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MEMORANDUM FOR: Edward L. Jordan, Chairman e
Committee to Review Generic Reguirements .;z%{§7

FROM: Eric Beckjord, Director
Office of Nuclear Regulatory Research
SUBJECT: CRGR REVIEW OF PROPOSED RESOLUTION OF GENERIC
SAFETY ISSUE B-56, "DIESEL GENERATOR
RELIABILITY"

The purpose of this memorandum is to notify you of our intent to
issue Regulatory Guide 1.9, Revision 3, "Selection, Design,
Qualification, Testing, and Reliability of Diesel Generator Units
Used As Onsite Electric Power Systems at Nuclear Power Plants"

as the resolution of Generic Safety Issue B-56 and to regquest
CRGR review of this regulatory guide.

Regulatory Guide (RG) 1.9, Revision 3 (Proposed) was previously
discussed with the CRGR on September 14,1988, (see CRGR Meeting
No. 146) and was issued FOR COMMENT in November 1988. The FOR
COMMENT period was closed in March 1989 and there were 15
responses, the last being received in July 1989. Comments were
received from NUMARC, EPRI, nine utilities, ASME, IEEE, IMO
DeLaval and one individual.

The staff used comments received to revise RG 1.9, Rev. 3, which
is enclosed. In addition, the staff has continued discussions
with NUMARC's B-56 Working Group to address comments received and
to obtain a better insight into practices currently employed to
achieve the levels of reliability prevalent (i.e. 98% industry-
wide). As a result RG 1.9, Rev. 3 has been considerably
restructured to use INPO's U.S. Industry Plant Performarce
Indicator Program (iPIP) definitions and records structure,
guidance set forth in IEEE and ASME Standards, and revised
Appendix D to NUMARC-8700 (enclosed).

In summary, RG 1.9, Rev. 3 does the following:

) B Integrates into a single regulatory guide pertinent
guidance previously addressed in RG 1.108; RG 1.9,
Rev 2 and Generic Letter 84-15.

= JF Defines the principal elements of an EDG reliability
program which is for the most part consistent with
current industry practices.

L Better defines testing requirements, eliminates cold
fast starts, and reduces accelerated testing.
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Revision 3
9~12-89

REGULATORY GUIDE 1.9
(TASK RS 802-5)

SELECTION, DESIGN, QUALIFICATION, TESTING, AND RELIABILITY
OF DIESEL GENERATOR UNITS
USED AS ONSITE ELECTRIC POWER SYSTEMS

AT NUCLEAR POWER PLANTS

A. INTRODUCTION

Criterion 17, "Electric Power Systems," of Appendix A,
"General Design Criteria for Nuclear Power Plants," to 10 CFR
pPart 50, "Domestic Licensing of Production and Utilization
Facilities," requires that onsite electric power systems have
sufficient independence, capacity, capability, redundancy, and
testability to ensure that (1) specified acceptable fuel design
limits and desion conditions of the re:ictor coolant pressure
boundary are not exceeded as a result of anticipated operational
occurrences and (2) the core is cooled and containment integrity
and other vital functions are maintained in the event of
postulated accidents, assuming a single failure.

Criterion 18, "Inspection and Testing of Electric Power
Systems," of Appendix A to 10 CFR 50 requires that electric power
systems important to safety be designed to permit appropriate
periodic inspection and testing to assess the continuity of the
systems and the condition of their components.

Criterion XI, "Test Control," of Appendix B, "Quality
Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Plants," to 10 CFR 50 requires that (1) measures be provided for
verifying or checking tre adequacy of design by design reviews,
by the use of alternative or simplified calculational methods, or
by the performance of a suitable testing program and (2) a test
program be established to ensure that systems and components
perform satisfactorily and that the test program include
operational tests during nuclear power plant operation.




10 CFR 50.63, "Loss of All Alternating Current Power,"™ now
reguires that each light-water cocled nuclear power plant be able
to withstand and recover from a station blackout (..e., loss of
offsite and onsite emergency ac power system) for a specified
duration. Section 50.63 identifies the reliability
of onsite emergency ac power sources as Leing one of the main
factors contributing to risk of core melt resulting from station

blackout.

Diesel generator units have been widely used as the power
source for the onsite electric power systems. This regulatory
guide provides guidance acceptable to the NRC staff for complying
with the Commission's requirements that diesel generator units
intended for use as onsite power sources in nuclear power plants
be selected with sufficient capacity, be qualified, and be
maintained to ensure availability of the required emergency
diesel generator performance capability for station blackout and
design basis accidents.

This guide has been prepared for the resolution of Generic
Safety Issue B-56, "Diesel Reliability,™ and is related to
Unresolved Safety Issue (USI) A-44, "Station Blackout.®™ The
resolution of USI A-44 established a need for an emergency diesel
generator (EDG) reliability program that has the capability to
achieve and maintain the emergency diesel generator reliability
levels in the range of 0.95 per demand or better to cope with
station blackout.

This guide recognizes that unless diesel generators are
properly maintained, their capabilities to perform on dsmand may
degrade. The condition of the diesel units must be monitored
during the test and maintenance programs, and appropriate
parametric trends must be noted to detect potential failures;
appropriate preventive maintenance should be performed.

[Insert for ACRS approval will be added later)

Any information collection activities mentioned in this
regulatory guide are contained as requirements in 10 CFR Part 50,
which provides the regulatory basis for this guide. The
information ccllection requirements in 10 CFR Part 50 have been
cleared under OMB Clearance No. 3150-0011.



B. DISCUSSION

A diesel generator unit selected for use in an onsite
electric power system should have the capability to (1) start and
accelerate a number of large motor loads in rapid succession
while maintaining voltage and fregquency withir. acceptable limits,
(2) provide power promptly to engineered safety features if a
loss of offsite power and an accident occur during the same time
period, and (3) supply power continuously to the equipment needed
to maintain the plant in a safe condition if an extended loss of
offsite power occurs.

IEEE Std 387-1984,'" "IEEE Standard Criteria for Diesel-
Generator Units Applied as Standby Power Supplies for Nuclear
Power Generating Stations," delineates principal design criteria
and qualification and testing guidelines that, if followed, will
help ensure that selected diesel generator units meet performance
requirements. (IEEE Std 387-1977 was endorsed by Revision 2 of
Regulatory Guide 1.9, "Selection, Design, and Qualification of
Diesel-Generator Units Used as Standby (Onsite) Electric Power
Systems at Nuclear Power Plants.") IEEE Std 387-1984 was
developed by Working Group 4.2C of the Nuclear Power Engineering
Committee (NPEC) of the Institute of Electrical and Electronics
Engineers, Inc. (IEEE), approved by NPEC, and subseguently
approved by the IEEE Standards Board on March 11, 1982. Std 387~
1984 is supplementary to IEEE Std 308-1974, "IEEE Standard
Criteria for Class 1E Power Systems and Nuclear Power Generating
Stations," and specifically amplifies paragraph 5.2.4, "Standby
Power Supplies," of IEEE Std 308 with respect to the application
of diesel generator units. IEEE Std 308-1974 is endorsed, with
certain exceptions, by Regulatory Guide 1.32, "Criteria for
Safety~Related Electric Power Systems for Nuclear Power Plants.”

IEEE Std 387-1984 also references other standards that
contain valuable information. Those referenced standards not
endorsed by a regulatory guide or incorporated into the
regulations, if used, are to used in a manner consistent with
current regulations.

A knowledge of the characteristics of each load is essential
in establishing the bases for the selection of a diesel generator
unit that is able to accept large loads in rapid succession. The
majority of the emergency loads are large induction motors. This
type of motor draws, at full voltage, a starting current five to
eight times its rated load current. The sudden large increases
in current drawn from the diesel generator resulting from the
startup of induction motors can result in substantial voltage
reductions. The lower voltage could prevent a motor from
starting, i.e., accelerating its load to rated speed in the

(1) Copies mey be obtairwd from the Inmtitute of Electrical and Electronics Engineers, Inc,,
TEEE Service Conter, 445 Hoes Lane, P.O. Box 1337, Plscatawey, M) DB855



required time, or could cause a running motor to coast down or
stall. Other loads, because of low voltage, might be lost if
their contactors drop out. Recovery from the transient caused by
starting large motors or from the loss of a large load could
cause diesel engine overspeed that, if excessive, might result in
a trip of the engine, i.e., loss of the Class 1E power source.
These same conseguences can also result from the cumulative
effect of a segquence of more moderate transients if the system is
not permitted to recover sufficiently between successive steps in
a loading sequence.

Generally it has been industry practice to specify a maximum
veltage reduction of 10 to 15 percent when starting large motors
from large-capacity power systems and a voltage reduction of 20
to 30 percent when starting these motors from limited-capacity
power sources such as diesel generator units. large induction
motors can achieve rated speed in less than 5 seconds when
powered from adeguately sized diesel generator units that are
capable of restoring the bus voltage to 90 percent of nominal in
about 1 second.

Protection of the diesel generator unit from excessive
overspeed, which can result from an improperly adjusted control
system or governor failure, is afforded by the immediate
operation of a diesel generator unit trip, usually set at 115
percent of nominal speed. Similarly, in order to prevent
substantial damage to the generator, the generator differential
current trip must operate immediately upon occurence of an
internal fault There are other protective trips provided o
protect the diesel generator units from possible damage. However,
these trips could interfere with the successful functioning of
the unit when it is most needed, i.e., during accident
conditions. Experience has shown that there have been numerous
occasions when these trips have needlessly shut down diesel
generator units because of spurious operation of a trip circuit.
Consequently, it is important that measures be taken to ensure
that spurious actuation of these other protective trips does not
prevent the diesel generator unit from performing its function.

The uncertainties inherent in estimetes of safety loads at
the construction permit stage of design are sometimes of such
magnitude that it is prudent to provide a substantial margin in
selecting the load capabilities of the diesel generator unit.
This margin can be provided by estimating the loads
conservatively and selecting the continuous rating of the diesel
generator unit so that it exceeds the sum of the loads needed at
any one time. A more accurate estimate of safety loads is
possible during the operating license stage of review because
detailed designs have been completed and component test and
precperational test data are usually available. At this point
the NRC permits the consideration of a somewhat less conservative
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approach, such as operation with safety loads within the short-
time rating of the diesel generator unit.

The reliability of diesel generators is one of the main
factors affecting the risk of core damage from a station blackout
event. Thus, attaining and maintaining high reliability of
diesel generators at nuclear power plants is necessary to reduce
the probability of station blackout. In Regulatory Guide 1.15
nstation Blackout," the reliability of the diesel generator is
one of the factors to be used to determine the length of time a
plant should be able to cope with a station blackout. If all
other factors (redundancy of emergency diesel generators,
frequency of loss of offsite power, and probable time needed to
restore offsite power) remain constant, a higher reliability of
the diesel generators will result in a lower probability of a
total loss of ac power (station blackout) with a corresponding
coping duration for certain plants according to Regulatory Guide
1:158.

High reliability should be designed into the diesel
generator units and maintained throughout their service lifetime.
This can be achieved by appropriate testing, maintenance,
operating programs, and institution of a reliability program
designed to monitor, improve, and maintain reliability at
selected levels.

This guide provides explicit guidance in the areas of
preoperational testing, periodic testing, reporting requirements,
and valid demands and failures. The preoperdtional and periodic
testing provisions set forth in this guide provide a basis for
taking corrective actions needed to maintain high inservice
reliability of installed diesel generator units. The data
developed will provide an ongoing demonstration of performance
and reliability for all diesel generator units after installation
and during service.

This revision of Regulatory Guide 1.9 integrates into a
single regulatory guide pertinent guidance previously addressed
in Revision 2 of Regulatory Guide 1.9, Regulatcry Guide 1.108,
and Generic Letter b54-15, and it endorses guidel.nes set forth in
1EEE Std 387-1984. In addition, this guide describes a means for
meeting the minimum diesel generator reliability goals in
Requlatory Guide 1.155. This guide alsc provides principal
elements of a diesel generator reliability program designed to
maintain and monitor the reliability level of each diesel
generator unit over time for assurance that the selected
reliability levels are being achieved.

Concurrent with the development of this regulatory guide,
and consistent with discussions with NRC staff, the Nuclear
Management and Resources Council (NUMARC) has revised NUMARC
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8700, Appendix D, "EDG Reliability Program,™ to provide guidance
on a reliability program to ensure that EDG reliability target
levels selected for station blackout are maintained, and on
actions to be taken if EDG reliability targets are not being met.
The NRC staff has reviewed those guidelines and concludes that
NUMARC 8700, Appendix D, provides guidance in large part similar
or identical to certain sections of this guide. Table 1 cross~
references portions of this regulatory guide that relate to
Appendix D.

C. REGULATORY POSITION

Conformance with the guidelines in IEEE Std 387-1984 "IEEE
standard Criteria for Diesel-Generator Units Applied as Standby
Power Supplies for Nuclear Power Generating Stations," provides a
method acceptable to the NRC staff for satisfying the
Commission's regulations with respect to design, qualificaticn,
and periodic testing of diesel generator units used as onsite
electric power systems for nuclear power plants subject to the
following:

1. DESIGN CONSIDERATIONS

The guidelines of IEEE Std 387-1984 should be supplemented
as follows:

1.1 Section 1.2, "Inclusions," of IEEE Std 387-1984 should
be supplemented *to include diesel generator auto controls, manual
controls, and diesel generator output breaker.

1.2. When the characteristics of the required diesel
generator loads are not accurately known, such as during the
construction permit stage of design, each diesel generator unit
of an onsite power supply system should be selected to have a
continuous load rating (as defined in Section 3.7.1 of IEEE Std
387~1984) equal to or greater than the sum of the conservatively
estimated loads (nameplate) needed to be powered by that unit at
any one time. In the absence of fully substantiated performance
characteristics for mechanical equipment such as pumps, the
electric motor drive ratings should be calculated using
conservative estimates of these characteristics, e.g., pump
runout conditions and motor efficiencies of 90 percent or less
and power factors of 85 percent or higher.

1.3. At the operating license stage of review, the predicted
loads should not exceed the short-time rating (as defined in
Section 3.7.2 of IEEE Std 387-1984) of the diesel generator unit.




1.4 Section 5.1.2, "Mechanical and Electrical Capabilities,”
of IEEE Std 387-1984 pertains, in part, tec the starting and load-
accepting capabilities of the diesel generator unit. 1In
confcrmance with Section 5.1.2, each diesel generator unit should
be capable of starting and accelerating to rated speed, in the
regquired seguence, all the needed engineered safety feature and
emergency shutdown loads. The diesel generator unit design
should be such that at no time during the loading sequence should
the frequ.ncy decrease to less than 95 percent of nominal nor the
voltage decrease to less than 75 percent of nominal (or a larger
decrease in voltage and freguency may be justified for a diesel
generator unit that carries only one large connected load).
Frequency should be restored to within 2 percent of the nominal
in less than 60 percent of each load-sequence interval for step-
load increase and in less than B0 percent of each load-sequence
interval feor disconnection of the single largest load, and
voltage should be restored to within 10 percent of nominal within
60 percent of each load-sequence time interval. (A greater
percentage of the time interval may be used if it can be
justified by analysis. However, the load-seguence time interval
should include sufficient margin to account for the accuracy and
repeatability of the load-sequence timer.) During recovery from
transients caused by the discecnnection of the largest single
load, the speed of the diesel generater unit should not exceed
the nominal speed plus 75 percent of the difference between
nominal speed and the overspeed trip setpoint or 115 percent of
nominal, whichever is lower. Furthermore, the transient
following the complete loss of load should not cause the speed of
the unit to attain the overspeed trip setpoint.

1.5 Diesel generator units should be designed to be testable
as discussed in Regulatory Position 2. The design should include
provisions so that testing of the units will simulate the
parameters of operation (manual start, automatic start, load
sequencing, load shedding, operation time, etc.), normal standby
conditions, and environments (temperature, humidity, etc.) that
would be expected if actual demand were to be placed on the
system, If prewarm systems designed to maintain lube oil and
jacket water cooling at certain temperatures or prelubrication
systems or both are normally in operation, this would constitute
normal standby conditions for that plant.

1.5.1 The units should be designed to automatically transfer
from the test mode to an emergency mode upon receipt of emergency
signals.

1.5.2 The units should be designed for a slower rate of
starting and loading for test purposes and for faster starting
and loading rates for response to plant emergency conditions. The
starting and loading rates should be consistent with the
manufacturer's recommendations.



1.6 Design provisions should include the capability to test
each diesel generator unit independently of the redundant units,
Test equipment should not cause a loss of independence between
redundant diesel generator units or between diesel generator load
groups.

1.6.1 Testability should be considered in the selection and
location of instrumentation sensors and critical components
(e.g., governor, starting system components). Instrumentation
sensors should be readily accessible and designed sc that their
inspection and calibration can be verified in place. The overall
design should include status indication and alarm features.
Detailed procedures should be provided for each test defined in
Regulatory Position 2. The procedures should identify special
arrangements or changes in normal system configuration that must
be made to put the EDG under test. Jumpers and other non-standard
configurations or arrangements should not be used subsequent to
initial egquipment startup testing.

1.7 Section 5.5.3.1, "Surveillance Systems," of IEEE Std
387-1984 pertains to status indication of diesel generator unit
conditions. The guidance in this section should be supplemented
as follows:

1.7.1 A surveillance system should be provided with
remote indication in the control room for displaying diesel
generator unit status, i.e., under test, ready-standby, lockout.
A means of communication should also be provided between diesel
generator unit testing locations and the main control room to
ensure that the operators are cognizant of the status of the unit
under test.

1.7.2 In order to facilitate trouble diagnosis, the
surveillance system should indicate which of the diesel generator
protective trips has been activated first.

1.8 Section 5.5.4, *"Protection,”™ of IEEE S5td 387-1984
pertains to bypassing diesel generator protective trips. This
section should be revised to read as follows:

The diesel generator unit should be automatically tripped on
an engine overspeed, low oil pressure, and generator-
differential overcurrent. The diesel generator
protective trips other than engine overspeed and
generator-differential overcurrent should be handled in
one of two ways: (1) a trip should be implemented with
two or more measurements for each trip parameter with
coincident logic provisions for trip actuation, or (2)
a trip may be bypassed under accident conditions
provided the operator has sufficient time to react
appropriately to an abnormal diesel generator unit



condition. The design of the bypass circuitry should
include the capability for (1) testing the status and
operability of the bypass circuits, (2) alarming in the
control room for abnormal values of all bypass
parameters, and (3) manually resetting the trip bypass
function. Capability for automatic reset is not
acceptable.

Section 5.5.4(2) of IEEE Std 387-1984, on retaining all
protective devices during diesel generator testing, does not
apply to a periodic test that demcnstrates diesel generator
system response under simulated accident conditions per
Regulatory Position 2.2.5.

2. DIESEL GENERATOR TESTING @

section 6, "Testing,” and Section 7, "Qualification
Reguirements," in IEEE Std 387-1984 should be supplenented as
discussed below.

The following definitions® are applicable to the positions
of this regulatory guide that address testing, reliability
calculations, record-keeping, and reporting of performance.

3¢ All valid and inadvertent start demands,
including all start-only demands and all start and load-run
demands, whether by automatic or manual initiation. A start-only
demand is a demand in which the emergency generator is started,
attains specified voltage and fregquency, but no attempt is made
to load the emergency diesel generator. See "Exceptions"™ below.

: Any failure within the emergency generator
system that prevents the generator from achieving specified
frequency (or speed) and voltage is classified as a valid start
failure. For the monthly surveillance tests, the emergency
diesel generator can be brought to rated speed and voltage in a
time that is recommended by the manufacturer to minimize stress
and wear. Loading rate requirements may be similarly modified.
See "Exceptions" below.

(2) Addmional useh rormation on Westing &nd test definitions can be found in the U.S industry Plert Performance indicator
Pmmwnﬁﬁﬂuwunuaﬁcnuhmie1muw:Tuunuwihnuum-dDumDMuluwuuvkuvHum'
Cogres can be obtaned by contacting NPO or the ASME.

£3) These definttions are consisten’ eith the mportng rules for U.S ndustry Plam Pertormance indicator Progam PPIP)




- : All valid load-run demands. To be valid,
the load-run attempt must follow a successful start and meet one
of the following criteria: (See "Exceptions" below.)

o A load-run of any duration that results from a real (non-
test) automatic or manual signal.

o A load-run test with the intention of meeting the plant's
load and duration test specifications.

o Other operations of the emergency generator in which it
is intended to run for at least one hour with at least 50

percent of design load,

- i : All valid loa.-run failures in which the
emergency diesel generator fails to mee. the criteria above.
(Unsuccessful attempts that may be defineu as invalid demands or
failures are described under "Exceptions" below.) Any failure
during a lcad-run attempt resulting from a valid signal should be
counted. A load-run failure should be counted only when an
engine successfully starts but does not pick up load and run
successfully.

e i i : Any condition that is
identified in the course of the maintenance inspections, while
the EDG is in the standby mode, that would have resulted in
either a start failure or load-run failure if a demand had
occurred, should be considered a valid demand and failure.

Exceptions: Unsuccessful attempts to start or to load-run
should not be counted as valid demands or failures when they can
be definitely attributed to any of the following:

Spurious operation of a trip that would be bypassed in
the emergency operation mode.

o

Malfunction of equipment that is not operable during the
emergency operating mode (e.g., synchronizing circuitry).

Small water or oil leaks that would not preclude safe
EDG operation during an emergency.

Operating errors that definitely would not prevent the
EDG from being restarted and brought to load within a few
minutes without corrective maintenance.

Tests that are terminated intentionally because of an
alarmed abnormal condition that would not have ultimately
resulted in significant diesel generator damage oOr
failure.
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o A failure to start following an actual (manual or
automatic) or inadvertent start demand (if actuated only
on a loss of offsite power), if restarted manually within
five minutes from the first start attempt.

Each emergency diesel generator failure that results in the
generator being declared inoperable should be counted as one
demand and one failure. Exploratory tests during maintenance and
the successful test that is run following repair to verify
operability should not be counted as demands or failures when the
emergency generator has not been declared operable again.
However, tests run while the EDG is declared inoperable should
not be counted as valid tests.

2.2 Test Descriptions

The following test descriptions are applicable to Regulatory
Positions 3 and 4. Table 2 describes the sequence of qualifica-
tion and surveillance testing.

2.2.1 §Start-Test: Demonstrate proper startup from ambient
conditions and verify that the reguired design voltage and
frequency is attained. For these tests, the diesel generator can
be slow-started, be prelubricated, have prewarmed oil and water
circulating, and should reach rated speed on a prespecified
schedule that is selected to minimize stress and wear.

2.2.2 load-Run Test: Demonstrate full-plant emergency load
carrying capability, or %0 to 95 percent of the continuous rating
of the EDG, for an interval of not less than 1 hour and until
temperature equilibrium has been attained. This test could be
accomplished by synchronizing the generator with offsite power.
The loading and unloading of a diesel generator during
this test should be gradual and based on a prescribed schedule
that is selected to minimize stress and wear on the diesel
generator.

2.2.3 Fast-Start Test: Demonstrate that each diesel
generator unit starts from ambient conditions (if a plant has
normally operating prelube and prewarm systems, this would
constitute its ambient conditions) and verify that the diesel
generator reaches stable rated voitage and fregquency within
acceptable limits and time, as defined in the plant technical
specifications.

2.2.4 Jloss-of-Offsite Power (LOOP) Test: Demonstrate by
simulating a loss of offsite power that (1) the emergency buses
are deenergized and the loads are shed from the emergency buses
and (2) the diesel generator starts on the auto-start signal from
its standby conditions, attains the required voltage and
fregquency within acceptable limits and time, energizes the auto-
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connected shutdown loads through the load sequencer, and operates
for a minimum of 5 minutes.

2.2.5 SIAS Test: Demonstrate that on a safety injection
auto-start (SIAS) signal, the diesel generator starts on the
auto-start signal from its standby conditions, attains the
required voltage and frequency within acceptable limits and time,
and operates on standby for greater than or equal to 5 minutes.

2.2.6 Combined SIAS and LOOP Test: Demonstrate by
simulating a loss of offsite power in conjunction with SIAS that
(1) the emergency buses are deenergized and loads are shed from
the emergency buses and (2) the diesel generator starts on the
auto-start signal from its standby conditions, attains the
required voltage and frequency within acceptable limits and time,
energizes auto-connected loads through the load sequencer, and
operates while loaded with the auto-connected loads for greater
than or egual to 5 minutes.

2.2.7 gingle-load Rejection Test: Demonstrate the diesel

generator's capability to reject a load equal to 100 percent
of the design power load and verify that the voltage and
fregquency regquirements are met.

2.2.8 Full-load Rejection Test: Demonstrate the diecel
generator's capability to reject a load equal to 100 percent of

the design load, and verify that the voltage requirements are met
and that the unit will not trip on overspeed.

2.2.9 Endurance and Margin Test: Demonstrate full-load
carrying capability for an interval of not less than 24 hours, of
which 2 hours should be at a load eguivalent to 110 percent of
the design load or 95 percent of the 2~-hour rating of the diesel,
and 22 hours at a load equivalent to the design load or 90-85
percent of the continuous rating. Verify that voltage and
freguency requirements are maintained.

2.2.10 Hot Restart Test: Demonstrate hot restart
functional capability at full-load temperature conditions by
verifying that the diesel generator starts on a manual or auto-
start signal, attains the regquired voltage and frequency within
acceptable limits and time, and operates for longer than 5
minutes.

2.2.11 gynchronjzing Test: Demonstrate the ability to (1)
synchronize the diesel generator unit with offsite power while
the unit is connected to the emergency load, (2) transfer this
load to the offsite power, (3) isoclate the diesel generator unit,
and (4) restore it to a standby status.
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2.2.12 Protective-Trip Bypass Test: Demonstrate that all
automatic diesel generator trips (except engine overspeed, oil
pressure, and generator differential) are automatically bypassed
upon a safety injection actuation signal.

2,2.13 Test Mode Change-Qver Test: Demonstrate that with
the diesel generator operating in the automatic test mode while

connected to its bus, a simulated safety injection overrides the
test mode by (1) returning the diesel generator to standby
operations and (2) automatically energizing the emergency loads
from offsite power,

2.2.14 Redundant Unit Test: Demonstrate that, by starting
and running both redundant units simultaneously, potential common
failure modes that may be undetected in single diesel generator
unit tests do not occur.

2.3 Pre-Operational and Surveillance Testing

Table 2 relates pre-operational and surveillance tests to
the anticipated schedule for performance (e.g., pre-operational,
monthly surveillance, é-month, scheduled refueling period, and
10~year testing).

All tests should be in general accordance with the
manufacture's recomendations for reducing engine wear, including
cool-down operation at reduced power, followed by postoperation
lubrication.

- P | Pre-Operational Testing: A pre-cperational test
program should be implemented for all diesel generator systems
following assembly and installation at the site. This program
should include the tests identified in Table 2 and be carried out
per the test definitions in Regulatory Position 2.2.

In addition, demonstrate through a minimum of 25 valid start-and-
load demands (or tests) without failure on each installed diesel
generator unit that an acceptable level of reliability has been
achieved to place the new EDG into an operational cutegory.

2.3.2 Surveillance Testing: After the plants are licensed
(after fuel load), periodic surveillance testing of each diesel
generator must demonstrate continued capability and reliability
of the diesel generator unit to perform its intended function.
¥hen the EDG is declared operational in accordance with p'ant
technical specifications, the following periodic test procram
should be implemented.
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2.3.2.1 Monthly Testing: After completion of the
diesel generator unit reliability demonstration during
precperational testing, periodic testing of diesel generator
units during normal plant operation should be performed. Each
diesel generator should be started and 1oaded as defined in
Regulatory Positions 2.2.1 and 2.2.2 at least once in 31 days
(with maximum allowable extension not to exceed 25 percent of the
surveillance interval) on a staggered basis.

2.3.2.2 Six-Month (or 184 days) Testing: The design
basis for nuclear power plants reguires a capability for the
diesel generators to make fast starts (as defined in the plant
Technical Specifications) from standby conditions to provide the
necessary power to mitigate the large-break loss~of-coolant
accident coincident with loss of coffsite power. It has been
determined (based on a probabilistic risk analysis performed to
examine the change in core melt freguency associated with
lengthening the fast-start test interval) that relaxation of
fast-start test freguency from once per month to once per 6
months would not appreciably increase risk. Therefore, once
every 6 months each diesel generator should be started from
standby conditions (if a plant has normally operating prelube and
prewarm systems this should constitute its standby conditions) to
verify that the diesel generator reaches stable rated voltage and
freguency within acceptable limits and time and operates for 5
minutes,

2.3.2.3. Refueling Qutage Testing: Overall diesel
generator unit design capability should be demonstrated at every
refueling outage by performing the tests identified in Table 2.

2.3.2.4. Ten-Year Testing: Demonstrate that the
trains of standby electric power are independent once per 10
years (during a plant shutdown) or after any modifications that
could affect diesel generator independence, whichever is the
shorter, by starting all redundant units simultaneously to help
identify certain common failure modes undetected in single diesel
generator unit tests.

2.3.3 Corrective Action Testing: Following the occurrence
of a degrading situation as defined in Table 4 for a problem EDG,
the surveillance testing interval for that EDG should be reduced
to no more that 7 days, but no less than 24 hours. This test
frequency should be maintained until seven consecutive failure-
free start and load~run tests have been perfcrmed to demonstrate
the effectiveness of corrective actions taken and recovery of
reliability levels. At that time, monthly surveillance testing
can be resumed. However, if subseguent to the seven failure-free
tests, one or more additional failures occur such that there are
again four or more failures in the last 25 tests, the testing
interval should again be reduced 2s noted above and maintained
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until seven consecutive failure-free tests have been performed.
The EDG undergoing corrective action testing should be considered
"operable" unless other license requirements necessitate
declaring the EDG inoperable.

3. EDG RELIABILITY GOALS AND CALCULATIONS

Reliability goals for emergency diesel generators (EDGs)
and related calculational methodology are as follows:

3.1 Reliability Goals for Station Blackout

In order to comply with 10 CFR 50.63, "Loss of All
Alternating Current Power ," and the guidance in Regulatory Guide
1.155, "“Station Blackout," the minimum EDG reliability should be
targeted at 0.95 or 0.975 per demand for each EDG for plants in
emergency ac (EAC) Groups A, B, and C and at 0.975 per demand for
each EDG for plants in EAC Group D (see Table 2 of Regulatory
Guide 1.155).

3.2 Design Basis Accidents Assessment

A guantitative EDG reliability target for design basis
accidents has not been established. If an EDG reliability
estimate is needed for plant-specific PRAs, it should be
calculated using only the successful "immediate" starts, where
immediate is defined as the time required for the EDG to be
available for design basis loss-of-coolant accidents and other
limiting plant transient emergency electrical loads. Therefore,
delayed starts (i.e., starts that are restarted manually within
5 minutes from the first start attempt) deemed successful for
station blackout assessments per exceptions noted in Regulatory
Position 2.1 should not be considered for design basis accident
assessment.

3.3 Diesel Generator Reliability Calculations

Calculation of EDG reliabilities should be based on the
definiticons consistent with the reporting rules for the U.S.
Industry Plant Performance Indicator Program or equivalent and
the definitions in Regulatory Position 2.1.

The evaluation of a nuclear unit's EDG reliability should
take into account the demand and failure experience of all EDGs
that provide emergency AC power for the unit. Calculation of EDG
reliability levels should be based on the last 50 and 100 demands
in the following manner:
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1) Start Reliability (SR) is defined as:

SR =
Total Number of Valid Start Demands

2) Load-run Reliability (LR) is defined as:

LR = -
Total Number of Valid load-Run Demands

3) EDG Reliability = (SR) * (LR)
Table 3 provides guidance for combining data from individual EDGC

performance to arrive at a nuclear unit reliability estimate.

TABLE 3. COMBINING EDC FAILURE EXPERIENCE

2,3,4 EDGs dedicated to Use combined failure

nuclear unit experience of all EDGs.

2,3,4 EDGs shared between Use combined failure

between units experience of all EDGs
for all units.

1 dedicated EDG at each Each unit uses the combined

unit and 1 shared between failure experience of its

units dedicated EDGs and the shared
EDG.

2 dedicated EDGs at each unit Each unit uses the combined

and 1 shared between units failure experience of its
dedicated EDGs and the shared
EDG.

2 dedicated EDGs and 1 HPCS Use the combined failure

EDG or diverse EDGs within the experience of similar EDGs and

same unit separately consider the

failure experience of
different EDGs.

The calculations discussed above will be point estimates of
reliability and will have inherent uncertainties because of the
sample size available. A point estimate reliability calculation
for a SO0-demand sample that falls below 92 percent, or for a
100-demand sample that falls below 93 percent, is an indication
that the true underlying reliability may have fallen below 95
percent. A point estimate reliability calculation for a 50-
demand sample that falls below 94 percent, or for a 100 demand
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sample that falls below 96 percent, is an indication that the
true underlying reliability may have fallen below 97.5 percent.
Actions to be taken are discussed below.

3.4 EDG Reljability Program Monitoring

Data from surveillance tests and unplanned starts can be
used to estimate achievement of a nuclear unit's EDG reliability
targets and alsc to detect a deteriorating situation for both the
reliablity program and individual EDGs. Failures encountered in
the last 20, 50, and 100 demands can be related to nuclear
unit target reliabilities as in Table 4

Table 4 Alert levels and Remedial Actions
Target Alert Demand Failure Remedial
Reliability Type combinations (All EDGS) Actions
.95 Mila" 3/20 or 5/50 or 8/100 (1)
Strong 5/50 and 8/100 (2)
.975 Mila"” 3/20 or 4/50 or 5/100 (1)
Strong 4/50 apnd 5/100 (2)

(1) Take action per Figure 1 for a Mild Alert.
(2) Take action per Figure 1 for a Strong Alert.

(*) If any individual EDG experiences 3 or more failures in
the last 20 demands, then a Strong Alert is declared and
actions defined in Figure 1 are undertaken. If,following
completion of Steps 1-4, the problem EDG experiences an
additional failure in the next 5 demands, such that
there have been 4 failures in the last 25 demands, that
EDG will be tested per Regulatory Position 2.3.3.

3.5 Recovery from a Strong Alert (EDG Program)

Following completion of corrective programatic actions freom
a strong alert, restoration of EDG reliability levels should be
demonstrated for any problem EDG by conducting seven consecutive
failure~free starts and load-runs as defined in Regulatory
Position 2.3.3. 1If during the corrective action testing, that
EDG experiances another failure, so that the number of failures
in the last 25 demands is 5 or more (for a problem EDG) which
includes the 4 failures in the last 25 demands, that EDG should
be Jdeclared inoperable and consideration should be given to
undertaking a major overhaul or other necessary major repairs, in
accordance with the manufacturer's recommendations for such
failures. Following a major overhaul, and prior to returning the
EDG to service, a series of 14 consecutive failure-free start and
load-run demand tests should be conducted. These 14 tests will
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constitute a new data base for that EDG in subsequent reliability
estimates. Regular EDG surveillance testing should then commence.

4. RECORDKEEPING GUIDANCE

Guidance from Section 7.5.2, "Records and Analysis," of IEEE
Std 387-1984 should be s pplemented as follows:

All demands, as defined in Regulatory Position 2.1, should
be logged and continually updated for each diesel generator based
on surveillance testing and experianced failures. The log should
be maintained in auditable form and should include sufficient
detail to permit review and audit of reliability calculations in
accordance with Regulatory Position 3.3. The leg should also
include a recalculated reliability estimate following occurrence
of a load-run demand.

Maintenance, repair, and out-of-service time as well as
cumulative maintenance and operating data (hours of operation)
should also be logged. The out-of-service time should include
the hours the diesel generator is removed from service (declared
inoperable) for preventive maintenance, corrective maintenance
following a failure, modifications, or for support systems out of
service.

The out~of-service time for diesel generators during
refueling need not be logged if the diesel generator is
electively removed from service (i.e., no failure has occurred).
After a failure experienced during refueling, the actual time
spent in corrective maintenance should be logged as out-of-
service time.

5. REPORTING CRITERIA

When reporting EDG failures, all plants should conform with
the provisions of 10 CFR 50.72, 10 CFR 50.73, 10 CFR 21, plant
technical specifications, and other current NRC reporting
regulations.

If 2 mild alert condition comes about, the NRC on-site
inspector should be notified and a report prepared within 30
days that would be maintained at the site for NRC audit. This
report should include the following information:

I A summary of all tests within the time period over
which the last 20,50 and 100 valid tests were
performed, with emphasis on those tests with failures.

2 A description of the failures, underlying causes, and
corrective actions taken.
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3 An estimate of the nuclear unit EDG reliability level
per Regulatory Position 3 at the time a mild alert
condition was entered and an estimate of the recovered
reliability associated with corrective actions taken.

If a strong alert situation comes about, both the NRC Region
and Headguarters should be notified within 72 hours and the
activities outined in column 3 of Figure 1 should be undertaken.
A schedule for implementing corrective actions and demonstrating
restored EDG reliability should be submitted to the NRC within 30
days.

Actions implemented should be consistent with the
requirements of the on-site EDG reliability program and
integrated into that program.

6. EMERGENCY DIESEL GENERATOR RELIABILITY PROGRAM

Regulatory Guide 1.155 describes a means acceptable to the
NRC staff for meeting the requirements of 10 CFR 50.63 and
identifies the need for an EDG reliability program
designed to maintain and monitor EDG reliability levels to
ensure that selected reliabilicy levels are being achieved.

This section provides guidance regarding the principal
elements for such a reliability program. Although current
industry practices may group activities discussed below somewhat
differently, existing EDG reliability and maintenance programs
should encompass the elements discussed below.

The principal elements of an EDG reliability program (or
activities) should encompass the following:

1. An EDG reliabjlity target level corresponding
to that selected for compliance with 10 CFR
50.63.

2. A gurveillance plan that identifies EDG

subcomponents and subsystems, surveillance
parameters, surveillance frequency, and
incorporates manufacturer recommendations.
This plan should define the monitoring
requirements to be used by the cther elements
of the EDG reliability program.

3.  Performance monitoring of important

parameters on an ongoing basis to obtain
information on the state of the EDG and
components so that precursor conditions are
identified prior to failure. This
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information can alsc be used for maintenance-
related activities,

4. A paintenance program designed for both
preventive and corrective actions based on

operational history and past maintenance
activities, vendor recommendations, spare
parts considerations, and the results of
surveillance monitoring.

5, Failure analyses, including root cause

analyses, that have been developed for the
onsite EDGs and that can be used to reduce
failures and root causes to corrective
actions for avoidance in the future.

6. Problem closeout procedures that establish
criteria for closeout of reliazbility and
operations~related problems, and that prov:de
for follow-up surveillance to ensure that the
problem has been corrected and that
latent long-term effects (i.e., excessive
wear) will not recur.

7. A data acquisition system (or equivalent
means) that provides for data capture,
storage, and retrieval capability to all
elements of the reliability program.

Defined {bilit I !
gversight to ensure that the reliability
program elements are functioning effectively
and that target reliability levels are being
sustained.

The interaction of the respective EDG reliability program
elements is shown in Figure 2.

The principal elements of an EDG reliability program as
defined above are provided as guidelines. Other reliability
programs that include the same or similar activities may alsc be
used, such as the TDI Owner's Group maintenance and surveillance
activities." Such programs shcould be reviewed for consistency
with Regulatory Guide 1.155 and this regulatory guide.

(4} Frevision 2. Appendix 2, "Design Feview /Ouality Validaton' report submitted 5/1/86. J George(TDH) © M
Dwntoe (NRC) was utilized in revising plant-specific Technical Specificabons
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6.1 Diesel Generator Reliability Target

Regulatory Guide 1.155 provides guidance on selecting an EDG
reliability target. Regulatory Position 2 of this Regulatory
Guide provides guidance for periodic testing related to
determining EDG reliability levels. Regulatory Position 3 of this
Regulatory Guide provides guidance for estimating reliability
levels being achieved and corrective actions that should be taken
to correct a deteriorating situation.

6.2 Diesel Generator Survejllance Plan

A surveillance plan should identify the EDG components (or
subsytems), support systems, and EDG boundary. Figure 3 provides
an overview of typical components and the EDG system boundary.
Those components whose function is solely to support the EDG are
to be viewed as within the EDG boundary. The systems that
provide support to the EDG and perform other plant functions are
outside the boundary, with the understanding that the boundary
interface function must be maintained. IEEE Std 387-1984 and
ANSI/ASME OM-16 (Draft) provide similar definitions of components
and system boundaries and may alsc be used as guidance.

A surveillance plan should consider the following:

1s Keliability considerations related
tc EDG component and support
systems design and operational
characteristics. Significant common cause
effects should alsc be identified.

2 Engine manufacturers' surveillance
recommendations.

3. Potential for surveillance-induced failures.

4. Engine and component aging considerations.

5. Prior operational history as derived from on-site

EDG experience and from other engines of the
same make at other nuclear plants.

This surveillance plan should provide the basis for
performance monitoring, maintenance activities, and failure
analysis procedures.

Figures 4 and 5 provide examples of types of periodic
surveillance activities that have proven effective. When
performing such surveillance, it is important to capture the
actual values of critical parameters since such data would be
extremely useful in carrying out failure analyses, as well as
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providing data for long-term EDG condition monitoring.
6.3 EDG Performance Monitoring

Performance monitoring and data trending should be based on
considerations discussed in Regulatory Position 6.2 and should be
used to monitor those conditions thac could be precursors to
failures or that can be correlated to long-term degradation. The
examples shown in Figurec 4 and 5 should be developed from on-
site operational expe- », industry-wide applicable data, and
manufacturers' recomnme. ons.

6.4 EDGC Maintenance Program

A maintenance program should be based on reliability
considerations and should activelv interface with other elements
of the EDG reliability program. ~ 'r maintenance is an
important contributor to EDG rel ity from both preventive and
corrective aspects. Generally Hpew...ng, EDG maintenance programs
should be based on the following principles:

a. Recommended vendor maintenance actions and
schedule for implementation.

b. Site-specific operational history rnd reliability
characteristics of the EDG compon: .is and support
systems.

c. Spare parts considerations to ensure that such
parts are in stock when needed, with ample spares.

d. Such factors as repair time, potential failure
severity, and recurrence of known failures should be
utilized in scheduling maintenance.

e. long-term maintenance scheduled during refueling
outages should be based on engine performance
experienced.

6.5 EDG Failure Analysis and Root Cause Investigation

An EDG reliability program should have failure analysis
procedures designed to systematically reduce problems or failures
to corrective actions.

Failure analysis starts from the most apparent symptoms and
progresses to determination of underlying causes or incipient
conditions. Root cause analysis goes further and attempts to
find underlying causes relating to design, engine operation or
maintenance. Figure 6 outlines a systematic approach to failure
and root cause analyses.
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when performing a root cause analysis, the method of

categorizing underlying causes is important so that ccrrective
action can be integrated into both plant activities and the EDG
reliability program. A typical classification system should
consider the following:

a. Manufacturing and design

b. Quality control

¢. Procedures

d. Training

e. Communication

f. Human factors

g. Managenment

6.6 Problem Closeout

An EDG reliability program should have problem closeout
procedures established to ensure that effective solutions have
been found and implemented. Continued recurrences should be
examined from the viewpoint of whether the EDG reliability is
adequate to meet station blackout requirements and whether near-
term engine teardown and rebuilding should be scheduled.

6.7 Data Capture and Utilization

An EDG reliability program should have a data collection,
storage, and retrieval system that can be accessed by personnel
assigrned to monitoring and maintaining the EDGs. The data system
does not need to be a special-purpose dedicated system, but
access to "current" information should be a major consideration.

Typical types of information that should be included are as
follows:

a. EDG-specific testing and failure history

b. Surveillance test results

c. Failure and root cause analysis results

d. Manufacturer's recommendations and related data

e. Input from preventive maintenance activities
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f. 1Input from corrective maintenance activities

g. Industry-wide operating experience

6.8 Assigned Responsibilities and Management Oversight

An EDG reliability program should have clear assignment of
responsibility for carrying out the respective program elements.
Such assignments should be based on properly trained and
qualified staff to perform the activities needed, and should
ensure that qualified personnel are assigned.

A management oversight function (or procedures) should also
be available to review the effectiveness of the reliability
program and reliability levels being sustained, independent of
the day-to-day EDG activities. Such a plant-wide function may
already exist; however, a routine evaluation of EDG performance
should be incorporated inte the plant performance review process.

D. IMPLEME\'TATION

The purpose of this section is to provide information to
applicants regarding the NRC staff's plans for using this
regulatory guide.

Except in those cases in which an applicant proposes an
acceptable alternative method for complying with the specified
portions of the Commission's regulations, the methods described
in this guide will be used in the evaluation of selection,
design, qualification, and testing of diesel generator units used
as onsite electric power systems for the following nuclear power
plants:

1. Plants for which the construction permit is issued
after the issue date of the final guide,

2. Plants for which the operating license application
is docketed 6 months or more after the issue date of
the final guide,

3. Plants for which the licensee voluntarily
commits to the provisions of this guide.

The NRC Staff also intends to apply this Regulatory Guide to
monitor emergency diesel generator reliability levels and to
review existing or proposed EDG reliability programs for meeting
the station blackout rule, 10 CFR 50.63 in accordance with
Regulatory Positions 3 and 6.
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Activities associated with Regulatory Positions 1, Design
Considerations and 2.3.1, Preoperational Testing will not have to
be repeated by licensees or applicants which have completed such
activities. Previous submittals by applicants, licensees, or
other parties such as by the TDI Owners Group, can be used where

appropiate.

The NRC Staff intends to apply this Regulatory Guide to all
operating plants 270 days after issuance and to plants issued an
operating license 270 days after issuance.

REGULATORY ANALYSIS

A separate regulatory analysis was not prepared for this
regulatory guide. The regulatory analysis prepared for the
station blackout rule, NUREG-1109, "Regulatory/Backfit Analysis
for the Resolution of Unresolved Safety Issue A-44, Station
Blackout," provides the regulatory basis for this guide and
examines the costs and benefits of the rule as implemented by the
guide. A copy of NUREG-1109 is available for inspection and
copying for a fee at the NRC Public Document Room, 2120 L Street
NW., Washington, DC. Copies of NUREG-1109 may be purchased from
the Superintendent of Documents, U.S. Government Printing
Office, Post Office Box 37082, Washington, DC 20013-7802; or
from the National Technical Information Service, Springfield, VA
22161.

--=- References =---
. P NUMARC 8700, Appendix D draft dated July 21, 1989

2. ANSI/ASME Standard OM-16, "Inservice Testing and Maintenance
of Diesel Drives in Nuclear Power Stations" OMb~-1989 Draft.
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C.3., EDG Reliability Goals and
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C.3.1, Reliability Goals for SBO D.2
C.3.2, Design Basis Accident
Assesment (Use RG 1.9,Rev.3)
C.3.3, Diesel Generator Reliability
Calculations D.2:3
C.3.4, EDG Reliability Program
Monitoring D.2.3,D.2.4
C.3.5, Recovery From A Strong Alert D.2.4.4
C.4, Record Keeping Guidance D.2.1
C.5, Reporting Criteria D.2.5
C.6, EDG Reliability Program D.3

C.6.1, Diesel Generator

Reliability Target D:2:3
C.6.2, Diesel Generator Surveillance

Plan D.3.1
C.6.3, EDG Performance Monitoring D.3.2
C.6.4, EDG Maintenance Program D.3.4
¢.6.5, EDG Failure Analysis and

Root Cause Investigation D.3.5
C.6.6, Problem Close-out D.3.6
C.6.7, Data CApture & Utilization D.3.3
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IABLE 2

PRE-OPERATIONAL & SubvelLance™ TESTING

Refer to Kefue ing
."Ull?b'v Morth Ot age
Posttion C,2.2 Pre-?unm‘. Periodic  6-Month 18 Month
for bescription Test Frogram lests Tests lests
£.2.2.1 \
Start Test x ® X
o B By 4
Losd-Run Test x ® X
¢.2.2.3 ()
Fast-Start Test X X X
€.2.2.4
Loss-of-0ffsite Power (LODP) Test X X
Cil.2:5
SIAS Test X X
€.2.2.%
Combined 51A5 & LOOP Test X X
£:3.2.7
Single-Load Rejection Test X X
€.2.2.8
Full-Load fejection Test X ¥
£.2.2.%
Encurance and Margin Test X X
£.2.2.10
Hot Re-start Test X X
k211
Synchronizing Test X X
£.2.2.12 ‘ .
Protective-Trip Bypass Test X X
£:8:2.13
Test Mocke Change-Over lest X X
C.2.2.%&
Redundant Unit Test X

(8) Tech Spec requirements trie precedent to this table.
(b) Included in each of the 2. tests described in Regulstory Position C.2.3.1

(£) 6-month test repeats 1| month tast objectives with the sadition of fast starting
loading conditions .
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FIGURE 4. EDG SHIFT OR DAILY SURVEILLANCE (EXAMPLE)
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*IGURE $. MONTHLY EDG SURVEILLANCE (EXAMPLE)
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Figure 6 - Failure and Root Cause Analysis Logic



