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Foreword

(This loreword s not & part of [EEE Sud 387-1977, Criteria for Diesei-Generstor Units Applied s Standby Power
Supplies (of Nuclear Power Generating Stations.)

This document is supplementary 0 [EEE Std 308-1974, Standard Criteria for Class 1E Power Sys-
tems for Nuclear Power Generating Stations, and specifically amplifies parsgraph 5.2.4, “Standby
Power Supplies,’’ of that document with respect to the spplication of diesel-generator units. .

The [EEE hr- developed this document to provide the principal design critena, design features,
qualification connderations, and testing requirements for individual diesel-gennarator units including
guxiliary equipment and controls within the scope of this document used in the standby power sup-
ply of & nuclear facility, which comply with the Nuclear Regulatory Commission's code of Federal
Regulations (10 CFR 50). This document presents spec procedures and critenia applicable to
qualifying the diesel-generator unit and supplements the criteria described in IEEE Std 323-1974,

! “Standard for Qualifywng Class 1E Equipment for Nuclear Power Generating Stations.”’

Operating expernence is generally available on diesel-generator units similar to those covered DYy
this document to support the position that when rated in accordance with this document the equip-
ment should provide many years of continuous operating life. However, it should be noted that the
spplication of these standby diesel-generator units for nuclear service i such that the actual opera-

' ting time under loaded conditions may only be equivalent to one year continuous service ini the 40
' year life expectancy of the plant.

The principal concerns are the ability of the dieselgenerator unit to operate at design loads when-

ever necessary dunng the life of the plant, and the ongoing maintenance procedures which should
be followed to maintan this equipment in 3 ‘‘ready state.”’ These concems may be met by follow-
ing the nanufacturer’s recommendations and performing penodic tests in accordance with this
document and site testing progro.ns.

Components that may deter.orate pnmanly with age, such as seals, hoses, gaskets, etc, can be re-
placed long before failure o/ these components is expected. Such components should be identified
and documented, and the required action included as part of the maintenance program.

Engine auxiianes, including electnc motors, may be selected on a conservative basis, with recom-
mendations for replacement nenodically during the life of the plant. Repiacement interval should
be based on conservative judgement of component life supportad by operating experience as de-
swnbed in [EEE Sud 232.1974. The Generator excitation system, and other electrical equipment
should be periodically inspectez and tested. includir.g insulation megger or leakage current tests, Or
both. where practical according to manufacturer’s recommend.tions, and this information should
e racorded and compared with previously recorded results to determine if there is any sign of deg-
radation.

It is the intent of the IEEE to add a Section 5.6.4 entitled “Protection’’ at some future date. In
the interim, users of this document are referred to IEEE Std 308-1974 for general requirements
covenng the ares of protecuon.

~dditional work is in progress 1o expand on the following sections of this document:

‘a) Section 5.1.2 (3) and 3ecticn 6.4.2 — Light Load cr No Load Operation.

(b} Section 5.5 — Design and Application Consideration. (Work is in progress to include interface
considerations with associated systems outside the scope of this document.)

(¢) Section 6.2 — Factory Production Tests.

(d) Secticn 6.7 — Preventive Maintenance, Inspection, and Testing.

MOTE ANSS9 s prepanng & senes of standards spplicable to the fuel 0il, combustion air, starting, soolant, and lube
ot systems of the diesal-generator units. ana these standards wnil be referenced. as appropriate, in future revisions of
this document

Adherence to these criteria may not suffice for assuring the public hesith and safety because it s
the integra’ed performance of the structures, the flud systems, the instrumentation systems, and
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the slectrical systems of the station that establishes the consequences of accidents. Each applicant
has the ibi tywmunh'unuu.ndom dun.h‘uinnﬂud pndomupcouadcquu.
Working Group 4.2C had the following membership at the time it prepared this standard:

1.C. Madison, Chairman

§. Chakraborty T. Luke

D H. Clark C. Manning
H.W. Falter G.L. Miller
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At the ume it approved this standard, the Nuclear Power Engineenng Committee had the follow-
ing membership:

T. J. Martin, Chaurman A. J. Simmons, Vice Chgirman
L. M. Johnson, Secretary
R E. Allen R. |. Hayford J. R. Penland
J. F Bates . T. A lppolite D. G. Pitcher
J. T. Bauer 1. M. Jacobs H. V. Redgate
F. D Baxter A. Kaplan B. M. Rice ¢
J. T Beard R. F. Karlicek J. C. Russ
R. G. Benham A. Laird W. F Sailer
23 J. T Boettger J. L. Martone J H. Smith
54 K. J Brockwell T. J McGrath A J. Spurgin
2 D. F. Brosnan G. M. McHugh L. Stanley
’ F. W._Chandler W C. McKay W. Steigeimann
L C. M. Chiappetta W P Nowwhki H K Stolt
> N C. Farr W E. ONeal D. F Sullivan
N J. M. Gallagher E. S. Patterson P Szabados
3 J. B. Gardner H. A. Thomas
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An American National Standard

IEEE Standard Criteria for
Diesel-Generator Units Applied as
Standby Power Supplies for
Nuclear Power Generating Stations

1. Scope cited sbove, exclusive of the suxiliary power

1.1 General. This document applies to the ap-
lication of diesel-generator units as IV
units of the standby power supplies in station-
ary nuclear power generating statuons.

1.2 Inclusions. The tollowing are within the
scope of this document:

(1) The diesel engine, including:

(a) the ywheel

(b) the combustion wr system, starting
at the engine wr intake connection
including the affects of any remote
air intake filter or siencer, or both

(¢) the starting system

(d) the starting system energy sources

{e) the fuel ol system starting at the fil-
ters and strune:s ahead of the engine
fuel oil reservouwr

(f) the lubncating oul system

(g) the cooling system, starting st the
point where the cooling medium 15
introduced to the diesel-generator
unit

(h) the exhaust system (O the down-
stream side of the exhaust silencer,
but excluding piping {rcm the engine
exhaust connection to the inlet of
the silencer and silencer tail pipe

(i) the governor system.

(2) The generator, including:

(a) the main leads stopping at the gen-
erator terminals

(b) the excitation and voltage re.juation
systems.

(3} The control, protection, and surv- llance
systems associated with the diesei engine, the
generator, and theur suxiliary equipment and
systems cited above.

(4) The ac and dc distnbution systems ass0-
ciated with the diesel engine, the generator,
and thewr suxiliary equpmen® and systems

system beyond the generatcr terminals.

(5) Those elements of the unit necessary for
maintaining the diesel-generator in a warm
standby condition and essential to the safety
function.

1.3 Exclusions. The tollowing are outside of
the scope of this document:

(1) The diesel-generator unit enclosure and
foundations.

(2) The external service equipment and sys-
umvhschmupnnu{a'mchmhouudm
the diesei-generator urut enclosure, other than
those tabulated in 1.2, such as equipment for
providing and conveyng combustion ar, ven-
tilating air, etc, 0 the nicmity of the diesel-
generator unit.

(3) The auxiliary power system beyond tne
generator terminals of t1e diesel-generator unit,
including:

(a) the conductors for conveying power
from the generator

(b) the diesei-generator unit main dis-
connecting and protective device

(c) the generator circuit instrument
transformers, whether furnished with
the diesel-generator unit or not

(d) the generator protective relays.

(4) The control, surveillance, and piotection
systems for:
(a) initiating the “Start Diesel Signal”
(b) loading the diesel-generator unit _
(¢) pro‘ecting the loads energized by the
diesel-generator unit
(d) disconnecting the loads energized by
the diesel-generator unit
(e) prevention of common-mode falure
between the preferred power supply
and the standby power supply.
(5) Determination of the charactenstics of
the service envircnment.
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. Scope Diagram. The scope diagram pre
ted in Fig. 1 lustrates the delineation of
:nopcmu'nmud.bon.

2. Purpose
Thopu:pouolt.hndocumcntuwpmvidc

® " principal design cntena, the design [eatures,

e qualification considerations, and the testing
quirements for the individual diesel-generator
nits which enable them to meet their func-
onal mumnuslpmdmnswﬁby
cwer supply under the conditions produced
)y the design basis events catalogued in the
Nant Safety Analysis.

3. Definitions

3.1 acceptable. Demonstrated to be adeyuate
by the safety nalysis of the plant.

3.2 common failure mode. A mechanism by
which a single design basis event can cause re
dundant equipment to be inoperable.

3.3 design basis events. Postulated events used
in the design to establish the performance re-
quirements of the structures and systems.

3.4 design load. That combination of electnc
loads, having the most severe power demand
charactenstic, which 8 provided with electne
enery from a diesel-generator unit for the op-
eration of engineered safety features and other
systems required dunng and following shut-
down of the reactor.

3.5 diesel-generator unit. The assembly or a§-
gegate of assembiies of one or more single or
multiple diesel-engine generators, associated
suxiliary systems and control, surveilance, and
protection systems that make up an individual
unit of a diesei-generator standby power supply.

1.6 preferred power supply. That power supply
that is preferred to furnish electric energy un-
der accident or post-accident conditions.

[EEE
Std 387-1977

3.7 rating of diesel generator unit.

3.7.1 continuous rating. The eiectric power
output capability that the diesel-generator unit
can maintain in the service environment for
8760 h of operation per (common) year with
only schaduled outages for maintenance.

3.1.2 short time rating. The electnc power
output capability that the diesel-generator unit
can mdnuininthonrﬂ«mvmmnt for2h
in any 24-h period, withou. exceeding the
manufacturer's design limits and without re-
ducing the maintenance interval established for
the continuous rating.

NOTE. Operation st this rating does not limit the use
of the diesel-generator unit at its continuous raung.

3.8 redundant equipment Or system. An equip-
ment or system that duplicates the essential
function of another equipment Or system to
the extent that aither may perform the required
pinction regardless of the state of operation or
failure of the other.

3.9 service environment. The aggregate of con-
ditions surrounding the diesel-generator unit in
the diesel generator unit enclosure, while serv-
ing the design load dunng normal, accident,
and post-accident operation.

3.10 standby power supply. The powe. supply
that is selected to furnish electnc energy when
the preferred power supply s not available.

3.11 start diesel signal. That input signal to the
diesel-generator unit start logic which initiates
a diesel-generator unit start sequence.

3.12 surveillance. The determination of the
state or condition of a system or subsystem.

3.13 qualified diesel generator umit. A diesel-
generator unit that meets the qualification re-
quirements of this document.

4. Reference Standards

4.1 Standards. The equipment and accessores
of the diesel-generator unit shall conform o
the applicable poruons of the following stan-
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dards and the latest revisions thereof, as of the
date of approval of this document.'
g (1] ANSI C50.5-3988, Rotating Exciters
for Machines.

(2] ANSI €50.10-1977, General Require
ments for Synchronous Machines.

(3] ANSI C50.12-1965, Requirements
for Salient Pole Synchronous Gener-

* ators and Condensers.

(4] API Std 650, Welded Steel Tanks for
Oil Storage.

(5] DEMA, Standard Practices for Low
and Medium Speed Stationary Diesel
and Gas Engines.

& (6] IEEE Sud 115-1965, Test Procedures
for Sy achronous Machines.

{(7) LEEE Sud 308-1974, Standard Crite-
ria for Class 1E Power Systems fer
Nuclear Power Generating Stations.

(8] IEEE Sud 323-1974, Standard for

@ Qualifying Class 1E Equpment for
Nuclear Power Generating Stations.

NOTE The requirements for qualification stated in
IEEE Std 387-1977, Critenia for Diesel-Generator Unita
Applied as Standby Power Supplies [or Nuciear Power
Generat ng Stations, are based on an interpretation of
[EEE Std 323-1974, as applicable to these diesel-gen-
] erator umits.

(9] NEMA MG-1-1972, Motors and Gen-
erators.
3 (10] NFPA No 37, Standard for the In-
) stallation and Use of Stationary
- Combustion Engines and Gas Tur-
bines.
(11] TEMA, Standards of Tubular Ex-
~hanger Manufacturers’ Association.
(12]) IEEE SuWd 344-1975, Recommended
Practices for Seismic Qualification of
Es Class 1E Equipment for Nuclear
Power Generaung Stations.

e

£ 'Legend for Standards Organuation.
| ANSI = Amencan Nauonal Standards [natitute
APl — Amencan Petroleum [natitute
DEMA ~— Diesel Engine Manufacturen’
Association
[EEE — lnstitute of Electncal and Electromic’s
Engineers
. NEMA — Nauonal Electncal Manufscturers’
Association
NFPA ~— Natonal Fire Protection Association
TEMA — Tubular Exchanger Manufacturers
Association
i

4.2 Conflicts. Where conflicts occur between
thilmd.u'dmdanynlmomww
mswu.mmmmmnm
in shall govesn.

5. Principal Design Criteria
5.1 Capability.
5.1.1 General. When i service, each diesel-
unit shall have the capability of per-
forming as a redundant unt of a standby
power supply, in accordance with the requure
ments stated in [EEE Std 308-1974 (7].

5.1.2 Mechanical and Electrical Capabilities.
The diesel-generator unit shall also have each of
the following specific capabulities:

(1) Service Environment. Operation in its
service environment during and after any de
sign basis event, without support from the pre-
ferred power supply.

(2) Starting and Loading. Starting, accel-
erating, and being [caded with the design oad.
within an acceptable time

(a) from the normal standby condition

(b) with no cooling aralable, for a ime
equivalent to “hat required to bnng
the cooling equipment into service
with energy from the diesel-genen-
tor unit

(¢) on a restart with an inital engine
temperature equal to the continuous
rating full-load engine temperati:e.

(3) Light Load or No Load Operation.
Accepting design load following operation at
light load or no load for an acceptabie time.

(4) Design Load Profile. Carrying the de-
sign load for an acceptable duration of tume.

(5) Quality of Power. Maintaining voitage
and frequency at the generator termunals with-
in limits that will nut degrade the performance
of any of the iocads compnsing the design load
beiow their minimum requirements, including
the duration of transients caused by load ap
plication or load removal.

5.2 Ratings.

5.2.1 General. The diesel-generator unit shall
have continuous and short-tizae ratng which
shall reflect the output capabilities of the diesel-

10
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inerator unit a8 constrained by the capability
qui munts of 5.1 and the application rules
(5. 4and $.23.

%.2.2 General Applicarion Rules (See 3.7).

Rule 1. Inspections and scheduled mainte-
ance shall be performed periodically using the
sanufacturer’s recommendati .
res Or operating experience, Or both.

Rule 2. Unscheduled maintenance shall be
erformed in sccordance with need as indica-
#d by the periodic inspections as suggested by
he manufacturer’s recommendations Or as
sased on operating experience, or both.

$.2.3 Operarion Applicarion Rule (See 3.7.1
\nd 3.7.2). The diesel-generatQr units may be
stilized to the limit of their power capabilities
1s defined by the continuous and short time
ratings.

5.3 Interactions. Mechanical and electric sys-
tem interactions between a particular diesel-
generator unit and other units of the standby
pcwer supply, the nuclear plant, the conven-
uonal plant, and the Class 1E electnc system
shall be coordinated in such a way that the
diesel generstor units design function, and
capabuity requirements of 5.1, may be realized
for any design basis event, except failure of
that diesel-generator unit.

5.4 Qualification. The desi,n of the diesel-gen-
erator unit for application as part of the stand-
by power supply and requinng the capabilities
listed in 5.1 shall be qualified in accordance
with [EEE Std 323-1974 (3] and 6.3, Type
Qualification Testing, based on the following
considerations:

5.4.1 The effect of aging components on the
capability to perform in accordance with Sub-
section 5.1 may be established by previous op-
erating expenence and a program for periodic
preventive maintenance, inspection, testing,
and parts repiacement in accordance with 6.6
and 6.7, to be conducted throughout the oper-
ating life of the plant.

5.4.2 Major changes to a qualified engine
such as differences in the number of cylinders,
changes in stroke or bore, brake mean effective
pressure, speed, or dieselgenerator aTange-
ment in umique or different configuration, shall
be requalified in accordance with 6.3.

5.4.3 Modifications o s qualified diesel-gen-

[EEE
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erator unit such as governor, generator, overall
system WR’. excitation characteristics, and
other sccessories/suxiliaries that may change
the cspability or performance of a previously
qualified engine-generator unit shail be quali-
fied by mdmortunhammabod:.

5.4.4 Minor changes to a previously qualified
engne-generator unit, such as component parts
replacement, shall be qualified as follows:

(a) When replacement does not alter the
onginal design, qualification shall be by analy-
sis or testing, or both, in accordance with 6.6.

(b) When replacement alters the onginal de-
sign, qualification shall be by analysis or 6.3.1,
Load Capability Qualification, and 6.3.3,

Margin Qualification, or all.

(¢) When replacement degiades the engine
starting or load acceptance capability, qualifi-.
cation shall be in accordance with all require-
ments stated under 6.3.

5.5 Design and Application Considerations. De-
sign and application considerations shall in-
clude but not necessarily be limited to the con-
siderations listed in Table 1.

5.6 Design Features.

5.6.1 Mechanical and Electrical Design Fea-
tures.
5.3.1.1 Vibrarion. Harmful vibrstion stress-
es shall not occur during acceieration or decel-
eration.

5.6.1.2 Torvional Vibrarion. Harmful tor-
sional vibration stresses shall not occur within
a range from 10 percent sbove to 10 percent
below rated idle speed and from 5 percent
above to 5 percent below rated synchronous

5.6.1.3 Overspeed. Mcving parts shall be
designed to withstand, without damage, that
level of overspeed that is caused by the follow-

(1) Full short-time load rejection; plus

(2) Margin to aliow the over.peed device
to be set sufficiently high to guarantee that the
unit will not trip on full short-time load rejec-
tion.

(3) As s minimum, the ger :rator, exciter,
and flywheel shall be designed to withstand an
overspeed of 25 percent without damage.

5.6.1.4 Govermor Uperarion. 1! the diesel
engine s equipped to operate in either the 1s0-
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chronous or the droop mode, provisions shall
be included to automatically place the engine
governor in an acceptable mode of operation
when the diesel-generator unit is required to
operate sutomatically.

5.6.1.5 Voltage Regularor Operation. 1f the
voltage regulator is equipped to operate in
either the paralleled or nonparslleled mode,
provisions shall be included to automatically
place the voltage regulator in an acceptable
mode of operation when the diesel-generator
unit is required to operate automatically.

[EEE STANDARD CRITERIA FOR DIESEL-GENERATOR UNTTS APPLIED AS

5.6.2 Control.
5.6.2.1 Conmrrol Modes. The diesel-geners-
tor unit shall be provided with control systems
permitting automatic and manual control.

5.6.2.2 Auromaric Conrrol. Upon receipt
of a start-diesel signal the automatic control
system shall provide automatic startup and
automatic adjustment of speed and voltage to a
ready-to-lcad condition.

(1) A startdiesel signal shall overnde all
other operating modes and return control of

Table 1
Design and Application Considerations

TR T T e A W o

Consideration

Of [ntereset to
Manu-
Usar/ {ac-

Dengner turer

Common (alure mode between uruts of the standby power supply x
. Single falure critenon as applied to the standby power supply x

i
2
3. Matching of diesel enine, aiternator, excitation system, and voltage r gulator
4. Energy for operation of the control, surveillance, and protaction systems
5
6

Control, survedlance, and protection systema
Lubrication system and equipment
Selection of aur, water, or other means of cooling
3. Supply of cooling medium
3. Cooling system and equipment

10. Selection of electnc, poeumatic, or other means of starting

11. Supply of starting energy

12. Starting system and equipment

13. Supply of combustion awr

14. Combustion air system and equpment
15 Supply of fusl

16. Fuel supply /stem and equipment
17 Removal of products of combustion
18. Equipment design life

19 Sermice environmunt

20 Sewmic design

21. Design load

22 Time available between receipt of start diesel signal and initiation of load sequence

23 Description of loadirg sequ._ace with time durations of application of individual loads

24 Maximum time avadable between receipt of start diesel nignal and acceptance of design load
25 Accommodation of lcading sequence and time duration for application of individual loads

26. Load performance characters o

27 Continuous rating

28. Short time rating

29 Light load and no load upe=stion

30. Diesel-generator unit performance charactenstics
11. Electnic fault conditions

32. Electrnic tiansients

L
L -

L
L R B

33 lnsulation and temperature rating of electric equipment insulation systems (or operating

and quiescent conditions

34 Ureepage and clearaace distances (or electne equipment contacts

15, Electrically induced thermal effects
36 Mechani ally nduced thermal effects
37 Thermal shock

J8 Mechanical shock

39 Operating cycies that may cuse thermaily induced stresses X

LR

40. Phywmical configuration and mechanical support of attaciied suxiliares, accessones,

hardware, piping, wire and cable and raceways

41 Handling during manufacture, snipping, storage, and installation v

42, Fire protection system

M
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¢ diesel generator unit to the sutomatic con-

modes such as those
repair and maintenance.
5.6.2.3 Control Points. Provisions shall be
aade for control from the control room and
.xternal to the control room.
5.6.3 Surveillance.

5.6.3.1 Swrveillance Sysrems. The diesel-
generator unit shall be provided with surveu-
lance systems permitting romote and local
surveillance and to indicate the occurence of
abnormal, pretnp, of Mp conditions.

5.6.3.2 Modes Surveyed. As a munimum the
followng conditions of operation shall be sur-
veyed:

(1) unit not running

(2) unit running = not loaded
(3) unit running = loaded

(4) umit out of service.

5.6.3.3 Surveillance Instrumentation. The
following systems shall have sufficient me-
chanical and electnc instrumentation to survey
the vanables required for successful operation
and to generate the abnormal, pretnp, and tnp
signals required for alarm of such conditions:

(1) starting system
(2) lubncating system
(3) fuel system
(4) pnmary cooling system
(5) secondary cooling system
(6) combustion aur system
(7) exhaust system
(8) generator
(9) excitation system
(10) voltage regulaton system
{11) governor system
(12) auxiliary electnc system.

6. Requirements for Testing and
Analyses

6.1 Genenal.

6.1.1 /mplementarion. The requurements of
Section 6 shall be umpiemented in accordance
with & wntten test plan which shall be consis-
tent with the reference standards listed in Sec-
tion 4 of this document.
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6.1.2 Breakdn Run. Break-in runs shall be
performed on each new dieselgenerstor unit
for the length of time required to pass
the initial failure penod of the unit. The break-
in run on the diesel may be performed before
the diesel is assembled to the generator.

Length of time shall be based upon previous
operating and test experience of the mas ufac-

turer.

6.1.3 Service Environment. Results of tests
shall be correctad to the condition of the ser-
vice environment including site exhaust muffler
and air intake ar filtersilencer systems.

6.1.4 Documentarion. Tests shall be com-
pletely documented, including records of fail-
ures, their repair, and retesting. Type Qualifica-
tion test data shall contain the followng:

(1) The equipment performance specifi-
cations.
(2) Identificaon of the specific fea-
ture(s) to be demonstrated by the test.
(3) Test plan.
(4) Report of test
shall include:
(a) objectuve
(b) equpment tested
of test

results. The report

facility (test

(d) test procedures

(e) test data and accuracy (results)

(f) summary, conclusions, and rec-
ommendations

(g) supporting data
(h) approval signature and date.

6.1.5 Analyses. Although testing is preferred,
analyses may ‘supplement or be substituted for
tests, where testing & not practical, to demon-
strate conformance tO the criteria stated in Sec-
tion 5 of this document.

6.1.6 U type qualifica::’n tests are per-
formed at the engine manufacturer’'s or assem-
bler's facilities, and not at the site, the exhaust
muffler and intake wr filter-suencer normally
used for shop tests may be substituted in place
of the equipment to be provided for 8 specific
site, since it is not practical to duplicate the wr
intake and exhaust equipment and pipng
which will exist at the mte, or future sites for
which the diesel-generator umt s being quali-
fied.



.

Mg mamesrre

®

REE
Sd 387-1977

8.2 Factory Production Tests. The following
minimum production tests shall be performed
by the equipment menufscturers for each unit:

(1) Diesei-Engine — In accordance with
manufacturer’s standard test procedure. .

(2) Generator — In accordance with the lat-
est NEMA Publication MG 1-22.50.

(3) Excitation, Controi, and other Accessce-
ies/Auxiluries — [n accordance with manufac-
turer’s production test procedure.

6.3 Type Qualification Testing Procedures and
Methods. Diesel-generators of tynes not pre-
viously qualified as a standby p . r source for
nuclear power generating statio s shall be sub-
ject to a type qualification testing program
consisting of /oad capabdility qualification, start
and load acceptance quaiification, and margin
qualification. It is preferred that these qualifi-
cation tests be performed at the engine manu-
facturer's or assember’s factory; however, they
may be conducted at the site if certified calibra-
ted instrumentation is provided to measure and
record the same functions and characteristics
normally measured under factory testing con-
ditions. Qualification tests may be performed
on one or more units, although qualification
of one unit will qualify like units of that type
for equal or less severe service. If 5227t and load
acceptance qualification tests (see 6.3.2) are
paerformed using more than one identical unit,
then each of these units must be tested for load
capability qualification (see 6.3.1) and margin
qualification (see 6.3.3).

Type Qualification tests on the complete
diesei-generator unit included in scope diagram
figure No 1 shall be performed in addition to
seismic analysis or seismic testing by the equip-
ment manufacturers in accordance with [EEE
Std 344-1975 [12].

Type Qualification tests shall be performed
following successful comnpletion of the diesel
break-in run, and the Factory Production Tests.

Following the successful completion of these
type qualification tests, the equipment shall be
inspectad in accordance with the manuf~ctur-
er's standard procedure, and inspection results
shall be documented.

6.3.1 Loed Capability Qualification. This test
s to demonstrate the capabiity of the diesel-
generator set to carry the following rated loads
at rated power factor for the period of time in-
dicated, and to successfully reject rated load in
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sccordance with 8.4.5. One sucressful comple
tion of the test sequence shall satisfy this par-
ticular type qualification requirement.

(1) Load equal to the continuous rating
for the time required to reach engine tempens-
ture equilibrium, plus 22 h. The engine tem.
perature equilibrium is defined as jacket water
and lube oil temperatures within :10° F
(5%4'C) of normal operating temperatures as
established by the engine manufacturer.

(2) Immediately following the load in
6.3.1 (1), the rated short-time load shall be
applied for a period of 2 h.

(3) The continuous rating load rejection
test shall be performed. The load rejection test
will be acceptable if the increase in speed of
the diesel does not exceed 75 percent of the
difference between nominal speed and the
overspeed trip set point, or 15 percent above
nominal, whichever is lower.

(4) Light load equal to the design basis
light loads for the required duration.

6.3.2 Start and Load Acceprance Qualifica-
tion. A series of tests shall be conducted to es-
tablish the capabilit; c/ the diesel-generator
unit to start and accept load withuin the penod
of time to satisfy the plant design requirement.
An acceptable start and load acceptance test is
defined as follows; however, other methods
with proper justification may be found equiva-
lent for the level of reliability to be demonstra-
ted:

A total of 300 valid start and loading tests
shall be performed with no more than 3 fai-
ures allcwed. If the 300 tests are spread over
more than one unit, each unit sha!l be started
and loaded at least 100 times. Failure of the
unit or units to successfully complete this se-
nes of tests, as prescribed, will require a review
of the system design adequacy, the cause of the
fadures to be cormrected, and the tests contin-
ued untd 300 valid tests are achieved wi.hout
exceeding the J failures allowed.

The start and load tests snall be conducted as
follows:

(1) Engine cranking shall beqin upon re-
ceipt of the start signal, and the diesel-gencra-
tor set shall accelerate to specified frequency
and voltage within the required tume interval.

(2) Immediately following (1), the diesel-
generator set shall accept a single step 'oad
equal to or greater than 50 percent of the gen-
erator nameplate continuous kW rating. Load
may be totally resistive, or a combination of
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resistive and inductive loads. Voltage and fre-
quency shall stabilize to within specified limits
within the required time interval.

(3) Atleast 270 of these tests shall be per-
formed with the diesei-generator set initially at
“warm standby,” based on jacket water and
lube-oil temperatures at or beiow values rec-
ommended by the engine manufacturer. After
load is applied, the diesel-generator set shall
continue to operate until jacket water and
|ube-oil temperatures are within :10°F (54°C)
of the normal engine operating temperatures
for the corresponding load.

(4) At least 30 tests shall be performed
with the engine initially at normal operating
temperature equilibnum defined as jacket
water and lube-ol temperature within z10°F
(54°C) of normal operating temperatures as
established by the engine manufacturer for the
correseponding load.

(5, If these tests are performed on more
than one unit, the number of starts on each
unt at “warm standby’’ and ‘“‘normal operating
temperature’’ shall be in proporuon to the start
tests stated under (3) and (4) above.

If the cause for faiure to start or accept load
m accordance with the preceding sequence falls
under any of the categories listed below, that
particular test may be disregarded, and the test
sequence resumed without penalty following
dentification of the cause for the unsuccessful
attempt.

18) Unsuccessful start sttempts which can
definitely be attnbuted to operator error, in-
cluding setting of alignment control switches,
rheostats, potentiometers, or other adjustments
that may have been changed inadvertently
prior to that particular start test.

(b) A startung or loading or both tests per-
formed for venfication of a scheduled mainte-
nance procedure required dunng this senes of
tests. This maintenance procedure shall be de-
fined pnor to conducting the start and load ac-
ceptance qualification tests and will then be-
come a part of the normal maintenance sched-
ule after installation.

(¢c) Tests performed in the process of
troubleshooting (tests performed to venfy cor-
rection of the problem may be counted as valid
tests).

(d) Successful start attempts which were
termunated intentionally without loading.

(e) Fualure of any of the temporary ser-
vice systems such as dc power source, output
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circuit breaker, load, interconnecting piping
and wining, and any other temporary setup
which will not be part of the permanent instal-
lation.

6.3.3 Margin Qualification. Testsa shall be
conducted to demonstrate the diesel-generator
set capabiity to start and carry loads that are
greater than the most severe step load change
within the plant design loading sequence. These
tests may be combined with the load capel.iity
or start and load acceptance qualification tests.
At least two margin tests shall be performed
using either the same or different load arrange-
ment. A margin test load at least 10 percent
greater than the most severe single step load
within the design load sequence is considered
sufficient for the margin test. The frequency
and voitage excursions recorded may exceed
those values specified for the plant design load.
The critena for margin qualification are as fol-
lows:

(1) Demonstrate the ability of the generna-
tor and excitation system to accept the most
severe electncal load (usually the low power
factor, high inrush, starting current to a pump
motor) without experniencing instability result-
ing in generator voltage coilapse, or sigruficant
evidence of the inability of the voltage to re-
cover.

(2) Demonstrate that there is sufficient
engine torque svailable to prevent engine stall,
and to permit the engine speed to recover,
when experiencing the most severe load re-
quirement.

6.4 Site Test Categonies.

6.4.1 Srarring Test. Starting tests shall
demonstrate the capability to attain and stabi-
ize frequency and voltage within the acceptable
limits and tume.

6.4.2 Load Acceprance Test. Load accept-
ance tests shall demonstrate the capability to
accept the individual loads that make up the
design load, in the desired sequence and tume
duration, and to mantain the voitage and fre-
quency within the acceptable lirnits.

NOTE If the diesel-generator unit has # light load or
no load operation capabuity, the load acceptance test
sequence shall include considerations of the potental
effects on load acceptance {ollowing such operation.

6.4.3 Rared Load Tesr. Rated load tests shall
demonstrate the capability of carrying the lol-
lowing loads for the indicated times without
exceeding the manufacturer’s design Lmits:
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