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PREFACE

. This document is the final report on a five-task program
conducted under Contract Number NRC-03-77-192 for the U.S.
Nuclear Regulatory Commission. This report consists basically
of the individual task reports covering the five following

tasks:

Task I-Review of Operating Experience

Task II-Diesel Problem Areas |

Task III-Diesel Engine Manufacturers Recommendations
Task IV-Comparative Study

Task V-Recommendations
The appropriate supporting appendices are also included.

All documentation previously generated‘under this program

is superceded by this final report.
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RESEARCH INSTITUTE
DAYTON, OHIO 45469

ENHANCEMENT OF ON-SITE EMERGENCY
DIESEL GENERATOR RELIABILITY
CONTRACT NO. NRC-03-77-192

TASK I - REVIEW OF OPERATING EXPERIENCE

A comprehensive overview of diesel generator (DG) operation
was a necessary prerequisite to accomplishment of the overall

goals of the program. This was achieved by conducting:

A. a review of relevant iicensee event reports; ‘
B. a review of the available data from the nuclear plant
reliability data system (NPRDS) ;
C. a review of literature pertinent to the operation and
maintenance of diesel generator systems;
D. a survey of operating reactor licensees with respect
to the operation and maintenance of the DG systems;
E. a survey of other large-scale users of DG systems
for emergency or standby power applications.
The details of the above reviews and surveys are discussed in
‘the sections that follow.

SECTION 1
REVIEW OF LICENSEE EVENT REPORTS (LER's)

First and foremost in the conduct of Task I was the review
of the LER's provided by the NRC. The 592 LER's so provided,
covered the time period from 1969 to September 28, 1977 identi-
fying a total of 610 failures and/or troubles. These reports
referred mainly to DG operation and maintenance; however, a few
mentioned more than one item which was not necessarily related
to DG operation and very few were obviously out of place and
should have been repbrted elsewhere.



In addition to a general study of the LER's, each failure
or trouble was classified in an expanded list of categories
following the general plan previously used in the report by the
U.S. Atomic Energy Commission Office of Operations Evaluation,
June 1974, OOE—ES—OO2.. This approach provides for the oppor-
tunity to correlate this current classification with that of
the previous classification reported in 1974. This also
provides a better category breakdown, particularly in the
classification areas of electrical and general. This expanded
classification also provided better guidance in the development
and'evolution of the questionnaire and, more importantly, those

areas of particular interest during plant visits.

The classification of the LER's by operating plant is
tabulated in Appendix A. The grand total in each category is

given in Table 1.1 below.

TABLE 1.1

Engine and Related Electrical General
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Grand Total all LER = 610 (October 1977)
Engine & :
Sub Divisions Related Electrical General
Total LER © 339 162 109
¢ Total LER 55.7 26.6 17.9




Examinations of these grand totals indicate that starting failures
and related problems continue to be the most prevalent failure,
though now at 20.0 percent rather than 34 percent as reported_in
1974. Engine and engine related problems dominate over half the
total at 55.7 percent. ‘Problems which are entirely electrical
contribute 26.6 percent, while "general" items are 17.9 percent.
Actually many of the engine related problems are really electrical
in origin since almost all of the monitoring and safety functions
are performed electrically and power for several necessary engine
services such as fuel pump, etc., is also eleetrical. Purely
mechanical problems are relatively-few. The items classified
under "general" are basically "peeple oriented" in that people

are necessarily involved in the origin of the items so classified

since they are generally procedural or employee related.

The individual plant tabulations (Appendix A) were up-dated
to inclﬁde,additional LER's covering the remainder of 1977 and
January 1978. However, there were relatively few of these addi-
tional LER's and, therefore, no further analysis was made of these
classifications; they are not included in Table 1.1. At that
point in the program, NRC personnel suggested an .approach of
identification of "root cause" associated with the various
reported events. This approach was used for a new classification
for a few of the operating plants visited which eided in the
discussion and inquiries during the visit. This, of course,
involved multiple entries which would have to be considered
differently for any statistical purposes. The true "root cause"
cannot always be reliably identified since it is a matter of judge-
ment depending on knowledge and degree of investigation. The
- "root cause" eoncept is wvery fundamental to the trouble-shooting

process in correcting any equipment malfunction or failure.

During the review of the LER's, it was observed that there
were operating plants which had been in service for a relatively
long period of time with few LER's. On the other hand, there
were plants which had been in service a relatively short period

of time with several LER's. The reason for this was questioned



frdm the beginning. Early in the plant visitation cycle of the
program, it became obvious that the interpretation of the
regulatory guides and technical specifications by the respective
licensees varied considerably. The variation in interpretation
raises questions as to what is a reportable event makes it
difficﬁlt to cbmpare reliability of one plant to another.
However, the LER system is the best and most complete source

of repdrting DG operational problems available and, therefore,

was a vital source of information for this program.

The LER system covers the reporting of failures or problems
which prevent an emergency standby diesel generator from being
available and operating when called upon under certain conditions.

Reports are made according to the following format.

Facility/System :
Component/Component Subcode/ Ler No./ Report Date/
Cause/Cause Subcode/ Control No. Report Type
Component Manufacturer Event Description/
Docket No./Event Date/ a Cause Description

As a new user of the LER system, the following observations

and/or opinions are offered.

LER System Values and Advantages

1. Documentary evidence is given of the existence of

Problems or Failures,‘giving a description of the event.

2. The Licensee Event Report (LER) is definitely related
to the facility and/or system, the peftinent dates, and identi-
fied by numbers in the system.

3. The cause given is usually helpful in correction of

the problem.

4. The name of the manufacturer possibly involved is

valuable if additional help is needed.

Limitations and Deficiencies

1. Causes given are often incomplete.

2. Causes given are occasionally incorrect and misleading.
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3. Causes given are often no more than a personal con-

clusion or judgement though related as positive and factual.

4. Cause given is usually limited to specific component

damage and/or condition and not the basic or "root cause".

5. Interpretation of what constitutes a Reportable Event
varies widely among the licénsee power plants. Thus an unusually
large or small number of LERs may be very misleading when
judging reliability.

6. Three of the fifteen (15) power plants visited had
encountered very serious expensive failures with long time
outage up to 40 days which were not related in the LERs.

Reasons for lack of reporting are obscure.

7. Simply asking for a cause or "root cause" to be given
does not insure that it will be forthcoming.’ The result is a
judgement depending on the knoWledge and degree of investigation
especially in complicated serious common mode situations. A

number of these situations have actually occurred.

LER System Evaluation Summary

The LER system is the most valuable single source of
operative reliability since the most important first step in
" improving reliability is recognition and reporting of failures

or problems and this in general is being done reliably.

While the LER system is officially only a reporting system,

it nevertheless does exert considerable indirect influence. It
discloses much about the effectiveness of the Regulation Guides
and also the Regulations with respect to power plant reliability.
Study of the LER system‘records_and visits to the power plants
indicate that failures and problems are truly being reported.
The same confidence cannot be placed in the causes given or the
corrective action taken since these reports are frequently made
with incompleté'investigatibn'and no follow up reports. Obvious
improvement is subject to the authority which can be exeréised

by the regulating agency.
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Recommendations to be made in Task V for revisions to the
applicable Regulation Guides would be conductive to causing the
LER system to be more responsive to information needs and

consequently more effective in improvement of reliability.

During the plant visits the personnel at some of the utili-
ties were especially helpful in explaining the procedural sequence
of the LER system. It was understood that delayed corrective
action is required to be reported later and a revision or
addition made to the initial LER.

The series of failures in one particular power plant is
discussed below as an example of how misleading the current
system of information can be. Admittedly the case chosen is

extreme, but many others vary only in degree, ﬁbt in principle.

A buckled connecting rod, four (4) cracked cylinder heads,
and a split cylinder liner were discovered one at a time as
described in LER's over a period of more than three months. The-
so-called reasons or causes given in the LER's were merely a
rewording of the failure descrption. The basic or "root cause"
was not given or hinted in the LER's. It was disclosed on page
20 of the response to the questionnaire that #1 diesel had been
overheated. Recirculation of both the engine exhaust and the
cooling air contributed to the prbblem. The construction of
the power plant itself with reépect to engine exhaust and.

cooling air made this recirculation ‘inevitable.

Only during the visit to the plant was it learned that a
water temperature control switch mounted on the engine skid
assembly failed allowing the radiator shutters to fall closed,
resulting in overheating of the engine. It was also said '
that the radiator shutters had not always opened when starting
the engine. In the LER's the cause was given as "personnel
error" for the cause of the cracked cylinder heads. Again
only through the plant visits was it understooa that the per-
sonnel error was presumed to be failure to blow water out the

compression pressure release valves before starting the engine.



The actual failure sequence was:

Thermostatic switch failed .

from vibration 1st basic'éause
Shutters fell closed '.2nd basic cause
Engine overheated | Consequential basic cause
Many parts failed - Detected singly over a

three month period

LER's incomplete and ' Comblete story from a

misleading ~ _ plant visit

Failures on engine of _
good commercial . | Explained from plant

reputation visit, not LER's

Plans were made to change the shutter system so the shutters
would fall open if the control switch failed. The control switch
itself was still being subjected to the damaging engine vibra-
tion though now‘the engine might simply overcool instead of
overheat. | '

")
SECTION 2

REVIEW OF REPORTS FROM THE NUCLEAR
PLANT RELIABILITY DATA SYSTEM ,

A newer computer printout system from the Nuclear Plant
Reliability Data System (NPRDS) for the quarter ending 1 June
1977 was received from the NRC. (The NPRDS .is a newer reporting
system in the process of being developed.) The formatted in- '
formation was reviewed along with the NPRDS reporting procedures
manual. The information was presented in a more complex format
and contained very little additional information beyond that
contained in the LER's or the completed questionnaires,



The LER's and the questionnaire were documents requiring.
submittal by and to the NRC by the licensees. Consequently;
it was felt that the information received through these two
sources was more comprehensive and complete. Also, the NPRDS
_repbrting system is based upon licensees submitting information
voluntarily which leaves the completeness of the information
open to question. Therefore, the NPRDS is considered to be of
very limited value to the current overall pfogram dbjectivés
and with the consent of the contracting‘officerfé authorized

representative, was reviewed no further.

SECTION 3
REVIEW OF LITERATURE

A literature search was conducted by the Information Systems
Division of the Research Institute to obtaih additional informa-
tion relevant to the operation and maintenance‘of diesel engines
particularly of the class of engines used for the emergency
standby service in nuclear power plants. ‘The search was per—_
formed by conducting on-line computer-based litefature searches
of commercially available data bases coveiing Government research
and development reports, technical journal literatufe, conference
proceedings, etc. It was based upon a list of‘keywords relevant

to this program which is provided below.

Single Word Two Word
Diesel Diesel Engines

Engine ' Diesel Electric
Electricity Acceptance Test
Generator Combustion Air
Reliability Air Filter

Maintenance - Fuel Filter
- Combustion Light-Load Operation
Testing Preoperational Testing
~Standby Fatigue Failure



Single Word . Two Word

Continued ' Continued
Power 'Reliability Analysis
Failure : Cooling System
Analysis : Starting System
0il ‘ ' Exciter/Voltage Regulator
Operation
Operator
Filtration
Storage
Governor
Injection

Of the one-line data bases'searched,-documents relevant to
the program were identified in two of these bases. One data
base is the National Technical Information Service (NTIS), a
data base of unclassified, unlimited Government. research and
development reports covering all subject areas. The other data’
base is the Comprehensive Engineering Index (COMPENDEX), a data
base of journal literature, reports, and conference proceedings
in all fields of engineering. A total of 357 documents were
identified, the abstrécts of which were received for review for
relevancy to the program. Of this total, 70 documents were
selected and purchased for further review as they relate to
the goals of program, particularly Tasks IV and V. Seven docu-
ments were acquired from other resources. Listings of these

documents by data base are contained in Appendix B.

SECTION 4
SURVEY OF REACTOR LICENSEES.

Another vital source of information with respect to the
operating experience of the operating plants was through direct
contact (mail and personal) with the licensees, particularly

the personnel immediately responsible for the daily Qperation of



the plants. This was accomplished by two approaches: the mail-
ing of a comprehensive questionnaire to the licensees of all
operating plants and a personal visit to selected operating
plants. The specifics of these two approaches are discussed

in the paragraphs that follow.

4,1 QUESTIONNAIRE

One of the most difficult problems of the program was one
of securing specific information relevant to the various opera-
tional attributes of all the operating plants. Short of visiting
each plant, the best compromise was the development of a compre-
hensive questionnaire. This_dbcument was designed to secure
information concerning various elements of system and subsystem
operation such as operating conditions, configuration, and

maintenance.

While admittedly searching in scope, the.questionnaire
required a great deal of joint effort between the University
investigators and the NRC. The initiai 13 page doéument drafted
by UD investigators was reviewed with NRC. After editing, revi-
sions and additions, a 22 page document was mailed by the NRC
to all licensees of operating plants in mid-December with a 30
day response period requested. The quéstions addressed such

elements as listed below.

Starting systems and conditions
Fuel oil systems

Lube o0il systems

Cooling systems

Governors and governing
Generator and related controls
Safety shutdowns and emergency control
Combustion air filtration
Operator qualifications
Time-load operation

Maintenance specifics

Operation specifics



Since it was impossible to anticipate all possible plant
‘cohfigurations.and operating conditions, the licensees were
given the opportunity to respbnd “NA“ to those questions

not applicable to their particular installation or operating
condition. Also, the opportunity was provided for them to
respond "UN" to those questions where specific information
was unknown or lacking with the understanding that it would
be provided later, per the instruction of the NRC cover
letter to the questionnaire.

4.2 RESPONSES TO THE QUESTIONNAIRE

- The majority of the responses to the»questionnaire were
returned within the 30 day period as instructed and were
coded for enﬁry into a computer. The main computer print-
out, which is strietly a frequency count of the responses
to the individual questiohs, indicates‘a total of 43 operat-
ing plants as opposed to 65. The reasons for this are that
some guestionnaires had not been received at thevtime the
final tabulation was made, and the reporting by some licens-
ees on two or more very similar plants under essentially
the same operational control; thus covering 59 individual
plants. The printeUt from these-entries is quite voiumin—
ous and therefore was condensed in order to be accommodated
into this report. This was done by taking a questionnaire
and applying the totals in the available space (see Appen—
dix C). This applied partlcularly to those questlons
answerable by "yes", "no", "NA", or "UN". Some questlons
had almost as many different answers as licensees and-there?
fore did not lend themselveseto summarizing. These questions
are marked w1th an asterisk (*). Those questions where.
the responses varied considerably but fell within a particu-
lar range (i.e., starting air pressure), the range has been

given to indicate it accordingly.



To more effectively utilize the main computer printout, the
cross-tabulations were run. These cross-tabulations basically
relate certain subsystems or areas of concentrated interest to
either engine manufacturer or the licensee power plant. The
letters preceding the designated subsystem or areas of interest
are as they are identified in the questionhaire. The cross-
tabulations will enhance the utility of the printout particularly
as they bear on the overall program in Tasks IV and V. The print-
outs of the cross-tabulations are also quite voluminous and,
therefore, only thevmore»important portions of them have been
included in this report. The portions so included are identified
by variable numbers (i.e., V62, V113, V239, etc.) in the listing
below and form Appendix D. '

‘'The cross-tabulations with respect to engine manufacturer
(Ve) are:

Starting Systems - all guestions (V26, v27, V62)
.. Fuel System - all gquestions (V75, V83, V86)

Lube 0il System - all questions (V90) .

. Cooling System - all questions (V112, V113, V115)

. Governor - speed control (V148)

oM H OO W

. Starting Conditions - most troublesome problem (V239).

The cross-tabulations with respect to the licensee power

plant (V4) are:

O. Starting Conditions - most troublesome problem (V239)

. Emergency or Alert Conditions - all questions (V213,
v214, V215, v216, V217)

. Operator Qualifications - all questions (V267, V271)

=

.- Foreign Gases - question on storage only o
. Control System Automatic Bypass - all dguestions (V285)

R
S
T
U. Control System Automatic Override - (V287)
W. Testing by Outside Experts - all questions
X

.4. Surveillance Testing



Also a cross-tabulation of the number of "NA's" and "UN's"
versus plant was run. It, too, is gquite voluminous and has not

been includeéd in this report.

4.3 LICENSEE PLANT VISITATIONS

Thdugh limited in scope in terms of the number of plants
visited, the plant visitations were a very significant part of
the program. Twenty of a total of sixty-five operating plants
were visited at 14 different site locations. 1In order to work
- within the financial and schedule constraints of the program,
a number of factors influenced the ultimate choice of plants

to be visited. Those factors were:

NRC suggestions

Plants size in MW power capacity

. Number of LER's reported by the respective plant(s)
Geographic location

. Diesel engine manufacturer

Possible reasons gleaned from the questionnaire

"M &b o 0w w

. Additional judgement based on an'evaluatidn of the
degree of severity and consequences of troubles
reported or attitude indicated.

A couple of the factors cited above need:.further explana-
tion. The geographic location was important in that costs of
time and travel were significant. More importantly, selection
of sites which would provide a representative sampling of
seacoast and inlahd plant locations was done. A concentrated
effort was made to visit plants which would bevfépresentatiVe
of the engine installations consistent with approximately an
equal percentage with respect to the total number of engines
supplied by each manufacturer; in other words, equal treatment
of each engine manufacturer was attempted. This was done success-

fully without compromising other factors to any great extent.

Using the factors cited above for the basis for plant

selection, the plants listed in Table 1.3 were visited.
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TABLE 1.3 POWER PLANT VISITATION PREFERENCE

Engine Power Plant Start No.
Mfr. Site Date LER'S Address
GM Beaver Valley 1976 16 Shippingport, PA
Dresden-2 1970 31 Morris, IL
Dresden-3 1971 14 Morris, IL
Ft. Calhoun 1973 19 Ft. Calhoun, NE
Fitzpatrick 1974 19 Scriba, NY
Surrey-1 ‘1972 11 Surrey, VA
Surrey-2 _ 1973 2 Surrey, VA
Nine Mile Pt. 1969 1 Scriba, NY
Oyster, Creek-1 1969 16 Forked River, NJ
FM Hatch, Edwin I 1974 15 Baxley, GA
" Millstone-2 1975 23 Water ford, CT
Duane Arnold 1974 17 Palo, IA
Calvert Cliffs 1974 24 Lusby, MD
Millstone-1 1970 2 Waterford, CT
‘Calvert Cliffs-2 1976 8 Lusby, MD
ALCO Indian Pt.-2 1973 9 Indian Point, NY
Indian Pt.-3 1976 9 Indian Point, NY
CB Zion-1 1973 18 Zion, 1L
Zion-2 1973 15 Zion, IL
Cooper~1 1974 12 Brownville, NE




The power plant visits were organized by locales so that
a trip by the University investigators could travel to that
locale and visit a number of planté; Planning such a trip to
conform to the various desired or necessary plant schedules
was difficult indeed. The preliminary steps involved in making

the plant visitations are as follows:

A. Plant Choice - mutual selection and agreement between
NRC and University personnel on the plants to be visited as

previously discussed.
B. NRC approval for specific plant visits.

C. Contact the proper respective plant authority - contact
by the NRC personnel followed by contact by the University for

specific visitation arrangements.

The power plant;visitations were conducted using the

following guidelines:

A. Discuss specific power plant questionnaire and any
other important or relevant information or experience cited in
other guestionnaire responses without revealing the source

(general discussion).

B. Make cursory physical examination of the power plant

with respect to conformance to accepted good practice.

C. During the discussions and examinations in'(A) and (B)

above, three classes of machinery were considered, namely,-

1. Engine and/or engine related

2. Generator and/or generator related (switchboard)

3. Auxiliary machinery, piping, building, such as
ventilation, heating, combustion air, exhaust
gases, fuel storage, etc.

Each visitation itself involved an introductory conference,
the plant inspection, and a post inspection conference. The
introductory conference was conducted prior to the plant inspec-
tion. This provided an opportunity to meet the appropriaté plant
supervisory and operating persbnnel. Eﬁenvthough specific refer-

ence was made to a prepared check list, problems cited in the

I-15



LER's, and unclear responses on the questionnaire, a concerted
effort was made to maintain a true open discussion while avoid-
ing an interrogation typé of exchange. These discussions
centered around the procedures and practices as they relate to
the operation and maintenance of the DG units. Also, an attempt
was made to obtain opinions regarding adequacy of the equipment
with respect to the requirements and performance demands. This

segment of the visit required approximately two hours.

The plant inspeétion was limited to those areas related
to the DG units and their operation. This included the DG
room, surrounding area, auxiliary equipment room, battery room,
and the control room. Particular effort was made to examine
those components and subsystem configurations which were not
clearly explained or understood from the LER's, QUestionnaire,
- or the introductory conference. The fuel storage and transfer
subsystems, air starting subsystem, and DG protective subsystems
were given special attention. The DG room ventilation and com-
bustion air induction subsystems were examined with respect to
dust and dirt as it affects the quality of combustion air and
access to contactors, relays, and breakers. When possible,
staft~up and loading of the DG units was witnessed. The time
to conduct the plant inspection required approximately one hour
or longer if arrangements for DG start-up and loading have been

successful.

The post inspection conference provided an opportunity to
clear up any unanswered items from the introductory conference
and to clarify and/or discuss in detail observations made during
the plant ‘inspection. This conference required 1 to 2 hours

to complete.

Preparation for each plant visit required insuring the
availability of information on that particular plant as con-
tained in the LER's and LER classification, the questionnaire
responsé, and a visit format, including a list of possible

concerns. Experience immediately indicated that it was best



to discuss items of concern in that particular plant based on
available information and not those items properly covered in
the questionnaire. An effort was made to keep the discussion
informal in order to develbp new information not previously
disclosed. This latter effort was quite productive as we were
informed of both positive and negative situations of which we
had no previous information. In one plant we were proudly
shown new equipment in operation to. effectively improve start-
ing conditions while in another plant we were shown the remains
of a severely damaged engine. In most plants the problems

of incomplete or puzzling information were resolved.

After our first plant visit we reappraised our procedure
for the remaining visits. Shorter visits made possible the
presence of more responsible plant personnel in our interviews
and conferences since most of these people could be detached
from their usual duties for a short time. This resulted in
meaningful pertinent information and general willingness to be
helpful. | | |

As can be inferred from the discussidn\above, the informa-
tion secured on the plant visits basically supplemented the
information secured through the LER's and the questionnaire.
Consequently, the areas of concern may appear somewhat limited.
However, it soon became evident early in the visitation schedule
that these areas of concern are the most relevant as they bear
on the reliable operation of the DG units. The areas include
the major subsystems for the DG unit along with certain operation
and maintenance practices. These areas of concern are:

A. Air start subsystem - moisture removal; compressor

drive power source(s); receiver placement; pressure,
size, and number; piping to engine; etc.

B. Fuel subsystem - day tank size and placement; air
vent; bleed; fuel transfer pumps; pump power source(s);
etc. : .

C. Cooling subsystem - expansion tank height and placement;
air vent; thermostat configuration; primary cooling
method (water-to-wateér heat exchanger or radiator);
standby heating; etc. ’



Lubrication subsystem - cooling; standby heating;
prelubing; etc.

Battery room and batteries - inspection; maintenance;
cleanliness; etc.

DG room ventilation and combustion air - inside or
outside combustion air; combustion filtration; room

‘air filtration; DG control cabinet configuration and

cleanliness; etc.

Turbocharger drive problems

Maintenance and inspection practices
Surveillance and light loading practices
Personnel training

Electrical components

Power plant related concerns.

=
|
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A. Air Start Subsystem - moisture removal; compressor drive

power source(s); receiver placement, pressure, size, and

number; piping to engine; etc.

Moisture removal from the compressed starting air was ac-
complished by blowing water from the bottom of the air tanks
and various lower parts of the air piping, including the entrance
to the engine piping. The best prevailing practice appeared to be
that of blowing air from all vents every eight hours or every work
shift. The personnel at the various power plants apparently adapted
their bractices according to the severity of the problem.
Expressed recognition of the need for a condensing water extrac-
tion system from the compressed air was noted in several plahts,
but only one plant had suéh a system in_operation with an air

"aftercooler" using cold water to cool the air.

The basic compressor drive power source was a.cC. power.
Standby compressor power was primarily a small diesel engine. A
second a.c. motor driven compressor was also used in some

instances.

The air receivers weré generally on the engine room floor.
One plant had a great deal of trouble from water, rust, pipe scale,
etc. in the starting air, It had five small tanks located in
the hottest part of the room.near.the ceiling which would tend
to minimize. condensation. This plant was also in a locality
'noted for both simultaneous high ambient air temperaﬁure and
high humidity weather. The least trouble was in plants in the
northern part of the country where both cocler weathér and lower
humidity tend to prevail. ‘Two of these plants also used only
one large air tank and the air was compressed to double the
pressure used at the air motors. The higher air pressure tends
to condense more water and the expansion throﬁgh the pressure
reducer tends to further reduce the humidity and water in the’
Starting air passing through the air motors. There were con-

tributing additive causes in the two instances given, but



the overall difference in operation was very marked. Different
engines, etc. were also involved though most used air starting

motors,

Most air starting problems were associated with engines
which used air starting motors, and the least problems existed
where ‘air was admitted directly to the engine cylinders. One
make of engine uses an air distributor system having close
clearances in the distributor which encountered some trouble.
Closely fitted parts such as used in air motors, or distributors,
are obviously more prone to damage from water, rust, grit, pipe

scale, etc.

Some appreciable air starting trouble is caused by and
associated with the electrical components. This may be caused
by either a malfunction of the part itself or dirt and grit
gett;ng between the electrical contacts. ThlS has led to a
practice of using a second start signal in case the engine does

not start from the_first actuation.

A second set of air motors is installed as standard for a
second starting effort on one make of engine, in answer to the
air motor problems. Both the second start signal and the dupli-
cate set of air motors reduce the likelihood of complete startihg

failure.

B. Fuel Subsystem - day tank size and placement; air vent;

bleed; fuel transfer pumps; pump power source(s); etc.

In all the power plants visited the fuel systems were good
with respect to the day tanks, piping, air vents, and bleed lines.
One make of engine does consistently have the day tank lower
than the top of the englne fuel system, but this engine has a
long time satisfactory service record w1th this partlcular
arrangement. The fuel transfer or supply from the day tank pump
to the engine varies from no pump with gravity feed only from
a well elevated tank to an a.c. driven pump, to a 125 v. plant

battery system driven pump. The back up or standby pump may



include a duplicate of one of the above or in a few cases a,
small hand operated pump for priming purposes. Automatic
positioning of the fuel controls to the full position is commonly

used to facilitate the engine start.

C. Cooling Subsystem - expansion tank height and placement;:

air vent; thermostat configuration; primary cooling method
(water-to-water heat exchanger or radiator); standby

heating; etc.

In all plants the cooling water expansion tank was properly
piped with respect to piping to the engine system including the
air vent bleed. The water expansion tank was above all parts
of the engine system ekcept for one engine make where the height
was slightly lower following the successful practice of this
particular manufacturer. Water temperature was'contrdlled by
“3—way" bypass type water thermostats in all plants except two.
These two plants had diesel generator sets which were assembled
on a steel foundation frame or "skid" in a separate fabrication
plant and then transported and installed as a unit in the
power plant. This assembly also contained the~cooling system
and controls, lubrication system, most of the fuel system, controls
and safety equipment, etc. These latter units had skid'mountéd
. water temperature actuated electrical switches which positioned
' radiator shutters. (See also malfunctions discussed'in detail in
Section K following.) | |

Radiator cooling and heat exchangers to "raw water" were both
used in various plants. The water-to-raw water systems did give a

little trouble from trash or marine growth in some plants.

Standby water temperature heating systems functioned

satisfactorily.
D. Lubrication Subsystem - cooling; standby heating; prelubing;
etc.

The lubrication systems gave good performance and most prac-
tices appeared to be satlsfactory. In one plant we were told by the
power plant personnel that the standby oil temperature was temporarlly

too low during the winter and probably contrlbuted to incipient
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crankshaft bearing failure as detected during general engine in-
spection. Thé,problem of lube o0il fires on exhaust manifolds was
discussed in some plants and shortened prelube periods were sug-
gested in one powér plant by the personnel. vThis subject is covered

in detail in the report of the Fairbanks Morse visit.

E. Battery Room and Batteries - inspection; maintenance; clean-

liness; etc.

In all the power plants visited, the battery'room, bat-
teries, and charging equipment was clean, neat, and in good
working condition. The "station batteries" for the diesel
generator emergency power plant control system were 125 v.

(132 volt) in the standard fashion. Some of the diesel genera-
tor plants had a second 125-132 v.d.c. system for engine starting
and there were some 12 or 24 v.d.c. battery systems notvconcerned

directly with the diesel generator plant.

F. DG Room Ventilation and Combustion Air - inside or outside
combustion air; combustion air filtration; room air filtra-

tion; DG control cabinet configuration and cleanliness; etc.

The DG rooms and combustion air intake followed two patterns.
In one pattern, the DG unit was set in the middle of a seismic
shock approved room and-the combustion air was taken directly
from the room. In the other pattern, the combustion air was
brought from outside through seismic approved piping. In either
case, the practice is to ventilate the room by air through a
COarsely screened grill (to exclude birds, etc.) about 4 feet
by 6 feet and vent through a similar grill. Steel shutters or
louvres were used which open automaticall& along with the
starting of powerful fans when the DG units start. In many
plants, the room air is cooled by paséing it through water

cooled tube and fin type coolers.

A number of these installations use Cardox (Coz)lfire

- protection systems. Those installations using such fire pro-
tection along with the practice of drawing combustion air from
the DG room-xaises a concern about the possible suffocation of an

engine during an emergency.



The dirt, dust, grit, etc. in the DG rooms was determined
by the large amount of air circulated or brought in from outside,
the height of the air intake from the ground level, the terrain
in general outside the DG room,and the lack of building air
cleaners or filters for the air. By‘far the worst conditions
were where a new power plant was being built, just outside or
nearby the DG room, and where the air intake was at or next to
the ground level. Several plants do actually have new bare
ground construction sites with earth moving machines, trucks,
etc. "next door." 1In one such plant, the dust, dirt, and grit
in some of the electrical control cabinets had deposited a |
layer estimated to be about 1/32 inch thick.

Dust and dirt are known to be a major cause of contactor
and relay malfunction. In most of the plants visited, the DG
control and exciter voltage control cabinets did not have com-.
pletely gasketed doors. Some plants had no gaskets at all,
and only one plant had all electrical cabinets- completely
gasketed and reasonably dust tight.

Several power piants did have relays and contactors with
plastic dust tight covers including that plant which had sub-
mitted the smallest number of LER's. It is not intended to
infer that all malfunctioning of contactors and relays is
caused by dust and dirt on contact surfaces Some trouble may
also be caused by a lack of suff1c1ently rugged constructlon
and also simply by "early failure" or "infant mortality."
Simple replacement of the “early'failure" units and continued
use of "enclosed" units did appear to contribute to a good ’
operatlonal record and reduce repetitive failures. In one
plant which did have relays and contactors with plastic eovers,
a modification was made. Concern about seismic shock effects
resulted in a bar being piaced over the covers which, when
tightened to the supperting base, distorted the cases and units
so that malfunctiohs immediately developed. The improvement

in seismic shock resistance did not appear to have been tested.



——

G. Turbocharger Drive Problems

Turbocharger mechgﬁical drive problems have been encountered
in a number of DG power.plants. The reasons for the failuies and
suggestions for changes for improvements are covered in detail in
the report of the visit to the Electromotive Division of General

Motors plant.

H. Maintenance and Inspection Practices

Maintenance and inspection practices vary considerably
from plant to plant, as influenced by: the original Architects
and Engineers (A. & E.), occurrances or problems during the
plant construction and start—up; the rules and regulations of
the utilities, the influences of labor uniohs, and the'recom—
mendations of the manufacturers of the engines and/or the
generator equipment. A great deal of the specific needs for
changes, adjustments, etc. are learned during the surveillance
testing and most of the reméining information during the yearly

inspection.

‘ Some plants have the engine generator responsibility

divided principally between operation (operators) and mainte-
nance. A further classification may be that of engineering

and shop personnel. In some plants, the operators designate

in their reports the work they want performed by the mainte-
nance personnel and in others, the maintenance people make

their own observations and notify the operators. Labor unions
have a tendency to emphasize particular skills which result in
labor force divisions of mechanics and electricians, The
utilities tend to favor overall responsibility and duties.

This multiplicity of differences in power plant organizations was
not anticipated prior to our visits, consequently, the relative
merits of any particular organization structure have not been con-
sidered in detail. The attention giveh various items regarding
inspections, and observations of operation performance with

respect to maintenance needed was strongly influenced by the



recommendations of the manufacturers, and rightfully so, because
substantially different characteristics do exist among the various

brands of equipment.

Maintenance appears to be principally based on actual
malfunction and repair or replacement, and meeting of the
original factory standards of the manufacturers. Surveillance
tests are shor£ so changes based on test logs are difficult to
make as could be evidenced by long term trends or degradation of
equipment performance. At present in most plants the evaluation
of the need for maintenance action appears to be based on "start
and run" for surveillance testing rather than specific trouble

shooting tests to determine if marginal conditions exist,

I. Surveillance and Light Loading Practices

The scheduling and frequency of surveillance testing and
loading is strongly influenced by the manufacturérs' recommenda-
tions and ranges from weekly to the NRC minimum of monthly.

This results in a range of weekly tésting at full load to a
monthly testing at 25 to 50 percent load for engines of another
manufacturer. The length of the prelube period before each

test run exceot that of a safety injection signal has been
covered in detail in the report on the plant visit to one engine

manufacturer.

Excessively long periods of no load and light load running
tend to be practices in nearly all plants. An engine may be’
started and run up to full speed. Time passes as the lube bil
pressure and temperature, cooling system functioning, water
temperature, engine speed, and other factors are carefully checked.
The operator is simply being very careful that everything is satis-
factory before the next step is taken. When the-engine is

loaded by paralleling with the utility electrical system, more



time may pass before any appreciable load is applied while the
operator is taking "extra care". Fifteen to 20 minutes may
pass before the engine is loaded. The result is sometimes an
appreciable collection of lube o0il and unburned fuel in the
engine cylinders and exhaust system which may also "load up" and
possibly damage the turbocharger. Excessive no load and light
load running is-opposed by all the engine manufacturers and is
considered bad practice in the industry. (This subject is
covered in each of the reports of visits to the four engine

manufacturers.)
J. Personnel

Personnel in_the DG power plants for émergency service
in the nuclear power plants vary from those with no previous
nuclear power plant experience to a considerably number who
have U.S. Navy nuclear submarine experience. The minimum
education required is a high school diploma. Training
varies from on-the-job training to special training in a school
maintained by the utility. Some utility employees are also
sent to schools provided by the engine manufacturers for

further training.

The use and organization of personnel is separately covered
above in Section H - "Maintenance and Inspection Practices."
The person-to-person conversations in our conferences and plant
inspections during the plant visits gave tangible acquaintance
with the plant personnel from top supervisors to the plant
operators and other personnel. The impression was of informed
workers dedicated to making a success of the nuclear power

plant operation.

These plant personnel may be unjustly blamed in many cases
for certain problems. In their behalf, it should be said that
their efforts are hampered in many ways. In instances brought
to our attention verbally, one suggestion to effect a certain

improvement in operation was rejected as too expensive by the



utility executives, while in another utility, the same sug-
gestion was approved and put into service. 1In another case,
the utility operating practices were continued despite recogni-
tion of the problems caused because the rules were not changed.
The problem of getting desirable changes properly approved and
implemented once the plant was approved and licensed by NRC

was said to prevent certain changes from being suggested. This
comment may be simply an excuse or alibi, but it was made at
several plants and whether justified or not, frustrations were

being expressed.

K. Electrical Components

Generator, Exciter-Voltage Regulator, and Generator Controls:

The generator and the usually combined static type exciter-
voltage regulator, while not takéﬁ,fbfygfahted, in general gave
no trouble. Abdut the only problem mentioned in our plant
visits were a few cases of failure to build up voltage on start-
up because the field flashing circuit relay did not always
make contact. Little trouble was experienced with solid state
components except that normally attributed to infant mortality.

Design Logic and Protective Control System:

The design logic errors had.long since been corrected by
the time the power plants were visited. Components of this
part of the electrical system are chiefly comprised of con-
tactors, relays, and sensors which have "make or break" contacts,
and also annunciatorslwhich are lights, bells, or horns. This
control part of the electrical system contributed many of the
operating problems and the plant visits did much to show the..

reasons. General observations were made as classified below:
Environmental Exposure:

Engine generator room airborne dirt was obviously a major

concern, and is explained in detail elsewhere.

Temperature was not a factor becausevof the large amount

of ventilation air from outside.
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Design Characteristics:

Industry durability reputation of various brands was not

discussed.

In general, the components were either of open .type or
else dust tight (plastic covers) construction. 1In view of the
very dirty conditions in most plants, this difference appeared

significant.
Installation:

The control cabinets, etc., were either free-standing,
mounted separately and directly on the floor, or else packaged
and integral on the engine_genefator skid. The latter method
of direct or skid mounting‘is notorious in the engine industry
for producing multiple repetitive failures of the components.
Engine vibration commonly causes pitting of contacts from
-arcing and also vibration induced fatigue failures of contact

springs and wiring.
Maintenance and Failures:

In our discussions, there was no mention of common mode
failure of the electrical equipment while the random mode

failures were of components.

L. Power Plant Related Concerns

A numbér of plants had a DG room which was basically
a box with the DG unit set down in the middle of the room.
While this arrangement is obviously quick and simple it does
inherently generate problems of vibration, dirt, and possibly

high temperatures.

In two different plants, the apparent concern about rain
water caused engine exhaust gases to be driven.back into the
power plant. .In onesof,these plants, the engine exhaust, hot
air from the engine éooling radiator, and the room ventilation
air were all recirculated back into the DG room producing an

obvious very bad condition.



The seaside plants had peculiar problems such as plugging
of the sea water side of the marine type cooling system by
mussels growing in the passages. In another plant, the salt
water erosion-corrosion had damaged the salt water piping, and
caused one DG unit to be withdrawn from service. This was said
to not be a concern for the DG responsibility because the damage
was in main steam power plant salt water piping. It does seem
that anything which causes an emergency DG unit to be withdrawn

from service should be more of a concern.

One power plant which had a fairly good record was visited
principally because.the LLER's were vague and inconclusive.
Inspection of the plant showed it to be clean, neat, and in
good order. Discussion about the functioning of the diesel
generator units with the supervisors did little to dispel our
original apprehensions. Further discussions with some of the
mechanics and electricians indicated that credit for the good

operating record was because of their skills and knowledge.



SECTION 5
SURVEY OF OTHER USERS

As a significant adjunct to the overall program, visits
were made to two large scale users of DG units cdmparable
in size, who operate the units under similar conditions and
experience similar problems. They were the Bell Telephone
Laboratories in Whippany, N.J. and the Federal Aviation
Administration (FAA), in Washington, D.C. As anticipated,
these two organizations were extremely valuable resources in
providing us the benefits of their operating experience and

practices.

Initially, the personnel at the Ohio Bell Telephone
Company in Dayton were contacted. However, it was soon
learned that Bell Labs was the appropriate agency rather
than any of the Bell operating companies with which to dis-
cuss DG matters primarily of interest to the NRC. The dis-
cussion with Bell Labs personnel and FAA were very wofthwhile
even though these activities were rather minimal in terms of
the overall contractual effort. The specific DG requirements
to meet the needs of each of these organizations are somewhat
different from each other and different from those of the
NRC and its licensees. These differences, to a certain
extent, help to highlight the existence of some of the DG
related problems at the nuclear power plants from both a
systemns and operations standpoint. On the other hand, there
is suffiéient commonality among the basic DG requirements
that certain Bell Labs and FAA practices are worthy of close
review for possible adoption of these practices or variations
of them by the NRC and its licensees. These practices are
discussed and summarized in each of the respective reports
that follow.



VISIT TO BELL TELEPHONE LABORATORIES OF A. T. & T. SYSTEM
at Whippany, New Jersey on May 9, 1978

PERSONNEL INVOLVED:

Supervisor Bob Kenny
A.C. Reserve Systems -

Head Frank Flaherty
A.C. Reserve Systems

Supervisor Alan Morr
Use and Applications
A.C. Reserve Systems

Supervisor S. E. Scheverell
Technical Staff

Fuels and Chemicals George Kitchen
(Telephone call)

Visitors: G. L. Boner
University of Dayton
H. W. Hanners
University of Dayton

The Bell Telephone Laboratories of A. T. & T. have the
single responsibility of developing or approving all equipment
used in the telephone exchanges and systems. This includes
the standby emergency power systems for use when utility power
outages occur. Immediate response of these auxilliary power
systems While desirable is not necessary as individual exchanges
can operate all essential services from battery power for A£

least four hours.

PURCHASE POLICY

A good quality power supply with respect to voltage and
frequency regarding load changes is important. The Bell Systems
are, however, extremely concerned about the absolute reliabilit:y
of all electrical equipment with particular emphasis on contac-
tors and relays. Extensive approval tests are made on all

purchased equipment. Emergency electric generator systems have



been tested in the Bell Laboratories as long as one year. All
purchased parts and equipment must have Bell Laboratory approval.
Gas turbines are also used because of lower installation costs
with smaller weight and size since immediate response is not

mandatory.

OPERATING PROCEDURES -~ DIESEL GENERATORS (DG)

There is a continuing trend toward automatic operation of
equipment although a few exchanges operate the emergency power
supply systems in the "manual mode." Procedures do not require

that equipment either work or run to destruction.

A true crisis test is run yearly in which all of the emer-
gency power system is given a true complete test. Simulated
or partial system tests have not been effective in proving
operability in emergencies. Periodic operation in the mean-,
time is considered helpful in maintenance but not in proving

operability.

PROBLEMS AND CONCERNS

Component quality continues to be a major concern. Ex-
perience has shown that most problems or failures occur in the

periphery rather than in the heart of the systems.

DIESEL FUEL SUPPLY

All diesel fuel tanks are kept slightly below the top of
the diesel fuel injection system to guard against any possible

hydraulic lock in engine cylinders caused by leakage.

The engine proper is supplied fuel by an electrically
driven fuel pump and with a duplicate redundant alternate pump
and motor plus a hand operated pump for possible emergency

priming.



PROBLEMS AND CONCERNS

Contactors and Relays

Extreme care is taken to guard against dust, dirt, and grit
getting into or on electrical contact surfaces. All contactors
and relays are of the closed bifurcated type with individual
component plastic dust tight covers. (Struthers-Dunn equipment
is preferred.) This equipment is mounted in gasketed dust
tight cabinets and housed in a room not directly open to the
outdoors. The enormous contrast to some of the nuclear_ power
plant DG rooms and éontrol‘cabinets with respect to dust, dirt,
grit, etc., is most impressive. This was especially true of
those sites adjacent to the construction of another new power

plant.

Diesel Fuel

In addition to the usual considerations for good fuel
quality, the Bell Systems and Bell Laboratories are concerned
with the long-time storage of fuel having a minimum deteriora-
tion within acceptable limits such as gum'formations. Water-
white #1 kerosene from specially selected refinery runs has
been approved for dead storage for as long as 10 years. Cur-
rent efforts include the testing and use of additives to more
easily obtainable diesel fuels with encouraging results. ‘The
compounds used were not described and may be either confidential

or proprietary.

Seismic Shock

Bell supports the seismic shock concern and recognizes four

levels of concern on sensitivity and importance.

Principal Advice
Component functioning and durability is extremely important.
Quality proof is best established by exhaustive testing.

Operability is best proven by yearly full scale "crisis

tests," while simulated or partial tests are not conclusive.



VISIT TO FEDERAL AVIATION AUTHORITY (FAA)
in Washington, D.C. on April 10, 1978

PERSONNEL INVOLVED:

Chief Program Mgr. Ray McCormick

(Asst.) General

Engineering Ralph Stolhard
(Asst.) Engineering Tony Froelich
Visitors: G. L. Boner

University of Dayton
H. W. Hanners
University of Dayton

The FAA (Federal Aviation Authority) is singly responsible
for the purchase, ownership, operation and surveillénce of the
standby emergency diesel generator (DG) electric power plants
in the various flight control stations covering the United
States as a part of the National Air Space System.

As a Federal Government agency or bureau, it is also
‘responsible to the U.S. Congress who must approve all purchases
either directly or indirectly. Depending upon the circumstances,
it may at times be directly concerned with human life in a most
immediate fashion such as a major power outage at night under
poor visibility conditions. This background influences the
choice of equipment, also the procedures and regulations of
operation. Immediate reporting of all troubles is required to
the head office in Washington, D.C..not later than the next day.

PRIME MOVER CHOICE

The FAA has 3500 standby emergency DG units in service, about
half have gasoline engines, and the remainder diesels. Units
are purchased in groups to minimize the differences in equipment
on open authorization limited to lots such as 100 or 150 iden-
tical units, and authorized by the U.S. Congress. Qualification
on such an order is attainedvonly after exhaustive tests which



may require as long as 18 months. Diesel engines with start-
ing air direct to the cylinders are favored. Equipment is pur-
chased from the lowest qualified bidder which sometimes results
in poor quality components, but FAA has total control in pur-

chase and inspection.

The starting air supply is from a motor driven compressor
with a small engine driven standby compressor. Starting air is

filtered.

OPERATING PROCEDURES

"Surveillance" or check testing at one time was done weekly,
'but now is done monthly. The loads usually consist of fan cooled
resistor banks. The electric public utility'systems, the country
over, have consistently resisted paralleling for loading with
their systems. However, since the recent system-wide power out-
ages in the eastern part of the U.S., there has been some change
in attitude such that Detroit Edison now allows the practice of
test loading for FAA.

The starting requirement from "alarm" to "on the line" is

15 seconds and may be reduced to 12 seconds.

Three levels of coverage for radar are recognized for power.
_ggg;ggg;;gp;pgmgly, 24 hours, 16 hours, and 8 hours. (The Bell
Telephone System recognizes four levels in their operations.)
This may include both time and equipment. Provisions exist for
overtime and "call back" time for employees in order to get the
generator units back into service when failures and troubles do

occur.

REPORTING SYSTEM (ON FAILURES AND TROUBLES)

‘Great emphasis was given to the FAA reporting procedures
with respect to immediate and speedy reporting. The use of the
telephone is encouraged both to the head office and to other

FAA installations both for cooperation and relaying of information



regarding failures or concerns. Every power plant has the
right to go "right to the top" with any complaint and this is
supported by top management. Every Regulation book has in the
back of the book a special notice calling attention to this
matter of direct reporting. Written reports must follow which

may require as long as six weeks to reach the top.

PROBLEMS AND CONCERNS

Fuel for diesels has not been a problem because about 75
percent of the fuel in storage is expected to be burned every
nine months. There has been some trouble with gasoline in

storage.

Light load problems have occurred when the loads are de-
creased because of changes from vacuum tubes to solid state
electronics. Unburned fuel in the exhaust runs out and drips

on the floor.

Maintenance and immediate attention to problems is emphasized,
but tinkering or changes without specific reason has caused
problems and is discouraged. Approved modifications usually
require as long as 1 to 1-1/2 yéars, but under emergency

conditions, have been installed in three weeks time.

PERSONNEL

All operators of 300 kW units and larger must be certified
and for smaller units it is not required. The FAA training cen-

ter is in Oklahoma City, Oklahoma.

SUMMARY AND RECOMMENDATIONS

Keep the equipment and‘system.as simple as possible.

Attempts to attain reliability above 98 to 99 percent is
sure to be very expensive and surely show diminishing returns
for expense and effort, and may even cause poorer reliability

because of greater mortality in a complex system.



Short circuit all red tape by telephone with written
reports to follow later and encourage interchange of reports

between plants.

FAA does have an advantage in the complete control of the
FAA system from specification, purchase, ownership, operation

to the overall responsibility.

The Department of Defense (DOD) was suggested as another
government agency or bureau which has a large number of DG _
emergency power plants in radar sites, missile launching, etc.

which would provide further information.

A copy of our final report was requested to be sent to
the FAA head office in Washington, D.C.



TASK II - DIESEL GENERATOR PROBLEM AREAS

The items covered in Task 1I are principally those about
which little or nb trouble had specifically been reported. An
outstanding exception was the air start problem. The problem
areas covered in Task II of the proposal were based on the usual
experience in a diesel generator power plant. The little total
running time on the nuclear power plant standby units account
for the change of emphasis in importance among the possible
problem areas. The report on Task I does cover in detail most
existing problems except that of the turbocharger gear drive
failures covered in considerable detail in the report on the

visit to the engine manufacturers, see Task III report.

COMBUSTION AIR QUALITY

The combustion air quality appeared to be assﬁred for all
engines by the use of air filter systems. The sizes and instal-
lations appeared to follow good commercial practice and servicing
practices appeared adequate. These appraisals take into account
the very small amount of running time accumulated per year
because these are standby emergency units. Both dry paper and
0il bath or wetted type elements were used on the various engines.
The relative merits of these'types of elements are tabulated

below with respect to a number of significant factors.

Air Filter Element Type
Factor Dry 0il Bath Wetted - Comments

Effectiveness Best - - Dry elements are
best for small
particle size

First Cost Least Most Most Dry elements are
simpler

Servicing Cost Most - Least Least Labor is the great-
est cost

Restriction . High Low Low 0il bath and wetted

Change elements stay
: : - nearly constant
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Basically, the dry type element is the most effective means
of air filtration with the lesser first cost. However, the ser-
vicing coét is higher, and it suffers a greater change in
réstriction as it accumulates dirt. On the other hand, the
wet type element provides the lesser servicing cost, the
higher first cost, and the lesser effectiveness, but a lower
change in restriction. The dry type with paper filter elements
develop extremely high resistance or "blocking" if‘the paper
becomes wet and should not be used in climates where the air may

be heavily laden with mist and fog.

The size and capacity of air filter systems is influencéd
by a number of factors. These factors are dust removal effective-
'ness, restriction to air flow, surface area, flow velocities,
flow capacity, first cost, and servicing cost. The environmental
conditions (namely air temperature, humidity, and dust content)
under which the air filter system operates must also be con-
sidered. A Certain amount of uniqueness exists with every diesel
génerator installatioh, requiring each to be evaluated prior to
installation. No optimum air filter system exists for all

installations.

A guestion was posed during a quarterly review meeting
regarding the dirt holding capacity of air filtér sYstems. This
questibn was paséed along to the same diesel engine manufacturers
visited as reported 'in Task I by means of a telephone canvass
which also included two of the leading manufacturers of the
larger filter systems used on large diesel engines. Thé same
sort of qualified response was received from all six of these
companies. It was pointed out that the characteristics of the
dirt such as particulate size and percentage of each size were
extremely important. The time rate of deposition of the dirt
and the ambient atmospheric conditions such as humidity and

temperature were also pertinent factors.

The initial sizing of the air filter systems is normally

based on the air flow during an engine test run at the rated
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horsepower load and a pressure drop of about seven inches water
column. Normally about half of this value is across the air
filter proper and the other half through the air flow duct-
work or piping. Servicing of the filter system is recommended
at an overall pressure drop of about 14 inches water column.
One engine manufacturer would allow about 25 inches water
column pressure drop. The top limit was chosen as that value
beyond which either engine performance would deteriorate or
damage result. Under normal conditions this would result in
periods between servicing of several hundred hours up to several
thousand hours depending on the accompanying condition of the
combustion air. The surrounding terrain and weather conditions
are also factors. . The original questioner also projected the
possibility of a tornado or hurricane as operating conditions
causing a power outage demanding operation of the emergency
diesels. This brought further qualified answers for obvious

reasons from all parties.

One of the leading air filter system manufacturers did
venture some probable dirt holding capacities based on normal
operating conditions. These capacities are tabulated below
according to generic type assuming a typical diesel engine of
4200 hp requiring approximately 2.75 cfm/hp under normal
conditions with an air filter system of normal size for the
engine horsepower. Also, the capacities are based on normal
and usual commercial good practice with respect- to the size
of element versus rated horsepower and the dirt usually en-
countered in the air with respect to proportions of particulate
size range, type of dirt, and time rate of deposition. The '
maximum loading condition is also when the typical maximum
allowable pressure drop is reached across the filter. Clean
filters are sized for the cfm air flow at rated horsepower

engine load and 3 to 5 inches water column pressure drop.
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'AIR FILTER SYSTEMS - TYPICAL

Grams Dirt Total
Dirt Capacity

Generic Type

LBS Dirt
4200 HP Engine

1. Dry ("paperf)
2. 0il Wetted
3. 0il Bath

4. Traveling Screen
or Curtain

2 gm/cfm
1 gmn/cfm
6 gm/cfm
2 gmn/cfm

X
X
X
X

CFM
CFM
CFM
CFM

50.8 lbs
25.4 1lbs
152.0 1bs
50.8 lbs

A cehtrifugal'precleaner of the self cleaning type would
add about 50 percent to the operating time between the necessar:

air cleaner servicing periods as only about 2/3 of the dirt

would remain for the main air filter system but would increase

the air flow restriction by about five inches water column.

Other significant criteria relative to the application

and servicing of air filter systems are as follows:

1. Application - Performance and "Sizing"

a. Dirt removal - 90 percent removal of 20 micron-
or larger particulates is a common requirement
using "Arizona Fine".* '

b. At 3 cfm per rated horsepower (2000 hr) with the
air cleaner in clean condition the pressure drop
is not to exceed 5 to 7 inches water column. -

* The "standard dirt" for air cleaner testing is "Arizona

Fine" which actually does come from the Mojave Desert area of

Arizona. It is comprised of dust and sand which has been

blown and drifted about for ages.

This is carefully graded

according to proportion of particle size and is somewhat

expensive. The Arizona desert has been used extensively for

tests of automobiles,

crawler tractors,

and farm tractors.

"Arizona Fine" has been a test dirt or dust standard test

material for more than a quarter century.
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2. Servicing

Element replacement, cleaning, or servicing to be done
when air flow restriétidn reaches 14 to 25 inches water column
depending on the manufacturer. 0il bath filter systems commonly
require checking of the depth of dirt in the o0il sump of the
unit. An arbitrary time schedule may additionally be established
for: servicing, examination, or element replacement. This
schedule may be based on the calendar or on operating hours of

the engine.

Standards for filter element selection, sizing,
effectiveness, use and maintenance are well established but
do not include dirt holding capacity as such, but instead on
functioning with respect to _possible ﬁffects,oh'engine .

performance.

The opinion is expressed that engiﬁes equipped similar to
those in the nuclear power plants would have sufficient air
cleaner capacity for the duration of a hurricane or tornado.
This opinion is strengthened by the fact that copious rainfall
accompanies such storms thus wetting the dust and cleaning the
air. An oil bath air filter system with an extra large oil
sump up to five times normal plus a centrifugal precleaner
could be used to cover the most. severe conditions conceivable.
Such extreme overdesign would not appear to be consistent with

other components and subsystems of the diesel generator units.

Those units which take the combustion air from the engine
generator room are vulnerable to a fire extinguisher system

which floods or fills the engine room with CO Taking combus-

tion air from the engine room also increases'io some degree the
ingestion of atmospheric dirt into the engine room which can
impair performance of electrical equipment. Taking engine
combustion air from outside the engine room eliminates both
these problems, but does introduce the problem of seismic shock

resistance of the combustion air intake piping.
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The impact of ingestion of solid particulates into a diesel
engine is two-fold. One effect is the accumulation of the par-~
ticulates in the air filter system. This results in an in—‘ |
crease in pressure drop across the filter, with the consequent:
need for filter servicing. 1In the absence of a filter, or if
the particulates pass through the filter, the effects become
more detrimental. The principal problems are increased cylinder
wear and the build-up of particulates on the combustion .chamber,
exhaust manifold, and turbocharger surfaces, inherently reducing
the period of satisfactory performance and useful engine life.
Some of the particulates could ultimately get into the lubricat-

ing o0il, resulting in increased bearing wear.

The effects of ingestion of a foreign gas into a diesel
engine are dependent updn: (a) the type of the gas (i.e.,
corrosive, combustible, or inert); and (b) the quantity of gas.
Foreign gases have less effect on engines than to human life
and health in the same concentrations. Corrosive foreign
gases ingested by an engine is an unusual occurrence, but if
continued over a long period of time could have noticeable
corrosive effects on the internal surfaces of air intake system,

combustion chamber, and exhaust system.

Combustible gases such as propane, if present to any
appreciable degree, tend to produce detonation and possibly

cause engine damage from high firing pressures.

The volume of any foreign gas, inert or other, in the
combustion air results in the reduction of the specific volume
of air available for combustion, and consequently affects the
power output of thevengine. Minor quantities of foreign gases
would have minimal effect, since a diesel engine normally

operates with a considerable excess of combustion air.

FUEL OIL QUALITY

The diesel fuel o0il used in all plants is No.'2 which is

practically ideal for this diesel engine service. As currently

II-6



produced.and sold, the quality of this product is closely con-
trolled and well within the desirable limits on the various
characteristics. Burning of high sulfur fuels leads to
formation of sulphurous and sulfuric acids in the crankcase

0il causing selective chemical leaching of the lead from engine
bearings with serious consequences. Of particular importance
are control of sulfur content to a very low value, and also a
sufficiéntly high cetane number to ensure quick ignition in a
cold engine. Marginal fuels available on a basis of price

are not being bought or ﬁsed because so little fuel is used

per year, and instant good performance is required.

Long time storage of fuel is important because of the
possible formation of gum in long time storage. Buried fuel
tanks give longer fuel life because of the lower storage tempera-
ture. Most plants are burning a quantity of fuel per year well
over 50 percent of that in storage. Only when the fuel burned
per year is no more than 10 to 20 percent of that in storage

is there any likelihood of harmful gum formation.

Fuel oil characteristics of typical Sohio refinery runs
are included for three different fuels from.two different
refineries. The appropriate ASTM test method is also

identified with.respect'to the particular characteristics.

OTHER PROBLEM AREAS

Other problem areas covered in the RFP and in the proposal
are: the starting air support system, design logic and the
interrelationship of the isochronous speed governor with the
voltage regulator-excitor. An additional definitely serious
problem is caused by airborne dirt and grit which causes a great
deal of trouble in all the electrical devices which have electri-

cal contacts.

The starting air problem and the dirt caused malfunction
of electrical contacts are so very serious that they have been

previously covered at some length in more than one section of
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the Task I report. Significant improvement in reliability can
only be achieved by substantial chahges in removal of water
from the starting air system, and in exclusion of dirt from
the engine generator rooms, electrical cabinets and electrical

components with contacts.

On the other hand the design logic and also the govenor
versus voltage regulator-excitor interrelationship have given
very little trouble. Once corrections have been made there
have been few if any repetitive malfunctions. This excellent
record is true despite the complexity of these overall
relationships. It is also notable that in general the mbre
complicated components have good records and problems are
concentrated in components chiefly from two simple basic

causes, namely: water and dirt.
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SOHIO

DIESEL SUPREME - TYPICAL INSPECTIONS

Typical Value

Test Method

Sales Technical Division
W. R. Tuuri
10/14/77

IT-9

Quality Toledo Refinery Lima Refinery

API Gravity 37.5 38.6
Distillation, °F

IBP 346 396

10% 400 437

50% 479 486

20% 560 545

EP 614 577
BS&W, % .013 0
Pour, °F -25 -12

" Cloud, °F -10 ~11

Flash, PM, °F 158 170
Viscosity @ 100°F, SSU 35.0 34.2
Color Red Red
Total Sulfur, % .16 .13
Mercaptan Sulfur, % .0006 .0039
Corrosion, 3 Hrs. @ 212°F 1A 1A
Carb. Residue 10% Btms., % .14 .13
Cetane Index 49.8 51.8
Btu/gal. Gross 137,384 136,602
Ash, % Nil 0]
Revised

287

86

1796

97

2500

93

88

1500

1552, sT™ 179

ST 7

130

524

975

1405, ST™M 132

482



SOHIO

NO. 2 DIESEL FUEL - TYPICAL INSPECTIONS

Typical Value

Sales Technical Division
W. R. Tuuri
10/14/77

II-10

Quality . Toledo Refinery Lima Refinery

API Gravity 36.4 36.9
Distillation, OE

IBP ' 352 366

10% 411 416

50% 481 478

90% 556 564

EP 608 609
BS&W, % .05 0
.Pour, o ~16 B-20
Cloud, °F -9 -5
Flash, PM, °F 148 160
Viscosity @ 100°F, SSU 34.5 33.5
Color 0.7 < 1.0
Total Sulfur, % .20 .21
Mercaptan Sulfur, % .0040 .0034
Corrosion, 3 Hrs. @ 212°F 1A 1A
Carb. Residue 10% Btms., % .15 .16
Cetane Index 47.2 47.3
Btu/gal. Gross 137,652 137,403
Ash, % - .0004 0
Revised

Test Method

287

86

1796

97

2500

93

88

1500

1552, STM 179
STM 7

130

524

975

1405, sTM 132

482



KEROSENE (No.

SOHIO

1 Heat 0il) - TYPICAL INSPECTIONS

Typical Value

Test Method

Sales Technical Division
W. R. Tuuri. o
10/14/77

Quality Toledo Refinery Lima Refinery
API Gravity 43.7 44.0
Distillation, °F
IBP 336 342
10% 372 . 374
50% 416 415
90% 485 484
EP 521 533
B S & W,‘% .013 0]
Pour, °F -40 B-30
Cloud, °F -35 -
Flash, PM, °f 126 134
Viscosity @ 100°F, SSU 31.4 - 31.1
Color +25 +25
Total sﬁlfur, % .06 .06
Mercaptan Sulfur, % Nil . 0.0002
Corrosion, 3 Hrs. @ 212°F 1a 1A
Carb..Residue, 10% Btms., % .04 . .08
’Cetane Index 49.0 50.5
Btu/gal. Gross 134,101 133,946
Ash, % Nil | -
Revised
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86

1796

97

2500

93

88

1500

1552, STM 179
STM 7

130

524

975

1405, STM 132
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TASK IITI - DIESEL ENGINE MANUFACTURERS
RECOMMENDATIONS

Generally speaking, the manufacturers of various types of
equipmeht are vitally concerned in the end application and use
of their equipment. This is particularly true of the manﬁfacturers
of diesel engines of the class used in the nuclear power plants.
These manufacturers are older, well established business concérns,
the success of which rests strongly with the quality of their
engines and the strength of their customer relations. They also
possess a broad spectrum of experience in the application of

their engines to various power applications.

The visits to the manufacturers were conducted with two
thoughts in mind: (1) they would develop a better awareness of
the operational problems. experienced by the NRC licensees;

(2) the licensees would benefit from approaches used by the
manufacturers to solve similar operational problems experienced

by other customers.

The manufacturers visits were not conducted until after
the review of the LER's and after the visits to the plants
using their respective engines. Therefore, the investigators
were in a good position to better address the licensee diesel
‘generator (DG) operational problems'és’they related to each
manufacturers units; thus making the sequence of these
activities very important. The two objective thoughts addressed in
the previous paragraph were fulfilled to the extent pdssible
along with some beneficial ahd interesting sidelights that are
reported specifically in the individual manufacturer visit

reports.

The visits to the manufacturers of electrical equipment
was decided against after the review of the LER's and after a
few plant visits. . It was felt that the majority of the electri-
cal problems were related to the subjective influences (i.e.,

dirt, preventative maintenance) on the components and not
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related to the basic electrical equipment malfunctions. Details
of these observations are discussed in detail in Tasks I and II.
Details of the individual manufacturer visits are reported in

the pages that follow. These reports are summarized individually
rather than collectively due to differences in the engines and
differences in the concerns of the respective manufacturers as

they relate to the problems experienced by the licensees.
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VISIT TO FAIRBANKS MORSE DIVISION, COLT INDUSTIRES
at Beloit, Wisconsin on May 23, 1978

PERSONNEL INVOLVED:

V.P. Customer Services . Ben Feldmiller
V.P. Engineering R.H. Beadle
V.P. Marketing , "Ed Fay

Utility Sales Engineer J.M. Moriarty
Manager Gov't Sales. Tom Bulléck

Visitor H.W. Hanners
: University of Dayton

- Arrangements for the visit were made through Ben Feldmiller,
V.P. Customer Services. All the various responsibilities of the
company were represented during the conference by the personnel
listed above. The sales policy regarding the diesel generator

(DG) units and the after-market service policy were discussed.

ENGINE DEVELOPMENT

The FM opposed piston (OP) diesel engine was initially
patterned after the German Junkers gasoline aircraft engine
used in the Zeppelins. The FM engine was originally an eight
cylinder diesel developed specifically for the United States
submarine service. The number of. cylinders and horsepower rat-
ing was increased and this trend continued in the application
as a railroad locomotive engine, then for electric generating
service and currently for nuclear power plant standby service.
Turbocharging was introduced for the latter services and retain-
ing the roots type positive displacemenﬁ blqwer‘in a series
arrangement with the turbocharger in the combustion air supply.
This provides air for starting and light load operation.
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SALES & SERVICE POLICY

FM DG units are sold thrdugh general contractors such as
the Bechtel Corporation to the public utilities. FM works with
the éubcontractors such as G.E. and Westinghouse to meet NRC
requirements. The preference for working with the Architects and
Engineers (A.&E,) was emphasized. After-market éervice is through
general contractors which maybe the original installation organi-
‘zations or the other similar companies or directly to the utilities.

-

PROBLEMS

A willingness to help soive all problems as they arise was
expressed as well as dissatisfaction because the utilities did
not always follow the advice given especially regarding operating
procedures. 'Varibus specific problems were discussed with the

major and repetitive items covered at some length.

EXHAUST MANIFOLD FIRES

Lube 0il fires on the exhaust manifolds tend to be character-
istic of the FM—OP'engine. The specific reasbnsvfor this problem
were detailed. (A similar discussion occurred in one nuclear
power plant visit.) In the FM-OP engine the oppoSed—piston
arrangement has vertical cylinders with the upper half of the
‘pistons having the crown facing downward'and the piston skirt
*upwardvforming'é:cup. ‘During the‘preilube period before starting
the engine,'these upper pistons in the cup shaped position
partially or almost fully fill with lube oil falling down from
the crankshaftfconnectiné»rod‘bearing and perhaps some 0il from
the upper main bearings of the crankshaft. Some of this oil
will leak or run down the cylinder walls and out those exhaust
ports which happen t6 be open-andﬁfurthér-leaking out of the
joints to the exhaust manifold. During a start more of the oil
may be blown'oﬁtgthe'exhaust ports during the first revolutions
of the engine until the upper piétons‘havefemptied. The FM
" personnel pointed“out“that the -obvious remedy was to limit the- .-
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prelube period to a very short time such as two or three minutes
instead of the 15 to 30 minute prelube period now practices be-
fore surveillance tests. It was said that such advice given to
the utilities was not being'followed in general in many of the

utility plant procedures despite the repetitive problem.

LIGHT LOAD OPERATION

Light load operation was opposed in principle for an§
period longer than necessary for applying load to the engine
during surveillance testing. Lube "oil pumping" with partially
burned fuel oil and lube o0il coat the pistons, rings, and cylin-
der walls during such operation and may contribute to the exhaust

manifold fire problem.

STARTING AIR AND STARTING AIR PROBLEMS

The starting air supply system favored by FM includes a

- small diesel engine (Lister) toldrive the standby air compressor
for true standby independence, but not always supplied depending
on the purchase specificatiohb The'FM-OP'engine air starting
system has an air starting distributor to control the individual
cylinder air starting valveé which may be affected by water or
debris in the starting air. FM favors a dehumidifier and water

' separation accessory in the starting air supply system.

OTHER CONCERNS MENTIONED

More monitors and annuciators on important functions and
components in the DG standby power plant would be helpful and
are desired, though they weren't specific. It was understood
that attention to this concern should result in a cooperative
effort with the utilities and the NRC. '

Seismic requirements on exhaust and engine combustion air
piping appear to be excessive and add very considerably to the

cost.
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Updating on specifications are a major problem during instal-
lation and pre-acceptance operation particularly with respect

to resolution of costs.

More attention should be followed in operating plants re-
garding types and frequency of inspection with an eye to preven-
tative maintenance. Present practice tends to be perfunctory
and not specifically pointed toward troublesome problems such as
>the exhaust manifold fires, or water in starting air, etc. The
weekly surveillance tests recommended by FM could be more effec-

tive in preventative maintenance.

Attention and consideration is given to the climatic, en-
vironmental and ambient operating conditions in the FM choice of
auxiliary equipment. The auxiliary equipment supplied by FM
is usually specified by the utility as influenced by FM suggestions.
FM does not have a standard set of auxiliary specifications and

equipmént as such for starting air or fuel supply, etc.

FUEL

Diesel fuel no. 2 is satisfactory except a few instances of
copper fuel line corrosion. Elevated (above top of engine) fuel
day tanks and water surge tanks are specified and used on FM
engines. Long time storage fuel deterioration is not a problem
because the utilities in general do follow the FM recommendations
of full load running and weekly surveillance so a considerable
amount of fuel is burned and the ratio of fuel burned to fuel

in storage is favorable.

LUBE OIL

Practices in the power plants are in general satisfactory.

DIESEL SCHOOL

In keeping with other suppliers of locomotive and submarine

engines, FM has and maintains an excellent DG school for operators
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of equipment in the diesel power industry. Twenty (20) school
sessions per year are tentatively offered. Attendance is

invited and recommended.

SUMMARY, IMPORTANT ITEMS, AND RECOMMENDATIONS

Exhaust manifold fires .can be eliminated by shortening

prelube periods to not over three minutes.
Strong objections to extended light load running.
Starting air dehumidification and water removal favored.

DG schooling recommended.
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" VISIT TO ELECTROMOTIVE DIVISION (EMD) OF GENERAL MOTORS
at La Grange, Illinois on May 24, 1978

PERSONNEL INVOLVED:

. General Service Manager Bill Becker
Asst. Service Manager Gene Young
Secretary Alice Carte;
Visitors G.L. Boner

University of Dayton
H.W. Hanners
University of Dayton

Bill Becker, General Service Manager, was extremely well
informed about the EMD engines in the nuclear power plants. .
He covered in detail the history of the engine development
starting with £he locomotive engine up to and including the
present day engine in nuclear power plants. Specific reasons
and causes of the problems were covered in detail as well as
design changes and some information on the costs. The history
of the sales policy of the diesel generator (DG) units and the
corporate policy with respect to aftermarket responsibility
were explained with respect to dealers or packages of these units.

ENGINE DEVELOPMENT

The basic engine was a railroad locomotive engine until
1954. The first electric power units were rated at 1000 kW and
later extended to 2850 kW as supplied to electric utilities in
"peaking units" which are often installed near the end of a
power line to carry the short time heavy loads. They were
designated M for Mobile and P for Power, such as MH-8, M-16,
MP-36, MU-32, and also as 999 of which 16 were made. The MP-36

and 999 were turbo-charged units on whiéh 1100 starts were made.
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SALES AND SERVICE POLICY

The high volume of production results in a lower cost and
an attractive price for the DG units which are sold only.to
‘packagers or engineering firms who sell a complete_poWér plant
unit with additional equipment to satisfy the elecﬁric utility
specificétions and requirements. These packagers'include firms
such as: Western Engine, Rocky Mountain, Morris and Knudson,
Schoonmaker, and others, some of which are no longer in business.
EMD tries to worklthrough the Architects and Engineers. These
firms as well as the utilities were said to have béen fully
informed by EMD of the characteristics and limitations of the
DG units.  The electric utility personnel are steam power
oriented, but some are now becoming better informed on diesels.
In view of the manner in which the units are sold,iEMD does not
supply service directly, but is interested in being informed
on problems through one of these intermediaté orgahizations who
have the responsibility to inform EMD. Considering everything
the EMD units were said to be the best in the industry for

this service.

PROBLEMS

Objections were raised regarding too much testing especially
simulated emergency starting, pointing out that such starts are
severe and that they can finally be damaging to bearings while
constituting abnormal usage in any kind of service. Ih response
to a direct question about possible gas turbine competition in
the nuclear power plant service, Bill Becker replied that in no
case has a gas turbine generator unit met the NRC requirements. .
He also referred to this own experience on gas turbines as a
design engineer on the EMD free piston gas generator gas turbine

development which was finally abandoned.
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TURBOCHARGER DRIVE

Any twb—cycle engine has a particularly small amount of
energy in the exhaust gas at-no load. The disproportionately
large proportion of excess scavenging air in the exhéust at no
load further degrades the energy level. It was, therefore,
necessary to drive the turbocharger mechanically in order to
supply enough combustion air to the engine at no load and light

load conditions.

In a locomotive generator unit, the engine is normally at
no load only when at the lowest engine speed of about 325 rpm
or the lowest of the eight speed load steps or "notches" of the
controller. 1In a locomotive the torque and horsepower load are
increased from zero (0) at the lowest speed by generator loading
control in conjunction with each throttle position or notch to
meet load requirements as the controller is "notched up". The
loading curve is therefore very similar to the "cube law"
relationship of propellor loading on a Marine propulsion engine.
The locomotive turbocharged diesel engine almost never runs at
full speed except at full load. It was not designed to run at
full speed with no load. Eighty‘percent torque load on the
engine is required to develop enough turbine power to unload

the turbocharge gear drive train.

The turbocharger mechanical drive failures were said to
be simply a horsepower overload as 500 horsepower is required
to drive the blower at full speed with no load on the engine.
The time-load durability relationship indicating the extreme
short life expectancy of the gear drive at full speed with
light load conditions was given the utilities with very little

effect on their operating practices.

This gear train failure problem was first encountered on

drill rigs, and later in the (NRC) nuclear power plant units.

~ The 16:1 speed up drive ratio met the durability require-
ments of the drill rigs and the peaking power units, but not the
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NRC load response time requirement as it was only 23 secondé,
and starting in 16 to 18 seconds. The 16:1 change out is

currently available.

The heavy duty 18-1 2:1 ratio is now said to meet the NRC
response time requirements and will soon be available. Twenty-two
of these 18-1/2:1 units are now being tested in locomotives. The
opinion was expressed that the response time requests are not

realistic.

TURBOCHARGER DRIVE "CHANGE OUT" POLICY (WORK TO BE DONE BY EMD
ONLY)

In. addition to all usual work, each turbocharger will also
be magnafluxed, Xyglowed, and spin tested. Cost estimates
depending on the turbocharger conditions following examination, .

as well as a new drive are about as follows:

Entire turbocharger unit must be overhauled as well as
the drive in order to qualify for the 1 year EMD warranty.

Original 18-1/2:1 drive unit - $4000 to $5000
16:1 heavy duty drive unit - $5000 to $7000
18-1/2:1 heavy duty drive unit slightly higher
Typical Severe Failure - $13,000 to $14,000

Normally a unit exchange plan (UEP) is followed and there

must be a complete change out for a heavy duty gear train,

On a Unit Exchange Plan (UEP), all parts must be on hand

before work is started.

The latest heavy duty turbo drive unit will "do the job"

if surveillance tests are monthly for 1 hour at full load.

LIGHT LOAD OPERATION

Strong objection was expreSsed against prolonged no load
or light load running which causes general engine deterioration.

Any turbocharged diesel engine will then have the exhaust system
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load up with lube o0il and unburned fuel. If full load is then
applied there is some likelihood that exhaust fires and perhaps
even turbocharger overspeed and destruction will occur because

of the very‘largé volume of exhaust gas and high temperature.

AIR STARTiNG MOTOR PROBLEMS

Early problems said to be the result 6f no lubricators in
the starting air lines and water entrained in the air.

There was a general disclaimer of respons}bility'on the
starting motor problems as the air supply systems were supplied
by the packagers. The EMD locomotive engines start from bat-
teries through starting motors or starting windings in the main

generator.

FUEL

The fuel tank (integral tank) is mounted below the top of

the engine to avoid any fuel leakage into the engine crank case.

An electric fuel supply pump, battery drlven, to the engine

is favored.

High sulfur fuel should be avoided as they damage cylinder
walls and piston rings, and likewise avoid fuel with vanadium
because'the vanadium pentoxide slag formed will deposit on and
damage exhausﬁ?valves. 0.7 percent sulfur or more is especially
bad. '

LUBE OIL

In addltlon to usual lube 011 choices for diesel englnes

ﬁthe following are favored:

High Total Base Number (HTBN) lube oils
(toward the alkali end or low end of the pH scale)

Contaln zinc dithio-phosphaté -
(an anti-scuff additive)
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DIESEL SCHOOL

Gene Young explained their excellent personnel Training

School and gave a tour of the school.

The school is general but particularly geared to the

locomotive business.

School rooms and facilities are excellent. Attendance to

the school is invited.

"Utilities, railroads, and other final customers send

their personnel for training.

Service persohnel sent to the utilities are usually supplied

by the packagers.

SUMMARY - IMPORTANT ITEMS

Turbocharger Gear Drive
18-1/2:1 ratio now available.
.Meets NRC specs.
Price to be available.

Air.Startihg Problems
Prime responsibility placed on packagers.
'Recommendations for a starting air supply system w1ll
soon be released.

Excellent school for DG personnel training.
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VISIT TO ALCO POWER PRODUCTS (div)
at Auburn, New York on June 19, 1978

PERSONNEL INVOLVED:

V.P. Sales E.H. Glascock

Eastern Regional Howell K. Cargile

Sales Manager (recently Service Manager)
Chief Engineer Richard Smalley

Chief Application' Peter Spock

Engineer

Visitor H.W. Hanners

University of Dayton

The Alco attitude toward the business of diesel generator
(DG) units in nuclear power plants has been one of commitment to

insuring that proper and acceptable performance was given.

- ENGINE DEVELOPMENT

The Alco engine was originally designed and developed as
a railroad locomotive engine. Other fields of application have
been for marine propulsion, and electric power previous to the
DG nuclear power plant standby service., It is a four cycle
diesel engine also has different characteristics from the two
cycle engines; differing in design, characteristics, and certain

aspects of performance.

SALES AND SERVICE POLICY

The Alco engine is sold with a_generator and associated
electrical equipment as chosen by the customer and the respon-
sibility for the electricél equipment is borne by the ménufacturer..
The post-sale updating of specifications and the considerable
increase of expense in meeting the particular interpretations of

NRC specifications results in a discouraging financial outcome.
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The very large transient loads during starting of the large
water pumps in the required sequence translates into a require-
ment of 125% of the rating in actual full load capability.

This is not spelled out in the rating as such, and is a factor
in the costs. Competition is frequently from packagers engaging
in the assemblage of various components and with a'lack of
knowledge of the equipment and responsibility in the performance.
Alco seemed to be very sensitive on this point.

The utilities in general were said to follow the manufacturer's
recommendations fairly well and Alco has a contract with the
R.E. Ginna plant for a yearly examination and inspection of the
DG units and associated equipment. '

PROBLEMS

Most of the problems have been resolved and currently only
minor ones remain with only very few of a repetitive nature.

AIR STARTING

The air starting motors are made by Ingersoll-Rand with
replaceable, easily serviced plastic vanes. The starting air
tanks are large with one or two per engine with the air storage
pressure about double that used at the air motors. Air is fed
through reducing type pressure regulators to the air motors.
(The higher storage pressure does result in the condensation
- of more water frbm the air because of the inherent thermo-
dynamic relationship and a slight reheat of the air from tur-
bulence when passing through the regulator.) The refrigeration
of the air passing through the pressure reducer and the air motors
has been enough to have caused an icing problem in the exhaust
mufflers from the motors which was easily resolved. The start-
ing of the engines is greatly aided by the automatic setting
of the injection fuel pump racks to the full position by
hydraulic pressure. Pete Spock said that 300 successful starts
were made on some engines during the acceptance tests.
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LIGHT LOAD OPERATION

Light loéd operation is opposed in principle, but no formél
objections are expected to be made because of a relatively
favorable Alco performance when compared to that of competitors

under the same conditions.

At least 25 pércent load and up to 50 percent load is

recommended during the surveillance testing at two week intervals.

MAINTENANCE

A careful yearly inspection and examination of the engine
without dismantling except for a direct cause is recommended
when all adjustments and settings should be rigidly made to the
factory standards. Do not change or adjust the engine or compo-
nents except for direct cause or at the yearly inspection when
performance is satisfactory. Before doing any work on the engine
be sure to read all instructions supplied. - (All Alco units
are in plants which have relatively clean air with no construc-

tion next door.)

FUEL OIL AND LUBE OILS

No remarks. Questions not raised.

DIESEL SCHOOL

Alco maintains:an excellent school ahd school room facility
with "cut-away" displaYs, Both visual part inspection and verbal
instruction is given with accompanying printed references.

Attendance is invited to operators and others interested.

SUMMARY,  IMPORTANT ITEMS, AND RECOMMENDATIONS

Improved guide lines desired especially regarding updating
from utility interpretations of NRC requirements with recognition
of the financial impact.
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In maintenance, make no changes except for direct cause

or at yearly inspections.

Attendance at the diesel school is strongly urged.
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VISIT TO COOPER-BESSEMER OF COOPER ENERGY SERVICES
at Mt. Vernon, Ohio on July 12, 1978

PERSONNEL INVOLVED:

V.P. Engineering Melvin Helmich

V.P. Marketing Dick Spetka

V.P. Service J.C. (Rusty) Creekmore
Engineer - Lawrence (Larry) Ulery
Visitor H.W. Hanners

University of Dayton

Melvin Helmich a long-time engineer with Cooper-Bessemer,
gave the background, engine characteristics, performance capa-
bility, specifications, etc., of the Cooper-Bessemer (CB)
engines sold for nuclear power plant standby service. He also
presented the corporate attitude toward the business and problems
encountered. CB has developed diesel generator (DG) characteris-
tics and operating instructions especially applicable to the

nuclear power plant standby service.

ENGINE DEVELOPMENT

The CB engine was specifically designed and developed for
high output diesel generator service in a program which extended
over a number of years. It is a four.stroke cycle type engine
with a rotating speed somewhat slower than the locomotive type

engine.

SALES AND SERVICE POLICY

CB made a corporate decision to actively enter the nuclear
power plant business with a DG unit which would meet the NRC
specifications and performance.requirements, Accompanying operat-
ing instructions and trouble shooting procedures to suit this
épécial service were also developed. The baéic.problem was

extreme reliability of a very'high output quick-start engine
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with unusually high transient overload capability (20 percent
overload or more). Standby engines run only a few hundred
hours per year making incipient problems very difficult to
detect. '

An exhaustive detailed trouble shooting guide was evolved
and a technical paper written expressing an overall,approaéh to
the problems and the manner and means best suited for the solu-
tion. This paper was presented at a Diesel Gas Power (DGP)
Division meeting of the ASME in 1977 as #77DGP-14 by Melvin
Helmich. ' '

CB is now processing five separate orders for nuclear
power plant DG units. Although there is only one NRC set of
requirements and specifications, there are five different in-
terpretations by the utilities and/or contractors which results
in five somewhat different sets of equipment and instructions
which ostensibly could very well be identical. The increase

in expense is obvious and any advantage is dubious.

PROBLEMS - GENERAL

The operating problems of the utilities with different
specifications complicate the advice and instructions which

must be supplied by the manufacturer.

NRC nor the utilities do not always respond to or agree
with suggestions from the manufacturer.

Component durability is most important and usually more
prone to cause trouble than the basic system. Adjustment or
merely a normal maintenance practice may be needed rather concern
regarding a major component. For example low lube 0il pressure |
may be caused by a dirty partially plugged oil filter rather
than an o0il pump failure, or an electrical relay may fail

instead of a fault in the control design logic.
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LOAD LIMITING

Load limiting by fuel stops on the injection pump rank is
not considered very practical because of the lérge transient over-
load capability required, 20 percent overload or more. Because of
of the 20 percent overload capability requirement (120 percent
rated load) we inquired about the probable maximum load capability
of engines used in emergency standby power applications. From
factory records, it was estimated that the engines have approxi-

mately a 150 percent rated load capability.

‘MAINTENANCE

Emphasis was placed on the importance of complete logs or
records of all pertinent engine characteristics such as tempera-
ture, pressure, power output, etc., during_all surVeillénce
testing. The readings as observed can be of direct importance,
but noticeable specific changes from one surveillance test to
the next can be of very significant importance and should be
watched closely by comparing the logs of successive surveillance
tests at the same load. '

LIGHT LOAD OPERATION

CB is opposed to sﬁstainedvno-load and light load operation
because of unburned fuel and lube oil in the exhaust system and
cylinder deposits in general. Some of the early CB engines
did have some lube oil leakage into the intake manifold and
exhaust at‘no-load and light loading because of oil leakage from
the turbocharger bearings because of a lack of sufficient air
pressure to balance the o0il pressure around the annulus at the
end of the bearing and/or simply excessive oil pressure. This
was remedied by adding a small oil préssure regulator at a very
nominal cost to thegturbocharger<oi1 supply for current production.
(This actually was retrofitted at the Cooper-1 Nuclear Power
Station.)
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STARTING PROBLEMS - STARTING AIR

Starting problems caused by water and debris in the staft—
ing air has been minimal because the starting air is admitted
directly to the engine cylinders. Nevertheless air driers are
now either recommended or supplied'as part of the starting air

supply system.

FUEL AND LUBE OIL

Fuel and lube oil were not discussed and tacit approval
was given to current field practices as recommended.

The fuel o0il supply pump to the engine is ariven from the
132 vdc battery system for assured starting.

DIESEL SCHOOL

CB does have and maintains a school for operators and invites
inquiry about schedules available. The training is now of a
general nature covering all aspects of the diesel generator
vemérgency power plant and auxiliary equipment rather than:
specialist training. The general training fits into the usual
organization in the power plants. There is an established fee
for the training course. A new and improved training center

*has been planned.

SUMMARY, IMPORTANT ITEMS, AND RECOMMENDATIONS

More definitive annunciation needed in the power plants
to more quickly identify any problems and give immediate warning.
Additional annunciators may be desirable to indicate the function-

ing of components or indicate the existence of certain conditions.

Better acceptance of manufacturer's recommendations by

NRC and the utilities would improve performance.

- Diesel Engine Manufacturers Association (DEMA) recommenda-
tions and handbook should be followed more closely.
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CB believes that the "new generation" DG unit designed to
meet the basic NRC guidelines should be used as designed instead
of being modified to meet the various interpretations of these
guidelines by the utilities.

Most utility personnel in charge of DG units have some need
for further training.
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TASK IV - COMPARATIVE STUDY

EXISTING OPERATING AND MAINTENANCE -PRACTICES

VERSUS "GOOD PRACTICE"

Practices depend on equipment, utility rules, NRC regula-

tions, as well as personnel knowledge and specific action taken.

This ComparativeVStudy of the operating and maintenance practices

covering both differences and comparisons in the nuclear power

plants is based on information from:

1. LER's

2. Visits to power plants

3. Visits to manufacturers

4. Telephone calls to manufacturers regarding this question

5. Personal experience and practices of other users of
emergency diesel-generators

Many of these items have been previously mentioned in the

reports on Tasks I, II, and/or III, and some will obviously be

considered again in Task V, Recommendations.

1. Concurrence Among Engine Manufacturers' Suggested Good
Practices '

A.

Water content in the starting air should be very

greatly reduced or eliminated to minimize engine

starting troubles. Present operating and maintenance

practices in water removal and air filtering appear
to be inadequate. The equipment for supplying the
starting air does not effectively remove the water
to a sufficient degree. Both practices and equip—'
ment appear to generally be deficient, and in most
plants constitute efforts to live with the bad

conditions rather than trying to eliminate the

water.

The common practice of extended periods of light
load and/or no load operation is very detrimental.
Incomplete combustion causes varnish and gum to

form which deposit on critical engine parts such.
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as pistons, piston rings, cylinder walls, valves,

etc. Such operation should be restricted to no more
than required for the engine loading procedure.
Objections to light load operation were expressed

by each of the diesel enginé manufacturers visited
as reported in Task III: pages III-5 and III-7 by
Fairbanks Morse (FM), page III-12 by Electromotive
Division of General Motors (EMD-GM), page III-16

by ALCO, and page III-20 by CooperbBeséemer (C-B).

Test records and logs are not criticdlly examined
with respect to progressive changes in readings

under similar conditions which might give clues to

impending difficulties. (See 10 CFR Part 50
Appendix B - Quality Assurance pages 297, 298, and

299.) . In some plants all test records are turned
over to the Quality Assurance (Q.A.) responsibility,
leaving the operating and maintenance personnel
without references for.any action such as change

or-adjustment. The Q.A. activity appears to be

"primarily a statistical and record keeping function

rather than becoming involved in the details of
proper electrical and mechanical functioning and
furthermore without specific authority over main-

tenance. This state of affairs tends to defeat

the very reason for a Q.A. responsibility in a

power plant.

- Pre-lube of Engines (prior to all starts except

emergency) . The pumping of lubricating oil through
the engines by means of a separately driven pump or
"pre-lube" of the engine'before starting is con-
sidered very important tovénsure‘good engine bearing

life. Also of importance in this regard is main-

tenance of at least 120°F temperature of the lubri-

cating 0il in the o0il sump of the engine. An abuse

of this practice is an excessively long pre-lube
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period up to 2 hours in some cases. In one make
of engine this is the major contributing factor
in causing fires from lube 0il on the exhaust

manifolds. The manufacturer of this particular

'engine suggests a pre-lube period of about 3 to

5 minutes, but this has not been explored with the

other manufacturers who do agree that the pre-lube

' period tends to be excessively long.. On the other

hand, engine crank-pin bearings and turbocharger
bearings tend to be vulnerable to premature wear

and failure in the absence of pre-lube. Turbocharger
bearings in those engines with gear driven turbo-
chargers which attain nearly full speed with no

load on the engine could tend to be especially_

sensitive.

The utilities do not always follow the advice and
recommendations of the manufacturers. This complaint
was made by all the supplying manufacturers. The
practices in operating and maintenance followed

by the utilities ranged from direct conflict to
agreement and compliance, and while sometimes not
actually wrohg did require reevaluation. Occasionally

this resulted in reluctant acceptance by the manu-

'facturers of practices less than optimum especially

in test runs.

Component Problems, Malfunctions or Failures.

‘Component failures or malfunctions may give rise

to various difficulties as generally agreed among
the several manufacturers-who’supplied*the equipment
to the nuclear power plants. When a failure or mal-
function occurs and a component, whether electrical

or mechanical is involved, it must then be adjudged

whether a fault in the component itself or some

extraneous influence is the basic cause. In either

case the component may need to be replaced and
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should successive failure occur then the obtain-
ing of replacement parts may become a problem.

It is the opinion of several manufacturers that
they are not always informed or at least not made
fully aware of such failures. Consequently, these
manufacturers despite their broader background
cannot help in deciding whether the éomponent in
question needs to be upgraded or improved. 1In a
few instances it is believed that replacement
parts were being purchased on the open market

by the original part numbers but not by NRC
qualification on matters such as traceability, etc.
The manufacturer is thus denied the opportunity to
aid in improving the operation record on which may

depend the obtaining of future busines.

g. Personnel Knowledge and Training. The recognition
of root causes of current or potential problems
depends on specific knowledge and familiarity with
the machinery by all the personnel concerned. There
appears to be a general lack of such expertise - in
many plants. It is also very difficult to develop
and even maintain such skills in the operating and
maintenance personnel in a plant where the diesel-
generators operate only a few hours per month;
nor is it practical to operate this machinery
more than the minimum required time to assure

emergency response when it may be needed.

h. The practice of diesel power plant personnel
attendance to engine manufacturers' schools has
not measured up to the expectations of the

manufacturers.

The diesel-generator personnel have various experience
backgrounds. Many have experience backgrounds such as: nuclear

submarines, fossil fuel steam power plant seniority, or simply
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a general experience on machinery, where only a very few have

- previous diesel-generator plant experience. A high school
edcuation is an educational minimum. This requires a general .
dependence upon "on the job training" and attendance for a few
days to the schools provided by the manufacturers. It was
encouraging to learn that at one engine manufacturer's school
one half the attendees were from nuclear power plants. The

need for continued intensive training is indicated by an all

too frequent failure to find the "root cause" of problems.

This may result in replacement of parts with duplicates of those
which failed with subsequent repetitive failures. Mistakes in
identification of the "root cause" or ascribing the responsibility
to personnel rather than faulty equipment are other evidences

of the lack of knowledge and experience.

The top supervisor is frequently educated formally and in
nuclear and electrical systems but not specifically in machinery
and machinery components thus diverting attention away from the
diesel generators.

2. Differences Among Engine Manufacturers' Suggested

Practices
a. The manufacturers' suggested practices are in
general agreement except for the testing of the

diesel generator units.
b. Testing frequency varies from weekly to monthly.

c. Test loading varies from full load to about 30 to
35 percent of full load or rated load.

d. Suggested testing of the DG units vary, among the
~ various manufacturers, from weekly at full load to
monthly at about 30 percent load. Power plant
visits also revealed that differences in attitude
existed among the personnel in the different
power plants. In several plants it was frankly
admitted that the testing practices followed were

such as to generate the best operating record
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including the LER records and in other plants

the emphasis was on the condition of the equipment
with the LER records simply relating the steps
taken even to small practicaliy inconsequential
details such as tightening a fitting to stop a very

minor drip of fuel oil. The wording of Regulatory

.Guide 1.108 apparently leads to such extremely

different attitudes and resulting practices.

It appears that the reasons for such different
practices should be explored further though
perhaps beyond the scope of this reliability

survey.

A policy of very careful yearly adjustment to the
factory standards was advised by one manufacturer.
Then no checking and changes were to be made during
the interim except for direct cause or malfunction.
The attitude was that éxtreme care during the
yearly test and examination was preférable to less
careful frequent small changes for no particular

reason.

On certain engines there may be a "drain back"

of fuel from the fuel manifold supplying the
injection pumps or injection units leaving the

fuel manifold filled with air and no fuel until
after a certain amount of cranking at the time of
an intended start. ‘This condition may also prevail

on any engine after servicing of a fueéel system

-prior to the first subsequent start. Fuel must

get to the injection units or else the engine will
not fire when first cranked and the starting air

might thus be completely used with no start.
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An electrically driven fuel pump is commonly

used to assure fuel to the engine fuel system
during the start. Such a pump may be driven by an
a.c. motor from the a.c. power system, or a d.c.
motor from the 125 to 132 v.d.c. station battery
or there may be a gravity feed from the day tank.
If such a pump is used it would appear that it
should be driven by a battery powered motor. In
any case there should also be an engine driven
pump. A.C. motors are not favored for this service
since their dependence for power is on the very
system for which the diesel generator serves as

emergency power stand-by.

3.. Practices/Problems Related to Specific Engines

These items have been covered in detail in previous

reports so will only be listed here.

a.

Fairbanks Morse prefers a prelube period on the
engines of about 3 minutes to eliminate the exhaust
manifold fires. Much longer prelube periods are

practiced at some power plants.

Change to the heavy duty 18-1/2 to 1 gear train

for the blower drive on all EMD-GM engines follow-
ing the recommendations given in the EMD letter of
October 18, 1978 giving detailed procedures. The
limitations of the present engine construction pre-
cludes the use of them beyond the minimum time
schedule available for the parts and changes.
Other factors possibly involved are beyond the
scope and responsibility of this reliability
survey. This subject will be diséussed further

in Task V, Recommendations.
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4,

Investigators Opinions

a.

There appears to be a practice of trying to "live
with" the problem of dirt in contactors and relays
in the control and monitoring systems of the diesel
generatof units. Based on the LERs the malfunction
of relays and contactors is generically second only
to the general startingbproblem and deserves prime
attention. It is the investigator's opinion that
by far most of these problems are caused by dirt
and grit between the electrical contacts in these
components. The ambient operating conditions and
the shortcomings of certain design and construction

practices at some plants create very difficult

operating and maintenance problems for the personnel.

Typical contributing conditions are:

1. Ambient conditions frequently include dry, dusty
earth not wetted down and directly adjacent
to an operating plant, especially when an
additional power plant requires years for

completion.

2. The design and construction of the power plant
building and ventilating system exaggerate and

intensify the conditions of (1) above.

3. Many electrical cabinets have few or no gaskets

to exclude dirt.

4. Many open contactors and relays have no integral

covers.

\

This will be discussed further in Task V,

Recommendations.

5. Contactor basic designs are not the best and

could have bifurcated contacts.
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~ b. Carelessness and/or forgetfulness of personnel in
leaving the diesel—generatdr units in a non-
operative condition appears to be dutifully and
honestly reported in various LER's. Safety pre-
cautions especially in electrical systems account
for most of these items which are not returned to
operating conditions. This subject was previously
mentioned in detail and will be covered further in

Task V, Recommendations.

c. A number of diesel generator units were purchased
through "packagers" or agents who assembled and
integrated the engine, generator and related sub-
systems rather than purchasing the diesel generator
units directly from the manufacturers. This gives

b rise to delays and divided financial responsibility.
No remedy is suggested or readily at hand and is
only mentioned because it does bear on the practices
observed. This subject will also be covered further

in Task V, Recommendations.
5. NRC Procedures and Practices

It is believed that the differing interpretations of
several NUREG's could be narrowed resulting in better under-
standing and more consistent practices by a review of selected
regulatory guides and rewording them without being restrictive
or dictatorial. This subject more properly involves Recommenda-

tions, Task V.
6. General Comments

Criticism of practices in the various diesel generator
emergency power installations should not be construed as indicat-
ing generally poor practices and operating conditions. Actually
the conditions are relatively good. The responsibilities of
this contractural effort are to point out those things which
could and/or should be up-graded to improve the reliability of
these installations enabling the earnest and dedicated efforts

of the power plant personnel to be made more effective.
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TASK V - RECOMMENDATIONS

The recommendations discussed below bear on subjects or
items which have been previously covered at least to some
degree in the reports on Tasks I, II, III, or IV. All are
baSed on the prime concept of improving the reliability of the
emergency diesel generator (DG) units from the standpoint of
changes in system or component design,'operation,-and/or
maintenance. The classification and sequence of listing of
the recommendations are based on the relative importance

assigned to each item.

It must be emphasized that the intent of this program -
was one of arriving at specific recommendations aimed toward
the solution of DG operational problems.  Consequently,
statistical analysis was limited to only that necessary to
categorize and weight the severity of the various operational
problems as identified in LER's. Since the implementation of
the recommendations is subject to numerous and varied decisions,
the impact upon the net improvement in the numerical reliability
of the DG units has not been established. ;

The recommendations submitted are classified into three
basic categories based upon the urgency of the suggested
corrective action.

A. Most Significant Corrective Action
B. Significant Corrective Action

C. Additional Corrective Action

A, Most Significant Corrective Action

The most significant corrective actions are those actions’
which, if‘implemented, can have a very substantial effect upon
the reliable operation of the emergency DG units. Consequently,
the implementation of these actions should be considered of
high priority. ‘The'majority of these actions require rather



significant hardware changes accompanied by the related economic
considerations associated with equipment cost, installation

cost, and the effects upon operating procedures.
1. Air Driers in Compressed Air Starting Systems

The current reliability survey of the\emergency DG
units indicates that engine starting failure is the most fre-
guent malfunction. Water in the starting air either directly
or indirectly is the "root cause" of most of the trouble.
Relatively few instances are caused by electrical components

such as contactors, solenoid valves, electrical faults, etc.

Water wetted surfaces in the presence of air promote
rapid oxidation which is especially serious with steel pipe.
This causes rust, pipe scale, dirt and the water itself to
corrode, score, and jam the internal surfaces of the air
étarting motors and the sliding of the vanes of the air motors
thus preventing rotation. Double sets of air motors, with
alternate operation in case of failure to start, has been only
partially effective. Sticking and/or jamming of control valves
and pilot valves occur occasionally in all air starting systems
from the same causes; also, damage is possible to cylinder walls
in engines where starting air is admitted directly to the engine
cylinders. Periodic draining of the water condensate from the
air storage tanks and the use of air strainers and filters have'
also been only partially effective. The formation of the water
condensate in the compressed air is an inherent and inescapable
thermodynamic relétionship. Water vapor is present in the
atmosphere in all climates and the amount depends on the relative
humidity, ambient temperature, and barometric pressure. Thus,
the problem is general and varies only in degree among all the

power plant locations.

The most effective methods of moisture removal from
air are air driers of the dessicant type and the refrigerated
type. Air driers have been used in science and industry for
over a half century. The deliquescent type using dessicants

perhaps of a crystalline nature are commonly used for pneumatic
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controls and instrumentation, but are not suitable for handling
large flows and.quantities of air. Furthermore, o0il carry over
from the compressors tends to foul the dessicants. The refrig-
erated type using Freon 12 or 22 are used extensively in com-

pressed air systems for air tools of various types ﬁsing rotary

air motors and air cylinders for linear motion, etc.

The refrigerated type air driers are standardized
commercial products available with specified performance in
as many as 22 closely spaced sizes of flow capacity ranging
from 5 SCFM to 5000 SCFM (Standard Cubic Feet per Minute at
29.92 inch Hg and 60°F). These driers are available under
about eight different brand names with national distribution
although it is believed that most driers come from not more

than four manufacturers.

A size of 250 SCFM or larger is recommended for several

reasons. The flow capacity with respect to minimal practical
restriction, pipe size, and match to the installed stérting
air compressor should be considered in detail. Also smaller
flow cabacity sizés tend to omit certain desirable components
from the unit in the interest of cost and may thus compromise
performance. Furthermore, the cost of about $4000 for such a

‘unit does not decrease commensurately for smaller units.

Typical Information for Refrigerated Air Driers - 250 SCFM

Flow Air Pipe ' Floor Inlet . Dew
Capacity Pressure Size Motor Space Temp. Point Appr.

SCFM Psi. Ga. inches Hp. feet Max°F °F Cost

250011 150 max!?! . 2m 2 31x5' 100°F 31 s0er[*] s4000

[i] Not smaller, but larger to match total compressor éapacity
as installed. :

[2] Higher pressure available at increased cost.

[3] After cooler must be supplied at compressor discharge.
May be combined with the reheat air to air heat exchanger.

[4] Dew point of 35°F adds about 60 percent to cost. Use re-
heat instead. ©See the diagram in Appendix E. The reheat
tends to eliminate any "carry over" of water droplets from
the cooler which operates at saturation.

V-3



No power plant visited had a refrigerated air drier for
starting‘air. Nevertheless, refrigerated starting air driers
are strongly recommended, between the air compressors and the
air stOrage tanks, and favored by at least two engine manufacturers.
The relatively long shut down time for water to accumulate between
operating periods and the extreme reliability requirements make
a refrigerated air drier highly‘advisable. All present water
drains, strainers, filters, and lubricators and their use
should be continued. Any modification of the air driers with
respect to substituting manual water drains in place of auto-
‘matic drains, etc. is not considered advisable. The use of well
developed commercial items, available with alternate and equiva-
lent performance and with multisources of supply, does simplify

the choice and installation of the equipment.
‘References:

Included in Appendix E is additional information

including:.

a. Selected pages of preengineered commercially
available air driers are copied from two manu-
facturers' catalogs because the information was
in a convenient form with the understanding that
essentially equivalent equipment is available from

other manufacturers.
b. The flow diagram reproduced is typical.

c. A partial list of such air driers by other

manufacturers.
2. Air Quality in Diesel Generator Room

Malfunction or failure of the contactors -and relays
to functioh properly is second only to the starting problem.
The root cause is usually dust, dirt, and grit betweeh the
electrical contact surfaces. In fact, a few of the failures
to crank and start have been caused by this problem.



In the 15 power plants visited, the DG room was a
considerably different and less favorable environment for
electrical equipment than the main power plant control
room which was always clean and protected. The DG rooms
frequently had a thin coating of dust over everything especially
when the combustion air was taken from the engine room. In
general, the contactors and relays in these two rooms are very
'similar and the operating voltages the same. The exposure to
dust; dirt, and grit was much greater in the DG room yet need
for proper functioning with respect to safety and reliability
is the same for either set of equipment. Two plants visited
had enclosed relays and contactors. Another plant also had

fully gasketed doors on the electrical cabinets.

A.C. generators equipped with static exciters and
static voltage reulators also have generator "field flasher" -
contactors or circuit breakers which momentarily connect the
field terminals to the 125-132 v.d.c. station batteries
(associated Class 1-g! during the start of the DG unit. The
residualvmagnetism following the field flashing of the genefator
field then makes the_generator self exciting. The exciter-
requlator components usually are enclosed in a steel cabinet
with a door and ventilation louvers for cooling. Some power
plants had failure of voltage to build up because the field
flasher contacts did not close. This trouble is also attributed

.to. dust, dirt, and grit between the contact surfaces.

Experience has shown that bifurcated cbntacts‘with a
contact on each branch of a two pronged leaf type spring is
'preferrable to a single contact design. This was also recom-
mended by the Bell Telephone Laboratories. Struthers-Dunn
manufactures dust tight enclosed contactors and relays of this

type which have provided good service.



Recommendations:

a. ill contactors and'relays should have dust tight
enclosed electrical contacts of the bifurcated

type as manufactured by Struthers-Dunn or equal.

b. - All contactors and relays for the DG equipment
are to be enclosed in dust-tight steel cabinets
having fully gasketed doors and other openings.
Other equipment which may have louvers for ventila-
tion, etc., such as the static exciter cabinets
'should also have dust tight gasketed doors and
filter equipped louvers of sufficient number for
proper cooling and protection of the field flasher

contacts. —

c. Ventilating air for the DG room should be taken
about 20 feet above the adjacent ground surface
because of dust blown about by wind and/or passing

vehicles.

d. Where construction work is being done adjacent to
an operating power plant, the practice of wetting
down the ground periodically to minimize the blow- -

ing about of dust and dirt should be adopted.
3. Turbocharger Heavy Duty Gear Drive -  (Change-over)

This subject has been discussed at length in Tasks
I, II, and III. Recommendations of the engine manufacturer

should be followed as given in Appendix F.
4. Personnel Training

_ There is a particularly difficult problem in developing
'knowledge and maintaining skills of the operators and maintenance-
personnel of the DG units. These units normally operate only
during surveillance and trouble shooting tests to give assurance
of readiness should an emergency arise. The relatively short

-exposure to an operating unit makes "on the job" training



especially difficult. When a nuclear power plant is put into
operation, the operators having the DG responsibilities may
have little or no related skills oﬁ such units. Answers to

the questionnaire also indicate a need for specific tfaining

on the DG units. In this field of employment as in many others,
the skilled or expert personnel are distinguished by subtle and
almost intangible differences and understanding which can be

developed only through experience as well as training.
Recommendations:

Training of the operators and ﬁaintenance personnel
and especially their immediate supervisors should be done in
an intensive and continuing program. This would serve to
develop knowledge and skills among those less experienced
and act as "refresher training" to maintain the familiarity
and skills of the qualified personnel. Only in this way can
it be expected that malfunctions and identification of "root
causes" will be improved. The survey and visits to the power
plants indicated a notable lack of knowledge and understanding
of the machinery émong some supervisors even though their sub-
ordinates appeared to be very competent. In some cases the
qualifications of the supervisors seemed to be marginal so
training of the supervisors should also be on a continuing

basis to maintain specific familiarity with the machinery.

a. The Quality Assurance (Q.A.) function as such is
rather obscure in the operating nuclear power
plants. Unless the Q.A. personnel have skills,
knowledge, experience, understanding, and
especially judgement which are equal or superior
to the operators, maintenance, and'supervisory
personnel the action of any Q.A. responsibility
can be negative or at least confusing. It is,
therefore, recommended that the basic record
system be in the hands of the operators and/or
maintenance responsibility consistent with the

utility power plant organization.



b. It is strongly urged that all operators, mainte-
nance, direct supervisors, and Q.A. key personnel
responsible for the DG units. should be involved in
a continuing program of training. The emphasis
should be that of familiarity with the start and
running characteristics of the normal DG unit.
This should include the rapid sequence of the
transient events in the start which normally
occur in seconds or fractions of a second as
well as‘the "logs" or operating records of the
DG unit on normal steady loads during surveillance
tests. Very intensive attention should be given
to the functioning of all components of the DG

"units during simulated emergency quick start and
load tests.

c. The diesel engine manufacturers 'maintain schools
which give good advice and training regarding
the use of the DG units with the usual emphasis
on industrial, severe duty service. The nuclear
power plant emergency standby service is also
severe duty in other aspects. It is, therefore,
recommended the several manufacturers of the DG
units be urged to offer DG instruction which is
particularly suited to the specific performance
requirements of the quick start and probable
immediate'overload likely to be encountered in the
DG units during emergency conditions in a nuclear

power plant.

B. Significant Corrective Action

Those corrective actions identified below are actions which
are basically procedural in nature; consequently, their applica-
bility is greatly influenced by the present operating procedures
being_practiced by the various licensees. The adoption of these



recommended corrective actions have to-be necessarily selective
due to the differences in equipment and operating procedures

among the licensees.
1. Pre-Lube =-- All Engine Starts Except True Emergency

It is recommended that pre-lube periods for general
engine lubrication of a maximum of approximately 3 to 5 minutes.
be required preceding all engine starts except for an actual
or simulated emergency start. Pre-lube periods of more than
approximately 5 minutes are to be only by specification or
recommendation of the particular engine manufacturer. (Various
‘engine problems may be caused by excessively long pre—lube
periods.) . '

2. Pre-Lube -- All Engine Starts Including Actual or

Simulated Emergency Starts

A long "drain down" concurrent with an,engihe shut
down of several days to several weeks can result in a nearly
empty engine lube oil piping system. As much as 5 to 14 seconds
may elapse from the start of cranking until full lube oil _
pressure is attained even though full engine speed may Simul—
taneously be reached in less than 5 seconds. The resulting
momentary lack of lubrication may result in metal-to-metal
. contact in bearings such as the éngine crankpin bearings and
turbocharger bearings causing damage in "pulling" or ﬁwiping"
the bearing surface producing incipient or actual failﬁre._
Immediate full speed with nearly dry bearing surfaces is a
much more severe condition than a more gradual speed increase.
However, the emergency condition of readiness does reQuire
immediate full speed for generator service. Starting of the
.preélube 0il pump at the same instant as the start of any engine
cranking under all circumstances would add to the oil flow
displacement of the engine lube 0il pump and would expel the
air and establish the necessary o0il film in the bearings as

quickly as possible.

An electrically driven pre-lube oil pump'accelerates‘

to full speed quite rapidly with full delivery while the.engine
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driven pump acclerates more slowly with the engine and with

the correspondingly slower initial pumping rate.
Recommendations:

It is recommended that the engine pre~lube pump be
started by the same signal which initiates the cranking of the
engiﬁe and be stopped when the engine stops cranking. An
alternative approach would be to start the pre-lube pump by
the same signal but stop the pump when the pressure in the
engine lube o0il header has achieved a predetermined level.

In either case, the implementation of this recommendation should
be carried out in close consultation with the respective engine
manufacturer. On some engineé, the pre-lube pump is an integral
part of the engine lube 0il heating system used while the DG

unit is in the standby mode.
3. Testing, Test Loading, and Preventive Maintenance

Testing and test loading are the essence of the sur-
veillance tests as practiced in the nuclear power plants. The
basic function and value of a surveillance test on a DG unit
is to "demonstrate the operability of the'unit" according to
the 1974 report on Operating Experience, AEC~OOE-ES-002, pages
2 and 3. This is covered further in Regulatory Guide 1.108
Revision 1, August 1977, especially with respect to operating
capability (as well as operability) on pages 1.108-2, 1.108-3,
and 1.108-4. '

In this investigation regarding "EmergencY'Diesel
Generator Reliability" different and even somewhat diverse
interpretationsvand practices have been found with respect
to the definitions and guide lines of the report and the
regulatory guide mentioned. above ahd, also the instructions
and guidé lines for LER record keeping.b This is true not only
among the utilities, but also among the engine manufacturers.
Formulation of rules and regulations which are not unduly

‘restrictive and constrictive unfortunately tend .to .generate.... . .

such conditions.
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Recommendatlons. . ' -

‘The follow1ng suggestlons and/or recommendatlons are
presented with the 1ntent to be constructlve 1n resolv1ng the
dlfferences in . the practlces as well as the general approach

rn surverllance testing and engine operatlon.

a. NG hoad and Light Load Qperation‘ _Nc‘load and
‘light 1load operation Causing incomplete'ccmbustion
should be minimized as muchpas.ppssible,in the

‘interest of reducing the formation.of gum and
varnish deposits on the engine cylinder walls,;
Valves) piston rings, etc. of all englnes, and
valso reduce the. llkellhOOd of certain mechanlcal
fallures.- Mlnlmum loadlng should be at least 25

percent of rated load. . C .
‘ ) o Doa
"b. Engine Manufacturers” Recommendations. The

“surveillance tests should be w1th1n the ‘NRC
guide lines and the frequency of testing, 51ze'_

~of the test load and duration should generally

f‘follow the recommendatlons of the respectlve :$

englne manufacturers.

BN

c. Preventatlve Malntenance. Better recognition'
should be given to the need and adv1sab111ty of
doing 1nyest1gat1ve testlng,,replacement, and
~adjustment as a part of preventative. maintenance
Testlng as such is not a correctlve measure and
: ,'” "serves only as confirmation of readlness and

A operablllty, Oor as an 1nd;cat10n_of the need~for

'corrective'action. "In the presence of the'inter—"‘

mittent type of failure, another trial or test may

. be successful yet does nothing to ellmlnate or

i ' :allev1ate the problem.

- . i . . : . .‘c



4.

d. "Check off Test". ’The finalﬂstep.after any "cor-

rective action:, adjustment, change, etc. should
be an actual "check off test” of start, run, and
load before considering a DG unit to be in a
condition of readiness for an emergency. The
'LERs relate a number of instances of mistakes or,
errors such as: test leads left on the wiring
producing a - short c1rcu1t, w1r1ng dlsconnected a
fuse removed: or unscrewed, a 01rcu1t breaker or
‘smitch Open, a starting air'valye~or‘fuel valve
left closed, etc. An actual start, run and load

test would guard agalnst such occurrences. ’

"Root Cause" and Correctlve Actlon

Improvement in rellablllty hlnges on 1dent1flcatlon

of the basic problem or "root cause" and the proper choice of

correctlve action. The effectlveness of all efforts to 1mprove

rellablllty depends on the proper execution in flndlng the true

root cause of problems. This is especially difficult because

of the usual chain of related cause and effect relationships. °

N '. . ’ .« ) - - 03 . 3 ( . . ‘. '
Even testing of various types has a principal value in ferreting

out the

"root causes" or problems. ‘Unfortunately testing is too

often used with its only function being to provide assurance

of operability.

~
’ S

Recommendations:

b

a. Identification. It is recommended that' the obvious
cause always be suspect as the "root cause".. To be
sure, the obvious is usuéliy the direct cause of .
failure or maifunction) The poss1ble chaln of”
cause and effect may fail to be 1nvest1gated
‘Several such 1nstances were related in prev1ous.
task reports. Ap‘overspeed goverhor[may'trip
because the fuel control.speed governor allows an
excessive speed surge with a substantial load,

\
rejection; overheating may occur because of
. ‘ : 3



recirculation-ofACOOling air; or a standard 125
V.d;c.rcompOnent may burn out in a non-standard

140 v.d.c. system, etc.

\.b. Repetitive Component Failure. It is recommended(
that closely spaced component failures not be.
-acceptable_unless accompanied by specific assur-
ance‘of absence of contributing cause and that
alternate improved .components are unavailable.

In other words.therpraetice of "living with a

‘problem" should be unacceptable.

c. LER Records vs. Reliability Index. The ‘LER ' ,
"system and the records so produced have proven to
be the best single source of information on the
' reliability status of the emergency standby .diesel. .
generators. - Unfortunately, the-number of 'LERs
per unlt time- in the record of a nuclear power -
plant may also be used as an 1ndex number with

"respect to rellablllty. In thlS survey, a visit to

one power plant was chosen because of the exceptlonally

small number of LER's per unit time and another be-

cause the LERs were generally,rather vague. In

\

both plants, apprehensions were substantiated
yet both of these plants also had overall good

_ operating records. Thus, the LER records do not
. ’ >

A

always serve, as an indication of reliability.
It is recommended that reliance be continued on the
LER records as a partial basis for evaluation of

’

‘reliability.

The 1mpress1on was generated in several power plants

that the number of tests and the” extent. of the tests were

related. to the number of LERs poss1bly generated.

The LER system’ and thenregulatory guldes are bas1cally

‘vset up and worded w1th emphas1s on fallures and malfunctlon.

- A corollary of thls,approach to the rellablllty problem is that:

- - ! . ’ : ‘ \
i M . ki . ~
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~a test that is not made cannot fail, ‘which in.turn leads' to
limiting tests to only those Wthh are necessary and requ1red
It 1s recommended that cautlon be exer01sed in the_use of LER
‘records as a Rellablllty Index.ln‘a statistical analysis; ‘: i
: _ ( - : - o , |

C. - Additional Corrective Action L , o ,

Plans for future improvement-in thehreliability of the
DG units should include’items and subjects not previously
covered as , such in reports on Tasks I, II, lII and lV. |
These suggestlons and recommendatlons are- 1ntended to be-
constructlve especially w1th respect to capltallzlng on the
experlence galned from the operatlon of the. present fully
licensed nuclear power plants. Most of the recommendatlons
‘can be 1ncorporated 1nto ex1st1ngioperating power-plants and .
-all'can’apply‘directly or indirectlv'with respect to future

- power plants.

‘, 1. DG RoOm Ventifation and Combustion Air Inlet

’

The problems resulting from outs1de air enterlng the
. DG room has been covered separately with respect to. the effect
of dirt betweepxelectrlcallcontacts in relays, contactors and
circuit breakers. Some of the power plants vi51ted had; very
large capac1ty room cooling units to carry away ‘the heat 'f
resultlng from the hot sumner weather as well as’ the heat from
the engine and generator.» ‘The use of room coollng units reduced
‘the amount of air and dirt drawn into the room for ventilation
‘purposes. ' The apprehenslons generated by’ the previously men-
tioned thick layer of dust, dirt and grit observed in DG rooms;
andstheireporting of such conditions is”considered\to be both
responsible and responsive., It would seem that more concern
should exist about the detrimental effects of such conditions. .
It is also recognized that many of. the installed DG ‘units take
the combustlon air from the englne room regardless of . the extent
of air-borne dirt and the arrangement of the Cardox fire

.protectlon_system. - Some even have an 1nherent re01rculatlon
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of: hbt-cdoling‘system air,,hot roomyventilation air, .and event
hot exhaust gas bacE into the: DG ‘room. On the other hand ‘
number of power plants v151ted .also had practlcally 1deal '
',bulldlng and p1p1ng de51gn w1th correspondlngly better operating

condltlons.;l h J : : ~
Recommendations:

a. »Engine'combustion air should preferably be through
' piping directlY'from outside the building and at .
least 20 feet from the ground level through proper

fllters.

b. Room ventilation air should be filtered and taken
. from a level at least 20 feet above ground level.
AThe plplng for the room ventllatlon air should be’
separate from that used for the ‘engine combustlon

\

air.

c. lRoom Ventilation'air, hot cooling system air,

‘ and/or englne exhaust gas should not be permltted
“to” c1rculate back into ‘the DG room, fuel storage
room, or 1nto any other part of the power. plant
building. : | - S ;

2. Fuel Storage and Handling

Answers to the questlonnalre and power . plant v1s1ts
1nd1cated that suff1c1ent prov1s1on was not made in all plants
for removal of water from the bottom of the bulk storage fuel”
tanks.- Water will accumulate_gradually in a bulk fuel storage
tank‘either in very small increments'from new bulk supplies of
fuel, and by condensatlon of moisture in' the a1r due to ‘the
"breathlng through the atmospherlc vent because ‘of temperature
and barometrlc pressure changes. Accumulatlon by the latter
cause can be con51derable where fuel 1s stored for - long perlods

-of time in areas with a humld cllmate.‘

J !

Some power plants also depend on a.c. motors for fuel
transfer to the engine fuel system even though these motors. -

LM

}



are on the very same system,for which the DG units serve
standby power needs. = - . ' ;

Recommendations:

a. It'is recommended that\all bulk fuel tanks have a
’grav1ty drain from the very bottom of the tank or
else in buried fuel tanks a pipe extends next to
" the bottom of the<tank arranged so_that any ‘water
can be. pumped out. The fuel. outlet pipe or opening
should be approx1mately 2 or 3 1nches above the
bottom end of the water outlet plpe to allow some

~tank volume for settllng of any water.

b. ‘Fuel-supply pumps for'the engine fuel system should
 be engine driven and the fuel supply to. this -
engine driven pump should either be an assured

gravity fed supply\or else by a booster pump
powered from -a, Class 1-E, station battery for

assured prlmlng, and not-by an a. c. powered pump.
3. ngh Temperature Insulation for Overload

( The very nature of the emergenCYIStandby DG ‘unit duty
~includes a - possibilitylof large overloads which extend longer

than 51mply the time required to start large water pumps, etc.

The engines are chosen and rated to cover this possible eventuallty.
"It is belleved that it would be fully consistent that ‘the generators
“also be constructed with such possible duty in mlnd There is a
poss1b111ty of overheat1ng from such extreme emergency overloads
causing a generator fire. ngh temperature. rated generator

insulation could reduce this hazard con51derably.
Recommendations:
It is recOmmended‘that the electriCal insulation and
generator construction be such as to w1thstand 105°C temperature
rise (re31stance method) for an ambient temperature of 40°C.

"Also, Class H insulation is suggested 1n the standard frame -

size normally used for 50°C to 60°C temperature rise (resistance

y
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method) ‘at 40°C ambient with special attention given to resis-

tance to flre poss1bly induced by electrlcal overload
4. Engine Coollng Water Temperature Control

Power plant visits and replies to our'questionnaire
indicate several englne cooling water temperature control.
arrangements. ‘A water thermostat of the "3—Way“ or bypass-type
splits the water‘flow‘s0'only>as much water passes through the
’cooler or radiator-as\needed*to»maintain the proper water out-
let temperature. The remainder of the_water bypasses the cooler
and returns directly to the water pump so that the total water
flowing through the pump and englne remains essentlally constant
\.regardless of the ambient temperature or engine loadlng The -
"3—way water thermostat arrangement was used in most of the
,power plants :and. also was the only one which gave no indication
- of trouble. This confirms its con51stently excellent record in.
the'heavy duty engine industry. These thermostats use an
expanding contracting temperature sensitive wax filled element
for the valVe control. This type of thermostat is manufactured

by at least two or more manufacturers. Other methods of tempera-

ture control have not proven to be as reliable (i.e., the problems

w1th shutter controls on radlators as reported in the LER s).

Recommendatlons:

It is recommended that all englne coollng water tempera-
ture control be by means of 3—way thermostat ‘for directing
the engine water to the bypass or cooler as requlred and of
‘th ﬁ"Amot" brand or equal w1th an expandlng wax type temperature

i

sen51t1ve element.

5. Concrete'Floors - Painting

i Concrete floors and especially new concrete\floors tend‘
to have the-surfaceA"skin" crumble enough to shed abrasive
_dust of sufficient particulate'size to:not'only become air
bourne, but also to enter electrlcal cabinets and prevent
‘electrical contacts from completely 91051ng. Some of the power

plants visited did have_painted floors to minimize this .problem. '
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Recommendations: ‘
It is recommended that the floors be palnted with
concrete-or masonry type palnt in all .rooms of the DG units

which ‘house any electrlcal contactors,'relays, c1rcu1t breakers

“or other dev1ces hav1ng electrlcal contacts’ which -are part of

¢
N

~1

the DG systems.

6. Instruments and Control or Monltorlng Elements -
" Mounting and Support . ' .

¢

The 1nstruments and control or monltorlng elements
for: 1ube 011 pressure, coollng water temperature, etc., for

control, safety, or 1nd1cat1ng functions were mounted on the‘

, ,engines'or,englnevsklds in .many plants. - Other 1nstallat10ns

had . the same. kind of devices in free standing unlts dlrectly
floor mounted to minimize damage induced by englne v1brat10n.
Some actual major engine damage has resulted from v1brat10n

induced- wear in a skid mounted control element. .

Recommendatlons:

It is recommended that the instruments, control
monitoring, or 1nd1cat1ng elements be supported in or on a
free standing, dlrectly floor mounted, panel -to the extent
"functionally practical except for the necessary sensors . in .

~ piping, etc. ' S o

7. Comments on Spec1f1cally Appllcable Documents

;-

It is recommended that attentlon be given to the brlef
comiments_ in- Appendlx H on documents which are judged to be
\partlcularly relevant to the program. These comments are
' appropriate in that these documents'either (1) support-the
basis for the program, (2) reveal the excess1vely long time.
prlor existence of DG operatlonal problems, or (3) strengthen
the observat;ons_and/or conclusions. There dre a number of
the other numerous documents listed in Appendix B~Which‘are'

also relevant, but to .a lesser degree.



8. 'Evaluation and Implementation of Recommendations

Recommendations: K . _ !

4 . \

v It 1s strongly recommended that -a program of selectlon,
evaluatlon, and 1mplementatlon of the recommendations of this
report be expedlted. ‘The 51m11ar1ty of 'this report and that »
of OOE—ES—OOZVin 1974 is notable except in scope and elaboration.
Overall actlve correctlve action in the same sense as glven 1n ‘
the basic regulations ‘for the LER system should be given hlgh

prlorlty
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' APPENDIX A
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BY OPERATING PLANT



"LER CLASSIFICATION BY .PLANT

(1969 to Sept.. 28, 1977 Comp: lation)

; Engine and Related .”[{,"-Eléctrical _  1o General
| T T T T -
- I - T B IR R R T
— N U0 I - - R - S A P - TR -
.'FArkaﬁsaé | 1. | 1 . 2 ‘ | 21 | o -1
| Beaver valley 1 2 7 |1 3 2 :_1'

 Brown's Ferry 1 5‘/ 3 2. 1 1 .l‘ i 1' 3
-Bréwn's Férry 2 l T 1 1

,?Browh's Ferry 3 . , l\ ‘
Brunswick i 2 é,' 1 -

_Brunswick 2 2 |1 1 1|1 . 13
Calvert Cliffs.1 | 1 2 6 | - vi5" 3 |2 3 - 3
Calvert Cliffs 2 . 30 v 1 1 ol 1 I
Cooper 1 34 1 Tl |2 4 1 o1 1

F:Crystal‘River 3 1 | 1 o

D. C. Cook 1 . 2 1. 1 3 301
Davis-Besse - 1 : : g 1 1 1

__Dresden 1 1| 3 2 1 1 - 1 1.
Dresden 2 11 4 2] 3 | -2 3l 2 1 ]2 3

_Dresden 3 2" 1 3 3 1; 2.1 1 3 v
Duane Arnold - 1 1 513 2 |




LER CLASSIFICATION BY PLANT
(1969 to Sept..28, 1977 Comp: lation)

“Engine and Related ]J ' .Eleétrical\l  General
2 B S T B | IR B N |
Facility-Name 5155|1458 8 § | 4 EE ST &9 4 88| &8 5
Edwin Hatch 1 6 | 1 o] 1|1 ]2/ 13 |1 1 1
Fitzpatfiék:l 2 2 'fé'* O A I 6 3|11 1
Ft. calhoun'l | 9 | 1 | 1 2 | 2 1 2
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Haddam Neck 1 - | 1] 1 4 To]]-1 1
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‘ ,M&ihe-&ankee | ' - . AR Y I S S A | o ‘ ' ~ |1
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'Méﬁticeilo 1 7 : 9 | 1 ' L | i 11 ' \ . 1 o | 1
Nine Mile Pt. 1 | = ' T | i

, North‘Anna T _' ' _ o |- _v ] : - A 1
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LER CLASSIFICATION BY PLANT
(1969 to Sept. 28, 1977, Comp: lation)’

£-Y

) ' Engine and Related’ 3 - Electrical ’ General
SO ~ M @ ._'—\8\ u T
Facility-Name g ::j’ :% é :% § ' é ﬁ E § :‘32 ;,% § E § § E » é )
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Robt. E. Ginna 1. - ' |-1 | | | s ", ';2 - AR o .
Salem 1 o . : 11 - 1 I | . |
'San Onofre 1 SR S - T R -2 A A - 1 ‘
ééquOYah 1 | . R R ‘_ i
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LISTING OF SELECTED DOCUMENTS
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10.

LIST OF DOCUMENTS FROM OTHER SOURCES
(NOT A DIRECT RESULT OF THE LITERATURE SEARCH)

Report entitled, "Deterioration of Fuels and Fuel-Using ,
Equipment" dated August 1967, Battelle Memorial Institute
No. AS 662266.

Manual on Requirements, Handling, and Quality Control of
Gas Turbine Fuel, ASTM Special Technical Publication
STP 531.

Diesel Engines for Use with Generators to Supply Emergency
and Short-Term Electric Power, National Academy of Sciences.
National Research Council Publication-1132. '
MalntenancezmuiOperatlon of Nuclear Diesel Generator
Systems.

September 18-22, 1977

'AUTHOR: M.J. Helmich.

Standardize Diesel Preventive Malntenance. A .
September 1970 . :
AUTHOR: P.D. Johnson.

A Versatile Two-Cycle Dlesel Englne—The EMD Model 645
Series.

December 11, 1975 . '
AUTHOR: M. -Ephraim, Jr.; J.J. Kotlin; J.A. Williams, Jr.

Safety and Failure of Components.
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NOTE:

APPENDIX C

QUESTIONNAIRE WITH SELECTED
SUMMARIZED RESULTS

\

The questionnairé that follows is a limited summary of
the 43 responses to the questionnaire. . It applies

particularly to those gquestions answerable by "yes",

"no", "NA" or "UN". Questiohs marked with an asterisk

(*) identify those questions having almost as many
different ahswers,as there were responses and consequently
do not lend themselves to summarizing. Those questions

where the responses varied considerably but fell within

~a particular range, the range has been given to indicate

it accordingly followed by a number in parentheses
showing the number of responses which fell in that

particular range.



Ouestionnaire
for

NUCLEAR REGULATORY COMMISSION
RELIABILITY STUDY

of

Standby Diesel Generator Units
: A

Date Questionnaire Comp]eted:

Plant Name: | Unit No.

Diesel Manufacturer: ' Model:

Number of Units:

Size Kw/Unit: Rated Speed:

AVerage Operating’Hours Per Unit to Date:

5 DIESEL GENERATOR STATUS

A. Eng{ne:

1. Problems are caused chiefly by (give estimated number)

Defective parts 1-40 (35) 4 UN 4 NA

a.
b. Installation errors: 1-11 (37) 1 UN -

c. Failure of system to respond properly in

function or sequence: 1-3 (38) . 1 UN

d. Faulty adjustment: 1-13. (39) 4 NA

4 NA

4 NA

2. Would more stringent inspection and testing requirements
. during. acceptance or preoperational tests significantly
~ improve the diesel-generator power plant performance?

Yes 2 Mo 38
2 NA 1 UN

B. Starting Systems (indicate which):

1. Air-to-cylinder cranking. 19 oo
Air cranking motor 20 Mfr. —
Electric cranking motor 4 Mfr.  ——

A}

Modé] No.
Model MNo.

—e—

mpre—



2. If air cranking, then: v
Give size of starting air tank: Length 66"-258“D1ameter 20"-66" (35) 1 RN
Normal standby air tank pressure 200-400 psi.(37) 6 NA

Is pressure reducer used? Yes 15 No 22 6 NA
Reducer pipe size? 1-3 inches. (15) 28 NA

Starting air control admission valve pipe size in air
_piping system, 0-7 inches. (36) 2 UN 5 NA

Minimum air tank pressure for engine cranking 50-225 psi. 3 UN 8 NA

Number of five-second cranking periods between above
pressures with no tank recharging 2-6 . (20) "5 UN 18 NA

Number of air tanks per engine 1-6 . (36) 7 NA

Can starting air tanks serve more than one engine?
Yes 27 No 10 6 NA

N

Is air pipe to engine from top of air tank? Yes 27 No 10 6 NA

Does starting air tank have water condensate dram"
Yes 37 No _0 6 NA

‘Does starting air pipe have water condensate trap and ‘
dra1n near engine? Yes 9 No 28 6 NA

Is starting air piping horizontal? Yes 34. No 2 7 NA

Does it slant toward drain? Yes 6 No 25 11 NA 1 UN
If water condensate drains are provided, then is draining:
a. Automatic through float valve? Yes 7 No 24 12 NA

b. Manual by hand valve? Yes 32 No 1 10 NA
c. If manual, then is draining water condensate done:



3 tlmes day 5

daily? I

weekly? 7_ 7_,_

monthly?

before each start if manual? 1

no procedure? 3

Bi-weekly 1 10 NA , N
Is dirt and rust filter prov1ded in startlna air p1pe7
Yes 25 No 13 5 NA

* If provided, where installed? NA 16

il

* How is it -cleaned? NA 16 )
* How often and when? : NA 17
Give pipe size of filter: 1-5" ° NA 17 i inche's.

* How is it known whether filter is plugged or has high pressure
drop? _ "NA 19 _

Is starting air pipe to engine positioned:

a. Below floor? 4 On floor and overhead . 6
b. On the floor? 4 - Below and on floor = 2
c. Overhead? 23 ) NA 4 o '

What is air pressure drop from air tank to engine during
cranking '_0-95psi (17) 15 UN 11 NA

Give approximate length (nearest ten feet) of starting air
pipe for individual -engine or aH engines from air tank
to:

~a. Nearest engine 10-90feet (37) 6 NA ,
'b. Furthest engine2-98feet (22) 21 NA



-4-

Diameter of starting air pipe from:

a.
b.'
c.

!

(1.50"-3,00").
Air tank to starting valve ¢ inches (37) 6 NA
At air starting valve _* inches (37) 6 NA *(.25-3.00)

At engine _* inches (37) 6 NA *(.25-3. 00)

* What is the primary source of power for the starting air
.system? : ’

Is there a duplicate and redundant motor and air
compressor set? Yes 25 No 11 7 NA

Nhat is the time required to recharge one air tank?
2-60 minutes (30) 6 UN 7 NA

Does starting air supply system have independent >
secondary power supply for compressor? Yes 1g No 21 6 NA

If yes, then by:

a.
b.
c.

Gasoline engine? 2
Motor driven? 2
Other? (Specify) DIESEL 10 29 NA

3. If electric (Battery powered) cranking, then:

a'

Battery charging: Continuous trickle charger 4
Intermittent charging
BOTH 1 38 NA

If so, how is tharging requirement determined?

Time cyclie 1

Test 1
" Other 1
BOTH 1 .- 39 NA

Battery used: Common Plant 0 R , L
' Individual Unit 5
Other 0 < 38 NA
(.25~.75) oy ‘
Starting cab]e size ¢ ; Length:5Battery to engine 38 NA
(longest) ' _

40"~-18'. " 3
Eng. & Elec. 1
- Propane Gas Press 1

38 NA |



C. Fuel 0il System: Bulk Tank to Day Tank

1.

Does the bulk tank to day tank fuel supply system (viz:
pump, motor, etc.) have redundant 1ndependent power

supplies? Yes 28 No 15

Does this system have a hand-operated emergency fuel
pump? Yes 3 No 39 1 NA

If yes, is th1s hand-operated pump and piping in immediate
operating cond1t1on7 Yes 3 No40 \

Is there a water .and sediment drain from the very bottom
of the:

a. Bulk tank? Yes 13 No jo o
b.- Day tank? Yes 3¢ No 6 1 NA

Is the'reqular functional fuel o0il outlet slightly above
(two to three inches) the bottom of the: : .

a. Bulk tank? Yes 38 No 5
~b. Day or integral tank? Yes 31 No 10 1 NA 1 UN

Is bottom of day tank and/or integral tank abovelall
parts and piping of the engine fuel injection systems?
Yes 11 No 31 1 NA '

If yes, .oan 32w

Give approximate amount 1nches 1-36 36 feet

Does the engine fuel system have a fuel bleed return
line to the fuel day tank and/or integral tank?

Yes 40 No 2 1 NA

During extended'ope?ation, such as more than two to three
hours, does the fuel in the day tank become: (yes or no)

a. Warm? 15 YES 19 NO 8 UN 1 NA
b. Hot? *5->-(above 130°F) *1 YES 32 NO 9 UN 1 NA



A, B v
(alJ'. 01’? above) 4 d. Is a manual pump .also prov1ded for injection

s need.

4

& C

- -6-

What is fuel oil return line size (nominal)?
(.5-2.0)
~a., Pipe size i ~inches (29) 14 NA
b. Tubing size _* _inches (14) 25 NA . X.25'-3,0")

6. Do engine fuel oil filters have air bleed or vent valves
readily accessible? Yes 20 No 21 2 NA

7. How is fuel transferred from day tank to en%me fuel S{stem"

GRAVITY & EN |
a. By gravity 4 ENG. & EI.ECT 7 1 UN

b. Engine driven pump PROPANE GAS 1 o .
¢c. Electric motor driven pump ‘

system filling and/or air venting after servicing
or replacement of parts in the fuel injection
system? Yes 14- No 28 1 NA

If yes, is the manual punp in irmediate operating condition?
Yes 14 No 29 NO. 1 - 1
NO. 2 740 1 NA

- 8. Type of fuel (e.g., #1, #2, #3, JP-4, etc.)PROPANE 1

9. Approximate bulk tank capacity, 120-25 oo(yanons. (42) 1 NA

A AR A

10. Typical frequency of refilling (week]y, month1y, etc.) week 2 month 9

Biann. 2 Year 4 Bimonth 5 Quart 6- Semimonth 2 Semiann. 6 3 UN
11. Typical refill (gallons), 5-3000 (35) 4 UN_ 3 NA .
D. Lube 0il System

1. Lube oil
x a. Type
* b, Viscosity
* ¢. Specification number
d. 011 change determined by:

Time interval: Yes 14 No 24 5 NA .
Give interval 30 NA monthly, yearly yearly- 11 6 mos, =2
By oil analysis: Yes 36 No 6 1 NA -
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2. Llube o0il filters afe:

~a. Full flow 32
b. Bypass 2

c. - Combination 9
3'._' Interval and/or basis for changing filter cartridae:

a. Monthly 2 6 months _Ll

b. VYearly 21 18 NA 1 UN

c. By running time 250-350hours (2) 41 NA

d. By oil analysis. Yes 15 No 12 16 NA

e. By pressure drop. Yes 28 No 9 6 NA

f. Does provisions exist for changing cartridges during
engine operation? Yes 7 No 33 1 UN 2 NA

4, 0il Pressure Monitoring

o 20-950 , :
a. Normal operating pressure 4+ psi  (42) 1 NA

——

b. Alarm' 16-60pPsi (39) 4 NA _
'c. Shutdown 0-60psi (38) 5 NA

5. 0i1 temperature control:

a. By standby heater in engine sump 85-150 °F, (31) 12 NA
b. Heating means for maintaining standby temperature:

Direct in oil Y-16 N-21 6 NA.
0il-to-water heat exchanger y-18 ~ N-17 8 NA
Other (Specify) y-1 'N-2 14 NA

Cooling System - Engine Water

1. Temperature control by:

a. By thermostat in water? Yes 40 No 3

If yes, then:

Bypass thermostat? Yes 34 No 7 2 NA
Throttle thermostat? Yes 5 No 35 3 NA




" b. By radiator shutter:

Automatic 2 ‘ : '
Manual 1 ‘ '
Other (give type) 40 NA

2. Corrosion control (water additive)? Yes 41 No 1

If yes, give chemical additive or name of compound.

*

Proportion or concentration control:

a. By additive measurement? Yes 15 No 25 3 NA
b. By water coolant analysis? Yes30 Noll 2 NA

3. Engine cooling water cooled by:
a. Radiator? 9

b. Heat exchanger from sea, river or other water? - 31
c. Other? (give type) 1 BOTH 1 1 NA

4, Engin,_:e'cooli'ng water tempe’ratUPe-monitoring

a. Standby temperature 50-150°F (42) 1 NA

b. Normal operating temperature 128-205°F (42) 1 NA
c. Alarm temperature 170-205 °F (40) 3 NA" ’
d. Shutdown temperature 0-205°F (28) 15 NA

e. Water circulation during standby: '

Thermo-syphon 15 OTHER 1
Pump 24 -. 3'NA

5. Water Pressure Monitor:ing: Yes 32 Mo 10 1 NA

a. Alarm 9-45 psi (9) 29 UN , 5 NA
b. Shutdown 10-70 psi (8) 27 UN 8 NA
_c. Both 9-35 psi (4) 32 UN 7 NA

NA



6. Water temperature Sensbr Position:

- In piping from engine 31
b. In eng1ne piping 7
c. In engine direct 3
: BOTH 2
7. Nater surge or supply tank in system Yes 42 HNo 1

If yes, then bottom connected to:

a. MWater pump suction? Yes 25 No
b. Top of system? Yes 4 No .
c. Both of above? Yes 12 No NONE 1 1 NA S
.d. Is bottom of surge tank above top of engine '
system? Yes 31 No 11 (1) '
e. Does engine have constant air bleed from top of
engine water piping to surge or supply tank?
Yes 37 No 5_. 1 NA ' '
f. Give size of bleed or vent line, (-4 inches. (34) 9 NA
g. Manual air bleed only? Yes 10 No 30 . 3 NA

F. Governor - Speed Control

*Manufacturer
Electric (speed sens1nq) 4 : _
Hydraulic 18 BOTH 21
*Type or code (such as EGB-35, LSG-10, etc.) —
Automatic load sharing? Yes 21 MNo 20 2 NA

1. Is compensati&n or stability control and/or'speed of
' response manually adjustable? Yes No

If yes, adjusted by:

a. Eye and ear? 7
b. Test and specification? 31
C.: 0ther7 (Specify) 3 . 2 NA

- 2. Engine - generator normal shutdown or stOpp1na means
and method. : :
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Is the engine stopped:

a. Manually? Yes 34 No 8 1 NA

If yes, then:

Directly at engine? Yes 7 Mo O

Through local control panel? Yes 9 No 0
BOTH 16 NEITHER 7 gNA T

b. Automatically through the ctontrols in the control
room? Yes 28 No 18 1 NA ’

c. By setting governor to "fuel-off" position?
Yes 13 No 29 1 NA

d. By over-ride of governor settings and control
position directly to fuel injection pumps?
Yes 11 No 27 1 UN 4 NA

e. Other means. Describe briefly. 16

3. When engine is StOpped; is fuel control in:

a. Full fuel or maximum fuel position? 11

b. Full off or no fuel position? 28
c. Intermediate? 2 -
d.  Random? - - 1 1 NA

(If not consistent and typical in above, then give
the usual.) '

4, When starting from the standby condition after shutdown
for at least 24 hours, give number of seconds from start-
to-crank to full fuel or maximum fuel position of governor
and fuel control, 0-30 seconds. (36) 2 UN 5 NA



-11-

G.' Governor - Overspeed (shutdown)

1. Speed sensing?

a. Electrical s
b. Flyball _24 - . '
c. Other (Specify) 13 __NONE 1

2. Fuel shutoff force generated by:

a. Spring? 16
b. Air? _1
c. Hydraulic? 9

d. Electrical? 9 _
e. Other? (Specify) 7 .__1 NA

3. Overspeed sensing setting? (in terms of full speed)

a. 115% , '
b. 110% ' - 110-=122 (42) -1 NA
c. Other (Specify)

4, 1Is overspeed tripping set point tested periodically?
Yes 34 No _0 9 NA -

* If yes, then how often? (year]y,‘monthly; etc.)

H. 1.* Generator Mfr. ’ Model No. )
Single bearing or two bearlnqs? 1~(33) 2-Tal 3=(1]
Does generator have damper windings? Yes 19 No _21 . 3 UN

2. Does generator have any obvious fault or d1ff1cu1ty9
Yes 3 No 40

Is problem repetitive? Yes 2 No 3 38 NA

* If yes, then describe briefly.




I. Exciter and Voltage Reaulator

1.

*Exciter Manufacturer: .. * Model _
Type: Rotating 3 ~ Static 39 1 NA
If rotating drive? Direct 1

Belt or Chain 0

DC with field control 0

Brushless with rectifier 1 :

Direct & Brushless 3 39 NA
;Vo]tage Regulator: * Manufacturer \ * Model L
Type: Mechanical 0 Static 42 1l NA

Are paralleled units of automatic load sharing control
of fully automatic type? Yes 14 No 1l 18 NA

If yes, has any obvious influence or interrelationship
been noted between the stability and response time of
the engine governor and the stability and voltage control
of the generators? Yes 4 No 11 28 NA

Have engine governor and voltage regulator/exciter
adjustments been made on the site or under any con-
ditions since any of the units have been placed in
service? Yes' 251llo 13 5 NA ‘

If yes, by means of what tests and what standards?
Give name or very brief description.

If any difficulties have occurred, give approx1mate
number of problems.

a. Components‘ 0-10 (40) 3 NA

b. Wiring 0-3 (39) 4 NA

¢. Other (damage in service or dropping of mlscellaneous '
hardware into switchboard, etc.) 38 . 5 NA
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!

J. Paralleling: Engine-Generator Units

1. Do all units consistently have the proper voltage output?
Yes 25 No _0 18 NA

2. Do all units automatically share both the "real"

in-phase load and also the reactive load reasonab]y
well? Yes 19 No 5 19 NA

3. At the same Kw load, are both the field and the.armature
line currents of the several units consistently close
to the same value? Yes 21 No 1 21 NA-

If no, approximate percent difference. 2 UN 41 NA
4, Synchronizing ' |
a. In automatic synchronizing do circuit Breakeré close

- immediately after reaching full synchronous speed? -
"Yes 12 No 3. 28 NA

b. If "no" above then, does speed of some units drift
‘slowly while fa111nq to synchron1ze and close circuit

breakers7
How many seconds? '3 secs. (1) 42 NA
.; Occasionally
{ Always o p1
Never 1 , 41 NA
K. Switch Gear and Electrical Con (other than exciter/

voltage regu]ator)

1. If any difficulties have occurred, then q1ve approx1mate_
number of prob1ems.

a. Components' ~9 (39) 4 NA : !
b. Wirina 0-2 (39) 4 NA '
c. O0Other (damage in service or dropping of miscellaneous ,
hardware into switchboard, etc.) 0~5 (36) 1 UN 6 NA
d. Design concept faults. That is, does the switch
' gear and its controls perform the proper functions
and in proper sequence and t1m1nq. 0-4 (39) 4 NA
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a. Do the on-site diesel generator units and related
support equipment have any storage battery power

systems for any service whatsoever? Yes 36 No 6 1 NA

b.* Identify each storage battery power system associated
. with the on-site diesel generator unit and its
function. .

c. Does each system identified above adequéte1y fu1f111
the service requirements for which it is intended?
"Yes 39 No 4

* If no, briefly describe.

d. Is there a DG battery maintenance program? Yes 28 No 3

Safety Shut downs

Give safety shut down settings .compared to equilibrium
operating conditions.

1.

‘Engine and generator speéd.’ Give rpm or hertz:

: ' (42% 1 NA
a. Synchronous and usual 45-180 4 rpm or 60 (26)Hz 1 UN

b. Overspeed shutdown setting 56-990 (42)rpm or 66-73 Hz (15)
-1 NA

Engine cooling water (see E.4)

a. Equilibrium123-19%F (41) 2 NA
b. Alarm 170-205°F  (39) 4 NA
c. Shut down 0-205°F (30) 14 NA

Lube o1l pfessure (see D.4)
a. Equilibrium 26-100 psi (41) 2 NA

b. Alarm .16-75 psi .(38) 5 NA
c. Shut down 0-60 psi (38) 5 NA ;

12 NA

16 NA
1 UN

27 NA
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4, Lube o0il temperature

a. Equilibrium 120-220°F  (39) 1 UN 3 NA
. b Alarm 52-250F (36) 1 UN 6 NA
"~ c. Shutdown 0-230°F (12) 1 UN 30 NA

5. Indicate all other protective 1nterlocks (give name‘A
and;)

a. Usual or proper condition

* b. Shutdown condition

6. *a. What source of power is provided to operate alarms
and shutdown controls? (See G.2)

b. Do the generator units automética]]y shutdown in
- case of the electrical power loss to its control -
system? Yes 12 No 31

M. Emergency or Alert Conditions

1. Are all safety‘shutdown and safety interlocks bypassed
‘during emergency conditions? Yes 1 - No 42

*2. If "no" above; then which are not bypassed. Name items.

3. For each \nterlock not bypassed is coincident loq1c
used’ Yes 2 No 38 3 NA

If yes, is it testable? - Yes _1 No 2 40 NA -

N. Maintenance

1. Does p]ént have regqularly scheduled maintenance pro--
cedures" YES-41 NO - 2

* If so, return copy of these procedures with quest1onna1re3’
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2. _When need for minor adjustments obviously exists, then:

~a. Is remedial action taken immediately or at earliest -
practical opportunity? Yes 42 No g 1 NA:

b. Is remedial action taken only at periodic prescheduled

or programmed times and conditions? Yes No 41 2 'NaA

'"c. For best performance record which of above appears

' better:
immediate or early action? 39 ' -
as scheduled only? - 0. - BOTH 1 1 UN 2 NA:

d. ~Must permission for minor maintenace be obtained from :
‘ some higher out-of-plant authority? Yes 0 No 42 1 NA

“e. Is maintenance referred to above allowed and encouraged?
Yes 42 No 0 1 NA

f. In periodic surveillance tests, simulated alert standby
tests, etc., is the criteria "pass/not pass” the test
used? Yes 37 No 4 2 NA .

. g. Is there a conscious continuing policy to detect .and
remedy marginal conditions or imminent trouble: for
examples: lube o0il pressure shutdown only two to
five psi below operating pressure or, perhaps overspeed

_governor setting only one or two percent above start1ng
speed surge or etc.? Yes 40 No 2 1 NA

h. Are efforts to remedy marginal or questionable conditions
as mentioned above encouraged by plant management?

7

Yes 42  No O 1 NA

i. Are remedial steps on items similar to the above taken
' or allowed when the unit has started and operated
. satisfactorily within specified limits.or cond1t1ons7
Yes 40 No _2 1 NA '

0. Starting Conditions
1. Give starting or necéssary cranking time as experienced. -

~a. Starting time'pér'specification 5-15 - seconds (39) 4 NA
b. Usual 'starting time 4 ~ 12seconds (42) 1 NA .
c. Max1mum start1ng tlme observed _6- 30 seconds (40) 2 UN 1 NA

h~
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Give usual time intervals as follows:

a. Time from start-to-crank to first firing of any
cy]inder. 1-10 seconds (30) 12 UN 1 NA

b Time from start-to-crank to approximate full f1r1ng
of all cylinders. 1-10 seconds | ) 12

Give maximum speed surge when starting; use both tachometer
and frequency meter if possible:

a. Usual conditions 5-927 rpm (20) 18 UN 5 NA -
————— Hz ‘ |

b. Maxwmum observed 8-990 rpm (19) 19 UN 5 NA .
60-68 Hz (21) 17 UN 5 NA

During a surveillance test, give time from start-to-crank
to when steady synchronous speed is attained and maintained.:

a. Usual 4-40 seconds (35) 7 UN 1 NA
b. Maximum 5-40 seconds (35) 7 UN 1 NA
c. As specified  8-40 - seconds. (30) 7 UN 6 NA

Give briefly the most troublesome problems in starting.

a. Most troublesome ' o .

b. Next to most troublesome , . .

Air Cleaner or Air Filter - Combustion Air

1.

Combustion air source: taken from engine room.or inside
the building, or from outdoors? :

a. Indoors 19
b.. Outdoors = 24
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Give type and make of air cleaners or air filters:

a.
b.
c.
d.
e.

0i1. bath 14 * Make

0i1 wetted screen 5 * Make

Paper 10 * Make

Other 13 * Make

Precleaner: Yes 6 No 16 21 NA

Excessive air flow restriction and serv1c1ng need
determ1ned b_y7

Instrument such as:

a..
”manometer 2
~ If other give type _
b.,APersonal_Judgement by appearance, etc. 11
€. By smoking exhaust 5
d. "~ Time schedule 10 -
e. ~Other. (Spec1fy7“’ 9 6 NA-
Are'cllmatlc extremes normally experienced such as:
a..2A1r heav1]y loaded with water mist, high humidity
~ “and Yow temperature? Yes 9 No 33 1 NA
b. :Blowing sand and dust? Yes 2 No 40 1 NA
c. Blowing snow (blizzards)? Yes 8 No 34 1 NA
d. Other-Name , 3 40 NA
Are cllmatlc extremes potent1a11y poss1b1e such as:
a. Air heav11y 1oaded w1th water mist, high humidity
- and Tow temperature? Yes 27 No 15 1 NA
b. Blowing sand and dust? Yes: 15 No 27 1 NA
c. Blowing snow (blizzards)? Yes 0 No _0 '
d. Other Name : 0

Temperature Cond1t1ons

1.
2.

Amblent outs1de hottest 80-115°F. (42) 1 NA

Amb1ent out51de co]dest 0—38 °F. (31) 14+22°  1+25°

Eng1ne generator room hottest.g 140 (38) 3 UN

Engine- generator room coldest (-75 °F, (37) 3 UN

5. Inside sw1tch gear hottest 70 133 (33) "9 UN I NA

Inside voltage regu]ator or ambient near voltage
regulator hottest 78-133 °F (30) 8 UN 5 NA

Amb1entrat exciter hottest 76-~123 °F (30) 8 UN 5

.

3

NA

6+10°
NA

NA

|

1

NA
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R. Operator Qua]ificationS'(as'presently exists, and §u§gested

minimums if different)

1. Minimum eddcation required (check)

a.
bl
C’

d.

Minimum Years of oper

High School
Trade School
Technical School
No minimum

generator)
a. 0-3

b. 3-6

c. 6-10
d. 10-15

Operator tréiningl

Existing 3WA - Suggested 3NA

36
0
5
2

—24
20

3

-1

ating experience (diesel electric

Existing 3NA Suggested3NA

32
—93

1

Existing 1NA
1

16

a. Military.
‘b. Industrial
c. On-the-job
d. Combination of a, b,
and ¢ (indicate whigh)
: : : comb req
Licensing required b & c
conﬂ) 1,2,3
a. State
b. Federal
€. Utility or self
d. None
&

Existinag

18
—1

—0

0

Suggested 1NA

Suggested

14

11
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Are any foreign gases such as propane, freon halon, carbon
dioxide, etc. stored in the: .Diesel Engine room’
Yes 4 No 38 or adjacent buildings? Yes 18 No 24
1 NA T 1 NAT
If yes, (other than hand portable fire ext1ngu1shers) then
identify gases and give approximate tank size.
3

Gases *Vo]ume (ft )

Does contro]"system automatically bypass, in emergency
starting, any engine temporarily out of service for
maintenance? Yes 2 No 34 6 NA. 1 -0

If yes, then how many failures to bypass have occured?
3 Report 0. 1 Report 1 39 NA

'If yes, then which part or subsystem?

Does the control 'system automatically override the test
mode under emergency conditions? Yes 24 No 13 6 NA

Have repetitive mechanical failures occurred in any component part
or subsystem of the engine, generator, or sw1tch gear, etc.?
Yes 22 No 18 2 NA 1-0

How many failures? 1-70 (23) 1 UN . 19 NA

Give nature of failure.

t

Would periodic (yearly or other) evaluation and/or testing
by "outside experts" contribute significantly to the diesel-
generator reliability? Yes _1Q No - 30 2 NA 1-0

Give brief reasons for the answer.
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X. 1. Give the accumulated time-1load operating record for each
diesel- generator unit from 1nsta11at1on to the present
(Running Hours): y , , S p

* Preoperational test Date.

Engine- :. Surv, Testing & Emergency Total

:Serial No. : . Maintenance Hrs. : - .and Other : Hours

: No Load : Loaded : Service Hrs. :

: _ T :5-530(30x 0~567 (29) :45-998(38)

:1st engine :12UN INA: 13 UN 1.NA :5 UN 0 NA .

.t 0-300(23):8-945(29)0-991 - (27) :44-975(6)
:2nd engine .17 UN 3NA:12UN 2NA: 13 UN. 3 NA :5 UN 2 NA
: : : 0-300 (8):10-689(10) 0-738 (8) :47-915(11)
':3rd engineg 9 UN 26NA: 8UN 25NA 8 UN 27 NA :6 UN 26NA
: : 0-300 (5):10-388(5); 0-824 (5) :45-647(4)
‘:4th englne 6 UN 32NA: 6UN.32NA ‘6 UN 32 NA :6 UN 33NA 3

"0-194 (3):10-388(3): 0-65 (3) 48-991(4): = '.
5th englne 9 UN 31NA: 9UN 3INA 9 UN 31 NA :9 UN 30NA »

* 2.0 Shrvei]]ance‘teét 1oad (percent of cont1nuous rat1na)

3. Give the proaected or p]anned time-load operation for
“each d1ese1 generator un1t dur1ng the :next 12 months.

:Survelllance & - Emergency : Tota]i
.:Maintenance Hrs. : and other " : - Hours
: ‘ .1 Service Hrs. : :
F »Ug’l(l)omi‘”).f' 12-508 (42) 0—880(39)3.
4, Provide the fo]lowvnq sunmary of the periodic surve1]1ance testing \
experience: . '

Y

* a.. Start1ng date of surve111ance test1ng (oL date)

* b. Periodic test interval _

* ¢. Total number of surveillance tests performed ' : I
d. Total number of test fa1]ures 3- 998 (39) .3 UN 1 NA !

‘ fa11ure to start30 36 1(39) fa11ure to accept load 0-19 (38)% ON § gﬁ
3 UN 3 NA failure to carry 10ad0-9 (37) failures due to operator error 0-7 (37)+3 NA
~ failure due to equipment not being operatlve during emergency
: cond1t1ons 0-6 (37) 3 UN 3 NA. =

o

e. Supply a copy of the SJrvelllance test procedures with th1s
comp]eted quest1onna1re

i .

*
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* Additional Comments

7

* Y. General-Suggestions

- Briefly give constructive criticism or suggestions as to
improvement-in reliability of the diesel generators. These
remarks may. cover tests, maintenance, practices, orders, .
policy, adjustments, etc.- '

i
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2 ST LTI . | e TupH Jommmmmm e  E . e T Fosmm e | PR 1
. 20 1 o 1 0o 1 0 I 0 1 1 1 171 0.1 o 1> 0. 1] 3
NO I 0,0 1 0.0 1 0.0 1 0,0 1 16.7 I 6,3 1 0,0 1 0.0 I 0,0 1 %0.0 1 7.0
R ST R e . | | R | ) L TNCERT A Luy S U [+meeee Sl DL 1 »
COLUMN 1 10 1 3 6 16 ‘. 1 | 2 2 43
TOYAL © 243 23.3 2.3 " 740 14.0 7.2 2.3 2,3 XY 4.7 100.0
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’

h LR NN I S O I R I CRUOUSSTABULATIIUN_ DF Aok ok % % ok % ok ok ok ok o o ok k& % %
V113 DYPASS THERMOSTAT ‘ BY. Vo . DIESEL MNFT T
#*_*******‘vtv***t:&#*t:**‘****¢*#*t*****#*_#*»#*#****#I’I\GF.IUFl
Vo - : . ‘ , :
count 1 C - : L _ - '
(nL PCT TCATERPIL FALRBANK DE LEVAL BRULE GM ALCOD IND GEM MUTO WURTHING NORDBERG CHUPER B INIERN H  ROW
_ 1LAR S MORSE EMD - 1NC kS CDRP  TON ESSFER © ARVESTER IOTAL
I 0,1 1.1 2.1 3.1 4.1 | L 6.1 7.1 8.7 9.1
VIE2 o eemmeee- e TRl B B oo mmem e [mrmem e fmm v e m s e R i Tommme -1 .
. [ R B ‘10 1 1.1 3 2 1 13 11 11 2 1 . 0 1 34
YES 1.100,0 1 100,0 1 100.0 1:100,0 [ 33.3 1 81.3 1 100,0 ! 100.,0 [ 100,0 I 0.0 1 79,3
2 LT TP U, e . T TSR PR, ) PP R ST |
.o 2. U o I o 1 0o 1 .o 1 4 1 2 .1 0 1 v 1 V| R N
MO I 0,0 I. 040 1 0.0 1 0,0 1 66,7 1 12.5 1. 0.0 I "0.0 I - 0,0 T 50.0 1 16,3
' L o bt P AP oo el ate T L Tt [-mmmmme oo R R [mmmmmmmm 1
9. I o 1 - 0o 1 0 1 0 1 0 1 [ | 0 1 0 1 0 11 2
MA | I 0,0 1 0.0 .1 0,0 I 0,0 I 0.0 I' 6.3 | .0,0 I 0.0 1 0,0 1 50,0 | 4.7
: . L SEE RSN (S | T SR . | FE Y PO oo Jocm s m e RS |
‘ qolumy 1 10 1 3 6 16 1 1 2 -2 43
S |teTaL 243 2343 2.3 7.0 14.0 a7.2 2.3 2.3 el 4.7 - 10000
. - I ' ' o . ’ '
lw] - ’ -
1
o .
-
/
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FILF - NUCLLAR (CREATION DATL = 08/24/78) -
#t*t»r*****n#t&«t*t CRUaSTABULATIUN n

- V115 ’ COOLING "SYSTEM RADIATOR SHUTTER BY Ve
A O N R R

7
(PUN I

e pet lCAT&RPIL FATRBANK DE LEVAL BRUCE GM ALLU IND GEl MO
ILAR . S MURSE - - EMD INC' RS COR

. ’ [ .-O.*l 1.1 21 3.1 l’ol
V115 ' . —e—ae-—~L—f~-—-~-1—-u--ff-x——- ------ O S [~
’ B TR O 0 1 01 201 0 S T TR
. AUTnHATlc -0 L 7 i0,0 1 0.0 -1 0 0.0 1 0,00 1 0.0 I, 6.3
. B et | P B e L e et
e 3.1 0 1 0o 1 0.1 o0 1 1 1. -0
OTHER : I .0,0 1 0.0 1 0.0 1 0,0 [ 16.7 1 0.0
- : : S LT TR R —— T B Tt [-—mmmeem Jmmmmem e [-wme -

CPEE O 1 1 10 1 1 3 ] 5 1
HA . 1100,0 1 100,0 1 100.0 I 100,0 | 83.3 | 93,8
. S | FE TS | QU | P  SERE
COLUMN 1 - 10 1 3 6 16
TOTAL - 243 2343 2.3 - 7.0 14.0.. 37.2

z1-a

15

08/25/18 PAGH 19

3 t*#**##*#******t#-
DIESEL MNFT
o % ok ok % % ok % %k % % & PAGE "1 OF )

\

TO WORTHING NDRPBERG CUHUPER B INTLRN H. ROW
P TON ESS'ER ARVESTER VOTAL
5.1 6.1 . T.1. 8.1 9.1
i L e | R bt Jommm e L 1
1 0. 1 0o 1 0. 1 1 -] 2
1 0,0 1 0.0 1. 0,0 1 50,0 1 4.7-
e R LT [eereeem— o e | 1
o1 o 1 0o I 6 1 0 1 L
1 0,0 1, 0.0 " I 000 - 1" 0.0 I 2.3
e B T | et [wemcm e I-=mmmensd N
I 1 1 1 I 2 1.1 40
1 100,0 1 100,00 I 100,00 1 50.0 1 93,0
B B ) R R ke | e T I
1 1 2 2 . 43
23 243 vel 4.7 100.0
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FILE  NUCLEAR

{CREATION DATE = 08/24/78)

* ¥ % % % k ok & & ¥ X ¥ % ¥ kK & & ¥

CROSSTABULATION
BY Ve

0

F

08/25/78 P

E R EEEEEEE RN
DIESEL MNFT

AGE 15

* k% % %

B ok ok K &k ok % % x K % B M % & & % % % % %k % & ¥ k ¥ & % % x k& % % %k & %k % & ¥ ¥ % % % % % % % % % PAGE 1 gF 1

V148 FUEL CONT ENG STJPPED
vé
COUNT. 1
CuL PCT ICATERPIL FAIRBANK DE LEVA
ILAR 5§ MDRSE
I 0.1 1.
- V148 0000 eereee—- | T E LRt
FULL FUEL 1 100,0 I 20.0
. o B P U PR
: 2. 1 0o 1 6
FULL DFF: I 0,0 I 60.0
’ °I~'—‘F'—PI'-"‘f"
v 3, 1 .0 I 2
INTERMEDTATE I 0,0 | 20.0
o e T
: 5., 1 o 1 0
FULL OFF: AMD RAN I 0,0 1 0.0
: D et [Ty PUP
9, 1 0 1 [
I 0,0 I 0.0
. R S
C CULUMR 1 ic
TOTAL 243 23.3

St g Bt St Bd pt Jet e ed vm b et bt Bk bt bt Bt

EMD INC RS CORp
2,1 3.1 4,1 5.
_________ R

0 1 0 1 0 1 7

0.0 I 0.0 I 0.0 I 43,8
________ | (P R e

11 3 1 6 1 7

100.0° } 100,0 I 100.0 1 43,8
et (T T | R R

o 1 0o 1 0o 1 0

0.0 1 0.0 1 0.0 I 0.0
________ 1___—_-__I_-_-_-_-l__---_-_

01 0 1 0 1 1

0.0 1 0,0 1 0.0 1 6.3
-------- e Dttt Ll

0o 1 o I o I 1

0.0 1 0,0 1 0.0 I 6,3
________ | (PR PSR PR

1 3 -6 16

2.3 7.0 14,0 37.2

TON ESSMER
1 6,1 7.1 . 8.1
[-emmmmm | [~rmmmn— 1
1 0 1 v 1 0 I
1 0.0 1 0.0 1 0.0 1
| R (R, [~mmmmame 1
1 1 1 1 1 2 1
I 100,0 1 100.,0 1 100,0 I
R  CP [ermemmmme 1
I 0 1 0 1 0 I
1 0,0 1 0.0 1 0,0 1
Jewoomm— [rememee [-o—meee= 1
1 o D 0o I 0o I
I 0.0 1 0,0 I 0,0
[--=o~m- | R | I
I 0 1 o 1 01
1 0.0 1 0,0 I 0,0 1
l-eermemee | R T 1

1 1 2

2.3 2.3 he?

L BRUCE GM ALCO-IND GEN MDTU WORTHING NORDBERG C(WWPER B INTERN H

ARVESTER

9'[

-------- I

1 1

50-0 [

-------- 1

1 1

50.0 I

———————— 1

0o !

0.0 1

-------- 1

o !

0.0 1

———————— 1

0o I

0.0 1

________ ]
4a7

REOW
TOTAL

11
25.6
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65.1
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FILE NUCLEAR (CREATION DATE = 08/24/78)
R K K R K F k% % K k% x b s CROSSTABULAMTION UF % % # % % % % # & % % % & % % % & %

V239 MOST TROUBLESOME START PROBLEM BY Ve DIESEL MNFT
ok ok R ko ok ok B ok ok % ok ok ko ok ok kR K %k ok % ok R Kk R K K R X ok ¥ Rk X % F F & & ok X * ¥ % PAGE ) OF 2

V6 Lo F ST
COUNT 1 L e T
CoL PCT ICATERPIL FAIRBANK DE LEVAL BRUCE GM ALCO IND GEN MUTO WORTHING NORDBERG CHLUMER B INIERN H RiTW
ILAR S MDRSE T EMD INC RS CORP TON ESSIER ARVESTER TOTAL
: I 0.1 1.1 2.1 3.1 4.1 5.1 6,1 7.1 8.1 9.1
va3e  mememees e It Bttt | [-wmmo | | i R [ R R L I
1. 1. 0 1 1 1 o 1 0 1 0 1 0 1 0 1 o 1 [V 0o 1 1
A R START DISTR 1 0,0 | 10,0 I 0.0 1 0,0 I 0.0 I 0.0 1 0.0 1 0.0 I N0 1 0.0 1 2.3
. e | TR ) T | . | B R | ERPE | ST | T 1
2, 1 0 1 o 1 I 0o ! 0 1 0 1 0 1 o 1 0 1 o 1
PLUGGED FUEL FIL 1| 0,0 I 0.0 -1 100.0 1 0,0 | 0.0 1 0.0 [ 0.0 1 0.0 1 0,0 71 0.0 I 2.3
’ N (PSR R | ) s I | S Jrmm e | T 1
3. 1 0 1 1 1 ¢ 1 o ] 0 1 1 0 1 0 1 0 I 0 1 1
LUBE DIL PRESS S 1 0,0 I 10,0 7 0.0 1 0,0 1 0.0 1 0.0 1 0,0 1 0.0 I N0 1 0.0 1 2.3
I Bl Rt o SR e R | R J-=mmmmm- | I i Lt 1
4, 1 0o 1 o 1 0o I 1 1 0 1 6 1 0o 1 o 1 11 1 1 9
STARTER MOTORS 1 0,0 1 0.0 1 0.0 1 33,3 0.0 1 37.5 1 0,0 1 0,0 I 50,0 1 50,0 1 20,9
‘ B B B e | B e taial Rttt | G | | R Jommm———— 1
5. 1 0o 1 1 1 0o I 0 I 0 1 11 0 1 o 1 0 1 o I 2
BINDING AJR STAR 1 0,0 I 10.0 1 0.0 I 0,0 1 0.0 1 6.3 1 0,0 1 0,0 I 0,0 1 0.0 I 4,7
; B i e B R L R [-ommmmee J--mmomme R [rmmmmeem B 1
: 6, 1 0o 1 1 1 0 1 0o 1 0 1 0 1 o 1 , 0 1 o 1 0 I 1
RUST IN AIRLINE | 0,0 1 10,0 I 0.0 1 0,0 .1 0.0 1 0.0 | 0.0 1 0.0 1 040 I 0,0 1 2,3
e ] Eelt Tttt | B e R [---—=- R R | TP I
7. 1 0o 1 1 1 0 I o 1 0 1 0 1 01 o 1 o 1 o I L
AT 900RPHM CRANKC | 0,0 I 10.0 1 0.0 I 0,0 1 0.0 I 0.0 1 0,0 1 0.0 1 1,0 1 0,0 I 2.3
: R T C R e S ) T - lmmmmmmmm | [em—m—mmm | ST, | Tommm ol 1
: 8. 1 o 1 o 1 o 1 0 I S0 1 1 1 0 1 o 1 0 1 o 1 1
AIR START (ONDEN | 0,0 .1 0.0 1 0.0 1 0,0 | 0.0 1 6.3 1 0,0 1 0.0 1 a0 1 0.0 I 2.3
S R TSR U - - ) . ) T, ) QP [immmmm e | | (TR | TR I
o, 1 o I o I o 1 0 1 0 1 0 1 0o 1 I 1 o ! 1
AIR LEAKES COPPE 1 0,0 I 0.0 1 0.0 1 0.0 1 0.0 I 0.0 1 0,0 1 0.0 I 53,0 0.0 1 2.3
S RTINS JUPRENOR | Imemme - [om—mmmn [wmmmm = R loememme [memmmmem [ 1
10, | o I 1 1 o I o I 0 I o 1 0o 1 o 1 o 1 0o 1 1
MOISTURE IN FUEL I 0,0 1 10,0 1 0.0 1 0,0 1 0.0 | 0.0 1 0.0 1 0.0 1 Geu T 0.0 I 2.3
e DL T TRy PR [<mmemmm | (R Jmmmmmm—— oo | G T A G Rt | CTRP 1
. 11. 1 0 1 o 1 o 1 0 I 1 1 0o 1 o 1 o 1 o 1 o 1 1
FUEL RACK RESETT | 0,0 I 0.0 1 0.0 1 0.0 I 16.7 1 0.0 1 0,0 1 0.0 1 (1,0 T 0.0 1 2.3
I et DD E | o [—~mmemee J-—=ame~ J-mme—— | J==-——=--= e 1
CULUMN 1 10 1 3 6 16 -1 1 2 2. 43

TOTAL 243 - 23.3 2.3 7.0 14.0 37.2 . 2.3 2.3 4l 4.7 100.0
(CONTINUED) . :
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FILE  NUCLEAR (CREATION DATE = 08/24/78) ‘ _ —
X ok X ok ok R ok kX ok ¥ K & & Kk ¥ % CROSSTABULATIUON O F ook ¥ ok & ko Kk ¥ K K K ok % K % g k& ¥
V239 MIIST TROUBLESOME START PROBLEM ) BY Vo DIESEL MNFT
®ox K R & ok ok ok X ¥ % X R ok & & oy % ok % ko R R kX ko oM ok k ok ok % Rk X A ¥ % % % %k k & & % %k % % PAGE: 2 OF 2
Ve
COUNT I . S
COL PCT TCATERPIL FAIRBANK DE LEVAL BRUCE GM ALCO IND GEN MOTD WORTHING NORDBERG CUUPER B INTERN H  ROW
IL AR S MORSE EMD . INC RS CORP  TON ESSHER ARVESTER 10TAL
I 0,] l.] : Z.l 3.[ l’.I 5.1 6-1 70] 8-[ 9-[
V239 eemee L i R T) (PREPEye [-~w- e e T R RIS R ) LT | Jommmm e 1
. 12, 1 2001 0o 1 0 1 0 1 1 1 0 1 0 1 o I 0 1 [ 1
GV HYDRAULIC BD I 0,0 1 0.0 I 0.0 I 0.0 1 16.7 1 0.0 1 0,0 I 0.0 I 0,0 I 0.0 I 2.3
: B B s Ty QU ) T ) (R o ———— | P, . [rememee (Y. (. 1
) 13, I o 1! o I o 1 1 1 0 1 (VA | 0 I 0 1 0 I o I 1
GOVERNOR I 0,0 I 0.0 ! 0.0 I 33,3 1 0,0 I 0.0 :] 0,0 I 0,0 I 06,0 t 0.0 1 2.3
i e R e e e e D [emmmme e Jommmem [-==emmmm [--~smeem [—emmmei- e [~=ommeem I
14, 1 0 1! 1 1 0 1 0 1 0 1 0o 1 .01 0 1 o 1 o 1 1
FUEL INJECTOR 1 0,0 I 10,0 1 0.0 1 0,0 1 0.0 I 0.0 1 0.0 1 0.0 1 0,0 1 0.0 I 2.3
il Rt R et e Rl R | R e | | e [ommmm e I
15, I 0 1 o I 0 1 0 1 0 1 0 1 o 1 o I o 1 11 1
GUM DEPUSIT PROP 1 0,0 I 0.0 1 0.0 I 0,0 | 0.0 1 0.0 1 0.0 1 0.0 1 N,0 J 50,0 I 2.3
“lemmme e [ e J—memmme R R e R | G ) . | I
: 16, 1 1 ! 0o I 0o 1 0 1 0 1 0 1 0 1 o I 0 1 0o I 1
STARTER MECHANIS 1 100,0 | 0.0 1 0.0 1 0.0 I 0.0 1 0.0 1 0.0 1. 0,0 1 0,0 1 0.0 1 2.3
B R ST o QRO | TSNS T [rmmmm - | R s [mmemmeem [mmmmmae e 1
17, 1 0 1 1 1 o 0 1 0 I 0 o 1 o 1 0 1 0o ! 1
SPURIOUS TRIPS I 0,0 I 10.0 1 0.0 I 0,0 0.0 I 0.0 .1 0.0 1 0.0 I 0,0 1 0.0 I 2.3
B D t, it CEPUolp [—-dmm——— Iommmeee R B | TR | G ) et jommmm——e- 1
19, 1 [ o I 0o I 1 1 0 1 1 1 0 1 o 1 0 1 0o 1 2
ENJ TACHOMETER 1 0,0 1 0.0 1 0.0 I 33,3 | 0.0 1 6.3 1 0.0 1 0.0 1 0,0 1 0.0 1 4,17
B2 LT TP QU R T B (S Jommme e Q. ) EP. Jmeememam | E 1
se, 1 0 1 o 1 o I 0 1 2 1 VI 0 1 0o I 0 1 o I 2
UN I 00 |} 90,0 ! 0,0 I 0,0 1 33,3 1 0,0 [ 0,0 I 0,0 I 2,0 J 0,0 [ 4.7
o R [mrmem e T e lecmmae o [mmmeem | | G [oerem e Jomeeo Tecmmaem 1
9. 1 0 1 2 1 o 1 0 1 2 1 T 1 11 | 0 1 0o I 13
NA 1 0,0 [ 20.0 1 0.0 I 0,0 1 33,3 1 43.8 1 100,0 I 100,0 1 0,0 1 0.0 [ 30,2
TPy [ ) QU ) EEU . ) E . (. 1
COLUMN 1 10 ‘ 1 3 6 16 1 1 2 2 43
TATAL 243 23.3 2.3 7.0 14.0 37.2 2.3 2.3 ael, 4.7 100.0
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" FILE

~

* ok X ¥ ok ok ¥ ok ok ¢ % X & % ¥ ok of %

V239

NUCLEAR (CREATION DATL = 08/24/78)

MUST TROUBLESOME START PROBLEM

8y

CRUOUSSTABULATION
Vo

0F

PLANT NAME

% ox % %k K ¥ %

ook R ok ok X ok ok X o F B K kg ok ok ko % X K R % ok ok R ok Kk xR % % & % ok ok ok ok k&

v23e

A R START DISTR
PLUGGED FUEL FIL 1|
LUBE OIL PRES

. .
STARTER MOTORS I

RUST IN-AIRLINE 1
AT 900RPM CRANKC 1

. 8 .
ATR START CONDEMN 1

MUOISTURE 1IN FUEL 1

FUEL RACK RESETT |

(CONTINUED)

et bmd Gt bt Pt Pt ek pg Bt ek Pt B g Pumg Gmof Bt Dt Bt Pt et et Bmg bt Pt b G Bmd bt bt e bt P8 bt S

- ——

V4
COUHT | .
COL PCT ICALVERT SAN.DROF THREE MI TROJAN
ICLIFFS RE LE ISLAN
I 1.1 2.1 3,
------- T B
1. 1 1 1 o 1 0
1 100,0 1 0.0 I 0.0
) PR N SRR, | ST
2. 1 0 1 1 I 0
0,0 [ 100.,0 1 0.0
B i
ERT 0 1 o I 1
S$S T 0,0 | 0,0 I 100.0
Dl Tk T PPy (. | e TRPRR
I 0 1 o 1 0
0,0 1 0,0 1 0.0
) R S [-=momemm
5. 1 o I o I 0
0,0 i 0.0 1 0.0
: % TS . R
6. 1 -0 1 o I 0
0,0 | 0.0 I 0.0
0 Tt TIPS (R | ST --
7. 1 o 1 o 1 0
0,0 I. 0.0 1 0.0
e [ e R
I 0 1 0o 1 0
0,0 I 0,0 1 0.0
) O DI .
9. 1 0o 1 0o 1 0
0,0 1 0.0 1 0.0
S JER R S (RN
10, 1 0 1 o 1 0
0,0 I 0.0 1 0.0
_l__-____-_l ________ | [EST U
1l. 1 o I o 1 0
0,0 I 0.0 1 0.0
] EECCR RS EERE e
COLUMN 1 1 1
TOTAL 243 2.3 2.3

VERMONT  PALISADE PEACH BU PRAIRIE

YANKEE

- e - ———

-———— - —

Ll B i B I I R I R R L N e N T N e e )

S

Pt Pt Gt Bt Bt G Tt b b Gt Dt Set Gt et Bt Pt Wit et Gy God Gt Ve et Dt St bed

TTUM

Gd Dmg et Bt Gt et Gt Sd Bed Smt St i b st Sund ud Pt Gm St Pt g Bt Smd Pt bt D S Tt bt Bt P St St Bt St

ISLAND

(8]

%
¥ oMok ok ok & kK ok ok ok %

* % % % PAGE

QUAL CET BEAVER V

. 1ES ALLEY
8.1 9.1 10,1
e R ]
1 o 1 0 1
L) LR Jomemmao 1
1 0o ! 0 1
1 a0 0.0 1
e L et Jommm e i
1 0 i [V
1 Ul 1 0.0 1
el BT Joemea o 1
1 11 0o I
I 100,0 1 0.0 I
D LT R R |
1 0o 1 o !
-1 1,0 0.0 1
e Bl T T Joemmme 1
1 0 1 o 1
B I “l() I 000 l
R T Jmmmm e 1
1 0o 1 o I
I 0,0 1 0,0 1
— e T 1
] 01 1 1
I ti,0 1 100,0 I
el R [=mmmmna i
I o ! o 1
I 0,0 1 0,0 1
S [==emm |
I o ! o I
1 a0 1 0.0 I
R e fommm———— 1
I 0 1 0o 1
I 040 ] 0.0 1
B e [meemmee 1

1 1

/63 2.3

1 UF 1o

RiW
TOTAL
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FILE  NUCLEAR (CREATINN DATE = 08/24/78)

B B I T I O B N AN CRU:STABULATIUN 0 F IR L T S B N B I
V239 T MNST TRUUBLESOME START PROBLEM BY V4 PLANT NAME

I R R I N A I A N N A N EEE R EE R E E E E R E E N EEE PAGE 2 UF 10

ﬁ : V4
'COUNT 1 ' '
COL PCT IDONALD C BRUNSWIC COUPER N EDWIN | INDIAN P CRYSTAL SALEM R,E, GIN RANCHI} S DYSTER C ROW
I, K STEAM UCLEAR  HATCH OINT RIVER NA NUCLE ECU REFK NUC 10TAL
I 11.1 12,1 13.1 14,1 - 15,1 16,1 17.1 ls. I 19.1 20.1
V239 -e---f-—-l--——qe—FI -------- | T SN loeemmee i e CE T R el et R [mmmme e 1
’ 1, I 0 1 0o 1 0 1 0 1 0 1 0 1 0 1 0 0 1 0 1 1
A R .START oxsTu 1 0,0 I 0.0 I 0.0 1 0,0 1 0.0 1 0.0 I 0.0 I 0,0 1 Ce0 ) 0.0 ! 2.3
e T T T Dt bl | Jmmmem—— R | l-rmmemnm Jomm———e 1
2. 1 0o 1 o I 0o 1 0 1 0 1 o 1 o 1 o ! o 1 o I 1
PLUGGED FUEL FIL 1 0,0 1 0.0 1 0.0 1 0,0 1 0.0 1 0.0 1 0.0 1 0,0 I 0,0 | 0.0 I 2.3
; B EEEETEE R U |t e S el T | | | e | E 1
T § o 1 o I 0o 1 0o 1 0 1 0 1 o 1 o 1 | o I 1
LUBE DIL PRESS S | 0,0 1 0.0 1 0.0 1 0,0. I 0.0 I .0.0 0.0 1 0.0 1 a0 ] 0.0 1 2.3
: B T TSRy D | R leeomoe e T | R | | R | Jommm e 1
4¢ 1 o 1 o 1! [V 0 I o 1 o 1 o 1 0 1 0 1 o 1 9
STARTER MOTORS I 040 I 0.0. 1 0.0 1 0,0 1 0.0 1 0.0 1 0,0 1 0.0 1 0,0 1 0.0 I 20.9
' I ERGal EEEY PERFESEE) EEEEETEED CEETE TR CHREPT Crystr Joommam o e [ e - Jomem e I
5. 1° o I o ! o 1 0o 1 0 I 0 1 o 1 0! 0 I 0o ! 2
BINDING ATR STAR I 0,0 1 0.0 I 0.0 1 0,0 I 0.0 1 0.0 I 0.0 1 0,0 1 0,0 1 0.0 1 4,7
: : B B e Jrommm— o Joemm e — e | G RS LT o Tommme oo 1
. -6, 1 0o 1 o 1 o 1 0 -1 0 1 0 1 o 1 0: 1 0 1 o 1 1
RUST IN AJRLINE | 0,0 1 0,0 I 0.0 I 0,0 1 0.0 I 0.0 1 0.0 1 0,0 I- 0,0 1.7 0.0 1 243
: B EET S E TS ESPEPS S, ) G P e | EETR LD | | ST [~mmcmem Jommmm 1
Y PR | 0 I o 1 0 I 0o ! 0 1 0 1 0 1 0: 1 0o I 0o 1 1
AT 9O0ORPM :CRANKC I 0,0 1 0.0 I 0.0 1 0,0 1 0.0 1 0.0 1 0.0 1 0.0 1 gD 1 0.0 1 2.3
o3 e T DT ap el DLt T [memmmmee R | R ) LEL TP B BTN Jmmm— e 1
P | o I o 1 0 1 0 1 0 1 01 0 1 o 1 0o I o 1 1
AIR START CGNDLN 1 0,0 1 0,0 I 0.0 I 0,0 1 0.0 | 0.0 ] 0.0 1 0.0 I 0,0 1 0,0 1 2.3
e e e B L e L DL EEEE e [ T | SR e i
) I o 1 o I 1 1. 0 1’ 01 0 1 o 1 01 0 1 o I 1
‘ATR LEAKES cnPPc 1 0,0 | 0,0 1 100,0 I 0,0 1 0.0 I 0.0 1 0,0 1 0,0 1 (a0 1 0.0 ! 2.3
_ : e B T ) QU L R i [remmem— I-----~-= | PR | R e Jommme e 1
y S 10. o 1 0 1 o 1 1 1 0 1 v 1 0 1 011 VI o 1 1
MO1S TURE IN FUEL 1 0,0 I 0.0 1 0.0 I 100,0 | 0.0 1 0.0 I 0,0 1 0,0 1 0,0 1 0.0 1 2.3
e e L e Rttt Jomme e | | J--omome | g LTt S frmm——— i
S 1l, I 0 1 o I o I 0 1 0 1 0 1 11 o 1 0.1 I I 1
“FUEL RACK RESETT 1 0,0 I 0.0 I 0.0 1 0,0 0,0 I 0,0 1 100,0 I 0,0 1 D0 1 0.0 ! 23
) D B e | RS (PRSP | R [oemmama | CTEE [T ]
CULUMN 1 1 1 1 1 1 1 1 1 1 43
TOTAL . 243 - 2.3 2.3 2.3 2.3 2.3 2.3 2.3 Ze3 2.3 100.0
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1, 1 0 1 0 I 0 1 0 1 0 1 0 1 0 1 0o 1 o 1 (| 1
A R START DISTR 1 0,0 1 0.0 I 0.0 1 0,0 1 0.0 I 0.0 1 0.0 1 0,0 I ne0 1 0.0 1 2.3
B T R, e e | [=mm-- R | G | R [momme e 1
2. 1 0 1 o 1 0 1 0 1 0 1 o 1 o 1 o 1 0 1 o I 1
PLUGGED FUEL FJL 1 0,0 "1 0,0 1 0.0 1 0,0 1 0.0 | 0.0 1 0,0 1 0.0 I B0 0.0 1 2.3
: B e e R TP | e T Jemmmemee Im—mmmenm | T | P Joaemmm e I
' . 3, 1 0o 1 o 1 0 1 o 1 0 1 01 0 1 o 1 0o I 0o 1! 1
LUBE 0IL PRESS S | 0,0 I 0.0 I 0.0 1 0,0 1 0.0 | 0.0 ] 0,0 1 0.0 1 0,0 ! 0,0 1 2.3
_ . el L L EE T R J-—emme Jommmme e | ) e el | R R - 1
4, 1 0 1 o 1! 01 0 1 1 1 1 1 0 I 1 1 0 1 o 1 9
STARTER MQTCRS 1 0,0 1 0,0 I 0.0 1 0,0 I 100,0 | 100.0 [ 0.0 1 100,0 1 D40 1 0.0 1 20,9
- RS SR FUPRE Y [P | | [mm—mmm~— R ) R it L Imemme - Toemmmo = I
: 5. 1 o 1 0 1 0 1 0 1] 0 1 [N 0o 1 0 1 0o 1 o 1 b
BINDING AJR STAR 1 0,0 1 0.0 .1 0.0 1 0,0 1 0.0 1 0.0 | 0,0 1 0,0 1 N0 1 0.0 I 4,7
] : el el T T s e L | memenmme - == | R et | R ke Jmre—m——— | i
' 6. 1 0o 1 o 1 0 1 0 I 0 I 0 1 0o 1 o 1 o 1 0 1 1
RUST IN AIRLIME 1 0,0 0.0 1 0.0 I 0,0 | 0.0 1 0.0 I 0.0 1 0,0 I 40 1 0,0 1 2.3
, , e e N B et DT R [oecmome J--eomm~- I-cmee- Ed TR e [—mmm e 1
7. 1 0 1 o 1 (VIR | 0 1 0 1 0o 1 o 1 o 1 0 7 o 1 1
AT 900RPM CRAMKC [ - 0,0 | 0.0 1 0.0 I 0,0 1 0.0 1 0.0 1 0.0 1 2,0 1 0,0 1 0.0 I 2.3
o e R J-eomaaa [~ [~-wmmmm fJoummm e | TP 1
LI 0 1 o I 0o 1 0 1 0 1 o 1 o 1 o 1 0 1 0 I 1
AIR START CCNDEN I 0,0 1 0,0 I 0.0 1 0,0 1 0.0 1 0.0 1 0,0 1 0.0 1 0.0 1 0,0 I 2.3
e T S T T Ter | (R | ) il TSt TR YRR PR | SR | I
_ : 9, 1 0 1 o 1 0 1 0 1 0 1 0 1 0 1 0 1 0o 1 0o 1 1
AIR LEAKES COPPE 1 0,0 1 0,0 I 0.0 1 0,0 I 0.0 1 0.0 1 0,0 1 0.0 I n,0 ] .0 1 2.3
: o R R B et I-=memmm Joeomcm o [ [--m———=- | | [-mmmeem [-~==-ee- 1
1o, I 0o I o 1 I ¢ o 1 o 1 o 1 0 1 o I 0o I o 1 i
MOISTURE IW FUEL I 0,0 1 0.0 1 0.0 1 0,0 [ 0.0 [ 0.0 1 0,0 1 2.0 1 40" 1 0.0 I 2.3
E3 T T TRy ) i | O [amcm e I=~oemr - | el T R ettt L L LT 1
: 11, 1 0 1 o 1 o 1 o 1 0 1 o 1 o 1 o I o I o I 1
FUEL RACK RESETT I 0,0 I 0.0 1 0.0 1 0,0 | 0.0 I 0.0 1 0.0 1 2.0 1 0,0 1 0.0 I 2.3
v Bl D IR [-wemmm—— ) [memm e Imommmmm oo | = | I
COLUMN 1 1 1 1 1 1 1 1 1 i 43
TOTAL 243 2.3 2.3 2.3 2.3 ' 2.3 2.3 2.3 7e3 243 100.0
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B EEET P lemesmemm Imemem =~ | R [reemem—— | J--mmmm- e e Jrommm——— bt I
Lo2. 1 0 I o 1 o I [V | 0 I 0 1 0 1 0 1 0 1 o I 1
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B ] TSP TP lemmmee o | R | O at EEE TR A l~mmmm——— Jomemme=]
4. 1 0 I 1 1 0 -1 11 0 1 0 1 0 1 1 1 0o 1 0o I 9
STARTER MOTORS 1 0,0 I 100.0 I 0.0 I 100,0 | 0.0 1 0,0 1 0.0 I 100,0 1 (0 1. 0,0 I 20.9
e el St T b BRI Jommeeme | R O ) Bl e E TR EE PR [ 1
5, 1 o 1 o 1 o I 0 1 0 I 0 1 0 1 o 1 0o I 1 1 2
o BINDING AJR STAR 1 0,0 1 0.0 1 0.0 I 0,0 | 0.0 I 0.0 I 0,0. 1 0.0 1 (G40 1 100.0 1 4.7
1 , S Bl LT T e Joommme o [mmmmmm R it EES LT E oo I fmmmmm e !
- 6, I (VI | o 1 (V| [V { 0 1 0 1 o 1 g 1 o I o I 1
o RUST IN AIRLINE I 0,0 1 0.0 I 0.0 1 0,0 1 0.0 1 0.0 I 0.0 1 0,0 I 0,0 1 0.0 2,3
~ : ] BT [--mmmome O [=mmmmmen G et L e I lmmmmmee- I
7. 1 0 1 o 1 0o 1 0 1 0 1 0 1 0 1 0o 1 o I 0 1 1
AT SOORPM CRANKC 1 0,0 1 0.0 1 0.0 1 0.0 0.0 1 0.0 1 0,0 1 0.0 1 0,0 f 0.0 1 2.3
B o Tl T e N | ST | R APy P ) | [—emmemem [moemmeem fomommee- 1
8, 1 o 1 o I 0o 1 0 1 o 1 0 I 0 1 0 1 o 1 0o I 1
_AIR START. CONDEN 1 0,0 | 0,0 1 0.0 I 0,0 1 0.0 1 0.0 1 0,0 1 0.0 1 0,0 I 0.0 1 2.3
Dl EENEEES EES A amad T LS R it LT R [memmeo | | | ST 1
9, | 0o 1 0o I 0 I 0 1 0 1 o 1 0o 1 0 I 0 1 o 1 1
AIR LEAKES CQPPE 1 0,0 1 0.0 1 0.0 1 0,00 1 0.0 1 0.0 1 0.0 1 0,0 1 Netd | 0.0 1 2.3
A e s e B B i tiate | S [m——mmmam J-~cmemnm J~ommem | C | T [P, I
10, 1 0o 1 o I 0.1 0 I o1 ., o0 0 1 0 1 0 1 o I 1
MOISTURE I FUEL I 0,0 1 0.0 1 0.0 I 0,0 1 0.0 I 0.0 I 0.0 1 0,0 I Ce0 1 0,0 1 2.3
B TPy (P, ) R [ | R [~e e ae Jomm e | leememmmm R 1
11, I (VA o 1 0o I 0 1 0 1 0o 1 o 1 I 0 1 0 ) 1
FUEL RACK RESETT | 0,0 1 0.0 1§ 0.0 1 0,0 1 0,0 1 0.0 1 0,0 1 0.0 1 a0 1 0.0 I 2.3
B Pl (PP | | R L | | S | Jemimm e Jomme e 1
CULUMN 1 1 1 1 1 1 1 1 1 1 43
TOTAL 2,43 243 2.3 . 2.3 2.3 2.3 2.3 2.3 Fe3 2.3 100.0
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ok ok ¥ ok ok ok ok % ok & ¥ B * x ok o %
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' I 41,1 42,1 43,1
V239 ' sememee- [—mmmmc e [-=mmemm- !
1. I 0 1 0 1 0 1
A R START DISTR | 0,0 1 0.0 I 0.0 1
e e e B [~emmm— I
2. 1 0 I 0 1 0 1
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. el R T B [-—-eme- I
3, 1 0 1 o 1 o 1
LUBE OIL PRESS S 1 0,0 ! 0.0 1 0.0 1
B R ETME ) ST | 1
I 0 I 0 1 1 1
STARTER NUTURS I 0,0 1 0,0 1 100.0 1
20 T TR (R e 1
5. 1 0 I o0 1 0 1
BINDING AIR .STAR | 0,0 I 0,0 I 0.0 I
e B e LT R FuPup “lmemmm—e I
6, |1 0 1 o 1 o I
RUST IN AIRLINE 1 0,0 I 0.0 I 0.0 1
D ket Ll B e [-=memm- 1.
7. 1 o I 0 1 0o 1
AT QOORPM CRANKC I 0,0 1 0,0 1 0.0 1
B PN Pep R 1
8., 1 0 I o I 0 1
ATR START CONDEN 1 0,0 | 0.0 I 0.0 I
e ST DT PAE S EEr P [-——=mm=m !
9, 1 0 1 o I o 1
AIR LEAKES COPPE 1 0,0 I H.0 1 0.0 }
LTSS et R [-mmemem-
I 0 1 o I o 1
MUISTURE IN FUEL 1 0,0 1} 0.0 1 0.0 I
B L DU [—~=e—mm I
I 0o 1 0o I 0o I
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_ e R B Jmmmmm - 1
CrILUMN 1 1 1
TOTAL 243 243 2.3
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V239 MDST TRUUBL[SOHE START PROBLEM BY V¢4 PLANT NAME
EEE BE R BF EES BN B B A ¥ ok ok o o3 & X o ok K X &k % & ok & ok & ok ok ow ok ¥ ok ok % & & %k & k & & % % ¥k  PAGE 6 pF 1o

: - Ve
.COUNT 1 . .
COL PCT ICALVERT SAN OROF THREE MI TRDJAN  VERMONT  PALISADE PEACH 8D PRAIRIE QUAD CIT BEAVER V  ROW
JCLIFFS  RE LE ISLAN YANKEE S TTOM ISLAND  1ES ALLEY 10TAL
1 I 1,1 2.1 3.1 4.1 5.1 6.1 7.1 8.1 9.1 10.1
V239 | mmme———— | R L B Jomomee - R R et Dt | R P [~eom—meemTmmem e ]
12, 1 0 1 o 1 o 1 o 1 0 1 0 1 0 1 0o 1 0 1 0 1 1
GV HYDRAULIC BO 1 0,0 I 0.0 I 0,01 0,0 I 0.0 I 0.0 1 0.0 1 0,0 1 N0 1 0,0 I 2.3
e R B | R | e Dttt LR | B T e | femmomemm I
: 13, 1 0 1 o 1 o 1 0 1 0 1 o 1 0 1 0o 1 0 1 o I 1
GOVERNOR 1 0,06 I 0,0 I 0,0 I 0,0 1 0,0 I 0,0 I 0,0 I 0.0 I 0,0 1 0.0 1 2,3
B T e el it et l Jotmmmm e | P B B ] T Jremm e | T i
14 I . o0 1 o 1 o 1 0 1 0 1 o 1 .01 VI 0 1 o ! 1
FUEL INJECTOR 1 0,06 1 90,0 I 0.0 I 0,0 I 0.0 I ©0.0 I ©0,0 I 0,0 I 0,0 I 0,0 1 2.3
R e B s ety | B ) [-=m——men]ommmn e B B [~mmmme I
15. 1 o 1 o 1 0o 1 0 1 0 1 (VI § 0 1 0 1 01 0o I 1
GUM DEPODSIT PRDP I 0,0 1 0.0 I 0.0 I 0,0 1 0.0 | 0.0 1 0,0 1 0.0 1 0,0 1 0.0 I 2.3
~lemmee o | Immmcemm- Joemmee e ) - | | R et e fommmmmem |
i6. 1 o 1 o I o ! 0o 1 0 1 0 1 0 1 0o 1 0 .1 0 ! 1
STARYER MECHANIS 1 0,0 1 0,0 1° 0.0 1. 0,0 | 0.0 I 0.0 ] 0,0 1 0.0 I 0,0 1 - 0,0 1 2.3
B T Uy P Jrm——em—— Jomam=m e Jom-—- B T | SRR | 1
o 17. 1 01 0o 1 o 1 0 1 0 1 0 1 0 1 0 1 0 1 o I 1
SPURIOUS TRIPS 1 0,0 1 0.0 I . 0,0 1 0,0 ] 0.0 1 0.0 I 0,0 1 0,0 1 Ce0 1 0.0 1. 2.3
: i T =l mmmeea ] mmameen ) E P | et CE e B e Joommene ) P R | S [mmmmmae i
. S - 0 1 o1 01 0 1 0 I o i 0 1 o 1 0 1 o I 2
ENJ TACHOMETER 1 0,0 1 0.0 I 0.0 1 0,0 I 0.0 I 0.0 1 0,0 1 0.0 1 0,0 0.0 1 4.7
’ R B LD T (SR | G | [--nmmme]-mmm- N T | ST lmm e A
_ 88, 1 0o 1 0 1 o I 0 1 0 1 . 1 1 0 1 o 1 o 7 o I 2
UN I 0,0 1 0.0 I 0.0 1 0.0 - 0.0 I 100.0 | 0,0 I 0,0 1 VI | 0.0 4,7
_ L Tt TR e | O ) LT ) R J--=-- O B el TR T | R ——— 1
. 99, 1 0 1 o 1 o 1 0o 1 0 1 0 1 o 1 0o I 0 1 o 1 13
NA . 1 0,0 1 0.0 1 0.0 1 0.0 | 0.0 1 0.0 ] 0,0 1 0,0 I B0 g 0.0 1 30,7
: S CRET PRI P | ECNSPR QS S R G- S PR R 1
COLUMN 1 Tl 1 1 1 1 1 1 1 1 43
3 243 2e 2.3 100.,0

TUTAL 243 23 2.3 243 2:3 2.3 2,
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o - 1 11,1 12,1 13.1 14,1 15,1 l6.1 17.1 18.1 19,1 20.1
V239 ——m————e e il Lot TR O Jmmmmeae | [ PN TR | Jmmmeean [ememman e I

: 12, 1 0 1 o 1 0 1 0 1 0 1 0 1 0 1 1 1 o 1 0 1 1

Gov HYDRAULlc BN 1 0,0 I 0,0 I 00 I 0,0 I 0,0 I 0.0 I 0,0 1 100,0 I 0,0 1 0.0 I 2.3
L CET TSP S | Jooomeman [rmmmemae R it [emmmem lmemem O Ll et LR I

12, 1 0 1 o 1 0 1 0 1 0 1 o 1 0 1 o 1 11 o 1 1

GHVERNOR ’ I 0,0 1 0.0 1 0.0 I' 0,0 [ 0,0 | 0.0 I 0.0 1 0,0 I 100,01 0.0 I 2.3
: e P T TUPPU P, ) | FRPR QRO [ O ER LT CEE SR | T 1

: S 4. 1 0 1 o 1 o I 0 1 0 1 o 1 0o I 0o 1 0 1 o ! !

- FUEL INJECTOR 1 0,0 1 0,0 I 0.0 I 0,0 ] 0.0 1 0.0 1 0,0 1 0.0 1 0,0 1 0.0 1 2.3
1 B e LT T [--mromm- I-mimmean e e R R [mmmm=mme Jmmmmmem 1

; 5. 1 0o I o 1 0 1 0 I 0 1 (U 0o 1 o 1 o I o ! 1

GUM DEPOSIT PROP I 0,0 1 0.0 I 0,0 1 0,0 I 0.0 1 0.0 1 0,0 1 0.0 I 0,0 1 0.0 1 2.3
- e B ] LT e | lecomme e | | Jommmom - | e | EE Jmm e ]

' 16, 1 0o I o I 0 1 o 1 0 1 0 1 o 1 v I 0 1 0o I 1

STARTER MECHANIS 1T 0,0 I 0,0 I 0,0 I 0,0 | 0,0 I 0,0 -1 0,0 I 0,0 I 2,0 1 0.0 I 2.3
B e ) L TP e O R e [-=-emm- ) s | T [emmmeeem 1

j 17. 1 o 1 o I NI O 0 1 0 1 o 1 0 1 0 1 o ! o 1 1

SPURTOUS TRIPS 1 0,0 I 0.0 T 0.0 I 0,0 | 0.0 1 0.0 I 0,0 1 0.0 I 0,0 1 0.0 1 2.3
o ‘ R R e e R R R [-—=--=- e J-om e R Jmmmmmamm I

. o 19, I 0 1 o I 0o 1 ot 0 1 0 1 o 1 1 0 1 o I 2

ENJ TACHOMETER 1 0,001 0.0 1 0.0 1 0,0 1 0.0 1 0,0 1 0.0 1 0.0 I 0,0 1 0.0 I 4,7
B B T Tt (UOR ) R S, | P R I [-mmmmem | TR I

| .. 88. 1 0 1 o 1 o 1 0 1 0 1 o 1 0 1 o 1 0 I 0. 1! 2

UN : : I 0,0.1'" 0.0 I 0,0 I 0,0 1 0.0 1 0,0 1 0.0 1 0,0 1 0,0 1 0.0 1 4.7
B B T b Tl Lt oo [--ememee | | e e b lemmmmeen 1

99. I - 1 1 1 1 o ! 0 1 1 1 1 1 0 1 0o 1 o 1 1 1 I3

HA : 1 100,0 [ lp0o,0 I 0,0 I 0,0 | 100,0 1 100.0 I 0,0 1 0,0 1 0,0 1 100.0 1 30,2
: : B T TPANY PUpSSUp—  FR G Q. | S, Q. Q. (R [P 1

CULUMN 1 1 | 1 1 v 1 1 1 1 43

T0TAL 243 . 2.3 2.3 2.3 2.3 2.3 2.3 2.3 7e3 - 2.3 100.0
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12, 1 0 1 o I 0 1 0 1 0 1 0 1. 0 1 0 1 0 1 0o 1
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' “fmmmeme e fe e | B e Ie—mmm e Jmemmmm—— [memme e QST [~r e ) CYEEE T 1
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bl e e it it bt bl Jmemmmme e R [-~mmem Jrooommem L il Suithiank bt !
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vV21s SECUND ITEM NOT BYPASSED . BY Va PLANT NAME
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Vé _ : )
COUNT I ’ : o
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1 0.0 I.. 0.0 1 0.0 -1 . 0,0 1. 0,0 1. 0.0 I  0.0.1. 0,0 1 . 0.0 _1.. 0,0 1
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L g EEE LD P 2 | e anld Bl Ll bt lowrmmmee J=m=m- wmm] - D LS Rt et Lo Sl e tebanheg Rebudoboded Dol 1 .

COLUMN . 1 . 1 1 1 1 1 1 1 1 43
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FILE NUCLEAR (CREATION DATE = 08/25/78) o e '
% % % k% % ¥ & % % & % % % s k% CRUSSTABULATIO NoODF ok ok 2 & & % % ok ok & ok % K X% A % %

Valie USE UF COINCIUENT BY V4 ' PLANT NAME
ok ok K ok g ok ok % ok ok ¥ R & & f % ok % & % % % % & % & ok % &k k& % ok k & % % ok ok & ¥ & & ¥ & ¥ %k K ¥ PAGE 2 UF 5

Va
COUNT ] , . .
ROW PCT INONALD ¢ BRUNSWIC COUPER N EDWIN I INDIAN P CRYSTAL SALEM R.E. GIN RANCHO S OYSTER €  R[IW
cnl PCT I, K STEAM UCLEAR - HATCH NINT RIVFR ' NA NUCLE ECO REEK NUC TOTAL
TOT PCT 1 1.1 12.1 13,1 S 14,1 15.1 16.1 17.1 "18.1 1941 20.1
vaie e L TRt EEL LT PESEET I Srlebbeitriet Sttty St tuteioit el Extntrintiabied Sty il et ubiioietal tndubiowisguiin Setmimsttulnl
: b, 1 o 1 0.1 01 o 0 1 S0 1 0 1 o 1 0 1 o 1 2
I 0,0 I =~ 0.0 1 v.0 I 0.0 1 0.0 1 N0 1 0.0 1 D.0 I 0.0 1 .0 1 4.7
. 0.0 I 0.0 1 0.0 I 0,0 | 0,0 I 0.0 I . 0,0 -1 0.0 I 0.0 T 0.0 1
I 0.0 I 0.0 1 0.0 I' 0.0 1 0.0 I 0.0 1 0.0 1 0,0 1 0.0 I 0.0 1
B s T B | e | GRS | [ommemem | R B Rkatatalet [emeem— el GRS 1 :
VU DU VS SRS VA SUU SN SRS SN ST SN ST SO SRR (SN SNSRI SR SUNNPUIY | SO SRS SR SR L.
{ 2.6 1 2.6 1 2.6 1 2.6 1 2.6 1 2.6 1 0.0 1 246 1 0.0 .1 2.6 1 88.4
I 100,0 I lpo.0- T 100.0 I 100.0 -1 100.,0 1 100.0 1 0.0 1-100.0 1 0,0 I 100.,0 I
[ 243 1 2.3 ‘1 2.3 1 2,3 1 2.3 1 2,3 1. 0,0 I 2,3 1. .00 1 2,3 1
S PO I | R (R | S | G R e i T e 1
9. I 0 I 01 o 1 0o 1 o 1 0 .1 ) R ¢ o 1 1 1 0o I 3
I o0 I 0,0 I 0.0 I 0,0 I 0,0 1 0.0 1 33,3 1 2,0 1 33,3 1 D.q 1 7.0
1" 0.0 1T 70,0 1T 0.0 1 0.0 1 0,0 I .0,01100.,0 1 0,0 I1100,0. I 0.0 !
1 0.0 I 0.0 I 0.0 I 0.0 I 0.0 1 0.0 1 2.3 1 0.0 1 2+3 1 0.0 I
BT bt et Pomommoes Losmmmomes e D It el el it x
CuLuMi 1 1 1, 1 1 ’ 1 1 ‘1 i 1 43
TOTAL 2.3 . 2.3 2.3 © 243 2.3 2.3 . 2.3 2.3 2.3 - 2.3 100.0

(CONTINUED)
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FILE  NUCLEAR (CREATION DATE £ 08/25/78) L - -
* % % ¥ & ok o ok % & o % ok %k & ok % CRUSSTABULATION uF LRI N N L B N R R I I O

Valg USE OF COINCIDENT BY V4 PLANT NAME :
* ok ok K ook o ok ok ok ko ok M % & & ok ok Kk ok & ok & ok %k % & ok % ok % ¥ & % % & & ¥ & % % % & % % % % ¥ PAGE 3 OF 5

Vh
COUNT I ' .
ROW PCT IDRESODEN H B RUBI HUMBULT BIG ROCK CUNNECTI DAVIS BE DUANE AR FORT CAL PILGRIM NORTH AH ROW
Cagl PCT INUCLEAR  NSQN BAY Pulnr cur ESE - NOLD glig HoUN STA STATION NA TnTAL
TOT PCT 1 2l.1 22,1 23.1 o1 25.1 26.1 e7.1 28.1 29,1 30.1
V216 eememes R et R it lv---ﬁt?-If—---f——l------ﬁrl -------- I--=n- St Sl bbb St dnntrtl Rt bty I ’
1, 1 0 1 0. 1 o 1. (VR 0 1 0o 1 0 1 (U | 0o 1 0 1 2
1 0.0 I 0.0 1 0.0 I 0.0 1 0.0 l nN.0 1 0.0 H 0.0 I 0.0 I 040 1 4.7
l 000 l ,0.0 I 000 1 OoU I 0‘0 I 000 I . 000 ! Ol(‘ l 010 I 000 I
I 0.0 1 0.0 I 0.0 1 0.0 I 0.0 1 0.0 1 0,0 1 0,0 1 0,0 I 0,0 |
“femmeana | e R R R [—-ommmee | I [rosmmeae [-=memeen] :
- SRR NS | D GRRNUR SR SRR SR SRR ¢ B S DU B 1 S SN S SUUNRIE SN SIS B | 38
1 2.6 1 2.6 1 2.6 1 2.6 1 0.0 1 2.6 1 2,6 1 2.6 1 2.6 1 2:6 1 BB.4
1 100.,0 I 1p0.0 1 100.0 1 100.,0 I 0.0 I 100.0 I 100.0 [ 100.0 I 1000 1°100.0 1.
I 2.3 1 2.3 1 .2.3. 1 2.3 1 0.0 1 2.3 1 2.3 1 2.3 I 2,321 2,3 1
el e e | e [ == l~—eemre Joeommmm- Joememen [~=—em—-- Ll e I
9, 1 o 1 S0 1 o1 o 1 . 1 1 0 1 0 1 0o 1 0 1 o I 3
1 0,0 .1 001 _ 0.0 J_ . U0 1. 33,31 .0.0 | 0.0 .1 _ 0.0 1 __ 0.0 1 .0s0 I 7.0
1 0.0 1 0.0 1] 0.0 I 0,0 1 100,01 0.0 1 0.0 1 0,0 1 0,0 1 0.0 1
I 0.0 1 0.0 1 0.0 1 0.0 1 2.3 1 0,0 1 0.0 I DO 1 0,0 . 1 0.0 1!
e T e l-reen—e- R e R B T l-emceree [mmmee e Rt !
COLUME 1 1 1 1 1 1 1 1 1 1 43
TCTAL 2,3 . 2.3, 2.3 2.3 . 2.3 2.3 -~ 2,3 2.3 2.3 2.3 100.0

(CONTINUED)
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FILE NUCLEAR (CREATIUN DATE = 08/25/78)

ok E kg ok ok ok % k% kR e ke x, CROUOSSTABULATION nF Bk m ok kR KX X R ¥ K K kK ¥ o % %

Vile

vaie

USE UF COINCIDENT BY Vg4 PLANT NAME
om ok R o ok ok R ok o R B % m kg g ok R oE ¥ Rk ¥ X ouox & % & ok % ok k¥ K k¥ % ko now & % % % %% PAGE 4 UF 5
Ve 3 e
COUNT 1 : ' '
ROW PCT ININE pi( MIONTICEL HlLLSTUN KEWAUNEL MAINE YA JAMFS A~ INDIAN P SURRY PD PUINT BE aaans F ROW
CnL PCT Ir PUINT L9 3 "MKEE FITZPATR LIINT WER ACH ERRY INTAL
T PCT 1 31,1 32,1 33,1 34,1 35,1 36.1 37,1 - 38.1 39,1 40,1
°"'7f‘f'17"---f:1f-—;t-:flfr——tztt1--"Tttrlnf#r:tt'lr—'-‘Tﬁ- bttt Bttt dotviall butebotifubrind Srttleded bt !
A DR 01 o 1 01 VIS SR B 01 o 1 o T ¢ 1 0 1 2
1 0.0 1 0.0 1 0.0 I 0,0 1 00 I 0.0 I 0,0 I 9,0 I 0.0 I 0.0 I 4.7
I 0,0 1 0.0 I+ 0,0 I 0.0 I 0.0 1 0,0 1 0,0 1 0,0 1 0,0 I 0.0 I°
1 0.0 I 0.0 I- 0.0 1 0.0 1 0.0 1 0.0 1 0.0 -1 0.0 1 0.0 1 0.0 I
e B e | R | (RTINS e B | R | ) IR | TR I 1
L2e 1 0 S SRRSO UUN SN S | 11 SR SURERN S SURNUNUR WS SUTURNI SUND ST DU SUNEE S | s
I 2.6 1 26 I 2.6 l 2.6 ¥ 2-6 I 2.0 ] 2.6 1 2-6 I 2!6 1 2¢6 1 88 4
I 160.,0 "1 lgo.0 I 100.0 T 100,0 I 100.0 I 100,0 1 100.0 I 100.p I 100.0 I 100.,0 !
I 2.3 1 2.3 .1 2.3 1 2.3 1 2.3 1 2.3 1 2.3 1 2.3 1 2.3 1 2.3 1
) P . P [--mcm - Jommm e [mocmemal | QRO | QA Jormamee [-coemea- [rmemmeee I
9, I o 1 0o 1 o 1 o 1. 0 I 0 1 o 1. 0 1 o 1 o I 3
I 0.0 I 0.0 1 0.0 I 0.0 I 0,0 1 0.0 1 0.0 1 0,0 I 0.0 1 0.0 I 7.0
I 0,0 170,07 1T 0.0 1T 70,071 0,01 70,071 70,017 0,0871T70,0°T "0.0 |
I 0.0 I' 0.0 1 0.0 I 0,0 I. 0.0 .1 0,0 1 0.0 I 0.0 1 0.0. 1 0.0 1
et bttt [--oeee B s I-mowmme- e Poomeomee Immomoceolammmtnm-]
CULUMN 1 1 1. 1 S R 1 ' 1 : 1 i 1 43

~ (CUNTINUED)

TOTAL 2.3 . 2.3 2.3 2.3 © 2.3 2.3 2.3 2.2 2.3 2.3 100.0
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FILE NUCLEAR

ook ok ¥ ok ok ok Rk % ok A% ko &R %

V2le ~ USE QF ) . CDINCID[NT
X % % K % * ® t % % ok ® # %k & & & % *’* * % ¥ % % % ¥ %
V4 '
COUNT -1
ROW PCT JJOSEPH M ARKANSAS ZIUN STA _ RUW
cnL PCT 1, FARLEY - THIN TUTAL
THT PCT 1 41,1 42,1 43,1
v2le. Rt ol Eeiehl- D DATS E R P T Godubellot-ddud SRS
1. 1 101 11 o ! .2
I 50,0 I 50.0 1 0.0 1 4.7
: I 100,0. 1 l00.0. 1- 0.0 I .
: 1 2,3 1 2.3 1 0.0 1
! M LD T Jomermm ) e 1 :
c2e L ol o>l b 38
: I 0.0 1 0.0 1 2.6 1 88,4
: I 0.0 1 0.0. I 100.0 I
o 1 0.0 . 0.0 .1'. 2.3 1
S C Lt L L el E R === --1
2. 1 0 I 0o 1 0 1 3
: . 1 - 0 20 ] 00 .I__ _4.9,.‘.0__-,.[_*.._]_.- 0
1 0,0 1 0.0 1 0.0 1
‘ I 0,0 1 0.0 1 0.0 1
R R EE RS PR ) Pabalabalobelodd
COLUMNM 1 1 1 43
TOTAL 2.3 2.3 2.3 100,0
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C(CREATIDN DATE = 08/25/78)

FILE

N R R R R R R E T

TPLANHT NAME

CRUSSTABULATTION
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SRk o LA A #‘u.é ok ok koo R ¥ R & ok & & ok ok & ok ok R & ¥ & % B ok % k k& ¥ ¥ K & X

" NUCLEAR
R T

DF

BY

valz

Vg

5

OF

1
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AIR DRIERS - TYPES AND CHARACTERISTICS

TYPE APPLICATIONS CHARACTERISTICS COST
Refrigerated-- - Heavy-duty = Continuous - High
Industrial. : Operation. '
Air Driven Resistant
Tools, etc. to fouling.
Regenerative Light Duty Intermittent
Industrial.: . Availability. Moderate
Pneumatic Subject to '
Controls. 0Oil Fouling.
Deliquiscent Scientific ‘
with Instrumenta-. Suitable _
Dessicants tion. only for low Low
Pneumatic intermittent
Controls. = .  flow.

All refrigerant type air driers are rated for capacity
and dew point performance on an inlet air temperature'of 100°F
into the drier. This requires an air after-cooler between
the compressor and the drier. The after-cooler or cooler may

‘or may not be integral with the air drier.

The air drier should be at the inlet of the starting air
tanks. Flow capcity in SCFM of the air-drier should be some
what larger thah of the air compressor to insure no water "carry-
over" in the oresence of possible minor fouling by'lubevoil
from the compressor, or dirt in the air, etc. Pipe size should
also be considered to avoid "necking down" between the'compressor
and the air tanks. A 2 to 1l ratio of rated capac1ty is suggested.

For Reference:
Typical Air Compressor Capa01ty Versus Driving Motor
Horsepower at 150 psi.

¢

Capacity ' Driving Motor
466 SCFM . , - 150 hp
80 SCFM . 25 hp
35 SCFM 10 hp



AIR DRIERS, REFRIGERATED - PARTIAL LIST

Manufacturer Location
Norgren Littleton, Colorado
Miller

Flick-Reedy Corpf Bensonville, Illinois

Wilkerson

Zeks
Ingerséil—Randb
Arrowaneumatic

Van-Air Inc. ‘. . Erie, PA.

Zurn Industries, Inc.

General Air Division Erie, PA.

Kellogg-American, Inc. Oakmont, PA.

Sizes available 5 to 5000 SCFM (Standard Cubic Feet per Minute)
rating at the usual sea level standard conditions, 29.92 inch Hg.
and 60°F. '

These sizes have motor horsepower of 5 to 30 hp in closely
spaced sizes of flow capacity as designated by manufacturer
and model number with prices according to catalog listing. Pipe
sizes vary from 3/8 inch to 8 inch pipe size. Air discharged
from the drier has a dew point of 50°F or 35°F as spe01f1ed

whlch greatly influences cost.

The following reproductions of the Norgren and the Zurn
catalog pages are presented as convenient, complete, and typical

of similar driers of a number of competitive manufacturers.



Type 60-008

NC-1206
July, 1970
Supersedes April, 1969

Refrigerant Dryer

SPECIFICATIONS

PRESSURE: 200 PSIG MAXIMUM (5 TO 125 SCFM UNITS)
150 PSIG MAXIMUM (250 TO 5000 SCFM UNITS)

" TEMPERATURE: *INLET AIR TEMPERATURE 100° F. MAXIMUM

AMBIENT AIR TEMPERATURE 35° F, MIN, TO 100° F. MAXIMUM
REFRIGERANT: FREON 12 OR FREON 22
DEWPOINT: AT 100 PSIG INLET AIR PRESSURE RATED FLOW (SCFM)
" AND INLET AIR TEMPERATURE OF 100° F., UNITS ARE DESIGNED

FOR ATMOSPHERIC DEWPOINT OF -10° F, OR 35° F. AT 100 PSIG.
FLANGES: AMERICAN STANDARD ASSN. (ASA)

150 LB. RATING

*Units can withstand higher temperatures, however, dewpoint
suppression will be affected. Contact factory for information.

FEATURES

Units from 5 to 125 scfm equipped with refrigerant analyzer gauge,
power ‘'on’’ light , and automatic drain.

Units from 250 to 5000 scfm are equipped with inlet air pressure
gauge, inlet air temperature gauge, refrigerant analyzer gauge, power
"“on'" light, high temperature warning light and automatic drain.

Minimum amount of floor space required.

Easy installation: connect the air lines and electrical power supply
to unit,

Unit witl deliver clean, dry air in minutes.

Hermetically sealed refrigeration units housed in sturdy cabinet.
Simple design: no switches, timers, or relays.

Dewpoint continuous and assured.

Alt components and units are factory tested to assure efficient
operation.

An exchange of heat at the inlet and outlet precools infet air and
reheats outgoing air.

Reheating reduces the possibility of condensation on downstream
piping and increases usable air volume.

Automatic drain semoves the condensate from the diyer o prevent
carryover,

Units are non-cycling design to assure proper control of dewpoint at
all times. Disadvantages of cycling systems are:
A) Cycling systems do not give constant heat exchanges, tem-
peratures, or a constant dewpoint.
B) Reduce equipment life.
C) Uneconomica! because of peak load.

NORGREN

LITTLETON, COLORADO ©




ORDER TABLE and SPECIFICATIONS

NORGREN ! . . SEE
MODEL NO.| SCFM POWER SUPPLY A 8 [o4 D E F G H J WT.LBS.| H.P. INOTE
60-008-020 5 |115-1-60 15 17 |17 2 3/8 fpt} 2-5/8 11 65 1/6 1
033 10 [115-1-60 15 17 |17, 2 3/8 fpt| 2-5/8 1 70 1/6 1
0 15 [115-1-60 15 17 | 17 2 1/2 fpt| 2-5/8 1 75 1/6 1
034 25 (115-1-60 15 17 (17 2 1/2 fpt| 1-5/8 13-1/2 100 1/4 1
022 35 |115-1-60 230-1-60 19 21 [ 21 2 3/4 fpt] 2-6/8 [ 13172 120 1/4] 1
-023 50 {115-1-60 230-1-60 19, 21 [ 21 2 3/4 fpt| 2-5/8 [ 13-1/2 150 1/2 1
024 75 [115-1-60 230-1-60 26 26 | 27 2 1 fpt 3-3/8 | 18 200 347 1
-042 | 100 [115-1-60 230-1-60 26 26 | 27 2 1 fpt 3-3/8 [.18 250 3/4} 1
-025 | 125 ]230-1-60 208-220 240-3-60 26 26 | 27 -2 1-1/2fpt} 3-3/8 |18 - 285 | 1 1
-043 | 150 |230-1-60 208-220 240-3-60 440-3-60 | 26 26 [ 27 2 1-1/2 fpr| 3-3/8 [ 18 . 300 | 14172 2
<026 | 250 [230-1-60 208-220 240-3-40 440-3-60 |46 "53| 33 6-3/4 | 2 mpt 12~ 36 4 5 700 | 2 2
027 | 400 [230-1-60 208-220 240-3-60 440-3-60 |46 63 | 33 6-3/4 | 3 mpt 12 36 4 - 5 800 | 3 2
028 | 500 [230-1-60 208-220 240-3-60 440-3-f0 |46 63 | 33 $-1/4 | 3 mpt 12 36 4 [ 900 | 3 2
035 | 600 |230-1-60 208-220 240-3-60 440-3-60 |46 53 | 33 5-1/4 | 3 mpt 12 . *36 4 5 1100 | 4 2
-029 750 {230-1-60 208-220 240-3-60 '440-3-60 [ 48 62 | 42 4.1/4 1 4mpt |12 36 . 4 5 1200 | 5 2
<030 [1000 }208-220 240-3-60 440-3-60 550-3-60 [48 62 | 42 15 6 mpt 14 52 4 6 | 18001 6 2
€036 [1200 [208-220 240-3-60 440-3-60 550-3-60 |5 . 80 |50 | 15 6 mpt 14 . 182 4 6 2000 { 6 2
-031 |1500 {208-220 240-3-60 440-3-60 550-3-60 | g5 80 | 50 15 6mpt |14 57 L3 6 2400 | 7-1/2 2
-037 [1700 {208-220 240-3-60 440-3-60 550-3-60 |65 80 | 50 15 6 mpt 14 57 4 6 2400 | 7-1/24 2
-032 |2000 |208-220 240-3-60 440-3-60 550-3-60 |65 80 | 50 15 6 mpt 14 - 57 4 6 2600 {10 2
-038 |2800 {208-220 240-3-60 440-3-60_550-3-60 |80 125 |60 17 8 ftange |20 68 6 8 3100 (20 2
60-008-039 |5000 |208-220 240-3-60 440-3-60 550-3-60 |90 150 | 70 20 8glange |22 * |70 6 8 4300 |30 2
*Female pipe connections on units up to 125 scfm NOTE: ®Male pipe cannections on units 250 scfm to 5000 scfm
1) These units include (A} refrigerant analyzer gauge, (B) power ‘‘on”’ 2) These units include (A) refrigerant analyzer gauge, (B) inlet air
light, (C) automatic drain pressure gauge, (C) inlet air temperature gauge, (D) power ‘‘on’’
light, (E) high temperature indicator warning light
. (F) automatic drain
DIMENSIONS
ouT IN
|iF = : A 1 1!: or
L a— S
C E‘J E g -.‘ O \ A O G
A B .
G l J_
S | =
TOP VIEW SSSSSS - | | C
' R ONTVIER ' TOP VIEW FRONT YIEW
250-2000 SCFM 5-150 SCFM
FLOW DIAGRAM OPERATION
DRY AIR OUT — .
HoTwET f Hot wet air from the air compressor receiver enters the air to air
=LA A then passes touEh & Moistae separaior (2) (550 selt oy e
isture r scfm a rger
® Ve Z"m'::‘::.“‘"m units) to remove any moisture condegsed in precooler and redaucgees
e 3. AUTOMATIC ORAIN the load in *‘air to refrigerant heat exchanger'" (4).
' Q' O + 4R To geFmcenur ) P(ecooted air enters the ai( to refrigerant heat exchanger (4) and
T - . mm‘ ° mnwi is chilied to 35 F. Condensate is removed from the air in the separator
R §. BY-PASS VALVE and expelled from the system by an automatic drain. Air then passes
T 1. VISRATION ABSORBER back through the air to air heat exchanger and is reheated. Reheating
:- lﬁ:ﬂ:lﬂ reduces the possibility of condensation on downstream piping and
0 N b, CONDERSER increases the usable air volume. .
O O Y 11. REFRIGERANT COMPRESSOR

12. REFRIGERMIY FILTER DRYER
1. RECEIVER

C.A. NORGREN CO.

LITTLETON, COLORADO
Copyright @ 1970, C.A. Norgren Co.

80120 / 303-794-2611

Printed in U.S. A




y refrigerated type
compressed-air dryers

Featuring the unique S-in-1integrated
air drying module

non-cycling air or water-cooled units, -

10 to 29,000 SCFM, 35°F pressure dewpoints

Y

X,

et —
mm a step ahead of tomorrow

T [ZURN INDUSTRIES, INC. : \
: GENERAL AIR DIV. .
ERIE, PA, US.A. 16512
PHONE: 814/454-6368



50°F DEWPOINT RATINGS — ENGINEERING DATA

d for lower dewp

ints at lower flows)

(These units are not desig

MODEL rswg eﬁ%;“gsﬁg”g'fg{)o,: REFRIGERATION DATA Conn‘::rtiom DIMENSIONS (4) Apﬂ':ix;lhn‘mta
NO. S| an i Heigh .

(1) and (5) 2) INLET TEMPERATURE HP Voltage (3) Irg:tﬂaer‘\d Width Depth eight (l(bis))
R90A 200 450 2 ) . 38-1/4" 29.1/8" 1/8" 600
R100W o 500 2 208-230/1/60 | 2" N.P.T. / 58-1/ I;gg
R240A v 1,200 5 ) ve v e 65"

R260W " 1300 5 208-230/3/60 | 3' N.P.T. 68-1/4" 36-1/8 1233
R430A " 2,150 7% , B P 1/4" v 21
R475W 2'400 % 208-230/3/60 | 4 N.P.T. 72-1/8 36-1/ M 2060

(1) Suffix Letter A" indicates Air-Cooled;
“W' indicates Water-Cooled.

{4) Dimensions subject 1o change without notice.
{5} Models are Cabinet Style.
{6) Weights shown are not to be used for positive freight costs; contact

{(2) Higher Working Pressures available.

(3) Voltages shown are standard. Other Voltages available at factory.
extra cost.
STANDARD FEATURES
. All models are equipped with an on/off indicator light,
and “dead-system’’ air pressure control switch for automatic shutdown/startup on air system pressure 10ss.
) STANDARD INSTRUMENTATION INCLUDED AS SHOWN
Refrigerant High . | Automati A

Exit Air Exit Air Inlet Air Highand | Temperature A“I;':;'i':‘"’ Drain Drain

Model No. Dewpoint Pressure Temperature Low Red Float ST-3 DT-2

Gauge Gauge Gauge Pressure Indicating Tra N Single Dual

i Gauges Light P Timer Timor
RY0A and R100OW X X X
R240A thru R260W X X X

R430A and R475W | - - X X X X X X

Air

SIMPLIFIED CONTROL CIRCUIT

Precool-Reheat

. Compressor

I !
Compressor ) Dryer-Fiiter *
Cut-Out Condenser Regulator A Liquid
. - Refrigerant-
Cond Receiver o to-Air Heat
Sight Pressure / Exchanger
Regulator P |

All Models include a hot-gas by-paés 'systevm to prevent freeze-up on light or no-load operation.

e gt

Dryer-Filte

Drain

CONSTRUCTION DESIGN includes only the highest quality
components. The INTEGRATED AIR DRYING MODULE
combines the functions of five separate components found in
other types of refrigerated air dryers. This modular design eli-
minates the need for multiple connections and provides a
straight-through flow concept to totally eliminate system clog-
ging resulting from oil varnish and scale accumulations. The
moduie produces a pressure drop of less than 5 psig. Each Dryer
is-of the constant-running hermetic type for longest life and
least maintenance.

SIMPLIFIED CONTROL CIRCUIT includes an automatic pres-
sure regulator for low-flow or no-load to full flow operation.
All models (except R2A and R3A) are equipped with an air line
pressure control switch for elimination of operation during ex-
tenided shutdown periods; restart is automatic. Models R940A
and larger also include refrigeration units that have various
stages of capacity reduction for maximum operating efficiency
under various workloads.

CAPACITY DESIGN is based on no flow to constant flow at
100°F inlet air temperature, 100°F ambient temperature and
100 psig. When inlet air temperatures are raised to 150°F, units
sized to produce a 35°F pressure dewpoint will produce a 50°F

- pressure dewpoint, providing controls have been readjusted at

reduced capacities.

AUTOMATIC DRAINS ARE STANDARD ON ALL UNITS.
Models R2A through R150W are equipped with an automatic
float drain. Models R200A through R360Wt include an ST-3
Single Timer/Motor Operated Bail Valve, preset to cycle every
one or two hours with a ten-second blow-down period. Models
R440A1 and larger are equipped with the exclusive Mode! DT-2
Automatic Drain System featuring accurate timing devices with
indicator lights and a precision motor-operated ball valve. Two
external contro!l knobs permit blowdown settings from 5, to 60
second duration in one-second increments and 30-minute to
6-hour drain cycles in ¥%-hour increments.

\

tExcept 50°F Dewpoint units.



CLEAN, DRY AIR IS ECONOMICAL

Moisture in any compressed-air system creates above-normal
maintenance and increases replacement costs by mixing with
lubricants and forming a corrosive, abrasive sludge. Users of
compressed air who have analyzed their moisture problems have
always experienced many profit gains with the installation of
an Air Dryer. WHY? Because al! pneumatically-operated
equipment is designed to operate most efficiently with greatest
durability with clean, dry air and proper lubrication.

DEWPOINT )
. is the most critical factor in any compressed-air system. |t
is the temperature which allows moisture vapors to condense.

Reduction of the dewpoint to a temperature lower than that
to which your air line is exposed guarantees that condensation
will not occur. Zurn Refrigerated Air Dryers provide this lower
dewpoint with a wider ' range of conditions and workloads. Stan-
dard units produce 35°F or 50°F pressure dewpoints. For a 5°F
pressure dewpoint, ask for Catalog GRDC.

ELIMINATION OF MOISTURE in compressed-air systems is
the first step to reduce production downtime, maintenance
costs, and repair or replacement of tools, instruments, and
valves.

ZURN-GENERAL'S UNIQUE  /
HEAT EXCHANGER MODULE /
$AVE$ ENERGY /

AIR
ouT

AR “
iN

REFRIGERANT
GAS 2

Liauio
REFRIGERANT

This is only an artist’s
concept of the
vertical air dryin
module. Internal
details of construction
are proprietary and
not shown.

a step ahead of tomorrow .

‘ ZURN-GENERAL energy savings range from 4.5% to 27.5%,

and afl compem:on

The real efficiency of an air dryer is achieved in the heat
exchanger component{s}. Ali dryers use similar commercnally
standard refrigeration condensing units.

Heat exchanger design and efficiency is the real heart of the
system.

For several years, the ZURN-GENERAL previous designed

6-in-1 Air Drying Module has outperformed all competition,

most of whom try to simply match commercial heat exchangers,
{designed for other applications} to refrigeration systems. The
ZURN-GENERAL Module combines into one unit, air precooling,
air chilling, moisture separation, condensate removal and air .
reheating. It has never been matched by competition!

't took the refrigeration AND compressed air specialists of
ZURN-GENERAL to improve the 5-in-1 Heat Exchanger Module,
to better efficiency and reduce energy requirements. Only .
ZURN-GENERAL combines the KNOW-HOW of 30 years
refrigeration specialists with 23 years compressed air drying
specialists.

Experience superiority has produced this new and unique,

vertical heat exchanger model, with all smooth-wall heat exchange
surface areas. Welded joint construction eliminates all
conventional design leak areas to provide a maintenance free,
non-fouling, seif-cleaning flow through concept.

drying an average of 206 SCFM per refrigerant horsepower,
average based upon all models from 10 SCFM to 2000 SCFM,
operating at 100 PSIG, 100°F inlet air, 100°F ambient, and
35°F dewpoint.

Industry has installed hundreds of these new units and has proved
the superiority and reliability of this design. And now, only you
can prove it to yourself.

DESIGNM
DESIGN PRINCIPLE is based upon selection of either air-
cooled or water-cooled condensing units and air-to-iquid refrig-
erant heat exchangers for maximum efficiency under no load
to constant or intermittent maximum flow and temperature
conditions.
WATER REQUIREMENTS (Water-cooled units only)
Differential Pressure: 20 psig minimum
Cooling Water Temperature:
50°F — .21 gpm/100 scfm
60°F — .26 gpm/100 scfm
70°F ~ .33 gpm/100 scfm
Note: Water flow is automatically modulated from minimum-

gpm to maximum-gpm, dependent on workload.
CAPACITIES
" No load to constant maximum flow capacity @ 100°F inlet,
100°F ambient.

80°F — .46 gpm/100 scfm
{max)90°F — .76 gpm/100 scfm

RATINGS

TEMPERATURES
Ambient temperature range of operation:
Standard unit; 35°F to 110°F, air-cooled.
Standard unit; 35°F to 160°F, water-cooled. .
With low-temperature package; -20°F to 110°F
inlet Air Temperature: 40°F to 150°F (Temperatures above
100°F require special controls and/or adjustments.)

HEAT REJECTION
Air-cooled units: Approximately 100 BTU/min per 100

scfm to ambient

Approximately' 92 BTU/min per 100

scfm to water

Approximately 8 BTU/min per 100

scfm to ambient

Water-cooled units:
Water-cooled units:
Reg. T.M.

® 1976 Zurn Industries, Inc. *Pat. and Pat’s. Pending



Conditions.for rating compressed air dryers are in accordance with NFPA Recommended Standard, NF_PA/T3‘27.2-1975.

35°F DEWPOINT RATINGS — ENGINEERING DATA

Modeis R15A and larger are

¥

d according to the current ASME code

SCFM Capacity @ 100 . .
MODEL wwe PG Y O o | REFRIGERATION DATA Air DIMENSIONS (4) Appv;:::'r‘r:nte
NO. . .
m a:’ (5) (2) PEWPOWT HP Voltage (3) Inlet and . Width . Depth Height "(‘;’)-)
35°F 50°F {6) Outlet
R2A - 200 10 13 1/8 3/8° 0.D. 18-1/2" 127 14-3/8" 74
R3A N 15 15 1/6 115/1/60 Tubing 19" 14-1/8" 14-1/8" 76
R5A ” 30 39 1/5 5/8" 0.D. 31-1/2" 20" 20" 114
R10A " 60 60 1/3 Tubing 20" 20" 151
R15A i 90 117 172 | 20823071760 455
R18W " 100 130 1/2 Option (A-C " " /8" /8" 450
R20A « 125 160 373 208-230/1/60 1" NPT 28-1/4 22 1/8 46-1/8 465
R25W o 140 160 3/4 Options 460
R40A " 200 260 1-(A) (C-D) All " 1/Q" " 570
R45W " 225 292 1-(A} 2 NPT 29-1/ 22-1/8 50-1/8 570
RS5A " 275 . 325 1-1/2 -+ — ~ (E) “ e " 668
RE5W - 325 325 vir_LZliE 34-1/4 24.1/8 58-1/8 o
R100A " 500 650 2————-—-—-—((E= :,zgg
R110W N 550 715 2~——|—-—-—(E . 1/4" 190 " K
R140A " 700 750 I—————(8) 3TNPT | B21/47 | 36-1/8 65 1,550
R150W o 750 750 3— — —|— ——(E) 1,460
R200A - 1,000 1,300 5 ! 2,400
R220W " 1,100 1,430 5 30 33"3 %3;/?\?: 4"NPT | 72-1/8" | 36147 | T 240
R320A “ 1.600 2,080 7-1/2 P 2,680
R360W ” 1,800 2,200 7-1/2 — } — — {E) 2,600
R440A “ 2,200 2,860 10
R480W o 2,400 3,120 10
RS90A " 2,950 3,835 15 s
R660W " 3,300 4,290 15 6" FLG.
R690A " 3,450 4,400 17-1/2
R770W * 3,850 4,400 17-1/2
R88OW " 4,400 4,400 20
TR940A " 4,700 6,110 25 440/3/60
R1050W " 5.250)8 6,150 25 460/3/60 8" FLG.
R oo i o 6150 30 480/3/60 ' See Form No. GAD-E-2-76 Rev. (1)
R1480A v 7.400 9,620 40 Other or
R1650W " 8,250 10,725 40 Voltages 10" FLG Contact the Factory
R1980A . 9,900 11,100 50 Optional '
R2200W " 11,100 11,100 50 At Extra
R2640A “ 13,200 17,160 60 Cost
R3000W m 15,000 17,500 60
R3100A . 15,5600 17,500 75
R3500W o 17,500 17,500 15 12" FLG.
R4180A 150 20,900 27,170 100
R4600W " 23,000 29,000 100
R5400A " 27,000 29,000 125
R5800W ' 29,000 29,000 125

(1) Suffix-Letter “A’" indicates Air-Cooled; "W

{2) Higher Working Pressures Available.

indicates Water-Cooled.

(3) Voltages shown are standard. Other Voltages available at extra cost.

{4) Dimensions subject to change without notice.

{5) Mode!s R2A through R360W are Cabinet Style.
{6) Models R2A through R360W for 50°F Dewpoint applications require special
factory control settings. 50°F Dewpoint MUST be specified on the purchase
order. Refer to page 4 for 50°F dewpoint rated units for capacities to 2400 SCFM,
or contact the factory for pressure drop-vs-capacity data for flows in excess of the
maximum 5-PS| pressure drop ratings. Standard pressure drops range from less than 1-PSt

"to a maximum 5-PSI.

{7) Weights shown are not to be used for positive fr\eight costs; contact factory.

Optional Voltages:
{A) 115/1/60
(8) 208-230/1/60
(C) 208-230/3/60
{D) 440-480/3/60
(E) 550/3/60

Other 50° F Dewpoint Modelis are listed on the next page.

STANDARD FEATURES
Model R2A has no start switch. Models R3A and larger have off/on switch. Ail models except R2A and R3A are equipped with an on/off indicator
light, and ""dead-system’’ air pressure control switch for automatic shutdown/startup on air system pressure l0ss.

STANDARD INSTRUMENTATION INCLUDED AS SHOWN
Exit Air | Exit Air tnlet Air “5?2,".':5“ benture | A ic | Alpemanc. | Autome
Model No. Dewpoi P perature Low Red Drain ST-3 DT-2
Gauge Gauge Gauge Pressurs Indicating '.:.'o“ Single Dual
. - Gauges Light rap Timer Timer
R2A thru R10A ' X
R15A thru R110W X X X
R140A thru R150W X X X X X-
R200A thru R360W X X X X X X
R440A and larger X X X X X X
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ELECT RO-MOTIVE

Electro-Motive Division General Motors Corporation LaGrange. lHinois 60525 (312) 387-6000

October 18, 1978

Mr. Harvey W. Hanners
Senior Research Engineer
University of Dayton

300 College Park Ave.
Room 163A

Dayton, OH 45469

Dear Mr. Hanners:

Your October 5 letter asks for confirmation of our information given in our
phone conversation approximately a week ago having to do with the conversion
of certain turbochargers to the heavy duty gear type. You mentioned particu-
larly 20 cylinder engines.

While many, in fact most, of the engines in emergency standby service at the
various nuclear power plants are 20 cylinder -left-hand rotation engines, some
of these engines are 16 and 12 cylinder and a few are right-hand rotation.

The right-hand rotation engines are used where there is a tandem installation
with two engines driving a single generator. I am, therefore, including infor-
mation to cover all of these various types. '

A description of the job that would be done and an estimated cost of it for
each of the different types are as follows:

Section 1. Conversion of 12, 16, and 20 cylinder turbos from Ei
(Industrial, Standard Gear Ratio) left-hand rotation
to ES (Industrial, Heavy Duty Gear Ratio) left-hand
rotation.

- 1A. Gear Conversion Only: : $ 9550.

Includes renewal of complete turbine wheel assembly,
clutch assembly, carrier shaft assembly, idler gear, idler
gear stubshaft and retainer plate, carrier drive gear,

and turbine inlet scroll support. Also includes modlflca—
tion to idler gear support and redoweling.

1B. Turbo Upgrade: $ 575.

This includes modifications to bring turbo up to latest

E9 specifications, such as pressurized exhaust duct drain
-arrangement;-'no-spin"- compressor- bearing,-and..chrome..sealing.
_ rings, ‘
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Mr. Harvey Hanners -2- October 18, 1978

Section 1 (Con't)
1C. Turbo Basic . $ 1400,

This includes disassembly, cleaning, inspection, reassem-
bly with new gaskets, seals, nuts and bolts, turbo test
and paint.

Since we cannot sell the gear conversion only, as listed in lA,lthe total
estimated conversion sell price would be the sum of lA., 1B., and 1C., or
$11,525. '

1D. . Unit Exchange Repairs: $ 3000.

Many of the elements usually included in average turbo

repair have already been considered in above conversion
breakdown, including turbine wheel and clutch. Additional
repairs required will depend on condition of Bad Order
Return. However, it is estimated that an additional $3000.
will cover 'normal' remanufacture for components not pre- -
viously covered, such as turbine inlet scroll, both dif-
fusers, nozzle ring, impeller cover, and main doweling com-
ponents. Severe damage to main doweling components will
elevate charges past $3000.

Total Unit Exchange charge for remanufacture and conversion is estimated
as follows: '

Conversion Estimate = $11,525.

Estimated Remanufacture Range = $ 500. to $ 3000.

Section 1. Total = $12,025 to $14,525.

Section 2. Conversion of 12, 16, and 20 cylinder turbos from
'E5 (Marine, Standard Ratio) right-hand rotation to
E5 (Marine, Heavy Duty Ratio) right-hand rotation.

2A. Gear Conversion Only: '$ 8900.

Same as 1A., except does not include idler gear renewal,
idler gear support modification, or redoweling.
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2B. Turbo Upgrade: ' $ .100.
Includes modlflcatlon to exhaust duct for pressure draln
. arrangement.
2C. Turbo Basic: $  1y00.

Same as listed for 1C.
Total estimated conversion sell price - $10,400.
2D. Unit Exchange-Repairs: $ 3,000.

Same estimate as 1D,

Total unit exchange charge for remanufacture and conver81on is estimated
as follows

Conversion Estimate = $10,400.
Estimated Remanufacture Range = $ 500. to $ 3,000.

Section 2. total = $10,900. to $13,400.

~ Please keep in mind that these are not firm prices. These estimates should
be considered reasonable until April 1979.

I am also attaching a sheet which is entitled simply "Turbocharger'" which lists
in the first column the various types of engines and it shows in the other
columns part numbers for new and unit exchange turbochargers of both the standard
gear and heavy duty type. From this listing anyone owning an engine of this
kind can determine which turbocharger he now has and by finding that part number
in the second column can refer then to the final column showing the utex number
of the heavy duty gear turbocharger that will replace what he now has.

Customer should order the heavy duty gear utex number that he wants from our .
‘Rebuild Dept. here at LaCGrange and specify that he will be returning the turbo-
charger under whatever number his turbocharger now bears. This part number is
on a nameplate on the turbocharger. At the same time he should order a new
drive gear if he needs one and the information for that is also given on this
same table. :

EMD will ship him the turbocharger he has orderéed and once he has this on hand
on his property he can then make arrangements to trade the replacement turbo
for the one now on the engine, returning the removed turbo to the EMD Rebuild
Dept. His invoice, as explained in the cost estimates above, will be partially
determined by the condition of the turbo that he returns.
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i

The warranty on any unit exchange turbocharger is for one year starting the day
it is placed in service.

Your statement that the gear drive is understood to be capable of carrying the
turbocharger drive load with the engine at no load and full speed, as currently
practiced in nuclear power plants, is essentially true. There is an estimated
time 1imit of 2000 hours running under these conditions. However, with the way
nuclear power plant protection engines are operated, this number of hours represents
a good many years of operation.

I would 1like to state one more time that EMD does not recommend the operation

- of an engine at full speed no load whether or not it is equipped with heavy
duty turbos. Such operation is not only hard on the turbocharger, but will
affect the life of many other parts in the engine also. We continue to feel
that efforts must be made to eliminate the need for such operation, particularly
when the engine is in such critical service as these are.

If there is any other information I can furnish, please advise.
Very truly yours,
W. A. Gardner, Assistant
General Service Manager
Marine €& Industrial

WAG/pl

‘Encl.



)

1YL OF PRESENT (STLIDARL GLEAR) FUTURE (HEAVY DUTY (I~
ZuGINE” NEW UTEY, NEVW UTEX
'12-€45 LH 8386855 8413708 8U91383. 8482060
'lf-6u5 LE 836@223 8372778 8421823 - 8492861
QO;GHS LH 8366072 6577586 8491825 .8u92062

NOTE: . THE PRESENT 8H19151 DRIVE GEAR MUST BE REPLACED BY

84438231 WHEN ANY OF THE ABOVE TURBOS ARE GONVERTED

12—6U5’RH 8369663 8379297 9336195 908”53;
16-645 RH 8363760 8379285 3084533 9087158
20-645 RH 8374986 8380125 3085863 8083612

NOTE: CONVERSION OF RH ENGINE TURBOS DOES NOT REQUIRE

DRIVE GEAR REPLACEMENT, THEY ARE NOW EQUIPPED WITH

- 8449231
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General Specifications

ofthe Alco 251 diesel.

SETS

EMERGENCY STANDBY GENERATOR

No. of Cylinders 6 8 : 12 16 18

R.P.M. Range 900—1200 900—1000 900—1200 900—1200 900—1000

R.P.M. 1200 1000 900 1000 900 1200 1000 900 1200 1000 900 1000 900
~1B:H.P. Continuous 1538 1415 1275 1650 1500 3070 2830 2550 4100 3520 3150 4400 3970

B.M.EP. P.S.I. 252 280 280 245 245 252 280 280 252 260 260 290 290

K.W. Continuous 1100 1010 912 1175 1075 2200 2020 1825 2950 2520 2250 3170 2850

Model No.-251 G G G F F "G G -G G G G G G

ALCO 16-cylinder 9x10Y> Model 251 engine generating unit operating in Sumatra.




COOPER-BESSEMER @ ,

4.CYCLE ENGINES

All Cooper-Bessemer four cycle engines are
turbocharged and intercooled for maximum ef- CONTINUOUS DUTY RATINGS
ficiency, low fuel consumption, and high power- -
to-space ratio. All utilize a Cooper-Bessemer
designed and manufactured turbocharger and Bore & Approx. Bulletin
can be supplied to operate in the full diesel or Model Cyl. Stroke - Hp KW RPM Weight No.
dual fuel mode. Spark ignited gas or heavy oil : :
versions are available.

Note that the ratings listed are for continuous

duty with an ambient temperature of 100°F from LSv-12 12 15% x 92 4657 3360 400 197,500 77
seq lovel to 5000 feet elevation without de- LSV-16 16 15%x22 6209 4480 400 237,500 7
rating. Also, the continuous duty rating can be . ;

‘e)(z:ee'_‘decl%l byh10%| fo;dtwo hours otg o Iwenty(; LSV-20 20 15% x 99 7762 5600 400 285,500 77
our. Higher than listed ratings may be permitte . . PR .
for intermittent siandby or emergency service. KSV-12 12 . 13% x 16% 4294 3100 600 79,500 19
‘ These er(xfines fl'u:ve disﬁfrl\guiéhled lheénsellves KSV-16 16 13% x 16% 5795 4130 600 106,000 119
or outstanding etliciency, tlexibility and relia-

bility in a wide range of applications including KSV-20 20 13% x 16% 7157 5165 600 132,000 119
electric power generation, compressor drive,

pump drive, marine propulsion, and nuclear ,

emergency service.

Nebraska Pablic Power District - Cooper Nuclear Station, Brownville, Nebraska.
KSV-16-1 standby diesel.generator set. Ratinas of 5560 BHP ot 600 RPM.

NUCLEAR STANDBY EMERGENCY
GENERATOR UNITS.

Instead of designing a new diesel to meet the
demanding requirements of this situation, we
adapted &e design of our proven . Peak
rated at 3855, 5140, and 6425 k.w., the KSV
has the best HP-to-space ratio of any engine in
its class. In addition, the KSV is one of the
Cooper-Bessemer V-type engines which have
proven their dependability in 6,000 applications
- representing well over nine million HP and
450 million operating hours. Most important of
all, the can go from an ambient cold start
to full RPM-full voltage in under 10 seconds,
and in just 20 more seconds, pick up full load.
Also, our KSV standby system meets the strict
seismic qualifications of the Atomic Energy
Commission. '




GM

MARK OF EXCELLINCE

ELECTRO-MOTIVE POWER PRODUCTs

STATIONARY POWER & INDUSTRIAL APPLICATIONS

EMD Stationary Units provide 800 to 8600 gross horsepower for gen- These modern, proven heavy duty units have been applied as base
erator set and mechanical drive applications using the roots blown type load generating sets in remote locations, emergency standby sets in
and turbocharged Series 645 engines. hospitals and nuclear power generating plants as well as pipeline and

dredge pump duty.

S12E1 — Power Take Off Unit S20E4 Generating Unit

STATIONARY POWER UNIT RATINGS

Full-Load
Model Engine Rated Speed Brake-HP . BMEP
Designation Model RPM Continuous Nominal
S8E1 8-645E1 720/750 800 85/82
900 975 83
S12E1 12-645E1 720/750 1200 85/82
900 1500 85
S16E1 16-645E1 720/750 1575 82/81
900 1950 83
S8E4 8-645E4 720/750 1200 128/123
900 1525 130
SI2E4 12-645E4 ] 720/750 . 1830 130/125
900 2305 131
S16E4 16-645E4 720/750 - 2460 181/126
900 3070 130
S20E4 20-645E4 720/750 8055 130/125
900 - 3600 123

El-Engines — Roots Blown Type, E4-Engines — Turbocharged

The Stationary Power Units can be provided with the Electro-Motive . The turbocharged 645 Series engine is available for tandem applica-
Model A-20 alternator at 480, 600 and 2400/4160 Volts with a maximum tions where power requirements exceed the capability of a single engine.
continuous kilowatt rating of 1600, 2100 and 2600 kw 0.8 power factor.

The 2400/4160 volt A-20 generator also is available at a 2850 kw 0.8

power factor rating for peaking service (2000 Hr./Yr.).



Fairbanks Morse and -
Coit-Pielstick Diesels Fairsanks Morsa agine ivion

MODEL 38D8-1/8 SERIES TURBOCHARGED STATIONARY ENGINES

EE{ 1} 11 F éé“
T l l o f%
DDDDDDDDDDDD
o 000000000005 = T-
—E 2 7Y%" pee112° ) ‘8‘4 -—..E_—‘:'i.—F

MODELS 38TD8-1/8 kaBOCHARGED OIL DIESEL ENGINE AND
38TDD8-1/8 TURBOCHARGED DUAL FUEL ENGINE GENERATOR SETS

Kw RPM CYL. A B Cc D E F
1135/1560 720/900 6 22'6” 152 411”7 76" 38" 211"
1705/2345 720/900 9 26'0” 19'1” 5'9” 78" - 8'5”
2275/3125 720/900 12 30'3” 289~ 677 7'10” 35" 36"

*Dimension A is overall length of unit with engine type alternator and belted exciter. Dimension B is overall length of unit with bracket type alternator and
top mounted exciter. '

All drawings are for illustrative purposes only. For installations obtain certified prints.

A skid mounted opposed piston engine and alternator. This unit has radiator cooling.

All ratings subject to” factory approved application.



APPENDIX H

COMMENTS ON SPECIFICALLY
APPLICABLE DOCUMENTS






H-1 Diesel Generator Operating Experience at Nuclear Power
Plants o
AEC Report No. OOE-ES~002 June 1974.
The above referenced report, AEC Report No. OOE-ES-002
June 1974, was used as a basis in the current reliability
survey with considerable expansion in scope and detail with
particular emphasis on the "root cause" approach to improvement
of reliability. Efforts were concentrated on the identification
of the basic causes of operational problems and the recommended
soldtions to them with only a minimal use of statistics. The

common base for both programs was the LER's.



H-2 Dormancy vs. Over-Testing and the Effect on Diesel Generator

Availability. :

IEEE Paper 76 619-7.

This is an excellent document which takes a more realistic
approach to the actual conditions prevailing in a nuclear
power plant regarding the diesel-generator emergency standby
units. Definitions of terms used are clearly stated and the
relationships are expressed in mathematical terms. Particular
value is attached to the concept of "Dormant Failures", and
that of decreasing reliability caused by "excessive testing”.
The author clearly presents the proposition that the emergency
service requirements of quick starts and high loading may

constitute truly severe service.

The statement that operating failures are about a hundred
times more prevalent than dormant failures is questioned. For
example, when failure to start occurs as a result of water in
the starting air formed during the dormant period, then this
should be called a dormant failure from a "root cause” standpoint
and not an operating failure as defined. Electrical contactor
and relay malfunctions caused by dirt getting between the contacts
during the dormant period is another example. In fact, water
and dirt are the two most common traceable "root causes" of
failures. The concept of dormant failure is excellent, but the

identification as such is a problem.



H-3 IEEE 1974 Power Generation 74CH0949-8PWR }
Conference Papers from the Joint Power Generation Conference
Miami Beach, Florida

Diesel Generation Site Testing for Nuclear Power Plants

C-74502-1 '

An excellent description of an actual "on the site quali-
fication testing program for the diesel generators" at the
Prairie Island Nuclear Generating Station at the Northern States

Power Company.

It is interesting to note that the only temporarily disabling
mishaps in this test program were the two most prevalent problems
encountered in this reliability program of‘1977—i978 covering
65 power plants. These problems were: water in the sﬁarting
air and dirt. Refer to the bottom of page 1, Phase I Test

Results items 1 and 2.

Comment: This report is concise and complete.

Fulton Station Plant Dynamic Simulation - C 74503-9

Extreme sophistication of control system is. indicated for

"design logic."

Comment: This is an excellent reference and should be

respected.

Proposed Guidelines for Qualifying A Diesel Generator

Unit for Nuclear Standby - C 74505-4

"Philosophy" is effectively expressed regarding ratings.
Paper points out basic troubles are water, dirt, etc. as
expressed on page 3, bottom left hand column. Undue emphasis

as usual on the seismic.

Comment: Seismic problems tend to be strongly emphasized
mathematically and scientifically while overlooking the opera-

tional problems caused by dust, dirt, and water.




Design and Manufacture of a Diesel Engine to Meet Design

Criteria for Application to Nuclear Power Plants ~ C 74506-2

Emphasizes need for separate prepositioning of fuel rack
‘control to at least a 50 percent load position as part of the

starting requirements.

Comment: Very complete paper on power plant construction

with respect to the diesel generators.

Operating Experience with Emergency Diesel Generators

at Turkey Point Plant - C 74508-8

Rust in the starting air is a major cause of malfunction.
Several "unknown" failures. Emphasis on testing and better

matching of original characteristics of components.

Comment: The experience here is all too typical in other
plantsbhaving GM engines with air cranking motors. The attitude
generated by the starting trouble seems to be one of resorting
to redundant components. This leads to automatic repetitive
start signals and also to duplicate and automatically alternate
sets of stafting motors operating in pairs with two motors on
one side of the engine and the duplicate pair on the other
side of the engine. i

Protective Relaying - McGuire Nuclear Station - C 74513-8
Duke Power Company

Electrical System Problems and Protection covered only.

Comment: Good coverage.

Electrical Protection Features of The Jocasse Pumped-
Storage Plant - C 74514-6

A very good paper on the problems and solutions of starting
large motors driving water pumps. Partial voltage and stepped

starting schemes are covered to reduce starting shocks and

reduced maximum power demands' during starting. )



Comment: Seriocus consideration should be given to this
possibility. Obviously the very same scheme cannot be used

with a diesellgeneratorAunit, but the basic principle can

apply.




H-4 Maintenance and Operation of Nuclear Diesel Generator

Systems _

by M.J. Melmich-Cooper Energy Services

ASME Technical Paper 77-DGP-14

A description is given of (1) an engine designed for
nuclear power plant standby service; (2) a review of the
operating experience of five such engines; and (3) a mainte-
nance and test procedure. Particular attention is called to
a systematic procedure for determining the need for attention
or servicing of various items as based on operating logs .
or data. Preventative maintenance is also emphasized.
The Cooper-Bessemer KSV engine is also described in detail as

a basis for the experience related.



H-5 A Versatile Two-Cycle Diesel Engine - The EMD Model

645 Series : :

by M. Ephraim, Jr., J.J. Kotlin and H.A. Williams, Jr.

of Electromotive Division of General Motors

ASME Technical Paper 76-DGP-5 '

The improvements of the current Model 645 engine over
that of the previous Model 567 are described in detail both
in design and performance. Detailed reasons and explanations
are given for the changes made and the improvements obtained
in most of the important engine components of this well known

locomotive engine now used in a variety of heavy duty services.



H-6 Quality Assurance - The Criticadl Function

(This article is part of the News Letter)

by Clifford L. Harrison of Avco Lycoming

ASME News Letter

Production Engineering Division - Winter 1978

The relation of the quality assurance (Q.A.) responsibility
to other departments of a manufacturing activity is covered as
frequently practiced and also attention is called to desirable
practices and relationships. Quality assurance requirements
are mentioned for many U.S. Federal govérnment agencies such
as the military in Mil-Q-9858A, FAA, AEC, FDA, NATO, and NASA.
Similar requirements for Marine licensing must be given to:
Lloyd's Register of Shipping (British), Norske Veritas (Norwegian),
Bureau Veritas (French), and the American Bureau of Shipping
(ABS United States) .-



H-7 Power Generation for High Reliability
Quadruple-Diversity Communication Systems, January, 1963 -
AD 601252

-~

Comment: Basic planning of an emergency power plant
system is given from the standpoints of various power buses
and the number of diesel generator units and arrangement or

disposition of the several units.
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