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Thi< report contains guidelines for the preventise maintenance and testing of *lectrical power
,1

systems, subrystims, and equipment common to nuclear power pnerating plants, toge,her with| supperting information. The guidelines address preventive maintenance on essentially the ,

entire ac and de auxiliary electric power system found in a nuclear pov'er plant, including ,

both Class ir or 'Q-list' subsystems and equipment, and " balance-of-plant * (BOP) subsystems
and equipment which are not classified as " safety-related.' The BOP portion of the electric

|power system is cosered because of the potential for failures therein to precipitite reactor
ftrips, degrade the performance or reliabiliti of safety functions, and challenge safety systems,

,

,

'

The guidelines have been derived from the recommendatis,.ts of electrical equipment
manufacturers, authoritalise reference works and technical pi.pers in the preventive |

maintenance (" eld, and the established practices and successful experience of both domestic |

' and non-US nuclear facility operators. Nuclear experience has been supplemented by |,'

information obtained from seserM other industries in which public and etnployee safety and
process continuity enjoy a high management priority,
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1. LNTRODUCTION.
.

- ,

h

This report contains guide!ines for the preventive maintenance and testing of electrical power
system equipment and subsystems of nuclear power generating plants, together with supporting
information.

1.1. Ild.nnatand OhJectl*es.
.

Both the Nuclear Regulatory Commission and the owners _of commercial nuclear power plants
,

are focusing increasing attention on the preventive roaintenance of electrical power equipment
for two major reasons. First, nuclear-plant probabilistic risk assessments and plant incident
experience show that electrical power system failures are responsible for a substantial fraction
of overall plant accident hazards, and that parts of the systems which are not classifed as
" safety-related" contribute significantly to this fraction. Second, formal studies and practical-
operating experience demonstrate that sound preventive maintenance (PM) can greatly reduce '

the incidence of electrical equipment and system f ailures._ Therefore, in the interest of
promoting good electrical preventive maintenance the Electrical Systems Branch of_ the NRC's
Office of Nuclear Reactot Regulation has deseloped the electrical PM and testing guidelines in
this report. These guidelines base been derived from the established practices of electrical
equipment users, the recommendations of electrical equipment manufacturers, authoritative-
reference books, industry standards and technical papers,

1.2. ),Vhat is ErntAtlie Winten_a.n_n?n

As used in this report, preventive maintenance (PM) is defined broadly as all inspection,
i testing, or servicing activity performed primarily in order to preserve th'e reliability and

potentially to extend the useful life of existing electrical equipment or systems. P M is
distinguished from (1) corrective maintenance (CM), which consists of inspection and testing
(" trouble shooting") and servicing performed primarily in response to actual or impending
safety and/or performance degradations, C) plant operations, and (3) plant- modifications. (Of
course, there are significant overlaps between PM and the latter functions. For example,
participating in surseillance tests and performing routine superficial inspections during
auxiliary operators' shift rounds are usually considered " operations" activities, although they'

really constitute presentise maintenance.)
,

1.3 Sartof Guldeilan.

The guidelines in this report address preventive maintenance on essentially the entire ac and
de auxiliary electric power system of a nuclear power plant, including both Class lE or 'Q-
list' subsystems and equipment and " balance-of-plant".(BOP) items which are not classified as
"safet> -related ' The BOP portion of the electric power system is covered because of the.

potential for failures therein to precipitate reactor trips, degrade the performance or reliability
of safety functions, and challenge safety systems . ( All electrical equipment and systems which
have such a potential are referred to as * safety significant" in this report, whether they are -
Class lE or not.) -

,.

1-1
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l.4. Iht_ERk_2Olaintensp.te in Phnt Safety. Heliabilliblipintainabillt). a.pd Asallgbili.11

Experience in all of the process industries confirms the pivotal role that effectise maintenance
-- both corrective and preventive, but primarily the latter -- in providing safe, productive,
and profitable operation. Figure 1-1 is a block diagram illustrating how design, maintenance,
and operations interact to promote maintainability, reliability, and availability; these in turn
lead to safety, profitability, productivity, and public acceptance.

1.6. Sirim@_of Report.

In summary, this report cosers the following major topics:

this introduction;e

oserview of electrical PM technology;
-

e

PM guidelines for major classes of electrical power equipment;e

description of the methodoloEy used to deselop the guidelines; ande

a bibliegt:iphy of references on electrical power equipment PM.e

.

e

.,

=
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2. QVERVIEW OFlLLCTHICAL PREVENTIVE M AINTEN ANCE AND TESTING.

This section of the report is a brief summary of sound electrical preventive maintenance
technolon for nuclear power plants. The subsections below address (1) general electrical PM
principles, (2) general criteria for an effective electrical PM program, (3) the qualifkations
required for personnel assigned to perform electrical PM; and (4) maintenance management -

factors which the guidelines project tearn found r.o be common to licensees with effective
electrical PM programs. (Section 3 of the report contains specific guidelines for the major -

,

classes of electrical power equipment typically found in nuclear power plants, and guidelines ,

for integrated electrical subsystem and system testing.)

2.1. GtAtuj Printintes of Ellidht Electrical Pre,entlie %1rtitmmtup1Testine.

Much of the essence of effectise electrical equipment PM can be summarized by four rules: .,

Keep it clean.Keep it dry. *e

Keep it tight.Keep it cool. **

More specifically, most electrical power and control equipment is susceptible to a relatively
small number of mechanisms of degradation, and the purpose of most PM activities is to
prevent then , retard them, or mitigate their effects. The most common degradation
mechanisms, tu ir most frequent symptoms and causes, and the general PM approaches whicha

experience has prosen effectise in addressing them are summarized in Table 2-1.

Several terms appearing in the " root cause" column of Table 2-1 require clarification.
" Misapplication" occurs when equipment is originally specified for.use under system or
ensironmental conditions which exceed its ratings or are otherwise outside its design envelope.
Specif>ing a motor without space heaters for standby duty in a damp environment is en
example. ' Poor workmanship" refers to a failure to use appropriate practices while working on
the equipment during fabrication, installation, or maintenance. Excessive tension during cable
pulling is a good example. " Abuse' occurs when equipment is subjected -- whether >

intentionally or inadsertently -- to conditions outside its design envelope during installation,
storage, operation or maintenance. Abuse is of ten the result of failures in associated. ,

equipment and systems (e.g. a ground fault w hich blows only one fuse and causes single-
phasing of a motor, or failure of an llVAC system to maintain an adequately cool or clean
environment for switchgear.) Operators' and maintenance technicians may also abuse
equipment, for example by intentionally overloading a transformer to maintain service in an
emergency. As the latter example illustrates, " abuse * may be justified; nevertheless it causes
degradation that should be addressed by a good PM program.

2-1
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TAllLE 2-1. I

.

TYPICAL DEGR ADATION MODES, SYMPT 0515, CAUSES, AND

MITIGATING PREVENTIVE MAINTENANCE IOR ELECTRICAL POWER EQUIPMENT
'

Degradation Ty pical T3pleal causes Mitigating PM ,

mode symptoms immediale Root -

.

Insulation Short circuits, 1. Moisture 1. Wet environment 1. In:.pection,

failure degrading due to misapplication, testing PM on

test trends abuse, failed space environmental
heaters control

2. Os erheating 2. liot environment, 2. Inspection,
undervoltage, dirt, cleaning, voltage
clogged filters or monitoring, PM ,

vents, failed cool- on associated
ing system, unbal- equipment or
anced voltages due environmental
to misapplication, control
abuse

3. Dirt 3. Environmental- 3. Inspection,
misapplication, cleaning, testing,

abuse PM on environ-
mental control

4. Chemical 4. Environmental 4. Inspection,

attack misapplication, cleaning, testing,
abuse PM on environ-

mental control

$. Mechanical $. Vibration,- shock $. Inspection,

abrasion loading due to testing, PM on
misapplication, associated

abuse equipment

6. Radiation 6. Misapplication, 6. Inspection,
abuse . testing

Con tac t Intermittent 1. Wear 1. Normal operation, l. Inspection,
mi; application, cleaning.

d e g r ada t,'o n or open
abuse testing,

contact
| periodic

replacement

.

k
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TABl.E 2-1 (CONTINUED).
TYPICAL DEGRADAllON MODES, SYMPTOMS, CAUSES, AND

M111G ATING PREVENilVE MAINTENANCE FOR ELECTRICAL POWER EQUIPMENT

_-.

Degradation T3 pical T>pical causes Mitigating PM

mode symptoms immediate Root

.

Contact Intermittent 2. Corrosion 2. Environmental 2. Inspection,
misapplication, _ cleaning, testing,

degradation or open

(continued) contact abuse periodic replace-
' ment, PM on envir-

(continued)
onmental control

Failure 1. Welded 1. Overloading 1. Inspection. '

to open contact due to misappli- PM on associ- ,

cation, abuse sted equipment

2. Actuation 2. See ' conductor 2. Inspecdon,
'

failure failure' and testing, PM on
'struc t ural associated

failure' below equipment

Conductor Intermittent Loose Vibration, shock inspection,

failure or open or open loading, thermal lightening,
circuit, connection cycling due to temperature

local over- of con- normal operation, monitoring,

heating ductor misapplication, testing
poor workmanship,
abuse

J

Ilearing Noise, Wear Normal operation, inspection',

degradation vibration, . lubrication failure, load monitoring,

degrading misapplication, - periodic

vibration abuse - relubrication
trend, over-
heating

Structural Loose or. 1. Lone or 1. Vibration,- 1. Inspection, ,

fallure . missing failed shock loading, periodic
parts, bent fasteners, misapplication, replacement~

or broken fatigue, poor workmanship, .

structural mecha nical - - abuse

items - oserload ,

.

b

-2-3

f
~

..m u. u,...- _ _ . . a- , _ . . _. . . ~ . , _ ,. ..



'

.i
l

!

TABLE 2-1 (CONTINUED). .

TYPICAL DEGRADATION MODES, SDIPTOMS, CAUSES, AND -

MITIGATING PREYFNTIVE MAINTENANCE FOR ELECTRICAL POWER EQUIPMENT

Degradation Typical Typical causes Mitigatirig PM

mode s> to ptoms immedt.te Root

Structural Rust or cor- 2. Chemical 2. Wet and/or chem- 2. Inspection,

failure tosion of attack ically active envir- periodic restor-

(continued) structural onment due to mis- ation of protec-

items application, abuse, tive coatings, PM |

poor workmanship on environmental |

control |

|
.

!
__

i

|
2 L AututAthf hetenthe Maintenance Philosophles.

There are four basic philosophical approaches to electrical preventive maintenance, which are I
|

briefly summarized in the following paragraphs. Most power utilities, manufacturing firms,
and other owners of production facilities utilize a combination of them. The decision as to - )

which approach to adopt is largely system- and equipment-specific. The primary facton
which enter into this decision are listed in Section 2.3.

2.2.1. *Run to Failure."

In this approach PM gr se is not performed at all. Degraded equipment is only repaired or
replaced when the effect of the degradation on process output becomes unacceptable. (For
most types of electric power equipment, this coincides with catastrophic failure.) No explicit
attempt is made to monitor performance or to avert failure, and the risks associated with
ultimate failure are accepted. Because of the generally high reliability of electric power
equipment installed in a benign environment, the "run to failure" approach often provides
satisfactory power reliability and availability in non-critical applications. Small organizations-
which lack dedicated maintenance staffs often utilize this approach by default, and larger and

'

more sophisticated organizations in the manufacturing sector also frequently apply it to non-
critical equipment and systems.

> = 2.2.2. Inspect and Sersice as Necessarl.

This approach is an advance beyond *run to failure,' wherein plant operating or' maintenance
personnel inspect electrical equipment on a more or less ' regular schedule (often during regular

~

" rounds" of the plant). Under this approach, incipient failures are usually corrected before
they become catastrophic, especially if the impact of a failure is considered unacceptable, and

| there is often some informal monitoring of performance to predict future failures. Many
L

[
,
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industrial manufactur,ing plants use this approach and find it satisfactory.

2.23. Scheduled Preventive Maintenance. |
|

I in this approach, established electrical PM activities are performed at fixed intervals of |

|
calendar time, operating hours, or opesating cycles. Both procedures and schedules are usually I

based on manufacturers' recommendations or industry standards. While the schede'ed PM ,

approach ensures that equipment gets periodic attention, it den not necessarily prioritize PM <

,

according to safety or productisity significance, nor does it opamize the application of limited
Phi resources or take advantage of lessons learned from plant and industry experience. ,

Scheduled Phi currently is the predominant approach among relatively sophisticated operators,

of both nuclear power and industrial process plants where safety is a serious concern,
,

f

2.2. l. Rellabilitv-Centeled 51aintenante1RChi).

RCM insolves specifying and scheduling Phi activities in accordance with the statistical failure
rate and/or life expectancy of the equipment being maintained and its criticality to safety and
productisity, and continually updating PM procedures and schedules to reflect actual
maintenance experience in the plant. RCM is the most cost-effective of the alternative
approaches because it improses plant safety, reliability, and availability while reducing
maintenance costs by concentrating limited maintenance resources on items which are the most >

important arid /or troublesome, and reducing or eliminating unecessary maintenance on items
which are of little significance and/or highly reliable. A comprehensive RCM program also

'

incorporates structured prosisions for failure root cause investigation and correction and for
performance monitoring to predict failures. RCM is used extensisely in the military. and is,

gaining acceptance among both nuclear utilities and manufacturing plant operators as its
advantages are increasingly recognized. Figure 2-1 is a block diagram illustrating the Eeneral
RCM approach.

2J. Fe3 f arlors in FlefftluLPre'enthe Maintenanit_QntLrnhation Deelslons.

The optimum PM approach for any specific plant, system, and/or piece of equipment depends
on a sariety of factors, including the following:-

safety impact of equipment failure;e

productivity and profitability impact of equipment failure (including costs of loste

production as well as failed equipment repair or replacement);-

cost of PM;| =

i

failure rate and/or anticipated life of equipment;e

predictability of failure (either from accumulated operating time or cycles, or frome

discernible clues to impending failure);

.

I
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Figure 2-1.The Reliability-Centered Maintenance Process

_.



_ . _ . _ _ _ _ _ _ _ _ _ . . _ _ _ . . _ . _ _.-__ . _ . . _-- _ - - ._-_. __ _ _.. . . _ _ . _ __. - _

,

l

I
I

likelihood of inducing equipment damage or sys:em problems during maintenance ende

testing;

technical sophistication of the phnt maintenance staff; ande
t

availability of equipment reliability information to support RChi.e

2.4, Ggnm]._Q1tidp_lgt_g.o Effettlic Flectrical Presenthe Mainteonoce and Testine Program.'

,

Effective electrical equipment and subsystem presentive maintenance and testing programs in
nuclear power plants should satisfy the criteria listed below.

. First and most fundamental, a structured electrical preventive maintenance program should
actually exist. That is, electrical Phi should be performed...

under fortral management control,e

in accordance with defined practices and schedules, ande

by clearly designated persons.a

Licensee managernent should assign a high priority to electrical Pht. As a corollary,.

adequate resources -- personnel, facilities, tools, test equipment, training, engineering and
administrative support -- should be devoted to Phi. Adequate support from design
engineering and operations are especially important.

Electrical PM activities should be prioritized according to the criticality of the systems and-.

equipment invohed, with the highest resource intensity and scheduling priority assigned to
'

equipment, subsystems, and systems important to safety. ,

.

E!ectrical PM should be performed according to unambiguous written procedures based on.

specific consideration of equipment, application, and environmental characteristics.

PM procedures and schedules should be maintained under configuration control in order to*

ensure engineering review of procedural changes and the incorporation of plant
modifications.

The -'ectrical PM program should have prosisjons to take effective advantage of actual*

experience accumulated both in the plant and elsewhere (e.g. as derived from NRC
tinformation bulletins and notices, NUREG reports, professional society and industry
association publications, and informal communications with other interested organizations
both inside and outside the nuclear power industry.)

e - The PM program should incorporate effectise provisions for failure root cause analysis,
correction, and recurrence control.-

Information systems should be in place to record and update the plant maintenance, testing,e

and operating history, and to facilitate trending of test data, in support of the previous two,

criteria.

.

P
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Electrical PM should be performed only by appropriately qualified personnel..
~ (Qualifications for PM personnel are discussed further in the next section.)

Management should continually monitor and re-evaluate the effectiveness of the PMe

program, and make appropriate changes in response to identified programmatic problems
and adsances in maintenance technology.

fi> clear implication, the " tun to f ailure" and " inspect and service as necessary* philosophies
described in Section 2.2 abuse fail to provide enough structure, direction, and rnonitoring to
satisfy the criteria for a sound electrical PM approach. These philosphies are not acceptable
for safet)-significant equipment and systems in nuclear power plants. At a minimum, a
scheduled PM program is clearly necessary for this equipment.

Public safety objectives do not necessarily require a full-scope reliability-centered
maintenance program for nuclear plant electrical systems. Ilowever, experience with RCM
programs in other process industries, and with pilot programs in the nuclear industry (see, e.g.,
References 81, 85, 9|a, 91c, and 91d), suggests that effective RCM can yield substantial
improsements in plant safety, availability and productisit), and reductions in plant trips and
m operating and maintenance costs.

2 .5 . Qu a li f.i a li wile ll3t titl t a U'Hu nih tlip Ln itn a tKtlin pa n tLt

T he minimurn acceptable qualifications for personnel assigned to perform electrical PM depend
on the circumstances. It is normall) acceptable for non-specialists (e.g. auxiliary operators) to
perfor m superficial inspections and other undemanding PM tasks when guided by defined
procedures and acceptance criteria, lloweser, ef fectise administrative controls should be in
place to ensure that critical PM tasks on safety signficant equipment and systems are
performed only ty -- or at least under the immediate and active supervision of --
appropriately trained and experienced maintenance technicians. Such tasks t)pically include
in'ernal inspection, testing, calibration, and refurbishment.

Training for critical electrical PM work on safety-significant equipment and systems should
include at least the following:

the f undamentals of electrical power technoloEy,e

general electrical maintenance techniques,e

electrical safety methods and practices,e

the design and operation of the equipment and system to be maintained, ande

the maintenance and testing procedures applicable to the equipment and system to bea

maintained and tested

l'or critical tasks, technicians' experience should include similar work on the same or closely
comparable equipment, preferrably in an operational environment, although experience
acquired in a training ensironment under direct super sision of experienced instructors is
acceptable.

2-8
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2.6. Orilmlialloo of Pre entlee Afsinttaance. Inter *als.

Experience in a variety of industries demonstrates that performing preventive maintenance on
an absolutely fixed schedule rarely results in the optimum balance among the costs of
presentive and corrective maintenance and the safety and productivity benefits of equipment

Given an adequate historical failure and maintenance data base,reliability and availability.
reasonably straightforward methods can be used to optimize the preventive maintenance cycle.
A well-proven approach is discussed in Reference 59 cited in the Bibliography. Maintenance
intervals can also be based upon the recommendations given in Reference 110.

>

2.7. Trendhe of Ted Resnlli.

Systernatic trending of field test results is a key element of a high-quality electrical
This is true because the magnitudes of many of the parametersmaintenance program.

measured during field tests on equipment are poor predictors of future failures, unless they are
so far out of the normal range that they indicate imminent and probably irretrievable failure.
Examples include insulation resistance, leakage current, capacitance, power factor, and
dissipation factor; bearing temperature and vibration; and winding temperature, liowever, a
degrading trend in these parameters strongly indicate: impending trouble, especially if the
trend is accelerating. A sound trending program can often alert the maintenance and
operations staff of the plant in time to arrest the degradation and avert the failure, or at least
to minimize the effect of the failure on safety and productivity.

To provide meaningful information, the trending program must be structured to screen the
effects of external factors which affect the measured results but which are irrelevant to the.
actual condition of the equipment out of the test data. Test procedures should mandate
precautions to ensure that the external conditions which can affect the test results remain the
same from test to test, or to correct the results wher. this is impractical. (For example,
insulation resistances readings taken at varying temperatures are corrected to a common-base
temperature.) Typical irrelevent external conditions which affe:t electrical test results include
temperature, humidity, and load.

2.8; S3stematit Failure Anshsis Acorossh.

Failure analysis and root cause investigation should be an integral part of any electrical PM
Figure 2-2, adopted from Reference 81, depicts a sound, experience-testedprogram.

approach. The steps to be taken after a failure is observed are described in further detail-
- below.

1. Use a failure cause analysis to determine the proximate cause of the-failure. :The
proximate cause is expressed in terms of the piece-part-level failure cause, e.g.' * relay XX
failed to transfer due to corroded contacts"

2. Compare the proximate cause to past failures or. conditions on the same and similar
equipment to determine.if the problem has a systematic root cause, e.g. a chemically active -
environment in the example cited above.
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!

3. If there appears to be no systematic root cause, correct the failt re, resume operation, and
contine performance monitoring. If there is a discernible root cause, initiate a structured
root cause insestigation.

4. Determine if the problem is common to seseral other plants (generic) or plant-specific by
reference to the Nuclear Plant Reliability Data System (NPRDS), NRC bulletins, contacts
with equipment manufacturers and with other utility and industrial users of the equipment )
involsed. etc.

!

5. If the problem is generic, contact other affected plants to determine if they have taken any
effectise corrective actions, if so, adapt these actions to the specific circumstances of the
affected equipment; if not, proceed to the next step.

6. If the problem is plant-specific, or if it is generic but no effective solution has.been
developed elsewhere, determine if it is attributable to a unique system | design, to
application o; environmental factors, or to operational factors such as muntenance, testing,
and operations practices.

'

7. If the problem is determined to be related to system design, equipment application, or
environment, determine the specific deficiency (through special tests performance
monitoring, environmental monitoring, etc.), and make appropriate corrections.

8 If the problem is related to faulty operations, identify and correct the specific procedures
;ns olved.

9. Determine whether the root cause of the problem is a programmatic deficiency, e.g, in
procedures writing, training, supervision, or adequacy of resources, and make appropriate
corrections.

10. Perform the necessary post-correction testing and monitoring to close out the problem and
ensure that it is corrected.

2 9. hialnten_ayn.n Managtment: Lessons I gng_ tiff _grn._Sttunful Procrams.
,

The maintenance philosophy employed by an organization is only a part of the whole in plant
maintenance process. The implementation of the basic philosophy is at least equally important.
This section of the report discusses the observathns of the electrical PM guidelines project
team co'ncerning the implementation of preventive maintenance programs (hereafter called

- mai.ntenance management), based on the industry survey described in the Appendix and the
experience of members of the guidelines project team as participants in maintenance and

'

functional evaluations at a broad spectrum of nuclear plaros.

Electrical preventise maintenance is an integral part of the maintenance function in nuclear
power plants, and accordingly this section asoids making an artificial distinction between
electrical and non-electrical maintenance with respect to maintenance management.

.

2.9.l. hinntenance Otranization.

On the basis of the research for this project, the project. team observed that effective
_

.
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|

maintenance tends to correlate with a small and agile maintenance management organization.
In a compact maintenance organization, both phnt and corporate management are continually
imohed in the administration of plant maintenance. Direction from the executive level is in j

many cases based on input from the technician level. As a result, management decisions are
illuminated by information from all parties involved, and feedback is readily available on the

,

results of these decisions. 1,
I

liowever, while "small is good," there are potential pitfalls to a small maintenance organization, |

such as tendencies toward micro-management and work overload, In the more effective
programs the project team investigated, management had devoted much thought and effort to
anticipating and avoiding these problems,

in the better-performing organizations, the team found that the following approaches
contribute significantly to achieving maintenance goals and hence plant safety and

-

performance objectives:

Effecthe analysis of maintenance needs..

Thorough training and qualification processes..

Effectise self-assessment, both organizational and personal..

A competent procedure development program,.

Communication of plant modifications, operating procedure changes, etc. into thee

maintenance organization.

A thorough post-maintenance testing program.+-

r

Ample and knowledgeable technical support.e

Use of the system engineer concept.*

Ongoing QA/QC insobement..

,

ALARA planning.*

,

identification and tracking of rework..

i

Positi e management control of work and rework.' .

! Use of maintenance study groups. ,.-

;

Ongoing analysis of corrective rnaintenane" and basing of revisions to the preventive.
|

e

maintenance program on the results of this analysis,

Failure analysis and trending programs.e

Tightly. controlled spare parts programs.-e

Categorizing equipment and prioritizing maintenance thereon according to.its importance to'_.

{ .
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.

oserati plant performance as well as safety.

Good ccmmunications throughout the organization..

Root cause analysis, correction, and recurrence control programs. ,

.

Most of the abose factors leading to effectise maintenance are either self-explanatory or are
discussed elsewhere in this report. The following per:,taphs will attempt to e!arify some of

'

,

' - the others which are not so easily understood.

2.9.2 Self- Assessment.

All licensees currently perform maintenance self-assessments as part of INPO programs. INPO
assessments are excellent tools for evaluating the specific details of rnaintenance effectiveness.
Ilowever, the team found that the better-performing organizations extend their self-
assessments beyond the scope of the INPO programs, both outwstd to encompass the
interactions of-maintenance with other plant and corporate functions, and inward to include

_

self-assessment at the crew and indisidual levels.'

Another Ley to a sound self-assessment program is acting on the results by incorporating them
into the organizational culture in the form of long-term changes in policies and procedures,
This process appears to run reasonably smoothly in organizations that have had it in place for
some time. However, organizations introducing it anew experience some growing pains. (For
example, as was brought to light in one interview, the results of a broad self-assessment are
not always pleasing to management on the personal level.). This is to be expected from any
substantial change in organizational culture.

2.93. hhintenmge Proce1qre Develooment.

Maintenance procedures for the most part appear similar in format and content' throughout the
nuclear power industry. Initial conditions, final results and a process to get from one'to the
other are the -basis- of all maintenance procedures. Some features of the procedure
development process common to the better-performing plants, and not always seen in others, .
include the followirig:

All groups a procedure can affect, either directly or indirectly, review all new and revised -e
.

procedures,
'

All new and revised procedures are independently serified..

*' The procedures te!! the technicians exactly what to expect frorn their actions.

~ The acceptance criteria, and the-required actions when they are not met, are clearly .

*

defined. ,

The -applicable. maintenance procedures are written concurrently and interactively with the
e

h .

design of plant modifications, rather than after. This allows the design engineers to
review the procedures for consistency with the design and -- at least equally important -

the maintenance staff to review the design for maintainability. . Unmaintainable designs

|
,

|:
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and poor procedures are identified and corrected in advance.

There is a tightly controlled periodic procedure review process.*

Maintenance technicians and other involved plant staff members receive detailed training.

on procedure content and use, safety precautions, and plant ptc<ess considerations.
4

Maintenance procedure development does not end with the creation of step-by-step task
The mostinstructions leading the technician through a preventive maintenance routine.

effectise procedural development programs go one step further by providing a process for'

incorporating feedback from procedure users. This gives the procedure writer a clear
understanding of the effect of his/her approach on the plant process, and alerts him/her to
latent ambiguities and opportunities for error. Without this feedback, maintenance technicians
tend to supplerr.ent deficient procedures with their own process knowledge (and educated
guesses), potentially resulting in hazardous, undesirable, or invalid results. _.

2.9A. Post-Maintenaner Ignjng

Post-maintenance testing provides the best assurance that maintenance actions were
accomplished correctly and that the system or component was returned _to functional condition.
Post-maintenance testing is heavily emphasized in the better-performing plants. In these
organizations, post-maintenance tests are performed following any action that potentially
affects the operability of a component / subsystem / system, including PM as well as CM, and the
scope of the testing is broad enough to confirm all of the potentially affected functions.
Associated system (s), subsystem (s), or component (s) are tested along with the system (s),
subsystem (s), or component (s) which initiated the process if an engineering analysis indicates
that the maintenance action could have a significant impact on these associated items.

2.9.5. Ig.chnical Surnort.

Technical support is intended to ensure that the preventise maintenance program properly -

addresses the engineering and logistical aspects of maintenance. in view of this broad '

objectise, ' technical support of maintenance * encompasses much of the engineering and
management activity that takes place in a nuclear power plant. This includes at least the-
following functions:

maintenance engineering,*

system engineering,e

design engineering,e

training,e

spare patts and materials management,e
,

quality assurance,e

quality control,e

2-14
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document control,e
,

purchasing, receiving, and incoming inspectioni ,

e

plant performance trending,e

o

health physics and ALARA,e

, .

plant chemistry, ande

regulatory compliance.e

There are, of ec;rse, many other areas of maintenance involsement with technical support
groups. The intent here is to show areas which stand out in the better-performing plants and
which tend to be missing or under-developed in other organizations;

,

The technical support activity most directly involved with. preventive maintenance is
maintenance engineering. This function is present in all'of the better-performing' plants,

ltsalthough its name and where it fits into the organization vary widely from plant to plant._
purpose is to optimize the maintenance program through planning; feedback, continual
evaluationi and periodic updating of policies and procedures. The functions of a maintenance'. ' ,

~

~

engineeriag group typically incluF

maintenance procedure development,e
,

maintenance procedure configuration control,e

periodic review and updating of maintenance practievs and procedures;e

maintenance record keeping,e ,

in-service inspection and testing (ISI/IST) program development,e
.

providing guidance to the training staff on maintenance training;e

|
. input to NPRDSiand evaluation of NPRDS data from other plants;s

. . collectiri; and ' trending equipment failure, reliability, availability, and maintainability data 1 t-

tracking and trending the corrective- to preventive-maintenance ratio;*

,

failure root cause analysis;e

tracking, trending, and analysis of nonconformances;.e

identifying and monitoring maintenance-related equipment performance parameters, ,

e '

especially failure precutscrs;-

identifying and monitoring maintenance performance indicators; _e-
,
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retforming maintenance self-assessments; and.

.

deseloping reliability-centered maintenan;e programs..

2.9.6 Eswsd;.

In the maintenance context, rework is defined as repeating a preventive or corrective
maintenance task because the original attempt failed. Typical reasons for rework include
ambiguous or erroneous procedures, poor workmanship and other errors by the technicians
performing the v.ork, and deficient equipment. The need for rewo+ is normally discovered
through post-maintenance inspection and testing. The better-perf , m plants track rework
statistically and use it as an indicator of the effectiveness o' ine .aaintenance process,
especially of presentis e maintenance. Trends in rework statistics are objective evidence of
trends in PM quality which can be used to justify insestments in better PM to management.

-_

Furthermore, analyzing rework oser time can disclose design deficiences, gradual equipment
degradation, and problems in procedures, training, test equipment, etc. that are not readily
apparent to the maintenance staff on a daily basis. For example, one licensee's tracking of
rework for contracted maintenance work over an extended period revealed an equipment
design problem that would protably neser hase been identified and diagnosed otherwise.

2 9.~ M;d_njen:ince Mudv Gsr1 >

~

A maintenance study group t a group of maintenance and technical personnel assembled to
analpe a specific maintenance-related problem and recommend a solution to management. Ad
hoc maintenance study groups come together informally in most nuclear plant organizations,

* but the project tea rn found that formalizinE the study group process multiplies its
effectis eness. One of the keys to succc s is representation from a cross-section of the licensee
organization; this achieses disersity in opinions and problem-solv:qg approa:het

The problems studied are not necessarily limited to hardware, but may include mankgement
and personnel matters. Issues arv identified and bronht forward through a variety of
avenues, such as feedback f rom maintenance and operations personnel, direction from -

management, nonconformance reports, employee concerns programs, and NRC inspections.
The typical product of the group is a plan of action with milestones for completion of specific
goals. When management approses the plan (as is normally the case because it represents the
consensus of the best available espertise on the subject), the team usually is given
responsibility for implementing the plan and reporting the results to maragement. The process
is rather simple and appears exceptionally effective.

2.9,8 LpdefaLQ35.glinlion bs inglJnce to Plant Perfar.rnangs_as WdD4_Safetv.

Pursuant to NRC regulations and licensing committments, licensees invariably place safety-'

related and environmentally-qualified (EQ) equipment in special categories which receive more
intensive (or at least better-documented) PM attenti0n than the remainder of the equipment in
the plant, lioweser, some licensees also cateEorize equipment for PM platining purposes on
the basis of importance to plant performance (i.e., thermal efficiency, availability, reliability,
and operation-and-maintenance cost) as well as safety.

2 .16

i

a __.__ __-.___._m_ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _



, . .. . . . --_. - . . . ._ . . - , ~ . . - . .

4

1

This performance categorization is based on an engineering analysis of 'the effects of
equipment failure or degradation on the key plant performance parameters, and is intended to
supplement rather than replace the existing class, code, and EQ categories. - As a result a
subsinnthl proportion of the non * safety related,' balance-of-plant equipment is placed urder
formal, planned PM.and surveillance, While cost-reduction rather than safety considerations
are clearly the reason for this practice, it represents : .~ivorable tiend from the NRC's safety.

+

*-

perspective and should be encouraged because most major BOP systems have considerable
indirect safety significarice.

4

2.9 9 Sam;La

The foregoing has been a brief look-at the features which. the electrical preventive
maintenance guidelines project team found to be common to effective nuclear-plant preventive ,

>

maintenance programs.

There are many ways to effect improvements in an organization, but probably the dominant
cause of failing to improve is resistance to change. in the plants which have outstanding
maintenance organitations, upper management has over orre this tesistance by direct; long-
term invebernent in establishing and implementing policies leading to improsed maintenance.

r

Perceptible improvements in reliability, availability, and thermal efficiency have generally-
resulted; the indirect results have been both Ereater safety nnd higher profits. The changes in
these organizations were not easy'and required both' time and dedication to implement.
Effective management appears to be the key to an effective overall maintenance organi:ation,
not the number of programs rnanagement has in place.

.
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3. DUIDEl.INE3_ ERR PREVFNTIVE hLAINTENANCE AND Tf3I.|S.Q-
QF_ El.I CTRICAL EQU[PhlfhlJ1SIJJ1$. AND SUlGX$1fd15

:
!

.

3.1. Gidt.ral.

This section of the report contains recommended guidelines for preventive maintenance of 1

-|specific types of equipment in nuclear power plant auxiiary electrical power equipment and
systems, and for integrated subsystem and system tests. The guidelines have been euracted'

Ifrom the recommendations of electrical equipment manufacturers, industry standards,
authoritatise referen;e works and techni:a! papers in the preventive maintenance field (listed i

in the Bibliography). and the established practices and successful experience of both domestic 4

and non-US nuclear facility operators, Nuctsar experience has been supplemented by
information derived from several other industries in which public and employee safety and
process continuity enjo) a high management priority. (The Appendix discuss the rnethods
used to develop the guidelines in detail.) Refer to Section 2 for a summary of the general
prin:iples of sound electrical PM.

As mentioned earlier, both probabPistic risk assessments and incident experience clearly
demonstrate the poter;tial for equipment failures in portions of the electric power system
which are not classified as ' safety-related" (i.e., not Class IE) to pre:ipitate reactor trips,
cha!!enge safety equipment, and/or degrade the reliability and availability of safety-related

Most if not all of the components in the auxiliary power system in a nuclear powersystems.

plant hase substantial safety signifi nnce. Therefore, these ruljielinelmake nqJhjin tiona
laj3rin C% 10 a n d n o n- Clan.5 I E e a u l e m e n t a n d sy b s y s t e m s i n t e r m sg ris.gm.u n d e d
tires entis t maintenanct and giting.

The inspe: tion and testing recommendations herein are intended to supplement but obviously
not to replace the regular surseillance of safety-related electrical equipment required by plant
Technical Specifications.

The remainder of this section discusses (1) recommended minimum preventive maintenance
a:tivities and interva!s for inajor types of electrical equipment, (2) guidelines for integrated
system and subsystem testing, (3) factors to be considered in assessing the acceptability of
deviations from the guidelines, (4) indications of impending problems to be looked for during
sisual inspection of equipment, (M the role of equipment manufa:turers' recommendations in
electrical maintenance, (6) and the pros and cons of the several available techniques for
evaluating electrical insulation quality.

| 3.2. Er'ecific Pre *entise Maing.nanae Ue.ggmmenflei ns.9

T::bles 3-1 through 3-31 on the following oages contain roommended PM and test activities
and schedules for the ele:trical pov.cr equipment within the 5 ope of the guidelines project.

,

I

f

I

f.

I

i

!

i

;

! -

|

,
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Table 31. PM and "lest Schedule: Liquid-Cooled Power Trartsformers

Eiery i Every After
_

Prk>r to |

or l'pon i 1844 | 54-72 Through As

dad,yQuarterld Wnthh Months Fault NeededReminmended PM or Test Notes In stern.
i !

kms:a ! l
* * I iEs temal vi;ualinsy<tson
* * I !bgerna) visua! inspjon - control c abtnee

I l
,

* * *
Instrumenu and indicators

* *
Infra red scao - extemal connections |

.

!f
!k N 4.-_ _ .._ _. _ __

* 1 | .Radiator ar.d cooler cleaning

h I I I * *
Fdter deanin6 rP *'""*"!--

* * i i e
Far pmp,, cooler lut7ric ation

4 e i .
Connoi contact clee ng.1.placeme..ti

__

_,l! e .a
--General oghtening _

Conuni cabinet gener4 cles.nge {
. i .

Bushing clea,n_ing . _ . .

j i e i .

-
__. ; .

Emmal cleangg anipigting __ { ) ( ,

I i i3

L ! )Iama _

} j_ _ . . _ . . ' _ _ _ _i e* .iCoolant color
- ;

L' | + | .Coolant dielectric 1
*

jCoolani motsure tornen: 1.2 . .*

Gu os er coolaru ana)Lus | 1.2 * i ' 4 .

i
- s. 1 * i

Coolant dissol _ed_p._s _an_A_m_is._
... _t _ . _. _. ) . ,

. ., .

.C, m! ant a.:id_u,v . . _ _ _
i * 1 i ! . | .

TCoolant interiscial tens;on 1 *
'

) |
.e

j
|

+ . . .=halauan reustance
i } l . .% gpwer fAtor :,2 * e

i + . t .e
_ Bush _tr*gpw er f act x _ - _ . _ _

} .
:

+ j eE niuuan
ii i * *Rauo *

^1 'E Etenud 3 * I
..

hh ! 1. i * **
- . . _ _ . . _ .

Con:rol and susils contact resistance I ! i
=

I l-Cceler and filter differer.ttal pressure I ! i *

I i ! *Gas sea! equipment *

,Pressu eNacuum relief device __ __ _ [_ | 1 **

i *!Fau, h pressure relay * i

I i f **Tun ground
Core gound I i i *

..

.... _. k - _N L -.

Note 1 Refer to tecnon 3 8 far details ! l
i i

Note 2: These tesu rnay a33 e justdied for smali. non-criuce uansferrners ih

Note 3: Optional j i j

I i(See Toble 3,2 for load tap clger PM )
I I
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Table 3 2. PM and Test Schedule: Power T ansformer Under Load Tap Changersr

! ' Errey 18
_

_ _ _

Prior to - _[ 24 Mos.

or Upon ! or S.15K i As

Recommended PM er Test Notes i n s tal*n. 1)aily ! Quarterly IOperationsI Needed

fI '
;

hen J ) I

External visualinspecuan _j* * '

'* *'.itemal visual inspecuan ,

* * iinstruments and indicators>

Control winng check -

i **

* f *
Contact alignment

! '
Contact wear

_ _ _ . _

I *Vacuum interrupter wear indicator
'

'l i

kaiGL_ -- _.
!-

* *
General cleanirg _

1

' ' * *
General tientenme

I iI
' ' **Contact dressing / replacement

| I I **Lubncation - rnotor. operaunc mech.
I *

Exte: .al clemmLagaintmg _

1 !

I IIIGS
| |I ; **

Operate m2nually throgh rance ,

!* I ; *
Oprate cienric:Jly tr. rough range

|*Control v inng comine tty
i ( lConvol r.a auxiliary contact resistance *

' i !Convol fase conunut'v
II

' **Insulation resmance
* i . I *Inst.!at.on resistance - Hich pate-nai

I t I
.

t
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Table M. PM and Test Schedule: Dr). Type Power Trarnformers

Prker to i
.,- - . - . ._

EserQ Dery Al'_er4
Of I'P98 ~. _.._ - ... _ __. |_ 18 2 4 I $4 72 Threqh As

Recumrnended PM or 'f est %tes_ Instarn. Ji_ag _fluarterld Months Months Fault Needed

_ k J. b
I IkhdW.

__.___ _.l . . _e .___._ . . . .

-

e
D. _irrr a1_ _isu.s!_WuLaten. o. .. ._ - ____

e e
_tni. err 4. .*.n. .u..al_i.n..sp ton - control c aba u .

i

I l a* eInstruments anj indv.ator?
i eeinfra ted scan - etterr,a! conner.uans !

_. . ._- . - _ _
| !

1N2 8 _. ._ __ _ __ . ._ ._ .. __., _. _ . _ _ __ . . . ._d.. ] ._ ____

| | * e
. Ventilation filt.e.r. c k an_m_p.eplacement .+ ,

.-. .

* i e i 1 e
Fan lubocsuon

_._ .___ ! . . _ . -
_..__i._,*__._,j __

e
Centrol eontx_t cl.ean._i.nghepi.n._w ent ...-. . . _ . .. .

* l * ! o -

G_ea_,r.C.._tigh. teni.ng
_

4

.i| I e eGeved acaning
_ _ . . _ . _ ___ _ ___.4,_...

i i e
Litem1_c t_e mmy_ed p_m_u_ng _ . _ _ _ _. . _ _ _ ,

.t. _ . .. _ , , , , , , _ _ _ . _ . _ . , __ - . _ _ . . . - . _ . _ . _ . _ . . _ _ _ . . . . _ . . _ _ _... . ._..__.;

j____.In'C _ ___ ._ ._ _ _ _ . _ . . .___. _ . . _ _ _ _ , . .

e i e i eInsulauon te satece
I i e t

.t.r,a,_ulaaor, pr+ cr f ww _ .1... e
a -

hn auon
- . . _ . . - . .. . _ . - .i i e

1 e i.
.3 eRaao

. ~ . _ - _ _ . . _ . . . 1. . . , ._ _e ;.
,, y

i

-._.___..l,_ .i
e .e.A c..hgpute neal ,

_

Conw,1 mi aun!iaa. c.ontxt resu.wce .___,i . ,,I i
*

--- .

* I _.,i.___._,,__._._..,!_ .
C_nc. .p.o_und.,. . _ .. .. . _ , _ . _. _ _ . ~ .__%._

Co_re p_awi . _ . . - _ . . _ . . . . . _ . _ . _ ,._._._._.! | 1 _.__i____
_.

e
- _ m_.. , , _ . _ _

_- ..-_x_ __

|
iNote 0 Dese tests tr sv fot tw rest.fied for wgp stat non<nucal transigen' ts r

No._t_e 2 .Opu. a.ns_)._.,_.._._.,i..__..__.._,I_..._.i _ , _ _ _ . _ , ,

; }

i
.

-- w_
1

.

44
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Table 3-L PM and Test Schedule: Outdr>or Oil,SF6, end Alt Blast Pocer Circuit Breakers

| 1 1 Dery 18. i Every 54-

Prt* to ' I 24 h i 72 h ^
._-

. or i Poo I or 46 7$ I er Arise
Rn uremmdnt PM ne Tess % et inestn. D all!_ hkly Qu arterlyi00* C?cles i Fadt As W.ded

i
._ _._ _ y

' 'nWG
i* ! * *Eksina! nsuel tay (tJnret door ctwd)._

* * ! i *E.iterre uw2J_tngjcahret dxt cren) __

i * ! ; *eOp r rnem an or au nuure

Interrute_r3eneral trgwijtn forwn ta-Jt) ! [ i e

|
4 **Wn cataa abptrnent

_ _,

i i *Men emtaa nearms tenem_
* l i eAnang emt.w: ahpewnt <

T I !' *
Arwt (*t*d * rat - . ._

cmtru be cmuna:y .

i i *'* ,

,M EE __. 1_
, _

.

__.
.

l'

it * * *Crereral tiwunggerator c Aret _ _ _

G N 'WITJ'er6?X i * ! * **
__

i * oi egmargmatm sm )ene.uc i

_

! * * *c rrptva n! ocuir luMcaema
9 d NK .'J!S_n3 _-. _ _ _ ... M * i * *

'
E"-*l cl**YJS ^"d f*EfnL__. __

i *

'
v. . . . _

dEC& , +

Lrf and ci a _ _' _ . . _ , 1 _
I * 1 *

, _ _ _
'* * *Contnis op rAhty

) ~

i * *
--os) em ) ,

p. ,-

WAsiectne- J- ! i _!
* *

Gu N^sshier. muift ew _ _ _ _ _ _ ...j L. . . _ . _
. _ _ _ J __!_

*

* i i t *carms trwu wstangy amu r:no _
i I !

..

Cmtml and amthar. concs:t res:cance

Cmtr>l wmng cmangry
_ , _ , (* *

a i * *inshn pmer ta.m

_l
* *1 udame rencarre *

$$$P"d __ _ . . , . .- . . _ _ ,

**
1.'

Mhe u*L_ _4
* * *

'

_ _ _ _ . _ _ _

. . .

_

. [.. . i !*feestenanei ____.._____.J-. ' '

wie t oti twaim enh I -,I I I
_.

*
-

SCU). M MTd M OEMY 7, f k i

.

Nga 3 sri uW wr.Nast breAtm only. I l I i t {
'

.L3*.E l'Ef_Mh!P " 3ilD. 8Ln".1}D.}? :1Y36IM.S*Yfj (Cirrutt $muchers. ti:{ i

i. , l. I t I |
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Table 3 5. PM and Test Schedule: Outdcor Switchyard 'Equipmerti

-

i ! Every 18 Ev ery .4

! j 24 Mos. 72 Mos.
_

_ _ _

Prior tod ) or 10-25 or 25 7!

or Upon I | Switch Switch As

Recommended PM or Test Notes Instal'n. i Daily Guarterly o per'n s. Oper'ns, Needed

i i
-~ j !
MTIEND . . _ . *j*| ,

Etternal visua! inspection
<

* | |
* *

infra-red scan btu joinu, cable termina90ns
* 1 | *

Insulator cleanliness, darnage, tracking
! l

**
Control and instrumentation _ wiring

|-i *
Instrurnent and indemor

| !Switch arcing contru wear _

! 8
Switch contact a!qrtment

* I iSwatch auriliary conta a check
4 ,

' I
htXitial __

* *

. insulator cleaning __ __ _
j
! * **

General ughtenine _,

* ** -

_Lgricadon switch operator. motors
* *

Switch arcing contEt dressinQeylacement
* *

Switch auxilian contact cleamng _ _

* *'
?

hshs3 cle.cunL l i *
External cleaning and o.unang

'

_ i .
'

RE401
Cycle switches manually and/or electricayy_ i i* * ,

**
Inscument traAsformer rauo .

'

* ' *
Concol and instrument winag continuity '

Cc,m ol and aanliaqcontxt resistance { ; **

* ! i *

Tasuladon resistances

* ! *

Mpotential
I ?

Note: See Table 3-1 for PM on power circuit breake:s and SF6 switches (Cecuit Switchers, etc.).

{| l i

.

4

S

*

f
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Table 3-6. PM and Test Schedule: Drawout Air Power Circuit Breahers,5,7.2,15kV Classo

! | Every 18- Every 54-

Prior to ' | | 24 Stos 72 hits.

orlpon| I or 40-75 or After As
'

I Quarterly i cot C$cles Fault NeededRkommended P51 or Test Lies Instarn. ! Dali
i i i

lT4N ! I
* i * i *

Extemaj sisualinspection (cell door closeg __

* i i * ( *Estemal visual uurect,on (cell dcor open)
.

~
* ! ! ! * *General internal irtspec6ma

-
* I i i * *Control aM tnstrumen: wintg _

* I | * *
CB_ element autibag contacts _

i | | * **Arc chutes
* l * *Puffers
* ! | i e *Main contact abgnment

Main contact we ar i | | * *

i I * *Mam contact sprtng tension
_

* * *Ar:tng contact abgnment
~

i i * *A_r:ing can'A:t weat
Mechardsm . damage and w ear j * *

* ! ! i * *Cell methanical abgnrnent
* i | * *Mam drawout uabs syyn tee.s >on

CB to cc11 aatih arv dra'*out connectar * * *

! '
. . _ . __ _

1Mi
* *General cleanirg _

,

* t * 1 *Gener al tighterun_g

.Lubric anon . mech.. maors. dra* out stabs
* * *

! I i

! 'M"4 _.

Trip aM close
_

y* * *

* * ! ! * *Controls operabibev

Current trutsformer ranc * l *

Contml and auxiliary centrt resistar, e * *, 4

* ! *Cun:rol w emg corumum
_ , _

i !Centrol fuse con 6nuit
* * *

i *Insulation reskiance * '
1

-

Ir.salauon pc+et facterr 1 *
.

; * * *

High potenna!
_ j* ( * *

Contet resistane _
'

;
_

* e *

*bkV class tnchades 2.4 and 416kV 0;rrxmg voltag * i

{tCk,seyn cscles i i
,

! I7.2iV class tneludes 6hBv _umg v.oltep.
151V chss includes 12 47.13 2 0 8, sr.d 14 AkV ore *ttng > nltares

lNow 1: Opuonal >

,
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Table 3 7. PM and Tcst Schedule: Drawout Vacuum Power Circuit Breders,5,7.2,15kV Class *

5 i | Every llL Every 54
___

.-

Prks to i _ 24 M n 72 Mos

i od'1x)n ! or 40 75 er Afier As

Wnommended PM or Test %tes Instarn. I Daily Quarterly 1 cot Cycks Fault Needed

i

! Ibsmim
j #* *

Er ternal visual irgetion (cell dmr closed)
|! * *Exterr.al visu11 inspextior. (cell &or open) * '

* i i j = *General internal inspecnon

{* ! *
Contml and instrument wing

* I i * *

[CB riement autilary centxts
i i * *

IVacuurn teterrupter g wear indicapr
i | * *Mechanism - damage and wear

* ! j * *
Cell muhamcal alignment

i * * _*Mam drawout stabs spnng tensjon
* l * *CB to cell ausiliary drawout connc4ter

1

1CTOM . _._ . -

; * * *
Genen! cleamng __

* * ** i !General dghteniq
| * * **Lukic adon - muh.. motors, dr swout stabs -

|

hm4_ _ __ | _ ,

* ! * *
.T_rjip and clo<e

* * *Controls operobthry
* i *

Cunent tr ansformer rano
*

Corit ut and aux!!iar,y contact resisun e _ _

* *
Control w tretcontinug

| * **Contml fuse mnunuitv
* * *

Insulauon resistance
l * * *Insulauon power f actor 1 *

* ' i e * *gh potenaal
-

4 e ** iConaet resistance
i

*See Table 52 for operaungvokages.
~

l

-

!tClose.cyn cycles 1

iNote t; epoonal.
I

'
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h
' Table 3 8.1l M . : d Test Schedule: Metal Clad Switchgear Assemblies,5,7.2,15kV Class'i

;. ;

Prk)r to ! Every Every

or Upon_ | _18 24 54.72 ' As--

Recommended PM or Test Notes instarn. Dallt Duartert/ Months Months Needed

I

!k.w@ .
* *

En temal visual ins;ection (cell dmrs closed)
* *

Instruments md indicators
i*' *

E tiernal visual inspection (cell doorsyn)r
I **

InternJ inspecdon - circuit treaker cells
I* *

Fms
I +*

- Internalins;vcdon - PT and aux compartments
* l * *

internal insp. - bus, termitadon compartrnents
*

Inha-ted scan - bus ptnts, emb!c terininations
* *

Control and instrument wiring

{
**CBs tn cells mechanical alignment -

a f *
CB to cellcontrol!aunihan contacts

! !-

1W$L . _.
! l * *

General cleaning .

* i i * *-
General ughtening

I ! * *
hlter cleamng or replacement

j ! * **1,ubrication - fans, racking mechanisms, etc. '

i I *,
Extemal ctearang and patnnng

i
-.1- ,

i !Tr. gig ._

* ' *
Controls operabilig

* ! *
Instrurnent trmsfonner ratio

e i i *
Contml wirmg conimuin;

*
ControbM auxiling corart resistance ,

| **Control fuse contimuq_ .
j **Fan temocrature suitchei - . . _

* ! i *
Spre heaters

* 1 i *
Contrul oser recufiers outputf

~* * ** i
lasulation power factar _1 g

* .t * *
Insul:6on resistance

* ! *- *
ggh potenda!

i i

! j
-*See Table 3 6 for operatmgyottages..

Note 1: optional. | |

i i

|
,

,.
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Table 3 9. PM and Test Schedule: Metal Enclosed Air Switches,5,7.2,15kV Class

!I
'

! F*ery EvertPrior to e

| 18-24 54-72 Asi
_

ar Upon

Recommended PM or Test Notes Instarn. Dalb 'Quutert) Months Months Needed

'
!

i |

Lume:a
i J* *

E xternal visual inspection (cell doot . closed)
* * I i

letsvurnenu and indic ators
i * !*External visual utstection (cell doors open)

* 1 ! *

Internal trtspec6an
{* *

Fes
i i *

Irtfra-red scan bus pints. cable terminations
! **Cc, trol and instnanent winng

1. ! |

Scur.s J ! I _

i ; | * *

Gerer al cleaning
' ' * *

!*
Gercra' u ghterary

i > * *

Fiher cleaninmepipement
* t * *

,

Luhicadon . f ans. s witch rnechanisms etc.
i

.

F,s temal cleanmg and painung
! l

! I

Isne.s _ _

e i ! *+

Cont ols operabihrs
I ! **

Inscument varz.former rano
* !

i *

Conn al wi tn{ continuity
*

1
Contml and autihaiy contxt reststa rc

i i **
Cgntml fuse conuntury_

|
4 *+

Fan ternper ature ss itches
j ! ** <

Specc hesters
* * *'

Inselacon resis:rge __ 4 ,

,lnsulauonpw er f actor _1 ] _j* * * *

'
'

* e* ,

High nstennal
-

I

i*See Table 3 6 for operag.g voltages. _

'
tNote 1: opiona!.

!l i

l
I3 10 1

I
|

~ ~ - - - - - - - - - - - - - - _



Table 310, PM end Test Schedule: Low Voltage Drawout Air Power Circuit Breakers

i I 8 Eury 18- Every 54
_

Prior _to i ! j_ 24 Mac -72 Mos. -

_or_l'pon i ! I or 40-75 or After As

Recommended PM or Test Notes Instal'n. Dall3 ! Quarterb CO* Cveles Fault Needed

i |i

batii.a _ i !

Extemal visual inspection (cell door closed) _ {
e * ' .

e i 1 e eEatemal visua! inspection (cell door open)
* I j e eGenera) internal inspection
e ! eCon:rol and instrument winng

CB element auslan contacts * I e e

e i I e eAac chuws
e i i 1 e eMam contact alignment

Main contact wcar i . .

i * .Mam contan syrjngJension
_

|
'* * .Arcing crantact abgnrnent

Arcirq contact wear ! e e

i i e eiMechanism . damage and wear
__

i j_e e eCell mechanta! abgnrnent 4

~l. ' e eMain diawnut subs spr ritension
i e eCD to cell auxiliary dra. out connector * + i

i * .Infra red scen . buspints, cable temunauons i

! -. 1- !

1misra I

e o eGener a] clerung ,

e i e e eGeretal tqhtening _
e ! . * *Lubrication mech., tnotors, drawout stabs _

j i .

- .-

!Iura_ -

1

e i e eTr!p a-d close ,

i je i e eCon:rnis operabib}
Cunent transformer emo 1 e i i e

i eControl and autihaiv contset resistance ) i

Coptrol winng contmmtv : i e* !

e i i ; e eConcol fuse continuijy
i jInsulation resistance e i e e e

pjgh pote.,dal 6 e

Ovcreurrent tnp devices Cong time delay, I |
>

;short time delay, snd instantaneous), j | f* e e e

Contact resistanee e
'

! e e

!

l 1-*Close-open cycles. i

!Note 1 if the breaker is equg with.sobd st.ue tin unit. i
<

I I 1

4

3-11
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Table 311. PM and Test Schedule: LowNoitage Metal Enclosed Switchgear Anemblics .

..

.

!
'

frior to } __|Escry Every

or._l'pon ! 1 18-24 54 72 As

Recomtnended PM or Test Notes Instal'n. Dally ' |Ouarterlp Months Months Needed

t'

kh%b1 i I
! iExtemal visual inspection (ceU dcors closed) * *

I finsetonents and indicators * *

* * IExternal visualinspection (ceU doors open)
+ | *internal inspecnon , circuit heaker ceus

j * iFans *

IInternalinspecuan bus, terminabon. *

auxiliary companments i !

jInha red sc an . bus joints. cable terrninations ! * * *

* i !Connol_ard instrument w timg *

* i ! *CBs in ceus mechanical abgnment

CB to cell concollautihan contacts * *

__

MXM __. .

General cleaneg i e *

* i * *General 6ghtening

Fihcr cleaning or replacement * *

l utncation - fans. rackmg mechanisms, eb: * i
' * *

Extemal clearung and ramung i *

[mq r

Concels operabthey
_ _

i i *

* *

Inseurnent aansformer ratio *
'Coneel wtrmg continuity * *

Control fuse cocunuity * *
4

Fan,temperarme ssac_hn
~~

>

* ; *

spre heaters * .

Control power recuriers ouyut
..

* * .

'

Insulauon resistance * * * ,

lijgnietenual i *

: ,

.

I

|
t

3-12
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Table 312. Lc3 Voltage Switchboards and Panelboards with Molded Case Circuit Breakers-

Prior to . Esery Every
or Upon 18 24 . 54 72 As

Recommended PS1 or Test Notes Install'n. Daily Afot. I Nfos. I N M ed

DE'@
* i *Externaj visual inspeedon

|* *InternM visual inspeedon

l *Raung verdication *

' I * *Infra-red scan . Intemal connecdons

'

EEG_lEW
'

General cleamrg | * *

*Gener*' U ghtening . *

Extemal cleanmg and painung i *-

Its=s I

hianual close and tnp I *

Electncal(lose and mp I *

The:rnal trip 1 | *

Niagneuc mp 1 I *

Staue mp secondary curTent mjection 1.2 i *

Static mp pnmary current mjecuon 1.2.3 } *

Austl.an switch | * *

Control and auxiliary contact resistance I *

Insulaaon resistance | *

High potenna! | 1 *

I ' * IContact resistance *

I I |

Note 1: 18 24 month mp test interval for entical circuits: 54 72 for omers i |
Note 2: Priman inyecuan through main pow er circuit and cts seconda v directly into static tnp unit.-

Note 3: In lieu of pnman imecuon , use secondarv iniecdon for each comnonent of.the circuit breaker.

! | I ! |'

| 3-13'
|.
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- Table 311 PM and Testing Schedule: Protective Relays.

Prior to 1 i E*ery ,

or Upon ! ! ~ 18 60

Recommended PM or Test Notes Install'n. i- Daily . Quarterly i Mos.
! i (Note 3)
I !

I
,Q3vs - General

t i *
External inspection

- Internal mspection 1 * * 1

* i *
!ntemal wiring check i

* i i *
Case fingm

* i ! *
Cradle fmgm

I **
Bumish contacts

! **Control spnny adjustments
* i *

Clutch adjustment
i I e*Davie polanry test

insulanon resistance 4 * ! *

* t *
Pickup setromi check

l **
Timme checks

i i **
Restraint element check

| ! *
Directional eitment check }

*

I 1 i e*
Phuc angle and magnitude contnbution
checks (differential. direrttonal re|ays only) 1

I i

[gdyc10c |

Cunent balance 2.3 j > <

Pickup check _j * r *

I * i t *No-trip condition
I < **Tareet mdicator coil

Differennal relavs !

* ! *
Mmimumpickue v alues
DJferennal charactensucs and harmomc 1 * *

restraint |- i ( i

jD.rectional overcunent relays 2.3 i i

* I i *Mtnimum pt:kup test
* i *Time over urrent
* 1 *

Instantaneous overcurrent I

| 1 *Target and seal in unit I
*

-| i *e i
Direcuonal unit cahbrauon

| t ** '
Maximum iarget angle

jContact gap 1 * *

Clar:h p essure -j * i *

* i *Autiliarv swit:h adiustments .

Distance rebys 2. 3 | | !

Mtntmum pick u 1 * i *

Matimum torcue agle j * *

e i !- *Clutch pressure
| | **Coma:t gap

I i !i
,

i !

(See next Date for notes.) I i

! !

3-]4
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Table 313. PSI and Testing Schedule: Protective Relays.

Prior to 1- 1- E$ery__

or Upon s i 18 60
llecommended PM or Test - Notes Install'n. t Daily _ Quarterly i Mos.

| } (Note 31
1 i

Overvoltage relays 2,3 1-

* *
Dropout voha ge

* I *
Instantaneous pickup

l **Target mdicator cods
,

Pdot wire relays 2. 3 i

* *Shorts, continuiry, grounds in pilot w ire
* l *Operanng/setpoint checks

! ** '-Associated supervisorv and alann relays

Plunger type relays 2,3 i

l **Operating pickups checked
* 1 *Dropout setitngs checked

Time overcurrent retavs 2. 3 i
~

j* *Tttrung
j j **Minimum pickup test
| i **Instanceous unit test

* 1 }
*High dropout inst. umt calibration

| | **Tareet seabin una tested

Rermal overload relas 2. 3 ) i

l j **Mmimum pickup s alue
i i *-*Relay um:ng

* I i *Insuncous pickun
* - i i *Target tnddator coi! checked

Undervoltace relay 2.3 _I
;

* i *Minimum pickup
* l *Relay dropout

i *Dropou; umm e *

* l *Tarret and seal in umt
* t *Ir.stantaneous unit checked

Ground teIay 2. 3 i -i

Mmimum pickup *- t *.

* t i *
Timm _e

Vohage balance relay 2. 3 i

i *D.fferential pi:kuo *-
- +

| . *
,

1 Differential reicase I * >

Underfrequency relay 2. 3 | t I i'

!
*Mmimum pt:kup *

* 4 *-Maumum dropout
i I i

- | | i

Nme t N inspecSon centists of checkmg miemets *nn a flashlgt throegn thegass cover;lookmdor rnoitture.' oil

precipitauert em%!t!:d msulation. pitted contacts mechanical damage, bmdirit, conesion. Inom hards are

or termmances. and d.smaged disconnect f'mgers I | t

Nw 2 Some relays mas empio, more than one operaang and protecuve prmooie (i e.. a relay rney have ume overcurreria

cha acterimu anJ daccuonal characterisucs) ! ! | I

!( Note 3 18 24 momh senedate for relav e providing protec >on to mo<ey M ''-emples eqwpment_
| t460 recne schedale for others ,

I II Note 4 To be performcJ on riecuomecharucal re'.evs elv
,

3-15
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Table 311. PM and Test Schedule: Control Logic Relays. 1

!

lo
Prior to t Eury i Esert' *

IB 24 I 54 72- ! Xs, _or Upon t i

Recommended P\1 nr lest Nnt e< Instatt'n. Dalb ' Ouarterit i Alcm ! \1c>s Needed
i ! |

.

In<twtm I i
,

| iVisual inspecuon . cabinets closed * * 4

* ' * l IVisual inspection . cabtnets open

Cleanliness * * i j i

* ! * I iTighmess of conneccons
3

* ! ' * ! | |Witjtn eondsuon
* * 1 1

_C'evances
i iMechanical freedom * i *

1 1Condiuon of contacts * ! *

| ICond2 don of control rpnngs * ' + *

| |i '}grets **

I iTarrets and reset mechanisms * ' 5 *

' * ! tTrachng
4 I t

.DM ! !

Genera] clearung i * *

* 1 * > +-Tighanmg
! *-Contact clearunejdressglacemem

Parts repairheriacement > 1 *

Calibrauon of metenng equipment * * * * *

1 1

* I14 4'4
Winng cont:naity i

Contact re.ststance * ! *

Control fuse conunturv * i e !

* l *Insulanon resistance

Subsvstem/ system level funcuonal tests 1.2 * i *

;> <

} l'

Note 1: Venfies all control and protectne functions and a: arms; i=

'
Note : Frequency may be coordinated with front line equi 7nem testing. i

i , t

3-16
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Table 315. PM and Test Schedule: Automatic Transfer Switches

Eterv i E*ery iPrior to i

or Upon i l 18 24 i $4 72 i As

Recommended PM or Test % tes Instalrn. Dalls Oua rteriv i M m. I M m. i Needed
'

i I.

I i 1pyctm
* * ! !Eatemal visual inspection

i * I i
Intemal visua] trispecuen

instruments and indicators i * i i i

' t * I iIrfra red scan connecuora
i i I I I

St?$CS ! I

! ! * 1 ; *General cleaning
' * i i *Contact cle antnrreplacement -

* * I t *
F%tecuve and uming r_e_ lay cabbrabon ,

| | ** t *Tyhterunt
i i *Externaleleantng and painting
4

I51; 2 5- -- .

* ! * !
Insulauen resistance

* * iFuncuonal te st-m anual
* * IFuncuanal test automaut

| t i

-

s

%

3-!7
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Table 316. PM and Test Schedule: Low Yoltage Fused |" Safety Switches"
_

Prior _toj Every
_ , _ _ _ _ *

or Upon 54 72 Asa_ _

Recommended PM or Test Note install'n . Weekle > M os. - Needed -

l_ :
I.lChiWL_ ,_.

* *Extemalinspecuon .

* ' *
Internalinspection

* ! *Switch contxts
* i *Fuse ratmg check,

Infra red scan cable terrninadons * I * *

i
- - _ - .

.

ISWJUM ___

i *
ceneral_cleamng

IM icd 2EI . _ _

!h * *

* i *Lubncanon
| *Extenul cleamnf appnune

_

h
I >CS I ! *Fuse conununy *

| ! *Insulanon resistance =

i

3-18
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| Table 117. Phi and Test Schedule: Isophase, Segregated Phase, and Metalciad Bus. Over 600Y
; .

Prior to 1 I I Even Evert
or l'pon { l 15-24 54-72 As

Recommended PM or Teo Note 51 Instal'n. Dalb i \tonthly QuartertV Months Months Needed

i I I

impecoon i !

t * * * 1
. Ettemal msycuan - bus enclosure. coolers.

1 1la_r.sgumps, e tc.
| I * IIntemalinspecuon through encl. msp parts *

i I f *instruments and controls *

* 1 }Fiher cicanhness andlos diff1 pressure j__ * I

I ! I *Infra reA scan bus jomts, cable termina: ora *

I !i

: -

Senrint 1 i !' I

Ceneral clean:n3 j | | I e e

| | t e .General tighterung *
~

I I i * .Coolmr thermottar cahbr auon *

}* 1 I iLubncauon fans. pumps, etc. |
e ,

Fiher cleantngsreplacement } ! I i 1 e o

Enuma! clexurgand pamtmr I I | *>

l i I i ,

gg ! l !<

I i j< i oManus!!v evele coolme controls *

jCon:rol con:=:t reststance * j t e,

Control wair.g centuutty
,

! | ~ i *7
~

* l

Control fuse contmm v | i {j o* i

j ji . i oinsulaton resistance [ *
~

| 1 ei i *Insulaton power fa: or *

j jj iH:th potenua! e e e

i i I (

3-19
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Table 318. Power Cable,5kV Class and AbcVe
,

Prior to | Daring i Every
orl'pon Plant i 54 72 As

Recommended PM or Test Notes Instalrn. mds. ! Ws. Needed

?

*

kMMB
sharp bends -

* i **

* * *
Jacket abrasion or crackmL

* -*
i

*
Pmehed cable

* l *Insuladon detenoradon: oil leaks, softness, sw elling'

* * 1 *Shield groundtnr

Metalhe sheath Eindmg * * l *

* * i *
Conduit and tray bonding

~

l **
Tracking from corona

* t *Soft spots in termmations and splices

i- * * **
Spalhne concrete in manholes

* ! * *Fireproofing
I* * * *

Detenotation of supensionystems
l * **

sappne tras or conda:t
I * **Rust or corrosion of tnys. conduits.juncuan boxes *

} }

!kmm
*Cer.mg . rragncdon botes, etc.

i * *Tichterunt - sugrts, fittincs
' *Repair! replacement of cables. suppons etc.

Paintme of travs. conduits. runctiori boxes. etc. i e

i

1AMS 1 ;

!* * *Insulaton resisance
i

| De higtenua] 1.3 * *- *

Insulauon power factor 2 * l * *

,
i

i Note 1: Th:s test is not rceornrnended for cross.lmked potegene cable i
Note 2:_ This test is recornmended for shielded cables oniv. { t >

| Note 3: If pow er fa: tar test is tdormed m the cable then the de high potenuit test mav be deferred.

| I I i
.

!

|

|

L

|
|
L
i

I

!
,-

|

L
,

I

|
!

! 3-20
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- Table 319. Low Voltage Power Cable
t

bery l- Prior to' } During a

_
or Upon | Plant i 34 72 As

itecommended PM or Test Lin Indatt'n.| %ds. ' ! ms. Needed

|

JgggDM I |

* *- I *Shxp bends

heket abrasion or em king * * i *'-

Pinched cab!: * * ' *

Insuladon deterioration: oil leaks. softness, sw elling * *- >

i l *Metallic sheath bondmg **

I
'

Conduit and tr:y bandmg * * *

Tra:kmg * *.

Soft spots tr. termmattens and splices * : *

Spathn_e concrete in rnanholes * * *

lFireproofing * i *a

Fire barners j i* * *

Deteric"non of suspension 53 stems !* * *

lSarpng tray or conda:t * ** -

Rust or corrosion of usys.condaits. Sanction boxes - 1 * *

|

BAICI i_
' Cleanmg * tra)s J' n0 tion Dotes, etc.
I

__

l i *

Tighten:nc suppo*u. fittmcs | . **
i

-

Repa:rnepb: men: cf cab!:s. supports. etc. ! ' *
,

Pamtme of t au. conduts. junction cases, etc. } }
'

*

i

J i

14M1 I !
'

,

i ' * *' Insulauon res:st=ce *

DC high patenu21 I *-

, | *

I

l'

r

r

|

l

|

|

|

|

r

I I5

!--

~

!
,

|

! 3-21
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Tab'e 3 20. PM and Test Schedule: Low Voltage Bus and Bus Ductl
,

_

Prior to }

or t's i EverL . Everf ! M
Recommended PM or Test Notes Itatall'n. i Dailv - 18 24 Mos. 54 72 Mos.i Needed

|
<

.

h?m3 i !

* ! * IExtend visual inspeccon enclosure, supports

Enema) visual mspecdon plug-m devices |
* *

'
Internal visual inspenon of connecdons * * I

Intern:L1 visual inspection plug-in devices * *
,

infra red scan connections and terminadons I *
.

I |

h3iWJ I
'

|Tighterung connections and enclosures ' * * *

iInsulator cleanmg * *

l-Servi:mg of plug m devices ! * * *
.

i f *Extemal clean:ng and pamong i.

I
has ! !

|Insulazion resistance * |*

Tesungf plug m devices 1 * * !

Ground conunuity * * .

De high potendal ! *

! I i

Note 1: Refer to Tables 312 and 316 for PM recommendado:u for me!ded case CBs i

and fused switches rep::Us ely. I

I
_ J

,

3-22

,. - -. . -

a



._ . , ,

.

Tab!c 3 21.' PSI and Test Schedule: Motor and Other Load Controthrs

_f ' Etery 18. j Every $4 After
,

Prior to | 24 Mos. { 72 Mos. "Down.
orUponj i or 13K I or 310K strea m" As-'

Reenmmended 151 or Test Notes _ instat*n. i Daits 'Ouarterld- Starts i Starts - Fault Needed

I l I

1hT !

.
.

.

l i el **
EstervalinsTenon fstaner coors closedt

I f| **Instruments and indicaters
* * 1 *Interns! anspecuon - starters
* * l *' Int. insp. . bus terminal uinng compartments -__

* ! * i einfra red xan . bas joints, other power corns.
i -.*Con:rci and instrument smne

.

i e e
- '

I '*Staner erswout subs. spnne tension
I-I eOverkad heater selecnon. venfv * 4'

| e { e.Overkad relay sethngs verify *

! | t e .-Other motor protectne relav selecuon . venfv +
- - ,

Other motoryrciectne rgv sgys . verify { _j_ |* * > e

! < . .Power fac aciccuen . senry i + >

{--

'

> > l1szsn .

j

.

jGer:crai cleanmg | 1 i e e

i i e t eGeneral ughtenm g | I *
-

i%ectae and umme retav cskranon
.

! !I . .

En terra! cleam3 ed ramure i i f e

i t i
a

I I I
19124_._.

! I i * 4 e
Fuccuorial iesung

_ s.- : ,

* * I* i _.iRemou ed lxal stan ar,d seca _,iA._
Coneols exramia$ * i * * !

Overload heater conimuay i + ! l ! * * t

+ 1 * I e IOverbad re!av cabbrans
j tCentrol wmna and fase conuruity I i * i * *

Power fase connnuity I l * ! l | * {

Control conu:t resisance t 4 i * - 1

i[InsJbuen res:sunce i + i i * ' ' +'

;

ii * }|Conua res:unce ! *- e e

.

A
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Table 3 22. PM and Test Schedule: Ac Induction Motors,2AkVend Above

1

Prior to i I | Eiery i Every | J
or Epoo -! 18 24 | 54 72 | As

Recommended PNI or Test _ %fes Inst st'n. i Daus IOuarter19 mnths i Months I_Needed
! I I !

| 1 igm _ :-

'-
IExternal visual ed audible inspection * -t *

J -}Lube system leaks. oillevel.ptnp operation **

* ! * i iFans and coolers . operauon
~~T* i * I iBeartngs . noise. vitratiort overheattng

*

- _ . - -
-i !* l etrmrnents and indicators: beanng and wirdint

i I Itemperature. oil tres oil and air eter .$P. etc.
* * I JVentilanng aa fihrrs -cleanhness t

I * - l- i'

Internal visual inspeccon thru inspection ports *

i * I i-intemal ng . corriections tcpen term. bon es)
*

! |,

I | |$pvieirr
l * -t ! *Lubnca:e od pumos *

Ltheate coolmg f ar.s -- } i i ** *

Lube oil Nteti - clean er replace ! * t *

Ventilatmus fihers - cican or replace i * ! ! *

l * 1 i +
General ti htenme f asteners. Ottine.s. conns.

*
1 - .m n

Generat eles:tng i * f 4 *

Replace lubr canng oil 1 * ' * ; e

i* * f *Windant and t<anng temp. inst /alem cahbrauon *

i iLutwicauon presn:re. Cow m5t,!ah m ca'ib auon * ' a < *

Extema!: leaning and pamung i *

| !'

1GC11 i

} } *
! i.Auxilianes manual cant 3! oper.tuon *

1

* I | * I tLutncaung oil files - differeraal Pressure 4.iP)
I | * i !Air Gurs - AP >

*

* 'i | fe iSpace heaters operauon

I -)Fan temtwarvre switches - * * i '-

* i iConeci Airmj and fuse conunuity
_

i *

t Consol contact resmance I- i * 'i

}i Insu! uon mwer factor * ' !* 3 ,

l * i I
! Insulauen tesistxtee.plerauon ince x *

ik hithpenual . }* e >,
--__._,

Corona dtscharge !
'

..

, i ! s

i } I ' *Suge ecmpsnson
I I I i i

|, Note 1:- (For rnotors with extemallv.hericued beannss_gdmiuuc. eu:2 see Table 3-23 for FM on momrs with

intcmaPy gre.ne or oil lubrica&d bea gs (bs!L etcJ) !
+

| t >
,

|
i
|

|
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j. Table 3 23. PSI and Test Schedu!e: Ac Induedon 51otors,120400V e

t

Prior to a . Every i Every i

_ _ _
or l'pon i 18 24 | 54-72 l As

Recommended P\1 or Test %tes Imtal'n. i Dath Ouarterly Moniths i Months i Needed
I l l (

. g ie i i i

* 1 *Er'emal visual and audible mspection i

Lube system leaks.oillevel, pursp operazion 1 * 1 * I

IFans and coolers - cperanon * I *

| tIlearines noise, vibraden. overhea:tra * I *

Instnanents and indicators: beannt and windmg * l *

temperature. oil pes., oil and an filzt AP, etc. I
-

Beartng lubricant level 2 * i *

Ventilaune au fi'ters - cleanimess * ! * I i

internal vtsual iynscuon thru inspecuon poru * ! *
i

Intemal insE. cormeetions (open term. boxes) * i * I
_

f _l }

};1iw1 I i
'

LWicate oilymy I *- j * f i e,

lLubncate coolms fans * 1 i e*

I i t *Lu5e oil filten . clean or repbce 1 *

Ventila:mg air fthers clean or replace ! l * i ! *

IGeneral thening . fasteners. fitunes. conns * I i **

General cleanmg | | !* *

Replace lubritanng oil * ! l * l ! *

Greue or oil be.umes 2 * | * ! *
'

i

Wmdtng and beayr nj temp. mstjalarm calibratien * i l i * t *

* i I i e i *Lubncauon pressure. flow msus! arm cabbradon

Emismal clea-irq and pamun ! l *#

| | l 1

Ini4 I 4
'

Auailt ncs rnanual control operadon * i * i }

Lubncaung oil futers - dttferenu al pressure (aP r I * 1 * 1 | -

Air filten AP * i * -

ISpace heaten operauon * > * i

Fan tempera:ure swiiches * * i

Control winrq and fuse condnuitv e i i e ,

Control contact resistance 1 ! * j

Insulauon reustuce.Maruauon indea * ! * ! }

f f i>

No:e 1: For motors with eatemally.lubrica:ed beanngs (hydrostanc. etc.) i i

Note 2: For motors mth internally grea'.e. or oil lubrica:ed trannrs (ball. e:c) -- i i

I i } } } !,

.
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Table 3 24. PM and Test Schtdult: De Motors, Generators, and Rota:Jng Exciters

,
3 - - ..

'

--

.,

Prior 10 i Dery i Dary i

or t|pois I t8 24 ! $4 72 i An
ilmimmentled PM or Test W et instabe2 Dalf, Otrartertv Moeths Mi.n.,t.h. e I Nettled

"

1 . )1

kiinM *
! I '

>

E nternahisual e.iaodible ingerten ! * I I*

i i iLuhvstem leab, oillevelypuperalion 1 * i *

Fans and cooimsperadon I l
'* *

f}tarrgs . tese ubr ation. oserhearmy
_

l l
"* *

lttstnaments and tndicar. ors: heanni and wmdtng_ | ]* I *
,

ternpr-sture, mlYes.. od and a;f filar .iP, tt. ! l |

DearitQbeic at lehs1 2 * f * I
..

!

Ventdarmg air fibers . <le anhness j * i iv

7ernmutaitst, brushet visual inspection * ! * __d I
,

,

litush w e ar inenutement ! * I |

Corntnuator * e ar. high rnica, etc.
'

* I !

Interna) vtsual inspoon thru msprenang + * ' '

Internal insL.,et.nr.ectiam (cyen tem tes_es) { i* *
{,

. ,

i r

1..
.

t cw l
- , _ .

! ,.m i

Lubricamdod amps 1 * l e

L.ubncate t.oolmL. h.. s

_ . _

i * *
.

* i * I *' *

---.- -
. . _.

Lbte oil IDters . clean et rephce 1 6 * I ! *

Ventdafmf eif fdters _. cleatt or replace
'

* I ! *

Generh! Urhtenmg . foteners. fittmrs. contA * ! ! * 1 i *

General clerug
_ _ _

_ _

'' '' I i *

Replace IWicater od .)
* I *

Grcue or_ oil t.canrp
__

, i *

2 * * ! ! *

Wmdmt and Nanngmy insijalarm cabbisbon * I I * l *
, ,,,,,

LAientionf_resge, finw instialann ca'ibrat,on * ' f * *

--

.R l
. . .

$ aevenushes I i i *,

-

Re furtash cornmutator ! i i_*
Entemalcleantjr dyamt:q

- _.

I
' *

'- ''
-- ._.

NMM I ',
. . .

,_

Acadstries manual convol eperat,on * * 1 l !,

,lgbnca g cil fibers . differenual pressuit tah 1 * I * i }
Ah rdan - aP * i * t !

'

Space he.a:ers . egrouon - |
* i *
* ! * 1

__ j_ _ ._,

Fan tempnature switches l:

(Control wartng and fuse contmuiry * i i e !
-

; Control cot, tact resistance _ l ( * I
,

! Insu!auan tesmanceplamaaon irdet i - !* *.

trtsuh.taon pow er f actor * ' '

A i e !
~

. .

} t i 1 - t
'

--

Note 1: For motes with enternally-theraed Nant'It thydrostaue, etc.) 1 | !

Note 1 For mouxs with internal (v grease. or od lhica:ed teanjn s (ball. etc.) I*

I ! I i I.w .
)

i

d

P
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1

Table 3 25. Mf and Test Schedule: Ac Generstors

Pr k>t i i Even j Every i
_ _

or Uppn ; I8 24_ 54 72 | As

Recommended PM or Test Nntn Instern. 4 Nate Ousgerb mnths Months 1 Needel
1 | .t-

DMhm I I'
,

Ettemal visual and aadible irtspection * ' *
|._

LQe sys_ tem . leaks, oil les cl. pump opet ation 1 * * * I
_

Fa.s and coolen orerauon * * I
,,,

* ' * I iHe rmis . noise. vi5rsuon. overheateg

irgtruments and irid >cators: teany and wmdtng * i *
,

ternperaturegpes oil and air filter AP. etc. 1

He evig lubne ant level 2 * 1 * |

Ventilaang str fibers . clearthness * * * I !

* i * iSbp rygs, trushes visual inspc.etion
jBrush wear measurement 4 *

Sig . wear. etc. 4 5 i _

* i i e i i|ntetnal vtsual trqcct.on thru artsra tion ports

Intern (visual instintegr al " brush!ess' e n citer | _

* * !
_

internal vts u al insy . tet anni e a cite _t 3 * * i

Inte*nal in_sp * toreectiorts (open term. bon es) * * I i
~ ,

l 1 1
__

MX24
_ i j ! I

Lubncw oilyurry I e i * ' i e

Lubricate cruMr f * ' * I j ~*~
Lt,te oil 6hers . clean ur eplace 1 ,4 j *

} t *
_

* i ! eVentilattn3 air fihers . clean or replace
; -

. . . . _

Orterai t,ehtentee , f asteners fnurg, cortra * * i i e

Ger.eral cleagrL {* , e
,

Replace lubricahrj oil ___ * * j *,
_

Greue or oil bearmts 2 * * I 4 *

.-
g _and bea.trg temp. enstJalarm cahbrauen

._
i _eWinin * '

! *
- - . -

Lubriauongesture, flow msvalann eabbrsuon ! * i e 1*

I Replace brushes

' Kefurbish shp nry '
_

1 ; e

E. I j g
e

Ettemal cleangj an..dfam_ur's
._

j t en

_

i

M?!13 i
,,

iAuxihanes - manual control operuon * * i

Lubncating31 filten . differenual presupe (aP) 1 * * e I i

Att filters . AP * + * i 4

Spa:e heaters gerauon * * | !

Fan imparure smtches * ! * i -i

FErd 2n system hn:uonal tesi * '
. !

~
Control w tier and fuse conunuity * e i

~

. Control contact renstance t e i

Insulaaon teststmce.poltru anon inde t 4 * * 1 ,

trisutsuon pow er f actor I * i i

d |De high-potenual 4 * I -!
^

Cororm discharte i !!. 4 e

i I J n
.-

- Note 1: For genervors with enterna!!y lugcated t<anngs (hydrataue, etc.) i t

Note 2 For generators with internally rreue, or oil.lubncated leanngs (ball. etc.) ! -'

Note 3 See Table 3 24 fe,r PM on toisting eteners i 7 l 1 i

~

Note d' Do not angverpetenba) to static bruthless" esciters. I i .

I t i I '

3-27

-. . . . . a .: . :.=_
h ..

. - _ _ _ - _ - -___ -___ - - _ - - - - _--- - -- - : m--



_ - _ ...-._._ _ _ . _ . . ._. _ _ - _ . _ _ . . _ . _ . _ . _ _ . _ _ . - _ . _ . _ . _ . . _ . . . _ _ ,_

Table 3 26, l'\l ~and Test Schedute: SolidStair Generator l'hciters. Gus ernors, and Voltage Regulators ;

i

~

-| Prkir to I ! 064r) Lier)
, . . - : - - .1. 1

I orl'pon i 18 24 ! $472 As
-

-,

Reenmmevicted P\t nr Test N r.tes lenf al'n. lialh fjuarterW \innth< l Alnnths Needed

i i i i | ,

b4W I I'

* l * }
'

Es temal + nu al iupect en s

Instwnenu e$ tndE$[5fs I I* * 'i i

I * ! ' I 1 !Venhl&'inf L95 j

Vennt anon fuers * I i *
,

,

.| | . _._Itractnal v au t) tris]cetion_., '*

Coneol sengs =ctify .j 1, ' * !

. Infra red sc:tnga*et con.nc tions
'

I ' ;
,

.I c

M 4Ii4. .

! J '
r

General e teanJin 7
-

_
* * t *

.
--,

|* i i *General L ehtemr;r *
- . _ , . _.7

Yt9hl3ti.n* filter C }f 3Nnf _Pf f tf'4 3cem**l I i i- ' 8
E-- A a - - + - - -- 9

,

_

j
_ )Vent:htinflpns . k bna:a

_ _

' * '

!Prettets* t and _tirmng re'..a.s t e abbishan * * *
_ ,__ . -- ,

' * | *Corinol traathccrs cahbranne { ;

'
Instryncou . cabbranon i ) * * i 8i

E smal s!mtegyd,E2$ 21_ d__ , I |
,; , , i T

A f |
. o :

I i IIu;u
. .

, -

4

q 9 .:
4

Functional leur1 i * 1 *- '
5.- .-

f * 1 i i - *- fTurmera response tesurr .

!C ncm and tw nna; transformers . raao i * * r
- 4

Cor,voi c antsri reu u rce { l i * 1 !'
i-

ICoreM w w* a?4J Iwu conbr.wis. . 1 * ' *r

L n _,- e. 4

| - )

(NOlt Ibj On h)Of AdhC Ed MCthJmC3} PMCm0?s u n31 ardujcd 1 '|

i - - _

$
s

= f
6

!
b

|
,

.

|
- 1

.

i

~

I

I

F

3

I'

A

$

.

3-28
,

9

M

.

" 2 vgm a.wh* A- * *ws w a. = .-3--. . (

- ~ .. -._ - - _ _ - - - . _ - . . _ - - . . - - - . . . . . . - . . . . - . , . . . . - . . - . -



. . . _ .. __._._____.m. _ . _ _ . - _._.__.._____.___.m_. m._ .._m. _ . _

Table 3 27. I'M and Test Whedule: Disstl Engines intfudink fl)draulic and Mechanical Gosernors

l
1

| A 11 I C i D I U I F l G Il i | | J ;
. -

_Every t Eitty i
i

<

1 Pritrto' i '

2 . c' Qotl |

_

|
_

Ill.24 1 $J.721 At
3 th ornenended Mi e,e Tnt AntesIinttitn. liail+ Werkiv Wnthh W)uarterh3 % f os. . I Slot INeeded

,

4 1 1 1
;

S t;m;;;;g l I t'

Entert3 vtival mspecnon 1 I

_

6__ 1

7 Vahe. s 4t< *u rontrol, etc . una ..cniv * * i !

* ' i j8 !Lubnat.on quem graimg., ,__

* * i i I9.- l$uewg nuem . oteng
_

-.

_i + * i 1- I

- - . . . . !
i

10,lKew arm n.uem . onernuri-
,

.

j

-

11 I!nwuments. relay togets vetuars i * * I ig
i.. 12 Octerator secuit treaker uam _ } * * I i !

13- Inertal visual.in tret non - e ape.e:s open j. * * I i

14 Controls and relay settings . senry - |. ,l _ __ i* > *
_

|$ i ) 1 a

j16 Iga g g_
171Geneni ciranirv

_
_ ; ,,,,_.

1 * i 1- *

18 |Generai t:enenre j i * I e i e

19 it.uknme so pmn. tory. twv. etc [ i * i * *- t a

20 I Atr ener cimgor ren:sc eneni i
,

! l* * ' +

21 l Att niter <lo . at or emla;crem i I * '' *

. 22 IL6t-e oilfihe. yeamer of repixement I i * I i- a

23 Sueloil finer ckanmg e :stement [ .i
' * ! a

- --

. h 4. Cool 6 C4 i f 3'1CT: * ! # r

25 |Entemat chansL sec w:wi I
- . _ . . m..

it -e *
L __

$h_
' I

,gg ! i
'

'

e 4

gim* e.n ac recei.er c ea tor mu;rd t * * I i !

|29 | Alarms au armanciaevs . .__ i * * t
,,

!M30 f ree terresnar mur it, * * I i i
__ -

.

@mIfwnclinn21 STt and ! cad icu
'

' '
|i

.-
i

- ;,

32 ICennot winrg and fuse cnner+o.
_

I33 (Comiand nutan conua reman.c f-
- i ! e i ti *

i

.

e ,
- __

|31 Ura 5.ent In2 Jet iesi I * * - ' *-

,

4 -

.

e

U

9

.

.

t

d

P

' s

t

5
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1

! Table 3 23. PM and Test Schedule: Stadon Itatteries

~ l P90e u, .
rue, ~ i 18 24 I b0 As

r.eer tiers*

!. er l.'Pon + 6 12 -

Wo. W nth , NeededReconiraended PM te Test %de* 1 Inn all*n. I % eekle ()v u tute W. <

i ! ' *

i ! !bM D_M _

'
3

titstnenents andj.ucators ! ! ! _

i* * * I iGereraj cleeAle.ess
'7 !Elex trolyte level 1

*
* * i i iLeaks

,[ ! f
= _ - - -

Sedir cnt buddup ,__ ,__ _ '
Piste wary.g _ ! ;* i

ventGon * i ' I i'
' 4 IAinrn nystem _'

,integgjy of t'aury rock ! j*

, u > |

I ![tenrr '

' I ' *

[Gntilanon.
_ _ ,

2- d81#11"1, * '2 i 1 .' '.
Genef aj cle an'Lness t ' ! l * ~

i !
~

flus b.tr c(veccton uphiness 2 ' ' '

I '_h af.Jatnter __ !! .

' '

'

.

.. . _.._e { l-
y.n.. z I f

*1 iEiertrohte temprance 3 * r *

Eic4trolyte le t el 3 * ' 1 1. >

).pc6e gravity 1. 3 ' i ' t t

' * - *
,

Metermy ..

4

Flow rattteaun{
' I j_ i

f I t iGrounds 4 _ * **

l * 'Alarrn etrewts 4 * *

Au n tharv relavs 4 ' '
t 4

a i t 'Nqrtna.1 battery chgggj_ <

_ _

Equaiaint bauen charger 1 * * i

j
_ _lead discharge $ * i a

Service test 6 | !
* i

E*]L"Z.E8E*OD )"' T.
_.*

. !
i *

Cell w ccu. tetm.it cor.ns reststwe t ,4 !
* *

Ceil vc.itare * * 4 e
,

i
.

I i -

Note li treitase fresency in case of .rinebed evchnt on the batterv (thetel starts. ESF actuauons, etc3 -
'

Note 2' Nmtiv egned prior to a hattegehartmt evnlution other than a trickle chrte. ' i
,

| INote } Dago 3pdot relinguarteris on all cells. ;,
- ,1 ) !-Nott 4 Weckiv int. tnon$1v eshbestion. !

Note 5: At le ut within 2 seus of installauen: somet.rnes evetN $4.72 m ? ths to trrk bauefv conditmrt
Netr 6 Pet IEEE Sid 450 I I i' *

Note 7: 1 pan v5 var.a! ion in order to ob: sin a b.tselme resistece. Trend subseger.t traings as condmon

indies: L i !
'

ii

i

1
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Table 3 29. PM and Test Schedule: Engine Starting Batteries ,

r.* t s yPrior to (

_

or l'pon i I8 24 , As

Retommended P41 er Ted Wt ee . Install'n. Wee k te Qua rte tiv ~ W. Needed
D

l 'kTELbk
' i !!mtruments and indicators

* * iGeneral c|canhness -.+
* * i i jLaks
* * ; !

*

i Ventilador.
* * i iAlarrn spem

i

kmEZ$ ._
I I

n ennt i ' : *

Yent:13uon 1 * I' ' '
!

i* *
Ge.nenil cleantnr
. . . _ - .

- - - -- m - . - . .
,

Bys bat sortnecuon tithmess 1 ' ' '
'!

'

* *R3;k222L
- -

,
w.

ILMilCS i'
<

** *Dectrolyte temperar.ae
_ _

i *Electrohte level *
'* * 1

.S.pecific gravity _ 2 __
,

\1etennL
1 * *

IAuxilists_relass 2 * *
-

| *
R.*tterv c,_h_r.1 ng

*i
-.-

* 1 * iCell soltage
__

!i

Noie 3: Nor[iliv recatted pnot to a ba:tcry chsprg evoludon othet W.an a tnetie charge. ,
'

Note 2: Inaraseje3uengm case of increated cyclin (on the bmierv (diesel stans, ESF acreate

Note 3dar.e!!y test.18 24 rnonth cahtsration. t ! '

) i .

,

' F

t

d

'

t

l

.

e

|

: - 3-31
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Table 340. PM and Teu S(hedule: Emergency Lighting Batteries
.

Prior to I

etLpon .Et.ft I A8

N ote s frutaWn. IR 2J W 4.| \'M ded,llnommetida d P%1 t 7 lett

k'j7$1'1"a
*

Extenor mua ir.stecuan * * *
Instruments and indic.ators

e e
Intefluf Visualin5$169 ___1

,hAME' EI -

3 , ,

Lubntanon of taucrv annectmns*
. -

..
G .ieral cleaning _ _ . _ _

. e e
2 _ _ _ _

[Il$iTkTneld CbiDIMuon __,

e
b311eT% fe"lMCTnent

*
Extermt1 cleantry and P3.ntini ._ ___

lyM:"S_
._ _ _ _

* *4 Icqr av
* * IFuncuan 5

!

I>
-~

U .1
Nme 2: tr required ... I -

'

Nott 3: When enregneiy conoJcd of fad 55.33pxny test.
R. me r %~r.ans m a revesen me t%p of hihts in one rea. not on evellih #

- x-
r

'

Note $: Confirm h et ef tfiL7eM heA2121* E t.51._ef. Ole'l4
'

i _

_

w

'
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Table 3 31. PM and Test S(hedule: Static 1merters,Itaittry Chargers, and Uninttrruptible Power Supplies

~

l Prinr to Dery F.* er)i i

j or 1:pon . 18 24 1 5442 i As
Reo-mmu ded P%f or int Wies I Inst.,a n, Dalb Qantterh I \itx. \1 x Needn!i.

T_ .
i

' fkZiiC
* * t ! !E n te mahisua) tracton

Instrumeru and tndiemmes * * ! I I
-

* * I I Icao1Qs . prer un
Internal s nual L sy:mn * i7 _

*
_! I

' * !Venidanon Glim
* ! !

'

hianual tr visfer s* itch conacts. mec ha_r.1s_tn.

lef:a m1 wan d y;*er cnnnections i ! I

I !

NMM __ ___ _ . _ . .1

99''S$ ' # nL.___._ - _ _ ___. _ _ . _ . . . . _

l * ' i *

Genera! Qhtenn __ _

* * i *

_F a.., )Jn. a u en * * ' *

t h Ja p 1r
p

D I n en C W {p { __, __ ,_,,_,_,,,,_ ,,,,,,,, ,_,. 1 * I *
,

E x tem.nl c le rr t e a g,ygr g_
_

i i *
'

i
.-4 -

ltr 4 i

h11 k>sJ tesi }. ; !* *

VansMe sm.i lnad iest _.

* * '
- - -

(r ba N$!

F..l.a_n_e ., .o..u.m_1e.st ____I..._.._*.
*

-

w
. _ . . _ ,

.Airart I ar.ne.aam * * t
--

* * I iEmerIenn snutiism funcuoru-- .. %
-

k con:TOI 1*.d as RI AN iJ';3:1 rM 311N t | *

Insuuuen usm ece * = ,

1
-

i

INiif k ' k P7 ? C1_ C'r |} 10 f_* 3 kM f *lt*f % IVP{iaf d by h 3Me f%U

i Note 2 Danriary ht3gitnual13 solid 4:2]e tgapti
,

l I

.
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Table 3 32. PM and Teg Schedule: Battery Chargers
i

Prior to i Dery I After
| D ery 36 60 Chugintrir Oyan ' *i

_

litcommended PM or Test Notet Install'n. ; D.sile i12 24 M at. M os. bolution
I t

~

k'5TCJPdl i 2
,

i * 'Cleanhness *

iMeteru1g * * < *

Venulanon openmgs j.* * t *

Annunctators ,* * 1 i *
~

Erclosure * *
1 *1

*
SCR Current fialance * i * >

-

Poser yoltage transformers
_ . _

f* *
_

surre vol. age supressors
_

* *

Internal /etternal wirirq cofmectiofts * * !a

Fuses * i * ,

I* l *Input / output voitage e.gaj:to*5
!.R,ppys ** ,

i i

ESEE.El I
_

General cleanmg [ * *
,

Ventila:2on cheel.s t * *
,

Falter cleanm. c _ | *
|.- _-m .

Connection uf hmess I * I

h_leter cabbrauons 1 * 3 *

Anr:unc:ator mdi:anens ) *

Alarm cahbra' ions i *
.__.n

II!M .
.

| \

~

I
~~

i *Meter nr *

AnnuncIamrs I~* *

Curren! hmit settys_ j * < *

Output noir.e leveis ! 4* =

iAlarms * *

Float po:cquemeier
'

* *

* 1 * i
.

Low voitage sensors pon.nnometers
FL eh voin ee sensorsdmenoume:ets! 'a * i

. , .

I,pth soltage shutco*n !
* *

SCR fmne antics I_ 1
'

* ! *
- - p- _ . . -- ~

I I
'

1
.

) I |

Note 1: In accordance s nh metef er.'ibra: ton perictun i t
. .

t

-
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; Table 3 33. P.\1 and Test Scheduf e: Pacetaged Uninterruptible Power Supplies ' |

_

Prior to
or Upon i Eiery

'

Recammended PM or "lest Notes Install'n. < Dail, IR 2J Mot,

i

.

NE?ISID
#

* '
Ettenor

* . |* tInternal 1

)' '
}.stfumcn.313 Ort t

* I- * |
_

Filtenuon system

Metehn_t 1
* i '

.,.
Evidence of overheaune i *

._

I
$. e.r...t I"_i f* P.- . *GenernJ cle::nmg i

.* ,Connecuon ughtness
|Filter cleaning 4 .

.|
Instrumentauon calibrauon - 1

* .

'

_ _

Testine
il55 etreuas * e ,

1

* *Input to output volude testmg
* *Rescrse transfer functions

Ventilauon fan interkx:ks 2 * *

flaticry caca: tty 3 * *

*Intetation motsture
_

I
.

* I _ |'

37e 1: Nomally rxtio med by opera:: ens derartment on a once per shift basis.
INote 2: May not be seen m i.ma!!ct UPS umts i ' 2

Note 3 Cyacity of UPS when supp!yet pow er at rated loadmc (normally a measuri
I'
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3.3. lttirginitdlvl ssstem attd t stun Funcjlpnnel Testing.j

When practical, electrical Phi should include integrated functional testing of subsystems and
systems. These higher-lesel tests are capable of detecting seseral classes of problems which
may go unrescaled by conventional Phi inspection and testing, including design and
application errors, common-cause and common-mode failures, degraded connections and other
interfaces, and human- and environmentally-induced failures.

The conserse is also true; equipment-level surseillance can often detect incipient and degraded
failures which escape subsystem / system-level functional testing because they are not yet severe
enough to degrade operation noticeably. (For instance, high contact resistance in a control or
protective relay is a precursor to eventual functional failure, but is rarely revealed by
functional testing because there is usually enough margin between the minimum operating
soltage of the * downstream" devices and the control voltage supply to overcome the abnormally
high contact soltage drop.) Therefore higher-level functional tests should be used to
supplement but not to replace consentional equipment-lesel Phi testing. -

3.3.1. GliidianDr Inlin21tdidinitabilnD_Inling.

Tests should be structured to exercise and confirm all safety-significant functions of the.

subsystemf system, including those w hose f ailure can affect safety-related functions only
indirectly. These functions should be identified through reference to the plant's Final
Safet) Analpis Report (FSAR), Probabilistic Risk Assessment (PR A), Design Criteria
Documents, " Appendix R* and Station Blackout analyses, and design calculations.

The rneptance criteria for Phi subsystem / system testing should be based on the minimum.

acceptable performance of the associated safety-related functions. The information sources
listed in the presious item should be used to establish these criteria.

The tests should encompass as much of the system or subsystem as practical, both to.

minimize the number and cost of tests and to incorporate as many interfaces as possible.

The decision to perform subsystem / system functional tests, and the design of the tests,.

should consider potential risks to safety and plant productivity induced by the tests.

3.31 E_umple of itn intrytatrdJdmiem / System Test.

An integrated test of the load sequencing subsystem w hich reconnects engineered safety
features (ESF) loads to the Class IE electric power system under simulated loss-of-offsite-
power (LOOP) conditions is an example of a subsystem-lesel test, in such a test a LOOP
typically would be simulated by opening the test switch of the Class lE bus undervoltage
relay, and the closing of the ESF load circuit breakers within the time ranges established by
the safe-shutdown and emergency diesel generator (EDG) dynamic performance analyses (with
the t reaker elements in the test position) would constitute a successful test.

3..s Dubtlonthn.m Flectrieel PNiCuidtunn.

As the term " guidelines * implies, this report is intended only to provide guidance for electrical
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.

preventive rnaintenance and testing, not a set of prescriptise requirements. A wide variety of
equipment- and system-specific conditions potentially justify deviations from the guidelines,
most of which are listed in the following section. Application of good engineering judgement j
is recommended in evaluating them.

i

!

3.4.1. Evaluation Factors for Deviations from Guidelines.

The following factors are typical of those which should be consdidered in evaluating4

,

deviations from the PM guidelines in this report.

safety consequences of failure;.

i

historical equipment failure rate and maintenance experience;e

manufacturer's recommendatiorts; Ie

site environmental conditions (e.g. climate, atmospheric dust and corrosives); !e

i

local plant environmental conditions (e.g. temperature, humidity, potential nearby sources of -e

water spray, atmospheric dust and corrosives); '

; duty cycle;e

application safety factors (margins of capabilities oser actual applied stresses);e

practicality and cost of PM:j, e

likelihood of inducing equipment damage or system problems ey PM; ande
,

effectiveness of surveillance performed for other purposes as a means of supplementing PM.e
. .

3.4.2.Enmnin. ,

,

The proper application of these considerations is best illustrated by the following two i

hypothetical examples.

(1) Consider a proposed decision to clean, test, _and recalibrate electromechanical overcurrent
protective relays on a five-year rather than a one-to-two-year schedule, notwithstanding the
recommendations in Section 3.2, A maintenance history showing that these relays havt no
history of dirty or eroded contacts or significant calibration drift over say ten years of annual
PM cycles would ordinarily be an acceptable justification for this extended PM interval.;

- (2) Industry experience shows that power air circuit breakers used in rarely-operated
protection and isolation applications tend to suffer substantially less bearing wear, arcing
contact erosion, and incidence of loose parts than those employed in repetitive switching duty,

i _ e.g. as motor starters. Suppose that the plant maintenance staff proposed to reduce costs (and -
.

the risk of maintenance; induced problems) by omitting some PM activities and extending the
" - basic PM interval on non-repetitive-duty breakers from 18-24-months to 36-48 or 54-72 '

months. An effectise program to justify this proposal would begin by subjecting all of the, .

,

r' - .

,

i
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circuit breakers of a given type to the same high lesel of PM for sescral years. An analysis of
the maintenance and testing experience on the non-repetitise-duty breakers would probably
confirm that they have suffered minimal mechanical wear or other cycle-related deterioration.
If so, relaxed PM on these breakers would probably be justified in the absence of conflicting
plant-specific factors. (On the other hand, non-f epetitive-duty breakers are not exercised
during normal operation, so latent failures do not automatically reveal themselves. Thus
entirely climinating periodic inspection and testing to detect deterioration and confirm
operability would never be justified.)

,

3.5. Etudla5mtiluIun.

The PM guidelines in Table 3-1 through 3-31 call for frequent external and internal visual
inspection of equipment. Broadly speaking, inspection includes looking, listening, and
smelling. Fxperience shows that most electrical equipment problems are accompanied by

~

sisible, audible, or olfactory symptoms which often appear early enough in the degradation
process to allow catastrophic failure to be averted. The following is a summary of the cues
which maintenance technicians (and/or operators, where applicable) should be alert to when
performing sisual inspections of nuclear power plant electrical equipment. (Obviously not all
of these indications are applicable to all classes of equipment; not is this intended to be an
exhaustive list.)

3 51. E.alnnaL.Ifanlieni.

. General conditions in the space w here the equipment is located, e g...
extremes of temperature or humidity,.

dirt, clutter or obstructions,e

contamination,e

condition of lights,e

condition of fire protection equiprnent,e

condition of seismic restraints,e

condition of security equipenent (door locks, card readers, etc.), and
~

e
,

probltms with other nearby couipment which can adversely affect the electrical.

equipment.

Operational status of main and auxiliary equipment. (Is it *on* ar "off,' open or closed, etc..

w hen it should be, considering current process conditions?)

External physical condition of equipment, including...

physical damage (see Section $.5 2 for details);.

open, improperly secured, or misaligne 1 enclusure doors, panels, etc.;e

missing parts;e

degraded paint or other protectise coatings;e

evidence of moisture, oil, or chemical contamination (see 3.5.2);e

evidence of oserheating (see 3.5.2);.

abnormal noises (see 3.5.2).e

abnormal odors (see 3.5.2);.

leaks from fluid piping, fittings, valses, etc.;e
.

loose or missing conduit fittings, condulet covers, etc.;.

dirty air filters;e

3-38
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J

obstructed sentilation openings and passages; ande

missing or damaged warning signs, labels, nameplates, instruction placards, etc.
'

e

Operability, condition, and status of indicators, instruments, and controls (e.g. implausible,.

mutually conflicting,-or erratic instrument readings; readings inconsistent with process
conditions; failures on alarm or indicator test, etc.)

Instrument readings cutside their normal ranges.*

*
Degrading trend of instrument readings.*

Ground faults, as indicated by ground detector.*
.

3.51. IDternal Insocetions, u
,

Dirt, dust, and debris (especially conductive matcrials) inside enclosures.e

Evidence of moisture, oil, or chemical contamination, including...e

liquids or residual dampness;
.

e

staining, rusting or corrosion;e

crusts or sediments;e

softening, swelling, and/or delsmination of orEanic materials;e

* musty * odor; ande

loose or missing labels.e

Evidence of overheating, such as...

. visible smoke;
.

' darkening, embrittlement, softening, or swelling of insulation and other organice

materials;
darkened or blistered paint; ' 'e

swelling of electronic components, e.g. capacitors;e

e -leaking fluids; and
+ burned odor.

Leaks from internal fluid piping, fittings, valves, etc.*
t

Misalignment.*

Loose, bent, broken, or missing parts and structural items.* e,

Loose electrical connections.*

. Catbon tracking marks or erosion from surface electrical discharge..

e' Dwagt to wire and cable, includinga.
cuts;e

abrasion;e

e - pinching;..
. stretching;
e swelling;
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softening;e

leaking fluid;e -

too-tight bending;
'

.

failure of supports, cable ties, strain reliefs, etc.; ande

loose, missing, or illegible wire markers.

Leioseness in mechanical linkages,e

Dinding in mechanical linkages.i e

Abnormal noises, such as..+

squealing or rattles from bearings;e

excessive humming, buning, or chattering of relays and contactors;
e

excessive humming or t>uzzing from power, control power, and instrument transformers;"

e

* sirrling, popping, o hissing sounds (suggesting burning or intense corona discharge);
+ rattles and buzzes due to loose items; or
+ excessise or unusual .luid flow noises.

Odor of orone.*

Dirty air filters.*

Obstructed uniilation openings and passages.
*

Missing spare fuses, manual cperating bandles, inswuction books, etc. normally stored with
>

the equipment.

3.6. IArlqlt_gMagirment
hlA!RIGanit- Manulangrers' Reconukudations .lg Electrical Preventlie

Reputable electrical equipment manufactureis are thoroughly familiar with the application
requirements, degradation mechanisms, and failure symptoms of their equipment, especially
the mature product lines typically used in nuclear power plants. Therefore in Beneral the
manufacturers' recommendations should serve as the baseline for PM planning and scheduling.

,

intended to coser a broad spectrum of conditions and therefore they may not necessarily beliowever, manufacturers' recommendations shou!d not be followed blindly, because they areoptimum for any particular application.
Maintenance and testing schedules, though based

initially on manufacturers' recommendations, should therefore be modified to reflect unusual
plant- and equipment-specific spplication and environmental conditions, and pro';ressively
refined to incorporate the lessons learned from accumulated operating and maintenance
experience. Sections 2.3 and 3.4.1 providt guidance on the factors to consider in refining the
manuf acturers' recommendations to reflect local conditions.

3.7. S911LIAW!allon Tesjing.

This section of the report discusses techniques for preventive maintenance-related in-situ
testing of solid insulation systems in buclear power plant electrical equipment
covers the testinE of samples of coolant liquids extracted from transformers and other(Section 3.8.

i
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i

!

equipment.)

Like other types of PM testing, field testing of solid insulation in electrical equipment has the i

fundamental purpose of preventing catastrophic in-service failures, or at least minimizing their '

likelihood and consequences. In line with this basic objective, insulation tests should be i
performed for the following specific purposes,

I
Receivine testine: confirmation of the integrity of the insulation upon receipt at the olant,.

to detect manufacturing defects or shipping damage before installation (and to separate the
,

manufacturer's or shipper's sesponsibility for defects from the installing contractor's or
owner's). - |

. Pre-coerational (commissionine) testine: confirmation of the integrity of insulation,
connections, etc. after initial installation but before operation.

i

Post-modifignipp and cost-maintenance testing confirmation of insulation integrity after _|.

modifications, repairs, tests, extreme operating conditions, or other events which have the '

potential to disrupt the inFulation system.

. Surveillance er maintenance testin.r detection of degradation and prediction of eventual
failure during operation.

Generally-accepied approaches for assessing solid insulation integrity and condition fall into
three broad categories: (1) insulation resistance testing, (2) power factor testing and (3) high-
potential testing. The following paragraphs describe the approaches, discuss their advantages
and disadvantaps, and outline their recomended applications in nuclear power plant electrical
PM. (Other insulation testing methods which are valuable for detecting degradation in specific

' 1
;

types of equipment such as motoss and generators are beyond the scope of this report, but !

fully dir, cussed its the literature, e.g. References 34, 40, 46, 48, 50, 61, 63, 64, and 68.)

A detailed discussion of insulation testing methods is also beyond the scope of this report. -

There are a number of excellent standard references which cover test setups, procedures, etc.
Refer, for example, to References 4, 9, 10, 13, 19, 28, 29, 32, 38, 49, 92, 94,-98, 101, 112, ||
167,168,170, and 171. Note also that diagnostic insulation testing, an element of corrective -|
maintenknee, is not covered by these guidelines. |

3.7.1, insulation Resistap,,ce Testint.

3.7.f.l. Description.

Insulation resistance testing grossly assesses the quality of the insulation system by-measuring
the leakage current driven through and across the insulation by a known de potential.. The
insulation resistance is the Ohms Law ratio of the test voltage to the measured leakage current.

3.7.1.2. Principal Applications.

'
Insulation resistance testing is the simplest, least time.-consuming, least expensive, and least
potentially damaging test method, but also the least revealing. It is applied to electrical power

i
<
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equipment of all types exceet solid-state cauioment, which is generally intolerant of
osersoltages, for the following purposes:

* As a preliminary " pass-fail * test to confirm gross insulation condition and the absence of
shert circuits and grounds during receiving, pre-operational, post-modification, and post-
maintenance testing.

. As a condition trending tool, which implies that the insulation resistance should be tested
and the resistances recorded following installation and at regular intervals thereafter.

,

As a preliminary screening test before power-factor and high-potential testing, to avoide

wasting effort attempting to test a badly-installed, darnaged, wet, or dirty insulation
system. (In fact, an insulation resistance test is a prerequisite to an ac high-potential test,
both because the ac test does not measure the insulation resistance, and to eliminate the
possibility of inducing additional damage during the test in case the insulation is faulty.)

_

3.7,l.3. Test Voltages.

The test voltage must be sufficient to provide a measurable leakage current and to search out
weaknesses in the insulation system, but not high enough to overstress the insulation. A
maximum test voltage equal to the crest value of the ac system voltage is a good compromise
between these conflicting requirements. For equipment rated over SkV, 5000V is an
acceptable insulation test soltage if insulation testing is supplemented by periodic power-factor
and/or high-potential testing.

3.7.1.4. Acceptance Criteria.

The minimum acceptable insulation resistance for safe energization of power equipment of
each nominal voltage class is listed in Table 3-32 on the next page. Values below these
minimums indicate moisture, substantial thermal or chemical degradation, contamination, or

Equipment whose insulation resistance is less than the appropriate minimumphysical damage.
is susceptible to disruptive failure and must not be energized for safety as well as economic

_ _

reasons. -

An insulation resistance abo $e the minimum in the table indicates o.nh that the severel)
degraded conditions mentioned aboie do not exist and.that the equipment may be energized
safely. This does not necessaril) mean that the insulation has acceptable dielectric strength,
or that it is free of deterioration. A clean, dry insulation s> stem in excellent condition
should have a resistance several orders of magnitude larger than the minimum required for
safe energiration. For instance, the resistance of good 600V-class losulation is t>pleall> la
the 100 1000Ntfl range.
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i

Table 3-32.
Mielmum Acceptable insulation Resistance at 20'C
for Safel) Energiring Electric Power Equipment -

___

Nominal T)pical Minimum
Voltage S) stem _ Acceptable

Class Voltage * Resistance, Mfl " |

-,

600Y 120,240,480V Ac; 1.$

125,250V De
2.4kV 2.4kV 3.4 - i

SkV 4.16kV 5.16

7.2kV 6.9kV 8.2

15kV 13.8kV 14.8 ,

36kV 20-25, 34.5kV 35
*

72kV 69kV 70

145kV 115,13BkV 139
*

242kV 230kV 231

550kV 500kV 501
1

RMS ac except as shown.'

" Resistances abose these values do not necessarily indicate sound insulation condition. but I
only that the cou_ipment may be enereired without sitnificant risk of disruptive failurg.

3.7.1.5. Trending and Temperature Correction. .

In reality, the measured insulation resistance is of little significance on a one-time basis as
long as it is well abose the acceptance level. 11owever, a long-term trend toward lower
resistance strongly indicates progressive deterioration which should be investigated and
corrected.

To allow meaningful trending, the influence of irrelevant factors must be eliminated from the
series of insulation resistance readings.~ The primary such factor is temperature. ~ The
measured resistance of a solid insulation system can change by as much'two orders of
magnitude as its- temperature varies from the bottom to the top of the rated operating
temperature range of the equipment. To eliminate this effect, tests whose results will be used ' ,

for trending either should always be performed at essentially the same insulation temperature,
or the results converted to a common temperature base, insulation testing and test trending
procedures for equipment should be written accordingly.

In practice, the first alternative implies either testing the insulation when it is at nearly normal
operating temperature, i.e. as soon as possible after a period of normal, stable loading or after
the insulation has cooled to an ambient temperature which is above the dew point and remains
reasonably stable from test to test, in the second, rnore common approach, the resistances
measured at varying temperatures are converted to a common standard temperature of 20*C
using tables of empirically-based correction factors-given in the literature (e.g.-Reference 4
for liquid-cooled transformers). Temperature coefficients of resistance vary greatly _ with the .

,
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chemical composition of the insulation, so different corrections are required for different
insulatien systems. The equipment manufacturers' literature is the best source of temperature
correction information for equipment other than transformers,

ilumidity also affects the measured insulation resistance, but not nearly as much as
temperature if the insulation system is reasonably clean. In fact, large variations in insulation
resistance with ambient humidity, in the absence of other explanations, indicate a possibility
of contamination which should be investigated. it is not normally necessary to correct for
humidity effects.

,

3.7.1.6. Dielectric Absorption Ratio and Polaritation Index.

In addition to the insulation resistance rer se, the dielectric absorption ratio (DAR) and
polariration index (PI) should be determined during insulation resistance testing. These figures
of merit for solid insulation systems are discussed in detail in Section 3.7.5.4. -

17.2. E2w CLEstacLlmling.

3.7.2.1. Description.

The ac equisalent circuit of a sound insulation $) stem consists of a very large distributed line-
to-ground leakage resistance, in parallel with a considerably smaller reactance of the
distributed line-to-ground capacitance. Thus the capacitise reactance dominates in a good
insulation system, and the measured power factor is numerically small (and leading rather than
tagging). A relatively high power factor indicates excessise leakage current and thus degraded
insulation.

In power factor testing, a known ac potential is applied across the insulation system, and the
resulting current and its phase relatwnship to the applied soltaEe are measured. From this, the
power factor of the insulation can readily be calculated.

Alternatisely, an equisalent figure of merit called the dissipation factor is sometimes obtained.
The dksipation factor is simply the tangent of the power factor angle

17.2.2. Principal Applications.

Power factor testing is normally used for commissioning, surseillance, and post-maintenance
insulation assessment, and for condition trending. It is less risky than high-potential testing
because the test voltage does not ordinarily exceed the operating voltage and the stored energy
level is lower. Also, power fa: tor testing is a more realistic representation of actual operation
than insulation resistance testing because the applied ac voltage and dielectric stress
distribution closely approximate normal operating conditions.

3.7.2.3. Test Voltages.

As in the other testinE approaches, the test voltage for power-factor testing should be
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sufficient to activate any latent weaknesses in the insulation, but since the test is intended to
be non-destructive, the voltage should not exceed the normal line-to-neutral or line-to-ground
operating voltage of the equipment.

3.7.2.4. Acceptance Criteria.

1,pical maximum acceptable power factors are summarized in Table 3-33.

i

Table 3 33.
Masimum Acceptable lasulation Power

Esetor at 20'C for Electric Power Equipment.

Equipment Pow er
~

factor,
percent

Oil filled power transformers * 1.0
Switchgear, circuit breakers, etc. 1.0
Outdoor substation equipment 1.0
Motor controls 1.0
Motors and generators 3.0

* The acceptable insulation power factor for askarel-filled and dry-type power transformers
may be greater than 1.0%

$

Like insulation resistance, the insulation power factor is_not very significant on a one-time
basis unless it is outside the acceptable range, but a long-term increasing trend indicates

- gradually increasing leakage-and hence progressive deterioration. Since-the reactance
component of the insulation system impedance normally dominates the resistance, and the
dielectric constant which determines the reactance is relatively insensitive to temperature, the
power factor is not as sensitive to temperature as insulation resistance. Nevertheless, test

_

procedures should ensure either that the temperature remains reasonably constant test-to-test
or that the readings are corrected to a standard temperature of 20'C to minimize the masking
of possible trends by irrelevant influences.

3.7.3. Hith-Potential Testine General.

3.7.3.1. Description.

- High-potential insulation testing involves applying either a 60Hz ac or a de test voltage
successively to each line, with the other lines connected together and grounded. As the name -
implies, the maximum test voltage applied is at least equal to, and usually considerably greater
than, the normal operating voltage of the equipment. Both ac and de test voltages are
commonly used, and both have advantages and disadvantages in specific situations as.

,
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discussed further in Section 3.7.6, t

1-

3.7.3.2. Principal Applications.
*

i

1- Because of the risk factor discussed in the following section, high-potential testing is used
principally -- but not exclusively -- for " pass-fail' confirmation of acceptable insulation i
condition during receiving, pre-operational, post-modification, and post-maintenance testing,

-

.

3.7.3.3. Comparison of liigh-Potential TestinS With Other insulation Testing Approaches.

liigh-potential test units require regulated, high-voltage, high-capacity power supplies and a
considerable amount of instrumentation and control circuitry. Consequently, they tend to be
substantially larger, heavier, and more expensive than either the simple de insulation testers
(megohmeters) used for insulation resistance testing or the relatively tmail test sets used for i

power factor and dissipation factor testing.

liigh-potential testing is also somewhat riskier to equipment than the other insulation festing
approaches, for two reasons: first, the applied test voltage is higher; and second, more energy
is normally asailable to be discharged into an insulation failure. Consequently, there is a i

greater likelihood of inducing or accelerating the failure of mildly degraded insulation, and
more-severe test-induced damage potentially can result. (This is especially true of ac high- :

potential testing, as discussed further in Section 3.7.6.) In view of the additional risk, high-
potential testing should be performed less frequently than resistance and power

'

factor / dissipation factor testing.

On the other hand, a successful high-potential test provides the most definitive confirmation 1

of insulation soundess of any of the three testing approaches, because in most cases it stresses ~
the insulation.well beyond normal service conditions, Furthermore, as discussed in Section
3.7.5, the value of de high-potential testing extends beyond a simple " pass-fail" determination '

because it provides an opportunity to trend several valuable insulation condition indicators
__over time. ;

3,7.3.4. Test Voltages.

The test voltages and test durations recommended for high-potential testing represent a' '

compromise between two competing objectives. For the test to have any meaning as an -
evaluation and prediction tool, the soltage must be high enough to drive measurable current
through the resistance (impedance) of the insulation system, and to begin to activate any latent-
failure mechanisms which may be present. :This voltage must be applied long enough to allow
energizing transients to decay. and to show up symptoms of degradation. On the other hand,
the voltage must not be high enough, nor the test time long enough, to drive mildly degraded
insulation to failure when it would have otherwise remained serviceable indefinitely, _ These

- considerations lead to differences in recommended voltage and test duration depending on the -

type, age, and general condition of the equipment as well as the requirements of the specific
test, in general, lower voltages and shorter test times should be used for older equipment than
for newer equipment, and for frequently-repeated tests than f or once-in-a-lifetime tests.

'

Furthermorei different maximum test voltages are appropriate for ac and for de high-potential *

i-
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testing. One could simplistically specify a de voltage equal to the crest value of the
corresponding ac test voltage, but this would neglect a number of potentially significant
factors. First, other things being equal, a de potential equal to the peak of the ac soltage
clearly imposes a greater integrated product of dielectric stress and time than the latter. The
fact that the maximum de voltage is usually maintained for 15 minutes versus one for ac
makes this effect still more significant. Second, in a non homogeneous insulation system, a de '

test voltage divides among the different insulating materials in series according to their relative
resistjvities and dielectric constants, while an ac voltage divides according to their relative 60
llz impedances. This difference in voltage distribution places greater stresses on some
materials (and less on others) with de than ac, Finally, the breakdown mechanisms associated'

with ac and de are markedly different, (For example, the energy lost in cyclically reversing
the oriention of polar molecules and the increased heating due to higher current "through* the
insulation result in more rapid activation of temperature-related failure mechanisms with ac
than dc.) Refer to Section 3.7.5.3 for more discussion of de high-potential test voltages.

In line with the general principles outlined in the previous paragraphs, the maximum' test
voltages listed in Table 3-34 are offered as guidelines, llowever, plant- and equipment-
specific conditions, as well as manufacturers' recommendations, should be considered in
establishing test voltages and durations. The potential impact of test-induced failures on
safety and plant productisity are among the most important of the factors to consider.

Table 3 34.
Generic 51asimum Test Voltages for $1aintenance Insulation Tests in

; the Absence of Controlling plant- and Equipment-Specific Considerations,

Type of Test Purpose of Test blasimum Test Voltagei

'

insulation resistance All 1.7 tirnes ac RMS operating voltage
or 1.0 times de operating voltage

Ac high-potential Receiving, pre-oper- 75% of factory test voltage
'

ational, post-repair-

Ac high-potential Surveillance 65% of factory test voltage

Dc high-potential, Receiving, pre-oper- 1.4-1.7 times corresponding ac ,

other than llV cables ational, post-repair high-potential test voltage ;

i De high-potential, Surs eillance 1.4 times corresponding ac
j other than l{V cables high-potential test voltage

! De high-potential, Receiving, pre-oper- See Section 3.7.5.3 ,

liv cables ational, post-repair and Table 3-35 - -

,

Dc high-potential, Surveillance See Section 3.7.5.3
IIV cables and Table 3-35

Power factor All 1.0 times rms ac or
de operating voltage -

;3. r
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Table 3 34 refers to ' factory test voltage.' This is the voltage the manufacturer uses for final
'

proof testing on new equipment before shipping. For most types of ac and de electric power
equipment, but excluding solid state control equipment, this is two times rated voltage plus
1000V, (Note, of course, that the rated voltage is higher than the operating voltage in most i

cases. For example, low-voltage ac power distribution equipment normally operated at 480V |

is designed for 600V, so the factory test voltage is 2 x 600 + 1000 - 2200V.) '

!

3.7,4. Ac Hich-Potential Testine.'

.

3.7.4.1. Description.
;

The basic ac high-potential test consists of applying the test voltage (see Section 3.7.2.4) across
the insulation system and measuring the resulting current after any energizing transients-have >

decayed. It is advisable to increase the soltage in steps of say 10-20% of the final voltage,
allowing the readings to stabilize and noting them at each step, rather than raising the voltage

'

in a continuous sweep. The final test voltage is normally held for one to fifteen minutes, ,

depending on the manufacturer's recommendations and/or applicable industry standards for the
type of equiprnent involved. (One minute is typical of most test procedures.)

,

3.7.4.2. Principal Applications,
i

Ac high potential testing is essentially a ' pass-fail" test which is used chiefly to confirm the '

satisfactory gross condition of the insulation system at commissioning or after maintenance or
,

modifications. Because a failure on test will probably cause enough consequential damage to
put the equipment out of service, a: high-potential testing should be restricted to situations -
where the likelihood of failure is small and/or the consequences of failure acceptable.

Ac testing is the preferred overpotential test method for transformers and rotating equipment,
i- whose complex conductor insulation-core configurations make it important for the test to

Iclosely approximate the normal operating distribution of voltage stress throughout the
insulation system. (in fact, de testing is not recommended for transformers with graded "

insulation.)

,

3,7.4.3. Test Voltages.

^

Ac high-potential test voltages for repetitive surveillance and other field tests on in-service -
equipment should t e higher than the operating voltage of the equipment, but considerably .
lower than the factory test voltage. Refer to Section 3.7.3A for a discussion of recommended
test voltages. The maximum voltage is usually maintained for one minute.

347.4.4. Acceptance Criteria.

The fundamental criterion for a successful ac high-potential test is the absence of dielectrice
breakdown. Breakdown of the insulation system under ac test is indicated by an abrupt
increase in current and often by the tripping of the protective circuits,of the test set. '

Catastrophic breakdown is the most common unfevorable outcome of an ac test. (One of the
*

.

_
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reasons for using de instead of ae high-potential testing is that the former often gives more
warning of impending failure.)

.

flowever, careful monitoring of the current as the test voltage is stepped up can often avert a |
,

complete breakdown or at least minimlre the resulting damage. With a sound insulation
system, the current should increase approximately linearly with voltage, indicating a constant
insulation impedance. A significantly non-linear increase in current with voltage is a typical
sign of insulation which is basically sound but somewhat moist or contaminated, if this4 '

^

occurs, the test sequence should immediately be halted and the cause of the problem
,

determined and corrected. .

,

3.7.5. DL.J.ligh-Potential Testing. .

3.7.5.1. Description.

In de high-potential testing, a direct test voltage (see 3.7.3.4) is applied in a series of five to
ten steps, and the current is recorded at each step (and often also plotted against voltage)J The
voltage should be held long enough at each step to allow early symptoms of-degradation to
appear -- one minute is recommended -- and the final voltage is held for 15 minutes.

:

3.7.5.2, Principal Applications.

Like ac testing, de high-potential testing is most often used rs a? pass-fail * test of general-
insulation soundess. As discussed further in Section 3.7.6, in many cases de and ac testing are'

interchangeable as ' pass-fail * tests, but de testing is preferred for some specific applications,
and unlike ac testing it can also serve as a major element of an insulation condition trending
program. Because the energy available for discharge into an insulation fault is lower, dc ,

testing is also somewhat less likely than ac to turn small defects into catastrophic failures. '

3.7.5.3. Test Voltages.

Taking the sarious factors discussed in Section 3.7.3.4 into account, the authorities generally
recommend a maximum de voltage somewhat higher than the crest of the ac factory test
voltage for commissioning testing, and' approximately equal to 'the ac crest voltage for
surveillance. These are the de high-potential test voltages listed in Table 3-34,

The issue of maximum voltage hr de high-potential testing of high voltage (ilV) cables, $kV. ;

class and above, is somewhat complex. Cable is relatively vulnerable to test-induced damage; '

*

for example, some types of insulation, when mildly degraded but still serviceable, are
susceptible to an abrupt, destructive thermal runaway phenomenon when the test voltage passes
a fairly sharp threshold.- Further complicating the situation, the recommendations in the--
relevant ICEA/ NEMA, IEEE, and AEIC standards (References 98, li4a through Il4d) are-
insonsistent. . Table 3-35 represents a consensus of these standards and several authoritative -
technical papers (References 32, 38, 49).

i

|

|- i

|

!. 3-49
i,-

1

-- =.A+. -,s,e u ,, , ,,,w., ,,,u.- , , , . - _ ,,. ,.n ,- , . . _ , _ , , , , , ,



_ _ . . . _ _ _ . _ _ _ _ . _ _ _.__.._ _ _ _ -.. _ __.~. _ _. -

1

$

Table 3 35.
Generic Maximum De liigh Potential Test Voltages for Malatenance Testing of Illgh-

Voltage Cables la the Absence of Controlling Plant- and Equipment-Specific Considerations.
._

System Voltage, Phase Test Voltage. Test Voltage, 1

o-Phase, Ac RMS Cable la Serilce Five Cable la Service Afore
Years or Less than Flee Years

-

,

$ 20 15

8 25 20
15 40 25
25 60 45
35 75 60

,

3.7.$.4. Acceptance Criteria and Trending of Insulation Parameters. |
1

As in ac testing, the over-riding acceptance criterion in_ de hhth-potential testing is the
absence of breakdown. The principal indications of breakdown are she following:

(1) erratically varying leakage current after the initial decay of trainsients; and

(2) a non-linear increase in leakage current with voltage.

Erratic leakage readings may be due either to incipient breakdown or to corona discharges,
which may or may not be significant depending on whether they are artifacts of the test set-
up or within the insulation system itself. In either case, the cause should be inves.igated and
corrected. Non-linearly increasing leakage current during a test indicates an impending
breakdown, which may nevertheless be averted if the test is terminated and the residual '

voltage discharged immediately.

' De high-potential testing -- unlike ac testing -- also offers the opportunity to measure and
trend seseral key insulation condition parameters. This calls for some explanation, The total
de current measired during the test consists of these three components:

Cngpft_ise chardnt current, the current which (as the name implies) charges the distributed-
line-to-ground capacitance of_ the insulation system. This is an exponentially decaying
cuirent with a typical time constant of a fraction of a second, and normally appears as a
momentary upward ' kick" of the test set ammeter on energizing,

oh2Intian_CEIRA1, a second transient current w hich results from the absorption of energy in
rearranging the orientation of polar molecules in the insulation. The absorption transient is '
slower than the charging transient, with a time constant on the order of one second, but still
dies out within a few seconds.

laakace current, the residual current which remains after the charging and absorption
transients have decayed. This component consists of. leakage through the body and oser the
surface of the insulation, and may also include corona (partial discharge) current due to the
ionization of gasses under high concentrations of electric field '

>
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Tlie absolute and relative magnitudes and the rates of decay of these components are valuable
*

indicators of insulation condition in both the short and long terms. Therefore at least the <

following parameters should be measured and trended over time: !

(!) the total leakage current at maximum test voltage after transients have decayed; '

(2) the dielectric absorption ratio (DAR), which is the ratio of the measured leakage current at
30 seconds after the test voltage is applied to the current at 60 seconds; and

n

(3) the polarization index (PI), i.e. the ratio of the leakage current at one minute after -
energitation to the current at ten minutes.

,

On a one time basis, a DAR less than about 1.25 or a PI less than one during any individual
test indicates an existing degraded insulation condition. (A low Pi is often attributable to a
corona discharge within a void in the solid insulation system. If the electric field strength is
high enough to cause a discharge under normal potential, this will eventually lead to failure.)

Over the longer term, a significantly increasing test-to-test trend in total leakage or a
decreasing trend in DAR or PI clearly indicatt progressive deterioration, especially if the trend -

i

is accelerating. As in the case of insulation resistance and power factor, de high-potential test
procedures should specify that the insulation temperature be held reasonably constant test-to-

- t
test in order to provide meaningful trending data.

3.7.6. Camrit.i}on and Preferred Eouioment Apolications of Ac_gnd Dc Hith-Potential
IUlira

As noted above, both alternating 1nd direct test potentials are popularly used in high-potential *

testing, and both have relative advantages and disadvantages which vary in importance with-
the specific circumstances. In many cases either type of test is effective, and the choice
depends on the type of test equipment available and the preferences of the maintenance staff.
Table 3-36 summarires the pros and cons of the two test approaches and the types of tests for
which each is preferred.

Expanding on the information in Table 3-36, the key zdvantage of ac high-potential testing'_
over de is that the distribution and cyclic variation of voltage. stress during the test are
essentially identical to those which prevail in operation. This is an important factor in testing
equipment with complex conductor-insulation-iron core configurations and dielectric stress
patterns, such as rotating apparatus and transformers, but.not as important for cables.
switchgear, etc. -The related disadvantage of ac testing is that the test set must have enough-
capacity to supply the current which flows through the distributed line-to-ground (* charging *)'
capacitance of the equipment under test. Shielded high-voltage power cable and large -
generators have relatively large charging capacitances, resulting in test set capacity,

requirements w hich impose prohibitive size, weight, and cost penalties for routine preventive _' '

maintenance testing in the field. (E.g... applying 15 kV to 3000 ft 'of 500 kemil,15 kV-class
cable requires about 33 kVAR, which calls for a 40 kVA test set weighing about 1450 lb and a .

100A,440V, e0 Hz single phase power supply.)

.

n
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Table 3-36. -

I*

Comparison and Prefernd Equipment-

Applications of Ac and De liigh-Potential Test Methods. |
1

!'

Adiantages Disadiantages Preferred )
Equipment - |

Applications i

,

. . . . . . .. . . . . . . . . - . --- A c liig h - Po t e n tial Te s tin g ----- ------------ ---- i

More realistic test Test set has higher short Power transformers.

because voltade stress circuit capacity, hence . j

distribution is same as 3reater secondary damage Alternate for
operating conditions, in case of insulation switchgear. and

failure under test. controls.*@
. Not necessary to dis-
charge residual charge. Test set is larger, Motors.

heavier, more expensive.
Small and medium

Not suitable for equip- generators.'
ment yith large charging
capacitance (e.g. high-volt- Alternate for outdoor
age cable) because of test switchyard equipment.
set capacity required.

Alternate for cable. *

Separate insulation -
ret,istance test needed.

,

. . . . . . . . . . . . . . . . . . . . . De liig h- Po t e n tial Te s tin g ----------- --- --- ---

Relatively small, light, Voltage stress dis- ' Switchgear and
inexpensive test set. tribution differs controls.'@

from oper, conditions.
Voltage stress not as Cable,
severe, thus less risk. More time-consuming

because of time re- Large generators.*
Continuously monitors quired for charging

' - leakage current so and transient decay. - Outdoor switchyard
test can be stopped equipment.
before failure. Alternate for

Must discharge resid- transformers .

ual voltage after test. through 36kV,

i Not suitable for. Alternate' for small and T
L transformers with medium generators.* r

j graded insulation.
Alternate for motors.

I

,
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Notes to Table 3-36:

* Do not apply overpotential to solid-state relays, control circuits, including battery chargers,
.

inserters, generator voltage regulators, generator exciters, and electronic engine governors.-

@ Including circuit breakers, switchgear assemblies, motor control centers, etc.
'

'

A relatively large short circuit capacity inevitably accompanies the high continuous power
capacity of the test set. As a result, the current flowing through the failure path during a'

failed ac test is usually sufficient to overheat and carbonize additional insulation in the
vicinity. This further reduces the insulation resistance and increases the current, leading to a
cascading process that normally proceeds to catast:ophic failure before the test technicians
have time to shut down the test set. Therefore, ac high-potential testing is more likely to
damage equipment which otherwise would have remained serviceable, in cases where either ac
or de hi h-potential testing can be used, ac testing should therefore be limited to situationsF

where the continued operability of the equipment is not essential, such as receiving and pre-
operational tests.

|

3.8 Itnulqtmer I.lould Coolant Testinc. ,

|
Several types of cooling and insulating liquids are used in power transformers in nuclear power
plants, including mincial oils and less-flammable fluids such as askarels, other chlorinated
hydrocarbons, and silicone oils. (Mineral oils and askarels currently predominate, but other
fluids are Eaining increasing acceptance.) Table 3-1 recommends a variety of tests on the
insulating and cooling fluids used in power transformers. These techniques are briefly
described below, Except as noted, the test methods and acceptance criteria described in the
following paragraphs are applicable to all types of transformer fluid.

'

Table 3-4 recommends tests for the oil used in oil circuit breakers, and the information below
:

also applies to circuit breaker oil testing where appropriate.
.

3.8J Cds.t.

The color of a sample of coolant is compared to a standard color chart; a dark color indicates,

thermal degradation or contamination. (This test is only applied to conventional mineral oil
,

coolant.) The color of new oil in good condition is pale yellow.

3.8.2 Acidity.

! The quantity of a standard aqueous solution of calcium hydroxide required to neutralize the
'

acidity in a standard sample of coolant is determined by titration. Acid contamination-results
from thermally-promoted reaction of cellulose-based transformer insulation with the trace -
amounts of water in the coolant, and tends to form sludge deposits in cooling passages and to
accelerate insulation deterioration and core corrosion. The acidity is commonly expressed as a
' neutralization number."

|.

,

'
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.3.8.3. Int.rhtial.lutnell..

e This is a measurement of the tension at the interface between'a sample of coolant and water; J
~

this tension is a function of the concentration af polar molecules in the coolant, which are
either sludging compoun.h or chemical predecessors to sludge deposits.

'.I
9

!

3 A4 Qi ].tu't
1

Coolant sampks ira subjected to an ac high-potential test to breakdown in a standardized
electrode configuratio- A low breakdcw sottage under the standard conditions (typically kss-
than 22-25kV) indicates that the coolant has become chemically degraded or. contaminated
with water ot other foreign substances.

.

3.6.5. ?.g w3 t I n d .

The power factor of a sarr.ple of the coolant it determined by an oc test using a standardized
test ceil. A high power factor (over 0.5% at 20*C) indicates low resistivity and hence - '

degradation.

316. Mghw.r.tJComent

The moisture conteat is measured on the basi', of the reduction of sulphur dioxide ~in the
pruence of watu. This test is recommended for transfortners rated 69kV or above, and lower--

.
~

voltare transformers whose condition is suspect due to poor insulation resistance or power
facto.t retdmgs.

'
1

3.81 Ccmbu.bble GvJul.uh. 1

'

This is :. chernical analy . of a sample of the gas in the sealed space above the transformer
coolant, which detects the presence of the combustible gasses (primatily hydrogen and
methane) which evolve as cellulose insulation degrades in the presence of wMer, and minval
oil breaks dow n due to local overheating in the presence of core iron. More than-2% of
combustible gas indicates an incipient problem which shouid be investigated. -

p 3.8.8 Qas-in-ci' angins

Gas' chromatograpLy it used to detect and characterize the ghsces dissolved in a coolant sampic.
,

These gasses principally consist of hydrogen, methane, ethane, ethylene,-acetylene, carbon
monoxide, anct carbon dioxide. They.are the products of coolant or solid insulation

.

- breakdow n due to oserheating caused by low-level winding faults, spurious currents in_ the
. core or structural steel, etc. A high lesel of dissolsed gas is a precursor to an irarnal fault,
and the relative concentrations of the sarious breakdown gasses c n provide valuable clues to
its cause and location.4

.

s -

.

; ,

'
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ELOSS A R Y. ;

;>

Absorption current. A transient current occurring during de high-potential testing which i

results from the absorption of energy in rearranging the orientation of polar molecules in the
insulation.

Abuse. A root cause of equipment degradation in which equipment is subjected -- whether ;

intentionally or . inadvertently -- to conditionv outside its design envelope during installation, -

storage, operation or maintenance. It is distinguished from misappliention and poor
- workmanship. j,

Acidity test. A transformer coolant test method in which the quantity of a standard aqueous
solution of calcium hydroxide required to neutralize the acidity in a standard sample of<

F coolant is deterrr.ined by titration.

Balance-of-plant (BOP) electrical subsystems and equipment. Portions of the plant auxiliary
@ctric power systern which are not Class IE and which supply power to non * safety-related*
. unctions. (For the purposes of this report,-most BOP equipment and subsystems are :

considered ufety-significant.)

Capacitise charging current. The current which flows to charge the distributed line-to-ground
capacitanct of the insulation system during a de high-potential test.

-

E Color test. A trapforrner coolant test method in which the color of a sample of coolant-is
'

t ympared to a s tandard color chart; a dark color indicates .hermal degradation or
a contamination.

,

Combustible gas analph. A chemical analysis of a sample of the .ps in the sealed space above
L the coolant in a transformer, which detects the presence or the combustible gasses (pamarily .

hydrogen and methane) which evolve as cellulose insulation degrades in the presence of water,_
,

,
and minetal oil breaks down due to local overheating in the presence of core iron.

V .

Correcthe malatenance (CM). Inspection and testing ftrouble-ahooting") and _ servicing work .
' -- _ performed primarily in response to-existing or irnpending degradations in safety and/or

performance. CM is distinguished from presentive taalutenance, plant modification, and plant G

operations.
;

Dielectric absorptbn ratto (DAR). The ratio ot the measured leakage current at 30 seconds
| af ter the test' voltage is applied to the current at 60 seconds during de high-potential or

insu!stion resistance testing."

i
Dielectric test. A transformer coolant test method in which coolant samples are subjected to an

|: ne high-potential test to breakdown in a standardized electrode configuration.
|-
l

| Cas-in-oll analysis. A transformer coolant test method in_which gas _ chromatography _is_.used
to detect and characterize the gasses dissolved in a coolant sample.

,

i
'~ liigh-potential testing. An insulation test method in which either a 60Hz ac or. a de test-

voltage substantially greater than the nc: mal operadng soltage is applied successi'.ely to each
line, with the other lines connected together and grounded.

&
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. Insulation resistance testing. -An insulation testing method in which the tenkage current driven
through and across the insulation by a known de potential is' measured. The insulationa
resistance is the Ohms Law ratio of the tcst voltage to the measured leakage current. <

,

laterf atial Tension. A measurement of the tersion at the interface between a sample 01
cooiant and water during transformer coolant testing. :

'
Leakage current. The residual current which remains af ter the charging and absorption
transients have decayed duiing de high-potential testing; the current flowing through and over '-

the insulation system.

Misappliesfloc. A root cause of equipment degradation in which the equipment was originally
spe:ified for .se under system or environmental conditions which exceed its ratings or are
otherwise outside its design envelope, it is distinguished from abuse and poor workmanthlp. '

bloisture Content. A transformer coolant test method in which the moisture content of a' . ;

sample of coolant is measured on the basis of the reduction of su!phur dioxide in the presence ,

of water. .

Plant modifications. Permanent changes in equipment, plant configuration, etc. which'are
made primarily to' improve safety, enhance performance, replace obsolete equipment, respond .
'o regulatory requirements, and/or perrnanently correct identified problems.- Modifications
o n. ,tinguished from presentlie maintenapse, correctise maintenance, and plant operations. <

(No'e that plant modifications are often performed to address problems which have been
identified through PM and/or repeatedly but temporar ly alleviated by CM). '

..

Plant operations. Manipulation and monitoring of plant systems sad equipment, other than
preventiu maintenance, corrective maintenance, and plant modifications, which is performed

'

primarily to further the main minion of th; plant, i.e. safe and efficient generation of electric:

| power. (Note that in most plants the operations staff participates in electrical PM activities,
|~ e.g., suncillance tests and superficia! insp ctions by auxiliary opeiators during shift rounds.)
T

Polarization index (PI). The ratio 'of the leakage current at one minute after energization to'

the current at ten n:inutes during'de hie -potentisi or insulation resistance testing.h

Poor workmenship. A roo_t cause of equipment degradation-involving a failure-to use
appropriate practices while working on the equipment during fabrication, irstallation, or -
mainten,ince. :lt is distmguished from abuse and misapplication.

| -

i

j; Post-modification and post-maintenance testing. confirmation of insulation integrity after -
! modifications, repairs, tests, extreme operating conditions, or other e /ents which have the

potential to disrupt the insulation system,
! "

!' ' Power f artor test. A transformer coolantjest method in which the power factoi of a sample of-
l? the coolant is determined by an ac test using a stkndardized test cell.
i

.

|

- I
L Power f actor testing Generally,' an insulation test method in which a known ac potennal:is -
L applied acrcss the insulation system, and the resulting curtent and its pha.se relationship to the

L
applied voltage are measured. From this, the pont factor of the i isulation is calculated..

= Predicthe maintensuce. A preventive maintenance planning technique in which equipment-
:

.
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performance and mainten nce hinery, condition mor.itoring, testing, and/or analysis are used I
: to predict when equipment will fail so that maintenance practices and schedules can' be
designed to'asert failures. It is inter;ded to minimize ll,( need for corrective maintenance.

Presentive maintenance (PM). Inspection, testing, and servicing activities performed'on I

existing, presumably * healthy" equipment and. systems primarily in order. to preserve-
operability or to extend useful' life rather than in response'to identified problems. PM is
distinguished frem corrective maintenance, plant inodlfications and plant operations.

' ~ Pre-operstloca! (commissionlog) . testing. Confirmation of the integrity of insulation, I
connections, etc. after initial installation but before operation.

,

Recclsing testing, Confirmation of the integrity of the insulation upon receipt at the plant, to
detect rnanufacturing defecn or shipping damage before installation, ,,

Reliability-centered raaintenance (RCM). A presentive maintenance planning technique. in
which PM is specified and scheduled in accordance with the stacistical failure rate and/or life
expectancy of the equipment being maintained and its ciiticality to safety and productivity, '

and FM procedures and schedules are continually updated to reflect actual maintenance
e..perience in the plant. RCM is the most systematic, comprehensive, and cost-effective type
of programmed preventive maintenance.

Safety-signifirint electrical equipment and systems. Nominally * safety-related" (Class IE or
"Q-list") electrical. equipment and systems, plus non * safety-related1 items whose failure can -,

credibly either (1) precipitate reactor trips, (2) degrade the performance or reliavility of safety
functions, or D) challenge plant safe.) systems.

Sur$cillance. S:heduled inspection and testing performed on presumably healthy equipment or
systems primarily in order to confirm their operabilit) or detect deg-aded performance. -

'

Surseillance (maintenance) testing. Detection of degradation and prediction of eventual failure-

during operation.
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NON-STANDAJ1D_AJ1REVI ATIO_NS AND ACRONYMS. -

.

AEIC Association of Edison 111uminating Companies
AIEE American Institute of Electrical Engineers
ALARA 'As low as reasonably porsible' occupational rndiation e7posure -
AmSEC American hystems Engineerieg Corpora' ion

- ANSI American Natiohal Standards Institute
BOP Balance-of-plant .

. . .

CM Corrective maintenance
, .

D/ R Dieleciric absorption ratio
EDO Emergency diesel generator
EQ Environmental qualification
EPRI Electric Power Research Institute a

ESF Engineered safety features 1
FAA US Federal Aviation Administration"
FSAR Final Safe,y Analysis Report

(. HV High-voltage
I. HVAC Heating, ventilation,and air conditioning/ -:-

ICEA Insulated Cable Engineering Association.
IEEE Institute of Electried and Electronics Engineers
INPO Institute of Nuclear Power Operations '

ISI/IST In-service ins >ection/in-service testing .

LCO Limiting Condition of Operation
IMOP Loss of offsite power
NRC US Nuclear Regulatory Commission
NRR NRC Office of Nuclear Reactor Regulation -
NEMA National Electrical Manufacturers Association
NETA National Electrical Testing Association-
NFPA National Fire Protection Association,
NPRDS Nuclear Plant Reliability Data System
NUREO Nucleat Regulatory Report
Pl Polarization index

- .

QA Quality assurance-
'

QC Quality control'
PM Preventhe maintenance

' ~

PRA Probabilistic risk assessment. .

RCM Reliability-centered maintenance
Tech Speer Nuclear planbTechnical Specificanons
Trans. Transactions -
SAIC Science Applications Inte national Corporation

C
|

| , |

e
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AITENDIX.

DEC10f1LQN OF THE ELECTRICAL PREVENTIVEo

blAINTEN ANCE AM.lfETING GUIDELINES DEVELOPMENT PROGR AM.

A.I. Omnhub_a_sLGram1Moronh.

A project ' team comprising personnel from the Advanced Technology Division of Science
,

Applications International Corporation (SAIC), the American Systems Engineering Corporation*

(AmSEC, an SAIC subsidiary), and the Nuclear Safety and Licensing Division of SAIC jointly
conducted the electrical PM guidelines development project under a contract from the Office
of Nuclear Keactor Regulation (NRR) of the Nuclear Regulatory Commission.- The NRR
Electrical Sptems Dranch provided technical and| programmatic direction. The major tasks
involved in the project are listed below. (The technical report preparation task:is self-
explanatory; the others are described in detail in the following sections.)

Data acquisition.e

Development of the guidelines..

Preparation of the technical report..

'

A.2. Ihu A.radills.n.i

The purpose of the data acquisition task was to develop a comprehensive base of information
on sound electrical preventive maintenance practices from which the Juidelir:es could be
extracted. The task comprised twe subtasks, a literature search and an industry survey, as
described below.

A.2.1.1iterature Sem.h.

The literature search accessed documentary information of the types listed below. The
Bibliography of this repo;t contains complete citations to all of the documents identified _in the
search,

Standard reference books and textbocks on electrical mainter.3nce and related subjects.e ,

Aisthoritative technical papers on electrical maintenance and related subjects published by*
,

and/or presen ed at meetings of IEEE, AIEE, the Doble Engineering Forum. etc."

Research and technical _ reports on electrical mzintenance and related subjects' prepared by' '

.

the staff or contractors of-NRC, US Department of Defense, US Bureau of Mines,' Arthur-
D. Little Corp., EPRI, and IEEE.

Articles on electrical maintensuce and related subjects inm the trade press..

Industry standards on eiectrical maintenance and relued subjects promulgated by_lEEE,e
'

ANSI, NFPA, NETA, and INPO.

.
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Regulatory standards and guidelines on maintenance and related subjects promulgated bye

the NRC and FAA.

Military standards and guidelines on maintenance and related subjects promulgated by the.

US Navy.

Electrical equipment maintenance instructions publisned by major electrica! power and.

testing equipment manufacturers, including General Electric Co., Westinghouse Electric
Corp., end Bidd:e Instrument Co.>

A.2.2. liicijiptvev.

The second data acquisition subtask was a survey of the electrical preventive maintenancc and
testing practices of major users of the types of electrical equiproent typically fourd in nuclear
power plants. The survey covered the following general types of users:

. Commercial nuclear power plant licensees in the USA.

. Commercial nuclear power plant operators in Europe.

. US Department of Energy's n;,: ating contractor for the Savannah River Plant. '

Major electricity-intensive industrial manufacturing firms..

The team conducted int survey in four phases, as briefly summarized below.

(1) htCAlifjGbon of ca0!1!dMf_nLRIflDintj9_D.1 The preliminary list of candidates was b.ned
on the experience of the members of the project team, and comprised organizations and plants
w hich..

#
. employ a representatise complement of electrical equipment typical of nuclear power plants;

. have reasonably sophisticated electrical maintenance staffs; and

were considerei likely to support the guidelines program, either because they had.

participated in analogous projects before, or because of existing contacts between their
maintenance or facilities engineers and members of the guidelines project team.

"l.2) Altitrh2DL1VJ1tL in which members of the project team explored the interest of the
candidate user organizations in participating, and the level of participation we'could expect,
with the responsible maintenance or facilities engineering managers at the candidate
organizations. At this stage some of the organizations declined to support the survey, citing
the followint asons: lack of available staff time and other resources; time conflicts with
current maintenance outages; unwillingness to reveal proprietary practices; unwillingness to
expose themsebes to potential legal liability; and/or bureaucratic obstreles to obtaining upper-
management permission to participate.

Most of the user wganizations the team contacted agreed to participate, but only informally in
the form of verbal discussions of their PM practices. In these cases, the team members went

A -2
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through a sequence of questions based on those in the survey questionnaire discussed in the
fo))cwmg section, eliciting descriptions of the subjects' electrical PM planning and scheduling *

appraaches for each major class of electrical equipment. Some of these use organizations also
provided copies of current electrical PM procedures and schedules, which supplemented other
user procedure information the team already had on hand from previous projects.

Several other user organizations expresced a willingness to complete the formal survey
questionnaire discussed below. Finally, oi,e organization, Duke Power Company, insited the
project imm to visit one of its plants f or face-to-face discussions of PM practices, as
discussed further below.

(3) Dyanican.littlpnn. The schicle of this survey was a questionnaire requesting
information on the PM practices each organization currently applies to each of 69 generic
tyras of electrical equipmen: Appendix 2 contains a representative excerpt from the
questionnaire. Two user organizations, Virginia Electric Power Co. (VEPCO) and Northeast
Utilities, responded in full to the questionnaire survey. (Others provided analogous ~

information in other forms, as we invited them to do in the coser letter of the questionnaire.)

(4) palamagjiltian visit. As noted above, Duke Power insited the guidelines project team to
sisit the Oconee plant in order to discuss electrical PM in detail, This sisit had two primary
purposes; first and rnore importan,, to investigate Duke Power's current electrical PM
practices; and second, to obtain aome informal user feedback on preUminary versions of the
gaidelines in the early development stage.
The organizations w hich participateo in the user sursey and their contributions are
summarized in Table Al-1 on the next page.

A.3. DevelonmtnnLQldrEn_15

The development of the guidelines proceeded in seseral steps. First, the project team
es atuated and ranked the information sources identifi;J during the data acquisition task in
terms of their appheability to the nuclear power plant environment, authoritatiseness, up-to-
dateness, et:., and rejected a number of sources which were clearly of low quality. We then
deseloped a preliminary set of PM guidelines from the consensus of the high-quality sources,
and subjected them to seseral reviews, each of which generally resulted in minor 3

modifications. Other guidelines project team members, all of whom have substantial
experience in planning, managing, and evsluating electrical maintenaoce in process plants
w here safet) is a critical consideration, pt rformed the first review. At this stage we also
performed an informal bentfit/ risk analysit in which the improvements in electrical system
reliability and asailability (and indirectly, in plant uiety) which could reasonably be expected
from implementing each recommendation were baianced qualitatively against the risk of
inducing equipment failures or system problems duting PM The next review was conducted
t'y the SAIC and AmSEC program managers who had not been directly involved in deseloping
the guidelines but who hase significant expertise in PM planning and maintenance program
e valuation. Senior maintenance engineers and managers at seseral utilities also informally
reviewed some of the preliminary material. The NRC project manager was the final reviewer.
The material in Sections 2 and 3 of this report is the product of this process.

.
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- Table A1-1.
Orgenlrations which Contributed to the Electrical
' PM 0;;!delines Project and their Contributions.-

-

.

Organization Contribution (s)

_

Consolidated Edison Co, Phone discussions, procedures
Duke Power Co, Oconee site visit, procedures, reviewi

E.1 DuPont de b'emours & Co. Phone discussions

El Pase Natural Gas Co. . Phone and personal discussions -
Ford Motor Co, Phone discussions -
General biotors Corp. Phone discussiono
General Mctors of Canada. Ltd. Phone' discussions :

GKN (liolland) Phone and personal discussions, review
- Phone oiscussieraIBM Corporation

.

Phone discussiopsLong Island Lighting Co,
Northeast Utilities Questionnaire, phone discussions, procedures -

| Nuclear ASCO (Spain) Phone discussions
Phiksdelphia Electric Co, Phone and personal discussions

Public Service Electric and Gas Phone discussions-
Scott LPaper _Co. Phone and personal discussions
Tennessee Valley Authority Phone discussions :
Union Carbide Chemicals and Plastics, Inc. Personal discussions=

Virginia Electric Power Co. Questionnaire, phone discussions, procedures
Westinghouse Savannah Ri$er Co, Phone discussions.

,
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DAQKS:

Iteference no.: 1
Author (s): Bean, R.L , et al.
Title: Transformers for the Electric Power Industry.
Publisher: Westinghouse Electric Corp (McGraw-Hill).

'
Publisher's location: Sharon. PA.
Date: 1959.
Chapter (s), page(s), etc. Chapter 10.

Reference no.: 2
Author (s): Blackburn, J.L., ed.
Title: Applied Protectise Relaying. --

Publisher: Westinghouse Electric Corp.
Publisher's location: Newark, NJ.
Date: 1976.
Chapter (s), page(s), etc.: Chapter 22.

Reference no.: 3
Author (s): Girtman, G.F.
Title: Elec:rician 1 Mate 1 and C - Rate Trainsng Manual and Nonicsident Training Course.
Publisher: Naval Education and Training Command, US Navy.
Publisher's location: Pennsacola FL.
Da te: 1985.
Chapter (s), page(s), etc.: Chapter 2.

Reference no.: 4
Author (s): Gill, A.S. 4*Title: Electrical Equipment Testing and Maintenance.
Publisher: Prentice-Hall.
Publisher's location: Englewood Cliffs NJ. ~

Date: 1982.
-

Chapter (s), page(s), etc.:

Reference no.: $
Author (s): Hubert, C.I.
Title: Preunine Mountenance of Electrical Equipment.
Publisher: McGraw-Hill.
Publisher's location: New York, NY.
Da te:. ,

Chapter (s), page(s), etc.:
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Reference no.: 5 .

Author (s): Mason, C.R.
Title: The Art and Science of Protective Relaying.
Publisher: John Wiley and Sons.
Publisher's location: New York, NY.
Date:.
Chapter (s),'page(s), etc.:

Reference no.: 6
Author (s): Seevers, O.C.*

Title: Power Systems Handbook: Design. Operations. and Afaintenance.
Publisher: Fairrnont Press.
Publisher's location: Lilburn, GA.
Date: 1991.
Chapter (s), page(s), etc.: Chaps. 6, 7,9,10.

Reference no.: 7
Author (s): Smeaton, R.W.
Title: $sachgear and Control Handbook.
Publisher: McGraw-liill.
Pubilshe.'s location: New York, NY.
Date: 1977.
Chapter (s), page(s), etc.: Chap. 31.

Refercoce no.: 8
Author (s): _
Title: Electrica! Aicintenance Hmis. t'ol.1: General Alain:enance.
Publisher: Westinghouse Electric Corp.
Publisher's location: Trafford, PA.
Date: 1984
Chapter (s), page(s), etc.:

Reference no.: 9
Au thor (s): _
Title: Electrical Alaintenance Hunts. l'ol. 2: Industrial Equipenent Afaintenance.
Publisher: Westinghouse Electric Corp.
Publisher's location: Trafford, PA.
Date: 1984.
Chapter (s), page(s), etc.:

Reference no.: 10
Author (s): ,_
Titte: Electrucci 51canienance Hinis, l'ol. 3: Power Apparatus Alcintenance.
Publisher: Westinghouse Electric Corp.
Publisher's lo:stion: Trafford, PA,
Date: 1984
Chapter (s), page(s). etc.:
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Reference no.: 11 |
Author (s): .

.

.

; Title: Electrical Maintenance Hints, Vol. 4: Reference Material. Tables, and Forumfas. ,,

Publisher: Westinghouse Electric Corp.
Publisher's location: Trafford, PA'.
Date: 1984.
Chapter (s), page(s), etc.:

Reference no.: 12
'

Author (s):
Title: EPRI Operations and Maintenance Source Book.
Publisher: Electric Power Research Institute.

. Publisher's location: Palo Alto, CA.- ,

Date; 1987. .

Chapter (s), page(s), etc.:
,

Reference no.: 13
Author (s):
T1tle: Insulation Testing and Maintenance,

.

. Publisher: General Electric Co.
Pubilsher's location: Schenectady, NY.
Date: 1975.

'- Chapter (s), page(s), etc.:

|. +

i

;'

i

n

h

b

a

>

%

h

4

+

4

. N

|

P

e.

..

A

?

s

'

.

,

,-t.,
' l

A
t :

' . i ._t
''

i$; A ~

'_
_ +

,
-

t_ m')-

K
*

. .
.

< ., . ,

i.. SJ= 1 . . , . .- _ , , .
*

.4 - ,;-, "



- - _ - _ - _ _ _ _ _ _ ._ _

.

I
!

IKC11EICAll'AI1M

Reference no.: 14
Author (s): Anderson, J.W.
Title:" Testing of Large Lead Batteries,' IEEE Paper 86 WM 020-2.
Presented at: IEEE Power Engineering Society 1986 Winter Meeting.
Publisher: Institute of Electrical and Electronier Engineers, Inc.
Publisher's location: New York, NY.
Chapter (s), page(s), etc.:i

Reference no.: 15
Author (s): .Alacchi, J,
Title: " Reliability Considerations in Cement Plant Power Distribution."
Journal: IEEE Trans. on Industry Applications.
Journal ist,ue, date, volume, etc.: Vol l A-15, No. 2. March / April 1979.
Publisher: Institute of Electrical and Electronics Engineers, Inc.

'

Put;isher's location: New York, NY.
Chapter (s), page(s), etc.: Pp 221-227.

Reference no.: 16
Author (s): Bachtnan, William 11.
Title:' Periodic Maintenance and Troubleshooting Techniques on Variable-Speed Drives."
Journal: IEEE Trans. on industry Applicatwns.
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Publishe r: Institute of Electrical and Electronics Engineers, Inc.
Publisher's location: New York, NY.
Chapter (s), page(s), etc.: Pp 35-41.

Reference no.: 17
Author (s): Berney, Ian E.
Titie: ' Cost-Effecthe Maintenance for Cement Plants.'

,

Journal: Conference Record.19b7 IEEE Cement industry Tecamcal Conference.
-

Journal hsve, date, volume, etc.:
' -

Publisher: Institute of Electrical and Electronics Engineers, Inc.
Publisher's location: New York, NY.
Chapter (s), page(s), etc.: Pp 105-129.

Reference no.: 18
Author (s): Bourbonnais, T.L.,11.
Title:"The Coordination and Testing of Protecuve Relayt in Industrial Plants."
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Journal hsue, date, volume, etc.: Pt.111, Vol 78 April 1959.
Publisher: Institute of Electrical and Electronics Engineers, Inc.
Publisher's location: New York. NY.
Chapter (s), page(s), etc.: Pp 1-10.
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-
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Date: 1988.
Published by: Institute of Electrical and Electronics Engineers.
Page(s), etc.:

,

B-20

, .. ,,.. . _ - - . . _ _ , _ . - . - . _ - . _ _ . . _ . _ _ . . . . _ , _ _ _ - - _ . - _ - _ . . . . . . . . _ _ - . . . . . .. -_ ._.



- . _ - . - -. - . - - - - . - .- . - - .

TR ADE PRESS ARTICLES.

Reference no.: 88
Author (s): Gasvoda, A.E.
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Publisher: EQES, Inc.
Publisher's location: Glenn Ellyn, IL.
Page: 95.

B-22

L



__ _ . . _ . _ __. _ _ . _ _ _ . _ _ , . . _ _ _ .

>

INDUSTRY AND OTIIER CONSENSUS STANDARD.S

Reference no.: 92
Title: Recommended Practice for Testing insulation Resistance of Rotating Afachinery.
Standard no.: ANSI /IEEE Std 43-1974.
Date: 1974, reaffirmed 1985.
Published by: Institute of Electrical and Electronics Engineers, Inc.
Page(s), etc.:

.s..

Reference no.: 93
Title: Guide for insulation hiaintenance of Large Ac Rotating Afachinery (10.000k1'A and .
Largerb
Standard no.: ANSI /IEEE Std 56-1977.
Date: 1977 (reaffirmed 1982).
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Cable as Used in the Petroleum and Chemical Industry (DRAFT).
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Page(s), etc.:

Reference no.: 130
Title: " Instructions: Switchgear Power Circuit Breakers." [ Types AM-7.2... and AM-13.8....]
Document no.: GEH-1805A.
Date:
Published b>: General Electric Co., Philadelphie, T-A.
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Date:
Published by: General Electric Co., Philadelphia, PA.
Page(s), etc.:

Reference no.: 155 ,

Title:" Instructions: Switchgear Test Plugs for Drawout Relays and Meters.'
,-'

Document no.: gel-25372A.
Date:
Published by: General Electric Co., Philadelphia, PA.
Page(s), etc.:

Reference no.: 156
Title: " Instructions: Switchgear Auxiliary Relays.*
Document no.: gel-28712C.
Date:
Published by: General Electric Co., Philadelphia, PA.
Page(s), etc.:

Reference no.: 157
Title: 'How to Maintain Switchgear Equipments."
Document no.: GET-1168.
Date: 1943.
Published b>: General Electric Co., Schenectady. NY.

-

Page(s), etc.:

Epwer Transferrners:

Reference no.: 158
Author:
Title: 'PrEary Substation Transformers,12,000kVA and Larger 3 Phase *
Document no.: GEA-11047- A.
Date: 1990.'
Published b>: General Electric Co.
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