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PAPER 3.6 OPERATIONAL RELIABILITY OF THE
POINT LEPREAU GS STANDBY GENERATORS

D.A. Loughead & A.T. McGregor 
Point Lepreau GS
New Brunswick Electric Power Commission 
Lepreau, New Brunswick, Canada.

ABSTRACT

Performance of the two Point Lepreau GS standby generators during the first 
three years of licensed station operation is reviewed. It is shown that the 
mandated reliability/availability requirements have been met. The nature of 
starting and running failures has been examined and the consequences, in 
terms of design and procedural changes, discussed. A brief review of standby 
generator outages is included to permit estimates of standby generator 
availability and total Class III standby power unavailability. A pair of 
simple equations is introduced as a means of estimating the probable economic 
penalty, both cumulative and incremental, associated with the running failure 
of one standby generator while the other is on a maintenance outage.
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1.0 Introduction

Point Lepreau GS is a 600 MWe, sea-water cooled, CANDU plant located 
on the Bay of Fundy in southwestern New Brunswick, Canada, significant 
historical dates are: first Operating Licence granted 82-07-20; first 
criticality 82-07-25; first synchronization 82-09-11; first nuclear-powered 
electricity 82-09-26; and in-service data 83-02-01.

Point Lepreau GS is one of four identical operating nuclear units with 
nuclear steam supply designed by Atomic Energy of Canada Limited, AECL. As 
the balance of plant design is different for each of the four plants, the 
conclusions of this study should be regarded as directly applicable only to 
one. Furthermore, Operational Reliability depends not only on the design and 
operating practices at each station, it also is a strong function of the 
licensing environment and restrictions. As only two of the four plants are 
located in Canada, broad generic comparisons are inadvisable.

2.0 Standby Class III Power

At Point Lepreau GS standby, or emergency, Class III power is provided 
by either of two KHD diesel generators having a continously-rated full power 
output of 4 . 5  MWe at 4 . 1 6  kv  and 60 Hz with the engine running at 900 RPM. 
Some details of each standby generator, SG, are given in Table I.

Normal station electrical power, class IV, is supplied from the 
Station Service Transformer, SST, to the ODD 13.8 kv bus and through the Unit 
Service Transformer, UST, directly from the 26 kv main generator output, to 
the EVEN 13.8 kv bus. Power to the Class III system is derived from these 
busses by transformation to 4.16 k v .  In the event of a Loss of Class IV 
power, LOCLIV, the two standby generators each power one of the 4.16 kv Class 
III busses. Table II gives some of the requirements for the Class III 
system. In essence, either Class III power train from the 4.16 kV bus 
downward is capable of maintaining the plant in a safe shut down 
configuration following a Loss of Coolant Accident, LOCA, compounded by a 
LOCLIV.

There is no need for synchronization of Class III emergency power. 
During an upset, each diesel generator and its sequencer act independently of 
the other to power process loads. The maximum load requirement for a single 
operating SG is slightly less than 4.5 MWe. When the SGs have been run 
unsynchronized in support of outage work on the associated 13.8 kv bus, 
loadings of 2.5 MWe were the norm.

In the past three years of operation, one of the most significant 
licensing requirements has been the need to operate one SG while the other 
was unavailable. As the statistics of Section 4 will show, this commitment 
has led to almost 100 diesel outage support runs in comparison with 123 runs 
performed for scheduled routine testing. From 82-07-01 until 85-06-30, both 
SGs had been in operation for a total of 3038.1 running hours.

3.0 Fulfillment of Testing Commitments

To meet corporate commitments to the Canadian regulatory authority - 
the Atomic Energy Control Board, AECB - the following testing is performed:
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TABLE I: DIESEL GENERATOR CHARACTERISTICS

COMPONENT
FUNCTION

DETAILS

Engine: Deutz Supercharged Pielstick 18 Cylinder PA6-280 
900 RPM Normal Operating Speed

Generator: 4,500 kW, 4.16 kV at 60 Hz with Basler automatic & 
manual voltage regulation.

Speed Control: Woodward Governor EG-A/EG-B10C Electrical/Mechanical

Overspeed 
Shutdown Unit:

Noris

Starting Air: From either of two independent tanks each with its 
dedicated compressor, electric or diesel. Normal tank 
pressure sufficient for more than 20 starts.

Coolant: 50/50 ethylene glycol/water, Cooled via 2 independently 
cooled 100% HXers, one supplied by Firewater other by 
Recirculated Cooling Water.

Preheater: With engine shut down, lube oil continuously circulated 
by primer pump. Oil is circulated through whole engine 
for 1 minute and to the sump for the next 5 minutes being 
warmed in a heat exchanger within the Preheater section.

Fuel Oil: Fuel pumped from Main Storage Tank outside to Day Tank 
inside SG room. It is sent to the injectors by an engine 
driven main pump or an electric standby lift pump.

a) Routine availability demonstration of each SG. A minimum duration 
three hour run at 4.0 MWe - 4.5 MWe and 0.85 - 0.95 pf lagging is 
performed every two weeks by Shift Operations personnel.

b) Emergency start of each SG once every six months. In this exercise, 
each SG is manually started via starting air with starting 
electrical control power removed. A routine 3 h run ensues.

c) Annually, each SG is started automatically via a LOCA signal. Once 
the engine is running at speed, it is manually synchronized and 
connected to the 4.16 kV bus then loaded and run for 3 h before 
being shut down and poised auto.

d) Every two years, each SG is started by a true LOCLIV signal. The 
preferred signal is generated by opening the Class IV 13.8 kV feeder 
breaker. Should a partial or total LOCLIV occur in that period it 
may be credited as satisfying the test requirement.



TABLE II: POINT LEPREAU GS DESIGN & LICENSING REQUIREMENTS FOR CLASS III

NUCLEAR STEAM SUPPLY: 600 MWe CANDU with on-line fuelling and horizontal

BALANCE OF PLANT:

NORMAL ELECTRICAL 
SUPPLY, CLASS IV:

CLASS III STANDBY 
SUPPLY:

A. Design Requirements

1. ODD and EVEN supplies separate and totally redundant.

2. SG's start & load automatically on 4.16 kv undervoltage.

3. SG's start automatically in response to LOCA signal.

4. Load sequencers signal permissive to pick up pre-determined loads in a 
preferred order. Process signals used for conditioning the need to 
pick up each load.

5. Either ODD or EVEN supply capable of maintaining plant services during 
response to LOCLIV from full power, when on extended outage, or 
following worst process failure - the large LOCA.

6. For testing purposes, SG's to be manually synchronized to Class IV.

B. Licensing Requirements

1. Each SG to be tested to confirm claimed Reliability/Availability.

2. One SG to be run when the other is unavailable. Half hour response 
time. One SG to be run when both 13.8 kv busses are supplied from UST 
for more than 2h.

3. An SG to be run in support of outages of the Class II Inverters on 
same power train, EVEN or ODD. Half hour response time.

4. Reactor to be shut down within 8 hours of start of dual SG outage.

pressure tubes. Designed by Atomic Energy of Canada 
Limited.

Generator output at 26 kv feeds station primary busses 
at 13.8 kv via UST. Designed by New Brunswick Electric 
Power and CANATOM.

Class IV divided into separate ODD & EVEN supplies from 
SST and UST connected to Ring Bus with 2 345 kv lines, 
L3003 & L3009, to the GRID. Auto-transfer provided.

4.16 kv ODD & EVEN separately supplied by SG1 and SG2 
respectively. Provision for manual inter-tie of 4.16 
kV busses should either diesel fail to start.

Loads on each bus are sequenced automatically after 
diesel breaker is connected to its bus in response to 
an automatic start signal.
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Item a) encompassing 52 tests per year far outweighs the others in 
terms of manpower and fuel costs.

Procedures have been written for all four of these distinctive tests 
so that those procedures can be used not only during routine testing but also 
during plant upsets.

Although the minimum test run requirement is 3 h, it is often exceeded 
as maintenance personnel co-ordinate minor work on the other diesel or on an 
inverter with a scheduled SG run. That is the main reason why Table V 
indicates a mean test run duration of 4.8 h for routine testing.

From time to time an SG is operated for some reason other than routine 
testing. When Shift personnel operate that SG in accordance with the routine 
test run duration and loading requirements, that run may be credited in lieu 
of an operational test. Consequently, although the "required" bi-weekly 
testing over 3 years should result in 156 identified tests. Table VI shows 
that a total of only 123 were recorded. No scheduled tests have been 
missed. Thus the difference indicates the extent to which "other" runs have 
been used to satisfy the testing commitment.

4.0 Statistical Results of SG Operations

In addition to Station Log entries, records of Standby Generator 
operations are based upon returned, completed procedures which include a 
special Operational Reliability Form. That form is completed for every run 
of each SG.

4.1 Overview

Table III is a comparison of design estimates [1] made in 1980/81 with 
the last three year's operating experience. Those estimates were based upon 
engineering judgement, and a range of published data - most of which was not 
directly applicable to 4.5 MWe units. The overall agreement is heartening. 
Starting failure probability and running failure rates are remarkably close 
to design estimates. Forced outage frequency estimates are low by a factor 
of four mainly because insufficient allowance was made for exposure. The 
design estimate of 1.92 events per year was based entirely on bi-weekly 
testing with no allowance for SG operations in support of other plant 
testing, planned maintenance activities, or runs required to satisfy other 
licensing commitments.

Following maintenance work on a diesel generator or its bus breaker, 
that SG is run to demonstrate the availability of the unit. Design estimates 
did not include this run time. In addition, the design allowance for SG 
maintenance hours was about a factor of two too low. That discrepancy was 
due partly to design deficiencies in the SG control and auxiliaries 
circuitry. Those components were mounted close to the operating machines and 
vibrated excessively. Design changes have since been made that reduce the 
vibration-related effects and so it is expected that required maintenance 
will become less. At least from that source!

4.2 Start Failure Experience

A start failure is declared whenever an SG cannot be run up to rated
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TABLE III: COMPARISON OF OPERATING EXPERIENCE WITH DESIGN TARGETS

Design Operating
Statistic Target Experience Comments

1. Starting Failure 0.05 0.046 SG1 : 11 failures in 239 attempts
probability 0.030 SG2: 7 failures in 237 attempts

0.038 Both:18 failures in 476 attempts
(Failures to start/ 
start attempts)

2. Running Failure Rate, 0.002 Total running failures divided
f/h by total run time.

a) while lightly loaded/ 0.001 Operating experience has shown
unloaded that the mean failure rates for

b) while loaded for 0.004 the intervals 0--Mh, 1h— »4h,
LOCLIV response 4h—— »8h, >8h of SG running are

c) while loaded for LOCA 0.012 0, 0.0028, 0.0050, and 0.0013
response f/h respectively.

3. Forced Outages

a) Frequency of single 1.92 7.7 Design target based only upon
SG outage event/per 5.1 26 bi-weekly tests done annually
year. 6.5 and a 50h repair time. 

Operating experience quoted in
b) Single Unit 0.01 0.007 order of SGI, SG2, Average.

Unavailability 0.006 Includes start & running
0.0065 failure contributions plus 

other operational reasons. The 
mean duration of a forced 
outage is 8.7h.

4. Maintenance & Planned
Outages

a) Events/year _ 22.3 Values are for one SG.
b) Duration, hours/year 148 283.4
c) Single Unit 

Unavailability
0.017 0.032

5. Diesel Simultaneous 0.0035 0.000042 Based upon 1.1 hours of dual
Outage Probability outage between 82-07-01 and 

85-06-30.

speed, loaded and continue running Cor 15 minutes after the initiating signal 
is produced. Synchronizing failures are not included as start- failures.

While an SG is on a maintenance outage, it is assumed that any "failed" 
diagnostic start attempt or short run is part of the maintenance outage, hence 
those events do not appear as failures in the quoted statistics. A
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maintenance outage is considered to end at the start of the availability run 
used to declare the SG back in-service. The successful start attempt and the 
successful run - usually only a few minutes long - are included in the 
operating reliability data-base.

Of the 476 start attempts made in the last three years there were 18 
failures to start, 11 for SGI and 7 for SG2. Table IV identifies these 18 
failures and indicates that corrective actions were possible in 8 cases.

Referring to Table IV, those corrective actions were:

1. Addition of panel lights on breaker cubicle doors to indicate the 
position of the breaker during routine walk-around inspections.

2. Starting an SG immediately following shut down is now forbidden. 
There is a 55 second delay needed so that the diesel may come to 
rest, and have process logic reset before the next start attempt.

3. Status of the Turning Gear limit switch is a permissive for both 
auto and manual starts. It is being removed as a permissive from 
the auto-start circuit and becoming an annunciation only.

4. Procedures have been modified to clarify requirements for specific 
operator actions needed to treat identified problems.

5. Operator and maintenance personnel training has been enhanced to 
emphasize more strongly those areas where known problems can 
occur.

6. The location of the Start pushbutton is such that operators have 
great difficulty monitoring the speed of the starting engine. 
Procedure requires the button to be kept depressed until a 
specific rpm is reached. The Start pushbutton and speed gauge are 
being relocated closer to each other.

It is significant that in 33% of these start failures, Operations 
personnel contributed to the problem. It is equally significant, that 
identified design and procedural changes should greatly reduce the recurrence 
frequency of more than 33% of these failure mechanisms.

4.3 Run Failure Experience

Table V illustrates the distribution of SG runs in terms of two 
distinct parameters, namely the run duration and its purpose. The largest 
number of runs, in the intervals chosen, fall into the 2 h - 4 h category.
The second largest group is the "up-to-15-minute" category. Each grouping is 
relatively easily identified with routine bi-weekly testing and availability 
demonstrations following SG maintenance, respectively.

There are a considerable number of extended SG runs, i.e. greater than 
one 8-hour shift long, necessitated by the policy of operating one SG while 
the other is on outage. Those long runs account for two-thirds of the 
operating life-time but for only one-third of the running failures. However, 
the number of observed running failures is small enough that rather wide 
error-bounds are needed to indicate properly their statistical significance.



TABLE IV: CHARACTERISTICS OF START FAILURES

Occur rence Corrective
No. Date Actions Commentary

Data for SG1

1 82-07-15 Unknown.
2 82-07-15 Faulted Starting Air PRV.
3 82-10-03 1, 4, 5 Diesel Breaker to Class III bus not fully 

racked-in.
4 83-02-24 2 Start attempt just after a shut down.
5 83-07-08 Failed during loading.
6 83-10-14 3 Engine locked-out by out-of-adjustment 

Turning Gear limit switch.
7 84-01-22 One cylinder Decompression Valve was 

leaking, SG shut down manually.
8 84-01-29 Tripped and locked out. Cause unknown.
9 84-03-15 Tripped and locked out on reverse power. 

Reason unknown.
10 84-12-13 4, 5, 6 During Emergency Start Test, Operator held 

Start button depressed for too long.
11 85-05-22 4, 5 Fuel Blow-out Valve was left open during 

pre-start checks.

Data for SG2

1 82-08-10 Cause unknown.
2 82-08-10 Restarted but failed due to sticking speed 

switch.
3 82-11-24 Governor failure. Diesel would not load.
4 83-02-03 4, 5 Open Fuel Blow-out Valve.
5 83-07-28 5 Air-bound fuel line due to stop lever 

being left in wrong position during 
pre-start checks.

6 85-06-12 5 Small leak in fuel oil line caused partial 
draining. Before line was primed, engine 
shut down on overcrank.

7 85-06-26 Loose air distributor cam.

The characteristics of the six running failures - one of SG2, the
remaining five of SG1 - are described in Table VI. In three of those cases
procedural and training changes have been introduced to lower the recurrence 
frequency. In Table VI, corrective Actions 4 and 5 have the same meaning as 
quoted earlier for Table IV. The additional corrective actions are:

7. A fast-acting over/under frequency relay was installed in the 
control circuitry for each SG. This relay opens the Class IV 
incomer to the 4.16 kV bus, protecting both the SG and the loads
it is supplying. This feature is useful at times when the SG is
synchronized to Class IV, such as during routine testing or 
licensing support for an unavailable SG or inverter.
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TABLE V: DISTRIBUTION OF RUN DURATIONS & RUN STATISTICS 
A. By Duration

RUN DURATION
NUM]3ER OF RUNS tot;\L DURAIPION RUNN [NG f;M  LURE

(h) SG1 SG2 BOTH SG1 SG2 BOTH SG1 SG2 BOTH

0 - 0.25 48 55 103 3.9 5.2 9.1 N/A N/A N/A

0.25 - 0.50 15 13 28 5.8 4.9 10.7 0 0 0

0.50 - 1.0 16 18 34 11.3 13.0 24.3 0 0 0

1 - 2 26 24 50 38.8 33.5 72.3 1 0 1

2 - 4 59 56 115 184.1 172.5 356.6 1 0 1

4 - 8 42 36 78 225.4 206.2 431.6 2 0 2

> 8 33 35 68 1027.9 1105.6 2133.5 1 1 2

TOTALS 239 237 476 1497.2 1540.9 3038.1 5 1 6

B. By Purpose

NUf4BER OF RUNS MEAN RUN DURATION (h)

PURPOSE OF RUN SG1 SG2 BOTH SG1 SG2 BOTH

Routine Testing 63 60 123 4.7 5.0 4.8

After SG Maintenance 79 76 155 1.8 1.4 1.6

Other SG Unavailable 51 45 96 14.6 21.1 17.7

Inverter Unavailable 7 8 15 * * *

Other Plant Support 52 55 107 ★ * ★

TOTALS 25 2 244 496 5.94 6.31 6.13

♦These quantities are not yet evaluated automatically
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TABLE Vis CHARACTERISTICS OF RUN FAILURES

No.
Run Start 

Date
Correct ive 
Act ions Commentary

1 83-04-25 6 56.1 h into run SG2 tripped on Reverse Power 
while SG1 was on overhaul. Trip due to a load 
rejection which caused turbine to overspeed.

2 83-05-10 7 5.9 h into a run to support SG2 outage. SGI was 
manually shut down for 0.5h to repair a fuel leak.

3 84-01-23 4, 5 81.5 h into a run to support an SG2 outage» the 
fuel filter clogged up shortly after new fuel was 
delivered into the supply tank.

4 84-02-17 7 1.4 h after SG1 start, it was shut down to repair 
a failed fuel line on the fuel blow-out valve.

5 84-05-12 4, 5 2.5 h into a routine test run SG1 ran out of 
fuel. Plant was on annual outage and transfer 
pump electrical supply had been isolated.

6 85-01-12 4, 5 5.1 h into run to support work on SG2, SG1 
tripped on low lube oil pressure when a wrong 
valve was opened to obtain a lube oil sample.

TABLE VII: OUTAGE STATISTICS FOR THE PERIOD 82-07-01 TILL 85-06-30

OUTAGE TYPE

NUMB!:r OF OUII1 AGES ♦MEAN OfITAGE DURJYTION (h)

SG1 SG2 BOTH SG1 SG2 BOTH

Dormant 8 6 14 36.7 101 64.4

Forced 23 16 39 8.0 9.8 8.7

Maintenance 65 61 126 7.9 5.2 6.6
Planned 3 5 8 122 100 108.4

TOTALS 99 88 187 13.7 18.0 15.7

♦Total Outage Time for SG1 * 1360.2 h and Annually = 453.4 h
SG2 = 1582.8 527.6 h
Mean = 1471.5 490.5 h
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8. In addition to these two running failures due to fuel line leaks 
there were a significant number of maintenance outages associated 
with fuel line problems due to incorrect materials selection and 
line vibration. Several different types of fuel lines were 
tried. Finally, a rubber line with additional bracing was 
chosen. This re-design greatly reduced the problem of fuel line 
leaks/breaks.

9. One possible reason for filter clogging was poor quality fuel. In 
this case two policy changes were introduced. First, all new fuel 
supplies are sampled and must be found acceptable before delivery 
is taken. Second, whenever possible, fuel is added to its main 
storage tank when the SG is shut down. If that is impracticable, 
the amount of fuel which can be added to the tank is limited to 
prevent stirring up materials which may have sunk to the bottom.

A glance at Table VI shows that it was possible to take measures to 
reduce the frequency of all detected running failure modes. Failures 5 and 6 
recorded in that table, were clearly communications or lack of knowledge 
problems. They account for a third of the running failures. The remainder 
were attributable to design or policy decisions.

4.4 Outage Experience

In the past three years 67% of all outages have been maintenance 
outages. However they have accounted for only 28% of cumulative outage 
duration. Table VII summarizes data for each of the four outage types. It 
is useful to note that the mean duration of forced and maintenance outages is 
less than 10 hours. This is a consequence both of preferred maintenance 
policy and of the need to run one SG when the other is unavailable.

The outage type labelled DORMANT may seem unusual. Its existence is 
determined by the detection of unannunciated failures. In many cases, 
dormant faults are discovered during start attempts. However, the number of 
outages included in the tables, and their mean duration, include problems 
discovered during routine inspections as well as during SG runs. The 
duration of each DORMANT outage has been assessed directly from available 
information. When that was insufficient to decide otherwise, half the 
interval from fault discovery to the previous SG shutdown was assigned.

The need for an average of 21 maintenance outages of each SG per year 
reflects the amount of trouble-shooting that has been done, the number of 
design changes made to control circuitry & to solve vibration-related 
problems and the performance of routine calibrations, oil changes and other 
preventive maintenance activities, it should be possible to reduce the 
number of these outages as the number of necessary design changes decreases, 
and, in particular, by combining several preventive maintenance functions 
into each outage.

Some planned outages of the standby generators involve a partial 
strip-down, so that they last, on average, over 100 h. There has been a need 
to replace cams & rollers twice on one unit and once on the other during such 
planned outages due to unexpectedly high rates of wear. The need for these 
changes was identified through routine surveillance.
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In summary, operating experience has not been characterized by an 
inordinate number of forced or dormant outages. The number of maintenance 
outages does seem high. That is partly explained by the number of late 
changes made to the units and partly to the number of running hours. While it 
is perhaps fortuitous that there have been no major outages, it can also be 
claimed that a policy of careful surveillance has detected potentially-major 
problems at an early stage.

4.5 Dual Outages

There have been four simultaneous outages of SGs for a total of 1.1 
standby Class III power unavailable hours. In three cases, SG2 was on a 
maintenance or planned outage when SG1 became unavailable once for each of the 
following reasons; a fuel leak, a clogged fuel filter, and when manually shut 
down to investigate oil foaming in the turbocharger. In the fourth case, SG2 
tripped on reverse power during a Class IV load rejection while SG1 was on 
outage.

5.0 Economic Penalty of Extending Outages

Up to this point, failure and outage histories have been discussed. In 
this section, it is intended to provide a cost indicator, based upon previous 
operating experience, which can be used in planning the duration of standby 
generator outages.

In the past, when one diesel was taken out of service for maintenance, 
Plant policy has been to perform round-the-clock work until the job was done. 
The expressions of Equations (1) and (2) quantify the likely economic penalty 
associated with failure of a running diesel when the other is on outage, or of 
extending that outage by one additional hour, respectively.

The scenario is dependent upon existing licensing constraints and 
consists of the following:

Both SGs are available initially. The one not to undergo maintenance 
is successfully started and loaded to run throughout the maintenance 
period of the other. If the running SG fails before the other is 
restored to service, a total loss of standby Class III power occurs. 
When at least one of those SG's cannot be made available within 8 
hours, the reactor must be shut down. Once shut down, the reactor will 
poison out and no generation can occur until the poison decays.
The "probable cost" expressions are:

Penalty (t) = [Prob of Run Failure]x[Prob of Repair too late]x 
[Outage Cost]

= [1 - exp(-^t)][1 - P][C.h] Eq(1)

Incremental Penalty (t) =/[1 - P][C.h] expt-^t) Eq(2)

Penalty (t) = Probable cost of replacement power for a ■ 
maintenance outage lasting for t hours.
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where t = time instant measured from start o£ the outage
P « the probability of restoring Class III within 8 h 
C = Economic cost of a forced plant outage in dollars per hour 
h - is duration of consequential plant poison outage when 

Class III cannot be restored.

As a straightforward example of the predictions made by Eq(1) and 
Eq(2), choose

P = 0.50
C = $500,000/day = $20,833.33/h 
h = 35 h

and, using \ =  0.002 f/h from Table III, obtain 

Penalty (t) * 364,600 [1 - exp(-0.002t)]

Incremental Penalty (t) = 729 exp(-0.002t)

The probable costs as a function of outage duration are shown below

TABLE VIII: ECONOMIC PENALTY OP ONE SG OUTAGE

OUTAGE LENGTH 
(h)

PROBABLE DOLLAR PENALTY 
$

INCREMENTAL PENALTY 
$/h

1 728 728
5 3,628 722

10 7,219 715

50 34,700 660

100 66,100 597

200 120,200 489

500 230,500 26 8

More realistic estimates can be made when P, C 4 h are definitive 
values. Then, if there is choice about the duration of an outage, the 
cumulative dollar penalty could become a factor in maintenance planning 
policy.
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6.0 Conclusion
The first three years of operation have shown that the Standby 

Class III power system has met its licensing targets.

Routine inspection and maintenance have maintained each SG free from 
major starting and running failures.

Failures which have occurred have been quite diverse as corrective 
measures have been taken to obviate frequent recurrence of known problems.

The response of Shift and maintenance personnel has kept forced and 
maintenance outage durations relatively short.

The mean running failure rate of 0.002 failures/hour leads to a running 
reliability of 0.998, 0.996, 0.992, 0.984 for run durations of 1, 2, 4, and 8 
hours. Combined with the starting success probability of 0.962, those values 
lead to the estimate that an SG, thought to be available, has a probability of 
0.960, 0.958, 0.954, 0.947 of starting successfully & completing a run of 1,
2, 4 or 8 hours duration.
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