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FOREWORD

This report is supplied as part of the Technical Assistance Project,
Assessment of Diesel Engine Reliability/Operability, being conducted for the
.S, Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation,
Division of Licensing, by the Pacific Northwest Laboratory, The U.S. Nuclear
Regulatory Commission funded this work under authorization B&R 20-19-40-42-1
FIN No. R2963,
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ABSTRACT

This report documents Pacific Northwest Laboratory's (PNL) review of the
Owners' Group (0G) design review and quality revalidation (DR/QR) of the
critical components of the Transamerica Delaval, Inc, (TDI) emergency diesel
engine generators installed at the Comanche Peak Stear Electric Statir®  The
0G effort, conducted for the Texas Utilities Generating Company [TUGCD), is
reported in TDI! Diesel Generator Design Review and Quality Revalidation Report
(September 7, 1985) and Revision 1 (January 1985),

PNL and its consultants reviewed this multi-volume report on an audit
basis. Based on this review, PNL concluded that the 0G study addressed the
critical engine components in sufficient detail, In addition, PNL found that
the studies conducted on the individual engine components were generally
adeguate and sufficiently detailed to establish that the components in service
will perform their intended functions,

PNL recommends that additional consideration be given to several mainten-
ance items, These recommendations are not of sufficient or immediate concern
to require TUGCO commitments prior to licensing, However, PNL feels that TUGCO
should commit to them prior to the end of the first refueling outage.

On the basis of its audit review for completeness and adequacy, PNL con-
cludes that no further reviews of the Comanche Peak DR/QR need be done, That
is, PNL concludes that 1) the audit size (80 of 174 components) and 2) the
favorable results found are sufficient to provide a basis to assume the ade-
quacy of the 0G review on the remaining components, PNL therefore concludes
that the 0G DR/QR effort for the Comanche Peak Steam Electric Station has
requalified the Phase [l engine components for their intended service,
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REVIEW OF
DESIGN REVIEW AND QUALITY REVALIDATION REPORT
FOR THE TRANSAMERICA DELAVAL DIESEL GENERATORS
AT COMANCHE PEAK STEAM ELECTRIC STATION UNIT 1

1.0 INTRODUCTION

The Pacific Northwest Laboratory (PNL) is supporting the U.S. Nuclear
Regulatory Commission (NRC) staff in addressing questions on the reliability,
operability, and quality assurance of the Transamerica Delaval, Inc. (TDI)
diesel engines used to provide emergency standby power in some nuclear power
plants. These questions were raised because of a major failure in one TDI
diesel engine at the Shoreham Nuclear Power Station (SNPS) in August 1983 and
other problems encountered with TDI diesels in both nuclear and non-nuclear
applications.

Texas Utilities Generating Company (TUGCO) and twelve other U.S, nuclear
utilities that own generators driven by TDI-manufactured diesel engines estab-
lished an Owner< Group (0G) to address and resolve the concerns pertaining to
these emergenc. diesel engine generato=~s., This group formulated a program
that, throug® a combination of design reviews, quality revalidations, engine
tests, and component inspections, is to provide an in-depth assessment of the
adeguacy of the respective utii*ties' TDI engines to perform their intended
safety-related functions., This proiram has involved a comprehensive review of
the crucial components in the TDI d‘esel engines at each of the TDI diesel
owners' facilities,

The 0G concluded that 16 components of the TDI emergency diesel generators
(EDGs) warranted priority attention because of known problems or special con-
cerns for the component quality., Each of these components has generic
application in the TDI R-4 series engines, Each component was evaluated
individually to determine and resolve the area of concern and to ensure that
the resultant component is adequate for the intended purpose. This effort has
been designated as Phase [ of the 0G program,
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In response to concerns about the operability/reliability (0/R) of TDI
engines, TUGLCO with OG assistance has undertaken a comprehensive analysis of
all major engine components and has replaced some of the engine components. To
verify or ensure engine 0/R, TUGCO has also subjected the CPSES EDGs to addi-
tional inspections and tests beyond those specified by the manufacturer and the
NRC Regulatory Guides, or those routinely conducted prior to actual engine
operation, Further details regarding these engine tests and the requalifi-
cation activities undertaken by TUGCO can be found in the PNL report, Review
and Evaluation of Transamerica Delaval, Inc., Diesel Engine Reliability and

Operability - Comanche Peak Steam Electric Station Unit 1 (PNL-5234), dated

September 1984,

1.2 REPORT ORGANIZATION

In Section 2.0 of this TER, the overall Owners' Group DR/QR program is
described, followed by a summary of the 0G DR/OR efforts and conclusions spe-
cifically related to the CPSES EDGs. Section 3.0 documents the PNL evaluation
of the 0G DR/OR study. The various facets of PNL's evaluation, including the
scope, objectives, and approach taken, are described. Section 4.0 provides
PNL's overall conclusions and recommendations. Finally, Section 5,0 presents
an account of PNL's detailed review of the 0G DR/QR analysis of 80 individual
EDG components.

1.3



2,0 OWNERS' GROUP DESIGN REVIEW/QUALITY REVALIDATION EFFORT

This section first presents an overview of the Owners' Group Design
Review/Quality Revalidation program. The generic description also serves to
document the objective of and methodologv used in the DR/QR effort conducted
specifically for the CPSES EDGs. Second, this section summarizes the outcomes
of the DR/QR conducted at CPSES and presents the results obtained and conclu-
sions reached by the 0G.

2.1 PROGRAM DESCRIPTION

The Owners' Group DR/QR program was established to provide a standardized
means for examining each owner utility's engine(s) in order to assess each
engine's ability to reliably perform its intended design function, The
examinations and reviews are conducted by a centralized team of engineering
personnel with specialized skills in appropriate fields including diesel engine
and generator design, operation, and manufacture,

Implementation of the DR/QR program involves a stepwise progression of
activities, The first is to select the components of each engine that warrant
a detailed design review and/or quality revalidation. The engine components
selected are then subjected to either a design review, a quality revalidation,
or both, When these reviews are completed, the Owners' Group technical staff
reviews and approves the inspection results, document packages, design review
findings, and calculation results. These activities are described in more
detail in the following subsections,

2.1.1 Component Selection

The diesel generator components to be included in the DR/CR program are
determined by a Component Selection Committee. Selection is based on

e the component's function and role in the overall operation of the
engine

e the component's nuclear and non-nuclear industry experience

e the Coomittee's engineering judgment,
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® acceptance criteria

e final documentation requirements,

In some cases the Design Review Group and/or the Quality Revalidation
Group prepared task descriptions that required no additional DR or QR for
certain components. The individual task descriptions contain the justification
for this reduction in scope. In general, the basis for not requiring Design
Review and/or Quality Revalidation is the following:

® lead Engine Component Reviews - The identical component was reviewed
on a lead engine, Any recommendations that supported the conclusions
in the lead engine report are included in the task description,

® Experience - Either no adverse site or industry experience exists or,
if it does exist, the task description addresses its resolution,

2.1.3 Design Review

Recause of the number and diversity of the components and standards
involved, the design review is tailored to each component. The actual design
review is accomplished using one or more of several methods, includirg 1) an
independent calculation performed by the Design Review Group; 2) an independent
review of the adequacy, appropriateness, or correctness of existing vendor
and/or subvendor calculations; 3) testing specified by the Design Review Group;
and 4) other methods specified and approved in the task descriptions.

During implementation of the task descriptions, the Design Review Group
specifies quality attributes (in addition to those identified during the com-
ponent selection process) for incorporation into the quality revalidation
process. The Design Review Group also identifies any components for which
corrective action may be required to improve reliability of the diesel gener-
ators. This may inclrde recommendations for design modifications or for
increased frequency of component replacement and/or maintenance, or additional
inservice inspection,

2.1.4 Quality Revalidation

Each component requiring quality revalidation is subjected to a documen-
tation review., Through this process, all appropriate documentation (e.q.,
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material test reports, nondestructive examination results, vendor/subvendor
records, site records) associa‘ed with the component is identified and cata-
logued. With assistance from Quality Engineering, each aocument is reviewed
for acceptability. These document packages are then mace available to the
Design Review Group to assist in the engineering review, Important attributes
identified by the Design Review Group, but for which acceptable documentation
did not exist in the component file, are verified by tests and/or inspections
performed by the Quality Revalidation Group.

Tests or inspections required to be performed on components are forwarded
to Nuality Engineering to develop detailed methodology and procedures to be
followed, These instructions are issued to Quality Inspection, Field inspec-
tions and tests are performed by qualified personnel, Depending upon the
specified test or inspection, a spare or surplus part in lieu of the installed
part may be used as the test/inspection article. Results of inspections and
tests are summarized by the Quality Revalidation Group and reviewed by the
Design Review Group as necessary to make a final determination on the
component's suitability to perform its intended function,

2.2 COMANCHE PEAK STATION STUDY

The 0G DR/OR program described in Section 2,1 was applied to the TDI
diesel engines at CPSES, The results obtained and the conclusions drawn by the
0G from the CPSES DR/QR are summarized in the following subsections,

2.2.1 Results

The Comanche Peak engine components considered by the 0G Component
Selection Committee are listed in the Appendix. The Committee's determination
of type of attention needed--design review, or quality revalidation, or both DR
and OR, or no review--is noted for ea~h of the components considered,

As indicated in the Appendix, most of these components w.re judged to be
acceptable for their intended service with unlimited life, provided that the
recommendations identified ere foilowed. The recommendations deal primarily
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with additional inspection requirements, as well as improvements in installa-
tion, operating, and maintenance procedures. In some cases, procurement spe-
cification recommendations are identified to aid the utility in its spare parts
program,

Some components required modifications, as identified in the Appendix
column headed Recommended Action, The utility's implementation of these recorw~
mended actions is intended to result in a component that is acceptable for its
intended service with unlimited 1ife,

The 0G DR/OR effort for CPSES produced a detailed assessment of 174 TDI
diesel generator components, The 0G indicated that many of these components
were examined using analytical techniques comparable to or exceeding the
detailed engineering effort of the original design. The 0G also pointed out
that extensive component inspections were an integral part of the DR/QR
program, and the performance of these inspections contributed to the level of
confidence for these critical diesel generator components,

2.2.2 Owners' Group Conclusions and Recommendations

The 0G concluded that the DR/QR effort had contributed substantially to
quantifying the reiiability of the CPSES EDGs by establishing the acceptability
of critical engine components., The 0G also stated the belief that this effort
verifies the acceptability of the CPSES EDGs for nuclear service by showing
that the engines' important components have been assessed to be adequate for
their intended functions., In cases where component adequacy was judged by the
Nwners' Group to be marginal, corrective action was recommended to ensure the
adequacy of the component.

The 0G concluded that the TDI diesel generators installed at the Comanche
Peak Steam Electric Station are acceptable for their intended safety-related
function, Further, they concluded that the incorporation of the maintenance
and surveillance recommendations into the plant's existing program provides
added assurance that these diesel generators will continue to perform their
intended function for the expected lifetime of the plant,
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3.0 PACIFIC NORTHWEST LABORATORY'S EVALUATION

The TDI Diesel Generator Owners' Group document, TDI Diesel Generator
Design Review and Quality Revalidation Report, prepared for TUGCO's Comanche
Peak Steam Electric Station Unit 1, was evaluated by:

e D, A. Dingee, PNL project team

e J, F, Nesbitt, PNL project team

e P, J. Louzecky, consultant, Engineered Applications Corporation
e N, Jaffray, consultant, Ricardo Consulting Engineers

e N. N. Rivera, consultant, Designers and Planners, Inc. (TRACOR
Hydronautics, Inc.)

® L, Wechsler, consultant, TRACOR Hydronautics, Inc,

e A, Wendel, consultant, TRACOR Hydronautics, Inc,

- 3.1 SCOPE

The PNL evaluatinn addressed the general conduct of the DR/QR program at
Comanche Peak and focused on the actions taken by the Owners' Group and TUGCO
to perform the DR/QR effort. The scope of this evaluation was limited to pri-
marily an audit-type review of specific actions taken and conclusions reached
by the Owners' Group regarding certain components of the CPSES EDGs.

3.2 OBJECTIVES
The objectives of PNL's evaluation were

1. to determine whether the 0G DR/QR effort inciuded all of the compo-
nents considered critical to the continued safe ouperation of the
2 CPSES ENGs
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2, to determine if the 0G had adequately reviewed the critical
components in terms of design and’or quality assurance
considerations, such that the intent of the Owners' Group Program
Plan(?) was satisfied

3. to determine if an adequate maintenance/surveillance plan was in
place to ensure that the engine components would continue to perform
their function for the life of the plant,

3.3 METHODOLOGY

The approach taken to accomplish the objectives of confirming the com-
pli. . '2ss and adequacy of the 0G efforts consisted of 1) independent ‘dentifi-
cation of key components, 2) audit reviews ov the DR/OR report information,

3) onsite audit reviews cf backup and reference information, 4) engine obser-
vation, 5) meetings with 0G and TUGCO staff, and 6) consultant judgment, Tnese
elements are described below as they relate tu the objectives of assessing
completeness and adequacy of the 0G component DR/QR review and the review of
the maintenance and surveillance program,

3.3.1 Assessment of Completeness of Owners' Group DR/OR

PNL evaluators assessed whether the 0G DR/QR study had addressed all of
the components considered critical to the continued reliable operation of the
CPSES EDGs, In May and June 1984, prior to the 0G issuing any DR/QR reports,
four PNL consultants independently identified from 12 to 20 components or
systems (excluding the Phase | generic components) whose importance to engine
re'iability and operability, in their judgment, warranted their inclusion in
the DR/QR effort, These lists were developed for both TD! inline and
V engines. As a measure of completeness, PNL evaluators compared the
consultant-generated lists with the OG-generated list of components (see
Appendix) considered in their DR/QR, to determine the extent to which the two
1ists matched,

(a) The stated intent of the Owners' Group Program Plan (March 1984) is to
establish ",,.reasonable assurance of the ability of the TDI engines to
provide reliable backup power supplies for nuclear power plant service",
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3.3.2 Assessment of Adeguacy of Owners' Group DR/QR

The PNL consultants were asked to evaluate the appropriateness of the
design review performed, and the DR/QR actiun ta“ca, on each component reviewed
in this audit-type effort, PNL chose most of the components for this evalua-
tion on the basis cf their importance to engine operability and their relevance
to a PNL consultant's specific area of expertise, Some individual components
were included because of their relationship to other components and systems,
Tnis approach resulted in a review of the 0G documentation on at least
80 components, The PNL evaluators then examined the DR/QR repcrt documentation
for each of the 80 components,

It was not considered practical for the reviewers to analyze all the rele-
vant documentation for each of the components considered, This is particularly
true of the QR documentation, Freguently the components reviewed were disposi-
tioned by the 0G by technical evaluation reports or TUGCO documents (e.q.,
maintenance and repair reports, nonconformance reports; that were referenced
in, but not included as part of, the DR/QR report.

The adegquacy and thoroughness of the CPSES DR/QR backup documentation was
evaluated through a sampling review of the Phase | components, onsite at CPSES
in conjunction with a review of the Train B engine. The PNL team ascertained
that the recommended 0G inspections had been performed and that all reviewed
components hac a traceable record to the final conclusions documented in the
DR/QR report, The PNL sampling review, done in support of the CPSES technical
evaluation report (PNL-5234), involved reviewing insp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>