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Abstract —In 1988 the U.S. Army Engineering and Housing Supporr
Cenier (EHSC) sponsored » siudy of the relisbility, svallability, and
maintninability (RAM) characteristics of diesel and gas-tusbine power
systems producing less than 2 MW, The study, conducted by ARINC

% Corp i included colk and ion of source
data for power systems st commercial and militery facifities operaiing
in contimeous or standby service. A data base of sysiem, subsystem, snd
componewl RAM dsts was established. These data will be useful in the
design of primary and siandby power sysiems for military or commercinl
Tacilithes.

InTRODUCTION

THE U.S. Army Engineering and Housing Support Center
(EHSC) sponsored a study {7} of the reliabiiity, avail-
ability, and maintainability {RAM) characteristics of small
diesel and gas-turbine power systems. The study, conducted
by ARINC Research, produced a data base of system, sub-
system, and component RAM data for industrial and military
power systems in both continuous and standby service. An
updated RAM data base was needed to support the analy-
sis of power systems at command, conirol, communications,
and intelligence (C*1) installations worldwide, EHSC wanted
higher confidence in the validity of the power-system reli-
ability data used to analyze C°] system reliability. Currently
available RAM data were outdated and were not tailored to
EHSC’s specific requirements. Further, these data did not per-
mit identifying component failure rates in alternative prime-
mover designs.

The primary objective was to obtain data reflecting the re-
liability improvements resulting from advances in power-plant
(prime-mover) technology since completion of the last com-
prehensive RAM study more than 15 years earlier. An addi-
tionat objective was to provide data on the major components
that failed in each system, together with data on the reliabil-
ity of the prime mover. The information will be used in the
evaluation of C’l power-generation systems.

The prime movers of interest were diesel and gas-turbine
generators ranging from 600 to 1800 kW. The diesel-
generator configurations evaluated included both packaged

Paper ICPSD B9-02. approved by the Power Systems Engincering Com-
mittee of the IEEE Industry Applications Society for presentation at the 1989
Indusirial and Commescial Power Systems Annual Technical Conference, De-
trait, M1, April 29-May 3. Manuscript reicased for publications January 9,
1990,

C. A. Smith and M. D. Donovan are with ARINC Rescarch Corporation,
2551 Riva Road, Annapolis, MD 21401,

M. J. Bartas is with the U.S. Army Engineering and Housing Support
Center. Fort Belvair, VA 20060.

1EEE Log Number 9035434

Copyright © 2007 IEEE. All rights reserved.

systems and units with auxiliary support systems. Each of
these types was categorized as standby and continuous duty.
Because most gas-turbine systems in the size range of interest
are configured as packaged units, the gas-turbine generators
were categorized only by type of duty. Thus six categories
were addressed:

continuous-duty auxiliary diesels,
standby auxiliary diesels,
continuous-duty package diesels,
standby package diesels,
continuous-duty gas turbines,
standby gas turbines.

METHODGLOGY

The data collection comprised five tasks: 1) review existing
data bases and reports, 2) identify daa sources, 3) collect field
data, 4) reduce data and prepare data base, and 5) calculate
RAM statistics. These tasks are described in the following
subsections.

Review Existing Data Bases and Reports

The results of previous and ongoing efforts in the collection
of RAM data were reviewed to determine their applicability to
the selected diesel and gas-turbine categories. Data bases such
as the Government Industry Data Exchange Program (GIDEP)
{1] and the Institute of Nuclear Power Operations (INPO) Nu-
clear Plant Reliability Data System (NPRDS) [5] were investi-
gated, but they were found to contain minimal detail on power
plants in the size ranges addressed by the study. Several man-
ufacturers provided the results of studies on reliability, start-
ing reliability. and unit availability conducted in preparation
for customer presentations or proposals. The RAM measures
from these studies were not included in the data base, because
the objectivity and accuracy of the data could not be validated.

Identify Candidate Data Sources

Three methods were used to identify as candidate data
sources the industrial and military facilities that operated
diese] and gas-turbine power systems in the specified cate-
gories. Equipment manufacturers and distributors were asked
to provide lists of customers having power systems that met the
category definitions, U.S. military and Government agencies
were similarly requested 1o provide names of equipment oper-
ators and sources of maintenance data. In addition, industrial
directories were used to identify facilities representing typi-
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USER SURVEY: DIESEL AND GAS-TURBINE GENERATORS

User/Company;

Address:

Contact

Telephone: (__)

Date

Apptication;

Staffing (No. of parsonnel and tities):

Hems to Address:

How meny units da you have on-site:

What are thelr rallngs?

Ara unite standby or in conlinuous use?

Is there a central data bank for maintenance information?

Do you collect maintenance cata?

Do you collect oparating data?

Do you record attempted and successful starts?
Do you keep logs for scheduled mainenance?
Do you have records of failure events?

Have ihere been ai laast five failures 1o the unit?
0o you frack administrative and logistic time?
Can these data be sent 1o us for this effon?

Yes No

Can ARINC Research obtain permission to review these records?

is there a mainienance program in use?
It yes, is it the manufacturer's program?
Are spares kept on sile?

Remarks: (nclude brief history and Hne diagram of plant)
Fig- 1.

cal power-system users, such as computer centers, smail util-
ity sites, and cogeneration plants. The candidate data sources
identified through these surveys were listed in a project data
base for sorting and screening during the data collection task,

Collect Data

Potential data sources were screened by means of a struc-
tured telephone survey technique, using the questions shown in
Fig. 1, to identify candidate power plants for data coilection.
The objective of this screening was to determine the appli-
cability, availability, and guality of operational, maintenhance,
and failure data. Plants were selected from a wide variety
of applications (e.g.. electric utilities, cogenerators, hospi-
tals, airfields, military i ions, and cc and com-
munication facilities) to represent a range of variables such
as manufacturer, piant usage, age, environment, and mainte-
nance practices. Where possible, plants with at least ten years
of operation and maintenance history were selected.

Selected power-plant operators with formal data collection
systems were requested to mail facility descriptions and his-
torical records of their operation and maintenance logs.
Foltow-up technical questions to clarify data interpretation

570

User Code:

User survey form.

were directed, via telephone conversations, to senior facility
personnel.

The problem mest frequently encountered in obtaining data
from participating facilities was the level of effort required
by the plant staff to assemble and reproduce the necessary
records. To ensure the acquisition of representative data, site
visits were made to facilities that could not respond to the
mailing requests. Technical personnel experienced in plant op-
eration and maintenance conducted these visits. In addition to
recerds collection, visits typically included structured inter-
views with senior operations and maintenance personnel to
obtain additional insights into failure events and maintenance
tasks.

Twenty-two plants participated in the study, providing data
on 71 power systems. The data represented 708 unit-years of
operating experience, and all plants provided data for periods
of 3 years or longer.

Develop Data Base

‘The source data on maintenance and failure events were ar-
ranged in a consistent record format for computer entry and
validation. Data reduction was performed by examining events

Copyright © 2007 IEEE. All rights reserved.
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TABLE 1
RAM Statomcs
RAM Measures Formuia Based on Perind Hours Formula Based on Operating Hours
Failure Rate (FR) No. of Failyres No. of Failures
(Failures per year) Period Hours * 8750 Operating Hours x 8760
Mean Time Between Failures (MTBF) Perind Hours Lperating Hours
{Hours) No. of Failures No. of Failures
Mean Time To Repaif (MTTR) Total Repair Time Tosal Repair Hours
{Hours) No. of Failures No. of Failures

Mean Time Between Planned Oulages

___Pegiod Hours__

Operating Hours

(MTBPO) (Hours) No. of Planned Ouu.cs_ No. of Planned Qutages
Mean Time To Mainain (MTTM) Planned Qutage Hours Planned Outage Hours
(Hours) No. of Planned Cutages No. of Manned Qulages
Mean Time Between Outages _Period Hours Opeeating Hours
(MTBO) (Hours) Na. of Culages Nao. of Outages
Mean Downtime (MDT) Repair Hours + Planned Outage Hours Repair Hours + Planned Outage Hours
(Houss) No. of Oulages No. of Outages
Mean Time Between Corrective _Periogd Hours i
Maintenance (MTBCM) (Hours) No. of CMs No. of CMs
Mcan Time To Perform Corrective Cosrective Maintenance Hours Coaective Maintenance Hours
Maintenance (M:I'I‘CM) (Houry) Ne. of CMs No. of CMs
Milability, Operationst {AO) Pesiod Hours - Repaic Tiene - Planned - OoecatingHours
Period Hours Operating Hours + Repeir Hours + Planned Outage Hours
Avaitability. Inherent {Al) Period Hours - Repair Hours Operating Hours
Perind Hours Operating Hours + Repair Hours
Retiability for 24 hours (R24) -24/MTBF ©-24/MTBF
Reliability for 720 hours (R720) e-T20/MTBF e-T20/MTBF

in the operating and maintenance records to identify the sub-
system and component, the type of outage, the impact of the
failure, and the action required to cotnplete the mai e
This information was coded according to the equipment,
failure-impact, outage-type, and action codes iisted in Ap-
pendix 1. _

Summary descriptions of each maintenance event were also
prepared to provide insight into failure modes. Operating data
for each unit—such as period hours, operating hours, starts,
and start failures— were extracted from operating logs.

The event records produced by the data-reduction pro-
cess were entered into a microcomputer data base. The data
base architecture, developed with a commercially availabie
data base system, included features for auto-
mated checking for data-entry errors or inconsistencies. Fol-
lowing data entry, samples of records were randomly selected
for validation against the raw data, ensuring consistency in
application of the evemt coding scheme during data reduction.
Calculate RAM Statistics

The maintenance-event and operational data and the formu-
las shown in Table | were used to calculate RAM statistics for
cach of the six categories of power systems. The terms used
in the formulas are defined in Table 1.

Copyright © 2007 IEEE. All rights reserved.

RAM statistics were also calculated for subsystems and
components in each category on the basis of both period
hours and unit operating hours. Subsystem and component
measures included failure rate {FR), mean time between fail-
ures (MTBF), mean time between corrective maintenance
(MTBCM), mean time to perform corrective maintenance
(MTTCM), and operational availability (AO).

The RAM statistics are intended for use by EHSC for a
variety of analyses, evaluati and planning studies for C1
facility support systems. To meet the requirements of these
applications, the RAM statistics were calculated using both
peciod hours (i.e., calendar time) and operating hours.

REsuLTs

The data base developed comains more than 6000 main-
events, repi ing 708 unit-years and nearly one

million operating hours. Data from units within each of the
six gories were bined, b units within the same
category are of similar technology and utilization. The unit-
level RAM statistics for the six major categorics from this
data base are compiled in Tables LIl and I'V. Data for subsys-
tems and components within these categories are presented in

Appendix II.
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TABLE il
Darmmions or Terms

Concurrent Maintenance Event (CC)
Comective Mainienance Event (CM)
Corrective Maintenance Time

Maintenance action 1aken while unil is already in an outage
An evenl in which some equipment had (o be repaired (outage-causing o net)
Time, in hours, required (o complete a CM

An unexpected event (hat results in the interruption of electrical power at the generator output terminals

Failure

Forced-Outage Event (FO) Failure

Nonciirtailing Event (NC) Maintenance action {aken while the ynit is available to produce power
Operating Hours Number of hours the unit is producing power

Outage Event

Period Hours (PH)
Ptannest Quiage Event (PO)

Any interruption of electrical pawer at the generator output terminals
Number of calendar hours in a year (8,760}
Outage taken for any scheduled reason (¢.g., inspections. overhauls, cleaning)

Planned Outage Time Time. in hours. taken to complete any planned outage event

Repsir Time Time. in hours, required to repair any failure

Unil-Years Calendar hours in a ycar (8.760) mulliplied by the number of units

TABLE 111
Compostte RAM Statistics Basen on PEriop Hours.
RAM Measures Diesel Auxiliary Dicset Package Gas Turbine
Continvous Standby Continuous Standby Continuous Standby
Number of Units 7 5 9 15 15
Period Hours 674,520 1.357.800 814,776 1.068,594 133.888 1.951.224
Number of Events 1702 1.408 1535 498 509 Eits
Unit Failures 302 198 408 118 174 10
Unit Qutages (Planned and Forced) 131 615 959 365 385 218
Number of Corrective Maintenance Events 409 630 812 24 253 102
Failure Rate (Failures per Unit-Year} 39 1.2 43 0.9 4.5 0.3
MTBF (Hours) 2.233.5 6.857.4 L9970 9,055.8 1.918.8 27.874.6
MTTR (Houny) 8 28 64 3.9 72 L6
MTBPO (Hours) 668.5 3.256.1 14787 4.326.2 15824 $.380.8
MTTM (Hours) 1.3 3.8 12.5 78 251 106
MTBO (Hours) 5145 2.207.8 849.6 2.927.7 $67.2 7.018.8
MDT {Hours) 1.7 s 99 6.5 14.8 36.1
MTBCM (Hours) 1,699.1 2,155.2 9233 4.897.5 1.319.7 19.125.6
MTTCM (Hours) 28 2.9 4.3 29 5.7 7.4
Al 0.9986 0.9995 0.9967 0.9995 0.9962 0.9959
AQ 0.9965 0.9984 0.9882 099717 0.9828 0.9948
R24 0.9892 0.9965 0.9880 058973 0.9875 0.9991
R720 07244 0.9003 0.6973 09215 0.6871 09745
Observations events, including a main bearing failure (200 h), a reduction-

The objective of the study was to compiie a data base for
use in the evaluation of power systems in C31 facilitics; thus no
detailed analysis of the data was performed. However, scme
observations can be made from examination of the calculation
results.

Table I11 indicates that, on the basis of period hours, units in
the continuous-duty categories have similar failure rates. The
period-based fuilure rates for the standby categorics are muich
lower, because the low utilization of units in this category
provides fewer opportunities for failures to occur.

The gas wrbines exhibit the lowest failure rates of units
in standby service. However, this is negated by long repair
times. The raw data show that the large repair-time value
butable to a ively small ber of long-duration

is attri
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gear failure (350 h}, seven broker starter shafts (150 h each),
and two events in which the turbine had to be sem back to
the manufacturer (3000 h each). The starter-shaft problem
was an initial design problem and has not occurred since the
implementation of a design change to the part.

For the contimous-duty diesels with auxiliary systems, the
failure rate based on operating hours, shown in Table IV, is
significantly higher than that of the other categories in continu-
ous service. This difference is attributable to the relatively low
utilization of these diesels at the plants reporting in this cate-
gory. These units were classified as i b they
were scheduled for operation on a regular basis. However,
most of them were operated in a cycling mode and operated
only for scveral hours each day. The high failure rate results

Copyright © 2007 IEEE. All rights reserved.
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rate is due largely to the engine itsclf, specifically the cylin-
der heads and the crankcase. Tracking these same compenents
through all of the diesel categories shows them to have con-
sistemly the highest failure rate.

SuMMARY

Information collected through this study is useful in the de-
sign assessment of primary and standby power sysiems for
military or commercial facilities. The unit-level RAM statis-
tics for the six categories provide a baseline for comparison
of RAM measures for a specific plant against a representa-
tive population similar in configuration and type of service.
The subsystem and comp data, in conjunction with ap-
propriate modeling tools, provide a means for forecasting the
mﬂnblhty performance of specaﬁc plln designa. Since the
data bese includes ail Ent evenis rather

»
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TABLE v
Comi RAM §: Basso on Or Houms
Diesel Auxiliary Dizsel Pacl Gaa Turbine
RAM Measures tage 2
C Ty C Standhy Continuous Standby
Number of Units 7 5 9 15 15 0
Qperating Hours 80.174 323242 300.698 64,364 204,037 13.591
Number of Events L702 1.408 1.533 498 509 319
Unit Failures 302 198 408 118 174 70
Unit Outages (Flanned and Forced) 1311 615 95% 368 388 278
Number of Corrective Maintenance Events 40% 630 B72 243 253 102
Failure Rate (Failures per Unit-Year) 329 33 1.8 16.0 7.4 451
MTB¥ (Hours) 264.4 1.632.5 7.0 545.4 L1726 194.1
MT'IR (Hours) 29 18 6.4 38 7.2 116
MTBPO (Hours) 794 775.1 545.7 260.5 967.0 65.3
MTTM (Hours) 13 38 12.5 7.8 21.1 10.6
MTBO (Hours) 61.1 525.5 3135 176.3 5209 488
MDT (Hours) 1.7 1.5 9.9 6.5 14.8 36.1
MTBCM (Hours) 196.0 513.0 4.8 264.8 806.4 133.2
MTTCM (Hours) 28 29 42 29 57 774
Al : 0.9889 N/A 0.9812 N/A 0.9938 N/A
AQ 09713 N/A 0.9682 N/A 0.9720 N/A,
R24 09132 0.9854 0. 0.9569 097197 0.8837
R720 0.0657 0.6434 0.3765 0.2671 0.5412 0.0245
from dividing the large ber of fail induced in this TABLE V
type of operation by the relatively small pumber of operating Acion, Fanure-Tueact, anp Ourace-Trre Copes
hours.
Simitarly, for the gas turbines in standby service, the high Action Codes
failure rate based on operating hours can be attributed to the EI'_- - I‘E',"'"“’
5 e . il — Fixed Leak
relatively low utilization of these units. Most of the units in IN — Inspection
this category are used as emergency power supplies in com- #D = :Od,&qm{'-n .
puter or communications facilities. They are typically tested B0 - hasamnie
on a weekly or monthly basis and run for less than 1 h, with PM — Preventive Maintenance
failures mast likely to accur during the start sequence. On the :é - :::lllr;:lﬁ
basis of (hls limited operating time, the failure rate 1s high. TS — Tested
and p data p d in Appendi Failure Impact
1 provide mformmon on the causes of unit failures and un- 0 — No Failure
ilability. For ! bl with the standby gas tur- 1 — Failuce Affected Only the Component
. < Vot s i 2 = Failure Affected Com, nt and Syl em
bines reside mostly in the starting system, particularly the 3 2 Failuee Allected Component. Sumﬁmﬂ Unit
battery. The fuel system, the generator, and the controls add Outage Type
to the ovenall failure rate. Il is -lw of :Ileren thn nuch of CC — Concurrent Maintenance
the unavailability is due to insp and lF_l(:s) - ;-':orlaed OuS
g — Faiture to Stant
even though these sctions do not contribute 1o the ow:nll fail- NC _ Noncuriailing Maintenance
ure rate. For the continnous-duty auxiliary diesels, the failure PO — Planned Oucage

than just ovtage failures, it provides information that will be
useful in maintenance and logistic planning for power systems,
Aprerpix 1
Cobas
Failure-impact, outage-type, and the action codes are listed
in Table V.
Areenpix 11
SunsysTEM AND Comronsnt Data

Tables VI-XI reflect the RAM statistics based on equip-
Mhﬁmmmwmﬁforthemmwiﬁmﬂnm
C or subsy that do not appear in
ambled»dmexmwfaﬂmormm:wm

573



IEEE

Std 493-2007 ANNEX L
TABLE VI
SussysTEM anD Component RAM Measures For Conminuous-Duty Auxiuiary
DreseLs
Period Houts . Operting Hours

Equipment Failurcs MTBF  MTBCM  MTTCM Operational  Failures MTBE  MTHCM  MTTCM
per Year  (Hours) (Hours) {Hours) Availability per Year (Hours) (Hours) (Hours)

CONTROL & INSTRUMENTATION (DS-CTT)  0.08 1124200 1524200 1.7 1.0000 0.66 133623 13362
CIRCUIT BREAKERS (DS-CT101 0405 168630.0 16863001 1.5 10000 0.44 20043 .5 2'13?4632 : ;
FLECTRICAL MODULE (DS: 02) 0.01 6745200 674520.0 1o 1.0006 Q.11 801740 80174.0 i.0
SWITCHES (DS-CTI04} 0.01 674520.0 674520.1 3o 1.0000 0.11 80174.0 BO174.0 30
COOLING WATER SYSTEM (D5-C 0.13 674520 44968.0 1.7 1.0000 1.09 8017.4 5344 9 1.7
COOLING WATER PLIMP (DS 2) 0.00 00 6745200 0.5 1.0008 0.00 0.0 80174.0 4
ENGINE COOLING (DS-CWT03) 0.01 674520.0 674520.0 a0 10000 011 80174.0 B0174.0 40
THERMOSTAT (DS-CW"!S) 0.00 00 6745200 1.0 £0000 0.00 0.0 B30174.0 Lo
VALVES (DS-CWTU7) 0.01 6745200 3372600 0.8 10000 0.11 801740 7.0 0.8
WATER LINE (DS~ ) 0.06 134904.0 0 . 09 1.0000 .55 L6034.8 114534 0.9
HEAT EXCHANGER (DS-CWT10) .03 3372600 337260.0 5.0 1.0000 0.22 40087.0 40087.0 S0
WATER HEADER (DS-CWT12) 0.01 6745200 5745200 20 £.0000 0.11 80174.0 80174.0 20
WATER MANIFOLD (DS- 13) 0.00 o0 [1X0} 090 1.0000 0.00 on o0 0.n
DIESEL ENGINE {DS-ENG}) 2.25 1899.0 3122.8 36 0.9984 1890 4634 .z 16
BEARINGS (DS-ENGO1) 008 1124200 546. 7 29 09999 0.66 13362.3 8908.2 29
CYLINDER (DS-ENGOZ) 032 26980.8 20440.1 20 0.9999 273 32070 24295 29
CYLINDER HEADS (DS-ENG03) 099 8875} 8225.9 4.0 0.9993 8.30 1054.9 977.7 440
DRIVE SHAFT (DS-ENGO4) 0.00 0.0 0.0 00 10000 0.00 0.0 no a0
PISTONS {DS-ENGO6) 0.26 3371260 28105.0 4.7 0.9998 2.1% 4008.7 3340.6 a7
TURBO CHARGER (DS-ENGO07) 0.0l 674520.0 337260.0 40 1.0000 a1k 80174.0 40087.0 4.0
VALVES (DS-ENGOB) 0.03 337260.0 224840.) 20 1.0000 0.22 4008170 267247 20
RINGS (DS-ENC-DQ) 0.31 281050 i A 35 0.9996 2.62 313406 2166.9 a5
TIMING (DS EN ng .05 168630.0 1349040 10 0.9998 044 20043.5 16034 8 10
E MANIFOI (DS-ENGI 1 608 1124200 1124200 32 1.0000 0.66 133621 133623 3.2
CRANKC, ASE (Dﬂ ENG12) 0.0t 6745200 224840.0 1540 0.999% 011 801740 267247 150
RODS (DS ENG14) 0.01 6745200 224840.) a7 1.0000 a1 B0I174.0 267247 iz
CAM (DS-ENG15) 0.08 1124200 96360.1) 20 0.999¢ 0.66 13362 .3 11453 4 20
CHAIN DRIVE (D5 ENGIT) 0.01 674520.0 3372600 1.0 1.0000 alt B01740 40087.0 10
TAPPET (DS-ENGL8) 0.00 kil 0.8 1.0000 0.00 .0 a0
EXHAUST SYSTEM (DS EXH 004 2248400 96360.0 2.1 0.9997 0.33 267247 114334 2.1
EXHAUST SYSTEM (DS-EXH) 0.00 00 6.0 0.0 1.0000 0.00 00 0.0 0.0
EXPANSION JOINTS (DS-EXH03) 0.00 0.0 337260.0 40 1.0000 0.00 0.0 400870 40
FORTS (D&EXHU% 0.01 674520.0 6745200 0s 09997 0.11 80174.0 B0174.0 0.5
EXHAUST MANIFOLD (DS-EXHO06) 0.03 3372600 337260.0 0.8 1.0000 0.22 40087.0 40087.0 as
FXHAUST VAL VE (DS-EXHO07) 0.00 0.0 6745200 10 1.0000 0.00 9.0 80174.0 1.0
MUFFLER (DS-EXHI10) 0.00 00 674520.0 40 1.0000 0.00 0.0 304740 4.0
FUEL SYSTEM (DS-FLS 0.91 9636.0 822549 2.1 0.9989 163 1145.3 977.7 2.1
i)FAFRATOR TANK S FLSQ2) 0.00 00 6745200 10 1.0000 0.00 0.0 80174.0 [N
FUEL FILTER (D5-FLS03) 0.00 00 33726040 10 1.0000 0.00 0.0 40087.0 10
GOVERNOR (DS-FLS04) 0.32 74946.7 67452.0) 12 0.9997 0.98 8908.2 80174 32
FUMPS (DS-| 0.3s 24982.2 21758.7 1.8 0.9999 295 2969 .4 2586.3 1.3
VALVE (D& ) £.04 6745200 674520.0 1.5 1.0000 0.11 80174.0 801740 1.5
iN R (DS-TFLS08 021 421575 9677 | 2.5 0.9994 175 10.9 4716.1 2.5
IULL LINE (DS§-] 022 306776 374733 18 1.000¢ 1.86 4716.1 44540 1.8
FUEL CIL REGULATOR (DS-FLS10) 0.00 0.0 3372600 20 1.0000 0.00 2.0 20
GENERATOR (DS-GNR) 0.0% 96360.0 T4946.7 22 0.9999 0.76 114534 8908.2 22
GERERATOR (D3-GNR) 0.00 0.0 0.0 00 1.0000 0.00 0.0 0.0 0.0
BEARINGS DS GNR{)I) 0.00 0.0 0.0 00 1.0000 0.00 0.0 00 [X1]
FIELD (D$- 0.0s 168630.0 112420.0 18 1.0000 0.44 3.5 13362.3 18
FLYW| EELP}DS GNRIO) 0.04 224840.0 224840.0 30 1.0000 033 26724.7 267247 3.0
INSULATION (DS-G| 11) 000 00 0.0 0.0 1.0000 0.00 0.9 00 0.0
COLLECTOR RINGS (DS—GNRIZ) 0.00 co 0.0 (1] 1.0000 0.00 00 00 on
1.UBE OIL/HYDRAULIC SYSTEM (DS-LBO) 0.25 355011 192720 23 99938 2.08 42197 22907 25
LUBE OIL/HYDRAULIC SYSTEM (DS-LBO) 0.00 00 0.0 00 1.0000 .00 0.0 0.0 00
COOLER (DS-LBOO0Z) 016 562100 36210.0 38 ¢.9999 1.31 66812 6681.2 a8
HILTER (DS-1L.RO4) 0.00 0.0 14946.7 08 1.0000 0.00 0.0 8908.2 [ X
PIPING (DS-1LBO0G) 001 674520.0 337260.0 20 1.0000 0.11 80174.0 40087.0 20
STRAINER (DS-1BOID) 0.01 674520.0 134904.0 1.4 1.0000 0.kl 80174.0 16034 L4
TLUBRICATOR (DS-LBOIZ) 006 134904.0 33 1.0000 0.55 6034.8 114534 33
ST A_RI]N(. SYS]‘FM (DS-STS) 0.1% 48180.0 172954 16 0.9999 1.53 571267 2055.7 16
AR FIL % STSO‘! 0.00 a0 26980.8 14 1.0000 0.00 0.0 32070 1.4
AIR (YI INDER (DS- 5) 0.00 60 0 0.0 1.0000 0.00 10 00 ()}
STARTING AIR ELBOW (DS-STS06) 0.13 674520 674520 22 1.0000 1.09 80174 83174 22
AIR LINE (DS-STS07) 0.03 3372600 3372600 19 1.0000 022 40087.0 40087.0 kN
VAILVES (DS-STS08 0403 3312600 337260.) 2.5 1.0000 0.22 40087.0 40087.0 25
GOVERNOR BOO! R (DS-STS13) 0.00 oo 040 00 1.0000 0.00 00 0.0 00
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TABLE VIl
anp C T RAM Mi ros Stasrry Avausny Dmsss
Period Hours Optrating Howrn
Equipment Failores MTBE  MTBCM tiona!  Failures

MTBF  MTB(
per Year (Hours) (Houns)  (Hours) l:mvllhhhsy per Year (Hours) (Houn';' m":jd

CONTROL & INSTRUMENTATION (DS-CTI)  0.01

6785000 4526000 1.7 1.0000 1616210 107747.3 1.7
CIRCUIT BREAKERS (DS-CTI0) 001 13578000 13STO00 20 1.0000 003 320 3232420 0

1 Y HOG0. : 1.0000 3732420 1616210 1.5

SHCHES (DS-CTI04) 0.00 a0 00 00 1:0000 00 [ 0B
COOLING WATER SYSTEM (DS-CWT) 005 1939714 1357800 L8 1.0000 019 461774 323242 18
AIR COOLER (DS—CWTU1} 001 13578000 13578000 1.0 1.0000 03 302620 323240 10
COOLING WATER PUMP (DS-CWTO02) 001 6789000 2713600 1.8 1.0000 005 1618210  64648. 18
COOLING TOWERS 081 137800 1sTKOC 20 10000 00 HsUS ahee 20
HEAT EXCHANGER (DS-CWTI0) 002 4526000 452600 18 10000 008 1077473 1677473 [
DIESEL ENGINE (DS_ENG) | 064 137152 44373 3B 09988 68 32651 1056.3 38
g)s- 001 13578006 13578000 0.0 09998 03 3232420 3232420 09

Y 010 B4862.5 38943 24 1.0000 43 202026 92358 24
R T ENGDS 005 1939714 1308667 28 1£.0000 19 461774 35BISE 78
CYLINDER HEADS (DS-ENGO3) 012 714632 $22231 34 09995 51 170127 124324 34
PISTONS (D§-EN 0.19 452600 91367 44 09992 81 107747 21989 4
VALVES (DS_ENGOS! 001 13578000 2715600 23 1.0006 03 3212420 F Zs
RINGS (DS-ENG09) 015 S0ME 169725 16 09999 62 54.0 36
INTAKE MANIFGLD (DS-ENG11) 001 13578000 13STE000 20 1.0000 03 3232420 3232420 20
CRANKCASE (DS-ENGI1) 0.00 00 13578000 40  1.0000 00 00 3232420 40
(DS-ENG13} 001 13573000 13579000 80 10000 03 3232420 322420 80
EXHAUST SYSTEM (DS-EXH 003 3394500  TENE 19 09999 0.1 B0OS10.5  19014.2 19
EXHAUST $YSTEM (DS-EXED) 0.00 0.0 00 00 1.0000 00 00 o0 oD
EXHAUST MAMIEOLD (DL kH0) 0.00 D0 13578000 20 1:0000 00 00 3232420 20
EXHAUST VALVE ) 002 526000 905200 19 1:9000 08 107747.3 215495 5]
HEADER (DS- ) 0.00 0.0 00 00 1.0000 00 0.0 0.0 04
MUFFLER (DS-EXH10) 001 13578000 13578000 LS 1:0000 03 3232420 332420 1.5
FUEL SYSTEM (DS-FLS 041 2is524 7339.5 7 09998 171 5130.8 1747.3 27
FUEL SYSTEM s—Ff_s) 000 0.0 0 1.00go 0.00 0.0 0.0 oo
FILTER 002 4526000 213524 1 1.0000 008 1077473  S1308 11
GOVERNOR r-uoq 005 1939714 0 10000 013 177. 404052 30
PUMPS 3 006 357800 1131500 2 L0000 0.27 123242 269363 22
TNIECTOR S 025 357316 139919 7 0% 103 85064 33324 37
FUEL LINE (DS FLS08) 003 2715600 2715600 6 10000 0.i4 7] 4 26
FUEL OIL REGULATOR (DS-FLS10) 0.00 6.0 00 10000 0.00 i) 0.0 00
GENERATOR (DS-GNR) 006 1357800 1234364 .3 1.0000 027 323242 293856 23
GENERATOR (DS-GNR) 0.00 0.0 0.0 0 10000 0.00 00
ARINGS NRO1) 087 4526000 3394300 2 30000 008 1077473 808 22

2D (DS GHRO%) 004 2263000  226300.0 2 110000 0.16 3 538737 22
COLLECrOR RINGS (DS-GNR12) 001 1357800 13578000 o 1.0000 oNd 3232420 3232420 350
LUEE. OILATYDRAULIC SYSTEM (DS-LBO) ~_ 0.06 1357900 645571 1.2 09999 027 332 153NS 1.2
OIL/HYDRAULEC SYSTEM (DS-LEO) 0.00 0.8 00 0 1.0000 0.00 00 00 00
ua%g_ LROG2) 000 0.0 00 00 1:0000 0.00 0.0 0.0 0.0
FILTER (D§-LBOO) 001 13578000 1131500 9 1.0000 0.03 3232420 36.8 09
PUMP (DS-LBOOS) 005 1939714 1939714 6 10000 015 61774 177.4 16
0.01 13578000 1337800.0 o 10000 D03 3232420 3232820 20

STRAINER gs-uiowl 0.0 0.0 0.0 0 1.0000 0.00 9.0 0.0 00

OIL SWITC LBO14) 001 13573000 13578000 10 10000 003 312420 3232420 10
STARTING SYSTEM (DS-STS) 002 4526000 174077 10 1.0000 0.08 1077473  dladl 10
AIR FILTER (DS- ) 0.00 00 1340 10 1:0000 0.00 00 43098 19
VALVES (D$-STS08} 002 4526000 4526000 17 1.0000 008 1077413 1077473 X
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TABLE VIII
anp Comr RAM M ror Con -Dury Package
Dreseis
Period Hours Opersting Hours
Equipment Failures MTBF MTBCM MTTCM rational Failures MTBF MTBCM MTTCM

per Year (Hiours) {Hours) (Hours) %ihbility per Year (Hours)  (Hours) (Howrs)

BALANCE OF PLANT BOP, 002  407388.0 21592.0

0.3 1.0000 0.06 1503490 1002327 0.3
BALANCE OF {DS-BOP) 0.00 0.0 00 00 1.0000 0.00 0.0 0.0 0
musumon GAS MONITORING 001 8147760  BL47/60 00 1.0000 003 3006980  300696.0 0o

BOPO2 0.00 00 8147760 10 1.0000 0.00 00  300698.0 10
FIRE sums&g)& PDETECTION 001 8147760  Bl477%60 00 1.0000 0.03 3006980 00

CONTROL & INSTRUMENTATION ) 012 740705 280957 30 09999 032 273362 10368 10
CONTROL & INSTRUMENTATIO! 0.00 00 4073880 1.5 1.0000 0.00 00 1503490 1.5
CTRCDTT BREAKERS s 0s-cTI0L 0.00 00 8147760 10 1.0000 0.00 0.0 0 10
ELECTRICAL MOD 2) 004 2036540 1629552 45 1:0600 0.2 751745 601396 a5
GAUGES 004 2036340 4720 12 1.0000 0.12 751745 17683.1 12
W ) 001 3147760 4073880 5.7 1.0000 003 3006980 1503490 57
WIRING 0.02 4073880 4073880 140 16000 006 150M90 1503490 140

COQLING WATER SYSTEM D43 4 27 L6 09998 1.7 15174 3956.6 1.6
COOLING WATER §Y ﬁm 001 8147760 8147760 56 1.0000 0.03 80  300698.0 56
COOLING WATER PUMP 2) 0.43 678980 3703543 22 09999 035 250582  13668.1 22
ENGINE COOLING (DS ) 0.22 7388 8 12 0o%ss 058 150348 384l 2
THERMOSTAT V105 001 8147760 1629552 13 1.0000 203 601396 13

TURBQ CHARGER COOLING (DS-CWT06) 0.00 0 8l47760 20 1.0000 0.00 0 20
VALVES om 814776.0 407388.0 1.5 1.0000 003 150349.0 1.5
C TOWERS ) 001 8147760 4073380 10 1.0000 0.03 0 1503490 10
WATER LINE ) 002 4073880 1357960 2t 1:0000 006 1503490  50116.3 21
HEAT EX ER (DS-CWTL0) 001 8147760 8147760 10 1.0000 303 3006980 30069810 10
WATER HEADER 12 0.00 0 8147760 20 1.0000 0.00 00 300698.0 20
WATER MANIF! (Ds-cm]u) 001  Bl47760 8147760 10 1:0000 003 3006980 3006980 [

DIESEL ENGINE (DS_ENG) 191 4577.4 M50 85 099m 519 3 1258.2 83
DIESEL ENGINE (DS ENG) 04 2036340 1357960 97 09980 042 751743 501163 97
BEARINGS (DS-E 09 1018470  Bl47i6 89 09999 023 375872 H 89

30 I 193964 43 0999 082 107192 715 a3

ENGO3) 71 113163 104458 107 0.9968 210 41764 5.1 107

DRIVE N 02 4073880 2715920 300  0.99% 006 1503490 1002327 300
PISTONS IGOS D22 407388 325910 29 09999 058 49 1027 2%
TURBO GER (DS-ENGO7) 014 626751 354250 36 09995 038 2136 10738 36
VAL ENGOS) 002 4073880 2036040 1% 1.0000 006 150349 751745 38
) 0.04 0 Bl4Tie 83 1.0000 012 751745 8 81

b (DS-ENG10 .00 00 00 00 1.0000 0.00 o 0.0 0.0
INTAKE VANIFOLD (DS-ENG11) 0 1629552 1357960 99 09999 015 601396  50116.3 [x]
CRANKCASE (DS-ENG .10 7 905307 56 09998 026 34109 334109 156
RODS (DS-ENG 14) 02 4073880 4073880 21S 00999 006 303490 150349 213
CAM (DS-ENG1S 08 1163666 581983 141 09998 020 429565  21478.4 78]
CHAIN DRIVE (DS-ENG17) 01 8147760 4073880 210 1.0000 003 1006980  150349.0 210
TAPPET (DS-ENG18) 01 Bl47I60 1629552 97 1:0000 0.03 o 601306 97

EXHAUST SYSTEM (DS-EXH 0.42  74070. w7388 52 0.9997 032 273362 150349 5.2
EXHAUSE SYSTEM (DS Bk G0l BL47760 4073880 50  0.9998 003 3006980 L0390 30
EXHAUST exl‘qnn ¢.00 00 8147760 20 10000 000 00 3006980 20
EXPANSION JGINTS 001 8147760 2036940 29 10000 003 3006980 751745 39
EXHAUST M ) 006 1357960 i1 32 0999 017 01163 429569 92

ST VALVE o0 1920 1359960 28 1.0000 009 1002327 501163 28
MUMFLER M5_EXH10) 0.00 0.0 00 00 1.0000 0.00 0.0 00 on
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TABLE VIII (Continued)

Period Hovrs Op ing Hours
Equipment Fadures MTBF  MTBCM  MTTCM Operational  Failures  MTBE  MTRCM ’
per Year (Hours) (Hoars) (Haurs) A)ee-ilabillty per Year (Hours)  {Hours) M(Hl:nl;l(rx

FUEL S5YSTEM (DS-FLS L19 7340.3 : X 2 27094
FOEL SYSTe (Dol s 00l sies  manes 15 0 o0 a0 2000940 0685 I
DAY TANKS (DS_FLS0L 001 8147760 s 1.0000 003 3006980  75174.5 1.5
FUEL FIL } 002 4073880 127309 12 1.0000 0.06 1303490 45084 12
GOVERNOR (DS_FLSM) 027 1R RN 55 09997 073 120219 88914 5
PU 0.24 370353 231 33 09 064 136681 83914 33
VALY Lnsaiud] 006 13 Wiszt 21 1.0000 017  s0163 375872 21
INJECTO! (ns-n.gs 040 220210 33570 60 09998 1.08 §1270 49293 &0
FUEL LINE (DS 018 479280 23964 2 0.999%9 0.5 1788801 BA4A 1 20
GEARBOX (DS-GBX, 001 BM7IE0 847D i20 1.0000 3006950 300698
g ! : : 0.03 .0 0 1
omnog)ms-can)x) 001 8147766  BI&I760 130 1.0000 003 3006960  300698.0 2
GENERATOR NR 0.09 1018470  740M.5 1.7
GENERATO sns-anfn 004 2036940 20360 189 0999 I e L%
g'%glnm &m) 2] 5 mg.g 013 ] :1:23 ‘.’3"&? a "3:3 75”3 o ‘%
. 203694 0 1.0000 09 1002327 751748 r
WHERL (Do-&umo) 001 814770 2715920 1:0000 03 3006980 1002327 12
LUBE OIL/HYDRAULIC SYSTEM (DS-LBO) 030 390993 55807 20 0.9997 D82 J0I92 20595 )
LUBE OIL/HYDRAULIC SYSTEM " o 06 81T 4o 1.0000 0.00 0.0 2006950 i3
HEATER (DS-1LBO01 0.00 0.0 00 00 £.0000 00 0.8 0.0
R (DS-LBO02 001 SM7TI60  BIMIIEL T2 09999 03 3006960  300698.0 "3
COOLER FAN ) 001 8147760 BI47260 20 L00CO 03 3006680 300698.0 0
FIi.TER (DS-| ) 0.02 0810 12 1.0000 06 1503490 32333 1.2
PUMP (DS_LBO0S) 0.2 M0Ms 428829 1T (9998 32 273362 158262 17
PIPING (D5-1.BO06) 0.10 905307 4OTE 24 1.0000 26 334109 150349 24
T Ml D5-LBOUS, 0.00 0.0 0.0 09 1.0000 .00 .0 o0 0.0
Eg)s- 002 4073880  13ST96D L3 1.0000 06 1503490 501163 1.5
swm&”"*m’"l 002 40780 2036040 12 1.0000 D06 1503498 75174.5 L2
LBO%a) 0.00 o0 sl4TE0 1D 1.0000 .00 00 3006980 ]
STARTING SYSTEM (nssr;}s 019 452683 76866 16 09999 0.52 167054 28368 15
STARTING SYST mom 0.00 0.0 8147760 28 1.0000 0.00 I006598.0 2.5
STARTING AIR C ESSOR 003 2715020 2718820 432 1.0000 009 (002327 1002327 2
STER | 0.00 00 107207 13 1.0000 0.00 £ 3936.6 1.3
ermNG LR (DS-5TS06) 001 Bi47760 BI4IED 10 1:0000 0.03 300690 10
AIR LINE 001 247760 847760 1D 1.0000 063 3006980 3006980 10
VALVES 001  J147760 4073880 12 1.0000 003 1363490 12
STARTS mg 0.12 740705 428829 25 1.0090 032 27336 158262 23
AIR INTAXE 11 0.00 0.0 00 00 1.0000 000 00 (1]
12) 001 8147760 8147760 1.3 1.0000 003 3006980  300698.0 1.3
BATTERY (DS-STS1 0.00 00 #0780 12 1.0000 0.00 D0 150349:0 12
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TABLE IX
anp Co RAM M FoR STANDEY PACKAGE DresmLe
) Period Hours Operating Hours
Equipment Failures MTBF MIBCM MTTCM Operstional Failures MTBF MTBCM MTTCM

per Year  (Hours) (Hewurs) (Hours) Aveilability per Year (Hours) (Hours) (Houﬁ]

CONTROL & INSI'RUME.NTATION (DSCTT) 008 nm 0 152656.3 1.2 1.0000 0.82 107273 91949 1.2
CIRCUIT BREAKERS (DS-CTI0 0.00 0.0 a0 1.0000 0.00 0.0 0.0 ag
GAUGES (DS-CTHJ) 0.04 ZIJTIS 3 178099.0 1.2 10000 0.68 12872.8 10727.3 1.2
THERMOCOUPLES (Ds-(‘nos) 001 10685940 1068594.0 1.0 1.0000 014 64364.0 64364.0 0

COOLING WATER SYF['EM §-C .07 1335742 562418 1.9 1.0000 1.09 BO45.5 3876 1.9

COOLING WATER PU 2} .04 213714838 89049.5 1.8 1.0000 0.68 12872.8 5361 1.8
ENGINE COOLING )] .00 0.0 A 4.0 1.0000 0.00 0.0 Q. 0.0
VALVES .00 0.0 1063594.0 10 1.0000 0.0 0.0 64364.0 10
COOIJN TOWERS (DS-CWT08) .01 10685940 1068594.0 2. 1.0000 0.14 64364.0 64364.0 20

TER LINE 0 10685940 5342970 1 1.0060 0.14 64364.0 321820 1.0
HF.AT EXCH. W\mn) 01 1068594.0 534297.0 5 1.0000 0.14 64364.0 321820 30
WATER HEADER 12) 00 00  1068594.0 1 1.0000 0.00 o0 64364.0 1.0

DIESEL ENGINE ?S— J .26 333936 184240 4.1 0.9995 436 2011.4 1109.7 4.1

DIESEL ENGINI QS-E G) .00 0.9 o0 9 0.9997 0.00 0.0 0.0 6.0

ARINGS .01 1068594.0 2!3715 G 2. 1.0000 0.14 64364.0 12872.8 20
CYLIN'DER 'DS-ENGO .05 178099.0 2. 1.0000 082 19727.3 91949 23
DER ENGO03) 08 1068594 5. 0.999% 1.36 5436.4 3786.1 56
PISTONS .02 31561980 4. 1.0000 041 21454.7 10727.3 40
TURBQ CHARGER ENGOT) .01 1068594.0 297 6. 1.0000 0.14 654364.0 32182.0 60
VALVES )] .01 1068594.0 534297 3 1.0000 0.14 54364.0 321820 io
RING: ) 07 133574.2 97144 54 1.0000 1.09 89045.5 51.3 54
TIMING (DS-ENG10) .0C 0.0 10685, 1 1.0000 0.00 0.0 .0 1.0
ENG11) .0G 0.0 534, 1 1.0000 0.00 [111] 21820 10

CRANKCASE ENC12) .01 1068594.0 336198, 1. 1.0000 0.34 64364.0 21454.7 13
RODS EN .0C 00 2, 1.0000 0.00 0.0 64364.0 20
CAM EN [gS— .00 090 0. 1.0000 0.00 00 00 [1X1]
CH. DRNE& ENG1T) .00 00 0. 0.0 1.0000 0.00 0.0 00 o0
TAPPET (DS-] .00 0.0 0. 00 1.0000 0.00 0.0 0.0 0.0
ENGINE SWITCH G AR (DS-ENG19) 01 10685940  1068594. 50 1.0000 0.14 54364.0 64364.0 50

EXHAUST SYSTEM (DS— !QH 02 356198.0 213718, 18 1.0000 041 214547 12872.3 18
EXHAUST SYSTE {DS-E. 02 5342970 336198.0 17 1.0000 027 321820 214547 17

'OINTS (DS-E. ) 01 10685940 1068594 10 1.0000 0.14 543640 64364.0 3o
PORTS (D IF& .00 0.0 0. 0.0 1.0000 0.60 .0 0.0 09

EXHAUST MANIFOLD (DS-EXH6) .00 0¢ 1068594 10 1.0000 0.00 0Q 643640 10

FUEL SYSTEM (DS-FI.'.EZS .24 36848.1 14841 23 0.9998 95 22194 893.9 23
FUEL SYSTEM .01 1068594.0 $34297. 10 1.0000 0.14 64364.0 321820 10

"ANKS 01 10685940 1068594, 10 1.0000 0.14 64364.0 3640 10
FUEL FILTE] 3) .00 0.0 56241 10 1.0000 0.00 L] 33876 1.0
GOVERNOR FLS04) .00 0.0 0.0 0.0 1.0000 0.00 0.0 0.0 00
PU'MVP‘SL%DS-— 004 2137188 178099.0 18 0.9999 0.68 12872.8 107273 18
VAL &Ds— 003 2671485 106859.4 2.1 1.0000 0.54 16091.0 6436.4 21
IN.IEC'TO ; .13 66782.1 38164 6 0.9999 2,18 402238 2298.7 36
FUEL LI %G 2.00 00 1068594 20 1.0000 0.00 0.0 364.0 20
FUEL OIL REGULA R (DS-FI.S:IU) 0.00 0.0 0. oo 1.0000 0.00 0.0 0.0 on
GAS JUMPER (DS-FLS11 602 5342970 213718, 20 1.0000 0.27 31820 12872.8 0

GENERATOR gS-GNIR Q03 2671485 213718.8 28 0.9987 0.54 16091.0 12872.8 2.8
GENERATO! R) D01 10685940 1068594.0 20 0.9987 0.14 64364.0 64364.0 20
FlEI.YgéD&G 002 3561980 571485 30 1.0000 041 214547 16091.0 3n

EEL NRIO) 000 00 00 00 1.0000 Q.00 0.0 0.0 00

LUBE OIL/HYDRAULIC SYSTEM {DS-L.BO) 0.16 56241.8 w622 34 0.9998 2.59 33876 1214.4 34
LUBE OIIBU(I;I'IDRAULIC SYSTEM 0.00 [ 4] 0.0 00 1.0000 0.00 0.0 0.0 00
HEATER LBO01 005 178099 76328.1 19 1.0000 0.82 10721.3 43974 (B3

LE! —-LBOO02 0.00 0. 1068594.0 1.0 1.0000 0.00 .0 64364.0 1.0
COOLER FAN (DS-LBO03) 001 1 £ 10685940 150 1.0000 0.14 64364.0 364.0 150
04) 00z 356198, 54 0.9999 0.41 214347 33876 54

I ) 002 356194.0 133574.2 1.9 10000 Q4] 214547 B045.5 1y

PIPING LBO0S) 0.01 1068554, 80 1.0000 0.14 364.0 64364 .0 80
TANK (DS-LBOOS: 001 1058594 1068594.0 20 1.0000 0.14 64364.0 64364 .0 20
) 0.01 1068594 20 1.0000 0.4 -0 364.0 20

STRAINE! LBO10] 0.02  534297. 356198.0 1.7 1.0000 027 321820 21434.7 17
LUBRICA (DS-! 12) 0.01 1068594, 2671485 1.2 1.0008 0.14 64364.0 16091.0 1.2

STARTING SYSTEM (DS-STS| 0.14 62858, 44524.8 26 0.9599 231 3786.1 26
STARTING SYSTEM a 0. 3342970 25 1,0000 027 321810 321820 25
STARTING (DS-5TS02) 002 336198 356198.0 6.7 1.0000 041 14547 214547 6.7
AIR F1 ) H Lo 1.0000 000 00 643640 1o
VAL il e 1.0000 0.14 64364.0 321820 3o
AIR STARTS 10, 0.47 133574.2 . 20 1.0000 1.09 80485 5363.7 20
AIR INTAKE 11 0.00 040  1063594.0 10 1.0000 000 0.0 64364.0 1o
BATTERY 15) 002 3561980 3361980 20 1.0000 041 214547 21454.7 20
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TABLE X
Sunsysries aNp Component RAM Muasurss ror ConTinvous-Duty Gas
Tursives
Period Hours O ing Hours
Equipment Failures MTBF  MTBCM MTTCM Operational Failures MTBF  MTBCM  MTTCM
per Year (Hpurs) (Houry) (Hours) Availability per Year (Hours) (Hours) {Hours)

AIR INTAKE SYSTEM {GT- AIS 1] 00 476983 86 1.0000 0.00 0.0 29148.1 46
AIR INLET FILTER T— 0.00 0.0 55648.0 2.0 1.0000 0.00 00 . 20
DUCTING (GT-AISD. 0.00 9.0 3338880 48.0 1.0000 0.00 0.0 204037.0 480
BALANCE OF PLANT (GT-BOP; 005 166944.0 83720 2.3 0.9907 0.09 102018.5 5§009.2 2.3
FI%ETS%ESSION%EI'EG%ON 0.05 166944.0 834720 23 1.0000 0.09 1020185 51009.2 23
TEST] PO4) 0.00 0.0 0.0 040 1.000¢ 0.00 00 04 [LR0)
CLE.ANIN((L;,SGT-BOPGS 0.00 0.0 0.0 0.0 0.9990 .00 a0 0.0 0.0
INSPECTH (GT- ) 0.00 0.0 0.0 00 0.9918 9.00 0.0 00 0.0
COMBUSTION SYSTEM (GT- CMJ 0.21 41735.0 23849.1 1.5 0.9999 0.34 25504.6 14574.1 L5
MBUSTION SYSl'EM GT—C B) 0.c8 111296.0 111296.1 3 1.0000 .13 68012.3 68012.3 1.3
F'UEL NOZZI ES {GT- 0.13 66777 303535 16 1.0000 0.2 40807.4 14548.8 16
COMPRE,SSOII GT-CMP 0.10 834720 47698.3 1.1 1.0000 017 51009.2 29148.1 [N}
FLEXLINE (G —CMPD 0.00 0.0 333ess.0 10 1.0000 0.00 0.0 2040370 1.0
BLEEDVAL) POG) 0.10 834720 55648.0 2 1.0000 orLr 51009.2 34006.2 1.2
CONTROL. & INSTRUMENTATION ﬁ}T—C'['I) 0.63 13912.0 9274.7 L2 0.9939 1.03 85015 3667.7 12
COGN'{.ﬁOL & INSTRUMENTATIO| 003 3338880 .0 1.0 1.0000 0.04 204037.0 2040370 1.0
CI&CUIT BREAKERS (GT-C —ﬁ‘}ﬂz’m 0.05 166544.0 1 10 1.0000 009 102018.5  102018.5 19
LECTRICAL MODULE (GT- ) 03 27824.0 23849.1 1.5 0.9999 0.52 17003.1 14574.1 1.5
GAUGESES'J  T-CTIO 005 166944 .0 3 08 1.0000 0.09 1020185 226708 0.8
SWIINCH (GT- 0.16 550480 417360 11 1.0000 0.26 34006.2 255046 I8
THERMOCOUPLE (GT-CTI07) 003 3338880 2.0 1.0000 0.04 2040370 1020185 20
EXHAUST SYSTEM (TT—EXH) 0.00 (151 333888.0 10 1.0000 0.00 0.0 2040370 10
EXHAUST FAN (GT-EXH03) 0.00 0Q 3888.0 Lo 1.0000 0.00 00 204037.0 10
FUEL SYSTEM (GT-FLS 1.89 4637.3 3442.1 3.0 9.9992 3.09 2833.8 2103.5 30
FUEL SYSTEM (GT-| Fl.g'l 0.08 111296.0 111296.0 1.5 £.0000 .13 680123 68012.3 L5
AIR MANIFOLD (GT-] 1 0.00 0.0 333888.0 20 1.0000 0.00 00 2040370 20
B PUMP (GT-FLSD2) 013 57716 67776 2.2 10000 0.21 40807 4 408074 22
FILTERS (GT-| {_ 0.10 83472.0 .0 1.8 1.0000 2.7 31009.2 34006.2 1.3
GAS MANIFOLD {GT-FLSD6) 0.00 0.0 0.0 09 1.0000 0.00 0.0 0.0 00
GOVERNOR (GT-FLSO7) 0.60 14516.9 10770.6 59 0.9995 0.99 8871.2 6581.8 59
MAIN FUEL MP GT-FLS08) 0.10 83472.0 667776 1.6 1.0000 0.17 51009.2 £0807.4 1.6
ORIFICE {GT-FLS1D) 0.03 3333880 166944.0 20 1.0000 0.04 2040370 102018.5 20
PRESSURE GAUGE (GT—FI.SIZ) 0.03 3333880 33888 10 1.0000 0.04 2040370 2040270 10
STRAINER (GT-FLS13) 003 166344.0 834720 1.2 1.0000 0.09 102018.8 51009.2 1.2
VALVES (GT-FLS14) 0.39 222592 1 LS 09999 0.64 13602.5 102019 L5
PIPING -FLS15) 0.18 476983 333888 2.6 0.9999 0.30 29148.1 3.7 26
SEALS (i T—FLSIGS% 0.16 35648.0 AN 1.1 1.0000 0.26 34006.2 29148.1 L
FLOW METER (GT-FL517) 033 3338880 166944.0 L0 1.0000 0.04 204037.0 102018.5 10
GEARBOX GT—GBXJ 9.03 332888.0 166944.0 15 1.0000 0.04 2040370 102018.5 1.5
GEARBO! (GTvG X) 9.00 0.0 333888.0 20 1.0000 0.00 0.0 20403790 20
{GT-GB .03 333888.0 3338880 1.0 1.0000 0.04 2040370 2040370 10
GENERATOR (GT-GNR 0.13 66771.6 41236.0 4.1 11,9599 n.2i 40807 4 25504 6 4.1
GENERATOR (GT-GNR) 0.00 00 3338880 LX) 1.0000 (tHi 1) 00 240370 B
BEAR| INGS_& —GN&OI) 0.00 0.0 0.0 0.9 1.0000 0.00 0.0 [1X1) 0.0
FIELD {.00 o0 0.0 0o 1.0000 0.00 0.0 00 0.0
STATOR (GT- NRM 0.00 0.0 0.0 0.0 1.0000 0.00 00 0.0 0o
TURBINE COUPLING (GT-GNR10 o0s 166944.0 834720 28 1.0000 009 1020185 51069.2 24
VYOLTAGE REGULATOR (GT-GNRLY) 008 1£1296.0 111296.0 47 1.0000 013 680123 680123 47
LUBE OIL/MYDRAULIC SYSTEM (GT-LBOQ) 0.7 12366.2 8347.2 1.8 0.9998 1.16 7556.9 S100.9 1y
AIR-TO-0IL COOLE! R GT-LBOJ1) 0.L3 667776 66777.6 23 0.9999 0.21 7.4 40807 & 2.3
HYDRAULIC PUMP (GT-LB(X2) 0.05 166944.0 166944.0 29 1.0000 0.09 1020185 1020185 20
EUBE OIL FILTER (GT-L.BOO3 008 111296.0 301s3.5 19 1.0000 011 12.3 185448 [5:]
oIl FAN GT—LB(X}!; 0.08 111296.0 834720 20 1.0000 0.13 12.3 51009.2 20
OiL ) 0.03 3238880 333888.0 1.0 1.0000 0.04 370 204037.0 1.0
OIL TANK (GT- L!(m‘l) 0.05 166944.0 166944.0 10 1.0000 009 1020185 102018.5 i.0
PRE LUBE OIL PUMP (GT-LBO0%) 0.10 BM20 83472.0 2.6 1.0000 017 51009.. 26
?IF!NG (GF 2 u.i0 83472.0 $5648.0 [} §.0000 0.7 51009.2 2 L}

A’I‘ 003 3338880 1112960 1.0 1.0000 004 204037.0 580123

?RE('I A‘I’Ol -LBO14) 0.03 1665944.0 66944, 25 1.0000 009 102018.5 1020183

REDUCTION GEARBOX (GT-RGB 0.0 3338880 333483.0 20 1.0000 0.04 204037.0 2040370

REDUCTION GEARBOX (GT-RUB) Q.03 2338880 3335830 20 10000 0.04 2080370 2040370
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TABLE X (Comtinued)

Period Hours Opernuting Hours
Equipment Faillures MTBF  MTBCM M Operational Fadures MTBF MTBCM  MTTCM
per Year (Howurs) (Hours) (Hmm) Availability per Year (Howrt) (Hours) {Heurs)
STARTING SYSTEM (GT-S‘!’SI 0.71 12366.2 9820.2 19.5 0.998%0 1.16 1556.9 S0U1.1 19.5
STARTING SYSTEM (GT- ) 008 111296.0 111296.0 07 1.0000 0.13 68012.3 680123 0.7
AIR PUMP (GT-STS01) 0.03 3338830 111296.0 23 1.0000 0.04 2040370 68012.3 23
FILTER (GT-! [XE] 3338880 3338880 1.0 1.0000 004 2040370 2080370 1.0
REGULATOR (GT-ST303) 0.00 00 09 0.0 1.0000 0.0¢ 0.0 0.0 0.0
BA’ (QT: ) 0.00 0.0 0.0 00 1.0000 0.00 0.0 0.0 0.0
STARTING SHAFT }GT-&TSO‘I} 0.03 333888.0 338880 20 1.0000 004 204037.0 204037.0 2.0
STARTER MOTO T-STS08 0.13 667776 47698.3 816 0.9982 0.21 #0807.4 29148.1 836
GARLOC SEAL (GT-STSI n 042 20868.0 175733 s 0.9958 0.6% 127523 10738.8 s
TURBINE (GT-TRB 0.08 1112960 1669440 1210 0.9934 0.13 680123  102018.5 1210
TURBINE (GT-TRB. 0.05 1669440 3333880 240.0 0.9934 0.0% 102018.5 204037 2400
CASING (GT-TRBO. B& 0.00 0.0 0.0 00 1.0000 0.00 0.0 0. 0.0
BEARI! (GT-TRBAS) 003 323888.0 3338880 0 1.0000 0.04 204037.0 2040370 20
TABLE X1
AN C T RAM M rox St. Tas
Period Hours Operating Hours
Eguipment Fallures MTBF  MTBCM  MTTCM Operational  Failures MTBF  MTBCM  MTTCM
per Year  (Hours) (Hours) (Hours)  Avaitability per Year (Hours)  (Howrs) {Huurs)
AIR INTAKE SY! AIS)SGT-MS) 0.01 9756120 9756120 L0 1.0000 129 67955 6795.5 10
DUMPERS (GT-. 001 9736120 975612.0 10 1.0000 1.29 6795.5 67953 1.0
BALANCE OF PLANT (GT-BOP) .00 0.0 0.0 0.0 0.9989 0.00 0.0 0.0 0.0
TESTING g}'raso P%ﬁ 0.00 0.0 00 0.0 1.0000 a.00 0.0 an an
CLEANING ({GT-BO! l 0.00 0.0 00 0.0 1.0000 0.00 0.0 0o .0
INSPE {GT-] H 0.00 090 00 00 0.9989 0.00 0.0 a0 a0
COMBUSTION SYSTEM (GT-CMB) 000 1951224.0 19512240 4.0 1.0000 0.64 13581.0 13910 4wn
FUEL NOZZLES (GT- 2) 0.00 19512240 19512240 490 1.0000 0.64 13591.0 135910 a0
CONTROL & INSTRUMENTATION ﬁ}T-{ TI) 0.04 216802.7 150094.2 83 0.9999 5.80 1510.1 1045.5 8.3
('Og_ll:ROL & INSTRUMENTATIO! 000 19512240 19512240 Lo 1.0000 064 1391.0 13591.0 1.0
cnﬁ(‘urr BREAKERS (GT—('HD_(_#% 0.00 | 1951224.0 0.5 1.0000 0.00 0.0 IJS9I D ns
ELECTRICAL MODULE (GT- 2) 002 487806 325204.0 1.2 1.0000 258 3197.8 226 12
GAUGES E&GT—CI‘MJ Q.00 1951224, 9756120 1.0 1.0000 064 139910 6195 5 Lo
SWIICH! ) 06.01 975612, 9756120 20 1.0000 1.29 6793.5 §795.3 290
WIRING (GT-CTI0S) 0.00 1931224, 1951224.0 40 1.0000 0.64 135910 13591.0 4.0
EXHAUST SYSTEM (GT-EXH 0.00 19312240 9156120 3.5 1.0000 0.64 1359t.0 6795.5 55
EXHAUST DUCTI {GT- IHN) 0.00 00 19512240 1.0 1.0000 0.00 0.0 135910 1.0
EXHAUST FAN (GT-E 000 19512240 19512240 100 1.0000 0.64 135910 125910 100
FUEL SYST EM‘GT-FLS] 0.04 243901.0 130081.6 30 1.0000 516 1698.9 906.1 30
BOOST PU GT-FLS02) 9.01 X 650408 20 1.0000 1.93 4530.3 4530.3 29
FILTERS gj'l‘- 00 1951224 278748, 1.1 1.0000 0.64 135910 941.6 L1
GOVERM R;g -FLS07) 000 9512248 1951224. 2.0 1.0000 064 135910 135510 20
MAIN FUE! FléGr-Fm) .00 k951224 1951224, 4.0 1.0000 054 13591.0 135910 40
mAINER GT- .00 0. 0. 0.0 1.0000 000 00 0.1 0.0
VESéT .01 9756124 975612 4 27.5 1.0000 1.29 §795.5 6795.. 215
.00 0. 1951224 ( 10 1.0000 000 00 135910 1.0
GENERATOR GT—GNR .04 216802.7 . 216802, 33 0.9998 5.80 1516.1 1510.1 333
GENERATO! 1 00 19512240 1951224 20 1.0000 0.64 13591.0 13591.0 720
TURBINE T—GNR] 03 2787463 TET45.] 322 0.9999 4.51 19416 941 322
VOLTAGE llEOULA R (OT-Q1 00 19512240 1951224, 20 1.0000 054 135910 135910 20
LUBE QIL/HYDRAULIC SYSTEM (GT-LBO) .02 390244.3 1773840 1.6 1,0000 322 8.2 1235.5 16
BE OIL FILTER {(GT-LBOO3) .00 00 650408 20 1.0000 0.00 00 4530.3 20
éGT*LBO] 1} .00 00 19512241 1.0 1.0000 0.00 0.0 135910 1.0
I’IHNG -LBOl ) .02 487806.0 4878064 L8 1.0000 2.58 3397.8 3978 18
SEALS ( LBO13) .00 19512240 630408 1.2 1.0000 0.64 135910 45303 13
REDUCTION OEARBOX GT-RG% 000 19512240 19512240 3600 0.9998 .64 135910 135919 360.0
REDUCTION GEARBO:. B) 000 19512240 1981224.0 360.0 0.9998 0.64 13910 13891.0 3600
STARTING S‘!SI'EM (GT vS‘i'S i3 ST283.6 45377.3 286 0.9994 18.69 468.7 316.1 286
STARTING § 00 19512240 19512240 0 1.0000 0.64 135910 135910 20
BATTERY (OT- .08 108401.3 60975.8 33 1.0000 11.60 755.1 424.7 3.3
STARTING SHAFT SI'WT; 02 3902443 390244 935 6.9998 32 27182 27182 93.5
STARTER MOTOR (GT-5STS08 02 3902448 2902448 1308 0.9997 3.2 2718.2 2718.2 130.8
TURBINE (GT- TRTB‘{ 002 3902448 390244.8 1158.4 0.9970 32 27182 2718.2 1158.4
TURBINE {(GT-TRB} 002 4879060 4878060 1398.0 0.9971 258 33978 313978 1398.0
BEARING (GT-TRBOS) 0.00 19512240 19512240 .0 0.999% 0.64 135910 135910 200.0
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ANNEX L

Discussion

R. H. Gauger (Holmes & Narver): This is an excellent survey and is the
most ane available for the 600-1800-k'W size range of diesel
and gas-turbine-generating units. The results are not what 1 would have ex-
pected, and users of these deta should be altered to differing results from
surveys made by others. I have mede a number of surveys of the reliability
of diesel and gas-turbine-generating units of various sizes and will be making
a comparison of the results with this new survey,

L. D. Momaghan (Hartford Steam Boiler Inspection and Insurance
Company): My comments are directed at the i cate-
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ation appear to provide an excellent data base for mesningful reliability
studiez on importam equipment types. The results reflect an obvious imense
and p effort in  well d snd comp dats
mr«mwww Mmulplauvilluumoﬂedlndnm
especially add to the credibility of the results. Although particular details on
applicstions and circumstances of use are not listed, the rumber of plants, the
mumber of power systems, periods of time, and the number of events counted
src impressive and reflect very credible results.

As with any relisbility survey, & given set of results always lesds to ques-
tions and concerns selated to any user's given experience background, and
asually further manipulstion and analysis of the data are required. My in-
!erlllwpoll'loulm » and that, will Jead

o l: Inmlny i ic studies paring gas

gory. The corrective maintenance code should jndicate why the i} with are usually straight-
mmuwv-my The cause should sddress such things as lack of l‘nrvrlrdmdnmple wnﬂlmeexcepdmnfrelhbllnymnp‘ﬂmnwmeef-
ora fi s defect. Knowing the reason for  fects of reli P these new data will add a missing

d\emmldhdpﬁ-wofd\uemwdm"cmhmbdmn imklndlllwlmore and 10 be thude.
blem and an Another ion is An imp: concern in evalusting the categories surveyed is the specd of

fmmmmwumwwmm pmvulivc,
Inck of maintenance.

Peter L. A and Gary I (Science
Cy O This peper rep a significant
pew base of reliability data for the most popular types of smali generat-
muhmdmllhnnhﬂkmmfwmlumdecumm
dicsetl- and powered generation. The authors’ component coding
Wuemlﬁ!uﬂmuhamhmforlwm“m
nent taxonony ™’ for diesel and gas-turbine generstors.
The paper raises some questions for which snswers would be valusble to
systemn and rejisbility engineers contemplating similar projects, and we would
appreciate the authors’ comments on them.
First, ay the anthors remark, failure to start ia the predominsnt failure
mode of units of both types in “standby” service. (Independently developed
relisbility statistica oa both nuclcis-plant standby dicscls and utility peaking
gas turbines wnd t0 confirm this cbecrvation.) As the suthors also imply, the
distinction between standby and continuous service is blurred in the industrial-
commercial environment, becsise even the sets in nominally *‘continuous™
duty typically operate cyclically, with many more starts than a base-loaded
generating unit. Simce starting relisbility scems to be a critical RAM pe-
Tameter, why are failure rates calculsted exclusively in terms of failures per
unit-year rather than failures per demand? The level of detail of the failure
analysis in the paper suggests that the raw data were sufficient to distinguish
between time- and demand-rebated failures and aliow both failure rate per-unit
time and failore-probability per demand (o be calculated.
Second, although the RAM data were not conclusive and judgments about
the relstive merits of diesels versus gas turbines probably were outside the
scope of this study, dldﬂvenﬂnntvelopmymnglumohupnmm
lection for virious indy and | ional appli-

Richard H.
SRR

the diesel engine. Typically, continuous duty units are designed and applied to
run st slower speeds than standby units, “High-speed'™ reciprocsting engines
(¢.g., 1200 r/min and higher) require frequent maintenance and predictable
repair downdime compared with slow-speed units that simply do not experi-
ence the same mechanical stress, One would expect a higher failure rae of
higher frequency or maintenance, or both, for high-speed engines than for
nlewer speed engines. Will the data allow speed ranges w0 be identified and
ding reliability isons to be made?

Scarting reliability is an importam concern, especially for standby or emer-
gency applications. It is unclear if the failures shown for “'starting systems™
#iso mean “‘failures (o start.” The dats might, in some cases, reflect com-
ponent failures even though the generstor set successfully started. Actual
“'failures to start™ wonld be beneficial in comparing dieszl engines with gas
tarbincs, since there arc many who believe there is a significant difference.
Whether a unit is lecatly or started requires an
of reliability in starting. The impact of a failure to start is obvlunly different
when persorine] arc oh #ite to address & problem i s
with when personne]l must travel to a siie 16 address a problem.

Another concern that is imporiant to relinbility is the type of starter used.
1t appears from the data presented here that air and clectric molors are two
fypes of starters used. In the natural gas indusiry, expansion gas turbincs are
commonly used for starting turbines and definiicly are much more reliable
than clectric starters, primarily because of the avaitable gas suppty. Can a
closer analysis be made comparing the &ir systems with the electric motors?

Also regarding starting, the resuits reflect significant difference in failure
rates between ““continuous” and "‘standby®’ diesel units and “‘continuous’
and “standby” gas turbines und state thet Uiis may be related to differences
in actual in-use hours. One would also expect that the frequency of stasting
is different and migit impact failure rates. Can this snalysis be made?

The fuel system appears to be s significamt contributor to failures. It is

cations?

P. F. Albrecht (General Electric Company): A key parameter for standby
units is starting reliability. The text mentions starting reliability but does not
give any satistics. I cannot desermine how starting failures were treated. 1
sstume they were counted as forced outages.

Asother irmportast eventia * failed while 1ot rusning. This i not discuseed
ot all. These could be failures di d by perh mw pecti
Thas, tes frequency may be a very il ining op-
erating availability. ummwhhhw“mmmh
survey.
Wb,ummﬂyﬁhm“u‘-wndm
state model app They have exp results on both a period-hour
and opersting-hour base 1o st & “variety of applications.”" In fact, n two-
stase model is nol very waeful foe standby units, and the results prescsied are
therefore difficult o wee.

Pat O'Dosnell (El Paso Natursl Gas Company): Therehbulhymmythn
on diese! and gas-turbise by ARINC h Corpo-

Copyright © 2007 IEEE. All rights reserved.

g that on " gas mirbines, the fuel system iz the lesst
relisble part of the paciage. It would be beneficial if ressons could be identi-
tied. Are different types of fuels invoived? If so, will the data collected atlow
ocomparing faiture rates for each type?

The tabuisted resuits in Appendix 11, Tables YiII and IX, of the report
suggest that possibly not all diesel units are truly packsged type (¢.8., cocling
towers, water heater). Can the data be refined further to identify which units
are (ruty self-comained?

A last poimt of concern regands maintenance. Arecnpvmlnngmlmnex-
pected to be more ling in routine than a gas
rurbine. To qualify this stasement, this is to say that it is easler (o leave & gas
turbine unattended, once it is maning, than it is a reciprocsting engine, expe-
cially if they are running continnously. 'ﬂlﬂelrevmowmwhy pome
of which are the way the units are typicall d for p ion and
hwn‘)«dwmmuﬂm,]fdnmklmhﬂuhmbd

h cycles, a of fatlure rates for differess cycles would
be meaningfut.

The resuits here reflect an excellent collection of data and should be very
beneficial in making B of these types. In the applica-

tion of reliability data an inevitable concern is the reason for differences in
reliability between i types and Hicati One obvicus ical
‘tenefit is 10 be able 10 identify what ive actions are d by
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TABLE XII
Comramson or Dresal. AND Gas-Timmva Stakrmeg RELIAMUTY STUDMES
Numbcer Siant Failed Starti
Source of Units Attempts Starts n:ﬁ.&?ﬁ,
Gas-Turhine Starting Reliability Studies

ARINC Research Corporation' 7 555 17 0.9952
Bacz, Allen & Hamilton? 34 12316 80 0.9935
Kongsberg Dresser Powerd a8 17.149 141 0.9921
AT&T 28 13,644 106 0.9922

Dicse! Siarting Relinbility Studies

ARINC Research Corperation’ - - - 0.97
Electric Power Research Institute (EPRIP 155 22,320 83 0.9963
Consumers Power Company— Big Rock Point® 2 669 12 0.9521
Nomheast Utititvies— Millstonc® 3 652 3 0.9954
Northeast Utilitics— Connecticut Yankee* 2 642 2 0.9969
Commonwealth Fdison Company — Zion® 4 1.693 0 09823
Consolidated Edison Company of New York,

Inc.—Indian Poim® & Q24 4 0.9906
Institute of Nuclear Power Operations {(INPOY +— ' [3ata nol - 09120
EPRP Data not 0.9829

'ARINC Research Corporntion. Final Report—RAM Study of Diesel and Gas-Turbine Generator Sets. Publication $219-03-01-4803.

October 1988.

2Boot, Allen Applied Research. Smalil Gas Turbine Start investipation, April 1970,
3Kongsberg Dresser Power. Internal Stady Comparing Dsesels with Gas-Turbine Engines (unpublished), 1934,

4AT&T. Internal Study for Gas-Tuarbine Reliability (unpublished), 1990,

$Electric: Power R of Es Diesel G

af U.5. Nuciear Power Plards. NSAC 108, Seplember 1986.

.S, Nuclear R

ion. Nuclear C.
EGG-2458, Volume 5. RX June 1988,

{ Libeary for A

ng Reactor Refiability (NUCLARR). NUREG/CR-4639

?Institute of Nuciear Power Operations. Nuciear Plant Refiability Data System. 1982 Annual Report, 1983.
SElectric Power Research Institute. Dicse! Power Reliobility at Nuclear Power Plants: Deta Fretiminary Analysis. NP-2433, June 1982.

a user and which are ged by 2 fi . Hopefull: itional  turz of the individual maintenance task performed for each event. The main-

analyses will be made ing the of this and other  lenance codes do not refer (o the cause of failure or the overall maintenance

similar concerns stimulated by the results presented here. pregram for the plam. Additional reduction and analysis of the coliected data
would be required to investigate these ixsues.

Closure An imporiant feature of the computcrized data base developed in this survey

The authors appreciate the thorough review and lhg many constructive com- 18 the ability 10 sort and arrange the d.ltl 1o analyze spemﬁ: |s.wes r:gmdmg

ments and ions offered in the ion. While space  plant gurati dﬂf&" Or 0P The p .e have

limitations prohibit addressing ail of the wuemnm offered, a resp to provided scveral benefi lfOf “‘ do . The results of

some of the more cited in p in the ing dditional dsta analyses or data coll ! under\hll g will

paragraphs. be discussed in subsequem papers.

Obtaining data on unit starting reliability was one of the objectives of REFERENCES

the study. However, most of the plants surveyed did not recond data neces-
sary to determine starting relulxluy Wlnle n was ofica posuhln |o ukmfy
start failures through interp: event

number of start atiempts was eypnlly not retrievable. In addition, our dlmk
sions with plant perzonnel indicated that many start failures were corrected
through minor adjustments that were usually not documented in mam!cmnce

11
121

Government -Industry Date Exchange Program Remate Terminai
Users Guide, GIDEP Operations Center, Oct. 1987.

Power Reliability Enhancement Program (PREP) GO Reliabitity /
Availability Data Bank Developmen: Effort, lllincis Inst. Technol.
Res. Inst. Reliability Analysiz Conter, Aug. 1984,

13 [IEEE Ravmmrndcd’ Practice. }'or Design of Rzlmblz Indu:lnal and

or operating records. Because of the limited data starting. ty
statistics were not presented in the paper.

Some information on starting relisbility was obtained during the study.
These data are presented in Table XII. Seven gas-turbine units provided deta
on start attempts and start failures during periodic testing. To obtain estimates.
of diesel starting reliability, we surveyed plant managers of four of the standby
dieset plants 10 estimate the number of start failures in 100 attempts. We then
averaged these estimates to obtain an estimated diesel starting reliability. Table
XII also shows a comparison of values for dicsel and gas-turbine starting
reliability.

With regard to maintenance, data were categorized on the basis of the na-

582

Ci . 1980,
IEEE Tvial- U.rz Standard Dqﬁmrio.‘u- Sor Use in Repomng Elec-
tric Generating Unit Reliability, Availability, and Productivity,
ANSIAEEE Sundard 762, 1980.

Nuclear Power Reliability Data System (NPRDS) Dota Retrieval
Manual, Inst. Nuclear Power Operations, INFO 33-034, Rev. 4, Sept.
1986.

Mdjor Fixed Command, Control, and Communications Facilities
Power Systems Design Features Manuai, U.S. Army Corps of En-
gincers, Huntsville Division, HNDSP-82-043-SD, Ch_ 9, Aug. 1986.
RAM Study of Diesel and Gas Turbime Generaior Sets, ARINC
Res. Pub. 4219-03-01-4803, Oct. 1988.
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