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ABSTRACT 

Pacific Northwest Laboratory (PNL) evaluated operational· and expert exper
ience pertaining to the aging degradation of diesel generators in nuclear serv
ice. The research, sponsored by the U.S. Nuclear Regulatory Commission (NRC), 
identified and characterized the contribution of aging to emergency diesel 
generator failures. 

lhis report, Volume II, reports the results of an industry-wide workshop 
held on May 28 and 29, 1986 to discuss the technical issues associated with 
aging of nuclear service emergency diesel generators. The technical issues 
discussed most extensively were: man/machine interfaces, component interfaces, 
thermal gradients of startup and cool down and the need for an accurate industry 
database for trend analysis of the diesel generator system. 

Volume I reports the results of the Phase I research which identifies the 
components and systems most susceptible to aging degradation and the major 
causes of such degradation. Recommended corrective actions and the trend of 
aging related failures are also discussed in Volume I. 
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SUMMARY 

As a part of the Nuclear Plant Aging Research (NPAR) Program for the NRC 
Office of Nuclear Regulatory Research, an industry-wide workshop was conducted 
by Pacific Northwest Laboratory (PNL), operated by Battelle Memorial Insti
tute. Attending the workshop were representatives of U.S. utilities, vendors, 
contractors, consultants, and national laboratories. The workshop was held at 
Battelle Northwest's Seattle Research Center on May 28 and 29, 1986 to discuss 
issues associated with aging of nuclear service emergency diesel generators. 
The workshop participants all have technical expertise and direct experience 
with diesel generators and/or related subsystems. The information drawn from 
this workshop will be used to help direct the Phase II research on diesel gen
erator aging. The workshop was part of the research conducted under the 
Nuclear Plant Aging Research Program (NPAR). 

The insights gained from this workshop include a wide range of industry 
perspectives in several areas which directly affect the potential aging and 
operational readiness of diesel generator systems. The major workshop issues 
that are associated with aging include: manufacturer/ owner communications, 
current regulatory requirements, operations/maintenance/management practices 
and design/manufacturing/quality issues. 

Additionally, by identifying several specific technical areas as proble
matic, potential directions for future research were clarified. The identified 
problematic areas include: man/machine interfaces, environment induced aging, 
fast start and other regulatory required stressors, design inadequacies and 
vibration induced failure modes. 

v 





CONTENTS 

ABSTRACT ............................................................. iii 

SUMMARY .............................................................. v 

1.0 INTRODUCTION •••••••••••••••••••••••••••••••••••••••••••••••••••• 1.1 

1.1 BACKGROUND •••••••••••••• •. _ .... _.". __ ._' •• -. '.' ••••••••••••••••••••• •• _. • 1.1 

1.2 REVIEW OF NPAR PROGRAM...................................... 1.2 

2.0 OVERVIEW AND CONCLUSIONS ••••••••••••••••••••••••••••••••••••••••• 2.1 

2.1 WORKSHOP GOALS.............................................. 2.1 

2.2 WORKSHOP DATA............................................... 2.1 

2.3 CONCLUSIONS................................................. 2.2 

3.0 ISSUES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 3.1 

3.1 WORKSHOP SPECIFIC ISSUES.................................... 3.1 

3.2 ISSUE RESOLUTION............................................. 3.2 

4.0 WORKSHOP DISCUSSION AND RESPONSES................................ 4.1 

4.1 WORKSHOP FORMAT AND METHODOLOGy............................. 4.1 

4.2 WORKSHOP EVALUATION METHODOLOGy............................. 4.2 

4.3 WORKSHOP RESULTS............................................ 4.4 

4.3.1 Summary of Day One Comments.......................... 4.5 

4.3.2 Summary and Evaluation of Responses to the 
Questionnaire: Day Two ••••••••••••••••••••••••••••• 4.5 

5.0 PROPOSED SOLUTIONS AND RECOMMENDATIONS ••••••••••••••••••••••••••• 5.1 

5.1 CURRENT REGULATORY REQUIREMENTS............................. 5.1 

5.2 MANUFACTURER/OWNER COMMUNICATIONS........................... 5.1 

5.3 DESIGN/INSTALLATION......................................... 5.3 

5.4 MAINTENANCE PRACTICES....................................... 5.3 

5.5 WHO IS RESPONSIBLE.......................................... 5.4 

vii 



APPENDIX A - PARTICIPANT'S COMMENTS ON THE FIRST DAY OF THE 
WORKSHOP •••••••••••••••••••••••••••••••••••••••••••••••• A.l 

APPENDIX B - SECOND DAY'S QUESTIONNAIRE RESPONSES •••••••••••••••••••• B.l 

APPENDIX C - LIST OF CORPORATIONS THAT SENT REPRESENTATIVES TO 
PARTICIPATE IN THE WORKSHOP ••••••••••••••••••••••••••••• C.l 

viii 



FIGURES 

1.1 NPAR Program Strategy ••••••••••••••••••••••••••••••••••••••••••• 1.3 

TABLES 

4.1 Response/Issue Categorization Codes ••••••••••••••••••••••••••••• 4.3 

4.2 Responsibility Codes ••••••••••...•••••••.••••••••••••••..••••••• 4.3 

4.3 Question Response Coding Format, Used for Appendix B............ 4.4 

4.4 Issue/Response - Question Matrix •••••••••••••••••••••••••••••••• 4.5 

4.5 Issue/Response - Responsibility Matrix •••••••••••••••••••••••••• 4.6 

4.6 Ranking of the Major EDG Issues and Problems; Response to 
Question 1, Appendix B.......................................... 4.7 

4.7 Ranking of the Major Aging Degradation Causes: Response to 
Question 2, Appendix B.......................................... 4.8 

4.8 Listing of Recommended Trending/Failure Analysis Topics ••••••••• 4.9 

ix 





1.0 INTRODUCTION 

The workshop, addressed in this report, is part of a research program con
ducted by Pacific Northwest Laboratory (PNL) for the NRC Office of Nuclear 
Regulatory Research to identify the technical issues associated with aging and 
service wear of nuclear service emergency diesel generator (EDG) systems. The 
results of this segment of the research will aid in identifying and character
izing aging and service wear of diesel generators so that the effects can be 
mitigated before safety is affected. 

The workshop was held, in part, to assess the perceptions of individuals 
directly involved with the manufacturing, installation, operation, maintenance, 
and testing of EDGs. The evaluation of the opinions expressed at the workshop 
will help to ensure that correct perspectives are applied to future diesel gen
erator research. Additionally, the workshop was held to discuss problems and 
potential solutions identified by PNL in their Phase I evaluation of diesel 
generator expert and operational experience reported in Volume I of this report 
(NUREG/CR-4590). Finally, the workshop was held to increase industry awareness 
of problems that can potentially affect diesel generator operational readiness. 

1.1 BACKGROUND 

Maintaining the operational readiness of nuclear service emergency diesel 
generators may be one of the more significant issues facing the nuclear indus
try today. Nine major engine manufactures, several jobbing contractors, numer
ous variations of engine installation designs, ongoing design changes, and 
various engine models all contribute to the complexity of these comparatively 
small power plants that can produce several Megawatts of emergency power. This 
inherent complexity has lead to difficulties in characterizing performance and 
formulating appropriate guidelines for inspection, surveillance, and mainten
ance. 

EDGs at nuclear facilities provide Class IE emergency standby power to 
support the operation of emergency safety and plant protection system loads. 
During a loss of power to the emergency buses, the EDG must provide backup 
power to operate critical reactor safety equipment. Because they operate in 
this important capacity, the level of attention given to EDGs is driven by the 
need for ensuring system operability and reliability. Precisely what this 
level of attention should be, to provide reasonable assurance that public 
safety is maintained, is the subject of considerable research attention. 

During the past twenty years divergent information has been compiled on 
the performance of diesel generators used in nuclear service. Because of dif
fering operational and maintenance philosophies and industry practices, much 
information on EDG performance has varying degrees of detail and completeness, 
which ultimately affects attempts to conduct thorough condition assessment 
evaluations. Also, lack of information restricts the capability to develop 
appropriate regulatory requirements and uniform performance monitoring cri
teria. Identifying the problem is, at closer examination, more difficult than 
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it first appears. As a result, this report attempts to assess, by an examina
tion of opinions expressed in an industry workshop, what the industry perceives 
to be the real issues and requirements concerning nuclear service emergency 
diesel generators. 

1.2 REVIEW OF NPAR PROGRAM 

Because equipment aging can potentially reduce the capability of a nuclear 
plant to operate safely, the NRC's Office of Nuclear Regulatory Research, has 
implemented a comprehensive research program intended to evaluate the effects 
of aging on selected safety related components. This program, entitled Nuclear 
Plant Aging Research (NPAR), is designed to identify, evaluate, and generate 
guidelines to mitigate the aging problems of key, safety-related components. 
The NPAR program is addressing how aging processes may change the safety mar
gins of the key components and how aging degradation can initiate failures. 

The NPAR program goals established by the NRC are to: 

• identify and characterize aging and service wear effects which, if 
unchecked, could cause degradation of structures, systems, and com
ponents, and thereby impair plant safety 

• identify methods for inspecting, providing surveillance, and moni
toring, or for evaluating the residual life of structures, systems, 
and components to assure timely detection of Significant aging 
effects before an unsafe condition develops 

• evaluate the effectiveness of storage, maintenance, repair, and 
replacement practices in mitigating the effects of aging and in 
diminishing the rate and extent of degradation caused by aging and 
servi ce wear. 

To accomplish the above goals for nuclear service emergency diesel generators, 
the NPAR program strategy, illustrated in Figure 1.1, is being followed. The 
major steps are shown in circles; the bases to accomplish these activities are 
provided in the boxes. The program steps completed to date are shaded. The 
industry-wide diesel generator workshop, which is the topic of this report, was 
held as a starting point for the Phase II research. 
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2.0 OVERVIEW AND CONCLUSIONS 

A workshop was held at Battelle Northwest1s Seattle Research Center on 
May 28 and 29, 1986. The purpose was to achieve a limited set of goals and to 
disseminate information related to aging and failure studies of nuclear service 
diesel generators. Three consultants used by PNL in the Phase I aging study 
held seminars on aging topics and acted as resource persons in the discussion 
periods reflecting their extensive diesel engine experience. There was wide 
industry participation from vendors, consulting firms, national laboratories 
and, the largest group, uti~ities. The group size, just under 40 people, was 
large enough to represent good experience and a range of viewpoints, but small 
enough to allow discussion by all participants. 

2.1 WORKSHOP GOALS 

The intent of the workshop was to a~hieve the following goals, which are 
not listed in any priority because they all were considered important: 

• to disseminate knowledge and the results of the preliminary Phase I 
study. 

• to determine the workshop attendees perceptions of issues and prob
lems and also potential solutions to these problems. 

• to provide a viewpoint of current industry problems and activities 
related to diesel generators from the participants perspective. 

• to obtain feedback on PNLls Phase I research results to ensure that 
the Volume I data were reasonable and that, through this peer review 
process, significant aging items were not being overlooked. 

• to provide a basis and a peer viewpoint for future research needs and 
planning direction. 

All workshop goals were achieved and worthwhile information was exchanged 
during the workshop. Volume I research data was essentially confirmed with the 
exceptions discussed later in this volume. In addition, many valuable utility 
and manufacturer personnel were identified for information exchange and cooper
ation in the future. 

2.2 WORKSHOP DATA 

The methodology used in the workshop was such that personal perceptions 
and individual experience were the basis of much of the discussions and the 
results presented in this Volume II. In contrast, Volume I quantified record 
data reported to the NRC and other organizations. Each of these methods has 
limitations on the type of data that each will generate. 
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Volume I data is essentially limited to failure data reportable under the 
guidelines for each of the four databases. The potential exists for many oper
ating problems, with some safety significance, to be unrecognized simply 
because they haven't progressed to a reportable hardware failure. This is 
another reason why the workshop was organized. 

Volume II data and information was not limited by any reporting guide
lines, and participants were asked to simply define their problems and concerns 
related to diesel generator aging. The obvious limitation with this approach 
is that dates and other such details are not possible to obtain. So trending 
and related research analysis is not possible using workshop information. 

The differences in aging and degradation causes reported in each volume 
were to be expected and were significant in their ranking or apparent impor
tance. This in itself is not significant. The significant concern was that 
the data generated on the Phase I research would be found to be in error; this 
did not happen. The causes of aging found in the Phase I research was con
firmed in the workshop. One finding in the workshop was that oil, grease, 
fuel, gaskets seals, organic materials and spares related problems were much 
more significant than revealed by the databases used in the Phase I research, 
(note Table 4.7 in this volume). 

2.3 CONCLUSIONS 

The chief conclusion relates to the research concern over direction, 
results and the general acceptability of a research project, when presented to 
an experienced and knowledgeable peer group. The results in this regard were 
excellent. No significant result or finding in the Phase I research was found 
to be in error or contrary to the experience of the total group represented in 
the workshop. No missing information of a serious nature was found. The meth
odology used to generate a new expert-based, computer-managed data file on die
sel generator aging was also confirmed. 

The regulatory issue of Regulatory Guide 1.108 testing being a recognized 
engine stressor appears in the results of both the research and the workshop. 
However, there is no proven alternative method of monitoring, inspections or 
other technology/practice to replace Regulatory Guide 1.108 at this time. This 
should be a priority of the Phase II research, to find a better regulatory 
basis to ensure diesel generator operational readiness. 

The investment in preparation, expert assistance and all other efforts for 
the workshop appeared to give a good return in information and assurance that 
Phase I research and the effort planned for Phase II research were on track. 
It could be concluded that another workshop near the end of Phase II would give 
equivalent positive results. 

One result of the workshop was puzzling, until human factors considera
tions were applied. Vibration was discussed and presented to the attendees as 
the chief stressor found in the Phase I research, but was ranked sixth in the 
workshop results (compare, Table 3.8, Volume I to Table 4.7, Volume II). The 
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conclusion is that people tend to focus on problems that they or their organi
zation can solve, and give less attention to problems that are considered to be 
unsolvable. This tendency should be considered in any use of the workshop 
results. 
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3.0 ISSUES 

There are broad regulatory issues underlying the NPAR diesel-generator 
research. Two of these are: 1) is there an increasing common mode failure 
potential due to aging related failures and 2) are there regulatory, utility 
and research actions with a good potential for reducing such aging related 
failures. These issues were not directly addressed in the workshop. It was 
the viewpoint of both PNL and the diesel consultants, that a more focused 
approach on some specific issues would give better results. 

3.1 WORKSHOP SPECIFIC ISSUES 

The specific issues addressed in the workshop were reduced to questions 
and also discussed in the various presentations to the attendees on the first 
day. The issues listed below may be followed through this document as the 
questions listed in Section 4.3.2.1 and the solutions listed in 
Section 4.3.2.2. 

The first issue addressed was the perception by the attendees of the major 
emergency diesel generator issues and problems. PNL wished to ensure that a 
new check was made to list the issues and the problems from the industry view
point. Aging was not the central issue and no attempt was made to confine or 
direct the responses to aging related problems and issues. 

The second issue was the major degradation causes associated with diesel 
generators and the particular components of the system. PNL's interest was the 
potential for differences and to pick up missing information that may not be in 
the various databases used. Associated with this second issue was the concern 
that PNL's results should match what the attendees were experiencing in their 
plant. The results compared well and this sub-issue was eliminated. 

The third issue was how to identify aging problems, especially to detect 
and avoid problems from developing into serious failures. This issue generated 
much discussion and information. However, this issue is still open and more 
effort is needed to resolve it. 

The fourth issue was to further explore the potential for the regulatory 
process and requirements to either contribute to the aging process or perhaps 
have an adverse affect on potential solutions. This was indicated by the pre
liminary results of the Phase I research. In this work it was determined that 
the fast start testing of the diesels required by Regulatory Guide 1.108 is a 
significant aging stressor. In addition, when a component for a safety related 
system is failing often, simple replacement is encouraged by regulatory 
requirements on modifications and equipment qualifications. This issue gener
ated much discussion and attention from the workshop attendees. 
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3.2 ISSUE RESOLUTION 

It was not possible in a two day workshop to ensure that each issue was 
completely explored and a resolution was identified for each issue. However, 
the responses for these issues from the attendees are listed in Section 4.0 of 
this document. The resolutions are generally discussed in Section 5.0 of this 
Volume II document. 
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4.0 WORKSHOP DISCUSSION AND RESPONSES 

The workshop involved 34 attendees, not including PNL staff and consul
tants, representing 15 utilities, 6 manufacturers and vendors, 2 national 
laboratories, and 6 engineering consulting firms (see Appendix C for the list 
of institutions and organizations represented). The workshop participants all 
have technical expertise and direct experience with nuclear service emergency 
diesel generators. These individuals included: utility engineers, utility 
engineering supervisors, manufacturer and vendor engineers and service 
representatives, and expert engineering consultants who specialize in diesel 
generator problems. The participants met for two days to discuss the various 
aspects of nuclear service emergency diesel generator performance that can be 
affected by aging. 

4.1 WORKSHOP FORMAT AND METHODOLOGY 

The first day of the workshop consisted of presentations, by invited 
experts, directed at problems identified in the NPAR Phase I draft report 
entitl~d, "Aging of Nuclear Station Diesel Generators: Evaluation of Expert and 
Operational Experience", July 1986. These ~resentations addressed: vibration 
loosening of fasteners; philosophy of maintenance practices; materials degrada
tion problems; lubrication problems; engine system monitoring and condition 
assessment; and fuel oil degradation, testing, and storage. Each presentation 
was followed by a question and answer session. 

The second day of the workshop involved dividing the group into five sub
groups to systematically address a prepared questionnaire. The morning session 
was directed to identifying what the group members felt were the real problems 
associated with diesel generator systems. The afternoon session sought to find 
out what the group members felt were the potential solutions or solution stra
tegies necessary to correct the problems identified in the morning session. 
Each member of the subgroup was asked to express his opinion in writing, by 
answering the questions on his questionnaire before any group discussion of the 
questions; therefore, each member's answers were independent of the opinions 
expressed by the majority in the subgroup or main group. 

Each question on the questionnaire was presented individually and 
orally. Following the oral presentation of each question, a quiet period was 
maintained until the question was answered in writing. After the entire group 
was finished answering the specific question in writing, each individual in 
each subgroup was asked to provide his answer, orally, to the subgroup. This 
process was continued around each subgroup table until all of the answers were 
presented. With the use of flip-charts each subgroup was directed to categor
ize and prioritize the answers presented orally at each subgroup table. By 
using this method for each of the questions on the questionnaire, all partici
pants, regardless of their dominance in the group, had the opportunity to 
express in written and spoken words their opinions about the proposed ques
tions. Additionally, each subgroup had the opportunity to prioritize and 
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categorize the answers presented.(a) Using this technique avoided communica
tion problems regarding the interpretation of the answers given, as each answer 
had to be clarified for oral presentation to the subgroup leader. 

The questions presented on the second day of the workshop in the morning 
and afternoon sessions are listed below: 

Morning Session 

Question objectives: To identify what industry perceives to be the real 
factors affecting EDG operational readiness. 

1. List the major EDG issues/problems. 

2. List what you feel are the major aging degradation causes associated 
with particular EDG components (include also potential problems as 
yet unrecognized). 

3. What methods would you suggest for identifying aging problems? 

4. In what areas have regulations contributed to aging problems? 

Afternoon Session 

Question objectives: To identify potential solutions/solution strategies 
and to address the major aging problems identified in the morning session. 

1. What methodologies would you employ to solve the problems identified 
in this morning's session (include concepts on condition monitoring, 
PM, eM, et c • ) ? 

2. What areas would you change in operations and record keeping? 

3. What regulatory changes would you make to mitigate aging? 

4.2 WORKSHOP EVALUATION METHODOLOGY 

Following the workshop, the responses to the questions presented on the 
second day of the workshop were evaluated from two perspectives. First, a 
general, topical evaluation was performed to assess the distribution of 
responses for each question and the distribution of responsibilities associated 
with each response. Secondly, a technical review of the responses was per
formed to assess the relative ranking of the more-hardware-oriented answers 
associated with questions 1 and 2. 

Table 4.1 shows the codes for the question issue/response categorization 
used to develop the issue/response - question matrix, and Table 4.2 shows the 

(a) This method is called Nominal Group Technique. 
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TABLE 4.1. Response/Issue Categorization Codes 

Code 
A Testing practices 
B Design/installation 
C Maintenance practices 
D Operating practices 
E Administrative - technical/design changes 
F Training 
G Administration - management/communications/quality assurance 
H Regulatory 
I Engineering/technical support 
J Research/technical problems 
K Undetermined/other 
L Trend/failure analysis 

TABLE 4.2. Responsibility Codes 

u User 
v Vendor, other 
e Vendor, engine manufacturer 
j Constructor/jobbing contractor 
r Regulatory agencies 
a All 

codes used for assigning the responsibility matrix. A complete listing of the 
evaluated and coded responses is included in Appendix B. Table 4.3, Question 
Response Coding Format, shows the method used to uniquely identify and encode 
the response to each question. The Issue/Response - Responsibility Matrix is 
presented in Table 4.5. 

In many cases during the evaluation process more than one issue/response 
category code or responsibility code could have been assignea.· In order to 
simplify and clarify the questionnaire results, only issue/response categories 
and responsibility assignments that were considered by PNL staff to be the most 
appropriate were selected. In many cases, potential misinterpretations of----
responses were alleviated with further verbal questioning by PNL staff to 
extract the intent of the responses. In this way, problems with response 
semantics were lessened and useful insights gained from close staff partici
pation in the workshop process. 
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TABLE 4.3. Question Response Coding Format, Used for Appendix B 

: 
See Table 4.1 

----oj ... See Table 4.2 

xO-O-O-x-x 

Where: 
x = Letter 
0= Number 

'----I:. .. Who is primarily responsible for issue 

'-----~ ... ~ Response category 

'--------..... Response number 

'----------!. Person who responded, coded 

L..-__________ .... Session, question number 

Example: 

m1 - 4 - 8 - f - u 

'---.... User is primarily responsible 

'------. Training is the issue/response 

....... -------j .. Response number 8 

'----------... Person number 4 

'--__________ .... Morning session, question #1 

When reviewing questionnaire response results, it must be emphasized that 
the results, represent perceptions expressed by workshop attendees and may not 
represent actual findings associated with each issue/response category. 

4.3 WORKSHOP RESULTS 

During the first day of the workshop, during and following the various 
planned presentations, several comments were made by the group. In order to 
provide insights into the feelings and concerns of the workshop participants, a 
detailed list of the comments is provided in Appendix A. The detailed, encoded 
and evaluated responses to the questionnaire, administered on the second day, 
appears in Appendix B. 
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4.3.1 Summary of Day One Comments 

The major topical areas that represent comments made during the first day 
of the workshop are: 

• lack of freedom to maintain engine systems as needed 

• questionable accuracy of currently available industry data 
• high cost of maintaining updated and corrected technical manuals 

• manufacturer/owner communication problems 
• excessive and unrealistic regulations 

• lack of good owner training. 

4.3.2 Summary and Evaluation of Responses to the Questionnaire: Day Two 

Using the dBase III programming language, described in Appendix A, 
Volume I, of this report, the encoded questionnaire responses were tabulated to 
produce Tables 4.4 and 4.5. Table 4.5, the Issue/Response - Question Matrix, 
shows an evaluated breakdown of responses for each question. Table 4.5 the 
Issue/Response - Responsibility Matrix, provided an evaluated summary of who is 
responsible for the major topical issues encoded in Table 4.4. 

TABLE 4.4. Issue/Response - Question Matrix 

Breakdown of Responses per Question 
M1 M2 M3 M4 Al A2 A3 Total 

A 30 13 2 24 8 1 5 83 
B 12 48 0 6 17 2 0 85 
C 19 27 8 11 9 0 0 74 
0 13 6 4 12 10 2 0 47 
E 3 0 1 0 4 0 0 8 
F 18 4 0 0 11 0 0 33 

G 18 7 10 10 39 4 1 89 
H 6 0 0 0 5 2 5 18 
I 6 0 1 0 15 1 0 23 
J 15 0 7 2 5 1 0 30 
K 1 4 0 1 1 0 0 7 
L 0 0 52 1 7 8 0 68 

Total 141 109 85 67 131 21 11 565 
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TABLE 4.5. Issue/Response - Responsibility Matri x 

Who is Res~onsible 
u v e -.-L r a Total --

A 11 0 0 0 72 0 83 
B 8 11 46 9 8 3 85 

C 60 0 4 0 10 0 74 
D 41 0 2 0 4 0 47 

E 6 1 0 0 1 0 8 
F 33 0 0 0 0 0 33 

G 57 0 12 0 10 10 89 
H 4 0 0 0 14 0 18 
I 15 0 7 0 1 0 23 
J 10 1 9 0 6 4 30 
K 4 0 0 0 1 2 7 
L 65 0 3 0 0 0 68 

Total 314 13 83 9 126 19 565 

4.3.2.1 Morning Session 

Question 1. List the major EDG issues/problems. 

A review of the first column of Table 4.4 shows that testing practices 
ranks the highest as a major EDG issue/problem followed by maintenance prac
tices, training, and administrative/management related concerns. Table 4.6 
shows results of a second review, of the responses to question 1. This review 
was done from a more-hardware-oriented perspective and produced results very 
similar to Table 4.4. Regulatory requirements were still marked as adversely 
affecting EDG performance. Only control/instrumentation and lube/fuel oil 
issues additionally entered the table when using this second approach. The 
remainder of Table 4.6 essentially reflects the categorization of Table 4.4. 

Question 2. List what you feel are the major aging degradation causes 
associated with particular EDG components (include also potential problems as 
yet unrecognized). A survey of Table 4.4 shows that the workshop attendees 
clearly perceive design and installation problems as major contributors to 
aging degradation. Maintenance practices followed by testing practices were 
identified as second and third place contributors, respectively. 

Table 4.7 shows another ranking of the major causes of aging degradation 
categorized from a technical, hardware perspective. The results suggest that 
environmental stressors are a major factor when associated with the design and 
installation of the EDG system, as also categorized in Table 4.4. The second, 
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TABLE 4.6. Ranking of the Major EDG Issues and Problems; Response to 
Question 1, Appendix B 

Rank 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
11. 

Major Issues and Problems 
Regulatory requirements have adverse affect on 
D/G performance 
Operations that are utility controlled could 
be improved 
The manufacture-vendor-owner interface needs 
improvement 
Maintenance practices and skills need 
improvement 
Management policies, procedures and issues 
affect D/G performance 
Design, manufacturing and QA issues 
Better data base, information and knowledge 
sources are needed 
Dedicated maintenance/operators who could do 
certain tasks on a casual basis would improve 
rel i abil ity 
Other issues 
Controls/instrumentation problems 
Lube/fuel oil issues and problems 

Number of 
Responses 

42 

30 

24 

21 

21 

20 

8 

8 

6 

4 

3 

third, and fourth rankings of Table 4.4 ranks, in order, maintenance practices, 
testing practices, and operating practices, while Table 4.7, identifies main
tenance errors, fast starts, and design inadequacies, as the important causes 
of aging degradation. 

A close examination of the technical responses show vibration and fuel/ 
lubrication problems to be major culprits in causing aging degradation, as 
viewed by the workshop attendees. Interestingly, the relatively high ranking 
of concerns about seal leakage fits closely with a categorization that includes 
environmental stressors, particularly in light of 10 CFR 50.49 requirements 
regarding Equipment Environmental Qualification. In fact, the concern 
expressed about aging degradation factors such as vibration, fuel/oil contami
nation, gasket degradation, and environmental stressors such as dust, water, 
and heat suggests that the workshop attendees perceive the EDG systems to be 
sensitive to their normal operating environment. 
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TABLE 4.7. Ranking of the Major Aging Degradation Causes: Response to 
Question 2, Appendix B. 

Number of 
Rank Major Aging and Degradation Causes Responses 
1. Environment induced; dust, water, heat, 25 

oil, chemical, etc. 
2. Maintenance errors, not adequate training 22 

etc. 
3. Fast starts and other regulatory induced 18 

causes 
4. 

5. 

6. 

7. 
8. 

9. 

10. 

11. 

12. 

13. 

14. 

Design inadequacy, application, poor 
component 
Operation induced; training and skills 

Vibration induced 

Oil, grease and fuel aging 
Gaskets, seals and organic materials aging 
Spares; quality, storage, ordering 
problems, data and specifications 
Corrosion 

Thermal stress 

Manufacturing or quality problems 

Fatigue, other than vibration 

Others 

17 

12 

9 

8 

6 

6 

4 
4 

4 

3 

2 

Question 3. What methods would you suggest for identifying aging 
problems? 

Overwhelmingly, over 60% of the responses identified trending/failure 
analysis as the primary method for identifying EDG aging. Because no specific 
method of trend analysis was presented that dominated the attendees responses, 
a listing of the various recommendations for trending is included in Table 4.8. 

Question 4. In what areas have regulation contributed to aging 
problems? 

The tabulation of response categories, shown in Table 4.4, clearly indi
cates that testing practices as required by regulations, were thought of as 
contributing to aging. Next, regulations associated with operating and main
tenance practices were thought of as contributing to aging. 

A complete listing of encoded and evaluated responses is included in 
Appendix B. Due to the potential complexity of this question, the reader is 
advised to review the responses, associated with this question directly from 
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TABLE 4.8. Listing of Recommended Trending/Failure Analysis Topics 

• trending and monitoring of operating parameters: pressures, flows, 
temperatu res 

• having enough information from manufacturers to interpret trends 

• using specific, assigned personnel with suitable training 

• improving documentation of problems, failures 

• doing vibration analysis under full load conditions 

• completing fuel and oil analysis monthly 

• improving manufacturer-owner communications 

• setting up a service program for critical components 

• using an optimized industry database for trending 

• monitoring cylinder pressure versus volume and time plotting 

• monitoring signature analysis (full spectrum) in lieu of teardown 
inspections 

• monitoring sample oil for wear particles 

• determining similarities and differences of nuclear and non-nuclear 
engine system performance characteristics: making reliability com
parisons so mistakes are not repeated 

• doing weekly cleanliness inspections of all accessible components 

• identifying fast start degradation by laboratory testing and long
term work with participating utilities 

• monitoring exhaust gases 

• monitoring oil consumption 

• noting changes in automatic starting time 

• using root cause engineering failure analysis 

• identifying susceptible components from manufacturer's date 

• having expert analysis of failure reports, sending failure reports to 
vendors. 
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Appendix B. From such a review. the reader will notice that many of the 
responses widely overlap so as to make categorization difficult and potentially 
misleading. In spite of the difficulties regarding overlapping response cate
gories. a clear message appears: the workshop participants perceive testing. 
maintenance. and operating practices. mandated by regulatory requirements, as a 
major contributor to aging degradation in EDGS. 

4.3.2.2 Afternoon Session 

Question 1. 

What methodologies would you employ to solve problems identified in this 
mornings session (include concepts on condition monitoring, monitoring 
preventive maintenance, corrective maintenance, etc.)? The responses to this 
question were easily characterized by the general topical method used in 
Table 4.4. It is interesting that Table 4.4 shows administration - management 
as the major category associated with solving the problems of aging degrada
tion. Addressing issues such as better design/ installation and providing 
technical support ranked second and third, respectively, to solve the aging 
problems. These responses suggest that the workshop attendees felt that a more 
active role by management (see Table 4.5) could mitigate aging stressors. This 
response is interesting when compared to the responses which cite regulatory 
requirements as aging contributors. 

Response to Question 1 also showed a relatively even distribution over the 
other response categories. A review of the responses show that management 
attention in the other areas could improve the contribution in that category. 
For example, although improved training is a definite method to solve EDG 
problems, the commitment to increases EDG training can only be made by 
management. 

Question 2. What areas would you change in operations and record keep
ing. The primary response category for Question 2 is shown in Table 4.4 as 
trend/ failure analysis, followed by administrative management. A close review 
of the responses from Appendix B show that changes suggested for administrative 
records include improved operating logs, maintenance, and surveillance rec
ords. Additionally, several responses showed concern over EDGs being under the 
auspices of ASME Section XI and 10CFR21. The record requirements under these 
sections are suggested to be burdensome to both utility and vendor alike. 

Question 3. What regulatory changes would you make to mitigate aging? 

This question is directly linked to the responses to the morning session, 
question 4 and is evenly divided between two categories, general regulatory 
changes and changes in testing practices. 
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5.0 PROPOSED SOLUTIONS AND RECOMMENDATIONS 

Although the workshop comments seem to span a broad range of categories 
associated with EDG systems, a careful examination of Table 4.5 responses made 
to the workshop questionnaire, and general comments and conversations made 
during the workshop, suggests that most EDG-related problems can be classified 
into four major groups: current regulatory requirements, manufacturer/owner 
communications, design/manufacturing/installation, and operations/maintenance 
practices. 

5.1 CURRENT REGULATORY REQUIREMENTS 

The intended purpose of current NRC requirements is perceived by industry 
to be the assurance of the reliability/operational readiness of EDGs, based 
upon the various participant responses at the workshop. Industry also per
ceives current regulatory requirements to actually cause a reduction in system 
reliability. These views were shared by the majority of the workshop 
attendees, who consistently communicated their concern over regulations that 
added to the degradation of their EDG systems. In particular, there was gen
eral agreement that monthly fast starts and loading were not necessary to prove 
EDG system operability. Additionally, the increased frequency of testing with 
EDG failures, as delineated in Regulatory Guide 1.108, was cited as a contrib
utor to reduced reliability due to engine system overstressing and lack of 
lubrication in the start and load sequences. 

The results of the questionnaire responses in Table 4.4 seem to indicate 
that a reduction in testing and an improvement in the relevancy of the 
regulatory requirements may be in order. The results may even suggest an 
increase in regulatory requirements in selected areas, particularly in areas 
such as trend/failure analysis. It seems evident that the benefits and risk 
consequences associated with current regulatory requirements should be evalu
ated in a more rigorous manner to determine improved regulatory requirements 
with regard to EDG systems. 

5.2 MANUFACTURER/OWNER COMMUNICATIONS 

Many unexpected problems with EDG systems arose from the lack of good com
munication during all phases of providing reliable emergency power to a nuclear 
facility. Several examples of communication problems can be extracted from 
reviewing the process of supplying a diesel generator unit to a nuclear 
facility. 

Typically, the governor manufacturer supplies the governor to the engine 
manufacturer, the engine manufacturer subsequently places the governor on the 
engine in a location convenient for the eventual assembly of support systems, 
which will be partially installed and qualified by the jobbing contractor, dnd 
installs the linkages that connect the governor to the engine. Because the 
engine is an "off-the-shelf" variety, and does not have a particular nuclear 
pedigree, the jobbing contractor receives the engine from the manufacturer and 
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certifies certain portions of the engine and support systems for nuclear ser
vice. The engine system is now delivered to the plant, by the jobbing con
tractor, and connected to the system interfaces that are external to the engine 
"skid". According to the governor manufacturer represented at the workshop, 
the governor is occasionally placed too close to the turbocharger. This 
results in governor oil overheating, causing faulty governor operation. 

According to the utilities represented at the workshop, the technical 
manuals provided for their EOG may not reflect the many changes made to the EOG 
system by the jobbing contractor and are, therefore, not an entirely reliable 
basis for maintenance procedures. Additionally, the technical manuals are 
usually designed for diesel generators that operate continuously and do not 
address standby service. 

According to the manufacturers represented at the workshop, their engines 
will operate reliably in non-nuclear application and they assume that the 
engines will operate Similarly for nuclear application. They also feel that 
they should be paid for any follow-on work. 

The above examples elicit several questions that have yet to be satisfac
torily answered: 

• How may the manufacturer or jobber be better informed about the 
governor placement requirements and where are improvements required? 

• Whose responsibility is it to: know what is in the EOG systems; 
maintain adequate technical manuals; and maintain other 
documentation? 

• How does a uti1ity--with this extremely complex system--know where 
the differences are between the EOG technical manuals and the plant's 
EOG systems? 

• 00 the engine manufacturers know what effect the changes, made by the 
jobbing contractor, will have on the reliability of their engine 
~ystems? 

• Does the industry understand the implications of the practice of the 
utilities using technical manuals based upon continuous engine 
service to write maintenance procedures for standby engine service? 

It is clear that if all EOG specifications and requirements for nuclear 
service were communicated and documented well, throughout the process of pre
paring an engine system for nuclear service, the above questions could be 
easily answered. That these questions are not easily or uniformly answered 
suggests potential problems with the design, installation, and operation of EOG 
systems. 
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5.3 DESIGN/INSTALLATION 

Table 4.5 identifies design/installation problems as a major cause of EDG 
aging degradation. Although comments made by manufacturers tend to be that 
their units will withstand any nuclear service application, many attendees 
strongly suggested that most nuclear service EDGs are designed only for contin
uous usage and not the sporadic, intermittent use at most nuclear plants. 
Also, comments were made that suggest that some upgrades, made by the jobbing 
contractor to prepare the EDG for nuclear service, do not necessarily help EDG 
reliability. Specific design problems mentioned were: poor turbocharger lub
rication, misapplication of subcomponents, localized over-temperature effects 
due to rapid starts, vibration sensitivity, poor oil filter design, poor 
governor placement, poor air start system design, poor seals on water pumps, 
etc. (See appendix B for complete response). 

A consensus view point was that an engineering and regulatory review of 
the process from design to installation is needed to ensure that EDG users 
receive a thorough understanding of what equipment they have and why they have 
it. Complete documentation to justify the process should be made available and 
reviewed. A complete and detailed report of the evaluation should be made 
available to each party involved in future design-to-installation processes. 

5.4 MAINTENANCE PRACTICES 

The primary theme associated with maintenance practices was dedicated 
personnel and training. There was general agreement in the workshop that more 
diesel generator training is needed. The comments ranged from the need to have 
full-time diesel generator mechanics on duty at the utilities to comments about 
the inability of site personnel to perform root cause failure analysis on many 
of the complex EDG systems, particularly the governor. Many causes for this 
lack of technical knowledge were offered: lack of money in the maintenance 
budget; lack of quality commitment by utility management; the EDG system not 
being the center of a nuclear plant's operational capability and, therefore, 
not receiving the necessary attention due to other burdensome plant activities; 
lack of appreciation for the complexity of the problem by utility management; 
infrequent operation prohibiting the gaining of operational and maintenance 
experience for site personnel; and the lack of good training programs available 
to the utility. 

The potential regulatory and safety implications are severe. The NRC cur
rently uses failure reporting systems, such as Licensee Event Reports (LERs), 
to track potential industry problems. If, as was suggested by several manufac
turers, the utilities generating the LERs are incorrect in their assessment of 
EDG failures--due to a lack of EDG specific technical knowledge and poor 
utility/vendor communications--then the NRC receives a distorted perspective of 
the recorded failures. This could divert attention away from and mask the 
resolution of real problems. As a result, this could potentially cause an 
unrecognized reduction in operational readiness. 
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5.5 WHO IS RESPONSIBLE 

Table 4.5 provides totals for each of the issue/response categories asso
ciated with the 565 questionnaire responses. This table suggests where the 
responsibilities are for addressing each of the issue/response categories used 
in the day-two questionnaire evaluation. Although the formulation of this 
matrix is subjective, and the source of the matrix depends upon humanperspec
tives, a general trend can be seen to emerge that places specific burdens on 
all of the workshop participants. These burdens can be interpreted as recom
mendations for areas of future attention: EDG user (utilities) are seen as 
primarily responsible for maintenance and management practices; all vendors and 
jobbing contractors are responsible for design/installation problems; the regu
latory agencies are responsible for current regulatory requirements; and all, 
to some degree, are responsible for good communication and quality assurance 
practices. An inspection of the totals under each of the responsibility codes 
may suggest who should direct the most attention toward resolving EDG issues. 
The relative ranking for who is most responsible according to workshop attendee 
perceptions, for resolving EDG problems, is 

1. the user 
2. the regulatory agency 
3. the engine manufacturer. 
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APPENDIX A 

PARTICIPANT'S COMMENTS ON THE FIRST DAY OF THE WORKSHOP 





Number Code 
Al jr 

A2 gu 

A3 jr 

A4 ga 

A5 ge 

A6 gu 

A7 ge 

A8 ie 

APPENDIX A 

PARTICIPANT'S COMMENTS ON THE FIRST DAY OF THE WORKSHOP 

Comment 
Aging should not incorporate maintenance since typical solutions 
for human factor problems are characteristically different than 
"mechanically" induced aging. 

It was confirmed by group comments that the nuclear plants do 
not have the freedom to "mother" the diesel generators as their 
non-nuclear counterparts have in other industries. 

There was concern with the time period covered by the PNL 
study's database. In view of the advantages of analyzing more 
accurate data, they felt only data from 1975 to 1985 should be 
used instead of 1965 to 1985. 

There is an AS ME OM-16 in publication that addresses many of the 
areas mentioned as problematic in the PNL study including: 
training, vendor communications, etc. 

It was stated that one of the engine manufacturers requested 
$65,000 to $70,000 to update their service manuals for the 
nuclear users. This was not considered to be a reasonable 
charge by the utility attendees since they felt this to be a 
part of the vendors responsibility. 

One attendee mentioned that much of the information sent to the 
utilities often gets lost in the system. For this reason, it 
cannot be assured that vendor updates, etc. actually get to the 
persons in need of the information. 

The vendors at the workshop felt that if they take on the 
responsibility for quality improvements and/or maintenance, they 
should be paid separ~tely for it. 

There was concern expressed by the utilities regarding vendor 
capabilities. This was most evident in comments pertaining to 
conflicting recommendations given by different individuals from 
the same vendor addressing the same problem. Additionally, the 
technical manuals sometimes do not agree with the advice given 
by the vendor representatives. One vendor responded that in 
nuclear application, namely 17 year old engines with less than 
1000 hours, many problems are not typical of the vendor repre
sentative's experiences. 
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Number Code 
A9 ar 

AID jr 

All gu 

Al2 fu 

Al3 jr 

Al4 iu 

Al5 jr 

Al6 lu 

Al7 ar 

Comment 
There was considerable discussion regarding the appropriate run 
time for nuclear service diesels. One view, not uniformly 
shared, was that the monthly runs should be for 24 continuous 
hours. Most of the participants agreed that the time to thermal 
equilibrium takes perhaps 6 to 8 hours and that achieving this 
equilibrium is important. 

There was general agreement that there is no rationale for the 
run time, frequency, and the running load. The participants 
felt that the NRC should establish a basis to select these para
meters to try to optimize engine system reliability. 

It was stated, with limited concurrence, that it was difficult 
at the nuclear plants to dedicate union workers only to the 
operation and maintenance of diesel generators. Many union 
contracts do not permit this. 

Some utilities send a large percentage of their staff through 
diesel training programs so that many of the staff who might be 
assigned to the diesels are trained. 

According to one participant, the PNL results should be 
presented by manufacturer because of the inherent difference 
among the engine systems. 

Many agreed that the real causes of failure are not easy to 
determine. It was stated, for example, that the complexity of 
the governor precludes the average engineer from making judg
ments on the failure causes. 

One participant suggested that PNL should dig deeper into the 
root causes of failure and not rely so much on publicly avail
able data. He was reminded that digging deeper was the mission 
of Phase II research under the NPAR program. 

One utility representative mentioned that there is a project at 
his company aimed at evaluating data over a fourteen year 
period. He noted that the early data is poorly documented and 
that even personal interviews with the people who performed the 
maintenance are not too productive since memories fade. 

There was comment that nuclear station emergency diesel gener
ators are really not that different from emergency generators in 
hospitals and other similar applications. It was suggested that 
the required reliability and testing requirements are different. 
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Number Code 
Al8 jv 

Al9 fu 

A20 hr 

A21 lu 

A22 gu 

Comment 
There were questions regarding the difficulties encountered on 
deaerating the engine governors. It was advised by a governor 
manufacturer that simply running it as you warmed up the engine 
would take care of the problem, unless there were interfering 
lines that were not to the original governor manufacturer speci
fications. The governor manufacturer felt that maintenance 
instru~tions were not reaching the proper staff. The utility 
participants felt that the problem was not simple. Since there 
is not always control over starting, if the governor has 
entrapped air in it, serious control problems were likely to 
occur. 

The engine manufacturers seemed to agree that most of the gover
nor problems can be associated with human actions--too much or 
too little attention. 

There was concurrence among the participants that some of the 
requirements levied on the diesel engines should not be applied 
(e.g. ASME Section XI pressure boundary NDE, repair, and 
replacement standards for those engine systems designed to ASME 
III standards). 

There was some agreement that service life monitoring was a good 
practice. In this practice, utilities would keep a detailed and 
accurate record of all actions taken on the diesel generators, 
even though not required by NRC. One utility representative 
indicated they were starting to adopt this practice. 

There was some agreement that utilities tend not to argue their 
case when they do not agree with an NRC ruling. Several cases 
were cited of utilities that successfully requested exemptions 
and received them. 
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APPENDIX B 

SECOND DAylS QUESTIONNAIRE RESPONSES 

The written responses to the questionnaire, which was administered on the 
second day of the workshop, is included below. The answers are randomly 
grouped by individual responses to each question. That is, each grouping of 
bulleted responses is from one workshop participant. 

MORNING SESSION 

Question l--List the major EDG issues/problems. 

Number Code 
Ml-l-l ar 
Ml-1-2 cu 
Ml-1-3 du 
Ml-1-4 ar 
Ml-1-5 eu 
Ml-1-6 fu 

Ml-2-l fu 

Ml-2-2 au 
Ml-2-3 au 

Ml-2-4 ar 

Ml-3-l ar 
Ml-3-2 ge 

Ml-3-3 ge 
Ml-3-4 hr 

Ml-4-l du 
Ml-4-2 fu 
Ml-4-3 ar 
Ml-4-4 fu 
Ml-4-5 du 
Ml-4-6 hr 

Ml-4-7 eu 
Ml-4-8 fu 

frequent test starts 
maintenance 
operational requirements 

,Response 

fast starts with no idle time 
mak i ng changes as requested by manufactu rer 
knowledge of equipment by user. 

no dedicated experienced/trained diesel trouble-shooters at 
the site 
insufficient run time on diesels when tested 
if diesels get a start with no load we do not complete load 
sequence 
penalty testi ng. 

NRC testing and inspection requirements. 
vendor or manufacturer not differentiating between commercial or 
nuclear standby 
technical manuals are not specifically for nuclear standby 
the need for NRC to accept predictive maintenance analysis as 
proposed to disassembly and inspection. 

lack of operating time 
lack of education on system (operation & maintenance) 
increase start time from 10 sec. 
more detail ed i nformat i on on II fail u re" 
increase run time to thermally soak engine 
inability to allow thorough trouble-shooting at site due to 
regulations 
update governor systems 
need specific people or person assigned to EDG. 
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Morning Session 
Question 1 Responses (contd) 

Number Code 

Ml-5-1 hr 

Ml-5-2 iu 

Ml-2-3 lu 

Ml-6-1 bj 

Ml-6-2 ar 
Ml-6-3 hr 
Ml-6-4 hr 

Ml-7-1 ju 
Ml-7-2 hr 
Ml-7-3 fu 
Ml-7-4 ar 
Ml-7-5 du 
Ml-7-6 ge 
Ml-7-7 au 

Ml-8-1 du 

Ml-8-2 jv 

Ml-8-3 ge 

Ml-8-4 gu 

Ml-9-1 je 
Ml-9-2 je 

Ml-9-3 ju 

Ml-9-4 jr 

Ml-9-5 ar 

Response 

repeatability level of operational readiness to satisfy 
pub 1 i c safety 
predictability of component failure and schedule causing 
non-function 
replacement decisions involving aging--obsolescence-
specification limits of performance and operation--plugged into 
the economics of cost/value return 
system problems--electrical, mechanical, interface--causing 
domino effect 
focus on proof of function rather than function itself 
plurality of regulations and sensed lack of flexibility 
wide variety of systems in design and sources make generic 
regulation difficult. 

lubrication suitability 
increased inspection and teardown requirements 
operator/maintenance training and experience 
testing requirements 
short running time 
outside technical manuals 
testing on grid has no protection. 

inadequate data base to interpret failures and take 
appropriate actions 
the interface of electrical controls, generator controls to 
the diesel generator set, e.g., majority of failures are speed 
sensing ircuitry, exciter panel related 
vendor interface with the owners--there is a reliability 
question 
no common focal point on the reliability issue from the NRC 
or any other organization. Often times utilities only respond 
to NRC generated requirements. That is, if the requirement to 
teach and take appropriate measures to insure diesel reliability 
are not enforced via technical specifications, NUREG's, etc., 
they probably will not receive adequate attention on the part of 
the owner. (a manpower problem). 

Prelube to wrist pin bearings 
clear cut and fair failure descriptions/definitions [for 
industry] 
determine the s i mil a rit i es and differences of nuclear/non-
nuclear data 
coordination of NRC/INPO/EPRI data/reports request with 
emphasis on data quality 
NRC testing. 
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Morning Session 
Question 1 Responses (contd) 

Number Code Response 
M1-10-1 fu In some plants, the management commitment to operator training 

and implementation of a preventative maintenance program is not 
strong; where this commitment is strong, the EDGs seem to have 
very few problems 

M1-10-2 ge the manufacturer may redesign various components for 
greater reliability based upon operational experiences; the 
dissemination of this information is not always uniform so the 
owner does not have knowledge; in some cases where the owner is 
advised, it goes to the wrong individual and the notice is 
simply filed away 

M1-10-3 du a number of operators should be committed to the D/G so that 
they have more complete knowledge of the D/G and its systems. 

M1-10-4 iu failures to start should be analyzed for cause and that cause 
corrected, i.e., only test circuits--frequent 
prob1em--without starting diesel; this can be done--1000 
cyc1es--quick1y, once correction is verified, then diesel start 
can be made. 

M1-11-1 ga Perception by NRC/industry that nuclear drawings are 
unreliable 

Ml-11-2 ar testing requirements of NRC in general are too stringent 
Ml-11-3 ba major failure of diesel generators (e.g., crankshaft) has such 

severe financial consequence on an operating plant that industry 
must ensure EDGs are in top condition. 

Ml-12-1 
Ml-12-2 
Ml-12-3 
Ml-12-4 
Ml-12-5 
Ml-12-6 

Ml-13-1 
Ml-13-2 

Ml-13-3 

Ml-13-4 
Ml-13-5 
Ml-13-6 

ar 
fu 
cu 
ar 
iu 
je 

Testing duration 
maintenance and operational training 
dedicated maintenance personnel 
conflicting test methods (requirements) 
analysis of data from performance tests 
specific recommendations from vendor as to what inspections 
should be made on engines that have less than 1000 hours over a 
seventeen year period or long period. 

du Inadequate number of operating hours - testing & strategies 
gr get engine builders to agree on correct procedures for testing 

emergency standby generator sets, then have NRC change their 
regulations to comply 

ju product improvements to improve reliability: have plants 
summarize what systems they have; give this information to the 
vendors and ask for their proposals for improving reliability, 
including updating to modern equipment 

fu long-term reliability of controls: training 
cu too frequent maintenance 
ce have engine builders recommend maintenance practices in light of 

the existing nuclear experience 
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Morning Session 
Question 1 Responses (contd) 

Number Code Response 
Ml-13-7 fu lack of adequate training; set up a training program with 

cooperation from the equipment suppliers and system designers; 
make the training programs from various sites available to all 
sites so the good parts of each can be used by all. 

Ml-14-l be 

Ml-14-2 be 
Ml-14-3 au 
Ml-14-4 bj 

Ml-lS-l je 
Ml-lS-2 je 
Ml-lS-3 je 

Ml-lS-4 je 

Ml-lS-S ar 
Ml-lS-6 du 

Ml-16-l au 
Ml-16-2 ju 
Ml-16-3 je 
Ml-16-4 cu 
Ml-16-5 ce 
Ml-16-6 fu 

Ml-17-l ce 

Ml-17-2 au 

Ml-17-3 fu 

Localized high temperature environment in components (exciter/ 
control cabinet and I&C components on engines) 
long term reliability of relays utilized on EOG 
inadequate number of operating hours (on test) 
fuel oil storage system designs. 

Starting system problems 
larger oil reservoir on FM engines for starting 
better LO specifications from engine manufacturer; fuel systems 
have insufficient control, require continuous filtering 
better lubrication oil filtration, not specific, primarily 
pressure drop 
lO-sec start--to load 
pre-lubrication of engine before starting 

test data records; should include smoke 
lubrication analysis; record pentane insolubles and TBN 
standardization of LO 
keep warm lube oil 
more specific engine service instructions 
training of operators. 

Standby specific preventative maintenance guidelines available 
and updated and provided to utilities 
testing: are crucial areas being tested for such as: ability 
of engine to start and the ability of switchgear to transfer 
loads 
expertise level of operators/mechanics at utilities: is it 
possible to train "generalists" using 1-2 week sessions once a 
year to be 'specialists' on troubleshooting problems on EOGs? 
Should manufacturers/dealers be contracted for PM and service of 
EOGs? 

Ml-17-4 iu testing--effects of testing on reliability/durability of 
EOGs. 

Ml-18-l ce Vendor manual designated inspections and maintenance; 
intervals are not directly representative of needs; tearing 
down components too often may add to aging process; run-time 
versus calendar time 

Ml-18-2 cu is vendor training of maintenance personnel the cure-all for 
lack of experience in diesel maintenance? 

Ml-18-3 ar fast starts and loading may not be necessary to satisfy 
reliability concerns. 
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Morning Session 
Question 1 Responses (contd) 

Number Code 

Ml-19-l au 
Ml-19-2 ge 

Ml-19-3 cu 

Ml-19-4 cu 

Ml-19-S ar 
Ml-19-6 kr 

Ml-20-l fu 
Ml-20-2 ar 

Ml-20-3 de 
Ml-20-4 gu 
Ml-20-S ar 
Ml-20-S jr 

Ml-20-6 du 
Ml-20-7 ev 

Ml-2l-l ar 
Ml-2l-2 de 
Ml-2l-3 be 
Ml-2l-4 be 
Ml-2l-S cu 
Ml-2l-S ge 

Ml-22-l ge 

Ml-22-2 fu 
Ml-22-3 ar 

Ml-22-4 gr 

Ml-22-S ga 

Ml-22-6 cu 

Ml-23-l cu 
Ml-23-2 au 
Ml-23-3 du 
Ml-23-4 gu 
Ml-23-S cu 
Ml-23-6 be 
Ml-23-7 du 

Response 
Effect of surveillance testing on diesel reliability 
increase engine manufacturer/operator information exchange and 
feedback 
integrate a maintenance/in-service testing program with an 
engine reliability program 
what are the components that will age and are not covered by a 
manufacturer's PM program? 
reduce the requirement for quick starting and quick loading 
how do other safety related diesels (pump driven) fit into the 
EDG program? 

Education and training of personnel 
testing requirements--definition of failure--is 10 sec 10.000 or 
10+2 
should engines be run longer than 1 hr? 
fuel quality for long-term storage--run out every 6 mo. 
for testing why not warm u~ slowly 9 of 10 starts 
for starting test start systems and sequencing with simulators 
rather than exercise diesel 
would constant duty diesel generator sets make more sense? 
should governor systems be updated? 

Testing requirements of NRC 
control voltage--effect of lIalways-onll system components 
control voltage--effect of fluctuating voltage above normal 
fuel oil system failure 
maintenance, too frequent (required) 
spare part support/vendor. 

Variations in technical advice from field service 
representat i ves 
lack of specific EDG training 
trying to identify what direction the NRC is going to pursue 
in testing requirements 
the multitude of studies going on at this time by the various 
contractors/consultants 
inputting of all the failure data occurring on EDGs, i.e., 
failures found during maintenance 
worst problems: too frequent maintenance/lack of maintenance 
scheduled for nuclear EDG, training, FO storage problems, 
product improvement. 

Maintenance (voluntary as well as required) 
testing and (including personnel training) 
operati on 
quality control (including changes in design) 
lubrication (lack of attention to proper lubrication) 
complexity of design 
improper procedures. 
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Morning Session 
Question 1 Responses (contd) 

Number Code 
Ml-24-1 ar 

Ml-24-2 fu 

Ml-24-3 fu 

Ml-24-4 cu 

Ml-2S-1 be 

Ml-2S-2 ar 
Ml-2S-3 ge 

Ml-26-1 fu 

Ml-26-2 cu 
Ml-26-3 iu 

Ml-26-4 cu 
Ml-26-S gu 
Ml-26-6 ar 
Ml-26-7 cu 

Ml-27-1 gu 

Response 
Too much testing without allowing engine temperatures to 
stabilize 
maintenance personnel lack of comprehension of system--also 
applies to QA personnel 
in many cases the manual is followed blindly without any 
attempt to use common sense 
lack of specific personnel commitment to maintenance of EOG 
units. 

Control panel component reliability, temperature concern and 
rating of component, 110 volt relay in 120 volt system as called 
for in instruction manual 
testing requirements, frequency versus duration 
crankcase pressure concern. Component operation/interaction 
means better communication between vendor and utility. 

Operator (trouble shooting) training; basic knowledge of 
engine systems 
lube and fuel cleanliness 
need better engine operating parameter trending (just 
Nordbergs) 
getting the station to assign a "mother" for the engines 
an inter-departmental position with responsibility 
test requirements of NRC 
establishing an effective but cost/time efficient PM program. 

changes in site responsibility for "mothering" the EOG; 
experienced person has total responsibility: spare parts, review 
of operational data, vendor communication, training of operators 
and maintenance people, scheduling PM 

Ml-27-2 be marginal lubrication of bearings and thrust bearing during 
fast start of EOG 

Ml-27-3 bj need for thorough pre-operational test program. 

Ml-28-1 ar NRC test requirements seem to conflict with operational 
practices to reduce aging problems (many starts short operating 
runs versus fewer starts and longer operation) 

Ml-28-2 fu operations/maintenance personnel receive insufficient training 
to work with this equipment effectively. Increases operations/ 
maintenance induced aging. 

Ml-28-3 be engines are poorly instrumented to monitor parameters which 
indicate how well it is operating; this also reduces the ability 
for trending data. 
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Question 2--List what you feel are the major aging degradation causes 
associated with particular EDG components (include also potential problems as 
yet unrecognized). 

Number Code 
M2-1-1 ge 

M2-1-2 ar 
M2-1-3 ci 

M2-2-1 ba 
M2-2-2 be 

M2-2-3 be 

M2-2-4 bu 

M2-3-1 cu 

M2-3-2 be 
M2-3-3 du 
M2-3-4 be 

M2-4-1 ar 
M2-4-2 be 
M2-4-3 cu 
M2-4-4 cu 

M2-4-5 bu 
M2-4-6 bu 

Response 
Gaskets and seals due to pressures and temperatures over a long 
period of time 
short running time in relation to number of starts 
improper or lack of maintenance due to owner knowledge and/or 
experience with the equipment. 

Moisture in starting air/rusting of carbon steel components 
types of compression fittings used which are susceptible to 
vibration fatigue, i.e., swage lock fittings create high stress 
points 
shelf life of organic seals and components example "0" ring seals 
take a compression with age; they lose their resilience to fail 
in the area of hydraulics; a compression set of 45-55% maximum 
is outer limit of acceptance - seals are said to be put in 
service the moment they are compressed 
EQ--currently utilities have qualified EOGs that are in mild 
environments when, in fact, some mechanical equipment and 
instruments, particularly insulation on control wiring, is 
subjected to fuel oil, lube oil, and heat. 

Over maintenance due to frequent tear-down will cause more 
failures in the future 
vibration effects on controls, piping, bolting, etc. 
human error 
leaks due to material aging (gaskets, seals). 

Fatigue due to overuse or overload (loading) 
vibration 
corrosion or oxidization attack 
chemical reaction or breakdown of chern. structure, i.e., lube 
oil, fuel oil, grease 
harsh environment exposure, temperature pressure 
shelf life on spare parts, also service life. 

M2-5-1 
M2-5-2 
M2-5-3 

cr Required maintenance by time rather than use 
fu operator and maintenance personnel training 

M2-6-1 
M2-6-2 
M2-6-3 
M2-6-4 

M2-6-5 

bv deterioration of some electrical components due to environment 
and time. 

bu Environment: heat/cold, contaminants--fluid & atmospheric 
ar loading: thermal shock, vibration, cyclic 
gu procedural changes: maintenance, operation 
gu material procurement: source changes i.e., cost reduction, 

specification, and standard changes 
gu human factors: people turnover, attitude, aptitude/training 

B.l 



Morning Session 
Question 2 Responses (contd) 

Number Code Response 
M2-6-6 gu management: communication effectiveness, lifetime goals & 

M2-7-1 
M2-7-2 

M2-7-3 

M2-7-4 
M2-7-5 
M2-7-6 

M2-8-1 
M2-8-2 

M2-9-1 

M2-9-2 

M2-9-3 

M2-9-4 

M2-9-5 

M2-10-1 
M2-10-2 

M2-11-1 
M2-11-2 

M2-12-1 
M2-12-2 
M2-12-3 
M2-12-4 
M2-12-5 
M2-12-6 

M2-13-1 
M2-13-2 

M2-13-3 

be 
be 

be 

be 
fu 
gu 

ar 
ar 

ku 

estimates, budget flexibility, established & enforced 
guidelines. 

Lubrication or manufacturing of turbochargers (cause ?) 
failure of diesel air start motors--causes water in the air 
1 i nes 
aging as it relates to zenar diode failures/exciter panel 
failures 
shelf life of gaskets, lines, etc. from manufacturers 
lack of knowledge of the equipment misapplication 
management attention. 

Fast starts/low load operation 
number of starts without proper warmup. 

The word "aging" as defined is confusing to we who refer to 
aging 
per IEEE-323; we are not talking aging but defects or potential 
defects 

ku your definition is all inclusive and yet you separate aging and 
wear in your matrix; suggest another definition 

ku aging as I define it is a thing that ages with time such as 
gaskets, seals, etc. 

ku aging due to scratches in a bearing is really a potential defect 
matter 

cu preventative maintenance should take care of wear related 
problems and maintenance of fluid system; I agree that harsh 
environmental correlation(?) can "age;" where harsh environment 
exists, its effect should be evaluated. 

ar Fast starts causing wear due to insufficient lubrication 
fu operator error during testing causing stress on components-

such as closing the generator on the bus--out of phase. 

ar Rapid starting and loading 
cu lack of preventive maintenance program. 

be Localized over-temperature effects 
cu maintenance induced affects 
cu torque settings, alignments 
cu dropping things 
cu di rt 
cu fuel oil storage. 

cu Lubricating oils 
du insufficient engine operation running after starting (longer 

running time required) 
ar too many starts without proper prelubrication 
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Morning Session 
Question 2 Responses (contd) 

Number Code 
M2-13-4 bu 
M2-13-5 du 

M2-13-6 be 
M2-13-7 bj 
M2-14-1 cu 
M2-14-2 be 
M2-14-3 cu 
M2-14-4- be 
M2-14-5 cu 

M2-15-1 du 
M2-15-2 cu 
M2-15-3 be 
M2-15-4 cu 
M2-15-5 be 
M2-15-6 bv 

M2-15-7 cu 

M2-16-1 be 

M2-16-2 du 

M2-17-1 bv 
M2-17-2 bj 
M2-17-3 bj 
M2-17-4 du 

M2-18-1 be 
M2-18-2 be 
M2-18-3 ar 

M2-18-4 be 

M2-19-1 bv 
M2-19-2 be 
M2-19-3 cu 

M2-20-1 bv 
M2-20-2 cu 

M2-21-1 bv 
M2-21-2 be 

Response 
water in the air starting system 
engine should be cooled off before shut down; don't stop but 
let turbo cool off 
thermal expansion problems (design) 
adequate support vibration. 
Fuel pumps/injectors/nozzles--poor fuel management 
bearings/cranks--poor oil and filters 
poor maintenance and lube system 
turbochargers--poor oil and filters 
poor maintenance of lube system 

no cool down after operation 
heads/blocks--poor cooling system maintenance 
water pumps - poor quality seals 
poor quality coolant and coolant conditions 
switchgear--too complex/too dirty 
governors--poor maintenance.of oil supplies and cleaning of 
contactors 
batteries--poor maintenance of batteries and connections. 

Turbocharger: poor engine design for diesel standby 
application. 
prelube causes excess oil in upper cylinders and exhaust 
manifolds: fire hazard. carbon buildup; loosens gaskets. 

Controls and relays--temperature/vibration 
on skid piping--vibration/design deficiency 
auxiliary cooling systems corrosion 
power train components--improper combustion. 

Lubrication 
design changes & modifications, including human error 
testing and maintenance (cold, fast starts; human 
error/training inadequacies) 
complex instrumentation and controls deteriorate/fail after 
aging; becoming more frequent lately. 

Wiring--insulation--fatigue of metal in wires 
switches--contacts not contacting 
moisture in oil causing corrosion. 

Temperature on controls (via ambient & voltage induced) 
"tear-down II mai ntenance on engi ne (frequent). 

Pneumatic control switches 
operating time minimal causes aging through lack of component 
use--heat effects from components being mounted on EDG proper. 
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Morning Session 
Question 2 Responses (contd) 

Number Code 
M2-22-l cu 

M2-22-2 ar 

M2-22-3 fu 

M2-22-4 gu 
M2-23-l ar 
M2-23-2 cu 
M2-23-3 be 
M2-23-4 gu 
M2-23-5 ar 
M2-23-6 cu 

M2-24-l be 
M2-24-2 be 

M2-24-3 cu 
M2-24-4 be 

M2-25-l be 
M2-25-2 cu 
M2-25-3 be 
M2-25-4 be 

M2-25-5 cu 

M2-25-6 be 

M2-26-l be 

M2-26-2 bu 

M2-26-3 bj 

M2-26-4 bv 

Response 
Improper maintenance (lubrication component, electrical 
component and governor, turbocharger) 
improper testing of mechanical component (engine in general) 
is major aging contributor) 
lack of understanding by the operators and maintenance people 
in regard to the functioning of lubrication, turbocharger, and 
cooling system as well as electrical control system function 
spare parts. 
Short test runs on excessive schedule 
damage created by unnecessary maintenance 
time 
a potential problem will be the eventual use of unknown parts. 
Quick starting and loading (thermal shock) 
improper maintenance practice, i.e. LO Sample/trending (know 
what's happening with your lubricant and what it can do to your 
engine components), monitoring op parameters. 

Heat effects on exhaust system parts, turbos 
vibration and thermal cycling effects on bolting and 
foundati on 
fuel and lube oil stability 
cyclic fatigue failure of nonferrous heavily loaded parts 
bearings bushings. 

Bearings & Lube System:not understand what is required 
generator: oil level 
upper crank: pre-lube 
heat Exchangers: mechanical damage, manufacturing errors, 
fouled HX, operating practices 
control & instrumentation: S.D. solenoid drop out, incorrect 
setting 
crankcase P.S.: setting too close to operating valve; 
incorrect application. 

Turbocharger: pre-turbo temperature is not measured, use of 
proper oil is extremely important 
starting air system: absence of air dryers or moisture traps 
in carbon steel systems 
fuel system: fuel stability and contamination, vibration of 
piping, use of improper materials 
control system (electrical): tolerances on one component 
produce large variations, in operating characteristics of 
another component, components which are continually energized 
burn out 

M2-26-5 ar engine as a whole: excessive testing without allowing engine 
to reach, operating temperature, contamination and deterioration 
of lube and fuel oils. 
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Question 3--What methods would you suggest for identifying aging problems? 

Number Code Response 
M3-l-l lu Trending of important operating parameters: pressures, flows, 

temperatures, etc. and this would also require that utilities 
have enough information (probably from suppliers) to properly 
interpret the trends 

M3-2-2 gu if possible, assign specific people from maintenance and 

M3-2-l lu 

M3-3-l lu 
M3-3-2 lu 
M3-3-3 lu 
M3-3-4 lu 
M3-3-5 ju 
M3-3-6 ge 

M3-4-l ga 
M3-4-2 lu 

M3-5-l lu 

M3-5-2 cu 
M3-5-3 lu 

M3-5-4 au 
M3-5-5 lu 
M3-5-6 lu 
M3-5-7 lu 

M3-6-l lu 
M3-6-2 au 
M3-6-3 lu 
M3-6-4 lu 
M3-6-5 lu 

M3-7-l lu 
M3-7-2 lu 
M3-7-3 du 
M3-7-4 du 

M3-7-5 eu 
M3-7-6 lu 

engineering to work on the engines/auxiliary systems; ensure 
that these individuals receive site specific training in 
addition to general engine training. 

Improved documentation of specific problems. 

Vibration analysis 
oil analysis 
engine operating data analysis and trending 
comprehensive inspection program w/o major disassembly 
improve training and experience levels of employees 
improve engine manufacturer·s relations and communications. 

More detailed and accurate reporting of failures 
each site should keep an accurate record of failures and review 
periodically to identify trends. 

Total equipment data base trending of plant specific maintenance 
and operational problems 
establishment of a service program for critical components 
use of industry data base (NPRDS) to review potential problems 
based on other utilities· failure experience 
allow diesel performance testing 
pressure volume cards (horsepower) 
pressure time cards 
signature analysis (vibration) in lieu of teardown visual 
inspections. 

Trend analysis--by using run data on engine analyzers 
component testing (bolts, etc.) 
stress analysis (bolts, etc.) 
complete oil analysis (monthly) 
complete lube analysis. 

Monitored and trended performance parameters 
failure and performance history--computer tracking 
operational runs needed about 50-lOa/min 
oil consumption does not hurt the engine fuel consumption on 
comparative operation runs about 50 to 100 hours 
turbo boost changes from above data 
scheduled vibration checks under full load conditions 
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Morning Session 
Question 3 Responses (contd) 

Number 
M3-7-7 
M3-7-8 

M3-8-1 

M3-8-2 

M3-8-3 

M3-9-1 

M3-9-2 

M3-10-1 

M3-10-2 

M3-10-3 

M3-10-4 

M3-11-1 

M3-11-2 

M3-12-1 
M3-12-2 

M3-12-3 

Code Response 
lu oil samples for wear degradation and component failure warning 
lu focus on function deterioration and relate to component 

deterioration; emphasize time related activity to functional. 

cu Relocate all original specifications for diesel equipment while 
ensuring aging criteria and/or operational criteria (where 
applicable) are specified e.g., shelf life of gaskets, tempera
ture restrictions of turbochargers during operation 

gu communicate with the original vendors, or an outside AE group to 
correlate the owner's installed equipment versus manufacturer 
recommendations 

lu develop trending and data tracking problems for all aging
related diesel components and provide expertise to interpret the 
data results. 

ja 

ju 

lu 

gu 

lu 

lu 

Determine the similarities and differences of nuclear/non
nuclear operations and maintenance 
compare the similarities and differences in the best reliable 
nuclear EDGs and worst within the same make and model. 

This can only be done by a "defect" review to determine the 
defect, the cause, the corrective action and the final 
verification of the solution by test; just don't fix 
by communication between parties to inform others of item 1 
so that others do not have to repeat the process; this is the 
purpose of 10CFR21 for safety related defects 
develop trending so that problems are discovered long before 
they actually cause a failure 
include a general inspection that looks in control panels and 
switchgear for general cleanliness and appearances; look at the 
general appearance of auxiliaries, etc; this can be done on a 
weekly basis and would not require a great deal of man hours; 
failures to perform due to dust, dirt, corrosion, leakage, etc., 
can be detected and corrected easily. 

lu Improve data base - detailed review of recent LERs, new LERs 
as soon as possible to determine root cause; investigate in 
detail by interview at site 

jr try to establish by (test) research/consensus or other means 
whether fast starts or the unique way EDGs are used and tested 
contribute to aging. 

lu Analysis and review of operating data 
cu perform maintenance checks per vendor recommendations, i.e., 

crankshaft deflection, crank-thrust balance disc freedom 
lu have oil from crankcase analyzed prior to annual maintenance 

inspection so potential problems and wear areas can be 
inspected, i.e., material content of oil. 
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Morning Session 
Question 3 Responses (contd) 

Number Code 
M3-13-1 lu 

M3-13-2 lu 
M3-13-3 lu 
M3-13-4 du 

M3-13-S lu 
M3-13-6 lu 
M3-13-7 lu 
M3-13-8 cu 

M3-14-1 gu 

M3-14-2 ju 

M3-1S-1 in 
M3-1S-2 lu 

M3-16-1 le 
M3-16-2 lu 
M3-16-3 lu 

M3-16-4 ju 

M3-17-1 cu 

M3-18-1 ja 

M3-18-2 le 

M3-19-1 au 
M3-19-2 lu 
M3-19-3 gu 

M3-20-1 1 u 
M3-20-2 1 u 
M3-20-3 cu 

M3-20-4 1 u 

Response 
Test records on engine showing engine and equipment 
performance 
change in engine noise 
observe exhaust smoke 
take indicator cards to show how engine is operating at load 
conditi ons 
note change in automatic starting time 
change in engine oil consumption 
inspect engine for worn parts 
oil changes too frequent. 

Communication with manufacturers to establish potential areas 
and actual experience with each manufacturer's products as to 
component degradation due to aging in standby applications 
selection of a group of utilities for an extensive study of 
degradation of their EDGs over time; this should allow for 
control of environmental and maintenance conditions to better 
isolate degradation due solely to aging. 

Engineering evaluation of identified equipment problems 
user input on questionable occurrences. 

Identify susceptible components from manufacturers' data 
identify components from industry experiences 
look at environmental conditions which exist and which could 
be det ri menta 1 
use information which has been developed in utilities 
electrical and mechanical equipment qualification program. 

Predictive Analysis Programs - monitor fuel, oil 
(lubrication), vibes, etc. 

Have "experts" analyze failure reports to classify problems 
and identify aging problems 
send failure reports to vendors for their input as to whether 
or not the failure was an aging problem. 

Direct contact w/users, maintenance personnel 
review of replaced parts by users/manufacturers 
reporting of abnormal (other than PM or recommended 
maintenance) maintenance repair items to the vendor since not 
all become known to him at present. 

Condition monitoring and trending 
problem (failure)--root cause analysis 
proper inspection of equipment that may be susceptible to 
aging 
failure data collection and recording. 
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Morning Session 
Question 3 Responses (contd) 

Number 
M3-21-1 
M3-21-2 

M3-22-1 

M3-23-1 

M3-23-2 

M3-24-1 
M3-24-2 
M3-24-3 
M3-24-4 
M3-24-S 

M3-2S-1 
M3-2S-2 

M3-2S-3 
M3-3S-4 

Code 
lu 
lu 

lu 

lu 

cu 

lu 
du 
gu 
gu 
gu 

lu 
lu 

lu 
lu 

Response 
review of engine/generator testing records 
review of maintenance and parts usage records. 

Trending of parameters and comparing data to manufacturer's 
data base providing manufacturer has data base that is biased to 
nuclear service operation. 

Reviewing engine parameters and trends with an eye for 
abhorrent behavior 
make sure PM program addresses items of an aging nature such 
as thermal cycling and material decomposition. 

Trend operating data 
personally observe engine operation 
personally write operating and maintenance procedures 
establish a communication link with engine manufacturer 
establish a working relationship with the operating and 
maintenance people. 

Engine analysis techniques (en9ine problems) 
trending performance of support systems such as heat 
exchangers 
trending of instrumentation calibration information 
identifying what components need to be watched. 
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Question 4--In what areas have regulations contributed to aging problems? 

Number Code Response 
M4-1-1 ar Monthly surveillance testing: a) engines not operated for a 

long enough period of time to achieve normal operating tempera
tures, b) engines cold fast-started too often. 

M4-1-2 cr Annual (or refuel i ng frequency) Inspecti ons/overhaul s can cause 
problems if insufficient precautions are taken with respect to 
dirt entering lube systems, block, etc. 

M4-2-1 ar Regulations regarding or requiring large number of starts 
because of some failure in the system other than the diesel 

M4-2-2 cr regulations requiring too frequent maintenance or teardown 
inspect ions 

M4-2-3 dr regulations regarding operating times without regards to loads 

M4-3-1 

M4-3-2 

M4-4-1 
M4-4-2 
M4-4-3 

M4-S-1 
M4-S-2 

M4-S-3 

M4-S-4 

M4-5-5 

M4-5-6 

M4-6-1 
M4-6-2 
M4-6-3 
M4-7-1 

ar 

cr 

cr 
ar 
cu 

ar 
du 

cr 

ar 

ar 

jr 

on engine. Should operate for several hours at full load after 
test involving repeated starts. 

Increased testing accelerates fatigue induced and cycling 
induced aging 
Increased teardown frequency introduces increased human factors 
aging. 

Introduced human factor due to required teardown and inspections 
too frequent cold starts 
lack of adequate fuel storage requirements and surveillance. 

Fast starts, i.e., with 1 minute load ramps 
short load runs not allowing full heat soak because most 
utilities only perform minimum testing due to negative impact if 
an extended load run fails. 
required teardown maintenance inspections based on calendar not 
ope rat i ng hou rs 
increased frequency testing to requalify engines if reliability 
falls below 90% and problem has been identified and corrected 
the 72 hour time requirement to return engine to service or 
bring plant to cold shutdown; this requirement forces utilities 
into symptom treatment not root cause identification 
current basis for 10 second start requirement and load sequence 
(i.e., not tied to plant design specific NSSS) core 
thermohydraulics). 

cr To frequency disassembly inspection 
du short run time 
cr quick starts--short time limit on repairs. 
ka Do not have background for this question. 
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Morning Session 
Question 4 Responses (contd) 

Number Code Response 
M4-8-1 ar By increasing the number of starts, existing aging problems may 

become exaggerated before owner's have time to correct their 
deficiencies. (there should be advanced warming before reg. 
guide/NUREG or technical specification issuance) 

M4-8-2 lu too much emphasis is being made to correct aging problems while 

M4-9-1 
M4-9-2 

M4-10-1 
M4-10-2 
M4-10-3 

M4-11-1 

M4-11-2 

M4-11-3 

M4-11-4 

M4-12-1 
M4-12-2 
M4-12-3 

M4-13-1 

existing industry data and data collection methods are suspect; 
as an example, it was mentioned in this seminar that vibration 
aging/bolt loosening may be occurring in diesels while external 
vibration readings might not indicate any abnormal vibration; 
hence, who determined the root cause as vibration? ••• field 
technicians? engineers? operators? Nothing can be concluded 
until data are gathered more precisely. 

ar Testing frequencies and requirements (fast starts) 
ar testing the whole system, instead of testing the problem areas 

when possible; for example, test the relays without starting the 
engine if practical. 

du Extended light load operation 
ar increased number of fast starts 
ba required to use CODE type items in place of known items with 

good operating history; suggest the ANSI 31.1 in place of ASME 
Section III Class 3 apply to diesel systems; this still requires 
the necessary stress calculation, etc., and should be adequate 
for D/G pressures and temperatures--ASME Section III Class 3 
components are becoming hard to find in the present market 
because of vendors giving up the stamp. 

ar Test requirements (frequency and type of test) cause 
deterioration 

gu fer some people in industry, diesel generators and diesel 
generator regulations are mandated by NRC and therefore they 
approach the job as something they are forced to do versus 
maintaining other equipment such as the turbine which produces 
revenue; this affects the spirit of work 

gu because failures must be reported via LER, these are often 
worded to mask the true cause for political reasons, e.g., blame 
the manufacturer 

gr regulations, especially Regulatory Guide 1.108, are often 
vague many owners have overestimated what testing is required 
and most people are reluctant to fight what they believe to be 
excessive requirements, especially when a license is in the 
balance. 

ar Testing requirements 
ar fast start requirements 
gr over regulation. 

?r Engine starting time (could relax?) 
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Morning Session 
Question 4 Responses (contd) 

Number Code 
M4-13-2 du 
M4-13-3 br 

M4-13-4 gr 

M4-14-1 br 

M4-14-2 j r 

M4-15-1 br 

M4-15-2 ar 
M4-15-3 du 

M4-16-1 ar 
M4-16-2 gr 

M4-17-1 du 
M4-17-2 ar 

M4-17-3 du 

M4-17-4 gr 

M4-18-1 cu 
M4-18-2 ar 
M4-18-3 dr 

M4-19-1 du 

Response 
duration of engine operation after starting 
not allowing or making it difficult to add operating equipment 
to engine to: measure preturbine exhaust temperature, install 
orifice in engine breather to measure piston blow-by, use 
recorders to make records of engine operation 
engine operating specs too rigid on engine operators; why not 
tell engine operators the results required and let them decide 
how to do the job? 

Generally the regulations have led to increasingly complex 
control instrumentation and monitoring systems that have reduced 
reliability; to get the most reliable system that would seem to 
be the least susceptible to aging, the complete system (engine, 
cooling, switchgear, monitoring controls) should be kept as 
simple as possible 
is a IO-second start of the EDG really necessary in case of 
power failure? if not, this requirement and the requirement for 
IO-second starting tests should be eliminated. 

NRC requirements to satisfy reliability without regards for 
equipment limitations 
too frequent fast starts and loadings 
run times should be longer (at least a 24-hr run for each test); 
this would also aid in using old fuels that are in storage for 
long periods of time. 

Fast starting has caused premature aging of components 
regulations have forced engine manufacturers to use components 
(i.e. ASME III) of which they have little prior experience; the 
components are then failing prematurely. 

The running times are not consistent with long life 
the monthly testing should not attempt a IO-sec start until 
after the engine has been warmed up; only yearly should a "cold" 
IO-sec start be tested 
after each test period, the complete system should be run at 
load to heat soak the complete oil system to drive off moisture 
regulations should allow updating of systems to modern 
equipment (relays, switches, governor systems, etc.); the 
acceptance of new equipment should be welcomed. 

Maintenance (required tear-down) 
testing and inspection practices 
fuel storage requirements. 

Operating out of spec or out of vendor recommended operating 
conditions, i.e., must make a choice between idling a diesel for 
long periods of time versus paralleling with a bus or shutting 
it down and taking the chance that it won't restart if needed 
later (worried about meeting NRC reliability criteria). 
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Morning Session 
Question 4 Responses (contd) 

Number Code 
M4-l9-2 gu 

M4-l9-3 ar 

M4-l9-4 br 

M4-20-l ar 
M4-20-2 cu 
M4-20-3 dr 

M4-2l-l ar 

M4-2l-2 cr 

M4-22-l ar 

M4-23-1 gu 

M4-24-l ar 

M4-25-l gr 

M4-26-l du 
M4-26-2 be 

Response 
we are most likely going to have it idling and hope we don't 
damage the DG; this is not what the DG vendor recommends 
frequency of testing and items or functions required to be 
tested by the NRC 
requirements of having all the controls and sequential loading 
related circuity on the DGs. 

Surveillance testing 
maintenance 
LCD. 

Excessive testing without allowing equipment to reach 
operating temperatures 
excessive and probably unnecessary maintenance. 

I would assume, the requirements of the fast start and load 
sequence 

I don't feel that regulation does significantly contribute to 
aging; the NRC seems to be receptive to testing programs 
suggested by utilities that are responsible and reasonably 
comprehensive. NRC has invited utilities to submit revisions to 
the technical specifications that allow less degrading testing 
schedules. 

it is not unreasonable to have 95% reliable EDG systems and not 
unreasonable to expect to perform regular testing to verify 
engine operability. 

regulators are not aware of utility problems; without first 
hand experience of a utilities' operating and maintenance 
practices the regulator cannot identify with the problems. 

excessive number of low load operating hours 
qualified components available from suppliers (for ASME III, 
QA, etc.) are not always the tried and proven components in 
diesel industry. 
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AFTERNOON SESSION 

Question 1--What methodologies would you employ to solve the problems 
identified in this morning's session (include concepts on condition monitoring, 
PM, CM, etc.)? 

Number Code 

A1-1-1 lu 
Al-1-2 fu 

Al-1-3 fu 

Al-1-4 du 

Al-1-5 bu 

Al-1-6 gu 

Al-2-1 au 
Al-2-2 ja 
Al-2-3 bv 
Al-2-4 cu 
Al-2-5 fu 
Al-2-6 du 
Al-2-7 er 

Al-2-8 cu 

Al-2-9 fu 

Al-3-1 dr 

Al-3-2 ja 
Al-3-3 ge 

Al-3-4 ie 

Al-3-5 br 
Al-3-6 ie 

Response 

Accurate and careful record keeping of test results 
training of qualified personnel to interpret the test results, 
and active maintenance and QA of corrective steps to be taken. 
human factors--training, record keeping, interpretation 
decisions 
and instructions 
operating and testing practices--training, record keeping main 
tenance qual ity 
instrumentation--improved quality with inclusion of data 
loggers. 
specific engine problems--close cooperation between user and 
maker. 

Inadequate number of operating hours--testing/startup 
product improvements to improve reliability 
long-term reliability of controls 
too frequent maintenance 
lack of training--O&M 
institute longer operating times (in conjunction with vendors). 
require or allow utilities to upgrade EOG's systems/components; 
increase vendor contacts to be aware of available products 
upgrade controls as-required to improve reliability; (d)Insti
tute engine analyzers (performance/maintenance) to avoid manda
tory "tear-down" i nspecti on 
increase training for operators/maintenance personnel in terms 
of engine familiarity; dedicated personnel. 

Inadequate number of operating hours - testing; startup more 
specific guidance by NRC related to S/U operability testing; 
possibly this will need vendor recommendations on sufficient 
starts and run-time for de-bugging 
product improvements to improve reliability 
vendor put out yearly (or similar) listing of product 
improvements 
utility request vendor review of product improvements relating 
to their specific OG on a period basis 
long-term reliability of controls 
specific maintenance requirements be identified for environ
mental and operating conditions of nuclear grade diesels; this 
can be done by the vendor directly or by the vendor based on 
operating conditions supplied to him by the utility 
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Afternoon Session 
Question 1 Responses (contd) 

Number Code Response 
Al-3-7 cu too frequent maintenance--engine analyzer testing 
Al-3-8 ie vendor work with utility to identify testing and maintenance 

activities based on actual operational histories and not on 
generic diesel operating histories 

Al-3-9 cr relaxation of NRC required maintenance which will give basis 
for relaxation of stiff technical specification requirements 

Al-4-1 fu lack of adequate training--O&M 
Al-4-2 gu utility management needs to be responsible for ensuring O&M 

Al-5-1 
Al-5-2 
Al-5-3 
Al-5-4 
Al-5-5 
Al-5-6 

Al-5-7 

Al-5-8 
Al-5-9 
Al-5-10 

Al-5-11 
Al-5-12 
Al-5-13 
Al-5-14 

Al-6-1 

Al-6-2 
Al-6-3 
Al-6-4 
Al-6-5 

Al-7-1 
Al-7-2 

Al-8-1 

du 
du 
gu 
je 
gu 
iu 

ie 

br 
lu 
cu 

cu 
cu 
lu 
fu 

gu 

gu 
gu 
gu 
gu 

cu 
ie 

people receive the proper training on the equipment; will 
include some emphasis on relaxing the purse strings and 
understanding that proper training on the equipment is a major 
item in ensuring the equipment operates properly. 

Inadequate number of operating hours 
establish what is a good number of hours 
sell concept to NRC to change regulations 
product improvements to improve reliability 
engine owner groups to share information 
establish purchase order with vendors for spare parts 
maintenance 
have annual audit/review of EDG, maintenance logs, etc. by 
manufacturer 
long-term reliability of controls 
trend relays and I&C component failures 
establish calibration requalifications dates, records, on EDG 
I&C components 
relay and switch contact inspection, cleaning 
too frequent maintenance 
establish analytical testing that evaluates engine condition 
lack of adequate training, O&M set up training session with 
manufacturers. 

Having upper management (station managers, VP of Production) 
understand the gravity of diesel problems and give support, 
financial and authoritarian, to making sure diesels are reliable 
money for training 
appointing a diesel "Mother" with real authority 
insist that proper records are kept 
provide authority and funding for inspections, parts, and 
modifications. 

Encourage publishing of standby PM levels by each manufacturer 
request automatic and continuous updating of parts, service 
and operation manuals. 

be Excessive complexity 
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Afternoon Session 
Question 1 Responses (contd) 

Number Code 
Al-8-2 gr 

Al-8-3 gu 

Al-8-4 iu 

Al-8-5 ir 

Al-8-6 ar 

Al-9-1 ga 

Al-9-2 bv 
Al-9-3 be 

Al-9-4 ar 

Al-9-5 gu 

A1-10-1 ie 

A1-10-2 ar 

A1-10-3 gu 

A1-10-4 gu 

AI-IO-5 ge 
A1-10-6 gu 
A1-10-7 hr 
A1-10-8 ka 
A1-10-9 ar 

A1-10-10 ar 

A1-11-1 du 
A1-11-2 du 

Response 
NRC must clarify and define "job" of EDGs and provide 
guidelines for specifying the most simple system 
encourage utilities to specify more commercially available 
systems--not unique systems 
update specifications to encourage manufacturers to develop 
and offer modern technology 
encourage utilities to specify more commercially available 
systems--not unique systems. 
determine if 10 second startup of EDG is absolutely necessary, 
if not eliminate requirement in specifications and in testing. 

Effective communications: lack of mfg. issues more service 
bulletins and info notices formalize user's feedback on a 
particular type of engine 
excessive complexity for I&C systems during startup 
manufactured engineering deficiencies: work with manufacturer 

to develop specifications whjch reflect state-of-the-art 
fast starts impact reliability: change regulations to 
minimize fast starts, ensure engine availability and reliability 
by maintenance/data trending 
improve record keeping 

Inadequate interpretation of data bases: Contact vendor to 
verify data and tolerance 
monthly test periods too short: Depends on engine--EMD, 1 hr 
ok 
management commitment for maintenance and training; proper 
attitude of maintenance personnel: this is a local management 
problem--some are doing good job--others need improvement; NRC 
involvement needed to motivate 
vendor/utility confidence level; this is a general problem 
that requires mutual cooperation; in business, unfortunately, 
it's a cost factor--who pays?--who feels a sense of 
responsibility? 
dissemination of vendor improvement notices to owners 
owner to pay attention and act on information 
clarification of what constitutes a start or start failure 
no comment 
failure to start; determine cause and only test corrective 
action on failure and verify by test; no necessary start engine 
each start 
to minimize fast engine starts, check for the direct cause of 
fail to start i.e., relay {?)--here only test current corrective 
action 100 times by simulation before you actually test with 
engine. 

Gen. wear--fast start/light load operation 
mlnlmlze fast starts and periods of time engine is subjected 
to light load operation (under 25 to 45%). 
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Afternoon Session 
Question 1 Responses (contd) 

Number Code 
Al-12-1 iu 
Al-12-2 in 

Al-12-3 jr 
Al-12-4 gr 
Al-12-5 ga 
Al-12-6 ga 

Al-12-7 hr 

Al-12-8 ga 

Al-13-1 gu 
Al-13-2 fu 

Al-13-3 gu 

Al-13-4 hr 
Al-14-1 ar 

Response 
Inadequate interpretation of data base 
detailed evaluation of LER--more recent LERs and detailed 
interview on site to determine root cause 
correct data base--reflect info from Woodward, etc. 
establish one standard reporting system for DG. 
vendor/utility confidence--mfg. improvement info 
establish owner--mfg. working groups--contacts from real 
experts at mfg.-- not service rep.--get "official ll solution from 
vendor 
summarize all recommendations/improvements from mfg. in one 
report 
have frequent workshops to share info among owners. 

Human factors 
site specific training on each plant's engines for that 
facilities operations/maintenance/engineering staff 
if possible, assign individuals to the EDGs who will always 
be called upon for maintenance/troubleshooting/modifications 
operating, testing and maintenance as required by regulations 
monthly testing: a) longer test runs, i.e., until engine has 
reached operating temperature b) slow starts monthly demonstrate 
fast starts every 6 or 12 months, monitor (if possible) other 
system parameters which would indicate operability of the system 

Al-14-2 cu maintenance: develop PM program based on manufacturer's 
recommendation for that service. 

Al-15-1 bv Instrumentation (not reliable--need more monitoring equip 
Al-15-2 bu more instrumentation is needed to effectively monitor engine 

parameters which would indicate (by trending the the data) how 
"healthy" the engine is. 

Al-16-1 hr NRC should require a supplier of equipment to nuclear industry 
to be more helpful, to make equipment more reliable, and 
responsive to user needs. 

Al-16-2 br do not require unnecessary instruments and controls added to a 
system; simplicity is very desirable 

Al-16-3 eu better, improved versions of equipment should be used instead 
of old outdated equipment 

Al-16-4 iu the concept of reliability should be reevaluated and detrimental 
effects of present requirements on equipment should be 

Al-17-1 iu 
Al-17-2 lu 
Al-17-3 lu 
Al-17-4 gu 

Al-18-1 hr 

cons i de red. 

Reliability program techniques 
root cause analysis 
RCM 
proper QA/QC program (include design analysis). 

Op, testing & maintenance practices technical specification 
changes; allow monthly starts to be 'ambient starts l while 
maintaining 18 month 'fast start' test 
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Afternoon Session 
Question 1 Responses (contd) 

Number 
Al-18-2 
Al-18-3 
Al-18-4 

Al-18-5 

Al-18-6 

Al-19-1 

Al-19-2 

Al-19-3 

Al-19-4 

Al-19-5 
Al-19-6 

Al-20-1 

Al-20-2 

Al-20-3 

Al-20-4 

Al-21-1 

Al-21-2 

Al-21-3 
Al-21-4 

Al-21-5 

Al-22-1 
Al-22-2 
Al-22-3 

Code 
gu 
gu 
cu 

iu 

ju 

gu 

gu 

fu 

gu 

gu 
gu 

du 

gu 

gu 

fu 

lu 

gu 

gu 
eu 

fu 

Response 
instrumentation, verify E.Q. are adhered to 
human factors 
good history files; review of periodic operating test data 
sheets (trend chart) to determine at which point in the op cycle 
a problem begins indicating abnormalities 
system engineer for the EDG is the expert (not just the diesel 
but all components 
ensure maintenance personnel training, operator training 
(cannot be equal to mechanical maintenance personnel) 
understanding of component can be equal. 

Give total responsibility for all aspects of EDG to one on
site experienced power plant engineer 
the person should work personally with maintenance and 
operating people to improve EDG reliability 
he should teach EDG operating principles and EDG maintenance 
practices to operating and maintenance people 
he should write operating and maintenance procedures and 
review these procedures with engine manufacturer 
he should purchase EDG spar~ parts 
he should implement the recommendations of NUREG/CR-4590. 

Lack of extended op-time: utilities should consider allowing 
the diesel engines to run longer to gain operational experience 
and data or work more closely with marine and municipal diesel
operators to exchange experience 
request technical specification relief to allow slow starting 
for surveillance testing 
request technical specification relief to allow teardown in 
accordance with running hrs. versus calendar time 
train reporting personnel for better reporting purposes; also 
implement dedicated personnel and accredit their training. 

Use t rend ana lys i s (engi ne ana lyzer and component run data) to 
predict maintenance instead of disassembly inspection 
maintenance 
designate specific personnel to interface with the 
manufacturer, to take care of and trend the analytical data 
designate mechanics to a specific engine 
designate a specific person to follow up on and assure that 
all component upgrades are thoroughly completed 
implement an in-house accredited training program for the 
operation and maintenance departments (this should include 
management). 

ga Better communications between manufacturers and operators 
be the manufacturers actually don't know the real engine demands 
le more and better engine service information getting to the 

plant engine operations; info not just given to company 
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Afternoon Session 
Question 1 Responses (contd) 

Number 
Al-22-4 

Al-22-5 
Al-22-6 

Al-22-7 
Al-22-8 
Al-22-9 
Al-22-10 

Al-22-11 

Al-22-12 

Al-22-13 

Al-22-14 

Al-23-1 

Al-23-2 

Code 
ga 

be 
ie 

be 
bj 
br 
du 

gu 

bv 

ju 

du 

be 

Response 
the engine operators meeting with the engine builders and 
defining their operating system requirements in detail 
better specification limits of engine 
engine test results that can be used by operators to compare 
operating results 
better engine crank alignment from engine builder 
alignment of engine and generator 
excessive complexity of inst. & controls during start up 
provision should be made to override some controls if it is 
shown that they have not operated 
if the startup was like a fire drill, the operators could 
stand by engines to be sure the controls operate 
if necessary, include more redundancy in the system bypassing 
controls that cause trouble; the engines usually are ok but the 
controls give trouble 
provide a continuous air bleed from the air starting system to 
bleed the system of water 
keep one engine running all the time 

manufacturers' engineering deficiencies: providing for lubrica
tion of fuel control linkage, better instructions on maintain-
ing bolt tightness, better L.D. specs, better F.D. specs, 
provide a warning when a bearing overheats 

ar fast starts impact on reliability: engine wear on engine parts 
are greater because, engine parts are not lubricated to carry 
high, engine load, cylinder liners dry, ca.ms dry, engine is not 
up temperature to carry load. 
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Question 2--What areas would you change in operations and record keeping? 

Number 
A2-1-1 
A2-1-2 

A2-2-1 

A2-2-2 
A2-2-3 

A2-3-1 

A2-4-1 
A2-4-2 
A2-4-3 

A2-5-1 

A2-6-1 
A2-6-2 
A2-6-3 

A2-6-4 
A2-6-5 

A2-6-6 

A2-6-7 

A2-7-1 

A2-7-2 

A2-7-3 

A2-7-4 
A2-7-5 

Code 
lu 
lu 

bj 

be 
lu 

gu 

Response 
Use trend analysis on engine parameters 
use trend analysis with vibration analysis. 

Add a fuel oil filter clean up system and continuous recircula
tion system 
modify purchase specifications for fuel oil 
graph data for long-term diesel generator trending. 

Operations Record keeping frequency and duration of run (be 
elaborate), bring data together, i.e., utilize startup number to 
file information, maintenance requests, and other important 
data. 

lu Surveillance testing 
gu PM & CM record keeping 
gu surveillance inspection (walkthrough monthly) record keeping and 

procedures. 

lu The addition of data loggers to the systems to procure accurate 
and timely record keeping. 

ju Change oil to Mobileguard 412 
in review lube and fuel filtration systems 
hr do the licensing things necessary to allow operations to separate 

engine reliability (not test both engines more if only one of the 
two has problems) 

ar not test more than once a week 
du when we test an engine, we run it at load for 4 to 6 hours before 

shutting it down 
hu consider engines as commercial grade per 10CFR21, especially 

parts with mfg. part numbers 
lu get a good set of instrumentation for trending engine 

parameters; engine protection system upgrade. 

du Engines should be operated for a longer time period so they 
achieve normal operating temperature throughout the engine 
components; additional cooldown instructions would also be needed 

lu better monitoring and recording of engine parameters could aid 
troubleshooting/aging prevention efforts 

iu compare these operating parameters to initial startup testing, 
if possible 

gu ASME Section XI should not apply to EDGs 
lu should be reviewed by one person who would trend this 

information. 

B.25 



Question 3. What regulatory changes would you make to mitigate aging? 

Number Code Response 
A3-1-1 hu Our plant submitted a change to T.S. two months ago to decrease 

the frequency of EDG testing; this change breaks the testing link 
between ECCS operability and EDG operability; also EDG start at 
600 rpm is requested. 

A3-2-1 hu 
A3-2-2 hu 

A3-3-1 ar 

A3-4-1 gu 

A3-4-2 ar 

A3-4-3 ar 

A3-4-4 hr 

A3-5-5 hr 

A3-5-1 ar 

A3-5-2 ar 

Surveillance testing requirements 
LCD requirements. 

Minimize testing. 

Request technical specification change to treat engines 
separately at a given unit 
set up frequency of tests based on last 20 starts but never more 
than weekly 
start tests to include runs 6 hrs to have engine complete 
thermal cycles 
exempt diesel piping from section eleven of AS ME code because 
this piping is not reactor coolant system boundary 
probable risk assessment to extend LCO from 72 hrs to 7 days. 

Reduce the number of cold fast starts (as required by 
surveillance testing) to one or two per year 
yearly or refueling engine inspections/overhauls should be done 
according to manufacturer's recommendations for standby service; 
or better yet, establish a PM program based on these recommenda
tions and take the inspection/overhaul out of the surveillance 
test. 
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APPENDIX C 

LIST OF CORPORATIONS THAT SENT REPRESENTATIVES TO PARTICIPATE IN THE WORKSHOP 

ALCO Power Company, Auburn, New York 
Arkansas Power and Light Company, Little Rock, Arkansas 
Brookhaven National Laboratory, Upton, New York 
Caterpillar Tractor Company, Peoria, Illinois 
Covenant Engineering, Buena Vista, Colorado 
Detroit Edison Company, Detroit, Michigan 
Duke Power Company, Charolette, North Carolina 
Engineered Applications Corporation, Troy, Michigan 
Florida Power and Light Company, Miami, Florida 
Florida Power Corporation, Crystal River, Florida 
Gas Equipment Corporation, Dallas, Texas 
General Motors Corporation, LaGrange, Illinois 
Morrison-Knudsen, Rocky Mount, North Carolina 
Nebraska Public Power District, Brownville, Nebraska 
Northeast Utilities, Berlin, Connecticut 
Northern States Power Company, Welch, Minnesota 
Omaha Public Power District, Omaha, Nebraska 
Pacific Gas and Electric Company, San Francisco, California 
Portland General Electric Company, Portland, Oregon 
Public Service Electric and Gas Company, Hancock Bridge, New Jersey 
Raymond Engineering, Middletown, Connecticut 
Rochester Gas and Electric Corporation, Ontario, New York 
Seaworthy Systems, Essex, Connecticut 
Transamerical DeLaval, Oakland, California 
Virginia Electric and Power Company, Richmond, Virginia 
Woodward Governor Company, Fort Collins, Colorado 
Yankee Atomic Electric Company, Framingham, Massachusetts 

C.l 





No. of 
Copies 

OFFSITE 

20 J. P. Vora 
U.S. Nuc1 ear Regul atory 

Commission 
Electrical and Mechanical 

Engineering Branch 
MS NL-007 
Washington, DC 20555 

J. J. Bu rns 
U.S. Nuclear Regulatory 

Commission 
Electrical and Mechanical 

Engineering Branch 
MS NL-007 
Washington, DC 20555 

A. W. Serkiz 
U.S. Nuclear Regulatory 

Commission 
Reactor and Plant Safety 

I ssues Branch 
MS 244 
Washington, DC 20555 

George Sl iter 
Nuclear Engineering and 

Operations Department 
Electric Power Research 

I nst itute 
P.O. Box 10412 
Palo Alto, CA 94304 

Al Zwieg 
Engine & Turbine Controls 

Division 
Woodard Governor Company 
P.O. Box 1519 
Fort Collins, CO 80522 

NUREG/CR-4590 
PNL-5832 

DISTRIBUTION 

No. of 
Copi es 

Distr-1 

B. J. Kirkwood 
Covenant Engineering 
P.O. Box 788 
Buena Vista, CO 81211 

Jack Horner 
Seaworthy Systems, Inc. 
36 Mai n Street 
Essex, CT 06426 

R. J. Louzecky 
476 Sarsfield Drive 
Rochester Hills, MI 48063 

Jesse Meisterling 
Manager of Research & 

Development 
Raymond Engineering 
217 Smith Street 
Middleton, CT 06457 

A1co Power Inc. 
100 Orchard St. 
Auburn, NY 13201 

Cooper Industries 
Energy Servi ce Group 
North Sandusky Street 
Mount Vernon, OH 43050 

Catepi11ar Tractor Co. 
Engine Division 
100 NE Adams 
Peoria, IL 61629 

Transamerica De1ave1, Inc. 
3450 Princeton Pike 
Lawrenceville, NJ 08648 



No. of 
Copi es 

Elect ro-Mot i ve 
Division of General Motors 
La Grange, IL 60525 

Fairbanks Morse Engine Division 
Colt Industries, Inc. 
701 Lawton Avenue 
Beloit, WI 53511 

Nordberg 
Division of Rex Chainbelt, Inc. 
Milwaukee, WI 53201 

Worthington Division 
McGraw-Edison Co. 
270 Sheffield St. 
Mountainside, NJ 07092 

John Boccio 
Brookhaven National 

Laboratori es 
Building 130 
Upton, NY 11973 

Mi lton Sharpe 
Power Systems, Division, 

Morrison-Knudson 
P.O. Box 1928 
Rocky Mount, NC 27801 

Charles Turk 
Arkansas Power and Light Co. 
P.O. Box 551 
Little Rock, AR 72203 

Alexander Marion, Rm. 920 
Baltimore Gas and Electric Co. 
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