops testing Dependant on GGNS resultsf' V-20 ENGINES:

}

| SAN ONOFFE Verify similarity to SNPS Normal Preops testing Dependent on GGNS resultsl'
t *

!

.6
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$ COMPONENT DESIGN REVIEW
TASK DESCRIPTION

.( CYLINDER BLOCK AND LINER Classification A
PART NO. 03-315 Completion 3/20/84

PRIMARY FUNCTION: The cylinder block cornprises the framework of the licuit
cooled engine and provides passage and support for the cylinder liner. The
block must provide cooling water passages, provide bores to support the car,
sha f t a s s ern bl y, and react the dynamic loacs from the cylinder firing
pressure and valve assemblies. For the CV engines, the cylinder block is
interconnected with an engine crankcase which supports the camshaft and
associated bearings. Although these are separate parts, their gener:c'

funct ion is siteiler to the cylinder block of the R-48 engines and will
therefore be evaluated ar. a unit. The liner itself forras the walls of the
ccrabust ion charaber containing the high temperature gas pressure and must
provide a guide for the piston rootion while react ing skirt side forces
without excessive wear or scuffing.

FUNCTIONAL ATTRIBUTES:.

1. The ca:a galley bearing supports must be designed to maintain
cor.centricity durin; service and have s uf ficient structural strength
to recct the cam / valve train loads without fatigue cracking.

2. The- support cf the cylir. der liner must maintain tight seals, react
pressure end stud loads without unaccept able distortion and raaintain
sufficient load distribution to preclude excessive cracking f.n the
liner c e ce.t e rbore (landing) due to co:abined therrnal, gas pressure and
preloaded stud irduced sta.tes of stress. The cylinder head stud threa

'

con fi g erat i r.n is impcrtant in deterraining stress concentrations and
st res d i ct *i but i ons.

2. ~he c)11nder lir.er it self rauct be sufficiently hardened to resist
ur. acceptable wear associated with pisten ring action and rna i nt ai n
adcque.t e cont act with tr e block counterbore to prevent high cycle
cont a ct strest and fretting. In addition, the cornpression of the
5ead t e the cylinder liner raust be sufficient to avoid axial
frettin; cf the liner within the counter bore but not so great as to
cause feil .tres of the cylinder block liner l ar,d i ng.

4. *ht coolin; water distribution within the block raust be suf ficient
to preclude overheat ir.g of the block and liner and must maintain propen
flow conditions to n;inimice or avoid cavitation or corrosion darnage to
the liner.

SPEC:F!EO ETAMCARDE: None

EVP.LUATION: '

1. Review information concerning previous cracking and
distortion of the cylinder block and liners of the
R4B and RV engines.

E. Review lic.uid penetrant inspections of cylinder block
in the hesd stud and liner counter bore regions of the
ENPS DEE-43 angines.

. . . . . . , , . , , . - . . , .c... . y ...... . . . w w. . . . . .. ~..
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2, Evc.l u r,t e the steady state and alternating stresses in the
( l i r.c r Iznding/ head stud region and compare these to

yield and endurance limits for appropriate materials.
This examination must consider variations in head stud
thread geovetries and preload torques.

4. Evaluz.t e the stat e of st ress in the liner in the landing /.

agia: seal region due to gas pressures, thermal growth
and F. cad clauping forces and compare to normal fatigue
propert ies for liner material.

5. Eva.luat e crit ical flaw si:e and rate of crack growth
c:.rsidering combined head stud loads and thermal
stresses for cracks located between head stud holes and
cylinder block counterbore ditmeter.

L. Evaluate critical flaw si:e and rate of crack growth for
cre:ke eminating from the corner of the cylinder block
l an d i r.; and count erbore diameter.

'. Evaluate the loading produced on the bearing supports
in the cam gear galley and verify the struct ural
adequacy of the design.

E. Resiew the inspection of the sampled SNPS cylinder lines
f:11owing 100 hrs at 100% load for evidence of
una: cept able scuf fing, corrosion, cracking or scoring.

RE'/ ! E' .* 'D 7 p.NA* YSES : *
_

1. Revie^ any TDI analyses which consider stresses created
i r. the liner counterbore area and any design changes which-

relate to geometry or material.

U" COMA * ION REQUIRED:
*

. Manuf acturer's drawings of R48 and RV eylinder blocks :
a r.d l i r.c es, including material specifications and
hi;tcrical decign changes

2. G: pressures and t emper at ures for R48 and RV engine
designs

!. O,linder head stud drawings and torque specifications
/. Cylinder head stud drawings showing design changes
5. w1 quid penetrant inspection of cylinder block counterbore

(landing) on SNPS engines
C. Cam shaft loads due to rocker arms, pushrods and valve

sp inge

.

~"
~~
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ICYLINDCR HEAD STUD 5 ^

03-315E
|
! -

'

UNIT AN ALYSIS TESTING INSPECTION
.

R-48 ENGINES:

> h- Stress Analysis: 100 Ifrs f 100% power and Visual inspections verificatio:!g Preload and operational LOOP /LOCA Simulation - 3 engines of proper torques hardness -} ,- (cylinder firing pressure) loads, sample basis

j|.
SHOREH AM for necked down s tud design, *

verify lubricant

!.
I', Verify similarity to SNPS/GGNS 100 hrs 9 100% power - 1 engine visual inspections verification!!' RIVER BEND design of proper torquej- Evaluate major dif ferersees

,

i

4 Verify similarity to SNPS/GGNS Normal Preop testing Visual inspections verificatlo:
I RANCHO SECO design of proper torquel, Evaluate maior differences

V-16 ENGINES:

j 100 hrs f 100b power - 1 engine visual inspections verificattorStress Analysis: Preload and
| operational loads for uniform of proper torque'cross section design, verify

GRAND GULF lubricant

*.
'

--

Verify similarity to SNPS/GGNS Normal Preop testing Visual inspection; verificationCATAWBA Evaluate differences if any
of proper torque

'

verify similarity to SNPS/GGNS Normal Preop testing Visual inspections verificationi PERRY Evaluate dif ferences if any of proper torque {l

Verify similarity to SNPS/GGNS Normal Preop testing Visual inspections verificationg.. COPMANCHE PEAK Evaluate differences if any of proper torque7. ,

:'8 Verify similarity to SNPS/GGNS Normal Preop testing Visual inspection verification ty HARRIS Evaluate differences if any of proper torque |
< Verify similarity to SNPS/GGNS Normal Preop testing Visual inspections verification *

't VOGTLE
, Evaluate differences if any of proper torque

;
*Y V-12 ENGINES:

verify similarity to SNPS/GGNS Normal Preop testing Visual inspection; verificationHIDLAND Evaluate differences if any of proper t.orque
.

V-20 ENGINES:

Verify similarity to SNPS/GGNS | 100 hrs 9 1001 power - 1 engine visual inspection, verificationS AN ONOFRE Evaluate differences if any Normal operational testing of proper torque
,

}'.

!
.
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COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

CYLINDER HEAD STUDS Classification E
PART NO. 02-315E Completion 2/1/84

PRIMARY FUNCTION: The cylinder head studs transmit cylinder firing
pressure forces frori the cylinder heads to the engine block and assure a
required preload on the cylinder head gasket for combustion gas and water
sealing.

FUNCTIONAL ATTRIBUTES:
1. The cylinder head studs must have sufficient strength to withstand the

necessary preload and cyclic firing pressure forces without preload
relaxation or thread distortion.

2. The thread geometry of the head stud should be cuch as to provide for
an upper thread engagement which is sufficiently below ad;acent
cylinder liner landings to minimize stress concentration in that area.

SDECIFIED STANDARDS: None

EVALUATION:
1. Review the design dimensional differences between the

previous and current head stud designs.

2. For the current designs
I a. Evaluate the stress at the minimum cross-sectional

area resulting from the applied preloads assuming
uniform lubrication and load distribution. Stress _

concentration effects of the threads thr>21 " - ' ~

included in the evaluation. Verify thread
resist ance to distortion.

b. Determine the cylinder firing pressure and
resultant force on the cylinder head. Utilizing
the cylinder head geometry, det ermine the
alternating load applied to each stud due to the
cylinder head resultant forces.

c. Evaluate whether the total resultant force is
sufficient to overcome the bolt preload.

d. Evaluate the bolt torque /preload technique to
determine whether acceptable loading ic assured.

3. Perform a similar analysis on the previous TDI design
and assess the effect of the material and design

,

differences.

REVIEW TDI ANALYSES:
1. Review TDI stress analyses associated with the design /

material changes.

INFORMATION REQUIRED:
1. Maximum cylinder firing pressure
2. Stud geometry and drawings

. . . , _ . . _
~: - :- 7
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.

( 3. Etud material specifications
4. Cylinder head geometry
5. Stud torque specification and lubrication requirer ents

,.,
f- -)5
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CONNECTING RODS
r

i
03-340A

. *

!8
{ UNIT ANALYSIS TESTING INSPECTION ,

! H-48 ENGINES:'

Stress analysis of crank pin bore 100 Hrs 9 100% power Inspect crank pin bore and wri
,

.; and cap distortions stress analy- LOOP /LOCA Simulation - 3 engines pin bore.
sis of wrist pin bore and bushings LP inspect wrist pin bushing - .SHOREH AM

; Evaluate cap bolt torque and sample basis
! design requirements

, verify similarity to SNPS 100 Hrs 9 100% power - 1 engine None required if SNPS inepectl
RIVER BEND acceptable

*

f ,

Verify similarity to SNPS Normal Preop testing Mone required if SNPS inspecti-RANCHO SECO
acceptable

q, V-16 ENGINES:
*

Stress analysis of RV connecting 100 Hrs @ 100% power - 1 engine Inspect crank pin and link pin
'

rods Evaluate cap bolt torque, 4
l} i

bores, bolt holes and partingand design requirements
surfaces - 1 engine - SampleGRAND GULF Verify implementation of cap bolt ,

torque per SIM64 basis depending on stress anal? |.

,

I **erify similarity to GGNS Normal Preop testing None required if GCNS acceptabCATAWBA Evaluate differences

Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab *

| PERRY Evaluate differences

verify similarity to GGNS Normal Preop testing None required if GGNS acctptabCOMMANCHC PEAK
, ; Evaluate differences
l 'ra

I{ ' Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab: '

| H ARRIS Evaluate differences i
i

VOGTLE Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab?*

y Evaluate differences

V-12 ENGINES:3

I HIDLAND Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab:
) Evaluate differences
*

V-20 ENGINES:
5

*

*

Verify similarity to GGNS Normal Preop testing None required if GGNS acceptablSAN ONOPRE Evaluate differences,

.

5

1

I'
t .
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COMPONENT DESIGN REVIEW
TASK DESCRIPTION

CONNECTING ROD Classification A
PART NO. 03-340A Completion 3/20/84

PRIMARY FUNCTION: The connect ing rod tra nsmits engine firing forces from
the pistons and piston pins through the ods to the crankshaf t such that
the reciprocating motion of the pistons induces rotation and output torque
of the crankshaft.

FUNCTIONAL ATTRIBUTES:
1. The connecting rod must have sufficient column buckling strength

and fatigue resistance to withstand cylinder firing forces and
inertial loads.

2. In the RV engine design, the three oscillating bearings two (2)
wrist pin bearings and one (1) link pin bearing and the rotating
crank pin bearing a41 require support from the connecting rod. In
the R48 design, a single wrist and crank pin bearing are supported
The flexure of the rod must be such that bearings are not
unac::ept ably distorted.

3. Passages within the rod must provide cooling and lubricating oil
to the bearings and pistons.

4 Stress levels, both mean and alternating, must fall within the
endurance limits for the material utilized.

5. In the RV design, the two bolted joints (link rod to link pin and
master rod to conrod box) must maintain sufficient contact

I pressure. The R48 design likewise requires sufficient clamoing
forces on the crank pin bearing cap.

E. The rod cap bol t s mus'. support the necessary preload without
yielding, fract ure or unacceptable thread distort ion. 1;

7. The wrist pin bushing must acceptably support the gas pressure
and inertia forces transmitted by the pistons during the unique
nuclear standby required starting cycle and normal oceration.

S?ECIFIED S*ANDARDS: None

EVALUp.TI ON :

1. Determine the service histories of the connecting
rods. In part icular, evaluate the two V-style
connecting rods (the 1 7/8" bolt diameter connecting
rod and the 1 1/2" bolt diameter rod) and the R48
style connecting rod.

2. Incorporate firing load profile data for the
crankshaft analysis and the results of the 13"'
diameter rod bearing analyses to produce a connecting
rod static load profile, with the addition of inertia
loads for a complete time-load map.

3. Evaluate the significance of possible rod bow as it
affects bearing centerline angular misalignment.

J

&

- ,
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,

4 Review and report on failure of connecting rod at
Copper Valley Electrie, Glen Allen, Alsska.

5. Conduct Journal orbit analysis of the wrist pin
bearing.

6. Using examples of fractured rods to focus the area
of investigation, develop finite element models of
the 1 7/8" bolt diameter V-type rod, to define
deformation and the possibility of crack initiation
and propagation.

7. Evaluate the necessary preload and acceotable design
requirements (yielding, thread distort ion) of the
rod cap bolts for the R-48 and RV designs.

8. Evaluate the loading, fabrication and installation
requirements of the wrist pin bushing for acceptable
nuclear standby service.

9. Perform a roetallurgical examination of fractured
connecting rods in FaAA possession.

10. Cornplet e final report.

REVIEW TDI ANALYSIS:
1. Review any TDI stress analyses or strain gage testing of

connecting rods.

!N"O RMp.TI D!J REQUIRID:
1. Connecting rod, wrist pin bearing and cap bolt drawings
2. Engine operating parameters (i.e., speed, firing pressure

( time history, etc.),

2. Component physical parameters (piston weight, connecting
rod reciprocating and rotating weights, etc.)

4 TD: specified rod cap bolt torques and installation :procedures.

5. TDI failure history of DSR-48 and DSRV connecting rods
E. Bushing and connecting rod material specifications

.

.
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CON!! ROD BEARING SHELt.S h
03-3408,

UN17 ANALYSIS TESTING INSPECTION

R-48 ENGINES:
;

Journal orbit Analysis 100 hrs at 1004 Power and NDT Inspection of all.
.

Finite Element Analysie LOOP /LOCA Simulations - 3 engines bearings - 3 engines
, SHOREll AM Patigue/ Fracture Hechanics -

Journal Orbit Analysis 100 hrs at 1004 Power - 1 engine NDT Inspection of
RIVER BEND (11 different from above) bearings - Sample basis .

*

Journal Orbit Pt.alysis NDT Inspection of bearings
RANOIO SECO (If different icom above) Norinal Preop Testing sample basisq

, V-16 ENGINES:

( Journal Orbit Analysis 100 hrs at 1004 Power - 1 enghe HDT Inspection of bearings
Finite Element Analysis sample basis .

* 9" ' " " #" "GRAND GULF

.

.

Journal Orbit Analysis Normal Preop Testing
CATAWDA (If different from abovel HDT inspection oft

bearings-sample basis
Journal Orbit Analysis Normal Preop Testing NDT Inspection of bearingsPERRY {1f different frora abovel sample basis i

'
IJournal Orbit Analysis Normal Preop Testing NDT Inspection of bearings 'CONMANCHE PEAK (If different from abovel sample basis

Journal Orbit Analysis Normal Preop Testing HDT Inspection of bearingsHARRIS {1f different from above) sample basis.

f
- Journal Orbit Analysis Normal Preop Testing HDT Inspection of bearings tVOGT!.E (If different from abovel sample basis '

! g
V-12 ENGINES:

Journal Orbit Analysis Normal Preop Testin9 NDT Inspectson of bearings gHIDLAND (If different fica abovel sample basis ,

V-20 ENGINES:

Journal Orbit Analysis Normal Preop Testing HDT Inspection of tearings '*
SAN ONorRE (If different from abovel Dample basis

{
.

4 '

in
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. . ,

COMPONENT DESIGN REVIEW
(- TASK DESCRIPTION

CONNECTING ROD BEARING SHELLS Classificetion A
PART NO. 03-340B Completion 3/1/84

PRIMARY FUNCTION: The connecting rod bearing shells provide the oscillatin[,

sliding surface between the connecting rod and the evank pin through the
formation of a hydrodynamic oil film. They transmit the cylinder firing
pressure to the crankshaft through the oil film, converting the force into
torque.

FUNCTIONAL ATTRIBUTES:
1. The bearing shells must have sufficient fatigue life and wear

resistance to tolerate normal operating conditions for the
intended service.

2. The bearing material must be of low friction to tolerate possible
momentary contact with the crankshaft during start ing of the
engine and the surface of the bearing shell should be constructed
of a material which is tolerant to tr.e presence of foreign
particles minimizing journal wear.

3. The dimensions must be manufactured with sufficient accuracy to
obtain the proper interference fit in the connecting rod, and to
establish the specified clearance between the bearing shell and
the crankshaft.

4. The bearing must be designed so that during operation key
' ~ parameters including oil supply pressure, peak oil film pressure,,

minimure oil film thickness, and oil film temperature rise z,re
within acceptable limits for the specified diesel engine ._

~application and required life.
5. The bearing material should be resistant to possible corrosion

due to chemical cotaposition of lube oil.

SPECIFIED STANDARDS: None

EVALUATION:
1. Obtain cylinder pressure vs. erank angle data from

DSR-48 test and compare to assumptions for previous
bearing shell design review.

2. Review eylinder pressure vs. crank angle for
DSRV-16-4 design.

3. Perform journal orbit analysis of DSR-48 design.
4 perform finite element analysis of DSR-48 design.
5. a. Fracture mechanics life est imate of DSR-48 design.

b. Determine maximurn void si:e in bearing castings for
radiogra_ph inspection acceptance criteria.

6. Journal orbit analysis of DSRV-16-4 design.
7. Finite element analysis of DSRV-16-4 (if required by

item 61
8 a. Fract ure mechanics life estimate of DSRV-16-4 design

(if required by item 6).

.
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( b. Determine maximum void size in bearing castings
for radiograph inspection acceptance criteria (if
required by item 6).

9. Physical examination of used DSRV-16-4 bearing shells
from GGNS to determine elastic deflection satterns.

10. Evaluate effects of babbit adhesion and thickness
variations.

11. Complete report on DSR-48 and DSRV-16-4 bearing
shells in SNPS and GGNS engines.

12. a. Determine differences, if any, between DSRV-16-4
and DSRV-12-4, DSRV-20-4. Conduct necessary
design review steps, issue final report covering
all engines.

b. Evaluate possible preventive maintenance and
monitoring procedures (i.e., oil sample carticulate/
chemical analysis, periodic visual inspection).

REVIEW TDI ANALYSES:
1. Obtain any available journal orbit analyses.
2. Review any bearing failure analyses.

INFORMATION REQUIRED:
1. Manuf acturer's drawings of bearings, connecting rods,

erankpin journals
2. Cylinder firing pressure ve. sus time for DSRV-16-4

I 3. Lubrication oil specifications
4. Connecting rod rotating and reciprocating weiDhts

,

9
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PISTONS

03-341
.

ff"
* UNIT ANALYSIS TESTING INSPECTION

( R-49 ENGINES:

, ,

Finite Element Analysis 100 hrs at 1004 Power and NDT Inspection of pistons -
*Thermo/ftecnanical Analysis LOOP /LOCA simulation - 3 engines sample basisSHOREH AM AE

Fracture tiechanics Analysis on
AE-type piston configuration

,

'6 5
Finite Element Analysis 100 hrs - 1 engine NDT Inspection

'

Thermo/flechanical Analysis Sample basis'
RIVER BEND AN

Fracture Mechanics Analysis on.

!! AN-type piston configuration

Verify similarity to River Bend Normal Preop testing NDT - Sample basis depending'or.

RANCHO SECO N
Evaluate differences if any River Bend results

V-16 ENGINES:

Verify Similarity of Operating 100 hrs at 1001 power - 2 engines NDT - Sample basis depending on
Parameters to SNPS SNPS, KODIAK and TDI R-$ inspec

GRAND GULF AE tion results

,'

CATAWBA AN Verify Similarity to River Bend Normal Preop testing HDT - Sample basis depending on '

Evaluate Dif ferences if any SNPS or River Bend results
verify similarity to River Bond Normal Preop testing NDT - Sample basis depending onPERRY An Evaluate Differences if any ,

SNPS or River Bend results
'

Verify similarity to River Dend Normal Preop testing NDT - Sample basis depending on i'

COMMANCilE PEAR AH Evaluate Dif ferences if any
SNPS or River Bend results *

I-

Verify similarity to River Dend Normal Preop testing HDT - Sample basis depending on |HARRIS AN Evaluate Dif ferences if any
SNPS or River Bend results4 :

1

Verify Similarity to River Bend Normal Preop testing HDT - Sample basis depending on bVOGTLE AN Evaluate Differences if any
SNPS or River Bend results k,

'
V-12 ENGINES:

Verify Similarity to River Bend Normal Preop testing NDT - Sample basis depending onMIDLAND AH/AN Evaluate Dif ferences if any
SNPS or River Bend results

V-20 ENGINES:

Verify similarity to River Bend flormal operation HDT - samnle basis depending onSAN ONOFRE AN Evaluate Dif ferences if any SNPS or River Dend results
a

b|



<.
,

- - -
-

. - . .-. . . . . . .

.

DR-03-341-1

COMPONENT DESIGN REVIEW

(- TASK DESCRIPTION

Classification A
Completion 2/5/84

PISTONS
PART NO. 03-341

PRIMARY FUNCTION: The pistons react the cylinder firing pressure and
provide a reciprocating mechanism for converting combined inertia and
combustion pressure forces into mechanical torque through the wrist pin,
connecting rod and crankshaft.

FUNCTIONAL ATTRIBUTES:
1. The piston crown must have sufficient strength to resist the high

temperature and pressure firing loads.
2. The load transfer between the piston crown and skirt structure

. must not produce alternating stresses sufficient to cause
f ailure of the skirt.

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

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

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

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

SPECIFIED STANDARDS: None

EVALUATION:
1. Determine the historical evolution of the AF, AF

modified, AH, AN, and AE pisten designs, including
casting, heat treatment, dimensional and material
changes.

2. Determine maximum firing pressures and temperatures
for DSR-48, DSRV-16-4, DSRV-12-4, and DSRV-20-4
designs.

3. Develop finite element models for AF modified and
AE piston designs with pressure leading (static
conditions).

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

.

5. Perform metallurgical examination of fractured AF
piston skirts.

~

6. Perform eddy current examination of AE piston skirts
from TDI DSR46 and R5 engines, and Alaska stationary
diesel generator.

i ,

%J

.

.
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.



.

.

__. . _ _ . __ . . . .

.

3

.

DR-03-341-1

( 7. Conduct fracture mechanics analysis of possible
crack propagation in AF modified and AE designs
with differing stress conditions.

8. Conduct experimental static isothermal stress
distribution test on AE skirt.

9. Evaluate the ef fect of piston side loading on wear.
10. perform LP and eddy current inspection of SNPS AE

pistons following 100 hrs.at 100% load.
11. Assess the si nilarity of the AF modified, AH, and

AN piston designs.
12. Complete report on AF modified, AH, AN and AE pistons.

,

REVIEW TDI ANALYSES:
1. Examine TDI strain gage testing (static) on skirt

stud boss region.

INFORMATION REQUIRED:
1. TDI drawings for AN and AE designs including studs,

Belleville washers, preload, material specifications
2. Historical information on casting changes, heat

treatment changes
3. Maximum cylinder firing pressure and temoerature

for DSR-48, DSRV-16-4, DSRV-12-4 and DSRV-20-4

:

I-
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DR-03-359

COMPONENT DESIGN REVIEW
TASK DESC9IPTION

AIR START VALVE CAPSCREWS Classification A
PART NO. 03-353 Completion 3/1/84

DRIMARY FUNCTION: The air start valve capscrews 9rovide clamping force to
hold air start valves in place on cylinder heads.

FUNCTIONAL ATTRIBUTES:
1. The air start valve capscrews cust have sufficient strength to

withstand the necessary preload snd reaction air loading without
yielding and resulting in loss of clamoing force on the air start
valves.

SDECIFIED STANDARDS: None

EV A'_U AT I CN :
1. Verify adequacy of new caps *rew length to preventa

bot t oming out of the capscrew during installation.
Review to include maximum tolerance of capscrew
length c:upled with cylinder henc minimum hole depth.

$ rvsluote adequacy of soecified tv que value.
2. Perform worst case ar.alysis of r eaction air loading

i r. caccerews.
4 Det ermir:e t he t ot al restart bolt stress.

i !. Ces:. ate the TD: recommended retorquing requirements
'ter c seratior due to use of copper gaskets.

"I','! EL' TD I ANALYEE9: Review load and deflect ion analyses :' cn,..

:'JFC:MA IJ'; RE72: RED:
1. Ca:L:rews ar.d washer materials and dimensions
? C ; i- dc.- 5ead drawings
2. 5:e;1f2cd t:irpue value and lubrication recuirements

.

6

- - .pqa ,, . - * 7 c:. 7 ~ ~ a.; | "*"~~" V?." ~17J2'R"'? ;*
-



=

.

= ~
-

. .- . . . . . . . .

.

.

as he
T X T = T =X

e k .e ehaue U
e e e D se e D =e e

t. C 0 2 & a & SC
U me seU

be e be e A b S .Dea ao e oo* GG T
Te C T e .e TeGC

e C9 e
.C.e a b

e= CWM e
5 .=e

em .=e e CL
ed E- ==e E=e.,

p >W -e >Weeo hWeM
U U> ed U > In .= U > (n =e

| W ee
e b. w e' . - .e

ed e se eh
, u we - we,-

in 0> T O> 0> T
g &C em aPC

C 'O C =8
C T W C.e

9 C T W C *se 9 @ W W @ @ Wog
D C e =e ed 0Ce. > 0 C W -e -4 > > > > > > >
b e d &
UMee UMUe e UMUe e e e e e e eGUDDC G U we b

9. U =* h C4W we ae4 e Q*4 =e e a e a e e eaT@ @ mTese e m *D *e @ O e a e e e eC ad C Le C C C C 6e
** e b=e W =e 9 4 =e 9 =e W # == 9 9 @ @ @ W @ Ck E m ** heUp E 6e U p aa E E E f E F E6

eeC e &-eeCe e e e ed al e e.D. =4 e C e3 een gn W 3 eJ me T W gn eJ w "3 W 3 EQ fn EO EQ t/J E4 to

a
G G G
C C

.C=e =e
p t7e &
C C C
G G G O

Em se e **
d

4 0 0 #
@g he C 6e p te m & D & @ m **

g e .O. .C.e
W W C C C C C C3 =e =e =e =e =e =e edy

8.so a,e a. a. e.n a.
** a ee . m Cy -

E a. , ,. ,. ,. ,. OW
s. . , . -

o .E
o o c4 68

=e o Q. o Q. & & 4 & 4 ee-s tn M O M O O O O O O 6ep W @ W @ W W We e se e 6. 6. he w 6e he ano b as en t= e. A. Om a e,o he he .< 6 w =e .-e .4 .d .* .dat =N = e = e e e e e e eW b E
E. E E

E.
E E E= 4 o o u o 6 68 68 6 6e 64 6.o o o O o O O O O O O OE w * ** Z ** 2 E 2 E E E EW m

o e

2 M
** O M
.3 #C C Ppe be Uv O

( U @ =4U we @ C
*eT C be e G M C
6e

-e .O.e U n e' e =*
C ~eTeUg

%em e e e D =e U tn tn sn so sn in en an srbhep ad he e C. A A b b t- G. A A be
U .Ue p"J e A he Z Z Z E 2 Z E Z Z c ~eC>eU so so so M to to to to so 3 *'
w he ** e W me Oode *4 0m Oa O a Om Om Om Om O~ Om mtn e be .at =Me *d @ & W ** W ** W *d W ** e ** e *e P ** W. Cw Umew U U U u U U U L U wg
O W@ CWT AC NC h C hc hC NC hc NC NC 0p,

. =e T = e T =0 me se G d W d G GG se G se G ** G ** G ** G*y MCA # he we he =e he e he =e 6e g4 he ad he me ha =e he .se he ed3 eav e a W 6e e be W be e he e 6e w he t be W 6e e he e Uk 0&ae e .>e 'C
O E see W **as ah

.e .he .e.e .e w .e me .e ene .e me
be e me 5 he 0U -e me w 4w m me -e me -e me -e w e me me> C w ee =e --eW -e .g. e =* e =e ee .= e ee ee =e m ee me

*8 > ET ET
.E.eT ET

.E.e 'O .E 'D E 'O ET .E T cw w he c =0 -e we - -e

t e e O O,e* 3W ee aW e e ee ee ee aO mW mW Weso e a Q tr sa
h e'

e sa so so so e6 so ao e heeUe4 e =e ha > e h5 he he ha ha he eD
3= =D -e 3 > .ed C e .3 e .3 eD e .3

ees D3 48 9 ese he D me he ese w **e hs m=e 3 =e .D.e e3 .D.e44 e av ** 4 e 4 e av e -e aeeeQ4 WU 6e e he e he e he e he e he e he e he e ne e ee> W > he e *8 W W> W> @ > W> @ > W> W> W> G> > 6eW 4 W P > W e8 >W >W > W >W >W >W >W >W >W Wh

e e

to'

.

8 M en se
O to at an itJW D U W

.Ie. W W W ga

%.
Z 2 W E J aC e. g Q g g** ar W so w D go >e so ** e e.,b 0 = dB C 0 3 E W 4 .3 0 0 0* 2 N O 2 et E * p. 2 z z*

.E
W 'r- " W D H W G~

.E o W
D.*

W Oa O gJ 0 sc se. : oe W .* .e U z > n E o Re. 40 me =e e-o N att E e C e e unE > g > >

. .m.,7 =s . .=, m - - - - . - -- m ..



*

.. -. - -.. . . ....

.

:
2
-

DR-03-360A

COMPONENT DESIGN REVIEW.

TASK DESCRIPTION

CYLINDER HEAD Classification B
PART NO. 02-2E0A Completion 2/12/84

.
~

' PRIMARY FUNCTION: Provide pressure tight cap for engine cylinder and
provide passages and sealing for cooling water, lube oil, starting air,>

intake and exhaust gasses.-

:

FUNCTICNAL ATTRIBUTES:
1. The cylinder head must have sufficient structural stif fnass to react*

*

the cylinder firing forces without seal leakage or defortnation whi ch
would produce unacceptable bending loads on the cylinder head studs.

2. The fire deck must be sufficiently stiff with thickness necessary to
maintain stresses below endurance limits, however, the firedeck must
also De thin enough to provide adequate heat transfer for cooling
purposes.

2. The cylinder head must also possess sufficient resistance to thermal
and mechanical f atigue to prevent failure.

4 Residual stresses in the cylincer head rnust be adequately relieved to
prevent casting fatigue and fracture.

5. Areas of high contact loading and high gas velocities, such as valve
seats, must be resistant to irnpact and corrosion damage.

SPCCIFIED STANDARDS: None

E'lALU ATI ON :
1. Re.ias previous failure analyses of cylinder heads

with Jacke*. water passage flaws, fire deck flaws and
valve ceat crecking. ~;

C. Evaluate possible causes of crack initiation.
2. Cond.<ct physical / dimensional ex ami nat ion / cornpari son

:f carly and current generations of cylinder heads.
/. Det erreine gas pressure loading and operating parameter

d-fferences between R-48 and RV engines.
C. Evcluate the improvements in manufacturing and casting

techniques and the adequacy of the head cooling con-
figuration. Identify possible crack propagation
raechani stas if any.

E. Review NDT procedures for head castings.
T. Review results of hydrotesting.
6. Review the inspection of sar1 pled SNPS cylinder heads

following 4 hours at 112% power, 100 hours at 100%
power. *

9. Evaluate the adequacy of the engine barring procedure.

REVIEW TDI ANALYSES:
1. Review doeurnents concerning cylinder head cracking

including rnetellurgical exarnination of castings.
2. Review any stress or strain gage analyses.

.. ;
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DR-02-360A

IN~ORMATION REQUIRED:
( I. Manufacturer's drawings of early and current'
'

hr ds including any changes in casting practices
and process control.

2. Cylinder firing pressure curve for R-48, RV-16,
'

RV-12, RV-20 engines
2. Thermocouple measurement of cylinder head transient

and steady state temperatures
4 All document s and reports of cylinder head flaws and ,

pessibly cracking for the RAE and RV ongines
5. Review information (depositions and affidavits)

subaitted to date in the cylir der head ASLB
litigation.

:
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DR-02-265C

COMPONENT DESIGN REVIEW

( TASK DESCRIPTION

CUEL OTL INJEC"4CN TUBING Classificat:en B
PART NO. 03-205C Cc.moletion 2/1/84

PRIM 4RY FUNCTIONS: To transfsr high pressare fuel from the fuel
injection pu.np to the injec+. ion spray nor:le.

FUNCTIONAL ATTRIBUTES:
1. The fuel cil inject ion tube assembly must have adecuate fatigue

strength to withstand the cyclic high pressure and vibration strences
without fatigue cracking or failure by yieldirg.

2. The t uba .ssembly must be resistant to corrosien and erosion on the
- inside diameter.

The conne:tcr must also withstand the service induced conditions.
3cECIFIEC STANDARCS: None

EVC_UATION:
1. Ostermine maxicaum stresses i r.curre d in fuel

injecticr. tubirg by calcualtion per ASr*C-Sect ion
:II ttress I fat gue analysis - R 48 & V engines.

E. Verify the t ube assembly has sufficient strength a r.d
lifa by cor.'sar ing act ual stress levels to yield and

. encure.nce limits.
g, C. Per#cen f,acture mechanics anplysis to determine the

maximum i r.ne r =iareter flaw si:e that will not
p 2paiete :: tube failure.

I. Estiuste the adecuacy of the N3T procedure to-

guarantee Luberitical flaws, if any.
5. E.e:usto adequacy of mechanical Joints and com-

orenzion requirements for the Swegelock fattings.
C. Evc!uatt erosion / corrosion resistance of the

cubin; t: the fuel usec in nuclear standby service.
*

EI'.'!E*J TD! ANALYSES :
2. 7eview TDI REO test summary report on F. D. injection

t2 bas, RV-COS-1E.
2. Review any TD: tert data on service pressures and

"iow rst es.

INFCRMAT:ON REO*.JI RED :
1. Injection t ube assembly drawings anc material *

rpecifiertions
2. Manufacturinn details; surfact finish, required

inspecti^ns
2. Applicable S/N dets for tubing material

,
4. Service pressures and flow rates

.
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PUSfl ROD'i j
03-390

!
!+ .

UNIT AN AL YSIS TE3 TING INSPECTION |
,

t
i'

R-49 ENGINES:) '

.

Stress analysis of plug 100 :rs. ) 1001 LP inspection of plug weld . *

i and friction weld designs IAx)r/LOCT. simulation - 3 engines sample basis
g .,9 REH M Metallurgical examination of Emperimental s.ndurance test of

' friction weld pushrod fttr* inn welf pushrod

5

Verify design type 100 4 9 1001 1 engine LP inspection of plug weld -
RIVER BEND sample basis

.

e fY 9n Y tmal steep testing LP inspection of plug weld -RANCI10 SECO
sample basis

V-lE ENGINES:
I

Verify design type Normal Preop testin9 LP inspection of plug weld -
Ia Metallurgical examinetton of Experimaatal endurance test of sample basis

GRAfiD GULF friction weld pushrod friction welo pushrod
.

I

n pe t n of plug weld -CATAWBA Verify design type Normni Paeop testing ,

LP inspection of plug weld -, PERRY Verify design type Normal Preop testin9 sample basis

COMMANCHE PEAK Verify design type Normal Preor tes'; lng {p n of plug weld -L t
,

spe tion of plug weld =HARRIS Verify design type (Urme l Preor te.6 ting ,

V0G*LE Veriff design type Normal Preop testing E' " P 9 ~

am bs '

_ 'N12 ENGINES:
*

MIDLAND Verify design type Normal Preop testing tP inspection of plug weld -
sample basis,

V-20 ENGINES:
_ + . . .

LP inspection of plug weld -SAN OWOFRE Verify design type llormal Proop tastin9 sample bagts

!

O
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. DR-02-290-1

COMPONENT DESIGN REVIEW( TASK DESCRIPTION

MAIN AND CONNECTOR PUSHRODS Classification B
PART NO. 02-290 Completion 2/27/84

PRIMARY FUNCTION: The pushrods form portions of a linkage that t ransmi t s
camshaft Icbe motion to the cylinder intake and exhaust valves, thereby
cont rolling the valve opening and closing cycle by reacting against the
valve spring and inertial forces.

FUNCTIONAL ATTRIBUTES:
1. The pushrod leading is comoressive, so that t he pushrod s mur+. have

sufficient strength to withstand compressive buckling.
2.- The pushrod ends must have acceptable wear resistance.
2. The design of the interf ace between the pushrod tube and end fitting

must minimi:e the possibility of manuf act uring defect', and adequately
react operational loads.

SPECIFIED STANDDRDS: None

EVALUATION:
1. Review the historical evolution of pushrods,

including dimensional, material and manufacturing
changes.

2. Determine maximum compressive loads for DSR-48,-

DSRV-16-4, DSRV-12-4, and DSRV-20-4 designs.
2. Review met allurgical analysis performed by Middle

South Service for Mississippi Power and Lig5t
(MP8L), entitled " Metallurgical Eveluation of
Diesel Generator", dated October 1982.

4. Review relevant port ions of " Grand Gulf Nuclecr
Station - Unit 1 Interim Neport on Division I and
II TDI Generators", dated January 1984.

5. Perform metallurgical examination of feiled pus 5rsds.
E. Review friction-welded pushrod end configuration

from design, manufacturing, and metallurgical
st and po i nt s.

7. Complete report on pushrods on WILCO and MPEL
engines (DSR-48 and DSRV-1E-4).

8. Complete report on DSRV-12-4 and DSRV-20-4 enDines.

REVIEW TDI ANALYSES:
1. Review any TDI analyses related to the evolution of

the pushrod cap design from plug weld, to the hardened
ball and ult irnat el'y t o t he inertial welded cao.

INFORMATION REQUIRED:
1. Manufacturer drawings and material spacifications
2. Rocker arm spring and inertia loads
2. Metallurgical reports of previous plug and ball welded

__ connecting rods which experienced fractures.

.
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ROCKER ARM CAPSCPEWS

03-390G
1

UNIT ANALYSIS TESTING INSPECTION *

R-48 ENGINES:
__

Stress analysis: prsload snd 100 Hrs 9 100% power Visual examination on 3 sets pe -

operational Induced 1 peds for LOOP /LOCA almulation - 3 engines engine, verification of proper
reduced cross sectlpi capscrew torque and current design typeSHOREHAM
design.

Verify similarity to SNPS/GGNS 100 Hrs f 100% power - 1 engine Verify proper torque and design
RIVER BEND IE"

*

Verify similarity to SNPS/GGNS Normal Preop testing Verify proper torque and designRANCHO SECO Evaluate differences type

V-16 ENGINES:

Stress analysis: preload and 100 Hrs 9 100% power - 1 engine verify proper torque and designoperational induced lands for type
GRAND GULF uniform cross section capscrew

design.

Verify similarity to SNPS/GGNS Normal Preop test!rg Verify proper torque and designCATAWDA Evaluate differences type

Verify similarity to SNPS/GGNS Normal Preop testjng Verify proper torque and design ;PERRY Evaluate differences type -

iverify similarity to SNPS/GGNS Nore-' **ano t~ecing Verify proper torque and design ;COMMANCifE PEAK Evaluate differences type ;
!Verify s8milarity to SNPS/GGNS Normal Preop testing Verify proper torque and design
|HARRIS

Evaluate differences type ,
i

VOGTLE Verify similarity to SNPS/GGNS Normal Preop testing Verify proper torque end design
'

Evaluate differences type
!

V-12 ENGINES:

MI DLAND Verify similarity to SNPS/GGNS Normal Preop testing Verify proper torque and design fEvaluate differences type '

V-20 ENGINES:

SAM ONOPPE Verify similarity to SNPS/GGN5 Normal Preop testing Verify proper torque and design
Evaluate differences type

II
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DR-02-290G-1

COMPONENT DESIGN REVIEW
TASK DESCRIPTIONg

ROCKER ARM CAPSCREWS Classification B
PART NO. 02-2905 Completion 2/1/84

PRIMARY FUNCTION: The rocker arra capstrews transmit resultant loadO from
the valve springs, valve opening pressure pushrods, and rocker a rra
assemblies to the sub cover and cylinder heads

FUNCTIONAL ATTRIBUTES:
1. The rocker arm capscrews must have sufficient strength to withstand

the necessary prelcad and escillation loads without fatigue cracking,
unacceptable preload relaxation or thread distortion.

SPECIFIED ETANDARDS: None

EVA*UAT:DN:
1. Determine tne stud dimensions from existing design

drawirgs a r.d evaluate the stress at the minimum
cross-sectional area resulting from the applied
preloads assuming uniform thread lubrication and
1:ad dist ribut ion. Stress concentration factors
for the thread root area will be included in the
ar a.lys is for the previous TDI design.

O. Dsteercine the stresses experienced at the minarnum
:.rea resulting frora .ous5 rod motion, valve
spring deficction and ve'vc opening pressure.

2. Detser-ire the total resultant bolt stress and
c:cpare tc yield and endurance limits. :

4 Co:9are capscrew design and material specification
to A?"M p- 192.

!. va! cte the thread specification for resistance~

tc distortion and creep.
2. c ': -r s i r.'i l ar analysis on the previous un2 form

*

crose s e ct i er: capscrew design.

. ~ . - . . . ... . . < ,%- . %.- c ;
.. n

:.. .. =

1. 's.-le<, any TDI stress analyses associated with design /
r. :. t e r i a l changes.

. . . . , , . . . . . ._ . . . ., .n :. . n: ... -..-_s.t r:

1. Capscrew preload (hold-down force)
..

E. Casscrew lubrication
2. Capscrew design drawings and material scecifications
4. Rocker arrn geometry and drawings
5. Valve ser:ng constants, free length, compressed

length
E. Operat ing loads on the capscrews
T. Valve pop-open pressure in cylinder

.._ ._. . >. :n..- .f m e.;- ~~ ~

7~:=.ar*~r* m ~n *- - . - - -

:'-,~P' * * ?~r.. . . - -
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DR-03-425

COMPONENT DESIGN REVIEWk TASK DESCRIPTION

JACKET WATER PUMP Classification A
PART NO. 03-425 Completion 3/18/84

PRIMARY FUNCTION: This pump takes suction from the jacket water standpipe
and delivers the required flow of treated Jacket water at the requared
pressure to the engine Jacket water header. The Jacket water circulates
through the engine cylinder Jackets, exhaust manifold, the t urbocharger
intercooler, turbocharger lube oil and Jacket water cooler. The
React or Building Service Water System heat exchanger interfaces with the
Jacket water system for the ultimate heat removal.

FU'JCTIONA_ ATTRIBUTES :
1. The pressure boundary must maintain integrity to prevent unacceptable

water leaks.
2. *he Jacket water pump must deliver required flow at normal operating

pressure during engine operation.
2. The mechanical seal must be adequately designed for appropriate wear

life.
4. The pump shaft must be able to deliver required torque to pump impellt.

with fluctuating torque input through gear train.
5. Pump drive gear must be adequate to transmit steady state and transient

l oad s.

~ SPECIF*ED STANDARDS: None

EV ALL'OT I ON :
1. Evaluate design and hydrotest pressures for casing

and imptiler supplied by Berkeley Pump Co. for the
R4B and Pacific Pump for the RV engines.

2. Verify that pumps have run to date with no un-
accept able leaks in pressure boundary components.

C. Verify that Jacket water pump has provided sufficient
flow and pressure sucr. that the cooling water
temperature has not exceeded acceptable limits in the
absence of ether system problems, at rated load and speed.

4 Evaluate pump performance tests.
3. Verify that t here have been no unaccept able mechanical

seal conditions to date.
C. Analy:e stresses in pump shaft due to bending, torque

and nut tension on gear and impeller end (R-48 and RV
engines).

7. Evaluate the effects of the fluctuating torque input
from engine gear train. -

REV!EW TDI ANALYSES:
1. Review any TDI analyses associated with changes in

impeller attachment configurations.

.

.
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DR-02-425

INFORMpTION REQUIRED:
1. Maintenance records associated with pump casing and

mechanical seals
. 2. Start up and operational logs which identify cooling

water system temperatures.
3. Design and hydrotest pressure for the casings provided

by Berkeley & Pacific Pump Companies
4. Detailed drawings of pump rotors incluolng fits and

tolerances on impeller and gear and materials
5. Sveady state and transient torque occillations inout

to the jacket water pump from the drive gear assembly
E. Pump perf;rmance data including mechanical efficiency
7. Gear ratio en pump gear and crank gear
9. L? and visual inspee' ion results of the SNPS Jacket

water pump assembly following 100 hours at full load
and a ' COD /LDCA simulation_

9. TDI specified procedures for installing gear and
impeller or shaft including percent contact required,
torque on gear and impeller nut

.
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DR-02-688B

COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

WIRING E TERMINATION Classification A
PART NO. 02-688B Completion 2/27/84

PRIMARY FUNCTION: The wiring and terminations interconnect i nst rure- t ,
control and power circuits on diesel generator itself and within the
cont rol panels.

FUNCTICNAL ATTRIBUTES:
1. Conductors, insulation, and termination must be suitable for

specified an.p rating.
2. Conductors and insulation must be flame retardant.
2. Material and insulation rating should be appropriate for engine and

generater asolications.

SPECIFIED STANDARDS: !EEE-282

EVCLUATION:
1. Review wiring insulation for compatability with

circuit re;u i rement s.
2. F ame retardant insulation:

c. Determi a whether insulation is qualified to
IEEE- 232, UL or some other industry standard.

b. Determine whether insulation is a materialp

* rown to have generic fire retardantx

eheracteristics.
Determine whether wiring need be installed inc.

individua.1 conduit to minimi:e insulation damage. 2
2. Evaluate any special circuit requirements, such as

shielded cable.
4 : c.1 pere t erminat ior. type, material, sire and

insulati:n ratings with characteristics required
'cr s.ppIiceti n.

I

c.EV:EW D ?.N ALYEIS : Review if available

!N"RYATICt! RECUIRED:
:. Cable type test reports or other approved qualifi-

cetion method for each cable type supplied with
the engine

.
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DESIGN REVIEW / QUALITY REVALIDATIONIV.

The Design Review / Quality Revalidation (DR/QR) Program has

been established to conduct a cetailed review of the Trans-

america Delaval (TDI) engine / generator design and to subject

individual engine / generator parts to a rigorous quality

revalidation which is capable of providing reasonable assur-

ance that the TDI engines will perform their intended func-

tion. The DR/QR Program objective is to identify important

ccmponents of the TDI diesel engine and to assure that these

components are properly designed and fabricated. Selected

components will be subject to a detailed design and/or quality

revalidation review. Any potential deficiencies identified by

( the Program will be evaluated and/or corrected as appropriate.

Appendix 4 includes procedure DG-1, " Diesel Generator Design

Review and Quality Revalidation Program Description", which
'

provides more details on the Program and its organization.

.

It is significant to note, that, while TDI drawings and

certain TDI information is being used as input to the DR/QR

Program, the actual technical evaluations are being performed

independent of TDI thereby providing an independent verifica-

tion. TDI will be kept in the review and comment cycle in

order to take in:o account their engine and component specific
'

expertise.

.
The DR/QR Program is divided into five major steps:

1 DG

i
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Component Selection

Preparation of Task Descriptions

Design Review

Quality Revalidation

Preparation of the Final Report
.

Component Selection

A Component Selection Committee designates the diesel gener-

ator ccmponents to be subjected to the CR/QR Program. Selec-

tion is based on the component's function and role in the

overall operation of the engine, industry experience, and the

engineering judgment and experience of the committee. The

selection process includes review of available operating

information on TDI diesels to ensure that relevant experience

was adequately considered. :
.

As part of the component selection process, components are

classified as either type A, B, or C. These classifications

are based on the effect of the component's failure on the

diesel generator performance. Type A components are those

whose failure would result in diesel generator shutdown. Type

B components include those whose failure would result in

reduced capacity of the diesel generator or the eventual

failure of a Type A component if not detected. Components

whose failure have little or no bearing on the effective use

or operation of the diesel generator are classified as Type C.
,,

2 DG
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Following classification, the Committee then specifies

appropriate design review and quality revalidation require-

ments. This information is forwarded to the Design Review

Group and Quality Revalidation Group for preparation of task

descriptions. Procedure DG 2 " Diesel Generator Component

Selection Procedure", Appendix 4, provides additional details

of the selection process.

Component selection has been completed for the lead engines;

GGNS (MP&L) for the V engines and SNPS (LILCO) for the in-line

engines. The results of the component selection (ie. design

review and/or quality revalidation, where appropriate) are

provided in Table IV.1 and IV.2.
-

,
,

t

Preparation of Task Descriptions

:

The Design Review Group and Quality Revalidation Group prepare

task descriptions to define the reviews, inspections, calcula-

tions, etc. that will be performed for each component. The

task descriptions include any requirements specified in the

selection process as well as a more detailed explanation of

the methodology, procedures and standards which apply. This

task Jescription provides, as applicable:

1. Primary component function and required attributes,

2. Applicable codes and standards,

3. Alternative codes, standards, or analytical

' . _ , techniques,

3 DG
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.

4. Analysis or evaluation to be performad to

assure satisfactory design,

5. Available verifications of TDI analysis (if

any),

6. Final documentation requirements, and

7. Schedule for completion.

:

Appendix 6 and Section III include the sixteen task descrip-

tions for Phase I components that have been prepared at this

time. Task leaders prepare and complete these task descrip-

tions as described in procedures DG-3, " Diesel Generator

Component Design Review Procedure" and DG-4, " Diesel Generator

Quality Revalidation Procedure" (Appendix 4) .
.

k

In addition to providing a more detailed outline of the

specific revis on an individual component,.,the task descrip- :

tions list the information or equipment (such as drawings,

design information, NDE equipment,-etc.) which are necessary

to complete the Design Revies or Ouality Revalidation.

Design Review

Completion of the Design Review in accordance with the task

descriptions is the responsibility of the Design Group. Due

to the number and diversity of the components and standards

involved, the design review must be tailored to each

component, and the Group must utilize their experience and

4 , DG

-.,-- - , - . . - . . - - - - - . . . . - - - - - - . - - - - . - , . . . . . . . . . . - - . . . . . . .



. w m .m.. c.-amn.,.........a.a.....-,,... .....:..., . . . . . ..

-

.

_

professional judgement where necessary. The actual Design
,

Review may be accomplished using any of the following methods,

including: a) an independent calculation performed by the*

Design Group; b) an independent review of the adequacy,
,

appropriateness or correctness of existing vendor and/or
.

subvendor calculations; c) analysis performed by the Design
.

Group; d) testing specified by the Design Group; or, el other
'

methods specified and approved in the task descriptions.

.

Design calculations, wheh required, are signed >y the preparer

and the checker to indicate concurrence with the calculation

and are individually reviewed. Upon completion, che Component

Design Review results shall be filed and summaries submitted

for incorporation into the final report.

In addition to completion of the task descriptions, the Design O

Group has two other important functions. It specifies quality

attributes important from a design standpoint (in addition to

those identified during the component selection process) which

- are to be reviewed by the Quality Group. The Design Group

also identifies any components which may require corrective

action to improve reliability of the diesel generators. This

will include appropriate recommendations such as increased

frequency of replacement and/or maintenance, or additional

in-service inspection. These recommendations may also include

Quality Revalidation inspections, tests or reviews.

5 DG
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Quality Revalidation

The Component Quality Revalidation Group will be provided with

the quality attributes which must be validated. The resulting
.

task descriptions includes applicable component descriptions,

attributes to be verified, methodology, acceptance criteria,

type of documentation to be provided, and the completion

schedule.

Each component to undergo Quality Revalidation will be subject

to a documentation review. This process will identify and

catalogue all appropriate documentation (such as material test

reports, NDE, vendor /subvendor records, etc.) assaciated with

. the component. With assistance from Quality Engineering, each

document will be reviewed for acceptability. These document

packages will be available to the Design Group to assist in :

the engineering review. Important attributes identified by

the Design-Group, for which accaptable documentation does not

exist, will be verified by tests and/or inspections performed

by the Quality Group.

Tests or inspections required to be performed on components*

will be forwarded to Quality Engineering to identify

methodology and procedures to be followed. These instructions

will be issued to Quality Inspection via a task description.

Field inspections and tests will be performed by qualified

. ,. personnel. Depending upon the specified test or inspection,
,

6 DG
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spare parts, or surplus parts may be used in lieu of installed

per,ts as the test / inspection article. Results of inspections

and tests will be reviewed by the Design Group as required.

Preparation of the Final Report

Upon completion of the DR/QR Program, a final report will be

issued for each utility. The final report will contain the

following information:

1. Executive Summary

2. Program Description

3. Methodology for Selecting Components

4. Summary List of Components and Classification

5. Methodology for Component Design Review

6. Result of the Component Design Review :

7. Methodology for Component Quality Revalidation

8. Results of Component Quality Revalidation

9. Tabulation and Discussion of any Discrepancies

10. Corrective Actions and Recommendations.

t,
,
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TABLE IV - 1

LILCO Component _ Selection Results,-

( :omponent Component ~ Design-Review Quality-Review No
Number Description Required Required Review

{ Requested

F-068 Intercooler X

F-159 Tools Turbo X

F-161 Pyrometer Wire X

MP-017 Turbocharger X X

00-420 Lube Oil Pressure X X
Regulating Valve

Or-491A Turbocharger-Air Inlet X
Adapter: Adapter

00-491B Turbocharger-Air Inlet X
Adapter: Mounting Hardware
w/ Flexible Connector

00-495A Turbocharger-Air Outlet X
Adapter: Adapter. , _

{. 90-495B Turbocharger-Air Outlet X
Adapter: Mounting
Hardware ~

-
-

00-520 Warning Plate X

00-700A Jacket Water Stand Pipe: X X
Pipe, Fittings & Gaskets

00-700B Jacket Water Stand Pipe: X
Valves

00-700C Jacket Water Stand Pipe: X X
Supports

00-700D Jacket Water Stand Pipe: X
Gauges

.

00-700E Jacket Water Stand Pipe: X X
Switches

00- 700F Jacket Water Stand Pipe: X X
Misc. Boltine Materials

03-CFR Turbocharger Thrust X X
Bearing

' ~J3-305A Base & Bearing Caps: X X
Dase Assembly

03-305B Base & Bearing Caps:
Dowels X



. .
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Page 2
.

3omponent Component Design-Review Quality-Review No
Number Description Required Required Review

Required

03-305C Base & Bearing Caps: X X
Main Bearing-Studs &
Nuts -

03-305D Base & Bearing Caps: X X
Main Bearing Caps

03-305E Base & Bearing Caps: X X
Thru Bolting

.

03-305F Base & Bearing Capr:
Seals, Gaskets & Covers X

03-307A Lube Oil Fittings - X X
Internal: Headers -

.

03-307B Lube Oil Fittings - X X
Internal: Tubing &
Fittings

03-307C Lube Oil Fittings - X
Internal: Seals,

,

' 33-307D Lube Oil Fittings - X-

Internal: Supports
,

03-310A Crankshaft & Bearings: X X :
Crankshaft & Turning
Gear

.

03-310B Crankshaft & Bearings: X X
Bearing Shells

03-310C Crankshaft & Bearings: X X
Thrust Bearing Ring

03-315A Cylinder Block - Liners X X
& Water Manifold:
Cylinder Block

03-3153 Cylinder Block - Liners X*

& Water Manifold:
Cam Bearing Caps &
Dowels

03-315C Cylinder Block - Liners X X
& Water Manifold:
Cylinder Liner

>3-315D
'

Cylinder Block - Liners X X
& Water Manifold: .

Jacket Water Manifold &
Piping

...- ~;. m : g .. es., ,,. : ; . . .. . . , .:.su.:.s .. ;,r: :n:,;. v...: :.y . u .--,n.. - , r.-- .
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, Page 3

Component Component Design-Review Quality-Review No
Number Description Required Required Review

g

Required

03-315E Cylinder Block - Liners X X
& Water Manifold: Studs

03-315F Cylinder Block - Liners X X
& Water Manifold: Nuts

03-315G Cylinder Block - Liners X X
,

& Water Manifold:
Seals & Gaskets

03-317A Water Discharge Manifold: X X
Jacket Water Discharge
Manifold

~

03-317B Water Discharge Manifold: X X
Coupling & Seals

03-317C Water Dishcarge Manifold: X
Supports

03-330A Flywheel X

03-33.0B Flywheel: Bolting X X

03-331A Guards: Flywheel Guard X
Assembly

_
.

03-3313 Gua?.ds : Rear Coil Guard X.

'

03-335A Front Gear Case X

03-335B Front Gear Cara: X
Gaskets & Bolting

03-340A Connecting Rods: X X
Connecting Rods &
Bushing .

03-340B Connecting Rods: X X
*

Bearing Shells
.

03-341A Pistons X X

03-341B Pistons: Rings X X

03-341C Pistons: -Pin Assembly X X

03-345A Tappets & Guides: Intake X X
Tappet Assembly

02-345B Tappets & Guides: Fuel X X
Tappet Assembly

. - . . . . .; : . , m.... . . , , . -. . . -
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Page 4
_

Component Component Design-Review Quality-Review No

Number Description Required Required Review
Required,.

03-345C Tappets & Guides: Fuel X ,

Pump Base Assembly

03-350A Camshaft: Camshaft X X
Assembly

03-350B Camshaft: Camshaft X
Bearing

03-350C Camshaft: Supports, X X
Bolting, & Gears

03-355A Idler Gear Assembly: X X
Crank to Pump Gear

03-355B Idler Gear Assembly X X

03-355C Idler Gear Assembly: X
Gaskets & Bolting

03-359 Air Start Valve X X
,- .

03-360A Cylinder Head Valves: X X
Cylinder Heads

03-3603 Cylinder Head Valves: X X
Intake & Exhaust Valves :

03-360C Cylinder Head Valves: X X
Bolting & Gaskets

03-360D Cylinder Head Valves:
Springs & Retainers X X

03-361 Indicating Cocks X

03-362A Cylinder Head Covers: X X
Sub Cover Assembly

03-362B Cylinder Head Covers: X
Gaskets & Bolting '

03-365A Fuel Injection Equipment: X
Fuel Injection Pump

03-365B Fuel Injection Equipment: Y.

Fuel Injection Tips

03-365C Fuel Injection Equipmenti X
Tube Assembly

.

03-365D Fuel Injection Equipment: X
Supports

U
w w.,.

.
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Page 5

Component Component Design-Review Quality-Review No
Number Description Required Required Review

Required

03-371A Fuel Pump Linkage: X X
Fuel Pump Control
Shaft

03-371B Fuel Pump Linkage: X X
Linkage Assembly &
Bearings

03-371C Fuel Pump Linkage: X
Automatic Shutdown

03-375 Intake Manifold X X

03-380A Exhaust Manifold X X

03-380B Exhaust Manifold: X X
Gaskets & Bolting

03-385A Cylinder Block Covers X

03-385B Cylinder Block Covers: X X
- Gaskets & Bolts .

4

03-387A Crankcase Ventilator: X
Crankcase vacuum Fan .

03-387B Crankcase Ventilator: X :

Crankcase Oil Separator

03-387C Crankcase Ventilator: X
Fittingr. Bolting, Supports

03-387D Crankcase ventilator: X
Crankcase & Fluid Manometer

03-390A Rocker Arms & Pushrods: X X
Intake & Intermediate -

Rocker Shaft Assembly

03-390B Rocker Arms & Pushrods: X X
Exhaust Rocker Shaft '

Assembly

03-390C Rocker Arms & Pushrods: X X
Pushrods - Intake &
Exhaust

03-390D Rocker Arms & Pushrods: X
Pushrod - Connector

""

03-390E Rocker Arms & Pushrods: X
Bushings

03-390F Rocker Arms & Pushrods: X
Lifters

-t _* ,,_ ., - y ,, - r- . _* =*xy -' s .r * *"
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Page 6

Component Component Design-Review Quality-Review No
Nc=ber Description Required Required Review

Required

03-390G Rocker Arms & Pushrods: X X
*Bolts, Drive Studs

03-402A Governor Drive:
X XGovernor & Tachometer

Drive Gear & Shaft

03-4023 Governor Drive: X X
Couplings, Pins & Keys

03-410A Overspeed Trip: X X
Governor

03-4103- Overspeed Trip: Governor
& Accessory Drive Assembly X X

03-410C Overspeed Trip: Couplings X X
(Flexible & Spider) -

,

' 03-410D Overspeed Trip: Vent X X
Valves

03-413 Governor Linkage X X

03-415A Governor Assembly: X X
Woodward Governor

03-415B Governor Assembly: X
Booster Servomotor .

03-415C Governor Assembly: X X -

Heat Exchangers

03-420 Lube Oil Pumps . X X ,

03-425A Jacket Water Pump X X

03-425B Jacket Water Pump: - X
Cover

03-435A Jacket Waccr Fittings: X X
Pipe & Fittings

#
-03-435B Jacket Water Fittings: X X

Supports

.---.--.~:- .-....-.x==_. - -- s . . . - . . .n...,. ..c ,-s.u -
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Component Component Design-Review Quality-Review No

Number Description Required Required Review

( Required

03-437A Turbo Water Piping: X X
Pipe & Fittings

03-437B Turbo Water Piping: X X
Supports

03-441A Starting Air Manifold: X X
Piping, Tubing & Fittings

03-441B Starting Air Manifold: X X*

Valves, Strainers, Filters

03-441C Starting Air Manifold: X X
Supports

03-442A Starting Air Distributor: X X
Distributor Assembly

03-442B Starting Air Distributor: X X
Tubing, Fittings & Gaskets

03-445 Fuel Oil Booster Pump - X X,

Pump Assembly

03-450A Fuel Oil Header: . X
Ejector Assemblies

:

03-450B Fuel Oil Header: X X,

Piping & Tubing
.

03-450C Fuel Oil Hender: X X
Fuel Oil Filters,
Strainers

03-450D Fuel Oil Header: X X
Supports

.

03-455A Fuel Oil Filters & X
Strainers: Filters

03-455B Fuel Oil Filters & X
Strainers: Strainers

03-455C Fuel Oil Filters & X X
Strainers: Mounting
Hardware

03-465A Lube Oil Liner - External: X X
'

,

Tubings, Fittings, Coupling

^ 03-465B Lube Oil Liner - External: X X
Supports

. . . - . . , . . . ... . ._
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Component Component Design-Review Quality-Rcview No

( Fumber Description Required Required Review
Required

03-467A Turbocharger - Lube X X
Oil Fitting: Piping

03-467B Turbocharger - Lube X X
Oil Fitting: Supports

03-475A Turbocharger - Bracket X X

03-475B Turbocharger - Bracket: X X
Air Butterfly Valve
Assembly (w/ Actuator)

03-475C Turbocharger - Bracket: X
, Air Intake Piping

03-475D Turbocharger - Bracket: X X
Bolting & Gaskets

03-475E Turbocharger - Bracket: X
Pipe Supports

03-500A Control Panel Assembly: X 37
i Cabinet / System

03-5003 Control Panel Assembly: X
Annunciators

03-500C Control Panel Assembly: X.

Circuit Breakers / Contact
Blocks

03-500D Control Panel Assembly: X
Pressure Gauges

03-500E Control Panel Assembly: X
Hourmeter -

.

03-500F Control Panel Assembly: X X
Accumulator

'

03-500G Control Panel Assembly: X X
Valves

03-500H Control Panel Assembly: X
Pressure Switch

03 500I Control Panel Assembly: X
Pyrometers

s 03-500J Control Panel Assembly: X X
Relays
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Page 9-

:omponent Component Design-Review Quality-Review No
Nu=ber Description Required Required Review

Required

03-500K Control Panel Assembly: X X
Solenoid Valve

03-500L Control Panel Assembly: X
Tachometer

03-500M Control Panel Assembly: X
Piping, Tubing, Fittings

03-500N Control Panel Assembly: X
Terminal Board / Switches /
Wiring

03-515 Thermostatic Valve X X

03-520 Nameplates X

03-525A- Barring Device - Pneumctie: XBarring Device Assembly
03-5253 Bcrring Device - Pneumatic: X X<s Regulator Valve / Shut off

.
f Valve

03-525C Barring Device - Pneumatic: X X
Misc. Fittings, Rose,-
Filters, Tubing '

03-525D Barring Device - Pneumatic: X
Mounting Bracket / Supports

03-530A Platform - Front & Side: XSide Platform Assembly

03-5303 Platform - Front & Side:
, XFront Platform Assembly

.

a03-530C Platform - Front & Side: X
Bracing (with Attachments)

03-531A Platform Ladder Front: "

XPlatform Assembly

03-5313 Platform Ladder Front: X
Bracing

03-5310 Platform Ladder Front: X
g Sub-Base

>3-540A Lube oil Sump Tank: XTank with Strainer
Assembly

, g,.....
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:omponent Component Design-Review Quality-Review No
Nun.ber Description Required Required Review

' Required

03-540B Lube Oil Sump Tank: X X
Misc. -Fittings, Gaskets,
Pipe & Bolting Material,
Valve

03-540C Lube dil Sump Tank: X X
Mounting Hardware

.

03-550 Foundation Bolts - Anchors, X X
Bolts, Misc. Hardware

03-590 Special Tools - Asst. X
Engine Assembly Tools

03-630A Pyrometer Conduit Assembly: X
Conduit

03-6303 Pyrometer Conduit Assembly: X
Conduit Fittings

03-630C Pyrometer Conduit Assembly: X
Supports

,

J 3- 6 3'0D Pyrometer Conduit Assembly: X
Thermocouples

.

:i3- 63 0E Pyrometer Conduit Assembly: _

Gaskets X

03-650A Generator X X

03-6503 Generator: X X
Generator Contro1

03-650C Generator: X
Shaft & Bearings

.

03-6BSA Engine & Aux. Module X
Wiring Material:
Conduit & Fittings

.

03-6883 Engine & Aux. Module X X
Wiring Material:
Wiring & Terminations

03-6SSC Engine & Aux. Module X
Wiring Material:
Boxes & Terminals

J3-690 Engine Alarm sensors - X X
Temperature & Level
Switches

n --- - -- ,
.. .-n.- - . . . . _ _ -.;_..

.



.

- .

. . . - -

.

* Page .11

Component Design-Review Quality-Review NoComponar e

Number Oescription Required Required Review
,

Required

03-695A Engine Shut Down X X
Equipdent: Tubing &
Fittings

03-695B Engine Shu'. Down X X
Equipment: Valves,
Regulator, Orifices

03-695C Engine Shut Down X X
Equipment: Trip
Switches

03-715;. Sub Base: Engine X X
Generator

03-715B Sub Scse: Bolting X X

03-717A Aux. Sub 3ase & Oil X
& Water Piping: Aux.
Sub Base

03-717B Aux. Sub Base & Oil X -

& Water Piping:
Jacket Water - Valves

03-717C 1 ' . Sub Base & Oil X :
h iater Piping:
Jacket Water - Actuator -

03-7170 Aux. Sub Base &' Oil X X
& Water Piping: Jacket
Water - Pipe, Coupling,
Fittings, Orifices, &
Strainers

03-717F Aux. Sub Oase & Oil X
& Water Piping: Jacket -

Water - Gaskets & Bolting

03-717G Aux. Sub Base & Oil X X
& Water Piping: Jacket
Water - Supports

03-717H Aux. Sub Base & Oil X X
& Water Piping: Lube Oil -
Pipe & Fittings

03-717I Aux. Sub Base & Oil X X
& Water Piping: Lube Oil -
Valves

.

. . _ . . . . . .. . . . . . , .,
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Page 12

Co=ponent CC=ponent Design-Review Quality-Review No
' Number Description Required Required Review

Required,

- 03-717J Aux. Sub Base & Oil X X
& Water Piping: Lube Oil -
Gaskets & Bolting

03-717K Aux. Sub Base & Oil X X
: & Water Piping: Lube Oil -

Supports & Mounting Hardware
.

03-717L Aux. Sub Base & Oil ~; X
& Water Piping: Lube Oil - ..

,

Switch Over Assy.

03-71;M Aux. Sub Base & Oil X X
& Water Piping: Fuel Oil:
Pipe & Fittings

! 03-717N Aux. Sub Base & Oil X v

i & Water Piping: Fuel Oil:
- Valves

j 03-7170 Aux. Sub Base & Oil X X
& Water Piping: Fuel Oil:
Gaskets & Bolting

,

1
03-717P Aux. Sub Base & Oil X X

& Water Piping: Fuel Oil:
Supports,

t

| 03-800A Misc. Equipment: Heater, X X
; Jacket Water
e

!
j 03-8003 Misc. Equipment: Meater, X
i Lube Oil Sump Tank

03-8000 Misc Equipment: Air X
Staiter Tank Relief Valves,

I
*

03-8000 Misc. Equipment: X
'

Electrolytic Conductivity
Cell -

03-800E Misc. Equipment: .
'

Ele trolytic Conductivity
Monitor X

03-800F Misc. Equipment: X
Relief Valve - Booster
Pump

' 03-835A Misc. Equipment: X
After Cooler Support

03-8353 Misc. Equipment: X
After Cooler

.
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Page 13

i Component Component Design-Review Quality-Review No
! N''-her Description Required Required Review
I Requiref
!

.

* 03-855C Misc. Equipment: X
After Cooler Bolting'

'

04-000 Lube Oil Full Pressure X X

.' Strainer,

'

10-100 Misc. Components:
.

10-103 Jacket Water Heat X X
*

Exchanger *
-

.

- 10-104 Lube Oil Heat X X

.

Exchanger

{
10-105 Exhaust Silencer X

i 10-106 Full Flow Lube Oil X X
. Filter

". E' 10-107 Jsc :et Water Standby X
*

Heater Temp
-

j 10-108 FuelIOil Booster Pump X

10-109 Flex Connections X X 0

10-111 Starting Air Tank X X
.

l
; 10-112 Starting Air Compressor X
1
1 10-113 Before & After Lube .X X
| '

Oil Pump
!

10-114 Intake Air Filter Xj

. 10-115 DC Magnetic Starter X
l
' 10-116 Air Dryer X

10-117 Oil Prelube Filter X X

, .
-

!

I

s
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Page 1

MP&L COMPONENT SELECTION RESULTS

CROSSREF. MPL DESIGN QUALITY NO

COMPONENT COMPONENT REVIEW REVIEW REVIEW
NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

F-068 F-068 Intercooler X X

F-139 Tools Turbo

F-161 Pyrometer Wire

MP-017 MP-022/23 Turbocharger X X

00-420 00-420 Lube Oil Pressure
Regulating Valve X X

00-491A 00-491A Turbocharger-Air Inlet X
Adapter: Adapter -

00-491B 00-491B Turbocharger-Air Inlet X
Adapter: Mounting Hardware
w/ Flexible Connector

-495A 00-495A Turbocharger-Air Outlet X
Adapter: Adapter

00-495B 00-495B Turbocharger-Air Outlet X
Adapter: Mounting

~
_

Hardware

00-520 00-520 Warning Plate X

00-700A 00-700A Jacket Water Stand Pipe: X X.

Pipe, Fittings & Gaskets

00-700B 00-700B Jacket Water Stand Pipe: X
Valves

00-700C 00-700C Jacket Water Stand Pipe: X X
Supports

00-700D 00-700D Jacket Water Stand Pipe: X
Gauges

00-700E 00-700E . Jacket Water Stand Pipe: X X
Switches

00-700F 00-700F Jacket Water Stand Pipe: X
Misc. Bolting Materials

_ . . . . . . _ - - . - . - - . _ - . _ . ..
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OSSREF MPL DESIGN QUALITY NO
LOMPONENT COMPONENT REVIEW REVIEW REVIEW
NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-CFR 02-CFR Turbocharger Thrust . X
Bearing

03-305A 02-305A Base & Bearing Caps: X X
Base Assembly

03-305B 02-305L' Base & Bearing Caps:
Dowels

03-305C 02-305C Base & Bearing Caps: X X
Main Bearing Studs & Nuts

03-305D 02-305D Base & Bearing Caps: X
Main Bearing Caps

03-305E 02-305E Base & Bearing Caps: X
Thru Bc1 ting

03-305F 02-305F B se & Bearing Caps:
,

Seals, Gaskets & Covers

wa-307A 02-307A Lube Oil Fittings - X
Internal: Headers

03-307B 02-307B Lube Oil Fittings - X
Internal: Tubing & O

Fittings

03-307C 02-307C Lube Oil Fittings - X
Internal: Seal:

03-307D 02-307D Lube Oil Fittings - X X
Internal: Supports

03-310A 02-310A Crankshaft & Bearings: X X
Crankshaft & Turning Gear

03-310B 02-310B Crankshaft & Bearings: X X
Bearing Shells

03-310C 02-310C Crankshaft & Bearings: X
Thrast Bearing Ring

03-315A 02-315A Cylinder Block - Liners X X
& Water Manifold:
Cylinder Block

I
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~'OSSREF MPL DESIGN QUALITY NO-

.sMPONENT COMPCNENT REVIEW REVIEU REVIEW
NUMBER NUMBER COMPONENT DESCRIPTION RECUIFIQ REQUIRED REQUESTED

03-315B 02-311B Cylinder Block - Liners X

& Water Manifold: Cam
Bearing Caps & Dowels

03-315C 02-315C Cylinder Block - Liners X X
& Water Manifold:
Cylinder Liner

03-315D 02-315D Cylinder Block - Liners X X
& Water Manifold: Jacket

- Water Manifold & Piping

03-315E 02-315E Cylinder Block - Liners X X*

& Water Manifold: Studs

03-315F 02-315F Cylinder Block - Liners X
& Water Manifold: nuts

03-315G O2-315G Cylinder Block - Liners X
& Water Manifold:
Seals & Gaskets

-,

(_,-317A 02-317A Water Discharge Manifold: X X
Jacket Water Discharge
Manifold

03-317B 02-317B Water Discharge Manifold: X X -
~

Coupling & Seals

03-317C 02-317C Water Discharge Manifold: X X
- Supports

03-330A 02-330A Flywheel X

03-330B 02-330B Flywheel: Bolting X X

03-331A 02-331A Guards: Flywheel Guard X
Assenbly

03-3313 02-3313 Guards: Rear Coil Guard X

03-335A 02-335A Front Gear Case X X

- 03-335B 02-335B Front Gear Case:
Gaskets & Bolting

^1-340A 02-340A Cennecting Rods: X X
Connecting Rods & Bushings

_,

.
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'ROSSREF MPL DESIGN QUALITY NO
JMPONENT COMPONENT REVIEW REVIEW REVIEW

NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-340B 02-340B Connecting Rods: X X
Bearing Shells

03-341A 02-340C Pistons X X

03-341B 02-340D Pistons: Rings X X

03-341C 02-340E Pistons: Pin Assembly X X

03-345A 02-345A Tappets & Guides: Intake X
Tappets Assembly

03-345B 02-345B Tappets & Guides: Fuel X
Tappets Assembly

03-345C 02-345C Tappets & Guides: Fuel X
Pump Base Assembly

0-350A 02-350A Camshaft: Camshaft Assy. X
'

03-350B 02-350B Camshaft: Camshaft Bearing X

_ -350C 02-350C Camshaft: Supports, X X,

Bolting & Gears

03-355A 02-355A Idler Gear Assembly: X X
Crank to Pump Gear ;

03-355B ' 02-355B Idler Gear Assembly X X

03-355C 02-355C Idler Gear Assembly: X
Gaskets & Bolting

03-359 02-359 Air Start Valve X X

03-360A 02-360A Cylinder Head Valves: 3 X
Cylinder Heads

03-360B 02-360B Cylinder Head Valves: X
Intake & Exhaust Valves

03-360C 02-360C Cylinder Head Valves: X
Bolting & Gaskets

03-360D 02-360D Cylinder Head Valves: X
Springs & hetainers

-- .

O

1
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PROSSREF MPL DESIGN QUALITY NO
MPONENT COMPONENT REVIEW REVIEW REVIEW

NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-361 02-361 Indicating Cocks X

03-362A 02-362A Cylinder Head Covers: X
Sub Cover Assembly

03-362B 02-3623 Cylinder Head Covers: X
Gaskets & Bolting

03-365A 02-365A Fuel Injection Equipment: X
Fuel Injection Pump

03-365B 02-365B Fuel Injection Equipment: X
Fuel Injection Tips

03-365C 02-365C Fuel Injection Equipment: X X
Tube Assembly

'

Fuel Injection Equipment: X03-365D 02-365D
Supports

03-371A 02-371A Fuel Pump Linkage: X
Fuel Pump Centrol Shaft

f

04-371B 02-371B Fuel Pump Linkage: X
Linkage Assembly &
Bearings

03-371C 02-413B Fuel Pump Linkage: X
Automatic Shut'down

03-375 02-375 Intake Manifold X X

03-380A 02-380A Ethaust Manifold X X

03-380B 02-380B Exhaust Manifold: X
Gaskets & Bolting

03-385A 02-385A Cylinder Block Covers X

03-385B 02-385B Cylinder Block Covers: X X
Gaskets & Bolts

03-387A 02-387A Crankcase Ventilator: X
Crankcase Vacuum Fan

-

03-387B 02-387B Crankcase Ventilator: X
Crankcase Oil Separator

uJ-387C 02-387C Crankcase Ventilator: X
Fittings, Bolting, Eupports

1
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CROSSREF MPL LESIGN QUALITY NO

!OMPONENT COMPONENT REVIEW REVIEW REVIEW
NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-387D 02-387D Crankcase Ventilator: X

Crankcase & Fluid Manometer

03-390A 02-390A Rocker Arms & Pushrods: X

Intake & Intermediate
Rocker Shaft Assembly

03-390B 02-3903 Rocker Arms & Pushrods: X

Exhaust Rocker Shaft
Assembly

03-390C 02-390C Rocker Arms & Pushrods: X X
Pushrods - Intake &
Exhaust

03-390D 02-390D Rocker Ar=L & Pushrods: X X
Pushrods - Connector

03-390E 02-390E Rocker Arms & Pushrods: X
Bushings

03-390F 02-390F Rocker Arms & Pushrods: X
'

Lifters
~

03-390G 02-390G Rocker Arms & Pushrods: X X
Bolts, Drive Studs

03-402A 02-411A Governor Drive: X X,
Governor & Tachometer
Drive Gear & Shaft

03-402B 02-411B Governor Drive: Couplings, X-

Pins & Keys

03-410A OJ-410A Overspeed Trip: Governor X

03-410B 02-410B Overspeed Trip: Governor X X
& Accessory Drive Assembly

03-410C 02-410C overspeed Trip: Couplings X X
(Flexible & Spider)

03-410D 02-410D Overspeed Trip: Vent Valves X X

03-413 02-413 Governor Linkage X

03-415A 02-415A Governor Assembly: X X
Woodward Governor

e-
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DESIGN QUALITY NO
'OSSREF MPL
AIPONENT COMPONENT REVIEW REVIEW REVIEW

NUMBER NUMBER COMPONENT DESCRIPTION REOUIRED REOUIRED REQUESTED

23-415B 02-415B Governor Assembly: X

Booster Servomotor

03-415C 02-415C Governor Assembly: X

Heat Exchangers

03-420 02-420 Lube Oil Pumps X X

03-425A 02-425A Jacket Water Pump X X

X03-425B 02-425B Jacket Water Pump:
Cover

03-435A 02-717C Jacket Water Fittings: X X

Pipe & Fittings

03-435B 02-717E Jacket Water Fittings: X X

Supports

03-437A 02-437 Turbo Water Piping: X X

Pipe & Fittings
,

( J-441A 02-441A Starting Air Manifold: X X

Piping, Tubing & Fittings

03-441B 02-441B Starting Air Manifold: X X
Valves, Strainers, Filters :

03-441C 02-441C Starting Air Manifold: X X

Supports

03-442A 02-442A Starting Air Distributor: X X
Distributor Assembly

03-442B 02-442B Starting Air Distributor: X X
Tubing, Fittings & Gaskets

03-445 02-445 Fuel Oil Booster Pump - X F_

Pump Assembly

03-450B 02-450A Fuel Oil Header: X X
Piping & Tubing

03-450D 02-450B Fuel Oil Header: X X
Supports

03-455A 02-455A Fuel Oil Filters & X
Strainers: Filters

.
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F~7SSREF HPL DESIGN QUALITY NO

APONENT COMPONENT REVIEW REVIEW REVIEW
s

NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-445B 02-445B Fuel Oil Filters & X

Strainers: Strainers

03-445C 02-445C Fuel Oil Filters & X X

Strainers: Mounting
Hardware

03-465A 02-465A Lube Oil Liner - External: X X

Tubings, Fittings, Coupling

03-465B 02-465B Lube Oil Liner - External: X X

Supports

03-467A 02-467A Turbocharger - Lube X X

Oil Fitting: Piping

03-467B 02-467B Turbocharger - Lube X X
Oil Fitting: Supports

03-475A 02-475A Turbocharger - Bracket X X

P'-475B 02-475B Turbocharger - Bracket: X X
Air Butterfly Valve<

Assembly (w/ Actuator)

03-475D 02-475C Turbocharger - Bracket: X X
Bolting & Gaskets

03-500A 02-500A Control Panel Assembly: X X
Cabinet / System

03-500B 02-5003 Control Panel Assembly: X
Annunciators

03-500C 02-500C Control Panel Assembly: X-
Circuit Breakers / Contact
Blocks

03-500D 02-500 Control Panel Assenbly: X
Pressure Cauges

03-500E 02-500E Control Panel Assembly: X
Hourmeter

.

$
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CROSSREF MPL DESIGN QUALITY NO

'4rONENT COMPONENT REVIEW REVIEW REVIEW
h0MBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-500F 02-500F Control Panel Assembly: X X
Accumulator

03-500G 02-500G Control Panel Assembly: X X
Valves

03-500H 02-500H Control Panel Assembly: X X
Pressure Switch

03-500I 02-5001 Control Panel Assembly: X
Pyrometers

03-500J 02-500J Control Panel Assembly: X X
Relays

03-500K 02-500K Control Panel Assembly: X X
Solenoid Valve

03-500L 02-500L Control Panel Assembly: X
Tachometer

03-500M 02-500M Control Panel Assembly: X
Piping, Tubing, Fittings

.

03-500N 02-500N Control Panel Assembly: X
Terminal Board / Switches /
Wiring

,

_

03-515 02-515 Thermostatic Valve X X

03-520 02-520 Nameplates X

03-525A 02-525A Barring Device - Pneumatic: X
Barring Device Assembly

03-525B 02-525B Barring Device - Pneumatic: X X
Regulator Vavle Shut Off
Valve

03-525C 02-525C Barring Device - Pneumatic: X
Misc, Fittings, Hose,

,

Filters, Tubing

.

d

d

1
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r"OSSREF MPL DESIGN QUALITY NO
IPONENT COMPONENT REVIEW REVIEW REVIEW

NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-525D 02-525D Barring Device - Pneumatic: X
Mounting Bracket / Supports

03-530A 02-530A Platform - Front & Side:
Side Plantform Assembly

03-530B 02-530B Platform- Front & Side X
Front Platform Assembly

03-530C 02-530C Platform - Front & Side X

Bracing (w/ Attachments)

03-531A 02-530D Platform Ladder Front: X
Platform Assembly

03-531B 02-530E Platform Ladder Front: X
Bracing

03-540A 02-540A Lube Oil Sump Tank: X
Tank'w/ Strainer Assy.

03-540B 02-540B Lube Oil Sump Tank: X X
Misc. Fittings, Gaskets,
Pipe & Bolting Material,

'
Valve

03-540C 02-540C Lube Oil Sump Tank: X X
Mounting Hardware

03-550 02-550 Foundation Bolts - Anchors, X X
Bolts, Misc. Hardware

03-590 02-590 Special Tools - Asst. X
Engine Assembly Tools

03-630A 02-630A Pyrometer Conduit Assembly: X X
Conduit

03-630B 02-630B Pyrometer Conduit Assembly: X X
Conduit Fittings

03-630C 02-630C Pyrometer Conduit Assembly: X X
Supports

03-630D 02-630D Pyrometer Conduit Assembly: X
Thermocouples

.

.
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CROSSREF MPL DESIGN QUALITY NO
'MPONENT COMPONENT REVIEW REVIEW REVIEW

nJMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-630E 02-630E Pyrometer Conduit Assembly: X
Gaskets

03-650A GG-101A Generator X X

03-650B GG-119 Generator: X X
Generator Control

03-650C GG-1013 Generator: X X
Shaft & Bearings

03-688A 02-688A Engine & Aux. Module X X
Wiring Material:
Conduit & Fittings

03-688B 02-688B Engine & Aux. Module X X
Wiring Material:
Wiring & Terminations

03-688C 02-688C Engine & Aux. Module X
Wiring Material:
Boxes & Terminals

(
(N3-690 02-690 Engine Alarm Sensors - X X

. Temperature & Level
Switches

03-695A 02-695A Engine Shut Down X X
Equipment: Tubing &
Fittings

03-695B 02-695B Engine Shut Down X X
Equipment: Valves,
Regulator, Orifices

03-695C 02-695C Engine Shut Down X X
Equipment: Trip
Switches

03-717A 02-717A Aux. Sub Base & Oil X X
& Water Piping: Aux.
Sub Base

03-717B 02-717B Aux. Sub Base & Oil X X
& Water Piping:
Jacket Water - Valves

J
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DSSREF MPL DESIGN QUALITY NO

COMPONENT COMPONENT REVIEW REVIEW REVIEW
NUMBER NUMBER COMPONENT DESCRIPTION REQUIRED REQUIRED REQUESTED

03-717D 02-717C Aux. Sub Base & Oil X X
& Water Piping: Jacket
Water - Pipe, Coupling,
Fittings, Orifices &
Strainers

03-717F 02-717D Aux. Sub Base & Oil X
& Water Piping: Jacket
Water - Gaskets & Bolting

03-717G 02-717E Aux. Sub Base & Oil X X
& Water Piping: Jacket
Water - Supports

03-717H 02-717F Aux. Sub Base & Oil X X
& Water Piping: Lube Oil -
Pipe & Fittings

03-717I 02-717G Aux. Sub Base & Oil X X
& Water Piping: Lube Oil -
Valves

i

03-717J 02-717H Aux. Sub Base & Oil X
& Water Piping: Lube Oil -
Gaskets & Bolting

03-717K 02-717I Aux. Sub Base & Oil X X
& Water Piping: Lube Oil -
Supports & Mtg. Hardware

03-717M 02-717J Aux. Sub Base & Oil X X
& Water Piping: Fuel Oil:
Pipe & Fittings

03-717N 02-717X Aux. Sub Base & Oil X X
& ).'ater Piping: Fuel Oil:
Valves

03-7170 02-717L Aux. Sub Base & Oil X
& Water Piping: Fuel Oil:
Gaskets & Bolting

03-717P 02-717M Aux. Sub Base & Oil X X
& Water Piping: Fuel Oil:
Supports

03-800A 02-810A Misc. Equipment: Heater, X
Jacket Water

..

.
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CROSSREF MPL DESIGN QUALITY NO
COMPONENT COMPONENT REVIEW REVIEU REVIEW

' 'MBER NUMBER COMPONENT DESCRIPTION REOUIRED REQUIRED REQUESTED

03-800B 02-820A Misc Equipment: Heater, X
Lube Oil Sump Tank

03-835B GG-123 Misc. Equipment: X
After Cooler

04-000 SE-025 Lube Oil Full Pressure X X
,

Strainer

101-103 GG-103 Jacket Water Heat X X
Exchanger

101-104 GG-104 Lube Oil Heat X X
Exhanger

10-105 GG-117 Exhaust Silencer X

10-106 02-820B Full Flow Lube Oil X X
Filter

10-107 GG-107 Jacket Water Standby X X
Heater Pump

10-108 GG-105 Fuel Oil Booster Pump X

._J-109 GG-111 . Flex Connections X X

10-111 GG-112 Starting Air Tank X X
:10-112 GG-113/14 Starting Air Compressor x

10-113 GG-109 Before - After Lube X X
Oil Pump

10-114 GG-ll8 Intake Air Filter X X

10-115 GG-137 DC Magnetic Starter X

10-116 GG-115 Air Dryer X

10-117 GG-121 Oil Prelube Filter X X

99-621A 00-621A Fuel Oil Drip Tank X X
Assy

99-621B 00-621B Fuel Oil Drip Tank X
Assy Misc. Hardware
Gasket Switch

-.

-- .-- . . . - . . . . . _
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gggy gpn DESIGN QUALITY NO

.hoNENT COMPONENT REVIEW REVIEW REVIEW

*hrR NUMBER COMPOUENT DESCRIPTION REQUIRED REQUIRED REQUESTED-

09-3111, 02-311A Crankcase X X
Crankcase Assy

99-311B 02-311C Crankcase X
Crankcase Seal

99-311C 02-311D Crankcase X X
Crankcase Mtg.
Hardware

99-316B 02-316B JKT Water Inlet Man. X X
Coupling Gasket

99-316A 02-316A JKT Water Inlet Man X X
Water Inlet Adapter
& Mounting Hardware

99-386B 02-386B Crankcase Covers X X
Crankcase Gaskets &

. Mounting Hardware

r'-465A 02-465C Lube Oil Liner X X
(. External Valves

99-503 02-503 Thermometer X

99-691A 02-691 Off Eng. Sys Alarms X X
Sensors Level & Pressure
Switches

99-436A 02-717N Intercooler Piping: Pipe X X

99-436B 02-717P Intercooler Piping X X
Coupling, Gasket, Bolting

99-810 GG-106 J.W. Heater Pump X X

99-820A GG-108 Aux. L.O. Pump X

99-825C GG-132 Fuel Oil Sys. X
Fuel Oil Drip
Return Pump

i

(.-;
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V. CONCLUSIONS
_

The TDI Owners Group Program has been designed to reestablish

confidence in the TDI Diesel Generators in Nuclear Service

through a comprehensive review of the engines' design, a
,

quality review coupled with extensive component inspections,

and significantly increased testing requirements. High

priority items are being addressed at the front end of the

program in order to provide an early indication of the

adequacy of the TDI engines. For example, the evaluations of

crankshafts, pistons and bearings are all well along and final

reports on these issues are expected in March. The completion

of the overall Design Review and Quality Revalidation (DR/QR)
..

i, for each utility will provide added assurance on a '

confirmatory basis that the engines will perform reliably in

the long term.

In order to expedite resolution of certain issues, the Owners

Group may focus initially on demonstrating that certain

components will have a sufficient (though perhaps not un-

limited) service life to permit plant licensing and plant

operation for several years. In cases where this approach is

used, the Group will recommend component replacement or

further analysis or testing to go beyond the specified

operating period. Also, more frequent maintenance or

inspection intervals may be specified in appropriate cases.

, Finally, in those areas where the Owners Group Technical Staff

1 DG
i
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believes that modifications to the TDI engines may provide

increased reliability, recommendations will be made to the

individual utilities to implement any proposed changes.

As noted above, final conclusions ca.anot be drawn at this time

with regard to the reliability of the TDI diesel engines

currently in nuclear service. However, based on the consider-

able amount of analytical and testing work already performed,

along with a review of the extensive operating his_ory data

base which has been compiled by the Owners Group, a number of

preliminary statements can be made:

1. The most significant TDI engine component failure in

nuclear service remains the Shoreham crank shaft failure.
'

We believe this failure to be unique to Shoreham because,

the original 13"xll" Shoreham crankshaft was not used

anywhere else. Analytical work done to date, coupled :

with inspections of the Grand Gulf crankshaft, led the

Group to conclude that the Shoreham 13"x12" replacement

crankshaft and all of the other TDI crankshafts in

nuclear service are adequate.
.

2. The connecting rod bearing failures observed on the

Shoreham engines are the result of a connecting rod and

connecting rod bearing design associated with the 13"xll"

crankshaft originally used at Shoreham. While additional

bearing inspections and additional analytical work are

.
underway, the Group's preliminary conclusion is that the

2 DG
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replacement connecting rod bearings at Shoreham and the

balance of the connecting rod bearings in TDI engines in

nuclear service will be shown to be adequate.

3. Cracks in AF type pistons appear to be generic to the

-piston type and are therefore potentially applicable to

all TDI engines having this type of piston skirt.

Analytical and experimental work on the AE type pistons

(now installed in Shoreham and Grand Gulf, and planned to

be installed in Comanche Peek) show that these pistons

should be adequate to perform their intended function.

Inspections of pistons from three separate engines

(Shoreham, Kodiak, Alaska, ared TDI's developement engine,

all showed no indications after significant service
,

( periods including 6000 hours in the Kodiak engine. The

AN piston type, which is common to a large number of the

Owners Group plants, is currently being evaluated. O

4. The significant data assembled by the Owners Group.

indicates that the other problems identified on TDI

diesel engines are not atypical of the problems

identified by other diesel generator manufacturers in

nuclear and nonnuclear service. We cannot comment,

however, on the relative number of the events on TDI

engines vs. the events on other manufacturers engines

since our data base is necessarily focused on TDI

engines.

_

3 DG
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Another facet of the Owners Group Program has been to

investigate the testing programs for emergency diesel

generators and several important preliminary conclusions have

been reached by the group, with particular input from the

; diesel generator specialists involved in the program.
,

Specifically, the conclusions are:

1. The preoperational testing requirements with regard to

. numerous fast start tests and high load runs are much

more severe than the diesel generators would actually see

even in the uniskely event of an accident.

2. Fast start and fast loading tests are detrimental to long

term engine reliability and should be minimized. While

an engine should be able to demonstrate its fast start

( _. capability (since it would have to do this during an

accident) , the severe thermal and pressure transients

experienced by the engines during these fast starts :

mitigate strongly towards reducing the number of tests of

this attribute to a minimum.

3. Subjecting a nuclear standby diesel generator to high

load runs (including 6verload running) for significant
,

amounts of time also results in a potential reduction in

the long term reliability of the engines. The situation

is analogous to the fast starting testing requirements

because the actual requirements of emergency diesel

generators (in the unlikely evett of an accident) , are

significantly below the testing requirements they must

meet. It is worthy of note that in other critical_,

4 DG
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portions of nuclear power plants, this testing,

relationship is clearly addressed. With respect to the

reactor pressure vessel, for example, only the initial

Cold Hydro is done at a pressure above the design point.

All subsequent hydros are done at the operating point

thereby insuring that the " life" of the vessel is

maximized.

The Owners Group plans to make specific recommendations to the

NRC in these, and possibly other areas at the conclusion of

the program in late 1984.

The Owners Group has concluded that, subject to successful

( completion of this program, and the implementation of any i

program recommendations required to insure the adequacy of the

diesel generators, this program will provide reasonable I

assurance that the TDI Diesel Generators in nuclear service
will perform their intended safety functions reliably and that
the health and safety of the public in this regard will be

bassured.

.
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Appendix 1

CHARTER FOR

NUCLEAR PLANT TDI DIESEL GENERATOR OWNERS GROUP

.

The Nuclear Plant-TDI Diesel Generator Owners Group has been

established by representatives from utilities which own nuclear

power plants that are operating or are under Construction. Any

U.S. utility who owns a nuclear power plant and owns Transamerica

Delaval, Inc., manufactured and supplied diesel / generators may be a

member (" Member") and have representation on the TDI Diesel

Generator Owners Group Executive Committee.

BY LAWS

OF THE NUCLEAR PLANT DIESEL GENERATOR CO)".MITTEE
_

ARTICLE I.
:

PURPOSE AND OBJECTIVE -

The purpose and objectives of the TDI Diesel Generator Owners Group
~

and Executive Cc=mittee are: (1) to provide utilities with a forum

for exchanging technical information relative to TDI Diesel

Generator experience in nuclear plant applications, e.g., (a)

provide overviews of industry experience, (b) identify specific

problem area, and (c) investigate ways to improve D/G subsystem
_

reliability; (2) to formulate plans to correct unacceptable

diesel / generator (D/G) deficiencies; (3) to establish a coordinated

approach toward addressing generic D/G reliability issues; and (4)

7
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to provide feedback information to D/G users, vendors and A/E's on

design, operations and maintenance problems; (5) to prepare

recommendations to the Member Executives for bringing nuclear plant

D/G systems to an acceptable level of performance; and (6) to

review regulatory issuances and to establish bases for providing

appropriate generic responses.

ARTICLE II.

.
MEMBERSHIP

.

.

,
All U.S. utilities which own a Nuclear Electric Generating plant or

are prospective owners of a Nuclear Electric Generating Plant and

, who own or operate TDI diesel generators, whether operating or

under construction, are invited to become members of the D/G
-

committee.

:

This Charter gives the Committee authority to levy a fee or general

assessment against members and to incur expenses on behalf of the

D/G Committee and members. Any plan by the D/G Committee to assess
.

its merbers will require approval by each utility so assessed.

Each utility merber shall designate an Executive and Alternate

representative to the D/G Committee. Both the decision by a

utility to be a merber of the D/G Committee and the selection of

the voting representative shall be approved by a corporate officer

of the Member. Written notification to the Owners Group Chairman

-

2 DG
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by a Member corporate officer will be cor.eidered authoritative in

all matters dealing with membership.
A

Em

The D/G Committee may elect to authorize the attendance of other

industry members, such as AIF, ANS, EEI, EPRI, INPO or the NSSS

Owners Group. The D/G Committee may authorize presentations from

other individuals or organizations.

ARTICLE III.
4

EXECUTIVE CHAIR COMMITTEE

An Executive Chair Cc=mittee hav4.ng three (3) members (Chairman,

Vice-Chairman, Alternate Vice Chairman), shall be elected by the

[ membership and shall serve for thevdur,ation of the D/G Committee's

existence. Any vacancy in the Chair Committee shall be filled by

election, at the next meeting of the D/G Committee. The Chair

Committee shall be empowered to act for the members when, because

of urgency, it is impractical to assemble a majority of the members

and shall have such additional powers and responsibilities as are
-

granted by the Committee members. The Chair Committee may in the

course of its duties:
,

1. Appoint persons to serve on standing committees.

2. Establish special committees.

3. Approve admission of new members.

-

3 DG
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ARTICLE IV.4

MEMBER EXECUTIVES

Each t: ember (utility) will designate a corporate officer (Member
-

Exem _ive) who will have final Member authority relative to the

affairs of the D/G Committee. The names of the Member Executives

and Alternates will be provided to the D/G Committee.
.

.

A Merler Executive may delegate such authority as he deems

appropriate to others in the Member organization.
.

There will be no other formal organization to encompass the

activities of the Member Executives. The purpose of having the

Member Executives identified is to provide a point of contact with
-

the Merier for metters of the greatest importance that should

receive executive attention. :;

ARTICLE V

FUNDING
.

The D/G Committee shall have the authority to levy finarcia.

charget'on the Me.r.bers upon approval of each utility. The D/G

Committee c:.n alste act as a forum in which the Members ccn join

together. ca m individual voluntary basis, to undertake ,ciatever

efforts are agreed upon. In such an arrangement, the contreetw

providing the service will directly bill the participating Members

in the percenta.ges they hsve agreed r.pon.
, ,

J

>
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ARTICLE VI.

VOTING

On each voting issue, each U.S. utility represented in the meeting

y in which the vote is taken shall have one vote. Proxy and absentee

voting is not allowed.

A motion shall be considered to be adopted when the motion has been

approved by the majority of the members voting at the meeting in

which the motion is voted on.

The chairman may elect to conduct a vote oy mail. The vote is

affirmative upon receipt of positive votes by one-half or more of

| the members.
,

w.

ARTICLE VII.

MEETINGS

Meetings of the D/G Committee shall be scheduled by the Chairman of3

.

the Executive Committe; as required to advance the work of the D/G
,

* Owners Group.
,

i

:
The Members will share in the cost of holding meeting's by taking

turns in providing the funds needed to pay for meeting facilities,

meeting supplies, and special disbursements reasonably incurred in
*

the normal conduct and affairs of the Ccmmittee. When possible,
s
3 meetings may be held at utility-owned facilities.c.
$ O
s
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ARTICLE VIII.

REGULATORY LIAISON

Neither the D/G Committee nor its officers is empowered to speak

with the Nuclear Regulatory Commission for any individual member or

the Owners Group or commit such member or the Group to any action

without the member's or Group's specific consent.

ARTICLE IX.

AMENDMENT OF BY LAWS

These by laws, with the exception of ARTICLES II and V, may be

amended by a majority of the total voting membership. Any changes

in ARTICLES II and V will require a revision to this charter.

Proposed amendments to the by laws shall be mailed to the members

at least thirty (30) days prior to the date on which balloting is
.

scheduled to take place.

.

d

!
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- Appendix 3
.

QUALITY ASSURANCE PROGRAM
.

Activities being performed in the TDI Diesel Generator Owners Group

Design Rev:ew & Quality Revalidation Program (DR/QR) must meet the

, appropriate requirements. Appropriate elements of the Quality

Assurance Program applied to each activity will assure compliance

with the applicable portions of 10CFR50, Appendix B. In order to

assure full compliance with program requirements, the following

approach is being taken.

LILCO's Quality Assurance Department is providing the overall QA

Program for the (DR/QR) . A LILCO Quality Assurance Plan (QAP) has-

been developed to identify applicable portions of the program which
,

apply to this effort and to define areas of responsibility for all

other QA organizations. This QAP identifies procedures to be

Zollowed for implementation of the Quality Assurance Program.

As the DR/QR organization is presently centralized at the Shoreham
.

site, LILCO will retain overall audit responsibility for the

Program. This audit responsibility will be supplemented by other

Quality Assurance Organizations (SWEC, FaAA, Owners, etc.) as

appropriate. This program will verify implementation of all

appropriate procedures including, but not limited to DG-1, DG-2,

DG-3, and DG-4; Project Procedures; referenced LILCO QA Procedures;

and other Owner Procedures as appropriate.

.
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A Stone & Webster Quality Assurance Plan has been developed for

those DR/QR efforts which are being conducted by SWEC. All SWEC

activities shall be in accordance with the SWEC Project QA Manual,

Field Quality Control Manual, Engineering Assurance Manual, and

others as referenced by the QA Plan. Specific procedures have been

identified for the Quality Revalidction portion of the DR/QR which

include document review, quality engineering, inspection functions

and engineering support activities. Special Process Inspection

activities such as nondestructive testing are governed by SWEC

procedures or procedures supplied by each owner under his own

Quality Assurance Program.

FaAA has provided a QA Plan for their scope of work and the

''' implementation of quality procedures for FaAA's activities will be
s

verified by audit. These activities will be audited under the

LILCO Program. Stone & Webster engineering functions in support of

the design review will be controlled by SWEC Engineering Assurance

Procedures (EAP) in accordance with the SWEC QA Plan and will be

audited by SWEC Engineering Assurance.
.

The development and implementation of operational Tests and

Inspections will be in accordance with the Stone & Webster Quality

Assurance Program or, at the respective Owner's option, his own QA

Program. LILCO will retain audit responsibility on behalf of the

Owner's Group and other owner Qa organizations may participate in
these audits.

.s
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A typical QA document precedence chart for the DR/QR is attached.

DR/OR QA Document Precedence Chart

I. LILCO Quality Assurance Program Manual

II. DG-1, DG-2, DG-3, DG-4

LILCO QA Procedures

Project unique

III. SWEC Quality Assurance Pr.Mram Manual

[ FAA Quality Plan

IV. SWEC FQC hanual ,

.

SWEC EA Procedures

SWEC or Owner Inspection Procedures

FAA Procedures

V. Project Unique Implementation Procedures

.

--
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DIESEL GENERATOR DESIGN RF; VIEW

AND QUALITY REVALIDATION

PROGRAM DESCR.TPTION
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1.0 Purpose

.

This document establishes the administrative guidelines for

the Diesel Generator Design Review and Quality Revalidation
Progrmm.

2.0 Scope

The scope of the Design Review and Quality Revalidation

Program is to identify important components of the Trans-

america DeLaval (TDI) Diesel Generator and assure that these
components are properly designed and fabricated. To

accomplish this objective, selected components will be

subjected to a detailed design and/or quality revalidation

review as specified by the Component Selection Group. Any

deficiencies identified by the program will be evaluated :

and/or corrected as appropriate. This program provides

assurance that the TDI Diesel Generators will perform their
intended function.

3.0 Instructions

The Program Manager shall have overall responsib'ility for
this program. Chairpersons for the Component Selection,

Component Design Review and Quality Revalidation G oups
shall report to him. An overall organization chart

identifying responsible pessonnel and their function is
._.

shown in Figure 1-1.

DG1
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The organization and instructions for performing this review
are discussed below.

3.1 Component Selection

The base document for component selection shall be the TDI

Parts Manual of each utility / owner. A comprahensive

Component Data Base (CDB) of parts will be generated for
each plant. This CDB will contain TDI group parts list

numbers and parts descriptions.

A separate CDB shall be prepared for each plant. A matrix

will be prepared to identify common parts. Any part not
- included in the Shoreham CDB will be assigned a Shoreham,

" dummy" part number for tracking purposes.

3.1.1 The Shoreham specific Componcnt Selection Group shall

consist vi eight (8) members, representing the following
organizatiolas; Long Island Lighting Company (LILCO) , Stone &

Webster (SWEC), and Failure Analysis Associates (FaAA).

Titles of the Group members are listed below.
o Program Manager

o SWEC Lead

o , FaAA Lead

o LILCO QA

Diesel Generator Specia''sto

LILCO Engineering Specialisto

DG1
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o SWEC Site Engineer,.

f

o SWEC Specialists

The Component Selection Group for other utilities will
contain the-

following:

o SWEC Lead -

o TDI Representative

Diesel Generator specialisto
"

o FaAA Lead

o Owner's Representative

Component Selectic chairperson.o *

.

4

3.1.2 Generally, component selection shall be by consensus of the
Selection Group. However, if the need arises, the selection :

or classification of a component to be included in the

design review / quality revalidation program shall be by a
majority vote. Each organization represented in the

Selection Group shall have one vote as follows.
o Owner Rep as applicable

o SWEC

o FaAA .

Diesel Generator Specialisto

The Program Manager or, in the case of utilities other than
LILCO, the component Selection Chairperson shall have the

-

deciding vote in order to effect the consensus.

DG1
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_ Component selection for utilities other than LILCO will be

based on the LILCO selection or classification. The

utility specific Component Selection Group shall-review the

Shoreham selection for applicability to the plant specific
diesels.

3.1.3 A Quorum is required when any selection or classification

decisions are to be made. A Quorum exists when at least

three of the groups listed in section 3.1.2 are represented-

if the Owner Rep. is one of the three.
.

3.1.4 In addition to classification and selection for review
responsibilities, the Component Selection Group shall

provide minimum review requirements for the Design Review,

and Quality Revalidation Groups. These groups shall develop
Task Descriptions from these requirements in accordance with :

the Design Review and Quality Revalidation Procedure
Requirements.

3.1.5 Detailed instructions on the selection of components'are

delineated in the " Diesel Generator Design and Quality
Revalidation Component Selection Procedure".

.

3.2 Component Design Review

An outline of the design review to be performed on

individual components will be provided by the Component
' _j

Selection Group. Applicable Codes and Standards shall be

identified for the design review by the Component Selection

DG1
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- Group wherever possible. The detailed design review plans
<.

will be developed and implemented by the Component Design
Review Group.

3.2.1
.

The Component Design Review Group will be chaired by the

FaAA Lead. He will be assisted by the appropriate
1

r

engineering and design personnel, including, but not limited
to:

!
o LILCO Engineering Specialist*

.

o SWEC Site Engineer
.

o Diesel Generator Specialist

Other Owner's Rep, as applicable.o.,

T
4

'
s

3.2.2 Detailed Instructions on the Component Design Review are
't

contained in the " Diesel Generator Component Design Review O,

i

:
'

Procedure".
t

:

3.3 Component Quality Revalidation'

e

1

The quality attributes to be reviewed in the quality revali-c

dation program will be out. lined by the Component Selection
.

.j Group or the Component Design Review Group. The development.

'tj of detailed plans for quality revalidation of individual
1.; components and plan implementation is the responsibility of.

i

the Component Quality Revalidation Group.'

;

.i
?
. -

DG1
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.

3.3.1 The Component Quality Revalidation Group will be chaired by
the SWEC Lead. He will be assisted by appropriate quality

"

and engineering personnel, including, but not limited to:
2

:
I

o Owners' QA Representative, as applicable,

:
s o SWEC

,

3
*

o FaAA

3.3.2 Detailed Instructions on the Component Quality Revalidation
'

.

Review are delineated in the " Diesel Generator Component,

I Quality Revalidation Procedure"

4.0 Final Report

Upon completion of the review for each utility, a final
~ ~ ~ ~

report will be issued. It will contain as a minimum, the

following information:
_

.

o Executive Summary

o Program Description

Methodology for selecting componentso

Summary list of components and classificationo

Methodology for Component Design Reviewo

Results of the Component Design Reviewe '

Methodology for Component Quality Revalidationo

Results of Component Quality Revalidationo

Tabulation and discussion on any deviations that wereo

found

o Corrective actions and recommendations

DG1
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As each additional utility in the Owner's Group completes,

it's review, a separate report will be issued, containing
the above information and documentir.3 utility specific or
unique information.

.
'

5.0 References

5.1 Diesel Generator Component Selection Procedure

5.2 Diesel Generator Component Design Review Procedure
5.3 Diesel Generator Component Quality Revalidation Procedure

.
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'

l.0 Purpose

This procedure provides the methodology for the classifica-

tion of diesel generator components and the selection

process for the components which will be subjected to design
review and quality revalidation.+

,

.

2.0 Scope

The scope of this procedure is to identify the procedural
requirements for each of the five steps involved in
selecting and documenting the components to be included in

the design review and quality revalidation:
.-

',.w,'

o Generation of Component Data Base (CDB)
-

o Classification of components O

Determination of components operating experienceo

(Site Specific and Industry wide) ,
o Selection of components

Completion of input to the CDB using the computero

data sheet

.

3.0 Instructions

The methodology and guidelines for selecting diesel

generator components for design review and quality,,

revalidation are provided below.

DG
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- It is important to note that steps may be performed simul-

taneously on the various components. For example, the

classification and experience data gathering may proceed
simultaneously.

3.1 Component Data Base Generation

-

3.1.1 The Component Data Base (CDB) is a computer summary listing

of the selected diesel generator components. This listing

[ is generated by using the "TDI Parts Manual", which is the
8

base document for the Diesel Generator Design Review and

Quality Revalidation Program.

I 3.1.2 A separate CDB is developed for each utility in the

Owners' Group, using the Shoreham CDB and the plant-specific

"TDI Parts Manual" as the basis. The CDB for each plant,

is updated to reflect site specific differences

including the substitution of specific site experiences for
Shoreham's site experience, and to include the input of site
attribute sheets.

4

,.

3.2 Component Classifice. tion

.

- 3.2.1 -Components are classified either type A, B or C. These

classifications are based on the effect of the component's
failure on the diesel generator performance. The defini-

. tions of these classifications are as follows:

DG
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Type A Component - A component, based on the judgement and

experience of the Component Selection Group, whose failure

,
would result in immediate diesel generator shutdown or

, prevent startup under emergency conditions.

Type B Component - A component, based on the judgement and
t

experience of the Component selection Group, whose failure

would result in reduced capacity of the diesel generator or
the eventual failure of a Type A component if not detected.

Type C Component - A component, based on the judgement and

experience of the Component Selection Group, whose failure

has little bearing on the effective use or operation of the
/ diesel generator.

3.2.2 In most instances, the classification for each plants'
components shall be based on corresponding shoreham parts if

applicable to other engine types. If no corresponding

Shoreham part exists, a classification shall be assigned
based on the definitions in 3.2.1.

3.2.3 Record classification type on Selection Committee Component

Input Data Sheet (see Appendix 5.1 of this procedure) .
.

'

3.3 Component Experience

*&

The experience of the specific components or similar type,,
'

components is gathered and reviewed by the Component

Selection Group. This review will be divided into four
DG
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sections: Shoreham specific experience, Nuclear Industry
experience, Non-Nuclear Industry experience and other

utility site specific experience. This data will be used to
e

h aid in the decision making process to determine if a design
[T review or quality revalidation is required.
c.

. ;;.

JJ 3.3.1 Shoreham Specific Experience<4.

|4
-

..

Shoreham specific experience for components shall be.

.,;

, gathered and input into the Component Data Base to assist
! the Component Selection Group in its review. Sources of
.4

information include but are not limited to:
.

.ie .

? Engineering & Design Change Request (E&DCRs)
'

.

'

Repair / Rework Requests (RRRs)

LILCO Deficiency Reports (LDRs) C

Diesel Generator Disasse.mbly Inspection Results
.

(DGDIRs)

Non-Conformance & Disposition Reports (N&Ds)

A summary of each " experience" is provided and appropriate

references are recorded on the Shoreham-Based Component

Event Data Sheet (see Appendix 5.2 of this procedure) .

-

DG
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- 3.3.2 Nuclear Industry Experience
.

The industry experience of each component (grouped by TDI

and other manufacturers) shall be gathered and entered into

the Component Data Base to assist the Component Selection
Group in its review . Sources of information include but
are not limited to:

Licensee Events Reports (LERs)

Significant Event Reports (SERs)

INPO Significant Operating Event Reports (SOERs)

10CFR50. 55 (e) reports

10CFR21 reports
'

- - Nuclear Plant Reliability Data System (NPRDS)
EPRI reports

I&E bulletins, notices, circulars O

TDI Service Information Memos (SIMs)

A summary of each experience is provided and appropriate

references are recorded on the Industry-Based Component.

5 Event Data sheet (see Appendix 5.3 of this procedure) .
.

3.3.3 Non-Nuclear Industry Experience .

%.

The non-nuclear industry experience (eg. , marine and/or
- stationary experience) of the component is gathered and

.]. entered into the Component Data Base to assist the
3

o

.

DG
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l

', Component Selection Group in its review. This information
' .i

: shall be limited to engines manufactured by TDI. Sources of
i

j information shall include, but are not limited to:
a
i

T:

3 TDI Stationary / Marine Engine Experience
A
.; Correspondence between TDI and purchasers
3

4 Ships Logs
i

Engine Inspection Reports
.

.

.

A summary of each experience and the appropriate references
*

F

is provided on the Non-Nuclear Based Component Event Input
Data Sheet (see Appendix 5.5 attached) .

.

-

3.3.4 Other Utility Site Specific Experience

Each utility in the Owners' Group shall gather site specific O

experience for components. This is entered into the

Component Data Base to assist the Component Selection Group
in its review.

Sources of information include, but are not limited to:

.Design Change Documents

Repair / Rework Documentation

Deficiency Reports

Inspection Reports

Maintenance Logs

DG
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A summary of each experience is provided and appropriate
.

references are recorded on the site specific component event

data sheet, which is similar to Appendix 5.2.

.

3.4 Component Selection
-

.

The Ccmponent Selection Group shall select the components

to be subjected to a design review and/or quality
revalidation. Selection shall be based on component criti-

,

- cality and past Shoreham, industry, or other site experience
' as inputted into the Component Data Base, and the
-

engineering judgemInt and experience of the Component
'

- Selection Group. Absense of adverse experience does not
.

necessarily exclude a component from review. The followingy

shall be used as a guideline for selection:

:

Type A Components - Design Review and/or Quality

Revalidation normally required

Type B Components - Component Selection Group determines

if Design Review and/or Quality
Revalidation is required.

Type C Cc=ponents - Design Review and Quality Revalidation
.

not required

The results of this review and any comments are recorded on

the Selection Committee Component Input Data Sheet (see

...
7.ppendix 5.1 of this procedure) ."

DG
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- 3.5 Components Selected for Design Review

Once a component is selected for design review, the

Component Selection Group provides minimum review

rs irements. These requirements shall then he used by the
Compt mt Design Review Group to generate a task
description.

The task description shall detail the methodology to be used

for the design review. It shall be approved by the Design
.

Review Group Chairperson and the Program Manager. Any

unique problems encountered by the Design Review Group

during the implementation of the design review shall be
~

documented with recommendations (including recommendations
_

to perform a quality revalidation) on a Component Task

Evaluation Report (see Appendix 5.4 of this procedure) and O

returned to the Program Manager through the Design Review

Group Chairperson for disposition.

3.6 Components Selected for Quality Revalidation

Once a component is seleeced for quality revalidation, the

Component Selection Group shall provide minimum' revalidation

requirements (ref. Appendix 5.1). These requirements are

used by the Component Quality Revalidation Group to generate
a task description.

DG
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k

*

The task description shall detail the methodology to be used-

'
for the quality revalidation. It shall be approved by the

i
j Quality Review Group Chairperson and the Program Manager.
i
j Any unique problems encountered by the Quality Revalidation

1 Group shall be documented with recommendations on a
t

Component Task Evaluation Report (see Appendix 5.4 of this
.

: procedure) and returned to the Program Manager through the
1

'j Quality Revalidation Group Chairperson for disposition.
1
:.t
S

k 4.0 References
-4

.3
3

?A

j 4.1 Diesel Generator Design and Quality Revalidation Program
1
1
$

~

2 |' 4.2 Transamerica Delaral Parts Manuale t
>

-

W

,

3 5.0 Appendices :e
,

;

5.1 Selection Committee Component Input Data Sheet
,

f 5.2 Shoreham-based Component Event Data Sheet
i

7

5.3 Industry-based Ccmponent Event Data Sheet
.

5.4 Component Task Evaluation Report -- (TER)

5.5 .Non-Nuclear Based Component Event Data Input Sheet

.
-
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Appendix 5.1
,

.

| ,

,' STATUS DATE XX/XX/XX PAGE NO. XXX
,

! 'OMPONENT NO. O.- Zy' - X
.

INPUT BY (NAME/IN77IALS)

EMERGENCY DIESEL GENERATOR COMPONENT TRACKING SYSTEM

( PLANT NAME )
_

t

SELECTION COMMITTEE COMPONENT INPUT DATA SNEET -

COMPONENT DESCRIPTION:

COMPONF.NT C.LASSIFICATION:
SWEC MARL * hO. (IF APPLICABLE) :
TDI pal'T NO. (IF APPL 3 CA1;LE) :
- .

- .

" ELECTION CO:~.MITTEE DISPOSITION

.. *

.

DESIGN QUALITY DESIGN AND QUALITY NO O
REVIEJJ REVALIDATION REVIEW REVIEW

RECOIO! ENDED DESIGN REVIEW ATTRIBUTES:

1. ...,

2. ...

1 ...

.- .

.

RECO:*.*4 ENDED QUALITY REVALIDATION ATTRIB *;TES: .

*

1. .

...

~
.

e..

s s
' -J *

...
e.

e
e

.

, .,. n , _ , _ .- - . - , - ~ ~ ~ - - - - - .:...u.-----*~~~"~~=12**~~ ~
' -
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_ AFPENDIX 5.2
~ Y,_ - .,-

.- ......
.

i

.

( .' .

,47ATUS DATE XX/XX/X.4 .PAGE NO. XXX,

.

-CMPONENT NO. XX-XXX-X-

-

B

INPUT BY (NA.* *E /IN ITI ALS )
s

2
3 EMERGENCY DIESEL GENERATOR COMPONENT TRACKING SYSTEM
j ( PLANT NAME )_

.i

{ PLANT NAME ) COMPONENT EVENT DATA SHEET-.,

3 _
. - - , .

,3-

f ( PLANT NAME ) SPECIFIC EXPERIENCE
i .

-

,

. DESCRIPTION: (MAXIMUM TEXT LENGTH 96 CHARACTERS X 5 LINES)
:-
.. . . .

,

t_
v

.\
'

- -
.

:-

.-

.) .*

.

i ,-
O
.

SOURCE NOS.,

', b&DCRN (MAXIP.UI! FIELD LENGTH 41 CHARACTERS /LINE) _ =
-

.

RRR SPECIFIC
..

.

LDR /WT
DOCUMENT

-- ACRONYM

. - NLD ) I

OTHER
.
.
.

Repeat format until all event descriptions are complet'ed:

! -
.

- "

., .

,

*
~

, .. .

-
..

,

. .
,

*.

..

.

.
.

, , , .,%, ..g. j w me "# '



APPE. ' DIX 5. 3- "- ,-
. .

.

. .

l .

!
PAGE NO. XXX| ~' g TUS DATE XX/XX/XX

..OMPONENT NO. XX-XXX-X

INPUT BY (NAME/ INITIALS)
*

EMERGENCY DIESEL "EXERATOR COMPONENT TRACKING SYSTEM
S!!OR.; HAM :.CCLEAR PC'.:ER STATION - UNIT NO. 1

$ INDUSTRY-EASED COMPOSENT EVENT DATA SYSTEM

i

.

INDUSTRY EXPERIENCE
,

,
DESCRIPTION: (MAXIMUM TEXT LENGTH 96 CHARACTERS X 5 LINES)

,

! ,

.

.

k

4

.

.P

. ..

-
.

n
*

OURCE NOS.

LER (MAX 1 MUM FIELD LENGTH 41 CHARACTERS /LINE)

4 SER -

SOER
.

10CTR50.55e
:
)

10CFR21 -
,

?
ad

{ NPRDS
,

NUREG
.

EPRI
s'

.

'.| I&E
.

J

NOMIS *

i
.

TDI9

- .
-

.

OTHER. . . -
-

,

.

..I ..
,

3 .

'i Repeat format until all event descriptions are completed
,

..i

''
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TER f. .- APPENDIX 5.4 .' *

' ' COMPONENT TASK EVALUATION REPORT

l~

SYSTEM / COMPONENT NO. TDI PART NO. INITIATOR DATE ORGANIZATION
ENGINEERING

I D ocALITY
SIGNATURE i

'E

ICONDITION DETAILS:
+

.

4

! RECOMMENDATIONS:
.

REQUIRED COMPLETION DATE:
.

.?
' ASSIGNMENT

iDISPOSITION ASSIGNED TO RESPONSIBLE CHAIRPERSON DATE

-O ENGINEERING QUALITY
SIGNATURE

- -

DISPOSITION*

:

' DISPOSITION DETAILS:
-

. -

J

. IMPLEMENTATION ASSIGNED TO D ENGINEERING O oUALITY DNONE REQUIRED

i
I t

.

RESP. CHAIRPERSON PROGRAM MANAGER (
-

: g

- .

ACTION
I

iACTION ASSIGNED TO ' ACTION COMPLETED BY DATE

|

J
l
i

I :-

CC: CKS/GWR/RJN/ETM-

T*R LOG

_
*

.

. _.:.20'Ic t.'l 59 *'UM/."IDD S d1 I .''.#CRa * C+ ."'' * ' fl @'' C*8*** if F ** *Ja*U * I *E d b '- EA YI-, -Y 7 - wau r. ,% *
''*

.
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APPENDIX ~5.5

~

.

ei

STATUS DATE: Page No.
. ,

COMPONENT NO.

INPUT BY (NAM.E/ INITIALS)_ .

-j EMERGENCY DIESEL GENERATOR COMPONENT TRACKING SYSTEM

. ( PLANT NAME )
8

NON-NUCLEAR-BASED COMPONENT EVENT DATA SYSTEM'

-
- . - - . - .

g .-

1 INDUSTRY EXPERIENCE -

'

DESCRIPTION:
,

t

.,
.

.

:
.

.

I .Ms

. .

-

. _-
.

.

. ._

,

.

. _ _

SOURCE: Nos,
.

Other
_

. ~
f

d
i
I

E

|
t
|
a

...

e .

3

.i
:
i

.a

s
*

. . . . ..-.t. , , , , . , - ..-,.....,..-.-,,.--.r-- -,- - .r: r, v - ' . opw . . -:, . .r2 1. , . :. - :. .
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DIESEL GENERATOR COMPONENT

DESIGN REVIEW PROCEDURE
.

DG-3

._
Component Selection

[ '- Chairperson Date

Quality Group
Chairp rson Date

_

Design Group
~

Chairperson Date

Program Manager Date

.
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1.0 PURPOSE

-

This procedure provides the methodology for performing a
_ design review for the components that have been selected by

the component selection process.

2.0 SCOPE

This procedure provides direction for the design review of

those components selected for review by the Component
Selection Group. The Design Review Group will be chaired by
the FaAA Lead. He will be assisted by appropriate engineeringm

t.

and design personnel, including, but not limited to:

:
o Utility (as appropriate) Engineering

Specialist

c SWEC Site Engineer

o Diesel Generator Specialt.t

Other Owners' Rep, as applicableo

.

-

DG
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The Component Selection Group determines minimum design review

requirements requiring design analysis and may also specify an

appropriate mechanism for performing this analysis.

. 3.0 INSTRUCTIONS

These instructions provide guidance on the steps which may be
used in the design review of a component. Due to the number

] and diversity of the components and standards involved, the

design review must be tailored to each component, and the

group must utilize its experience and professional judgement
- as necessary. Steps may be deleted, or added at the__ ,

,' discretion of the Design Review Group Chairperson and the
'

Program Manager.
:

The Design Review Group shall prepare a task description for
each component selected. A Task Leader shall be assigned to
each component. A task description shall be trerated by the

j Task Leader for each component and approved by the Design

.

Review Group Chairperson and the Program Manager.>

.

If questions arise that cannot be resolved by the personnel
conducting the design review, they shall be transmitted with

recommended resolutions on the Component Task Evaluation

Report (TER) Form to the Group Chairperson and the Program
' '

Manager for resolution.

, DG
5
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Upon completion, the Component Design Review Package, i.e.

results of analysis.- shall be filed and summaries submitted

for incorporation into the final report.

3.1 Preparation of Task Description

As noted above, the Design Review Group is provided with the

minimum design requirements which must be reviewed. The task

description is generated and provides as applicable, the

following:

a) Primary component function end required attributes

b) Specified codes and standards (where applicable)

c) Specified alternative codes, standards, or analytir. 1
_

~

techniques

d) Analysis or evaluation to be performed to assure

satisfactory design

e) Verification of TDI analysis (if available).

f) Final documentation requirements

g) Schedule for implementation

.

As task descriptions are completed for each plant, the

schedules for implementation shall be forwarded to the Program

Manager.

DG
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A sample Component Design Review Checklist is shown in

Appendix 5.1 of this procedure. All results are recorded.

For each plant, the Owners' Group uses the site specific

diesel generator specification and other applicable design
.>
' documents as the base documents.

,. Design calculations, when recuired, shall be individually

- numbered, have statements of purpose, assumptions,

methodology, results and conclusions. Design calculations

are signed by the preparer and checker to indicate concurrence
~

with the calculation.

3.2 Primary Function / Attributes
:

The primary function of the component and attributes necessary
for accomplishing the primary function shall be defined on the

.
Component Design Review Checklist.

a

s e

DG
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3.3 Specified Standards

The standards specifie'd or referenced in plant specific

documents, which ensure that the required attributes are met

i shall be determined and identified. If there are no specified
'

~ . standards, determine if there are acceptable alternative
,

standards.

3.4 Standards Used
~

The actual standards used by TDI shall be determined and

identified. These standards could be: 1) those specified in

plant specific documents, 2) industry standards, or 3) TDI

standards. The following sources of information, as well as

=
any other sources deemed appropriate may be used:

a) Vendor Design Documents

,
b) Component Documentation Packages

c) Vendor Analysis

.
The Quality Revalidation Group may be requested to validate

*

;; that certain standards were used. This request is inade by the
=

Design Review Group through the Program Manager. The request

'- describes the confirmation methods to be used.

:
a 't
. %

s
~

,

,' DG

i
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X
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3.5 Design Analysis

.

If the specified or actual standards used cannot be deter-
4

mined, a design analysis may be required. ~

'.
.

If a standard analytical technique or approach is used, the-

:

analysis shall be performed, checked and reviewed.

If a non-standard analytical technique or approach must be

used, a description of the analysis shall be submitted to the

Program Manager via the group Chairperson for approval. If

performed it shall be checked and reviewed.,
,.

\ <

~-

If the results of an analysis indicate an impact on the engine
:

maintenance intervals, this shall be reviewed with appropriate

personnel and input to the maintenance program where

applicable.

3.6 Consultant Expertise

In cases where an analysis is required, the expertise and

experience of a diesel generator expert may be used to

determine the type and the extent of analysis necessary,

s

DG
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3.7 Specified vs. Actual Standard Comparison

The actual standards used are compared to the specified

standards. If the actual standards used do not comply with

the specified standards, a problem description with

recommendations shall be transmitted on a TER to the Program

Manager via the group Chairperson.

3.8 Compare Actual Components to Requirements
~

The actual component attributes are identified and compared to
,

the required attributes. The required attributes may be

derived from the specifications or the analysis, es
appropriate.

:

In some cases actual component data may be required. The

Design Review Group shall determine what attributes require

revalidation and request such action from the Program Manager.

3.9 Results and Conclusions

.

The results of the design review shall be documented and

transmitted to the Program Manager. Additionally, summaries

shall be provided for incorporation into the final report.
,

DG
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4.O REFERENCES

4.1 Shoreham specification SH1-89 entitled " Specification for

Diesel Generator Sets"

4.2 Utility Specific Diesel Generator Design Documents

5.0 APPENDICES

5.1 Component Design Review Checklist

.

e

.

4
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TASK DESCRIPTION NO: DR-
l
i

3 COMPONENT DESIGN REVIEW CHECKLIST
,

'' COMPONENT Classification Type
1
i PART NUMBER Scheduled for Completion
!

I
1

4 TASK DESCRIPTION:

.*
-)

1
i

4

'{ PRIMARY FUNCTION:,

'

ATTRIBUTE TO BE VERIFIED:-

|
S1'ECIFIED STANDARDS:

$ REFERENCES:

'

. DOCUMENTATION REQUIRED:

: GROUP CHAIRPERSON PROGRAM MANAGER

t
.

.

.'. COMPONENT REVIEW:

,

,

.

RESULTS AND CONCLUSIONS: *

,
_

Group Chairperson Program Manager

.
__

.;...,.. .. . . ;- - - - - w-~ n . .- . ~.:-ax w -
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1.0 FURPCSE

,

This procedure provides the methodology for performing a

quality revalidation for components that have been selected by

the component selection process.

T
,

.

2.0 SCOPE
.

This procedure provides direction on the review of existing

documentation, inspections to be performed, and identification

of recommendations and/or conclusions as applicable, for

components that were selected for quality revalidation. The

Quality Revalidation Group will be chaired by the SWEC Lead.

He will be assisted by appropriate engineering and quality

assurance personnel, including, but not limited to:
:

o Owner's QA Rep, as applicable

o FaAA

o SWEC QA

o SWEC Engineering

The Component Selection Group determines minimum design review

requirements requiring quality revalidation and may also

specify an appropriate mechanism for performing this
,

revalidation.

-
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3.0 INSTRUCTIONS

+

These instructions provide guidance on the steps which may be

used in the quality revalidation of a component. Due to the

number and diversity of the components and standards involved,

the quality revalidation process must be tailored to the

individual component. Steps may be deleted or added at the

discretion of the Component Quality Revalidation Group

Chairperson and the Program Manager.

Quality attribute review requirements shall be provided by the

component selection group or the design review group through

the Program Manager. Upon receipt of these requirements, a

task description shall be generated by the component quality

revalidation group. This task description shall be approved
:

by the Quality Review Group Chairperson and the Program

Manager.

If questions arise that cannot be resolved by the personnel

conducting the quality revalidation, they shall be transmitted

with the recommended resolutions on the Component Task

Eva.aation Repcrt form (TER) to the Group Chairperson and the

Program Manager for resolution.

Upon completion, the component quality revalidation
.

documentation shall be filed and summaries provided for

incorporation into the final report.

DG
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3.1 Preparation of Task Description

As noted above, the Quality Revalidation Group is provided

with the quality attributes which must be validated.

Based on this information, a task description shall he

generatad. It shall contain, as applicable, the following:

o The Component to be Validated

o Attributes to be Verified

o Methodology to be Used

o Acceptance Criteria to be Used (if available)

o Type of Documentation to be Provided

o Schedule for Completion

Based on the approved task description, a detailed inspection

plan shall be generated for use in performing the actual
:

inspections.

A sample component revalidation form is shown in Appendix 5.1

of this procedure. All results shall be recorded.

In those cases where another plant requires quality task

descriptions, Shoreham task descriptions and inspection

results will be used as the basis for new task descriptions,

as applicable.

DG
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Any additional inspections resulting from the design review

will be identified in TER's. New task descriptions will be

written based on subsequent design review required inputs,
,.

e.g., as-built configurations, verification of part

| identification.

]
.y

; As task descriptions are completed for each plant, the
%

} proposed schedules for implementation shall be forwarded to

'. h the Program Manager. The actual implementation is based on
i
i plant specific requirements.
t

$
.

3.2 Types of Revalidation that May be Required
-

7
:
.

' ~

The following are typical of quality revalidations that may be,

required:

:
Decumentation Review - A review of existing documentation will

be performed for each component selected for either a quality
or design review. Areas from which this data may be gathered

include, but are not limited to, the following:

o Purchase Order Files

o Receipt Inspection Reports

o Startup Files (RRR's),

,

o Procurement Quality Assurance Files
,

_

o Site Inspection Records

o Deficiency Reports / Engineering Change Documents

_

DG
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Component Material - The material specified, or required by

analysis is verified to be in accordance with the attributes

provided by the component se3ection group. This is

accomplished by reviewing material certificates against

attributes provided. In cases where no material

certifications are available or a material certification

requires revalidation, a task description is generated to

verify the material properties, using spare, replaced parts
'

and non-destructive methods wherever possible. A comparison

of tested spare ~ parts to as-installed components will be done

where possible.

Component Material Testing - The material testing specified

is verified to be in accordance with the attributes provided

by the Component Selection Group or required by analysis.

This is accomplished by reviewing component material test

results against the attributes provided. In cases where no

documentation is available or where additional testing is

required by analysis, a task description is generated, to

perform this testing using spare, replaced parts and,

non-destructive methods wherever possible. A comparison of

tested spare parts to as-installed components wi.ll be done
.

where possible.
. ' , , ' .
.

.

,
DG
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Component Dimensions - Specifiec dimensional attributes may be

obtained from but are not limited to the following:

o Manufacturer's Data

o Receiving Inspection Data

o Assembly Dath

o Disassembly Data

o Actual Measurements

3.3 Results and Conclusions
~

Upon task completion, the results of the quality revalidation

review shall be documented on the component revalidation form

('
and transmitted to the Program Manager. Additionally,

summaries will be prepared for the final report.
:

4.0 REFERENCES

5.0 APPENDICES

5.1 Component Revalidation Checklist

.

1

s.

DG
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TASK DESCRIPTION NO. OR-

COMPONENT REVALIDATION CHECKLIST

COMPONENT DOCUMENT NO.

PART NUMBER
d

Scheduled for Cor::pletion

4

TASK DESCRIPTION:
.

. 'i
t

e
s

4

.

ATTRIBUTE TO BE VERIFIED:
>

ACCEPTANCE CRITERIA:,

e

REFERENCES:

; DOCUMENTATION REQUIPID:

: GROUP CHAIRPERSON PROGRAM MANAGERi
1

_ _
,

. :-
~

COMPONENT REVIEW:
r

_

',

,

%

.

RESULTS AND CONCLUSIONS:

.

%

d

b

k

Group Chairperson Program Manager
-

;

'

e'. . _ _ . . _ , __ /* = t # ' -' "** * ' ' * ' # # " * * *
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APPENDIX 5

SIGNIFICANT KNOWN PROBLEMS

1. Crankshaft

2. Connecting Rod Bearings

3. Pistons

4. Cylinder Heads

5. Cylinder Liners

6. Cylinder Block

7. Engine Base

8. Head Studs
,

(I. 9. Push Rods

10. Rocker Arm Capscrews

11. Connecting Rods :

12. Engine Mounted Electrical Cable

13. Fuel Injection Lines

14. Turbocharger
.

15. Jacket Water Pumps

16. Air Start Valve Capscrews

.

4 #

1 DG
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TURBOCilARGER

MP-017

.

UNIT TU M ANALYSIS TESTING INSPECTION-

TYPE

R-48 ENGINES:
#

. _ _ _

Thrust bearing oil film / load / 100 Ifra 9 1004 power Inspect end clearance
material analysis: Nozzle ring r LOOP /LOCA Simulation - 3 engines Inspect thrust beating af ter

e

Elliott vane and cap screw thermal / 100 starts - 1 engine 100 firs 9 100% power - 2 enginesSilOREIIAM 90G Pressure loadings evaluate effect- 23 starts - 2 engines Inspect thrust b*aring af ter 100
iveness of prestart thrust bear * starts - 1 engine
ing lube oil supply Inspect end clearance at 23 star

. - 2 enainen

) Elliott Verify similarity to SNPS 100 Ilre 9 1004 power - 1 engine Inspect end clearance - 2 engine
RIVER BEND 90G Evaluate differences if any Inspect thrust bearing -. I engin

Elliott Verify similarity to SNPS Noriaal Preop testing Inspect end clearance - all
, RANQ10 SECO 90G Evaluate differences if any engines
U

V-16 ENGINES:
.

N Verify twin installation 100 Hrs 1 100% power - 1 engine Inspect end clearance - all
4 similarity to Shoreham. 100 starts minimum - 1 engine engines

Elliott Evaluate auxiliary lube oil,

GRAND GULr 90G system
p (2)'

Elliott Verify similarity to GGNS Normal Preop testing Inspect end clearance - all
- CATAWDA 0 Evaluate differences if any engines

Elliott Verify similarity to GGNS Normal Preop testing Inspect end clearance - all
PERRY

{ Evaluate differences if any engines
!- Elliott Verify similarlty to GGNS Ivormal Preop testing Inspect end clearance - allCOMMANCHE PEM Evaluate differences if any engines
,

d Elliott Verify similarity to GGNS Normal Preop testing Inspect end clearance - all<
, ifARRIS Evaluate differenet:s if any engines

Elliott Verify similarity to GGNS Normal Preop testing Inspect end clearance - allVOGTIA
3 Evaluate differences if any enginer
O
'; V-12 ENGINES:

MID7AND a a e of al heop tedng Insped end dearann - aH gh
; (21 thrust bearing prelub Inspect thrust bearing - 1 engint

Ij-
V-20 ENGINES:

Elliott | Verify similarity to Midland Normal Preop testing Inspect end clearance
q SAN ONOFRE 65ft |
h (4 ) I

'i
2
f,
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DR-Mp-017

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

k
TURBOCHARGER Classification A
PART NO. MP-017 Completion 3/20/84

PRIMARY FUNCTIONS: The turbocharger is composed of a gas turbine anc
centrifugal inducer / impeller mounted on a common shaft and housed by
integral castings. It utili:es engine exhaust gasses to pressuri:e the
engine intake manifold air for higher output combustion. Energy from the
exhaust gas is extracted by the t urbine which drives the compressor
through a common shaf t.

FUNCTIONAL ATTRIBUTES:
1. The turbocharger components require adequate strength and fatigue

resistance to react loads imposed by flowing engine exhaust gasses
during the severe startup and transients unique to nuclear standby
service in addition to normal operation. In particular, these
components include the diffuser, no::le ring assembly, rotor assembly
diffuser bearings (thrust and radial.)

2. The turbine and components must have the ability to withstand a high
temperat ure corrosive environment.

3. The lubrication system must have the ability tot
a. Supply sufficient oil to the bearings to prevent bearing wiping

. . . (prelube) during the repeated startups required by testing.
/ _ b. Ensure a minimum time lapse between start of rotation of the

rotor and required pressurized oil in the bearings.-'
I c. Maintain adequate inlet and discharge oil temperatures.

d. Provide adequate oil seals.
4 The cooling system must provide sufficient water flow and pressure t o O

maintain adequate component temperatures and allow adequat e vent ing
to prevent air or steam pocket formation.

5. External piping must be configured such that there is no unacceptable
transmission of thermally induced loads to the t urbocharger casings.

E. The turbocharger itself must have sufficier.t operatione; performance
surge margin to avoid reverse loading damage.

.

SPECIFIED STANDARDS: None known

CVALUATION:
1. Review the operational history from several users

wit h Elliott model 90G and 65H turbochargers.
2. Review pre-operational test logs to verify performance.
3. Examine possible structural deformation of casings and

mounting bolts under startup and operational conditions
which could affect bearing performance.

4 Re, view turbocharger performance data to determine the
gas loading of rotating component.

5. Evaluate the bearing loads during normal operating
conditions.

,
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6. Conduct rotor dynamics analysis to assess possible
( startup-induced de'.-lection or rotor instabilities.

7. Stress analysis of bolting components in particular,
no: le ring capscrews.

8. Review material selection.
9. Revsew bearing lubrication requirements such as thrust

bearing during startup and full load.
10. Evaluate the differences between R-48, RV-16, RV-12

and RV-20 auxiliary lube pump configurations and the
possible effects on thrust bearings during staetup.

11. Evaluate preventative maintenance and possible monitoring
techniques.

12. Revsew specified as-built clearances for bearings and
seals.

13. Review specified assembly procedure t o verify that all
important as-built dimensions are being measurec.

REVIEW TDI ANALYSES: Review TDI analyses of thrust bearing
drip system configuration.

INFORMATION REQUIRED:
1. Manufacturer's bul l et ins
2. Component drawings, pioing schematics, assembly drawings,

installation drawings
3. Mat erial specifications

i 4. Performance data such as compressor and :rbine maps
'_ 5. SNPS thrust bearing disassembly and i n" i v et ion results

t E. Lube and cooling system soccafications s,ach as flow,
pressure, filtration, etc.

7. Engine exhaust gas data

.

'
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ENGINE BASE AND BEARING CAPS I
!

.

01-305A

*
j_z
.

tfMIT NtALYSIS TESTING INSPECTION ,

'd - !
.T R-it BNGINE9s

'f!
"

stress analysis of bearing saddles 100 hre 9 100% power and LOOP / LP bearing saddles with

i bearing caps and cap locking load. LOCA simulation - 3 engines highest loads or saddles -
Sr.0futi AM with maintenance induced

Evaluation of the adequacy of indications 2 engines

botting, stude and nuts, verify sample basis,

use of required pr41oad.
,

Verify similarity to SNPS 100 hre # 1004 power - 1 engine P bearing saddles 1 ereine
se*P e basis ilRIVER BEND ,

.

:1
- s

}t mya:C;to SECO jferify almilarity to GNP3 Normal Preop None if SNPS ecceptable<

I V-16 ENGINES:
.

* Stress and fatigue analysis of 100 hrs 0 100% power - 2 engines None required if loede similar .

, bearing saddles and cap locking to SNPs and SNPS inspectionse

loads acceptable end 51H is implementeGPMD Gut.3

i
4

Verify sintlerity to GGNS Normal Freep testing None if similar to GGNS*
CATAWBA Evaluate differences if any

i verify similar8ty to GGNS Normal Preop testing None if similar to GGNS
PERRY Evaluate differences if any

verify similarity to GGNS Normal Preop testing None if sistler to CGNS,

COMMANCHE PEAR Evaluate differences if any.

,

:
Verify similarity to GGNS Normal Preop testing None if similar to GGN5

HARRIS Evaluate differences if any
*

,

verify similarity to CGNS Normal Preop testing Mone if similar to GGNSVOGTLE *
Evaluate differences if any

V-12 ENGINES:

MIDLAND 5 tress and analysis if required Normal Preop testing Ibne if similar to 5NP5 or GQf5

V-20 ENGINES:

Stress analysis if required Normal Preop testing None i f similar to SNPS or GGNSSAN ONOFPr.
|

n
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DR-02-200A
COMPONENT DESIGN REVIEW

TASK DESCRIPTION

\
EASE AND BEARING CAPS Classificat tor. A
PART NO. 02-225A Completier. 2/23/84

PRIMARY FUNO, TION:
The base assembly support s the crar.kshaf t and the upper engine

assembly. It react s the crankshaf t, pi st on inertie and faring loads at the
tecrang caddles, react s the firing force t ranstait t ed through the bolt ing t o
t he upper- eng:r.e asserably and provides axial restraint t o the crar.-cha f t cra
engine.

The maj r components of the base assembly are the base cast 2r.g. the
res a : bearing capt., shells, nuts and studs; and the bolt ing to tnc- u;cer
assers;y e t- the crankcase (through bolts).

FUNCTICNA* ATTR:FUTES:
1. The b se castir.; bearing saddlec must have sufficient st r e r.p t h to carry

the lateral loadt imposed by the crankshaft i nert ie and tc react the
vertica; comp"esticn ^ 3 tension loads imposed by the enEine fir n; c f.C
tha cr ar.k / rod / p i st e n nertie loadinD.

2. The base casting r.ut pocketc for the maira bearang studd a r.d t*srougn
b:Itc ri.st hav2 suf ficient contact strength tc cart y the nut preloed.
i ertial and dynaraie loading frorc the crankshaft, and firin; loeds
' rar: mit t ed f-om the upper engine.

2. *he st ucc, bolt s and nut s cor.r ect ing the base casting to tSe bearing
esci Erd t5: up:er engine assembly must have sufficier.1 stren;th to
czary the impore:' pre: Lads, dynaraic loads, and # 1rar; I c eds. The
c2rt'cini ' : r ::- r*:v;ded by the ma:r; bear ir.g st uc o end nut s must be ;
5;f ficie- t ic r ev e r.t lateral move:aer t c f t he main bear 2ng caps under
1sture: c c-tr.'< t h a f t l oad : r:g.

'. ~te ..a : r. i s a. - i r.; caps must have sufficierit st rer gt h t o withst arad the
:. T o:E* c-ar.07taft l oe d c._

I. - w t. u r. r vct te :,ufficier-l> -igid t o saai r.t a i n adequate rac2t. Le6r s r.g
:::;e us . d >. -i r.g c ::r a t . c r..

TP :r:IO C AW ECE: N;re

e.,~.,.,. - _... .

:. 7e.;ea ' 'c e.aat i c r. a.ailab:e on ir dustry emper2 ence.

wit' tere: ; seddle i nd i c at i c.ns , i r.e l ud i n; those
: r. t* e E-!.E ungir,es at 550teham Nuclear Power- St at f or.,
t"E #rc.cturE: 07. the USCG ICebreakert West Wind a rid
N:rth Mi .d, tr.d the RV-16 base at the RNAMAX m:re.

2. Exe. ire t5o adecusey c.f the bearing saddle pedestal
undre .artical and lateral loads impcsed by the
er a nks 55.f t and th6 bearing cep b:it pre!oads.

2. ec * awing *C0 hrs of operation or rormal Preco t est ing,
ti N7 ; ns pe ct i or, ef the mest heavily leaded bearing
:t dest al t cn the CNPC er.gines and a selected number of
:t5c- P-4 E arr* Pt*-lE enginec will be cor. ducted and the
' es.It s c va* uat ed with respect to possible loading mechar.a stas.

_

.

O'
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DR-02-205A

i
4. Rr. eva ua t io . c' t he rna i rs bearing caps under the crank-

sha f t i ne r-t i s l loads and stud preloads will be performed.
Thi: will consider the adequacy of the lateral loading
between bearin; cap and pedest al t o prever.t bearing cap
moveracrt under- crankshaft loading.

E. Ant. lyse.s of the bearing saddle nut pocket and upper
asser.1bly nut pocket s will be conducted. The pockets
will be t.odeled as a colue.n with a through hole under a
tent. ion load corresponding to the preload; firing
pressures and crankshaft inertial loading. These
analyse; will initially be performed on R48 and RV-16
e n;;ine s. The need to perform detailed analyses on
RV-12 or:d RV- M engines will depend on the findings of
t5e 'orr. a r.

E. . I n d .,st.- y eaperien c with baSP assernbl y bolting problems
w:11 :: re.ie~er including through bolt and washer
fd. : 1 '." er at Cor.;er Ve;Iey E*Iectric and Valder, Alaska.

"*

%r til: e s t er.:t : y bolte, studt and nut s will be analy:ed.

':' r.det ..at c ;- ! cad.-

e . . . . e. . - . . A~. .. . Y e_ e_. . _ . . . ._ .

. '' r 3 T2! nr.a:fse: ed test experienc.e on the base assembly*

c . r. ; .- r.c r.t - wi!! be reviewed.,
.

,

...-.e.-.a. e. _:. m . o.re, ... 6L. - . s

* ". 2 6.6. :- :.hsembly rom;rrest crawings and manufacturinge

::eri'iration:
2. "' t. t. art :.n ereb;y :ompt.. s nt r.1ct eri a l croperties, i rsel ud i n g

yi el d st eer:gt h o' castin;, in ve*-ious sect ion th a cknesses %
0. %. 2 , l e ar i n;, =ap and upper asserabl y bolting t or=ue

E Pe *. i t i Cat *.on:
'. I'r. g .m,e firing Iomdc
!. C - 4. r.'. .s% 2 f t loads on main bearingt
?. ~~ ; : : .t- ::repor ent we i:;ht s

s

e

>

.

s

N

,

1,
%

. , , , . .. . . . , . . ..,..s, , - * . **rorse e'* .est . < :.
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CRANRSHAFT

03-310A

. .,

!

UNIT ANA14 SIS TESTING INSPECTIOPW

$ R-ee ENGINES:
) e .ao - | 100 Hrs f 100% power and NDT Crankshaf t - ) enginea afteg

~ M-' ' :AJOP/LOCA simulation - 3 engines 100 Hrs f 1001 g.ower
-aetysis Torstograph - 2 enginesIt vt . s,

SHOREHAM I'*ta s ' vtw ' 's t lata correlation Strain Gage testing crank pin
- ,wa.- ' ~eh a s fillets - 1 engine

lotter'ana'1ysis 100 lirs f 100% power - 1 engine NDT crankshaft - 1 engine after
RIVER BEND H del Superposition Torslograph - 1 engine 100 fire f 1004 power(If different from SNPS).

-

verify similarity to SNPS Normal Preop testing Mone if similar to SNPS,8 RANO10 SECO Torslograph - 1 englne

.* V-15 ENGINES:

Holzer analysis 100 Hrs f 100% power - 1 engine NOT crankshaftModal superposition verification of torstograph 1 engine after 100 Hrs f 1004
i

GRAND GULF

.

IVerify similarity to GGHS Normal Preop testing NDT crankshaft
Torslograph - 1 engine efter preop test

PEPRT Verify similarity to GGNS Normal Preop testing None !! similar to CGNSTors tograph - 1 engine
.

verify similarity to GGNS Notmal preop testingiq COMMANCHE PEAR None if steller to GGNS '
't Torslograph - 1 engine

. Verify similarity to GGHS Normel preop testingHARRIS None if similar to CGNSTors tograph - 1 engine

V0GTIA verify similarity to GGNS Normal preop testing
tIone it similar to CGNSTors tograph - 1 engine

V-12 ENGINES:

i MID W O Hotter analysis Mormal preop testin9
No lat superposition Torslograph - 1 engine None depending on Torolograph

V-20 FCGINES:

Holzer analysis Normal preep testing None depending on TorstographSAN ONOFRE Ptodal superposition Tor s log r aph - I engine

li
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DR-03-310A

COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

CRANKSHAFT Classification A
PAR,T NO. 02-310A Completion 2/5/84

PRIMARY FUNCTION: The crankshaft converts reciprocat ing mot ion, c omponent
inertial forces and gas pressure piston forces t o rot ary mot ion anc torque
at the output flange.

FUNCTIONAL ATTRIBUTES:
.? 1. Structural stiffness of the crankshaft must be suff1cient to maintain

acceptable states of stress in the crank pin web and main journal
areas and to maintain system nat ural frequencies which are sufficienti
removed from engine operating speeds. The crankshaft design should
also be sufficient to withstand main bearing misalignments inherent
in service.

2. The journal area of the main and connecting rod (crank pan) bearing
must be sufficiently large for acceptable bearing oil film pressure
but the overall bearing length must be sufficiently short te minimart
end wear of the bearing sleeves.

2. The material of the crankshaft and the surface finish should be
sufficient to resist fatigue crack initiation.

SPECIFIED STANDARDS:
1. ASTM
2. DEMA

EVALUATION:
_-

l. Review TDI calculations and tests.
2. Conduct engine test of 13x12 shaft.
2. Conduct modal superposition and Hol:er torsional

analyses of:
a. SNPS (R-48)
D. GGNS (RV-16)

. c. Midland (RV-12)
d. San Onofre (RV-20)

4 Conduct finite element analysic of R-48 12 inch
erank pin fillets.

5. Compare measured and calculated stressec R-48 13x12
shaft.

6. Compare measured and calculated out put torque and
free end torsiegraph traces for R-48. .

7. Compare stress levels with endurance limit for R-48.
Ba. Compare nominal stresses of R-48 & RV-lO with those

recommended by other standards.
b. Compare nominal stresses of RV-12 and RV-20 with

those recommended by other standards.

.

%

.
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DR-03-310A

9. Complete final reccet on SNPS and GGNS crankshaft
( integrity.

10. Complete final report on Midland RV-12 and San
Onofre RV-20.

REVIEW TDI ANALYSES:
1. Experimental stress analysis (static) of DSR-4E

crankshaft
2. Torsiograph tests
3. Hol:er Table calculations

INFORMATION REGUIRED:
1. TDI drawings for DSR-48 and F< engines
2. Test reports for DSR-48 and RV engines
3. Original Holzer calculations and revisions for R-48

and RV-16, RV-12 and RV-20 engines
Aa. Experimental pressure vs. time curve for R-48 and

RV-16 engines,
b. Exo. imental pressure vs. time curve for RV-12 and

RV-20 engines.

!

t
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CYLINDER BLOCK AND LIN5R |
03-315

.

.

!, UNIT AN AI,YSIS TESTING INSPECT 10st ,

t

; N-48 ENGINES:

Evaluate stresses in liner 100 hrs 9 100% power LP inspection cylinder
>

! landing includ;ng head stud 140P/LOCA simulation - 3 engines block liner landing.
I and thermal loads Sample Basing
.

SHORENAPG Inspect liner for unacceptable
} distortion, wear or flows.
?

1

i
-

ggygg ggy'D Verify siellarity to SNPS 100 hre f 1004 power - 1 engine Dependent on SNPS t'eeults
1

. . ,
w

RANOIO SECO Verfly almilarity to SNPS Normal Preope testing Dependent on SNPS results
.

I

|V-16 ENGINES: '

!e

Verify similarity to SNPS 100 hre 9 1004 load - 1 engine LP inspection cylinder block |
,|

1 GRAND CULF liner landing. Sample basis
; Inspect liner for unsceeptable
t distortion, weer or flaws..

,

'

CATAweA V'flfY elmilarity to SNPS Normal Preope testing % pendent on CGNS results
i

pgggy Verify almilarity to SNPS Normal Preops testing Dependent on CGNS reaulte

{ CONMANCHE PEAR Verify siellarity to SNPS Normal Preope testing Dependent on GCNS results

ifARRIS Verify similarity to SNPS Normal Preops testing Dependent on CGNS results
,

i
.

VOCTLE verify similarity to SNPS Normal Preops testing Dependent on CCNS results
!

V-12 ENGINES: '

NID W D
Verify similarity to SNPS Normal Preops testing Dependant on CCNS rest:1ts

V-20 ENGINES: I

SAN ONOFPE Verify similarity to SNPS Normal Preeps testing Dependent on GGHS resultsi

!

!

li i'
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'

COMPONENT DESIGN REVIEW'

TASK DESCRIPTION

( CYLINDER BLOCK AND LINER Cl ass i fi ca t ier. APART NO. 02-315 Completion 2/20/84

PRIMARY FUNCTION: The cylinder block comprises the framework cf the liceic
cooled engar.e and provides passage and support for t he cylinder- liner. Theblock must provide cooling water passages, provice- bores to support the car
shaft assembly, and react the dynamic loads from the cylinder firing
pressure and valve assemblies. For the RV engines, the cylinder block is
ireterconnected with an engine crankcase which suomort s the carnshaf t and
e:seciated bearings. Although these are separate parts, their gener.c
function is similar to the cylinder block of the R-48 engines arid will
therefore be evaluated ar. e unit. The lir.er itself fortas the walls of the
combust ior. charaber containing the high temperature gas pressure ar.d raust
;rovide a g u i d t- for the pist on taction while react i rig sPart sace forces
-ithout excessivc osar or scuffing.

FUNCTIONA:. A*TRI B'_* TEE :
1. The cam galicy bearing supports must be designed to maintain

cor.cer.tricity durin; service and have sufficient structu"al strength
t: rc ct the cam /vtive train loads without fatigue cracking.

2. The support cf the cylirder liner must maintain tight seals, react
*

pressare cnd st ud loads without ur. acceptable distortion and raaintain
su'ficient load distributior to preclude excessive cracking in the

[ liner ccer.terboro Clanding) due to combined thermal, gas pressure and'

pre! ceded sted irduced states of stress. The cylinder head sted three
confi; <cti:n is imp:rtant in dete' mining stress concentrations and
st es; d i st *i b ut i c r.s.

2. ~'e c) lander liver itself must be sufficiently hardened to res2st I
ur.accepte:Ic weec associated with piston ring actiori ar.d ma i nt a a n
adc uste contact with the block counterbore to prevent high cycle
c or.t c et st eE* s ar.d fretting. In addition, the cornpressic n of the
hea d *. o t he ci inder liner must be sufficient to avoid ax2L1l

frc' t in; c' thc l i ne r- wit hin the count er- bore but not so great a s t c-
caese fa,il ares of t he cylinder block liner land 2ng.

. *ht cooling wate. distributien within the block must be suf fic2 ent'

L :. precl ude overheat ir.g of t he block and liner and must raa z r.t a i n prope
flow concitions to tr.inircire or avoid cavitat son or corece:en carnage t o
the liner.

SPECIFIEC E~ASTACE: None

EVP.LUATI ON: *

1. Revie.9 : n'or :..at iore concerning previous cracking and
dirtertdor, of the cylinder block and liners of the
M4B and RV engirees.

E. Review l i t. .' i d per.et r a nt inspections of cylireder block
i r. tP: herd stud and l i ne t- counter bore regions of the
EN"'E DET-42 Engines.

. , . .. ., .- - . . ...r---..-
_ _ . ..
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DR-03-325

2. Evt.lur.te the steady state and alternating stresses in the
( l i r.c c landing / head stud region and compare these to

yield and endurance limits for appropriate materials.
Thi s examinat ior: must consider variations in head stud
thread geometries and preload torques.

4. Evalvete the state of stress in the liner i r. the landing /
asia! seal region due to gas pressures, thermal growth
and head clampin; forces and compare to normal fatzpue
properties for liner material.

5. Evaluate critica.1 flaw si:e ar.d rate of crack growth
c:rsidering combined head stud loads and therma:
stresses for cracks located between head stud holes and
cylinder block counterbore diameter.

I. C.altate critical flaw sice and rate of crack growth for
c-::k: eminating from the corner of the cylinder block
*
e r d i r.; cnd count erbore diameter.

~. Evelvate thr loading produced on the bearing supports
in the esm gear galley and verify the structural
ade;uecy o' the design.

E. Resie~ the insse:ticn of the sampled SNPS cylinder lines
f 11owir.; 100 hrs at 12C4 load for evidence of
unacesptable scuffing, corrosion, cracking or scoring.

.

RE'/!D *D* FNr.*YSES:_

1. Me.-le* rny TDI analyses which consider stresses created
;r the liner counterbore eres and any design changes which
rdlate to geometry or material.

Ir~!*M ~1DN REOL*! RED:
1. Mar;uf act urer's drawings of R4B and RV cylinder blocks

ar.e l i r.c es, including material specifications and
5i n t er-ic a' design changes

1. 7:: pressures and temperatures for R4B and RV engine
desi;ns

~. C,linder- hr + stud drawin;s and torque spec 2 fications
/. Cyli nde" ' sp- lud drawings showing design changes

- 5. _iquid p' ins ection of cylinder block countertore"

(landing sNPS engines'

E. Cae shaft leads due to rocker arms, pushrods and valve
springc

.
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CYLINDER llEAD STUDS i
-'

03-315E
,

} UNIT ANALYSIS TESTING INSPECTION
,

R-48 ENGINES:

3 Stress Analysis 100 Hrs f 1001 power and visual inspections verificatio:ig Preload and operational Loc 2/LOCA Sipulation - 3 engines of proper torques hardnese -leylinder firing pressure) loads, sample besteSHOREN AM. for necked down stud design,
verify lubricant

*

.

Verify slallarity to SNPS/GGNS 100 hre f 100% power - 1 engine Visual Inspection verificatiosRIVER BEND de81 n9
Evaluate mejor dif ferences of Proper torque .

verify similarity to SMPS/GGNS Normal Preop testing Visual inspections verificatior
e

RANCHO SECO design
Evaluate maior differences of proper torque

V-16 ENGINES: _,

Stress Analysis: Preload and 100 hrs @ 1004 power - 1 engine visue' inspections veri ficattoroperational loads for uniform
cross section design, verify of p:.per torque

}GRAND GULP lubricant

.

Verify similarity to SPPS/GGNS
CATAWBA Evaluate dif ferences if anY Normal Preop testing Visual inspectiong verification

of proper torque

Verify similarity to SNPS/GGNS Normal Preop testing Visual inspectiong verishcationPERRY Evaluate differences if any
of proper torque

,

Verify similarity to SNPS/GGNS Normal Preop testing Visual inspections verificationg COMMANCHE PEAR Evaluate differences if any .
of proper torque,%. '

*

Verify similarity to SNPS/GGNS Normal Preop testing Visual inspections ver8'tst. tionJ HARRIS Evaluate differences if any.
of proper torque

*

Verify similarity to SNPS/GGNS Normal Preop testing Visual inspectiong verift attonVOGTLE Evaluate differences if any of proper torque,

4 V-12 ENGINESt

verify similarity to SNPS/GGNS Hermal Preop testing Visual inspectiong verificationMIDLAND Evaluate differences if any of proper torque
V-20 ENGINES:

Verify similarity to SNPS/GGNS 100 hrs @ 2001 power - I engine Visual inspections verificationSAf8 ONOFRE Evaluate differences if any Normal operational testing ,of proper torque

;

ib
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DR-03-315E-1

COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

CYLINDER HEAD STUDS Classifacetioc. E
PART NO. 03-315E Completion 2/1/e4

PRIMARY FUNCTION: The cylinder head studs transmit cylinder f a r a r.g
pressure forces from the cylinder heads to the engine block and atsure a
recuired preload on the cylinder head gasket for combust 2er gas e n'' water
sealing.

FUNCTIONAL ATTRIBUTES:
1. The cylinder head studs must have sufficient strength to withs*ar.d the

necessary preload and cyclic firing pressure forces without preload
relaxation or thread distortion.

2. The thread geometry of the head st ud should be such as to provide for
an upper thread engagement which as sufficiently below adjacent
cylinder liner landings to minimi:e stress concentration in t hat area.

SPECIFIED STANDARDS: None

EVC.LUATION:
1. Review the design dimensional dif ferences between the

previous and current head stud design .

2. Cor the current design:
a. Evaluate the stress at the minimum cross-sectiona'.

area resulting from the applied preloads assuming
uniform lubrication and load d 2 s t ribut i on. Stres:
concentretion ef fects of the threads should bE
included in the evaluation. Verify thre&d
renistance t o distort ion.

b. Determine the cylinder firing pressure and
resultant force on the cylinder head. Ut1* iring
the cylinder head geometry, det ermine the
alternating load applied to each stud due to the
cylleder head resultant forces.

e. Evaluate whether the total resultant force is
sufficient t o overcome the bolt preload.

d. Evaluate the bolt torcue/preload techniace to
determine whether acceptable loading is e s s .t re d.

2. Perform a similar analysis on the previous TDI design
and assess the effect of the material and design

,

differences.

REVIEW TDI ANALYSES:
1. Review TDI stress analyses associated with the design /

material thanges.

INFORMATION REQUIRED:
1. Maximum cylinder firing pressure
2. Stud geometry and drawings

. _ , _ . . . . .. .. ..
~ _ . , _ . -.n-- .,wn...e. ,+ - ~ . -. ~~ ~.- ... .
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DR- 02-315E- 1

1 3. Stud matersal specifications
4. Cylinder head geometry
5. Et ud t orque speci ficat ion arid lubricatior. req u i rerne r.t s

O
.

.

.

.

.
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.CONNECTING RODS

t
03-340A

i

!
.

g F

{ UNIT ANALYSIS TESTING INSPECTION
'

R 45 ENGINES:
'!

Stress analyste of crank pin bore 100 Hrs 9 100% power Inspect crank pin bore and wrt
.g and cap distortinns stress analy- 100P/LOCA Simulation - 3 engines pin bore.

--

SHOREft AM sie of wrist pin bore and bushing LP inspect wrist pin bushing -Evaluate cap bolt torque and sample beels
design requirements

, Verify similarity to SNPS 100 Hrs 9 1004 power - 1 engine Hone required if SNPS inspecti
RIVER BEND 8CC'Ptable,

f ,

*
t

Verify similarity to SNPS Normel Preop test'ng None required if SNPS inspectiRAMOIO SECO
acceptable 4

V.16 ENGINES:,

Stress analyste of RV connecting 100 Hrs f 100% power - 1 engine
I? rods Evaluate cap bolt torque Inspect crank pin and link pin

and design s eguirements bores, bolt holes and parting
GRAND CULP Verify implementation of cap bolt surfaces - 1 engine - Sample. .

torque per SIN 64 basis depending on stress anel'.

*
' i

i

verify similarity to GGNS Normal Preop testing None required if GGNS acceptab g

,

CATAWBA Evaluate differences -

Verify similarity to GGNS Normal Preop testing Mone required if GGNS ecceptabj PER RY Evaluate differences
.

'
'j

iVerify similarity to GGNS Normal Preop testing None required if GGNS acceptab! COMMANCHE PEAR Evaluate differences I,

s ..a
"

verify similarity to GGNS Normal Preop testing None requires if GGNS acceptab.
,

HARRIS Evaluate differences
! .

VOGTLE Verify similarity t GGNS Normal Preop testing None required if GGNS acceptab?
*

Evaluate differences ,
,

V-12 ENGINES:

- HI DLAND Verify similarity to GGNS Normal Preop testing None required if GGNS acceptabi Evaluate differences
V-20 ENGlHES:,

Verify similarity to GGNS Normal Preop testing None required if GGNS acceptab)SAN ONOFRE,

Evaluate differences
I

!

,
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DR-03-3404

- COMPONENT DESIGN REVIEW
TASK DESCRIPTION

k CONNECTING RCD Classification A
PART NO. 03-3404 Completion 3/20/84

PRIMARY FUNCTION: The connecting rod transmits engine firing forces from
the pistons and piston pins through the rods to the crankshaft such that
the reciprocat ing mot ion of the pistons induces rotation and output torcue
of the crankshaft.

FUNCTIONAL ATTRIBUTES:
1. The connecting rod must have sufficient column buckling strength

and fatigue resistance to withstand cylinder firing forces and
inertial loads.

,
2. In the RV engine design, the three oscillating bearings two (2)

wrist pin bearings and one (1) link pin bearing and the rotating
crank pin bearing all require support from the connecting rod. In
the R48 design, a single wrist and crank pin bearing are supportec
The flexure of the rod must be such that bearings are not
unacceptably distorted.

3. Passages within the rod must provide cooling &nd lubricating oil
to the bearings and pistons.

4 Stress levels, both mean and alternating, must fall within the
endurance limits for the material utilized.

5.
'' In t he RV desi gn, the two bolted joints (link rod to link pan and

j master rod to conrod box) must maintain sufficient contact
,

pressure. The R48 design likewise requires sufficient clamoing
forces on the crank pin bearing cap.

6. The rod cap bolts must support the necessary preload without
yieldings fracture or unacceptable thread distortion. O7. The wrist pin bushing must acceptably support the gas pressure
and inertia forces transmitted by the pistons during the unicue
nuclear standby required starting cycle and normal oceration.

SPECIFIEO S*ANDARDS: None

E'.*ALL* AT I ON :
1. Determine the service histories of the connecting

rods. In part icular, evaluate the two V-style
connecting rods (the 1 7/8" bolt diameter connecting
rod and the 1 1/2" bolt diameter rod) and the R48
style connecting rod.

2. Incorporate firing load profile data for the
crankshaft analysis and the results of the 12"'
diameter rod bearing analyses to produce a connect 2 ng
rod static Icad profile, with the addition of inertia
loads for a complete time-load map.

3. Evaluate the significance of possible rod bow as it
ef'eets bearing centerline angular misalignment.

.

.. . . . . . . , .= * .. a , . - . t- < P' *
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DR-03-340A

4. Review and report on failure of connecting rod at
k Copper Valley Electric, Glen Allen, Alaska.

,

5. Conduct Journal orbit analysis of the wrist pin
- bearing.

6. Using examples of fratt ured rods to focus the area.

of investigation, develop finite element models of
- the 1 7/8" bolt diameter V-type rod, to define

deformation and the possibility of crack initiation
and propagation.

,
7. Evaluate the necessary preload and aceeotable design

req u i rement s (yielding, thread distort ion) of the,

'

rod cap bolts for the R-48 and RV designs.
8. Evaluate the loading, fabrication and installation

repuirements of the wrist pin bushing for accer, table
nuclear standby service.

9. Perform a metallurgical examination of fractured
connecting rods in FaAA nessession.

10. Complete final report.

REV:EW TD: ANALYSIS:
1. Revie.4 any TDI strese. analyses or strain gage testing of

connecting "ods.

IN"CRM;.T:CN REQUIRED:

1. Connecting roc, wrist pin bearing and cap bolt drawings
2. Engine operating parameters (i.e., speed, firing pressure

time history, etc.)
2. Component physical parameters (piston weight, connecting.

rod reciprocating and rotating weights, etc.)
4 TD: specified rod cao bolt toroues and installation ::

procedures.
5. TDI failure history of DSR-48 and DSRV connecting rods
E. Pushing and connecting rod material specifications

.

,

.. . . . . . . . - - . . .- . . --
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COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

CONNECTING ROD BEARING SHELLS Classifteetion A
PART NO. 02-340B Complet1on 3/1/64

PRIMARY FUNCTION: The connecting rod bearing shells provide the oscil l at i n[
sliding surf ace between the connecting rod and the crank pan through the
formation of a hydrodynamic oil film. They te,ansmit the cylinder firing
pressure t o the crankshaf t through the cal film, converting the force i nt o
torque.

FUNCTIONAL ATTRIBUTES:
1. The bearing shells must have sufficient fat,gue life and wear

resistance to tolerate normal operating conditions for the
intended service.

2. The bearing material must be of low friction to tolerate possible
momentary contact with the crankshaft during st art ir.g c f the
engine and the surface of the nearing shell should be constructed
of a material which is tolerant to the presor.ce o' fereign
particles minimi:ing journal wear.

2. The cimensions must be manufactured with sufficient acearacy to
obtain the proper interference fit in the conr.ect ing rod, and to
establish the specified clearance between the bearing shell arid
the crankshaft.

4 The bearing must be designed so that during operation key
, parameters including oil supply pressure, peak oil film pressure,

minimum oil film thickness, and oil film temperature rise Lee
within acceptable limits for the specified diesel engint
application and required 11fe.

5. The bearing material should be resistant t o possible ccrecs.on
due to chemicel composition of lube oil. *

SOECIFIED STANDARDS: None

. EVALUATION:
1. Obtain cylinder pressure vs. crank angle data from

DSR-48 test and compare to assumptions for previous
bearing shell design review.

2. Review cylinder pressure vs. crank angle for
DSRV-16-4 design.

2. Perform journal orbit analysis of DSR-48 design.
4. Perform finite element analysis of DSR-4B design.
5. a. Fract ure mechanics life est imate of DSR-48 desi;n.

b. Determine maximum veid size in bearing castings for
radiograph inspection acceptance criteria.

6. Journal orbit analysis of DSRV-1E-4 design.
7. Finite element analysis of DSRV-16-4 fif required by

item E).
8 a. Fract ure mechanics life estimate of DSRV-1E-4 design

(if required by item 6).

.
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DR-03-340B-1

( b. Determine maximum void size in bearing castings
for radiograph inspection acceptance criteria (if
required by item 6).

9. Physical examination of used DSRV-16-4 bearing shells
from GGNS to determine elast1C deflection patterns.

10. Evaluate effects of babbit adhesion and t hickr ess
variations.

11. Complete report on DSR-48 and DSRV-16 -4 bearing
shells in SNPS and GGNS engines.

12. a. Determine differences, if any, between D$RV-16-4
and DSRV-12-4, DSRV-20-4 Conduct necessary
design review steps, issue final report covering
all engines.

b. Evaluate possible preventive ramintenance and
monitoring procedures (i.e., oil sample carticulate'
chemical analysis, periodic visual i ns pect i c".) .

REVIEW TDI ANALYSES:
1. Obtain any available journal orbit analyses.
2. Review any bearing failure analyses.

INFORMATION REQUIRED:
1. Manufacturer's drawings of bearings, connecting rods,

erankpin journals
2. Cylinder firing pressure versus tine for USRV-1E-4,

'"
3. Lubrication oil specifications
4 Connecting rod rotating and reciprocating weights

.

.

.

.

.
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DR-02-341-1

COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

Classification A
Completion 2/5/84

PISTONS
PART NO. 02-341

PRIMARY FUNCTION: The pistons react the cylinder firing pressure and
provide a reciprocating mechanism for convert ing combined inert ia anc
combustion pressure forces into mechanical torque through the wrist p a n,
connecting rod and crankshaft.

FUNCTIONAL ATTRIBUTES:
1. The piston crown must have sufficient strength to resist the high

temperature and pressure firing loads.
2. The load transfer between the piston crown and skirt structure

must not produce alternating stresses sufficient te cause
failure of the skirt.

2. The wall structure of the skirt must be resistant to pressure
induced deformation which could result in skirt 'at i g uc- in
proximity to the stiffening ribs.

4 Preload in the crown st uds must be suffielent to preclude
failures of studs / nuts / washers.

5. The piston skirt must provide a suitable sliding surf ace against
the cylinder liner.

6. The piston ring groove must .be suf ficiently wear resistant to
provide sufficient ring life.

SoECIFIED STANDARDS: None O

EVALUATION:
1. Determine the historical evolution of the AF, AF

modified, AH, AN, and AE piston designs, including
casting, heat treatment, dimensional and material
changes.

2. Determine maximum firing pressures and temperatures
for DSR-48, DSRV-16-4, DSRV-12-4, and DSRV-20-4
designs.

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

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

5. Perform metallurgical examinatior of fractured AF
piston skirts.

6. Perform eddy current examination of AE piston skirts
from TDI DSR46 and R5 engines, and Alaska stationary
diesel generator.

.

8
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DR-02-341-1

7. Conduct fracture mechanics analysis of possible-

crack propagation in AF modified and AE designs
with differing stress conditions.

8. Conduct experimental static isothermal stress
distribution test on AE skirt.

9. Evaluate the ef fect of piston sade loading on wear.
10. Perform LP and eddy current inspect ion of SNPC AE

pistons following 100 hrs at 100% load.
11. Assess the similarity of the AF modif 2 ed, AH, a r.d

AN piston designs.
1E. Complete report on AF modified, AH, AN and AE pist ons.

REVIEW TDI ANALYSES:
1. Examine TDI strain gage testing (static) on skirt

stud boss region.

INFORMATION REQUIRED:
1. TDI drawings for AN and AE designs including studs,

Belleville washers, preload, material specifications
2. Historical information on casting changes, heat

treatment changes
3. Maximum cylinder firing pressure and temoerature

for DSR-48, DSRV-1E-4, DSRV-1E-4 and DSRV-20-4
,

e
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; AIRSTART VALVE CAPSCREWl

i I03-359
i .

.

UNIT ANALYSIS TESTING INSPECTION .

I. R-48 ENGINES:
iI
i Review 10CFR21 notification 100 starts - 1 engine verification of proper torqueEvaluate capscrew length- 23 starts - 2 engines and proper length (SIM360)

+

tolerances vs. sylinder head
| SHOREll AM tolerances.
i worst case analysis of reaction
j eir loading
|.

Review 10CFR21 response 69/N starts (Preop) Verification of proper torque
, y , ,g, Verify similarity to SNPS and proper length (SIM3_60),

s

t 4,
'

Review 10CFR21 response 69/N starta (Preop) Verification of proper torqueRANCHO SECO Verify almilarity to SNPS and proper length (SIM360)
V-16 ENGINES:,

Review 10CFR21 tesponse 69/N starts (Preop) Ver1[! cation of proper torque
verify similarity of operating and proper lengt5 (SIM360)j parameters t SNPSGRAND GULT

l
u'
.t
\' Review 10CFR21 response 69/N starts (Preop) Verification of proper torqueCATAWBA,

Verify similarity to CGNS and proper length (SIM360)
Review 10CFR21 response 69/N starts (Preop) Verification of proper torque| FERRI

; Verify similarity to GGNS
! and proper length (SIM360)
t Review 10CFR21 response 69/N starts (Preop) Verification of proper torqueCOMMANCHE PEAR
{3 Verify similarity to GGNS
l' and proper length (SIM360)

HARRIS Review 10CFR21 response 69/N starts (Preop) Verification of proper torqueVerify similarity to GGHS and proper length (SIH360) .

f.
Review 10CrR21 response 69/N starts (Preop) Verification of proper torqueV0GTLE
Verify similarity to GGNS

i and proper length (SIM360)
V-12 ENGINES:

Review 10CFR21 response 49/N starts (Preop) Verification of proper torque1 MIDLAND Verify similarity to GGNS and proper length (SIM36C)
V-20 ENGINES:

Review 100rR21 response 69/N starts (Preop) Vet i fication of proper torqueS AN Oi40FRE Verify similarity to GGNS and proper length (SIM160)
.

i

I
is



, . _ _ - . . . _ _ _ . - __ . _ _ . ..
,

DR-02-359

COMPONENT DESIGN REVIEW

( TASK DESCRIPTION

AIR START VALVE CAPSCREWS Classification A
PART NO. 03-359 Completion 3/1/84

PRIMARY FUNCTION: The air start valve capscrews provide clamping force to
hold air start valves i ri place on cylinder heads.

FUNCTIONAL ATTRIBUTES:
1. The air start valve capscrews must have sufficient strength to

withstand the necessary preload and reaction air load 2 ng without
yielding and resulting in loss of clamoing force on the air start
valvec.

S:'ECIFIEO STANDARDS: Nore

EVALUATION:
1. Veri fy adequacy of r.ew caoscrew length t o prevent

bottoming out o' the capscrew during installation.
Review to ir.clude maximum tolerance of caoscrew
length c:upled with cylinder head minimum hole depth.

1. Evalucte adecuacy of specified torcue value.
2. Pe-f errc worst casm ar.alysis of react ion air loading

i r. cc cceewc.

'- 4 Det err.:ir.e t he t ot al restart bolt stress.
5. C.a!. ate t5e TD: reecmmer.ded retorouing recuirements

_'ter c oc r ot . or. due to use of copper gaskets.

"I'.* ! E; * 'D I A%'.L YFE? : Review load and deflection analyset O
'

c ., ..

: 17C:v.7 ! J . ?.E7'_': RED:
1. Ca: L:rEwL cr.d washer Idaterials and dimensions
T. C,. : i - d c . 5ead drawingt
!. C:tt:f2c- t:'ecue va!ue and lubrication recuirements

.

.
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CYLINDER 1EAD '

6

0 3-360 A
.

* UNIT ANALYSIS TESTING INSPECTION
e

.. Q R-48 ENGINES: '

I{ Evaluate evolution of cylinder 100 Hrs 9 100% power LP inspection of cylinder head
e head casting and fabrications LOOP /LOCA Simulation - 3 engines fire deck and valve seats - -*

Evaluate possible fatigue crack Sample beats
SHORENAM growth of fire deck and adjacent Engine borring (all) and check

valve port casting Evaluate water in cylinder '

atellite valve seat fabrication,

: technique and radial cracking
i

! Verify similarity to GNPS 103 Hrs f 100% power - 1 engine LP inspection of cylinder headEvaluate differences fire deck and valve seats, UT fRIVER BEND
deck thickness - Sample'basist

| Engine barring 1a11)
'

Verify similarity to SNPS Normal Preop testing Same as above,

RANCHO SECO Evaluate differences
V-16 ONGINES:

j Verify similarity to SNPS 100 Hrs f 100% power - 1 engine LP inspection of cylinder head
. Evaluate differences fire dsck and valve seats, UT f

| GRAND GULF deck Ohickness - Sample bestes
Engine barring (all) and check
water in cylinder

.-
Verify similarity to SNPS Normal Preop testing same as aboveCAYAWBA
Evaluate differences.

i verify sintlarity to SNPS Normal Preop testing Same as abovePERRY Evaluate differences *

*

Verify similarity to SNPS Normal Preop testing Same as above,

COMMANCHE PEAR Evaluate differences '
*

'l
verify sielle:lty to SNPS Normal Preop testing Same as aboveHARRIS Evaluate differences

t ---

| ' verify similarity to SNPS Normal Preop testing Same as above' V0GTLE Evaluate differences|
*

| V-12 ENGINES:

Verify siellarity to SNPS Normal Preop testing Same as above| MIDLAND Evaluate differences
i

j V-20 ENGINES:

Evaluate effect of lower firing Normal operational testing Same as aboveSAN ONorRE pressure

i

i

! ik
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. DR-03-360A

COMPONENT DESIGN REVIEW
TASK DESCRIPTION

CYLINDER HEAD Classificatson B
pART NO. 03-360A Completion 2/12/84

PRIMARY FUNCTION: Provide pressure tight cap for engine cylinder and
provide passages and sealing for cooling water, lube oil, start 2ng air,,

intake and exhaust gasses.

FUNCTIONAL ATTRIBUTES:
1. The cylinder head must have sufficient structural stif fness to react*

*

the cylinder firing forces without seal leakage or deformation which
would produce unacceptable bending loads on the cylinder head studs.

E. The fire deck taust be sufficiently staff with thickness necessary to
maintain stresses below endurance limits, however, the firedeck must
also be thin enough t o provide adecuat e f. eat transfer for cooling
purposes.

2. The cylinder head must also cessess sufficient resistance to thermal
ar.d reechanical fatigue to prevent failure.

4. Residual stresses in the cylinder head must be adequately relieved to
prevent casting fatigue and fracture.

5. Areas of high contact loading and h2gh gas velocaties, such as valve
seats, reest be resistar.t to impact and corrosion damage.

SOCCIFIED STANDARDS: None

E'.*?_'Jc ! CN :
1. 7e.iew previous failure analyses of cylinder heads

wit? jacket weter passage flaws, fire deck flaws and
valve sett cracking.

,

~

C. E.aluate v:scible causes of crack initiation.
2. Cor.d u ct physical / dimensional e x ami nat ion /cornpari son

:f :arly and current generations of cylinder heads.
'

. Det errei r.e gas pressure leading and operating parameter
d:#ferences between R-48 and RV engines.

5. Evtluate the improvements in manufacturing and casting
techniques and the adequacy of the head cooling con-
figuration. Identify possible crack propagatson
raechanisms i f any.

E. Ceview NDT procedures for head castings.
T. 9eview results of hydrotesting.
E. Resiew the inspection of sampled SNPS cylinder heads

following 4 hours at 112*4 power, 100 hours at 100%
power. *

?. Evaluate the adequacy of the engine barring procedure.

REVIEW TDI ANALYSES:
Review doeurnent s concerning cylinder head cracking*

.

including metallurgical examination of castings.
E. Review any stress or s. sin gage analyses.

. . . , . . , _ . . . ,. . ..
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DR-03-3E0A

- INCORMATIDN REQUIRED:
( I. Manufacturer's drawings of early and current

heads including any changes in easting practices
and process control.

2. Cylinder firing pressure curve for R-48, RV-16,
RV-12, CV-20 engines

2. Thermocouple measurement of cylinder head transient
and steady state temperatures

4 All document s and reports of cylinder head flaws and
possibly cracking for the R48 and RV engines

5. Review information (depositions and affidavits)
submitted to date in the cylinder head ASLB
litigation.

O

O

~~
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TUEL OIL INJECTION TURING '

03-365C
.
e

!
UNIT AN ALYSIS TESTING INSPECTION..

h
.

R-48 ENGINES:

' ' , Stress / fatigue analysis: Fracture 100 hrs F 100% load Visual inspection for signs of
*mechanics analysis LOOP /LOCA simulation - 3 engines leakage

,

\
SHOREH AM

f

f

Review 10CFR21 response 100 hre d 100% load - 1 engine Visual inspection for signs of
BlVER BEND leakage

,

*

Review 10CFR21 response Normal Preop testing Visual inepection for signs of
'

g

1. RANCHO SECO .

leakage
.

V-16 ENGINES:
j' verify applicability of SNPS 300 hre f 1004 load - 1 engine visual inspection for signs of

analyste leakege
Review 10CFR21 responsej. 9

.

i

Verify similarity to GGNS Normal Preop testing Visual inspection for signs of
i CATAWBA Review 10CFR21 response leakage*

.

verify similarity to GGNS Normal Preop testing Visual inspection for signs ofj pg,,y
9 Review 10CFR21 response leakage
'. Verify siellarity to CGNS Normal Preop testing Visual inspection for signs of {COMMANCHE PEAK peview IOCFR21 response leakage

.

[I Verify similarity to GGNS Normal Preop testing Visual inspection for signs ofMARRIS Review 10CFR21 response leakage
r

verify similarity to CGNS Normal Preop testing Visual inspection for signs ofV0GTLE Review 10CFR21 response leakage

V-12 ENGINES:
,

%trify qplichilihr O( S493 utlysic Hormal Preop testing Visual $nspection for signs of! NI OLAND
Review 10CrH21 response leakage

V-20 ENGINES:
verify qplicabiliqr of SNt93 wullysis Normal Preop testing Visual snspeetton for signs of,

S AN ONOrRE Review 10CFP21 response leakage
.

O

$
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DR-03-365C

''
' COMPONENT DESIGN REVIEW

TASK DESCRIPTION

FUEL DIL INJECTION TUBING Classification B
pART NO. 03-365C Completion 3/23/84

,

PRIMARY FUNCTIONS: To transfer high pressure fuel from the fuele

,. injection pump to the injection spray no :le.

FUNCTIONAL ATTRIBUTES:
; 1. The fuel oil injection tube assembly must have adequate fatigue
j strength to withstand the cyclic high pressure and vibration stretton

without fatigue cracking or failure by yielding.,.

] 2. The tube assembly must be resistant to corrosion and erosion on the
j inside diameter.
; 3. The connector must also withstand the service induced conditions.
3
'

. SPECIFIED STANDARDS: None -

5

! EVALUATION:
{ 1. Determine maximum stresses incurred in fuel
. injection tubing by calcualtion per ASME'Section-

[ III stress & fatigue analysis - R-48 & V engines.
2. Verify the tube assembly has sufficient strength and

life by comparing actual stress levels to yield and-

( endurance limits.
,

,
.,

3. Perform fracture mechanics analysis to determine the
; maximum inner diameter flaw size that will not

propagate to t ube failure.
24. Evaluate the adequacy of the NDT procedure to

guarantee suberitical flaws, if any.
- 5. Evaluate adequacy of mechanical joints and com-
'

pression requirements for the Swegelock fittings.
E. Evaluate erosion / corrosion resistance of the

tubing to the fuel used in nuclear standby service.

REVIEW TDI ANALYSES:
1. Review TDI R&D test summary report on F.O. injection

tubes, RV-005-16.
2. Review any TDI test data on service pressures and

flow rates.

INFORMATION REQUIRED: .

1. Injection tube assembly drawings and material
specifications

2. Manufacturing details; surface finish, required
inspections

3. Applicable S/N data for tubing material
4. Service pressures and flow ratee

\_
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'h UNIT M M/||515 TESTING INSPECTIOtt '

,

R-48 EfaGINES
!i;
I*

Stress analysis of plug 100 hre. 9 1004 LP inspection of plug weld - P $

., and friction weld desi na LOOP /LOCA simulation - 3 engines sample basis
<! SHOREM API tellurgical e M nat on M E1perimental enhrence het M

friction weld pushrod friction weld pushrod
I

Verify design tyge 100 hre f 100% 1 engine LP inspection of plug weld -
RIVER BEND semple basis

!k
Verify design type Normal Preop testing LF pe n of plug weld -j IUueCHO SECO

V-16 ENGINES:

,.I Verify design typo Mormal Preop testing LP inspection of plug weld -
i.. Metallurgical examination of Emperimental endurence test of semple basis
!I GRAND CULF friction wold pushrod friction weld pushrod

i.;.
.

CATAWBA Verify design type Normal Preop testing
- nP t n of plug weld -
,

r

LP inspection of plug weld -PERRY verify design type Normal Preop testing semple basis

R
COMMANCHE PEAR Verify design tyle flormal Preop testing 8]CIf[""I IP "7 "' ~

,, , ,

*
ln of P ug weld -NARRIS Verify deFign type Normal Preop testing , , h,

, ___

; Verify design type Normal Preop testing pect|nofplugweld-VOGTLE 1,

, p ,

V-12 ENGINts:

MIDLAND Verify design tyle teormal Preop testing LP inspection of plug weld -
semple bests

V-20 ENGINES: ~

SM mom LP in=pection of plug weld -
Verify design type flormal Prcop t es t ing s epl e basis

I

ik
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DR-22-290-1

( COMPONENT DESIGN REVIEW
TASK DESCRIPTION

MAIN AND CONNECTOR PUSHRODS Classif1 cation B
PART NO. 02-290 Complet ion 2/27/84

PRIMARY FUNCTICN The pushrods form portions of a linkage that t rans mit s
camshaft lobe mot ion to the cylinder intake and exhaust valves, thereby
controlling the valve opening and closing cycle by reecting against the
valve spring and inertial forces.

FUNCTIONAL ATTRIBUTES:
1. The pushrod loading is compressive, so that t he pushrods saust have

suff1cient strength to withstand compressive buckling.
2. The pushrod ends must have acceptacle wear res1 stance.
2. The design of the interface between the pushrod tubs and end fitting

must rainim1:e the possibility of manuf act uring defects and adequately
react operational loads.

SPECIFIED STANDARDS: None

EVALUATION:
1. Review the historical evolution of pushrods,

including dimensional, material and manufacturing
changes.

2. Determine maximum compressive loads for DSR-48,
DSRV-16-4, DSRV-12-4, and DSRV-10-4 designs.

2. Review metallurgical analysis performed by Midcle
_

Sout h Service for Mississippi Power and Lig%t ~

(MP6L), entitled " Metallurgical Evaluation of
Diesel Generator", dated Oct ober 1982.

4 Review relevant portions of " Grand Sulf Nuciccr
Station - Unit 1 Int erirn Report on D.u.sion I and
II TDI Generators", dated January 1984,

5. Perfccm metallurgical examination of feiled pus 5r:1d s.
6. Review fra ct ion welded pushrod end configurat t on

from design, manufacturing, and metallurgical
standpoints.

7. Complet e report on pushrods on LILCO and MPEL
engines (DSR-48 and DSRV-16-4).

8. Complete report on DSRV-12-4 and DSRV-20-4 enLines.
'

REVIEW TDI ANALYSES:
1. Review any TDI analyses related to the evo2 ut ion of

the pushrod cap design from plug weld, to the hardened
ball and ultimately to the inertial welded c a n.

INFORMATION REQUIRED:
1. Manufact urer drawings and mat erial specificat1ons
2. Rocker arm spring and inertia loads
2. Meta 11ergical reports of previous plug and ball = cide:

"

connecting rods which experienced fractures.

.
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UNIT ANALYS15 |,.

TEMTING INSPECTIONI i
1, R-45 ENGINESs ' -

j. g - - _
'

-

.
!

|o;trese analyside
S preload and 100 Hrs 9 100% po.or visust esseinetton on 3 sets p, -

s* rational ir.nuced loads for Lo0P/LOCA stralation - 3 eagines *ncl.)e, veri fication of psoper
;-

,

re tced crees teet!On capscrew twique and current design typt
,

I SHOREHAN '~
design. ,

.

.

n-Verify almilarity to SNPF/GGNS 100 His @ 1004 power - 1 engine Verify troper toeque and desten,

*
RIVER SENfs type

'

,
,

i'

i ,

Verify similarity to SNPS/GGNS Normal Preop testing Verify proper torque and destyn Ij RANGNO SECO Evaluate differences4* type

|8 V-Is ENGINES: -

.

.

!

p]. Stress analysis: preload and 100 Hrs f 1004 power - 1 engine Verify proper torque and designoperational induced loads for type ;
i GRAND GULF uniform cross section capscrew
; design.

b
_

t Verify similarity to GUPS/GGNS Normal Preep testing Verify proper torque and designCATAMBA Evalust,e differencer
type- -

t

! ,;E E8I Vsrify similarity to SNPS/GGNS Normal Preop testing Verify proper torque and design' Evaluate differences type

Verify similarity to ONPS/GGNS Normal Preop testing Verify proper torque and design
*

COMMANCHE PEAK Evaluate differences type

verify similarity to SNPS/GGNS Normal Preop testing verify proper torque end design ',
.,

,

HARRIS
Evaluate differences type

I.,-

V0GTLE Verify similarity to SNPS/GGNS Normal Preop testing verify proper torque and desi9n
Evaluate differences, type.

V-12 ENGINES:
i *

i HIDLAND Verify similarity to SNPS/GCNS Normal Preop testing Verify proper torque end design
Evaluate differences type

V-20 ENGINES:,

[* Verify similarity to SNPS/GGNS Normal Preop testing Verify proper torque and designSAN ONOFPEgi Evaluato differences type

i. ;
i

h
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DR-02-3903-1

COMPONENT DESIGN REVIEW
( TASK DESCRIPTION

ROCKER ARM CA? SCREWS Classificat2er. EPART NO. 02-3903 Completion 2/1/B*

PRIMARY FUNCTION: The rocker arm capscrews transmit resultant loads from
the valve springs, valve opening pressure pushrods, and rocker a cta
assemblies to the sub cover and cylinder heads.

FUNCTIONAL ATTRIBUTES:
2. The rocker arm capterews must have sufficient st rength t o withstand

the necessary prelcad and escillat zon loads without fatigue cracking,
unaccept abic preload relaxation er thread distort 2on.

SPEC:FIED ETANCORDS: None

EVP.LUAT!DN:
1. Det ermine the st ud dimer.sions from existing design

drawirgs ar.d evaluate the stress at the minimum
cross-sectional area resulting from the apolted
pre:oads assurcing unif orm thread lubrication and
::ad di s t ribut ion. Stress concentration factors
for the thread root area will be included in tne
arElysis for the previous TDI design.

J". Ost erreine the stresses experienced at the minzmum
.rea ress! ting fror.1 oush rod motion, valve

s ;. r 1 r.g de fi c ct i or. and velve opening pressure.
2. Deterr-ire the totti resultant bolt stress ar.d

::e. pare tc yield and encuaance limits. C
4 Co:ga-c cap ':rew desigte ar.d mat erial specificat2on.

ts. ??'" R-192.
!. Is L. wet e the thread spe:ificat ion for resist atice

*

t- distortior. and creep.
1. "c'':" sir.'ilar onalysis on the previous uns form

=r:s: s e rt i er- capscrew design.
.

. . . . - .:..-.... . . . ., \. - :.. . . . .u
:. "c.-le.. any TDI stress analyses associated with design /

r.uterial ehenges.

N*~ 2 ""p'' ' ~ S EECU: RED:

1. Ocp: crew preload (hold-down force) *

2. Cacserew lubrication
3. Capscrew design drawings and matersal specifications
4. Ro:ker arrn georoetry and drawings
5. Val ve s or2 ng const ant s, free length, compressed

lengt5
E. Oper at i r.; loads on the capserews
T. Valve pop-epen pressure in cylinder

.
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DR-03-425

. COMPONENT DESIGN REVIEW( TASK DESCRIPTION

JACKET WATER PUMP Classif 2 cat' on A
PART NO. 03-425 Completior 3/18/84

PRIMARY FUNCTION: This pump takes suction from the jacket water standpipe
and delivers the required flow of treated Jacket water at the requ2 red
pressure to the eng2ne Jacket water header. The Jacket water earculates
through the engine cylinder Jackets, exhaust manifold, the turbocharger
intercooler, turbocharger lube oil and Jacket water cooler. The
Re act or Building Service Water System heat exchanger interfaces with the
Jacket water system for the ultimate heat removal.

FUNCTIONA_ ATTRIBUTES:
The pressure boundary must maintain integrity to prevent unacceotable*

.

water leaks.
2. The jacket water pump must deliver required flow at normal operating

pressure during engine operation.
2. The mechanical seal must be adequately designed for appropraate wear

life.
4 The pump shaft must be able to deliver required torque to pump impeller

with fluctuating torque input through gear train.
5. Pump drive gear must be adequate to transmit steady state and transient

; oad s.,

SPECIF*ED STANOARDS: None

EVR_UATICN: ;
1. Evaluate design and hydrotest pressures for casang

and impc ler supplied by Perkeley Pump Co. for the
R48 and Pacific Punp for the RV engines.

2. Verify that pumps have rur. to date with no un-
acreptable leaks in pressure boundary components.

2. Vrrify that Jacket water pump has provided sufficient
. flow and pressure such that the cooling water

temperature has not exceeded a.cceptable limit s in the
absence of other system problems, at rated load and speed.

4. Evaluate pump performance tests.
5. Verify that there have been no unaccept able mechanical

sea condit ions to dat e.
6. Analy:e stresses in pump shaft due t o bending, torque

and nut tensson on gear and impeller end (R-48 and RV
engines).

7. Evaluate the ef fects of the fluctuating torque input
from engine gear train.

REVIEW TDI ANALYSES:
1. Review any TDI analyses associated with changes in

impeller attachment configurations.

.

.
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DR-02-425

INFORMATION REQUIRED:
1. Maintenance records associated with pump caring and

mechanical seals
2. Start up and operational logs which identify cooling

water system temperatures.
3. Design and hydrotest pressure for the casings provided

by Berkeley & Pacific Pump Companies
4 Detailed drawings of pump rotors including fits and

tolerances on impeller and gear and materials
5. Steady state and transient torque oscillations inout

to the Jacket water pump frorn the drive gear assembly
6. Pump performance data includi q mechanical efficiency
7. Gear ratio on pump gear and cr.nk gear
B. LP and visual inspection results of the SNPS jacket

water pump assembly following 100 hours at full load
and a LOOD/LOCA simulation

9. TDI specified procedures for installing gear and
impeller on shaft including percent contact required,
torque on gear and impeller nut
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DR-03-688B

< COMPONENT DESIGN REVIEW
TASK DESCRIPTION

WIRING & TERMINATION Classification A
PART NO. 03-688B Completion 3/9/84

_

PRIMARY FUNCTION: The wiring and terminations interconnect instrument,
control and power circuits on diesel generator itself and within the
control panels.

FUNCTIONAL ATTRIBUTES:
1. Conductors, insulation, and termination must be suitable for

specified amp rating.
2. Conductors and insulation must be flame retardant.
3. Material and insulation rating should be appropriate for engine and

generator applications.

SPECIFIED STANDARDS: IEEE-383

EVALUATION:
1. Review wiring insulation for compatability with

circuit requirements.
2. Flame retardant insulation:'

a. Determine whether insulation is qualified to
IEEE-383, UL or some other industry standard.

[.. b. Determine whether insulation is a material
''

known to have generic fire retardant-

characteristics.
c. Determine whether wiring need be installed in

individual conduit to minimize insulation damage. =
3. Evaluate any apecial circuit requirements, such as

shielded cable.
4. Compare termination type, material, size and

insulation ratings with characteristics required
for application.

REVIEW TDI ANALYSES: Review if available

INFORMATICN RECUIRED:
1. Cable type test reports or other approved qualifi-

cation method for each cable type supplied with
the engine

-
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APPENDIX 7

COMPONENT DATA BASE

This section contains the Owners Group Summary Data Base for the 16

Phase I (Known Problem) components on the lead R-48 diesel engine

(Shoreham). The latest summary data bases for all Shoreham and

Grand Gulf Components are being provided under separate cover.,
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s 't n * F H A M NHCL t AR P owr R 5T4 i ION tl Pt t T NUMeFR 1 g3
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C79e. % ". r0*P. CU'RF1' PRin" 5FLFCTInN Fo*PITTEc 9EstGN RVW. 9tf ALI TY RVL.
CLAS% Dat F naf e "E%IGH 7UALffY DEG N0 40C. RfC. ACC. RFC. r3

*

RVW. Pvt. RVW. R Y W.
I*

nfHrm L ETT ER rR nN M. ; p t N 0f *4 1%TAfF PF ALA'RAI TO 0."CLO4VfD%DN tirRGusnN t rUROFLLI DATFD ej
07/?S/8n. , ,

HTHtR t*TTER FROM M.lmtNDFN TO ne9APitNi ff"Il D A f f 0 06 / 8 4 /'9 A ND 01/19/19 .,

O'H'M LFifLR-M.F.TntNOEM TO W. hun %DM-92/Off9 q
-

,til ACitDN TAREN %IN;F VE %5FL DrtivrRv-IN5f 8LL EO 'EL IFF P45% AGE % IN CYttHnER HF 405 TO PFRMI T
COM*U5fl0N GA%L5, LF4 KING P45T FIRE RINr.5, in vrNT INin E NGINr RunM. PRinR in THis, GA5F5 untsto '.

* *

ENIFR JACFErt WatFR System ANO CAU5F AIR MINDING nF CIRFULATING PUM*S. (M/V "C0tu" PIA") p
nfHFR H UN T E WILLIAM 5 (12/29/R31 TO C.4EAMAN
pfHeR LFffER T3 int (O.MARitNil DAIFO 01/74/8n FROM M.lBINDFN (STATE OF ALASK48 i ,i

;J143 A00 lit 0M OF "PO$is" T1 FRISTING EvLtNDFR tE a 0 5 %H"Ut o R * SDL VE W4 RP A".E A t 1 C 9 n'CLOCR g .

P
P95ITIONS AND PflRN 007 nF FIRF RINGS. OFL AV AL NOW STRF55 PELIFVF5 ALL lic A95 A*iER VALVE SEAT (*
RFWnRR-HE ADS 50 M ARRED 59, f M/V "C0ttl*BI A *l ' . .

'

OTHER H UN * C WILLIA 45 112/29/R39 in C.5E AMAN .

** *
OTHFR MfETIN5 BFTWEEN TOR (C."ATHrpti AND ALASRA tR.LINDO UN 99/04/90
niHrA L Ef f ER-GF T*U45FL TO M.fniM9EN-I t /2R/ 78 .;.

,

j OTHFR LETTER FRnN M.tetNOFN TO W.Hunsqq OtTFD 02/02/79 g *

Of stE R LFTTER FROM M.lMINGEN TO n.MARitNI OA T ED 03 /19/ f 9
140 $UMMARY OF PRnntE MS-W4RPAGE De CYLINOFR HeA"5 AND FIRC RING BURN OUT. CR ACRING OF VAL VE
5F AT5 AND CYL IN"FR SEA 05. t#/V *Cntywptgal

| OTHFR H UN T C WILLI A*5 t t2/29/R13 70 C.5E AMAN
OTHFR L*ffER TJ Int gn.wAmitNtt047tp 91/24/40 FROM M.lafNnEN ISTATE nF ALASRAI
O'HFR LFTTER FROM M.lRINDEN in ".MA*TtNT nafEn 01/16/R0 g
atqrR LFT'EP FRn M.'ntN9EN TO T98 04fr0 07/10/79, 01/?9/79 ANO 03/19/T9
UTHf R LFifER FR OM M.FRINDEN in W. hun %DN DATFD 07/02/T9
165 00 RING nyFRHattt , tyt |Norg HEA9 WA% "EMOVE9 DUF to INotC4ft0NS De INff RN AL WATER LF AR AGE. g
IM/V "CntitMntA=1

| UTHeR H UM t t WILLI AMS I e 2/29/93 9 'O C.5E AMAN
i

' ofHfR L Fif EP FMPH M.lRINDEN 6 %T AIF nF ALA%KAS 10 9. UU' t E 17919 DAT E n 06 /17/ 80 O '

179 LINFR5 *ECEivro HAD I4PPnaER FINISH-RrgittREn REWORK. (N/y *COLU18t aal
OTHrR HUN t & WILLIA"5 ft2/29/919 '3 C.5FAMAN
nfHrR PFMn FRnM M lit NotN t%TAfF nF ALA%Kal TO FILE 604/09/Ril g ,.

til SIN TE EN NFW H'AOS OFFFCitVE OHE TO C A$f'Hn CORE 5HIFT W4tCH DLOCRF0 0F COnLING WAIER PASSAGF'

-REDAIRFD BY GR IN9tMG E WFLnlMG. IN/V "FDLU*ntA"I '

ntHER HilN T E WILLIAMS tl2/2"/m31 79 C.5E AMAN g
tifHTR MFMORAN004 FRON M.29tN0rN gn R.t gNo g sigyp nF AL ASK48 OATFD 06/17/81 AND Mel8tNnEN

in FILE $5fATF 9F ALA%Kaln4'EO 06/01/Pt AND 09/19/81
UTHfR L Ef f ER FROM M.f *INOFM ISTAfr OF AL A%K Al DAT FD 09/12/85 g

,

til AtLFGAftDNS MADF THat THE Egi tR F SURC E OF tvlIN7ER ROLT5 15 nnRPIE BY THe LINEN C AUSING THF
SFAn TO 5FP AR at F rP ng THE B LOC R . (M/V ar0L'IMnt A"I
nfHrR litrg. F. WgLt,IAMS tt2/29/R11 'l C.5EAMAN g)'

DTHfR L Fif f P GRp* G.TRU55ft tiott in n.f HOMP50M I AL 45K AN MARIME HIGHW4Yt t t0/27/Ril , y

208 TOI erCnMntNnst R FnHILO CylIM7ER HF40, NEW "NHAUST VALVE, SPR INr. F TC. RFMOVW CYttNOFR HeAn |

A'iFR 5031 H3% pr 1PL P AT inn AND CHECK EFF FC TS 0" "15 f nN C ROWM CUTBACK, WA YEe WASH Sv5tE4, gy

ENHANCFO 4tR FLOW. tM/V 'CnLU*BIA*l
ofHER H UN f F. WILLIA 4% $12/29/4)) 71 C.5F AMAN
ntHr# MFMn rRO1 5.4PHUM4CHER tinil TO R.PR A 'T 5 07/n"/929 *G 1, 2. g)
Fil nt 5r.ugg t3M F,u;rn NING HF A"-HF An e rw7V FH, risF5E9(? IN G909 F0101 TION, ERHASUT VALVE % L E 4R INr.
,tNTARF VALVt1 0000-Pq$51"Lv nUF in I"PPOVC*ENT OF C"PnOSTinN. S M/V "CMLUMRI4*t

O
i !

()
:

il



O

DA'E 7 't-r4 oAGE N9. IDR
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*H9* F HA # NuCL E AR P9WrR STA T IDN UN I T NUMPER I gg
.

C 99 P. N 9. CD*P. CURtFNT pRin4 SEL*CTION COMMYt'Er OEstGN RVW. 00AttfY RVL.
CLA55 DafF 04t F DE % Ir.H 7JattfY OtG ND ACC. RFC. ACC. PFC. gg

RVW. PVL. RVW. RW W.
,

utNFR H UNt C WitLIAMS 182/29/q53 Yn C.5eAMgw
UTHFR Pirn rRP* 5 5 C HU18 0HE. ITOtt 70 R.PR A TT $97/0M/929, PG 2,1
275 STATE ne ALAS,A 5FNT Tul 4 JuMK Hr AOS II HAVE C# ARS BEYONO REPAf R P9558 9L Y C AH5FD BY EEHAUST ( ,*4

*

,

VALVE SEA T RE NE WAtl . ONF HTAD FPO4 int 9AMAGEn TN iP ANSIT. SOME HF A95 RFCFIVf D HAD MEFN gg .i

89fCHFRrD-CPACMS, (AP CRORFN OFF 11 T H9e AMEO HOL E, "A# AGE D 'L ANCE F ACF 5. 10*E HFADS WFLDING 6. ..

5 LAY, Ptf5, BLOW HOLES, R357. IM/V "E ntitM n t A = 1 g. .

y* *

| 50uRCt N 9s t C
D'H'R H UN f C WILLIA *5 Il2/29/P11 73 C.5EAMAN *

,-
*

OTHrR *EMnRA100M FR1M MAN IntNDEN 15ftig nF ALA%K49 TO HUGH MCDONALD 101/09/81) ,

DTHfR LFTTER FADM P.19tNDEN 15fAfr DF AL45KAI in MenAILEY ITDil 103/01/91 AND D1/97/818 " .a ,

D'HFR LFifER '9pM M.f9tNDFN35fA'E nr ALAS KAl in B.PATLEY 170f) 12/92/8_. ,4
i

218 FIRE RING DIsitF55 AN9/OR FalLURE 05 SF ADS C A95ED BY tlNSYmwriplC AL 'tE AD BqLTING PATTERN . *
rCAU5fMG MOMENTS WifHIN THF LEAD A55rM9tv. IM/y =CnttJMelA=3 *-

*

SOURCE: N05:
DTHER S T5 R FPORT ND. 121-01 DATFD APRIL 1981, PG 1-10, 4'
248 CYLIHnER HEAD RFMOVAL AND F AILU* E R AT F VE* Y HIGH DJ F 70 P DOR r at TA BIL I TY OF Cast STFEL ANO g) ,

CLOSEM CONTRDLLFO FDJND*Y trCHNIDifE5 PE90TRtDe THIN CPD55 SFCig nMS, MISELIGNED CDOLING PA554GFS.
*

IM/V "COLUMalA*l '

SnURCE: 9 05: C)
OTHFR STS RFPORT NO. 123-01 DATFD A*RTL 1981, PCS 3-7, 1-4, 6- 3
299 CYLINDER 64805 HAVE EWCE5%IVELY HIGH FAILURE # ATE-WARPACE, CRACRING. LD55 DF FIRE RING SE AL,
ETC. R-PAYS SHOWED GAS PDCKFT5 FROM C A%TIMG AND IN A9EQU ATE WELD RFP A IRS. IN/V "CDLUMBI A*l )
59U8CF2 9051
lifH'R F NGINF RE PUILO RE PORT F9m STA TE OF AL454 A D ATFD D1/11/81, PG5 III, Ill-2, V1

()... ...................... ...................................................................
i R' CON" ENDED DFSIGN REVIFW Aff*l*UTC$t (b
f 19 ASSEMBLE L R* VIEW FValtfA TI1NS CO*Pt.ETEn TD DATF.

TASK DESCRIPfl0N* () .

*

19 T1 EVALUATE *F585f8HCE in CRACTING OF DelGIN AL AND CURRENT CYLINDER MEAD DEstGNS AND
'

DFIFRMINE C DNPL I AMC F WI'H AB5 STANDAROS.
()

. ...............s ...................... ...................................................

F.ECPMMFMDED Qtf4LITY 4FYALIDAftDN AT TR IP tf f F5: ()
It A55E9nLE & PEVIEW EVALUAflONS COMPLETEn TD DATF.

TASK 3ESCRIPIION! (I
09-l !

19 85iE90LE AND RFWlEW CRISTING 09CtsMcNTA finn.
29 ASSE"lLE AND R EVIEW FValtf ATIONS CD*PLE ten in DATF. gg

09-2 | -
Il PERFORM LP 115Pf CT 10N *F F1H AU$f AND IMT ARr VALYE %E ATS AN9 FIRE DFCM ARE A DFTWEEN ETH AU%T gy

'

vAtvt%.
j 29 INSPFCilDN F 7t t t1Wl wG 100 H10R5 rULL P3Wto nrrR A TIDM. THl3 TE ST 15 TO BE PERFORMED "N 1

CYLINnEP5 0F F AEH E ngl %r .
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' AGE NO. 19
PATE 7 't-9A,

ER r. E N f'. Y O I " 5F L GENE R A T UR ' 1P 9M" NT TR A CK I 't G SV 1YF M g
| .

%H nR t HA w N4CLi AR P nyr R $T A T ION UNI T NUMM ER I n
t

C99P. NO. CO*P. C UR R F f a t PRIUS SYLFCTIDN CH"MITitF DE 5f GN RVW. QUALITY WYL.

hELA%$ DAT E U Af r ''E % IGN 00AttfV DEG NO ACC. RFC. AC C. RFC.
RVW. evt. Ryg, Ryg,

.

1

O
Nr*N-NUCLE AR INOUSTRY EX'ERIFNiE* * *

d
! Il "Nr CYLINutR linin FOUND in PE SCUFFr0 AFTER 3000 CPTR ATING HR5 ANO WAS CON 5rQUENTLY CHANG D * **

I 09f. C AUSC UNRNrweg ICngtp gr 15f'L AT FD C ASE %INCF NO OTH*R LINr$ WFRF SCt;FFE99.
Q M/ V *P R I DE O F TIWA%"I

.'

f GTHER itTAN NAflGAflON, INC. LFffrR D ATED JttLY 22, l9928 PG.12
.

'
'

* *

29 ALL 12 CVLINntR LINES HAVC BFEN #FFO*f En AN9 R EINST ALLEO AT LF A%f qp(CF rQM REPLACEMENT AT LFA% ' .
,

T ONCF FOR WIPLACFMrNT OF LINTR 5FALS. IM/V "COLUMDIA") / *'

! 'ISOURCF N flS t
O .''r yi aO'HER HUNT C WILLIANS 812/29/839 70 C.5FAMAN

| OTHr4 LFitER-W.R. hun 50N in o.H.nARTINI-12/lA/76 di,,,
- 39 APPROM 21 OF 37 LINER $ HAVE LOST T HE IR CRU%H-RTPAIR Act|ON WOULD RF091RE MACHINING ENGINF

O, "I f ' .
~

f BLOCK AND IN5tRil0N OF A SHIM T O R E S Tf1R E THF CRUSH WHICH RE%fRAINS THE LINER IN P05til "
- f'

: VrRilCALLY. IM/V " COLUMBIA'l I r-

[d ' '' S'1UR C F Nes t
I '#.OTHFR HUNT C WILLIAM $ 432/29/137 TO C.$EAMAN *

! OTHFR MEMO FRnN M.fRINDe4 ( $ f AT F '1F AL ASK A B TO R. WARD DATED 17/10/8D.
i OTHFR LETTER FROM M.2MINDFN TO n.MA*f lNI tintl f1ATED 07/10/T9 AND 01/19/79 [

O ''' i ,l 99 STAf F OF ALA%R A WILL INSTALL A CYLIN9ER WATER-WASH SYSTEM 5HICH f1AY P055f DLY RFDUCF C ARBON BU
*

! ILD UP IN THE CnMPUSTl0N ARFA. IM/V "COLUM8tA*)
! 59URCFt N f15 2

0; 4OfHrR HtMT C WILLI AMS tl2/29/R3) in C. SEAMAN
UTHER MEMO FRON M.in tNDEft 4 %T ATF f'F ALASKAS TO R. WARD D ATFD 12/10/80.
19 LIMERS NOT MAINI AINIMG THElm DIMcNil9NS, RFOUIRING RFM ACNINING-DUE TO FRCESSTVE FitTON SIDE '

T'#R US T. tw/V *CDLugnIA=9 O
5'10RC * * 't05:

,

DTHER HUNT C WILLIAMS I12/29/R39 TD C.$FAMAN
OTHrm MtMOR ANNUM FR'1M M.lRINGEN TO R.L IND I STATE OF AL A5R AI DA TED 04/17/6t. O
OTH'N L rf f EP FROM 9.lPINDFN QSTAfF OF ALA%KAS Tf1 C.MATHEWS t iftll DATED 12/24/RO.
OTHER MFMO FRnN 2RINDFN TO R.WA*D D ATED 32/ID/MO.
69 FVLINDFR LINrR I NS PE C I FD-5 CUFF I Nfi AN9 SCW ATCHE1 FOUNO. VFRY LITTLE Cann04 MUILOUP A BOV E TO P

,, ,

"

RfMG TRAVEL t WAS NU1-FNISTrNt tPf f"157 7F THE CIRCUMFFRENCEl. PISTON CROWN IN ENCELLENT SHAPE.
.

.

.

IM/V 'COLUMRIA'l
'*

39URCES N 05 8
OrprR HtNT C WILLIAMS 112/29/R39 TO C.5F AMAN
f1fHtR Mtpri rnog $.5 C HUM A C HE 9 f f DI l TO R.PRATT (UT/09/R29, PG 2.
79 CYLINDFR LINFR FRACTilRF CAUSFD BY HIGH CDM'RFSSIVE STRESSES ON THE tutPtTERRORE LIP, LOCALI2ED

,,
"

.

STRF$$ CON 0ffIDM FRfM THF COMalNATIDMS nF 5 HARP INirPNAl. CORNFR FOR LIP 81/32 INCIf RADIU59,
NF A'DY DR ILLING FOR dmTFRJACKET 01 S itF), TERMINATION OF 51U0 THRE ADING AT THE SAME LEVEL, CREFP'

,
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SCHEDULE / STATUS
R48 LEAD ENGINE (SHOREHAM)

11/1 (2/1 1/1 2/1 3/l 4/l 5/1

I. ASSEMBLE EXPERIENCE g

L H. COMPONENT SELECTION

III. PREPARATION OF TASK y
DESCRIPTIOM

e

IE. IMPLEMENT TASK fr
DESCRIPTION -

X. PREPARE FINAL REPORT
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