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ES EXFCUTIVE SUMMARY 

ES. 1 BACKGROUND AND OBJECTIVES 

This report presents a detailed analytical reliability study of the Keowee hydroelectric 
generating facility, which serves as the primary source of emergency ac power for the 
three-unit Oconee Nuclear Station. As part of the study, a complete analytical model 
(fault tree model) representing potential failure modes of Keowee, in the form of many 
distinct combinations of equipment failures, is developed. The model includes 
considerations of common cause equipment failures and human errors and responses.  
With a detailed analysis of the equipment performance experience, a plant-specific set of 
component failure data is created to facilitate a quantitative solution of the integrated 
Keowee reliability model.  

The objectives of this study are: 

1. to create an integrated reliability model of Keowee, 

2. to obtain an analytical solution of the Keowee reliability model, 

3. to compare the reliability results from Keowee operating experience with 
the analytical model, and 

4. to derive insights on the adequacy and value of the various recent efforts to 
enhance Keowee performance.  

The Keowee reliability model can be coupled with the existing model of the Oconee ac 
power system to provide information on the reliability of the overall Oconee ac power 
system and to make available new results of core damage sequences resulting from 
postulated loss of ac power events which degenerate to core damage scenarios.  

ES.2 PLANT/SYSTEM FAMILIARIZATION 

Oconee Nuclear Station is a three-reactor electric generating facility. Each reactor has a 
turbine-generator system that is used to produce 890 MW electric power at the generator
transformer output terminals. When the reactor is producing power, the electrical 
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equipment needed to operate the reactor is powered by the unit auxiliary transformer. The 
backup power source, relied upon when the unit is shutdown, is the off-site power from 
the grid through the start-up transformer of the unit.  

When the normal and the backup power sources are lost, as could be the case during a 
loss-of-off-site-power event, emergency ac power must be available to continue operating 
the emergency shutdown equipment of the reactor. The two-unit Keowee Hydroelectric 
Station is the primary source of such emergency power for Oconee.  

The Oconee ac power system also can be energized, through the 100/4 kV CT5 
transformer, by a separate 100 kV transmission line powered by the Central switching 
station or by a dedicated alignment to the three-unit Lee combustion turbine station.  

ES.3 METHODOLOGY 

The overall methodology employed in this study consists of: 

a. fault tree modeling of the systems which are essential for Keowee to 

support the emergency power function for Oconee, 

b. analysis of equipment failure data to estimate the failure probabilities of 

components which appear in the system fault trees, 

c. detailed common cause failure analysis, 

d. human reliability analysis to represent the role of plant personnel to cause 

equipment unavailability or availability, and 

e. solution and refinement of the model to obtain quantitative information on 

the system reliability.  

The analytical model is built on the premise that potential failures of the system can be 

adequately characterized by the many possible combinations of failures of individual 

equipment comprising the system. Since Keowee is used almost on a daily basis to 
augment the grid generation, the substantial system level experience available offers a 
unique opportunity to test this assumption. Although not every component involved in the 
emergency start of the Keowee is demanded during the daily grid operation, the 
differences can be accounted for by the analytical model. Thus, the analytical model can 
be used to make comparisons of Keowee reliability from operational experience and model 
prediction.  
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ES.4 RESULTS AND CONCLUSIONS 

ES.4.1 KEOWEE RELIABILITY 

The overall reliability of Keowee is expressed as the failure probability of Keowee to 
provide emergency ac power to Oconee either through the underground path or the 
overhead path. The model predicted value for this probability is 0.0074. This value 
includes the beneficial effect of operator action to recover failed functions using available 
equipment (for example, using the overhead unit for the underground path if the 
underground unit fails to start and the overhead path is unavailable). This value is also 
based on the component failure data derived from a synthesis of the plant specific data and 
generic data by means of the Bayesian update process. Table ES.4-1 contains the results 

using generic data and also the case without operator action.  

For the overall Keowee unavailability (0.0074), the main cause of unavailability is the 
maintenance unavailability of both units (0.005).  

The reliability of the Keowee underground power source is calculated to be 97.8% 
(0.022 failure probability), not including the effect of common cause failure and double 
maintenance. For the overhead path, the corresponding value is 93.5% (0.065 failure 
probability).  

The analytically predicted failure probability of the Keowee unit to start is 0.0078 for the 
unit used for daily power generation and 0.0081 for the unit not used for daily power 
generation. The slight difference between the two results is due to the fact that the 
exposure time for component failure and detection is short for the unit used daily 
compared to the other unit which experiences less frequent testing. These results can be 
compared to 0.0045 from experience (average of 1984-93 experience base). The failure 
probability for the 24-hour run mission is 0.011 for the unit used for daily power 
generation and 0.012 for the standby unit, compared to 0.012 from experience. These 
results are in remarkable agreement.  

ES.4.2 OCONEE AC POWER RELIABILITY 

When the Keowee reliability model is coupled with the Oconee ac power model and then 
solved with the existing data base of loss-of-off-site-power initiating events and 
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component failures, the overall failure probability of ac power for the Oconee electrical 

equipment can be obtained. The result of this model solution is 6.4E-5. This value 

includes the frequency of losing off-site power, the probability of Keowee emergency 

power failure, and the failure probability of the backup emergency power from CT5. It 

does not include the recovery of off-site power. Thus, the annual probability of station 

blackout for an Oconee unit is estimated to be 6.4E-5.  

ES.4.3 AC POWER CORE DAMAGE SEQUENCES 

Should the plant experience a loss of all ac power event, continued core heat removal can 

be accomplished by the ac-independent turbine driven emergency feedwater pump, unless 

the reactor coolant pump seals fail as a consequence of loss of seal cooling/injection. The 

Safe Shutdown Facility (SSF) is capable of providing reactor coolant pump seal injection 

and steam generator cooling in a loss of all ac power condition. Also, recovery of off-site 

power can mitigate the event. Loss of all ac power events which subsequently involve 

SSF failure and failure to recover off-site power are assumed to lead to core damage 

conditions. Such core damage sequences are identified by integrating the ac power model 

with the SSF, turbine driven emergency feedwater, and off-site power recovery models.  

The result of solution of this core damage model is a new estimate for ac power core 

damage frequency of lE-6 per reactor year. This value can be compared to the value of 

3E-6, previously calculated as part of the individual plant examination (IPE) program.  

ES.4.4 CONCLUSIONS 

The following are the major conclusions derived from this study: 

* Keowee is a reliable source of emergency power for Oconee for conditions involving 

the loss of on-site power and off-site power.  

* As expected, Keowee power through the underground path is the more assured source 

of emergency power for Oconee.  

* The failure probabilities of a Keowee unit to start and run for the mission time 

estimated from a detailed system model are in close agreement with those derived 

from the Keowee operational data.  
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* Overall, the probability of incurring a sustained loss of ac power for Oconee is very 
low. The Oconee ac power system is more vulnerable to a loss of ac power condition 
during damaging severe weather conditions compared to conditions involving a 
random loss of off-site power.  

* The core damage risk of accidents involving the loss of ac power is very low, about 
one in a million.  

The recommended plant action resulting from this study is the continued vigilance and 
operational/maintenance practices promoting high reliability, recognizing the vulnerability 
of the system during conditions of severe weather, optimizing maintenance unavailability 
of the underground power, and satisfactory cause-and-effect analysis of equipment 
failures.  
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Table ES.4-1 

Keowee Emergency Power Failure Probability"' 

Model Configuration Failure Probability 

Base Case (Failure of Keowee power through the under 0.0074 
ground path and the overhead path, Bayesian-updated data) 

Bayesian Updated Data Without Operator Recoveries 0.010 

Generic Data Without Operator Recoveries 0.013 

Note 1: This represents the failure probability of Keowee and its power paths to 
supply emergency power to Oconee.



1.0 INTRODUCTION 

1.1 BACKGROUND 

The Keowee Hydroelectric Station, consisting of two 87.5 MWe hydro-turbine-generators 
(designated as Keowee 1 and Keowee 2), is the primary source of emergency power for 
Oconee Nuclear Station (Oconee 1, Oconee 2 and Oconee 3). In the early 1990s there 
appeared to be more than the normal rate of equipment problems at Keowee. In addition, 
a number of previously unrecognized failure modes of coricern (called "single failures") 
were found in the Oconee-Keowee emergency power function by Duke engineering 
studies, as part of the ongoing effort to develop a set of design basis documents (DBDs) 
for the Oconee plant systems. These two developments, and perhaps a few others also, 
led to regulatory questions on the reliability of Keowee to provide the emergency power 
function for Oconee.  

Quantitative analyses of the reliability of Keowee had been made by Duke earlier, as part 
of the Station Blackout issue and the individual plant examination for severe accident 
vulnerabilities (generally known as the IPE study -- Reference 1). These studies relied 
upon the data from the large number of Keowee generator starts for power generation 
occurring almost daily. This operational data is used to characterize the reliability of 
Keowee.  

The occurrence of equipment failures and the reports of new single failure vulnerabilities 
at Keowee for design basis accidents prompted the regulatory interest in Duke conducting 
a detailed analytical study of Keowee reliability. Thus, in late 1993 Duke decided to 
undertake a full scale reliability analysis of Keowee (the Keowee Reliability Analysis) to 
analytically determine the reliability of Keowee to provide the emergency power function 
to Oconee. (The study utilizes the PRA methodology to calculate the Keowee reliability; 
therefore, it is also referred to as the Keowee PRA.) Duke informed the NRC of this 
decision by letter of November 10, 1993 (Reference 2). Subsequently, a project team was 
established to conduct the study.  
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1.2 OBJECTIVES AND SCOPE 

The objectives of the Keowee PRA project are: 

1. to develop an integrated reliability model of Keowee, 

2. to obtain an analytical estimate of the reliability of Keowee to provide emergency 
power to Oconee, 

3. to compare the reliability results from Keowee operational experience with the 
analytical reliability results, and 

4. to derive insights on the adequacy and the value of the ongoing efforts to improve 
Keowee reliability.  

The scope of the study was to include all major pieces of equipment, which can be 
reasonably characterized by reliability data, including the front line and support systems 
and the power paths from Keowee to Oconee (the underground path and the overhead 
path). The end points of the power paths are the transformers (transformer CT4 for the 
underground path and transformer CT3 for the overhead path) stepping down the Keowee 
power to the 4160 V power needed by the Oconee safety functions. To facilitate 
comparison with appropriate IPE results (Reference 1), Oconee 3 was selected for the 
Oconee interface.  

1.3 METHODS AND COMPUTER CODES 

The analytical method employed in this study is the traditional quantitative reliability 
analysis involving fault trees. In this approach, the top event of the fault tree is the event 
of interest (for example, failure of Keowee power through both the underground and the 
overhead paths). The conditions or equipment failures and the combination thereof 
necessary for this top event outcome are defined by conducting systems analysis and 
Boolean algebra formulation of the failure events involved. In actuality, several fault trees 
are constructed to represent the failures of the systems and subsystems involved in the 
power generation and transmission processes. The individual trees are integrated into a 
high level tree whose top event is the Keowee emergency power function failure of 
concern. The solution of the integrated model is a large set of individual combinations of 
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equipment failure events (called cut sets) which would cause the function failure in a 
unique way. To obtain the quantitative solution of the fault tree, reliability data of the 
failure events and the equipment failure modes appearing on the fault tree must be 
obtained.  

For the Keowee Reliability Analysis both generic and plant-specific (Keowee) equipment 
failure data were compiled. To obtain the plant-specific reliability data, an extensive 
analysis of the Keowee operating history of the previous 10 years (1984-1993) is 
performed to identify equipment failures of interest. The generic reliability data is 
imported by reviewing available sources of generic data and selecting what appeared to be 
a suitable current vintage set. In addition to the plant-specific and generic equipment 
reliability data, a third set of data is compiled by the synthesis (by means of the Bayesian 
update process) of the generic and plant specific data.  

In addition to random equipment failures described above, the systems analysis process 
includes consideration of common cause equipment failures and human errors. For the 
common cause analysis, the methodology employed closely matches the approach in 
NUREG-4780 (Reference 3). The role of plant personnel to influence the reliability of 
Keowee is modeled by considering two types of human errors -- human errors that render 
equipment in a failed condition, and human errors that result in improper or unsuccessful 
action following a Keowee demand.  

The CAFTA computer code is employed to enable the fault tree construction and the 
model solution. The integrated model consists of approximately 700 gates and 1135 basic 
events.  

1.4 DESCRIPTION OF TASKS 

Task 1: Plant Familiarization 

This task is comprised of gathering design and operational information (system 
descriptions, design basis documents, equipment manuals, and plant procedures) and 
reports, concerns, and problems regarding Keowee-Oconee power systems, and 
conducting a detailed walkdown of Keowee and Oconee ac power equipment.  
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Task 2: System Model Development 

Tasks 2 and 3 form the essence of the reliability analysis process. In Task 2, the systems, 
subsystems, and major equipment necessary to enable, start, and control the power 
generation to supply Oconee emergency demands are identified. The primary mission of 
each of these devices and the manner in which the missions fail to be accomplished are 
determined. The equipment failures leading to the mission failure are identified by 
analyzing the failure modes and effects of the components. The failure models of each 
major equipment, subsystem and system are then developed by building individual fault 
trees.  

Task 3: Reliability Data Development 

In this task the probabilistic values of equipment failures and human errors are developed.  
For the equipment failure analysis, the operational records of Keowee for the past 10 years 
(1984-93) were collected and scrutinized to identify equipment failures of interest and to 
develop the plant specific reliability data. In addition,-this task included the effort to 
compile applicable generic data, the analysis of common cause events, and the human 
reliability analysis.  

Task 4: Model Integration and Solution 

The individual trees, developed in Task 2, are integrated into an overall model (by means 
of a high-level tree) by coupling the individual system models together, as part of Task 4.  

A data file is created to represent the basic events of the integrated model, by 
consolidating the random failure data, the common cause failure data, and the human error 
probabilities from Task 3.  

The integrated model is solved at this stage to quantify the Keowee generators' overall 
reliability and to identify the cut sets responsible for the varied failure possibilities. The 
solution process also requires elimination of any invalid cut sets (if any), application of any 
recovery factors, and truncation of the solution to a numerical value of reliability 
significance.  
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Task 5: Analysis of Results 

This task is to interpret the results of the analysis, perform sensitivity studies, and to draw 
insights and conclusions of the analytical effort. Comparisons to the Keowee reliability 
experience data are made to ascertain agreements, differences, and plausible explanations.  

Task 6: Report Preparation 

This task concerns the preparation of the Keowee Reliability Analysis Report, intended to 
present the summary of the study for use by internal and external interested parties.  
Included in this task is the compilation of supporting notebooks containing detailed notes 
on the systems analysis and data work.  

Task 7: Peer Review 

The analysis and the preliminary results and conclusions of the study are reviewed by the 
site engineering and operational personnel to verify that the assumptions are reasonable 

* and the representation of equipment and human response and the logic structure are 
appropriate. This peer review supplements the many review sessions involving the project 
team during the model development and model solution phases.  

Task 8: Recommendations 

This final task is intended to formulate any recommendations found to be appropriate by 
the project team, as evident from the qualitative and quantitative insights drawn from the 
study as well as the results of the sensitivity studies.  

1.5 PROJECT ORGANIZATION 

The Keowee reliability study was performed by Duke personnel. A project team, 
consisting of personnel from the Severe Accident Analysis Section in the Nuclear 
GO/Nuclear Engineering Division, with expertise in reliability/PRA analysis was the core 
of the project organization. This team was supported by site personnel in the areas of 
engineering and Keowee operation and maintenance, on an as-needed basis. In addition to 
these in-house personnel, an outside reliability consultant (SAROS) was used on a limited 
basis for review and consultation.  
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In conducting the study, the team was given refresher training on systems analysis, 
software execution, and human reliability analysis.  

The team held periodic meetings to review progress of the work, to discuss and resolve 
problem areas, to review models, data, and task results, and to disseminate pertinent 
information. In addition, several meetings were held with the consultant, site personnel, 
and the NRC/contractor personnel to present modeling approaches and task results.  
These proceedings enabled the identification of areas needing additional investigation, and 
facilitated a thorough scrutiny of the study tasks and end results.  

1.6 OVERVIEW OF THE REPORT 

Section 2 contains a brief description cf the Oconee ac power system, while the Keowee 
generating system is described in Section 3.  

The Keowee systems analysis is developed in Section 4, and the reliability data (random 
Keowee unit and component failure, common cause failure, and the human reliability) is 
presented in Section 5.  

In Section 6, the Keowee reliability model is integrated with the Oconee ac power model 
and the pertinent other plant models to derive insights on the occurrence probability of a 
sustained loss of ac power event for an Oconee reactor and the resulting core damage 
probability.  

Section 7 contains the results, conclusions and recommendations.  

References are listed in Section 8.  

The details of the systems analysis, data analysis, and sensitivity studies are presented in 
Appendices A-E. Appendices F and G, respectively, contain the integrated fault trees for 
the Keowee model and the Oconee ac power model.  
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2.0 DESCRIPTION OF OCONEE AC POWER SYSTEM 

2.1 INTRODUCTION 

The ac power system (auxiliary ac power) provides the ac power needed by the various 
electrical equipment in the plant. The essential ac power is the power used at 4 kV (used 
by the large pump motors), 600 V (used by fans, battery chargers, MCCs, etc.), and 208 V 
(used by most motor operated valves), and excludes the 7 kV power used by the reactor 
coolant pump motors. It is the essential power that is providing the plant safety functions 
and therefore of interest in this reliability analysis.  

For each Oconee unit, the heart of the essential power system is the 4 kV redundant main 
feeder bus (MFB). Either MFB (MFB- 1 or MFB-2) can power the three 4 kV switchgear 
centers (TC, TD and TE), from which the ac power loads at 4 kV, 600 V, and 208 V for 
the specific Oconee unit are supplied. This arrangement preserves the full complement of 
plant equipment in the event one of the two MFBs fails or is unavailable.  

Normally, both MFBs are energized, and there are four different sources of power for the 
MFBs -- the normal source of unit auxiliary transformer, the start-up source from the off
site power system through the start-up transformer, the Keowee emergency power (either 
through the overhead path and the start-up transformer or the underground power through 
transformer CT4 and the standby buses), and the dedicated 100 kV line through 
transformer CT5 and the standby buses. Once de-energized, the MFBs can be re
energized either automatically or manually.  

The standby buses serve all three Oconee units. They are normally de-energized, and 
become energized during accident conditions of interest (LOOP, LOCA, and LOCA with 
LOOP) automatically, by emergency start of the Keowee unit connected to the 
underground path and closure of the SK breakers, or manually by closing the SL breakers 
if the Keowee power is not available.  

Not included in this discussion of the Oconee ac power system is the Standby Shutdown 
Facility (SSF), which is a separate facility, with its own ac power system, capable of 
maintaining the safe shutdown functions of Oconee during certain catastrophic events such 
as loss of all essential power.  
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Figure 2.1-1 presents a simplified diagram of the Oconee ac power system.  

2.2 NORMAL POWER SOURCE 

When an Oconee unit is operating, the main generator (through the 13.8 kV-7 kV / 4 kV 
auxiliary transformer) is the source of normal power for the main feeder buses. The main 
feeder buses are connected to the 4 kV tap of the auxiliary transformer by closing the N 
breakers (Ni and N2) and opening the other interfacing breakers of the MFBs (E and S 
breakers described below). The auxiliary transformer and the associated bus work have 
adequate capacity to supply the electrical loads of the given Oconee unit during normal 
operation and accident conditions. When the main generator is unavailable (as a result of 
a generator trip or the unit being in shutdown condition), another power source is needed 
to power the MFBs. When the generator trips, the N breakers open and a power transfer 
to the start-up source occurs with the closure of the E breakers, if power is available on 
the start-up transformer.  

When the main generator is not producing power, as is-the case when the reactor is 
shutdown, the main feeder buses can still be energized through the auxiliary transformer 
by back-charging the main generator by the grid. However, this mode of operation does 
require bypassing certain generator interlocks.  

2.3 START-UP POWER SOURCE 

The start-up source is the preferred source of power when power from the normal source 
(the auxiliary transformer) is not available. It consists of the start-up transformer (230 
kV-7 kV/4 kV) and the 230 kV switchyard power, which is fed by the 230 kV Duke 
transmission system, the 230 kV Oconee I and Oconee 2 step-up transformers, and the 
500 kV-230 kV auto transformer (fed by the 500 kV switchyard). Power from these 
sources normally energizes the red and yellow buses of the 230 kV switchyard, either of 
which can power the three start-up transformers. The red and yellow buses can also be 
powered by the Keowee overhead unit, through the Keowee step-up transformer and 
Power Circuit Breaker (PCB) 8 for the red bus or PCB-9 for the yellow bus. Figure 2.3-1 
presents the simplified electrical schematics of the 230 kV switchyard.  

For conditions involving LOOP or grid disturbance, the yellow bus and the start-up 
transformers are isolated from the rest of the switchyard by opening PCBs 8, 9, 12, 15,17, 
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21, 24, 26, 28, and 33 by the External Grid Trouble Protection System (EGTPS). This 
system monitors the voltage and frequency conditions in the 230 kV switchyard and 
initiates the switchyard isolation function and sends a Keowee emergency start signal.  
When the switchyard is isolated, the Keowee unit assigned to the overhead path closes 
onto the yellow bus by closing the associated air circuit breaker (ACB) to the Keowee 
step-up transformer and closing PCB-9.  

The switchyard relaying and protective actions require dc power, provided by a two train 
switchyard battery system located in the switchyard relay house.  

When the MFBs are energized by the start-up source, the E breakers are closed and the 
normal source breakers (N breakers) and the standby bus breakers (S breakers) are open.  

For a loss of off-site power event, power is assumed to be lost initially to the start-up 
transformer from the transmission network. During the recovery phase, the off-site power 
is restored to the start-up transformer through either the yellow or red buses by one of the 
several 230 kV transmission lines or the 500/230 kV auto transformer.  

2.4 KEOWEE EMERGENCY POWER 

Keowee emergency power is the primary emergency power to each of the Oconee units 
when the normal source and the start-up sources of power fail to energize the main feeder 
buses. Keowee emergency power is made available to Oconee by starting the Keowee 
units and separating them from the grid (if either of them are feeding the grid) by the 
Keowee emergency start signal and making available one Keowee unit to power the 
underground path and the other unit to the overhead path.  

The emergency start signal can originate from the EGTPS (indicative of a LOOP) or the 
MFB monitor panel (which senses a loss of voltage on the MFBs, indicative of a LOOP or 
other cause of loss of power on the MFBs). A Keowee emergency start signal is also 
generated as part of the Engineered Safeguards (ES) actuation, occurring on symptoms of 
a LOCA, steam line break, or high-energy line break inside containment.  

When the ES condition is not accompanied by a loss of off-site power (as could be the 
case for a LOCA), the start-up source continues to be available and the MFBs are re

energized by the start-up source almost instantaneously (within about a second) following 
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the expected reactor-generator trip and the resulting opening to the N breakers. In this 
case, although the Keowee generators will emergency start, they remain in a standby mode 
(with the underground unit energizing the underground bus through transformer CT4 to 
the standby buses and the overhead unit idling with the breaker to the Keowee step-up 
transformer open).  

For the loss of off-site power event, the EGTPS would signal for an emergency start and 
separate the 230 kV switchyard yellow bus from the transmission network and the rest of 
the switchyard. The yellow bus then can receive the Keowee overhead path power and 
deliver it to the start-up transformer. The sequence of events, involving the Keowee 
emergency start, switchyard isolation, and re-energization of the start-up transformer(s) by 
Keowee overhead unit through the yellow bus, is such that the start-up transformer can be 
energized in 23 seconds. This time interval includes the time for the Keowee unit to start 
and load (or to separate from the grid if operating on the grid, go to no-load condition, 
and then load), trip the 6.9 kV reactor coolant pump motor buses from the start-up 
transformer, and energize the overhead path. The underground path is energized as soon.  
as the Keowee unit starts, allowing the SK breakers to close and energize the standby 
buses (within 23 seconds).  

During LOOP events, the start-up source is the preferred source because of the larger 
capacity of the start-up transformer compared to the CT4 transformer. The MFBs are 
energized by the E breakers as soon as the start-up transformer is energized. In the event 
of power failure through the start-up source, the MFBs are energized automatically by the 
standby buses at about 31 seconds (20 seconds MFB delay time + 1 second delay for load 
shed of non-essential MFB loads +10 second delay to transfer to standby bus) by closure 
of the S breakers.  

For a LOOP event coincident with an ES condition, the 20 second MFB delay is bypassed 
and transfer to the standby source could occur as early as 11 seconds 

In the event the start-up source is not energized before the MFBs transfer to the standby 
buses and if the standby buses are unavailable, a retransfer to the start-up source would 
occur after an additional 10 seconds if the start-up source becomes available by that time.  
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In the analysis of loss of off-site power events, the Keowee overhead path is assumed 
unavailable for those LOOP events categorized as initiated by switchyard failures and 
those initiated by severe weather.  

2.5 CT5 POWER 

Power through the CT5 transformer is the alternate power supply to the standby buses.  
(The primary power source for the standby bus is the Keowee underground source 
through transformer CT4 and the SK breakers.) It consists of the 100/4 kV transformer 
located on the west side of the Oconee site (the 230 kV and the 500 kV switchyards are 
located on the east side), the SL breakers interfacing the 4 kV CT5 buses with the standby 
buses, and the 100 kV transmission line. The 100 kV transmission line is normally 
powered by the Central switchyard (located some 8 miles from the site) and can be 
dedicated to Oconee's sole use by separating the line from the Central switchyard and 
energizing by one of three 44 MVA combustion turbine generating units of the Lee Steam 
Station, located some 20 miles away.  

CT5 is normally in an energized state and can be used to energize the main feeder buses if 
all other sources of power (the normal source, the start-up source, and the Keowee 
sources) are unavailable. This is done by manually closing the SL breakers from the 
control room. If the normal 100 kV power is not available, the Oconee operator can 
request Lee station to start and energize the 100 kV line and dedicate it to Oconee. This 
action requires some 30 to 60 minutes.  

Whenever both Keowee units are in a planned maintenance, or one of the Keowee units or 
the Keowee power paths is unavailable for an extended time period (greater than 72 
hours), CT5 is energized by a Lee unit and the 100 kV line separated from the grid 
system. Further, the standby buses are kept energized by closing the SL breakers at this 
time to enhance the readiness and availability of the standby source power in this period of 
reduced redundancy in the emergency power sources.  

The CT5 power source constitutes a viable source of emergency power during LOOP 
events involving switchyard failures and independent failures of the Keowee underground 
path and during reduced availability of Keowee emergency power. Since CT5 and the 
associated 100 kV line are not rugged against severe weather, planned maintenance of the 
Keowee emergency power system which involves substantial reduction in Keowee 
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availability is done during periods of favorable weather conditions, by making use of 
weather forecast information.  

2.6 EMERGENCY POWER SWITCHING LOGIC 

The emergency power switching logic (EPSL) is the automatic means by which the 
breakers associated with dead buses of a power source are tripped, breakers associated 
with live buses are closed in a certain preferential manner (as described in Sections 2.2 and 
2.3), and non-essential loads are stripped so as to enable the MFBs to power essential 
equipment during accident conditions of interest. It causes load shed of the non-essential 
loads off the MFBs whenever there is sustained undervoltage condition on the MFBs.  
This allows the standby source power to energize the MFBs of all affected Oconee units.  

Normally, the breakers interfacing the MFBs (N, E, and S) are in the automatic mode.  
When the normal source of power (the unit generator) to the MFBs is lost, the N breakers 
must open and allow the preferred source of power (the start-up source) to re-energize the 
MFBs. This is accomplished by interlocking the N and E breaker position such that the E 
breakers will close when the N breakers trip and if power is available on the start-up 
transformer. If there is no power on the start-up source, the EPSL counts 20 seconds for 
the non-ES condition, initiates a load shed in the next second, and counts another 10 
seconds before closing the S breakers to energize the MFB by the standby buses. The 
standby buses should have already been energized by the Keowee underground unit 
through the underground path by the automatic closing of the SK breakers. If the start-up 
transformer is energized before the last 10 seconds of the above sequence have expired (as 
would be the case with the Keowee overhead path energizing the start-up transformer by 
this time), the E breakers would close instead since the start-up source is the preferred 
source.  

If power is not available at the standby buses when the EPSL seeks out the standby 
source, a retransfer to the start-up source would occur after an additional 10 seconds if 
the start-up source becomes energized later.  

The LOCA-LOOP sequence proceeds directly to load shed and N and E or S breakers re
alignment without the 20 second MFB time delay.  
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Redundant devices (trip coils, relays, etc.) are utilized to accomplish breaker trip and close 
actions.  

The control power needed by the breakers and protective relaying for each Oconee unit is 
provided by its respective dc buses and associated batteries. The dc power needed by the 
common standby bus components is supplied by Oconee 1 DC power system.  
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3.0 DESCRIPTION OF KEOWEF. GENERATING STATION 

3.1 INTRODUCTION 

The Keowee generating station is a two unit hydroelectric generating facility, located 
approximately two-thirds of a mile east-northeast of the Oconee nuclear station. It utilizes 
water from the 18,000 acre Keowee reservoir through a common penstock to drive the 
two 96 khp, 128.6 rpm, 87.5 MWe turbine-generators. Except for the 13.2 kV/230 kV 
step-up transformer and the penstock, the equipment needed for the power generation and 
distribution is located inside the Powerhouse.  

Keowee is designed to supply the emergency power for Oconee during conditions 
involving the loss of the normal (Oconee generator) and off-site power for any or all three 
of the Oconee units. Keowee is also designed to supply power to the Duke 230 kV 
electrical grid when such grid generation is needed and if there is no emergency power 
demand for Oconee. When used as the emergency power system, Keowee functions as 
the on-site power source for Oconee via two separate and independent paths (the 
overhead path and the underground path). Except for the common penstock and some 
cooling water piping, each unit is independent of the other. There are interlocks to 
prevent both units feeding the underground path. Both units can feed the overhead path 
through the single Keowee step-up transformer, except when the Keowee emergency start 
signal is present.  

Figure 3.1-1 shows a simplified flow path for ac power from the Keowee hydroelectric 
generators to the Oconee ac power system.  

Although Keowee is designed to be operated semi-attended, the station is staffed by an 
operator at all times.  

To generate electric power, each Keowee generator consists of the turbine, the governor, 
the generator, the exciter/voltage regulator, synchronizing equipment (needed for grid 
generation only), generator output breakers, control circuitry (for manual and automatic 
control), protective relaying, and auxiliary power (ac and dc power). The following 
sections describe these systems in detail. Additional details are provided in Section 4 and 
Appendix A concerning the reliability modeling of these systems. Figure 3.1-2 presents a 
simplified functional arrangement of these subsystems to illustrate the Keowee operation.  
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3.2 TURBINE 

The turbine system consists of (1) the rotating elements (turbine runner and the main 
turbine shaft), (2) the wicket gate assembly, (3) the packing and bearing assembly, (4) the 
draft tube assembly, and (5) the sump. (See Figure 3.1-2.) 

The main turbine shaft is bolted to the generator shaft, and the turbine runner and shaft 
assembly transform the fluid motion energy into the rotational energy of the turbine as 
water flows from the penstock through the wicket gate and down through the draft tube.  

The wicket gate assembly controls the amount of water flow into the turbine, and thereby 
the turbine speed and load. This is accomplished by a set of servomotors that move the 
gate opening and closing arms to achieve the desired speed and load rather rapidly and 
finely. The servomotors respond to the governor commands for unit start, unit shutdown, 

load control, and no load operation.  

Lubrication and heat removal of the turbine bearings are accomplished by the Turbine 

Guide Bearing Oil (GBO) system. It is a closed oil system, with an upper and lower oil 

reservoir. Oil is continuously circulated within the system by pumping the oil from the 

lower reservoir to the upper reservoir through an oil cooler by an ac pump and a standby 

dc pump. Water from the Keowee Cooling Water System flows by gravity through the oil 

cooler and the turbine packing to achieve bearing oil and packing cooling.  

The draft tube assembly enables the discharge of the turbine water into the tailrace and 

creates a low-pressure region to assist the turbine rotation.  

Each Keowee unit has a small area known as the wheel pit, located between the generator 
and turbine. The lower portion of the turbine wheel pit is the sump, which accumulates 
water leakage from the turbine packing. A set of ac and dc sump pumps is provided to 
pump the sump water into the sump drain line.  

Power (ac and dc) needed by the turbine equipment (bearing oil cooler and sump pumps) 

is supplied by the Keowee auxiliary power system.  
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3.3 GOVERNOR 

The governor is an electro-mechanical device used to control the position of the wicket 
gates to allow the turbine speed to match the nominal speed of 128.6 rpm for the full 
range of load conditions, from no load to full load. The mechanical portion (consisting of 
springs, pulleys, weights, linkages, and valves) controls oil pressure for the wicket gate 
servomotor. The electronic portion comprises the solenoids (shutdown solenoid and 
emergency load solenoid), relays, and switches which interface with the control and 
protective devices to accomplish the normal operation, emergency power operation, and 
shutdown.  

Supporting the governor are the Governor Oil System and the Governor Air System. The 
governor oil system supplies oil at 300-350 psi to the governor to control the 
servomotors. As the oil is used up in the continuous governor operation, it drains into a 
large oil sump from which it is pumped to the oil pressure tank by three ac powered oil 
pumps. The air pressure in this oil tank enables a constant circulation of the oil in the 
governor system. The governor air system simply is a large air receiver which maintains a 
blanket of pressurized air in the oil tank.  

The ac power needed by the oil pumps is supplied by the Keowee auxiliary power system.  
The normal pressure and oil level in the oil tank are such that the Keowee unit can start 
and supply loads for some period of time even if all the oil pumps are unavailable.  
However, as the oil level drops in the tank, the oil volume may not be sufficient to operate 
the servomotors unless the pumps become operable (within about an hour).  

3.4 GENERATOR 

The generator assembly is connected to the turbine by the common shaft, bolted at the 
turbine generator interface. Each generator is a 3-phase, 60 Hertz machine generating 
power at 13.8 kV, with a rated capacity of 87.5 MVA. It is located immediately below 
the operating floor of the Powerhouse. It consists of the shaft, the bearing (contained in 
an oil bath), the generator rotor(field) and stator, and the generator output bus.  

Eight oil coolers, with cooling water from the Keowee cooling water system, cool the 
generator bearing system.  
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The generator stator is cooled by six air-to-water heat exchangers. Water for these heat 

exchangers also comes from the Cooling Water System.  

An air brake system is used to stop the generator when shutting down. However, it is not 
needed for the power generation function.  

There is a self-contained C02 fire protection system provided in the generator assembly, 

and a generator lockout would occur if it actuates. Other protective relaying measures are 

also used for the generator as described in Section 3.7.  

At the top of the generator assembly, a mechanical overspeed trip mechanism is installed 

to trip the turbine-generator system when the speed approaches unsafe conditions. When 

the generator trips (mechanical trip setpoint is 180 rpm), it takes several minutes (for the 

machinery to coast down) and operator action (to reset the overspeed trip) to restart the 

unit.  

The generator excitation and regulation of the output voltage to the set 13.8 kV values are 

accomplished by the excitation and voltage regulator system.  

3.5 EXCITATION/VOLTAGE REGULATION 

To transform the mechanical energy of the turbine to electrical energy in the generator, a 

magnetic field must be supplied. Initially, the electrical input for the excitation field is 

supplied by the dc auxiliary power system through the field flashing breaker into the field 

breaker. The field, field flashing, and supply breakers would close on a Keowee start 

signal. As the generator begins to produce electrical energy, part of it is fed back to the 

exciter through the field supply breaker to sustain the field. The field flashing breaker 

opens after a time delay since the external source of field is no longer needed.  

The voltage regulator modulates the field density within the generator in such a manner 

that the voltage of the generator electrical output matches the design value of 13.8 kV, 

within acceptable tolerances.  
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3.6 GENERATOR OUTPUT BREAKERS 

The generator output breakers provide the interface between the generator and the power 
transmission line or bus. There are two output breakers for each unit: Air Circuit 
Breakers (ACBs) 1 and 3 for Unit 1 and ACBs 2 and 4 for Unit 2. ACBs 1 and 2 connect 
the generators to the Keowee 13.2 kV/230 kV step-up transformer, from which the 

Keowee power can feed the grid through PCB-8 or it can energize the Keowee overhead 

path to Oconee through PCB-9, the 230 kV switchyard yellow bus, and the Oconee start

up transformer(s).  

ACBs 3 and 4 connect the Keowee units to the Keowee underground emergency power 

path to Oconee. Normally, one of the Keowee units is pre-assigned to the underground 

path, and its underground path breaker is kept closed while the other unit's breaker is left 

open. These breakers are interlocked to prevent both breakers being simultaneously 

closed onto the underground path.  

When the Keowee units are started for grid generation, ACBs 1 and 2 close automatically.  

If a Keowee emergency power demand occurs at this time, these breakers will open, the 

turbine generators are controlled in the no-load mode, and then will energize the 

underground path up to CT4. If necessary (only if the event involves a loss of off-site 

power), the overhead path is energized by closing the overhead path breakers. The ACB 

(and PCB-9) closing logic contains a feature to confirm the yellow bus isolation is 

complete (PCBs 8, 12, 15, 17, 21, 24, 26, 28, and 33 are open). The ACB close is also 

controlled by delay times to prevent the units' energizing the Keowee transformer out of 

phase.  

At the time of this study, the Keowee unit dedicated to the underground path is not 

allowed to feed the grid on an interim basis until certain single failure issues are resolved.  

Thus, when the unit starts up on an emergency demand, it energizes the underground path 

to allow loading in about 12 seconds. The other unit remains in a standby mode unless the 

normal switchyard power is lost, in which case the overhead path ACB closes after a time 

delay (-4 seconds for ACB-2 and ~6.5 seconds for ACB- 1) to allow the affected Oconee 

unit's start-up bus to trip the non-essential 6.9 kV buses.  
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3.7 KEOWEE EMERGENCY START AND CONTROL 

The start-up equipment for Keowee is located in the Keowee Control and Battery Rooms.  
The signals for automatic emergency start of the units originate from each Oconee unit 
(engineered safeguards actuation or loss of MFB power) and also from the Oconee 230 
kV switchyard (EGTPS) through the Oconee electrical equipment room. The units can 
also be started manually in the emergency mode from the Oconee Control Rooms, or the 
Oconee cable rooms. The Oconee signals and control cables pass through the 
underground trench. Keowee station alarms are annunciated in the Keowee Control 
Room, while the critical alarms and controls are also provided in the Oconee Control 
Rooms.  

For each Keowee unit, there are redundant channels (Channels A and B) and diverse 
means to detect a loss of power condition, process the signals, and initiate the emergency 
start function. Upon actuation, the emergency start auxiliary relays, located at Keowee, 
allow the field supply breakers to close and energize two master relays, one of which 

energizes the governor shutdown solenoid relays, and the other starts the equipment 

needed for lubrication and cooling.  

3.8 PROTECTIVE RELAYING 

Fault conditions of the power equipment and the power circuits are monitored and the 

faults are isolated by a variety of protective relays. Fault protection is provided for the 

generators, the transformers, and the bus work by means of the zone protection scheme.  

The lockouts generated by these protection features could prevent the unit start. During 

an emergency start condition, only an emergency lockout can prevent the unit start, since 

the normal lockouts are bypassed under this condition. The reliability model includes 

failure modes of the relays whose spurious operation can create a Keowee failure due to 

spurious fault indications.  

3.9 AUXILIARY POWER 

The Keowee auxiliary power system comprises the 125 V dc power system and the 600 V 

and 208 V ac power system which are needed to operate the equipment needed for the 

Keowee start and power operation.  
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Each unit has a dc power system, consisting of a battery, battery charger and dc 
distribution bus. It enables the unit to start under a loss of all ac power condition, 
providing instrumentation and control power and dc power needed by the dc motors. The 
dc distribution system can be cross-connected between the units to facilitate battery 
maintenance. A standby charger is also available should one of the two normal chargers 

be out of service.  

The ac portion of the auxiliary power system is also unit-specific, with the capability to 

cross-connect should the normal ac power bus for a Keowee unit be unavailable. AC 
power is needed for extended operation (more than an hour) of Keowee to charge the 

batteries, to operate the oil pumps, etc.  

There are three transformers which can power the 600 V ac auxiliary power switchgear 

centers IX and 2X of Keowee 1 and Keowee 2: 

* the 4160/600 V CX transformer powered by the ITC Oconee switchgear, 

* the 13.8 kV/600 V IX transformer powered by the Keowee main transformer, or 

* the other 13.8 kV/600 V transformer (2X) powered by the Keowee main transformer.  

Transformer CX is the primary source of auxiliary power for the Keowee unit assigned to 

the underground path. If this power source fails, the load center automatically transfers to 

the backup source, the auxiliary transformer off the Keowee transformer.  

For the unit being used for the overhead path, the primary auxiliary power source is the 

auxiliary transformer off the Keowee transformer. If this source is unavailable, an 

automatic transfer to Transformer CX would occur.  

Transformers IX and 2X are normally energized by the grid through the 230 kV 

switchyard and the Keowee main transformer. With a loss of off-site power, the Keowee 

unit not operating on the underground path would energize these transformers with its 

overhead path ACB closed to the Keowee main transformer.  

The 600 V ac auxiliary power switchgear centers can also be manually energized by 

opening and closing certain auxiliary power ACBs. Each units' motor control center can 

be cross-connected to the other unit's switchgear.  
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4.0 KEOWEE SYSTEMS ANALYSIS 

4.1 OBJECTIVE 

The systems analysis task of the Keowee PRA has as its primary objective to develop an 
analytical model for the analysis of the reliability of the Keowee Hydroelectric Generating 
Station to supply power to the Oconee Nuclear Station. In support of this objective, the 
analytical model should possess the following attributes: 

* the ability to address the potential operating modes of Keowee, 
* include all of the components necessary for the emergency operation of the 

Keowee units, and 
* include important failure modes identified in the operating history of the 

Keowee units.  

The base case result of the analysis is the failure probability of Keowee to supply power to 
Oconee either through CT3 or CT4.  

4.2 SCOPE 

The analysis is intended to determine the reliability of the Keowee units to supply 
emergency power to the Oconee Nuclear Site without duplicating models already 
developed in the existing Oconee Probabilistic Risk Assessment. Consistent with the 
objectives of the study, the analysis includes within the model consideration of the 
following: 

* all systems and equipment at Keowee needed to successfully deliver emergency 
power to Oconee for the required mission time, 

* the 230 kV switchyard at Oconee (including the External Grid Trouble 
Protection System), 

* transformer CT3, 
* the underground power path, and 
* transformer CT4.  

Since Oconee Unit 3 is the focus of the detailed analysis in the Oconee Probabilistic Risk 
Assessment (OPRA), transformer CT3 (the Unit 3 start-up transformer) has been selected 
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as the termination point for the Keowee overhead power in this analysis. This facilitates 
comparisons of the Keowee Reliability Assessment results with the OPRA data and 
possibly the integration of the Keowee model with the OPRA model. The reliability of 
Keowee to supply power to the other Oconee units would not be expected to be different 
than the results calculated in this analysis.  

Some models do have interfaces with Oconee systems or components. Where an interface 
to an existing Oconee model is needed, the gate probability from the appropriate Oconee 

model is used as a basic event input value for the Keowee analysis.  

The Keowee systems and components identified as needed to successfully deliver 

emergency power to Oconee are: 

* Generator 

* Turbine 

* Governor 

* Air Circuit Breakers (ACBs) 1 through 8 
* AC & DC Auxiliary Power Systems 

* Governor Air System 

* Governor Oil System 
* High Pressure Oil System 
* Turbine Generator Cooling Water System 
* Turbine Guide Bearing Oil System 
* Turbine Sump Pump System 
* Emergency Start Controls 

During the course of this study, the Keowee Generator ACB Air System was determined 

to be important for Keowee operation. Failure of this system is included in the analysis as 

a basic event.  

The scope of the system model task is to take the fault tree model to the lowest level of 

detail practical. The level of detail in the fault tree models is dictated typically by the 
availability of reliability data for the component. Equipment controls and components are 

usually taken down to the relay level. Some components, the governor for example, do 
not lend themselves readily to decomposition into a fault tree and are therefore treated as 
a single component.  
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4.3 METHODS 

The reliability analysis is performed using fault tree methodology similar to the one 
described in NUREG-2300 (Reference 4). Figure 4.3-1 presents a diagram of the systems 
analysis process.  

4.3.1 PLANT WALKDOWN 

Plant walkdowns are conducted by the analysis team as part of the systems analysis effort.  
The objective of the walkdowns are to familiarize the team with the configuration, 
arrangement, and operation of Keowee and its systems. The walkdowns included the 
Keowee powerhouse as well as the Oconee 230 kV switchyard, and transformers CT3 and 
CT4.  

Issues of particular interest such as location accessibility, susceptibility to particular failure 
modes, etc., are considered and discussed during the walkdowns. Table 4.3-1 presents the 
walkdown checklist.  

Both a photographic and video record of the walkdown have been retained for reference 
by the analysts.  

4.3.2 COMPUTER CODES 

Fault trees are developed for each system modeled in the analysis. These fault trees are 
developed using the CAFTA fault tree analysis software as described in the CAFTA User's 
Manual. CAFTA provides a family of software products for the construction, viewing, 
and solution of fault trees, and the development of the required data bases.  

4.3.3 BASIC COMPONENTS 

The lowest level in a fault tree is the basic event. Each basic event represents the failure 
of some component with a specific failure mode of interest (e.g., valve fails to open). A 
basic component is a component whose failure is described by a basic event. The selection 
of basic components is also dictated by the level at which data is available. For fluid 
systems this typically means modeling down to the individual pumps and valves. Controls 
for pumps, valves, breakers, etc., are taken down to the relay level.  
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4.3.4 FAILURE MODES 

A component usually can fail in more than one way. All relevant failure modes for a 
component are considered in the development of the fault trees. Typical failure modes 
are: fail to open, fail to close, fail to start, fail to run, and spuriously transfers position.  
The important failure mode for any particular analysis depends upon the application of the 
component and the system failure mode of interest (e.g., system fails to start or system 
fails to run).  

Failures due to random events, common cause events, and human errors are also 
considered in the development of the trees.  

4.4 MODEL DEVELOPMENT 

Both Keowee units are designed, constructed, and maintained in the same manner. For 
the analysis purpose, it does not matter which unit is aligned to the underground or the 
overhead path. One unit can be assumed to be aligned-to the underground path and the 
other to the overhead path without any loss of accuracy in the calculated unreliability 
number. As identified in the modeling assumptions below, Unit I is assumed to be in 
standby and aligned to the underground path while Unit 2 is assumed to be aligned to the 
overhead path and available for generation to the grid.  

4.4.1 FAULT TREES 

All of the system and component fault trees are presented in Appendices A.2 through 
A. 14. The models are linked together for determining the overall Keowee reliability 
through a high-level logic tree contained in Appendix A.1. Major components and 
systems are shown transferring directly into the high-level logic tree. Some systems 
provide a support function and their models transfer into the fault trees of other systems or 
components.  

Many of the system fault trees have top events and intermediate gates reflecting the 
reliability of the individual system or subsystem. Because both Keowee units are modeled, 
the Keowee system fault trees have individual top events for the unit 1 and unit 2 system.  
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The following table is a list of the fault tree models developed.  

Appendix Fault Tree 

A. 1 High-Level Logic Model 

A.2 Emergency Power Paths 

A.3 External Grid Trouble Protection 

A.4 Air Circuit Breakers 

A.5 Keowee Start Logic 

A.6 Generator Excitation 

A.7 Generator 

A.8 Auxiliary AC and DC Power Systems 

A.9 Switchyard DC Power System 

A.10 Governor and Turbine 

A. 11 Governor Oil and Air Systems 

A.12 Turbine Guide Bearing Oil System 

A.13 Turbine Sump Pump System 

A. 14 Turbine-Generator Cooling Water 
* System 

Figure 4.3-2 shows the interconnections among the various fault trees.  

4.4.2 KEOWEE OPERATING CONFIGURATION 

Historically, both Keowee units have been available for generation to the Duke system.  
During the past couple of years, generation has been restricted to just one unit as a result 
of some potential failures, affecting the single-failure criteria, identified in engineering 
studies. The base case model for this analysis assumes that Keowee is being operated 
under the current operating restrictions. Operation is currently restricted such that only 
one unit is allowed to be generating to the grid. This unit is aligned to the overhead path 
through the generator output Air Circuit Breaker (ACB) on an emergency start. The 
other unit is in standby and is aligned to the underground path with its ACB (either ACB-3 
or ACB-4) closed and the disconnects for the overhead ACB (either ACB- 1 or ACB-2) 
open. The standby and operating units are swapped on a monthly basis. The overhead 
unit is assumed to be operated daily while the underground unit is assumed not to have 
operatedintheGprevious 7 days.  
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4.4.3 GENERAL MODELING ASSUMPTIONS 

The following modeling assumptions apply to all of the system and component fault trees.  

Modeling assumptions specific to a particular system are further identified in the 

appropriate system appendix.  

1. Keowee Unit 1 is assumed to be the standby unit aligned to the underground path 

and Keowee Unit 2 is the operating unit aligned to the overhead. (This is 

consistent with the assumed alignment in the Oconee PRA.) 

2. When a Keowee unit requires maintenance that will make the unit unavailable, the 

available unit is aligned to the underground path. Therefore, all single unit-related 

maintenance unavailability occurs on the unit aligned to the overhead path. The 

total unavailability of the two Keowee units is summed and applied to Unit 2 in the 

fault trees.  

3. The Keowee units are rotated between the underground and overhead alignment 

every 30 days. Keowee Unit I has been aligned to the underground path and has 

not operated in the previous 7 days.  

4. The unit aligned to the overhead path (Keowee Unit 2) is available for grid 

operation and is operated on a daily basis. Keowee Unit 2 was last operated 24 

hours earlier.  

5. Exposure times for components are assumed to be 1/2 of the time period since the 

last operation which would verify proper functioning of the device. For many 

components the exposure times are 7/2 days (84 hours) and 24/2 hours (12 hours).  

6. Contacts of relays, switches, breakers, and disconnects are assumed to transfer 

position only when the primary device transfers position. That is, contact failures 

are assumed to be subsumed in the device failures.  

7. Failures that would be alarmed and result in a unit being declared unavailable are 

not included in the models as start failures. These failures are assumed to be 

included in the unit unavailability data. These same failure modes would normally 

result in run failures and are included there.  
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4.4.4 DATA 

The data base for the Keowee analysis has been developed from generic data sources as 
well as plant-specific information. The base case solution uses a Bayesian-update, based 
on Keowee-specific data and the generic data base. Refer to Section 5.0 for detailed 
information regarding the data development.  

4.5 HIGH-LEVEL LOGIC MODEL 

The integrated Keowee failure probability is arrived at through the use of a high-level 
logic model. Through this model the various system fault trees are combined into a single 
tree for use in the solution process.  

The objectives of the high-level logic model are to: 

provide a top gate representing the overall failure probability of Keowee to 
supply power, 

e. provide a means for integration of the system models, 
provide a means for introducing the various operating modes of the station 
into the analysis, including generation to the grid and maintenance, 
provide a convenient location for development of dependent failures, 
provide a pictorial "story" of how the major systems/components influence 
the Keowee supply, 
provide intermediate gates at appropriate places for analysis of reliability at 
the unit and power path levels, 

provide intermediate gates at appropriate places for analysis of unit start 
and run reliability, and 

eliminate to the extent practical all invalid cut sets in the top gate solution 
as well as the intermediate gate solutions.  

In order to satisfy these objectives, the model has been developed with the following 
attributes.  
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The top gate for the High-level Logic Model "Oconee Transformers CT3 And CT4 Fail 

To Receive Power From Keowee" represents the failure probability of interest in this 

analysis.  

The high-level logic model tree separates the solution into the overhead and underground 

supplies. Additionally, the unit-related failures are on a different branch of the tree than 

the path-related failures. Furthermore, start and run failures of the two units are evaluated 

on different branches of the tree. These features allow the evaluation of the reliability at 

these lower levels. Events representing the probability of various operating conditions are 

included in the model (such as Unit 1 generating to the grid alone or with unit two, Unit 2 

in maintenance, or both Keowee units in maintenance).  

An effort is made to eliminate invalid cut sets from occurring in the solutions. This often 

requires the use of NOT gates in the high-level logic model. It is recognized that this 

often complicates the tree and the cut sets, but the benefit is in the overall reproducibility 

of the results by not relying on the analyst's judgment on deleting invalid results.  

Refer to Appendix A. 1 for further details on the High-Level Logic Model tree.  

4.6 MODEL SOLUTION 

4.6.1 MODEL INTEGRATION 

Model integration is accomplished by creating an empty fault tree file and then loading in 

the individual trees one at a time. When the 14 individual trees are combined into a single 

tree, the resultant tree has but one top gate. This is the top gate from the High-level Logic 

Model identified above. All other top gates from the individual trees are captured as 

inputs into one or more of the other trees and all transfers identified in the individual trees 

have been replaced with the appropriate gate.  

In some cases the integrated tree may contain circular logic- that is, a gate whose value is 

dependent on itself. Circular logic must be removed from the tree before a solution is 

possible. When a circular logic is detected, one or more of the input trees must be 

modified so that the circle is broken without losing the impact of the failures on the top 

gate. An often encountered situation of circular logic that is applicable to this study 

follows.  
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The auxiliary ac power system relies on the availability of the dc power system to provide 
power for the operation of various circuit breakers in the ac power system. The de power 
system relies on batteries and battery chargers to provide a continuous and long term 
supply of dc power. If the ac power supply to the chargers is included in the model for 
the dc power system, a circular logic develops -- ac relies on dc which relies on ac. This 
circle is broken by not including the transfer to the auxiliary ac power tree in the dc power 
system logic. Because the ac power system failures result in the unit failing through other 
system transfers, the loss of this input into the dc power system tree does not cause the 
solution to "miss" failures and under-predict the failure probability.  

4.6.2 CUT SET GENERATION 

With the appropriate data file as input, the CAFTA software is used to generate as output 
a cut set listing. These cut sets are combinations of failures which result in the top gate of 
the tree being evaluated as true. All cut sets with a probability greater than the truncation 
limit (1.OE-08), are included in the output. The output also includes the calculated 
probability for the top gate.  

The base case solution is arrived at through the following steps.  

1. Solve the integrated tree using the Bayesian-updated data base. In this data base, 
any recoveries modeled in the trees are set to fail with a probability of 1.0.  

2. Apply recoveries to the cut sets as described in Section 4.6.4.  

3. Load the data base with the recovery values included into the cut set file, thus 
obtaining the final result.  

4.6.3 MODEL VALIDATION 

The initial cut set solution is scrutinized carefully to identify any inappropriate cut sets, 
missing cut sets, or cut sets suitable for recovery treatment. This effort occasionally leads 
to refinement of the model either at the system level or in the high level logic. Following 
adjustment of the model and application of recoveries, the final model and model solution 

* are produced.  
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4.6.4 RECOVERIES 

Recovery events are operator action to mitigate the consequences of failures that have 
occurred. These actions would require an operator to recognize an off-normal condition 
and formulate the appropriate response. Operator actions that are a normal response to an 
event (e.g., a step in a procedure that the operators are expected to be using) is not a 
recovery.  

This analysis takes credit for the Keowee operators recovering certain failures resulting 
mostly from latent human errors or control system failures where the need for recovery is 
apparent and the capability exists to achieve rapid recovery. Only a few of the recoveries 
were identified early in the process and included in the fault trees. Most of the recoveries 
are applied to the individual cut sets that result from the fault tree solve. Recoveries could 
be applied manually; however, this study has taken advantage of a software feature that 
allows recoveries to be applied automatically.  

This is done by creating a rule file that identifies the basic events to be recovered and the 
recovery to be applied to the cut sets containing the event. Some recoveries are applicable 
to more than one basic event. The software then searches the cut sets for these basic 
events and applies the appropriate recovery. Only one recovery is allowed to be applied 
to each cut set. The result is a new cut set file with the recoveries included as part of the 
cut sets. When the appropriate data is loaded into the cut sets, a new failure probability 
including the impact of the recoveries is calculated. Table 4.6-1 provides the list of 
recoveries applied to the cut sets and the basic event(s) that the recovery event is 
recovering.  

Refer to Section 5.5 for further discussion on the quantification of the recovery events.  

4.7 BASE CASE ANALYSIS 

The base case analysis represents the reliability of Keowee for the current operating 
configuration (one unit allowed to operate on the grid and one unit in standby mode). The 
reliability data used in the base case is the Bayesian updated data. The base case analysis 
also takes credit for operator action (the recovery events).  
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The analysis computes the failure probability for Keowee to supply power to Oconee 
(through both the overhead and underground paths) following an emergency start demand 
from Oconee. Solutions are also obtained at the individual path level, unit level, and the 
start and run functions. The results are provided in Section 7.2.  

4.8 SENSITIVITY STUDIES 

Several sensitivity studies are performed to assess the impact on reliability of various 
changes in data or in the operating configuration. The sensitivity studies are described 
below and the results presented in Section 7.5. Additional detail and data files are 
included in Appendix E.  

4.8.1 GENERIC VERSUS BAYESIAN UPDATED DATA 

In a few instances the Bayesian-updated data changed significantly from the generic value.  
It is desirable to evaluate the sensitivity of the Keowee results to the plant-specific data 
used in the Bayesian-update process. The top and intermediate level gates are evaluated 
using both the generic and the Bayesian-updated data. The impact of the plant-specific 
data on the results is assessed in this manner.  

This study is performed by first solving the tree with the Bayesian-updated data with no 
credit for recoveries to obtain the cut sets and then loading the generic data into the cut 
set file to get the new gate probabilities. Results are presented in Section 7.5.  

4.8.2 GRID-CYCLED VERSUS STANDBY UNIT RELIABILITY 

The reliabilities of the grid-cycled unit and the standby unit are expected to be different.  
Evaluating this difference is important in understanding the overall Keowee reliability 
results. By comparing the Keowee Unit 1 and Keowee Unit 2 reliabilities at various 
stages, an understanding of the contributors to unreliability of the two units is obtained.  
The probabilities of several of the intermediate gates from the underground and overhead 
branches of the tree are calculated and comparisons made.  

In this study a number of intermediate gate values are solved for using the unrecovered 
data, included as Table E-1. Results are presented in Section 7.5.  
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4.8.3 RECOVERED VERSUS UNRECOVERED RESULTS 

The base case analysis takes credit for operator action to recover from some failures. It is 

desirable to know the level of improvement in the Keowee failure probability that results 

from these recovery actions. The unrecovered result is an intermediate result in the 

process of obtaining the base case solution. This is the result following step 1 of the 

process described in Section 4.6.2. Comparison of this result to that of the base case 

provides information on the improvement in reliability obtained by considering operator 

actions.  

As described in Section 4.6.2, the tree solution is accomplished using the Bayesian

updated data with no credit for recoveries, included as Table E-1.  

4.8.4 HUMAN ERROR SENSITIVITY STUDIES 

4.8.4.1 Latent Human Errors 

The importance of the Latent Human Errors (LHEs) in the calculated failure probability is 

evaluated by setting these failure probabilities to 0.0 and comparing the result to the base 

case analysis.  

4.8.4.2 Human Error Probabilities Prior To The 10/92 Loss Of Offsite Power 

Following the 10/92 event, a number of procedural and administrative changes were made 

at Keowee. This sensitivity study evaluates the changes in Keowee reliability when human 

error probabilities based on the conditions that existed prior to 10/92 are used in the 

analysis. The RHEs, DHEs and LHEs are set to the pre-92 levels. The pre-92 values are 

compared to the base case values for the human error events in Table 4.8-1.  

These changes are made in the Bayesian-updated data with credit for recoveries, the base 

case data file in Table D-1.  
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4.8.5 INFREQUENTLY TESTED/DEMANDED COMPONENTS CHALLENGED 
DURING EMERGENCY STARTS 

Many Keowee components are challenged every time the unit is operated. However, 
some components are challenged only during emergency starts or during testing. It is 
desirable to estimate the sensitivity of the Keowee reliability result to the failure rate of 
these infrequently challenged components. This study is divided into three parts. Each 
part assesses the sensitivity of the Keowee results to a change that increases the likelihood 
of failure for components which are not frequently challenged.  

1. Revise component exposure times to reflect quarterly rather than monthly 
swapping of the units.  

2. Increase by an order of magnitude the failure probability of components not 
challenged during normal start and power operation but that are needed for 
emergency operation.  

3. Increase by an order of magnitude the failure probability of all components needed 
for emergency operation.  

Refer to Appendix E for further detail on the method and the input values used in this 
sensitivity study. The results are presented in Section 7.5.  

4.8.6 MG-6 RELAY FAILURE RATE 

A small number of MG-6 relay failures have occurred at Keowee. However, all of these 
failures occurred during a three year period rather than distributed evenly over the 10 year 
data collection period. It is desirable to estimate the sensitivity of the Keowee reliability 
result to the failure rate of these relays.  

For this study, the MG-6 relay applications have been identified and specifically modeled 
in the Keowee analysis. The MG-6 failure rate is increased by a factor of 10 to assess the 
impact on the Keowee final result. The selection of the factor of 10 is arbitrary but is 
large enough to permit detection of any unusual sensitivity of the results to this failure 

* rate.  
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Refer to Appendix E for further detail on the method and the input values used in this 

sensitivity study. The results are presented in Section 7.5.  

4.8.7 UNCERTAINTY ANALYSIS 

Risk assessment can provide useful insight into the relative strengths and weaknesses of 

plant design and operation. However, in performing risk assessment studies, the process 

by which the frequency of rare events is estimated is subject to varying degrees of 

uncertainty. Uncertainties result from the accuracy of basic event failure rates, the 

correctness and completeness of system models, and accuracy of modeling assumptions.  

The Keowee uncertainty analysis sensitivity study is an attempt to compute the probability 

distribution for the model's top gate, KEOWTOP.  

The objective of this sensitivity study is to determine the probability distribution for the 

Keowee PRA top gate KEOWTOP. This is accomplished by the following method.  

1. Add error factor and distribution type information to the type code and basic event 

databases. A categorization method is employed as follows: 

a) Component failure type codes for which generic failure rates are available are 

assigned the error factor calculated by the Bayesian-update spreadsheet.  

b) Basic events representing scheduled maintenance are assigned an error factor of 3.  

c) Human errors are assigned error factors of 5 or 10, depending on their failure 

probability value as follows: 

Failure Probability Error Factor 

< 0.001 10 

0.001 - 0.01 5 

(Events ABOSWGRREC and YOSTARTREC are assigned error factors of 2 due to 

their relatively high failure probability of 0.5) 

d) Due to higher uncertainty, common cause events, developed events, and plant

specific type code failure rates are assigned an error factor of 10.  

2. Load the base case cut sets (Bayesian-updated, recoveries added) into CAFTA.  

3. Use the CAFTA Uncertainty Analysis utility to evaluate the cut sets.  
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4.8.8 ONE VERSUS TWO UNITS GENERATING TO THE GRID 

In order for Keowee to again use two units when generating to the grid, certain single 
failures identified in engineering studies must be corrected. These single failures are being 
addressed through the implementation of NSM-ON-52966. The Keowee reliability model 
has been developed with the implementation of this NSM as a consideration. An event is 
included in the model to turn on and off those parts of the model affected by this NSM.  
The results of the sensitivity study where two units are allowed to generate to the grid 
assumes that the NSM is in service, as this is an expected requirement to return to this 
mode of operation.  

In the base case analysis the exposure times on the standby unit are much longer than 
those on the grid-cycled unit. As a result, the standby unit is calculated to have a higher 
failure rate. This sensitivity study is performed by modifying the data base to reflect the 
change in operating modes, and the implementation of NSM-ON-52966. These changes 
include the basic events reflecting the probability that unit 1 is generating to the grid and 
revising the exposure times on the unit I components to reflect the daily operation of the 
unit. The implementation of the NSM is specified by setting event ACB4MOD to 0. The 
tree is solved with the new data to obtain the failure probability.  

This study is performed only with the Bayesian-updated data. The data bases used in this 
sensitivity study are included as Tables E-5 and E-6. Refer to Appendix E for further 
information on NSM-ON-52966.  

4.8.9 SENSITIVITY TO FRACTION OF TIME THAT 2 UNITS GENERATE TO 
THE GRID 

Based on the operating history of Keowee, the 2 units are operating simultaneously to the 
grid 3% to 4% of the time. This sensitivity study is performed to determine if the 
reliability estimate developed in this study is overly sensitive to this value. Though no 
changes in the modes of generation of Keowee are anticipated, this assures that the 
conclusions of the analysis remain valid should some change occur.  

Basic event KKlBOTHDEX is increased to a maximum value of 30% (0.30). This value 
is nearly a factor of ten greater than the base case value, and is greater than the supply of 
water to Keowee should permit.  
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This study is performed using the data base identified in Section 4.8.8 for the dual 
generation study. The fault tree is solved with basic event KKlBOTHDEX set to 0.30 in 
order to be sure that an adequate number of cut sets with the event included are available 
in the cut set file since this is a large percentage increase in the basic event value. The 
recovered and unrecovered results are investigated for the impact of the change.  
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(Page 1 of 12) 
Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Operating Floor 

Generator Field Breaker Closed to energize Generator Field 
Voltage Regulator Regulates Generator output voltage 

Power Drawers Supply Field Current (dc) to Generator 

Field Flashing Breaker Closed to energize Field Breaker from 

125 Vdc bus IDA (2DA) [For Generator startj 
Supply Breaker Supplies current from lE (2E) transformer to v 

thyristor TGenerator running) 
Thyristor Converts ac to dc prior to supplying Field 

Breaker 
Field Breaker Supplies dc current to Generator field winding w 

Excitation Transformers lE (2E) Step Generator voltage down prior to V" 

supplying Field 
M/O Disconnects Used to isolate ACBs 3 and 4 from the 

Generator 
Aux. Disconnects 

CT's, POT's and Surge Protection Monitor and protect power equipment 
Transformers lX (2X), CX Step voltage down to supply 

lX, 2X Switchgear 
Air Circuit Breakers (ACB) 1,2 Connect Generators to Main Step-up Trans

former (to Overhead path) and to lX,2X 
transformers to supply Keowee loads 

ACB-3,4 Connect Keowee with Underground path / 

to CT-4 

0oio n rtc oe qimn



Table 4.3-1 
(Page 2 of 12) 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

ACB-5 Connect IX Switchgear with IX Transformer / 
ACB-6 Connect 2X Switchgear with 2X Transformer / 
ACB-7 Connect IX Switchgear with CX Transformer / 
ACB-8 Connect 2X Switchgear with CX Transformer / 
Generator Fire Suppression CO 2 cylinders Inject CO 2 into Generator Housing 

Computer Equipment Room 

Static Inverter (later moved to Converts dc to ac power to supply Station 
Battery Room) Computer, Statalarms, alarm typers 

Regulator and Power Supply Supplies Inverter 

Computer Cabinets Monitor plant status 
Logic Cabinets House Keowee Controlling Devices / 

Control Room 

Keowee Controls 

Exciter M.O. Base Volt Adjust Provides coarse adjustment to raise V 

Raise/Lower Switch or lower Generator Field voltage 

to match bus voltage during a 
manual startup 

Auto Voltage Adjuster Provides fine adjustment of Generator 

Raise/Lower Switch Field voltage 

Speed Changer Motor Switch Signals Governor to open or close 
wicket gates 

Generator ACB-1/2 Switch Close, trip, or lock-out breaker



Table 4.3-1 
(Page 3 of 12) 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Gate Limit Motor Raise/Lower Sw. Limits open position of the wicket gates / 
Local Master Start/Norm/Stop Sw. Energizes relays to start or shut down 

Generator 
Master Selector Auto/Man Switch Sets logic for either an automatic or / 

manual start 
Unit Sync 230 kV Man/Auto Sw. Selects for either automatic or manual sync. I 

to the grid 
Motor/Generator Switch Selects operation mode 
Generator Voltage Regulator TEST mode selected to allow for manual V 
TEST/ON Switch control using the Auto Voltage Adjuster; / 

ON mode provides auto Generator voltage 
regulation 

Keowee Instrumentation 

Condenser Operate Light In motor mode, ON indicates runner is 

uncovered 

Draft Tube Depress Start In motor mode, ON indicates runner 

depression of water 
Permissive Auto Start ON indicates Unit is available for startup / 

Generator Operation Complete ON indicates adequate output voltage for / 

Unit to be in generator mode 
Speed Adjust Meter Indicates signal being sent from the Motor / 

Speed Changer to the Governor
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Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Forebay Elevation (60-105 ft) Indicates level of Lake Keowee above 700' / 

ref. level 

Tailrace Elevation (-5 to -45 ft) Indicates level of Lake Hartwell, referenced v 

to 700' 
Keowee Load Recorder 

Critical Keowee Statalarms 

Normal Lockout Unit tripped and/or blocked from normal start / 

Emergency Lockout Unit tripped and/or blocked from emerg. start / 
Alarm Lockout Unit startup is blocked 
Startup Inhibit Unit startup is blocked from any source / 

Mechanical Equipment Gallery 

Governor Actuator Cabinet: Houses the listed systems/components 

Hydraulic Power System Positions wicket gates 
Distributing valve mechanism Supplies oil to servomotors 

Auxiliary valve (used during maint.) - same as distributing valve 
Restoring mechanism between wicket Stops gates at desired position 

gates and valve system 

Governor Head Provides speed sensing 

Compensating dashpot Provides for smoother gate movement 
Transfer Valve Selects distributing valve or aux. valve;/ 

or both valves closed
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Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Tachometer (for info only) 

Speed Changer Knob Manually change operating speed 
Brake valve 

Manual Operating Handle V 
Override switch Overrides electrical interlocks to allow 

manual brake application 
Governor Oil System 

Pump Control Valve Case Assembly Houses pump controls 
Relief valve 

Pressure Shutoff valve Permits removal of pump w/o loss of 

system pressure 
Pilot valve Senses system pressure and directs oil to 

servomotors or accumulator tank 
Pressure switch Starts and stops pump motor to maintain 

adequate system pressure 
Echelon Control Knob Selects loading and unloading pressure of 

the pumps relative to the operating pump 
Governor Oil Pump A Pumps oil to the Gov. Oil Accumulator Tank 
Governor Oil Pump B 
Governor Oil Pump C 
Governor Oil Sump 
Governor Oil Accumulator Tank Supplies Governor with pressurized oilV 

Governor Air System Supplies 350 psig pressure to the 
Governor Oil Accumulator Tank
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Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Air Compressors 

Air Receiver Tank 

Turbine Grease Pump System Lubricates wicket gates and gate V 

operating mechanism 
Pumping station 

Control panel with timers 1 

Station Air Supplies Generator Air Brakes 
Receiver Tank 

Compressor 

ACB Air Compressor 

Lube Oil Storage Tanks Supply oil to Generator and Turbine oil pots / 
Lube Oil Purifiers 

Depressing Air Compressors Depress Water from Draft Tube / 
600 V MCCs lXA, IXS, 2XA, 2XS Supply 600 Vac Station loads 

Turbine Pit 

Open and Close Servomotors Move the operating ring / 
Wicket Gates (20) Control flow rate through turbine / 
Gate Operating Mechanism V 

Bottom Ring 

Outer Head Cover 

Inner Head Cover 

Packing Box Seals turbine shaft



Table 4.3-1 
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Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Runner Converts kinetic energy of water to 

mechanical energy of shaft 

Runner Support Brace 

Turbine Shaft / 

Turbine Sump Pumps (Turbine Wheel Pit) 

AC Pump 

AC Pump (spare) 

DC Pump 

Turbine Guide Bearing Oil System 

Turbine Guide Bearing Provides lateral shaft support / 

Turbine Guide Bearing Oil Cooler / 

AC Pump Operates continuously to lubricate guide bearing
DC Pump (back up) Operates on AC pump failure or low oil level / 
Upper Oil Reservoir Holds emergency oil supply 

Lower Oil Reservoir Provides suction to oil pump(s) 
Overflow Lines Provides flowpath from upper to lower oil 

reservoir 
High Pressure Oil System 

Generator Thrust & Guide Bearings Provide lateral and axial shaft support 
AC Generator High Pressure Oil Pump Supply oil under bearing to lift shaft 
DC Generator High Pressure Oil Pump from 0 - 37 rpm /



Table 4.3-1 
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Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Embedded Parts 

Draft Tube Liner Collects water leaving runner 
Spiral Case Channels water to turbine 

Generator Housing 

Generator Ventilation System Cools stator, rotor 
Paddle-type blowers Circulate air through generator housing 

and air coolers 
Air Coolers 

Spiral Case Gallery 

Spiral Case Access Main Door 

Gravity Oil Tank Collects drainage from Generator and V/ 

Turbine oil reservoirs 
Transfer Oil Pump Transfers oil from Gravity Oil tank to Lube V 

Oil Storage Tanks 
Recirculating Oil Pump Transfers oil from Gravity Oil tank to I 

Generator or Turbine oil reservoirs 

Battery Room 

Batteries 1 and 2 Supply DC Distr. Centers IDA, 2DA V/ 
DC Distr. Center IDA, 2DA Supply 125 Vdc Station loads 
Battery Chargers 1, 2 and Stand-by Charge Batteries I and 2 / 
Miscellaneous Terminal Cabinets House Keowee Controlling Devices V
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Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Draft Tube Access Gallery 

Draft Tube Unwatering Pumps 

Station Unwatering Pumps Remove water from Station Unwatering 

Sump 
Spiral Case Unwatering Valve Opened to drain waterfrom Spiral 

Case to Draft Tube 
Draft Tube Access Main Door 

General 
Generator Cooling Water System Cools the listed safety-related loads 

Turbine Packing Box 

Generator Thrust Bearing Coolers (8) 

Generator Air Coolers (6) 
Brake and Jack System 

Automatic Brake Timer Permits intermittent, then continuous brake 

application 

Control Switch Select Man. or Auto; remove from service 

Speed Switch Starts the braking cycle after unit has 

decelerated to the predetermined speed 
Position Switch Prevents application of brakes with gates open 

Air Brakes Decelerate Generator shaft 
Generator Jacking Pump Supplies oil to the brake shoes to lift the 

generator shaft (used during maintenance) 

0ol h itdsft-eae od
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Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

Outside 

Main Step-up Transformer 

Depressing Air Tanks (6) V 

Structures 

Keowee Dam 

Keowee Spillway V 

Little River Dam and Dikes 

Oconee Intake Canal Dike 

Keowee Intake Structure 

Keowee Power and Penstock Tunnels 

Keowee Powerhouse V 

Keowee Breaker Vault V 

Keowee Service Bldg. Substructure I 

Switchyard Relay House V 

125 V Switchyard Batteries, Relays 

Main Electrical Paths All Examined 
ACB-1--> IX Transformer --> ACB-5 --> 600 V IX Switchgear --> 600 V MCC IXA, 1XS, 

(2XA, 2XS) 

-- > Main Transformer --> Overhead path -- > PCB-9 --> Yellow Bus -- > PCB-1 8,27,30 --> 

CT-1,2,3 --> Oconee Main Feeder Buses
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Table 4.3-1 

Keowee Walkdown Checklist 

Walkdown Iteml Function Examined 

ACB-2--> 2X Transformer --> ACB-6 --> 600 V 2X Switchgear --> 600 V MCC 2XA, 2XS, 

(IXA, 1XS) 
-- > Main Transformer -- > Overhead path -- > PCB-9 --> Yellow Bus -- > PCB-18,27,30 --> 

CT-1,2,3 --> Oconee Main Feeder Buses 

ITC --> CX Transformer -- > ACB-7 --> 600 V IX Switchgear 

-- > ACB-8 -- > 600 V 2X Switchgear 

ACB-3,4--> Underground path --> CT-4 (Unit 1/2 Blockhouse) --> Standby Buses -- > 
Oconee Main Feeder Buses 

INot all of the listed items were accessible, but are included for completeness.  

Notes: 1. While performing the walkdown, the team took photographs, which are collected 
in the PRA Walkdown Photo Album, and also took some video footage.  

2. General Walkdown Observations: 
* Many of the station components are clearly labeled. However, labeling is not 

yet as comprehensive as at Oconee. An effort is underway to expand labeling 
of station equipment.  

* Station equipment appeared to be in good material condition.  

* Station housekeeping is good. Everything appeared to be in its proper place.
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Table 4.3-1 

Keowee Walkdown Checklist 

Station equipment throughout the plant is protected from fire by fire detectors 
and spray nozzles, portable CO 2 extinguishers, and in the case of the 
generator, an automatic CO 2 fire suppression system. An evaluation of 
Keowee fire concerns will be done by an IPEEE study.  

* No design deficiencies were identified.



Table 4.6-1 
(Page 1 of 2) 

Recovery Events Applied To Cut Sets 

Event Name Recovery Event - Failure Event Pair 

1) EKOBASERHE Failure To Recover From Improper Base Adjust Setting 
EK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 

2) EKOBASERHE Failure To Recover From Improper Base Adjust Setting 

EK2BASELHE Keowee Unit 2 Base Adjust Is Set Incorrectly 
3) FKOFISHDHE Failure To Recover Flow Through Clogged Main Strainer 

FKOFISHCOM Common Cause Failure Of Both Unit's WL Filters Due To 
Intake Debris 

4) FKOFISHDHE Failure To Recover Flow Through Clogged Main Strainer 

FK2FLO1FRF Filter 2WLFL-1 Becomes Clogged 

5) FKOFISHDHE Failure To Recover Flow Through Clogged Main Strainer 

FKlFL01FRF Filter 1WLFL-1 Becomes Clogged 

6) GKOBRGVRHE Failure To Recover Thrust Bearing Cooling 

GK2BRGVLHE Keowee 2 Gen. Brng oil Cooling Flow Path Vlvs Mispositioned 
After Maintenance 

7) GKOBRGVRHE Failure To Recover Thrust Bearing Cooling 

GK1BRGVLHE Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned 
After Maint 

8) YOSTARTRHE Operators Fail To Manually Start Keowee 

YOSTARTCOM Common Cause Failure of Emergency Start Signal 
9) YOSTARTRHE Operators Fail To Manually Start Keowee 

LOEGTPSCOM Common Cause Failure of 137 And UF Detection Circuits 
10) ABOSWGRRHE Failure To Recover Keowee Auxiliary Power Breakers 

XA1BKRSCOM CCF of 1X Aux. Power Breakers ACB-5 & -7 
11) ABOSWGRR-E Failure To Recover Keowee Auxiliary Power Breakers 

XA2BKRSCOM CCF of Aux. Power Breakers ACB-6 & -8 
12) ABOSWGRRHE Failure To Recover Keowee Auxiliary Power Breakers 

XA56BKRCOM Common Cause Failure Of ACB-5 And ACB-6 To Close 
13) ABOSWGRRHE Failure To Recover Keowee Auxiliary Power Breakers 

XA78BKRCOM Common Cause Failure Of ACB-7 And ACB-8 To Close



(Page 2 of 2) 

Table 4.6-1 

Recovery Events Applied To Cut Sets 

Event Name Recovery Event - Failure Event Pair 

14) ABOSWGRRHE Failure To Recover Keowee Auxiliary Power Breakers 

ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power 
Breakers 

15) XDOKBATRHE Failure To Recover DC Power By Cross-connecting The DC 
Distr. Center 

XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 

16) XDOKBATRHE Failure To Recover DC Power By Cross-connecting The DC 
Distr. Center 

XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 

17) YOSTARTRHE operators Fail To Manually Start Keowee 

YOSTARTCOM Common Cause Failure Of Emergency Start Signal 

18) YOSTARTRHE Operators Fail To Manually Start Keowee 

LOEGTPSCOM Common Cause Failure of UV And UF Detection Circuits



Table 4.8-1 

Human Error Probabilities 
Pre-1992 and Base Case 

Event Pre-92 Value Base Case Value Description 

ABEOPRCDHE 1.OOE-01 9.OOE-03 Operators Faill To Close Air Circuit Breaker 2 
EK1BASELHE 1.OOE-02 3.20E-03 Keowee Unit 1 Base Adjust Is Set Incorrectly 

EK2BASELHE 1.00E-02 3.20E-03 Keowee Unit 2 Base Adjust Is Set Incorrectly 

FKOFLOODHE 2.OE-01 6.3E-02 Failure To Recover From Turbine Guide Bearing or Packing WL Filter 
Clogging 

PK1TSDCLHE 1.00E-02 3.20E-03 Latent Human Error Fails Turbine No. 1 DC Sump Pump 

PK2TSDCLHE 1.OOE-02 3.20E-03 Latent Human Error Fails Turbine No. 2 DC Sump Pump 

XD1KB1XDHE 2.OE-01 9.3E-02 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

XD2KB2XDHE 2.OE-01 9.3E-02 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

Note: Only the revised events are listed.
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5.0 KEOWEE DATA ANALYSIS 

5.1 INTRODUCTION 

The objective of the data analysis is to generate the values of the basic events of the fault 
trees and other events needed to quantify the Keowee reliability. Specifically, the data 
analysis provides the quantitative information on (1) Keowee plant data, (2) Keowee 
common cause failure data, and (3) Keowee human reliability.  

The Keowee plant data comprise the Keowee unit level reliability data (failure to start, 
failure to run, and maintenance unavailability), derived from Keowee-specific operating 
experience, and the equipment reliability data derived from the analysis of plant-specific 
component level experience data and consideration of generic data. The equipment 
reliability data are used to calculate the basic event probabilities of the random failure 
type.  

The common cause analysis, presented in Section 5.4, investigates the potential for 
simultaneous failure of both Keowee units due to some indirectly shared influence (for 
example, identical design, spatial coupling, etc.,) and estimates the common cause failure 
probabilities.  

Section 5.5 summarizes the analysis of the human element for its potential to cause 
Keowee failures or, occasionally, to overcome the equipment failures and achieve desired 
emergency response.  

Together, the basic events from random equipment failures, common cause failures, 
human errors, equipment maintenance unavailabilities, and any defined operational mode 
fractions comprise the data base needed for the Keowee PRA model solution. Appendix 
D contains the data base resulting from the data analysis.  

5-1



5.2 KEOWEE PLANT DATA ANALYSIS 

5.2.1 DATA ANALYSIS PROCESS 

An extensive amount of data was collected and analyzed in support of the Keowee PRA.  
Keowee unit level and equipment level operating data were collected for the period 
covering January 1, 1984 to December 31, 1993.  

The process utilized for the plant-specific data collection and analysis effort comprised: 

* selection of the type of data needed as determined by the systems analysts, 
* selection of data sources, 
* review of data reports and compilation of data of interest, 
* validation of the data by cross-checking the different data sources, 

interviewing Keowee personnel for clarification and confirmation, and 
Keowee PRA team reviews, 

* generation of event data tables with the information organized in the 
desired format, 

* generation of data on number of demands and operating hours, 
* calculation of failure rates and unavailability values, and 
* preparation of data reports.  

5.2.2 DATA SOURCES 

A number of data sources were relied on to compile the Keowee-specific data, as follows: 

Keowee Operator Logs 

This source is considered to be a complete and thorough record of plant operations and 
events of interest. This was the primary source of information for unit/component failures, 
unavailability, and unit run times. Event descriptions from this source could often be 
cross-checked with other sources such as the Oconee work request data base and the plant 
incident report data base (PIR & PIP) for completeness. These logbooks are controlled 
documents, maintained by the Keowee Hydro Station operators and reviewed by the 
Keowee plant supervisor while in active use. The inactive logbooks are maintained in 
permanent storage by Oconee Document Control.  
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Keowee Switchboard Log 

This is a computer printout containing unit operating data--start/stop times and hourly 
power output values. This was the primary source for the number of unit demands.  

PIP/PIR/IIR Data Base 

These are the Duke PoWer nuclear station incident report data base. These reports 
contain information (such as nature of the failure and cause of the failure) on component 
failures or problems in systems addressed in Technical Specifications.  

INPO LER Data Base 

This is a computer database maintained by INPO. It was referenced for completeness.  

Work Request Data Base 

A work request (WR) is written whenever maintenance is required on any piece of 
equipment. It contains the information on the nature and cause of the problem that 
required the maintenance work, who performed the work, and the dates of origination and 
completion of the WR and the work. As such, WRs constitute the most complete source 
of component failure histories. Along with the Keowee operators logbook, WRs served 
as a primary source of component failures and unit unavailability data.  

Oconee Reactor Operator Logbook 

The RO logbook contains information on Keowee and switchyard operations affecting 
Oconee, equipment removal and restoration entries, and completion of periodic tests.  

Jocassee Hydroelectric Station Data 

The Keowee data team met with Jocassee personnel to compare the operating experience 
and failure history of similar equipment. Jocassee personnel provided a listing of failure 
events for those Jocassee systems and equipment which perform similar functions at 
Keowee. This data enabled a qualitative benchmark of the Keowee data. The review of 
the Jocassee data indicated that, in general, equipment failures at-Jocassee are similar to 
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those found at Keowee and that it did not suggest the need to consider any new failure 
modes at Keowee.  

5.2.3 KEOWEE GENERATOR RELIABILITY DATA 

The Keowee generator reliability data include the unit start failure probability, the unit run 
failure probability, and the maintenance unavailabilities of one or both units. The start and 
run failure probabilities derived from the operating experience are not used in this Keowee 
reliability model calculation but are used to compare the model prediction with the 
operational data. The unit maintenance unavailability data, however, are used explicitly in 
the model calculation.  

Table 5.2-1 provides a listing of the Keowee unit start and run failure events during the 
data period 1984-1993, and Table 5.2-2 contains the summary information on the number 
of start failures and run failures, the total number of start demands, the total unit load run 
hours, and the unit unavailability hours.  

The start failure probability of interest is the failure applicable for an emergency start 
situation (ES failures). This probability is determined by first determining the number start 
failures applicable for the emergency start condition during the observation period and 
dividing by the number of applicable start demands. The ES failures include any actual 
failures during an emergency start (test or actuation) and any failure during normal 
automatic starts where the failure was caused by equipment response which would not 
have been bypassed during an emergency start condition. From the data in Table 5.2-2, 
there are 29 applicable failures in 6488 applicable start demands, resulting in an emergency 
start failure probability of 4.5E-3/demand.  

Similarly, the run failure probability of interest is the probability that the unit will fail 
during the load run, after a successful start. It is determined by dividing the number of 
load run failures applicable for the emergency load condition by the total number of 
successful load run hours during the observation period. From Table 5.2-2, there are 5 
run failures applicable to the emergency load run situation and 9713 total load run hours, 
giving a run failure probability of 5.1E-4/hour.  

The maintenance unavailabilities calculated from the data in Table 5.2-2 amount to 3.8E-2 
for one unit in maintenance and 5.2 for both units in concurrent maintenance.  
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5.2.4 KEOWEE COMPONENT FAILURE DATA 

Keowee component failure data are extracted from the body of data comprising the 
Keowee plant and equipment data. The component failures of interest are those events 
where a component appearing in one of the system models failed or was taken out of 
service for repair. Following the event identification, the event listing is sorted by the 
system or subsystem (for example ACB or generator) to correlate to appropriate type 
codes. Table C.1-1 in Appendix C provides the component failure data sorted by type 
code. The number of failures and information on number of demands or service hours are 
used to calculate the plant-specific component failure rates, as discussed in Section 5.3.  

As part of the Keowee component failure analysis, the trend in the occurrence of failures 
was investigated to identify any temporal behavior of concern. Figure 5.2-1 presents the 
trend in the occurrence of equipment failure and problems during this observation period.  
It suggests an increased activity of equipment failures in the 1991-92 period. Examination 
of equipment type, revealed that MG-6 relays and the X-relays are the principal 
contributors to this trend. Figure 5.2-2 presents the failure history of these relays 
compared to the Keowee start failures.  

All the X relays and many of the MG-6 relays have now been replaced, and the 
undesirable trend appears to have been corrected.  

5.3 KEOWEE COMPONENT RELIABILITY DATA 

The objective of the Keowee component data analysis is to develop the basic event data 
base representing the random failure probabilities of the components, with their specific 
failure modes, represented in the system fault trees. It is this data base; along with the 
data representing the human error events, common cause failure events, maintenance 
unavailability events, and operational state conditioning events; that is used to solve the 
system models and the integrated Keowee model to obtain the numerical reliability 
solutions of interest.  

To establish the component reliability data base for the Keowee PRA study, three options 
were considered: 

is 1. use of generic data, 
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2. use of Keowee-specific data, and 
3. use the combined generic and Keowee-specific data by means of the 

Bayesian update technique.  

The option to use generic data as the sole basis for the Keowee component reliability data 
base was rejected because of the availability of substantial Keowee-specific data. On the 
other hand, for some Keowee components with few or no failures and limited number of 
demands in the data period, the Keowee data alone was not considered adequate for 
statistical significance. Thus, it was decided to use Option 3 (Bayesian-updated generic 
plus Keowee data) for the base case solutions, and to perform a sensitivity study using the 
generic data to infer any strong dependence of the results on the type of the data. It turns 
out that because the Keowee data base was fairly extensive, the Bayesian-updated generic
plus-Keowee data followed the Keowee-specific data characteristics. Thus, the base case 
data base is primarily the Keowee-specific data base.  

Generic Failure Rates 

As part of the data analysis task, the availability and usability of various data sources were 
investigated. Generic data sources considered in this investigation included (I) NUREG
1150 data sources, (2) EPRI ALWR data base, (3) INEL data base, and (4) generic data 
in published PRAs. The availability of data pertaining to hydroelectric equipment from the 
Duke system was also investigated; however, it was determined not to be available in the 
level of detail needed for the Keowee PRA effort. The generic data in the Davis-Besse 
PRA (Reference 5) seems to be an amalgamation of several data sources and, in general, 
the data values in this reference appeared to be consistent with the values found in other 
data sources. Therefore, the generic failure rate data reported in the Davis-Besse PRA 
was selected as the primary generic data source. The INEL report, "Generic Component 
Failure Data Base for Light Water and Liquid Sodium Reactor PRAs" (Reference 6), and 
IEEE Std. 500 (Reference 7) were also utilized where the data on the equipment type was 
not available in the Davis-Besse PRA.  

The generic component failure rates used in the Keowee PRA study are shown in Table 
5.3-1.  
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Plant-Specific Failure Rates 

The plant-specific component failure rates/probabilities are calculated by dividing the 
number of component failures, as derived in Section 5.2.4, by the number of component 
challenges or service hours, as appropriate. For example, to compute the pump start 
failure probability, the number of start failures for the ten pumps included in the Keowee 
PRA model is ascertained. This number is then divided by the aggregate number of pump 
starts to obtain the pump start failure probability.  

The Chi-Squared variate at the 50% cumulative probability level is used estimate plant
specific failure rates for components that have not experienced a failure. The Advanced 
Light Water Reactor Utility Requirements Document (Reference 8) utilizes the following 
equation to estimate failure rates where no failures have occurred (such as for large-break 
LOCAs): 

X'o(2n+1) 
2T 

where O(A) = the failure rate of interest 

X5(2n+1) = the chi-squared quantile at the 50% cumulative 
probability level, with 2n + 1 degrees of freedom 

n = the number of failures observed 
T = exposure time or number of demands.  

(The 50% quantile is the median point of a data set: half of the values occur below this 
value and half above.) 

For the case where no failures have been observed, in = 0, and X2o(1) = 0.455.  
Thus the equation simplifies to: 

0.2275 
T 

Bayesian-Updated Failure Rates 

The final step in the analysis of data for use in the Keowee PRA model involves the 
Bayesian update process. In this exercise, the generic failure rates are "updated" with the 
plant-specific evidence on the number of failures, challenges, and service hours.  
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Results of Component Data Analysis.  

Table 5.3-1 contains data bases for the three types of component failure rates -- generic 
failure rates, plant-specific failure rates, and the Bayesian-updated failure rates. As stated 
earlier, it is the Bayesian-updated failure rates data that was used in the base case solution 
of the Keowee systems and the integrated models.  

As seen from this table, most of the plant-specific failure rates are lower than their generic 
counter parts. The service environment and operating stresses of the components in 
Keowee are relatively mild compared to the typical nuclear power plant environment.  
Also, some components (for example, the oil pumps) are relatively simple devices and 
appear to be very rugged for the Keowee applications. These differences could possibly 
account for some of the large differences between the generic failure rates and the Keowee 
failure rates in the few component types. Nevertheless, when viewed as an aggregate the 
Keowee component data is consistent with the generic data.  

Additional details of the Keowee component reliability analysis may be found in Appendix 
C. 1.  

5.4 KEOWEE COMMON CAUSE FAILURE ANALYSIS 

5.4.1 OVERVIEW 

Common cause failure mechanisms are an important aspect of a probabilistic safety study 
that have been recognized in many PRA studies to be major contributors to plant risk and 
system unavailability. A common cause failure event is an event resulting in multiple 
failures of a specified set of (usually similar) components due to a shared cause. Thus, 
these failures effectively defeat the redundancy employed to ensure the reliability of plant 
safety systems. For this reason a detailed assessment of potential common cause failure 
modes was performed for the Keowee systems and equipment.  

5.4.2 PROCESS 

The process used to assess common cause failure is based heavily on the guidance of 
NUREG/CR-4780 (Reference 3). This assessment included an operating history review, 
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qualitative analysis, Keowee specific data analysis, and event quantification. A detailed 
description of the process used to identify and quantify common cause events is provided 
in Appendix C.2.  

The operating history review includes examination of Keowee operator logs, LERs, and 
Problem Investigation Reports (IIR/PIR/PIP) for the years 1980-1993. The review period 
spans 14 years, instead of 10 years, as is used for the equipment random failure data, to 
capture the operating experience events for common cause failure analysis. Industry 
experience is also examined by reviewing EPRI Report TR-100382 (Reference 9) which 
provides information on actual events in recent years.  

A detailed qualitative analysis of the Keowee systems and components is performed using 
a modified procedure based on the generic cause approach described in NUREG/CR
4780, Volume 2, Appendix B (Reference 10). A full description of the qualitative 
procedure used is presented in Appendix C.2 of this report.  

Unlike previous Oconee risk studies, Keowee common cause events are modeled and 
quantified on a "component-level" rather than on a "train-level." Component-level 
modeling provides a better understanding of the common cause contribution to Keowee 
unavailability by examining root causes of equipment failures, common cause defense 
mechanisms, and potential recovery actions for certain failure modes.  

Using the system fault trees, the results of the operating history review, and the qualitative 
analysis, a list of common cause basic events is developed and incorporated into the fault 
trees. Candidate events are chosen to represent those components in the qualitative 
analysis that were found to have tangible coupling mechanisms between the units or 
between redundant components on the same unit. Common cause failures that have 
occurred previously at Keowee are also modeled. The system fault trees are also 
reviewed for dependencies or redundancies that could affect common cause modeling and 
to determine the best location for each common cause basic event. Most events are placed 
in the high level logic tree unless they affect a single unit only.  

To the greatest extent possible, both industry data and Keowee operating data are used to 
quantify common cause basic events instead of using strictly generic common cause 
parameters. Industry common cause events are reviewed and screened according to their 
applicability to similar Keowee components. Industry data is found on circuit breakers, 
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batteries, and air-operated valves.  

The Multiple Greek Letter (MGL) model is used to calculate common cause multipliers.  
Basic events for which no common cause data is available, are quantified using generic 
MGL parameters taken from NUREG/CR-5801 (Reference 11). The common cause 
multipliers are in turn multiplied by the random failure probability for the component 
group represented by the common cause basic event. The random failure probability is the 
"independent" failure probability for the modeled component. For components which 
were modeled down to the subcomponent level, the random failure probability was taken 
as the intermediate gate solution from the system fault tree for that specific component 
group.  

Credit is taken, when deemed appropriate, for Keowee defensive mechanisms that are 
considered substantially stronger than typical industry defensive strategies. For example, 
the use of at least one Keowee unit for daily grid generation provides a strong defense 
against common cause failure. Unit operation in this mode provides a full functional 
check of the most important systems needed for emergency operation. By providing a 
frequent test, the exposure time of the units to a common failure mode is greatly reduced.  
The additional design margin provided for higher system generating loads is another 
important defense mechanism for the generator and generator cooling water systems.  
Basic events that are considered "strongly defended" are given a "Beta-factor" that is a 
factor of two lower than the generic "Beta-factor" for that system.  

5.4.3 COMMON CAUSE ANALYSIS RESULTS 

The results of the common cause quantification are presented in Table 5.4-1. A sensitivity 
study is performed by summing the common cause component run failures and start 
failures and comparing the total probability with the run and start common cause failure 
probability calculated using a "system-level" analysis approach. Details of this sensitivity 
study are provided in Appendix C.2, Section C.2.5.2.  

The results of this comparison are shown in Figure 5.4-1. This comparison shows good 
agreement between the component-level analysis and a system-level analysis. However, 
the additional effort of the component-level analysis provides additional insight into the 
common cause contribution to specific system unreliability and the importance of operator 
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recovery of equipment failures such as generator cooling or auxiliary power breakers.  

The overall impact of common cause failures on Keowee reliability is discussed in Section 
7.6 and in Appendix C.2 of this report.  

5.5 KEOWEE HUMAN RELIABILITY ANALYSIS 

5.5.1 OVERVIEW 

The objective of the Keowee human reliability analysis (HRA) effort is to identify, assess, 
and quantify potential human errors which can lead to the failure of Keowee for the 
Oconee emergency power function. The human error events of interest are either modeled 
in the affected individual system fault trees or considered as part of the integrated solution 
of the Keowee reliability model.  

Human reliability events in the Keowee PRA account for potential human errors which 
would result in: 

i a. failed initial equipment configurations (called pre-event errors or latent 
human errors), 

b. unsuccessful response in dealing with failed equipment (called recovery 
errors), and 

c. a worsening situation (called commission errors).  

This section summarizes the Keowee PRA HRA process and the quantitative results.  
Appendix C.3 contains additional details.  

5.5.2 PROCESS 

The HRA process utilized in the Keowee PRA is consistent with the process outlined in 
the EPRI report "SHARP I -- A Revised Systematic Human Action Reliability Procedure" 
(Reference 12).  

Briefly, the process consists of the following steps: 

1. walkdown of Keowee, 
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2. review of Keowee and industry operating events, 

3. review of plant procedures, 

4. event identification and integration, 

5. interview of plant personnel, 

6. quantification, 

7. recovery analysis, and 

8. internal review.  

Appendix C.3 elaborates on these steps, and the following subsections provide a brief 
description of some of these steps.  

5.5.3 WALKDOWN 

The initial walkdown of the plant was performed at an early stage of the project, and it 
involved the entire Keowee PRA team. During this walkdown, the Keowee operators 
were briefly interviewed, focusing on such considerations as procedure use and staffing.  

The plant walkdown enabled the team to develop the understanding on the physical 
arrangement of systems, locations of controls and indications of equipment of interest, and 
factors affecting equipment recovery. Further, the walkdown proceedings facilitated the 
interface for subsequent dialogue between the HRA team and the Keowee personnel.  

5.5.4 PLANT INTERVIEWS 

Numerous interviews and phone conversations were conducted as part of the HRA 
process. Personnel contacted included: 

* a Keowee "on call" operator, 
* the Keowee electrical systems engineer, 
* the Keowee mechanical systems engineer, and 
* the Oconee Switchyard Superintendent.  

These interviews were utilized to gather HRA information such as: 

* plant policy on post-maintenance functional testing, on tag-out and key 
control, and on use of procedures, 
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* control boards labeling conventions, 
* indications on improperly aligned equipment, 
* extent of training and practice on specific procedures, 
* feasibility of operator action upon equipment failure, and 
* time estimates.  

5.5.5 SCREENING 

The intent of the screening step suggested by the SHARP methodology (Reference 12) 
was followed by performing a review of the plant procedures, documenting the resulting 
insights, and providing the results to the system analysts for inclusion in the system 
models.  

At a later stage of the HRA process, a more detailed review of the procedures was 
conducted to ensure that no important human error events were overlooked.  

5.5.6 TYPES OF EVENTS CONSIDERED 

For the Keowee PRA, the assumed initiating event is a loss of off-site power at Oconee 
for which emergency power from Keowee is needed.  

Human error events often considered in PRA studies are classified as pre-initiator errors 
(also designated as latent human errors) or post-initiator errors, on the basis as to whether 
the error is assumed to occur prior to the initiating event or after the initiating event.  

The post-initiator errors are further distinguished into three types: 

* Dynamic Human Error (DHE) -- This is a post initiator human error for a 
situation where the correct response is proceduralized.  

* Recovery Human Error (RHE) -- This is a post initiator human error for a 
situation where the correct response is not proceduralized.  

* Commission Human Error (CHE) -- This is an error in which the operator 
takes a wrong action in response to the event and thereby makes the event 
more serious.  

5-13



In general, commission errors are not analyzed in typical PRA studies. For the Keowee 
PRA, however, an attempt is made to look for the opportunities for these types of errors 
and to quantify selected errors for the pre-1992 configuration where the error potential 
was more apparent.  

Thus, the Keowee PRA human error analysis includes the analysis of latent human errors 
(LHEs), post initiator events (DHE and RHE), and commission errors.  

5.5.7 METHODOLOGY 

Latent Human Errors 

The latent human errors identified for the Keowee systems are classified and assigned 
probability values using the event tree and probability values found in NUREG/CR-1278 
(Reference 13), as follows: 

Error Classification Error Probability 

1. Post maintenance errors for components which are not 3.2E-3 
functionally tested and not checked on the daily rounds.  

2. Post maintenance errors for components which are not 3.2E-4 
functionally tested but are checked on the daily rounds.  

3. Post maintenance errors for components which are 2.6E-4 
functionally tested.  

4. Post maintenance errors for components which are 5.2E-5 
functionally tested and red-tagged.  

Post Initiator (DHE and RHE) Events 

The correlation used to quantify most post initiator events for the Keowee PRA is the 
decision tree model of EPRI TR- 100259 (Reference 14). This method relies on the details 
of procedures as a way of assigning probabilities of the human responses. For the non
proceduralized event involving the manual starting of Keowee, however, the value of 0.5 
is assigned based on engineering judgment.  
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Errors of Commission 

Errors of commission were considered for the Keowee PRA HRA because errors of this 
type were identified during the review of the operating experience. These events were 
quantified to perform a sensitivity study related to the pre-10/92 versus post-10/92 
configuration of Keowee human factors (control room indications, personnel training, 
procedures, and management interface).  

The quantification method used for the errors of commission is entitled "INTENT: A 
Method for Estimating Human Error Probabilities of Errors of Intention" (Reference 15).  
This method involves classifying the errors into various types and using performance 
shaping factors to calculate the probability values based on an assumed distribution.  

5.5.8 KEOWEE HUMAN RELIABILITY RESULTS 

The results of the Keowee PRA human reliability analysis are shown in Table 5.5-1, with 
the error events and their estimated probabilities. These events and their probabilities are 
used in the Keowee fault tree models to calculate the overall probability of Keowee failure 
following an emergency start demand from Oconee.  

5.5.9 INSIGHTS AND RECOMMENDATIONS 

Although there are several opportunities for latent human errors, these error probabilities 
are calculated to be low. This result is consistent with the low occurrence of human error 
events found in the operating experience review. Sensitivity studies (Section 7.5) 
involving recovery events indicate that, collectively, the operator recovery of equipment 
failures reduces the Keowee overall failure probability by approximately 26%. Individual 
recovery events have only a small impact on the calculated overall Keowee failure 
probability, however.  

Some enhancement of the alarm response procedure and the Keowee emergency start 
procedure are recommended as indicated below: 

a. The Keowee procedure group should review MP/O/A/2005/1 to determine 

if additional details (such as valve names, sign-off spaces and verification 

spaces) are needed.  
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b. The alarm response procedure for generator cooling water flow (SA2-28) 
should have sign-off spaces ("place-keeping aids").  

c. The Keowee procedure for emergency start should include guidance to 
close the auxiliary power breakers locally if they can not be closed from the 
control room.  

d. The alarm response procedure for the battery trouble alarm (SAl-44) 
should include the steps necessary to align the standby charger.  
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Table 5.2-1 Keowee PRA Unit Emergency Start/ Run Failures (1984-1993) 

EFFECT ON UNIT DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

5-7-84 K Log 2 Voltage Regulator Unit 2 started for system generation but received This is being counted as an ES UI RO Log EMERG. (No Component Failure) a Normal Lockout. The voltage regulator would failure due to the fact that the Base U2 RO Log START not come on in auto (unit would run in manual). Adjust was set for only 12.8 kV WR 58285B FAILURE The cause of the problem was determined to be due instead of the 13.8kV required to 
to the Base Adjuster having a preset position (S3- supply Oconee's emergency loads.  
S4) which gave a low no-load machine voltage 
(12.8kV instead of rated 13.8kV) which did not 
match the Volts Adjust setting of 13.8kV setting 
when the voltage reg. came on in auto. The 
mismatch caused a time delay greater than the 
Volts-Hertz time delay relay setting which shut 
down the unit. The Base Adjust was reset to 
13.8kV and the unit started several times 
successfully.  

11-20-84 K Log 2 #2 Supply Breaker Oconee started Unit 2 for operability test to take Unit 2 was not available for Unit 2 RO Log EMERG. X Relay Coil Unit I out of service for annual PMG inspection Emergency Start during this WR 58309B START but the #2 Supply Breaker failed to close. The occurrence.  
FAILURE breaker was removed and inspected but the cause 

of the problem was not found. Unit 2 was run 
several times successfully with no re-occurrence 
of the problem.  

12-4-84 K Log 2 #2 Supply Breaker Oconee attempted an auto start of Unit 2 but the Unit 2 was not available for U2 RO Log EMERG. X Relay Coil Supply Breaker failed to close. Replaced X-relay Emergency Start during this WR 58312B START coil and adjusted mechanical linkage to relay. occurrence.  
FAILURE Tested breaker successfully 15 times.  
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Table 5.2-1 Keowee PRA Unit Emergency Start / Run Failures (1984-1993) 
EFFECT ON UNIT 

DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

11-19-85 K Log 2 #2 Generator Unit 2 was generating to the grid when it received Unit 2 was unavailable for Emerg.  PIR 085-46-4 EMERG. a Normal Lockout due to a Generator Field Start for 181 hours to repair the 
WR 58369B RUN Ground. The problem was due to the electrical generator.  

FAILURE connection between two generator rotor field poles 
having burned out. The root cause of the burned 
out connection was believed to be due to vibration.  

4-23-86 K Log 2 Voltage Regulator At 1540 Oconee started Unit 2 to check operability, Unit 2 unavailable or Emergency 
WR 58420B EMERG. #2 Supply Breaker but ACB-2 failed to close. Started the unit from Start.  
U2 RO Log START Keowee and observed that the Supply Breaker 

FAILURE did not close.Upon inspection, the breaker did not 
appear to be jacked all the way in. The breaker had 
moved back in its slot enough to break contact. The 
breaker was jacked in and tested satisfactorily.  

4-24-86 K Log 2 Voltage Regulator At 0649 Oconee attempted to start Unit 2 for Unit 2 unavailable for Emergency 
TR 58421lB EMERG. #2 Supply Breaker system generation, but the Supply Breaker did not Start.  

U2 RO Log START (latch release plunger) close. The unit was then started from Keowee.  
FAILURE The Field breaker closed but the Supply Breaker 

failed to close. The next start attempt from 
Keowee was successful but the following attempt 
from Oconee was not. The problem was 
determined to be due to a corroded latch release 
plunger in the Generator Supply Breaker. This 
latch release plunger prevented the breaker from 
operating as expected.  

5-28-86 K Log 1 Voltage Regulator Oconee started Unit I for system generation but Unit I unavailable for Emergency 
WR 58446B EMERG. Field Breaker the Field Breaker did not close. The unit was Start.  
U2 RO Log START started and ran in local / manual satisfactorily.  

FAILURE Oconee performed an operability test on unit I 
and it worked fine. No problem was identified.  
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Table 5.2-1 Keowee PRA Unit Emergency Start / Run Failures (1984-1993) 
EFFECT ON UNIT DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

2-6-88 K Log I Voltage Regulator Started Unit I for system generation. The unit Whenever the generator excitation EMERG. Field Breaker rolled off but excitation did not close. Aborted doesn't close in, the unit will not START start on #1. Started Unit I again and everything start in any mode.  
FAILURE worked okay.  

3-15-88 K Log I Voltage Regulator Started Unit I for system generation but the Whenever the generator excitation EMERG. Field Breaker Excitation Breakers failed to close. Aborted start. doesn't close in, the unit will not START Started, paralleled, placed Unit 1 on LFC. Unit start in any mode.  
FAILURE started fine this start.  

5-23-88 K Log I Voltage Regulator When doing retest on Unit I the unit came on but Whenever the generator excitation EMERG. Field Breaker the excitation supply did not close. The unit shut doesn't close in, the unit will not START down due to an incomplete sequence. Did another start in any mode.  
FAILURE start and the unit worked okay.  

2-9-89 K Log I #1 Field Supply Breaker Oconee started Unit I to test the Overhead Path, Unit I unavailable for Emergency WR 58647B EMERG. X Relay but the Supply Breaker did not close. Problem Start.  
START was determined to be due to the X Relay sticking.  

FAILURE Replaced relay and the worked fine.  

2-12-90 K Log I #1 Field Breaker Started Unit I for system generation but Failure of the generator excitation WR 58720B EMERG. X Relay excitation breakers did not close. Problem was to close in would have prevented an START found to be due to X Relay coil sticking. Replaced Emergency Start had it been FAILURE X Relay unit tested satisfactorily. required.  
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Table 5.2-1 Keowee PRA Unit Emergency Start Run Failures (1984-1993) 
EFFECT ON UNIT 

DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

3-27-90 K Log 1 Voltage Regulator Started Unit 2 for system generation but unit This is being counted as an ES 
WR 58732B EMERG. Base Adjust (70B Cam would not start. Found problem to be due to the failure since we dont know what 

START Switch) 70B cam switch not resetting to its preset position. the Base Adjust setting was when 
FAILURE This caused the 70BX relay to drop out. Cleaned the unit was started. It may have 

contacts and unit started. been positioned at a setting which 
provided voltage less than 13.8kV.  

12-26-90 K Log 1 Voltage Regulator Started Unit I for system generation but Generator Failure of the generator excitation 
EMERG. Field Breaker Excitation Breakers did not close in. A 2nd start to close in would have prevented an 
START (X-Relay) attempt was successful. This is one of a series of Emergency Start had it been 

FAILURE phantom Unit 1 start failures which resulted in required.  
the replacement of all excitation breaker 
X relays.  

1-16-91 K Log I Voltage Regulator Started Unit 1 for weekly preventative Failure of the generator excitation 
EMERG. Field Breaker maintenance but Generator Excitation Breakers to close in would have prevented an 
START (X-Relay did not close in. A 2nd start attempt was Emergency Start had it been 

FAILURE successful. This is one of a series of phantom required.  
Unit 1 start failures which resulted in the 
replacement of all excitation breaker X relays.  

1-21-91 K Log I Voltage Regulator Oconee started Unit 1 for test but Generator Failure of the generator excitation 
EMERG. Field Breaker Excitation Breakers did not close in. A 2nd start to close in would have prevented an 
START X-Relay attempt was successful. This is one of a series of Emergency Start had it been 

FAILURE phantom Unit start failures which resulted in required.  
the replacement of all excitation breaker 
X relays.  
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Table 5.2-1 Keowee PRA Unit Emergency Start/ Run Failures (1984-1993) 

EFFECT ON UNIT 
DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

2-1-91 K Log 1 Voltage Regulator Started Unit I for system generation but Failure of the generator excitation 
EMERG. Field Breaker Generator Excitation Breakers did not close in. to close in would have prevented an 
START (X-Relay) A 2nd start attempt was successful. This is one of a Emergency Start had it been 

FAILURE series of phantom Unit I start failures which required.  
resulted in the replacement of all excitation 
breaker X relays.  

3-31-91 K Log I Voltage Regulator Started Unit 1 for system generation but Failure of the generator excitation 
EMERG. Field Breaker Generator Excitation Breakers did not close in. to close in would have prevented an 
START (X-Relay) A 2nd start attempt was successful. This is one of a Emergency Start had it been 

FAILURE series of phantom Unit I start failures which required.  
resulted in the replacement of all excitation 
breaker X relays.  

4-7-91 K Log I Voltage Regulator Started Unit I for system generation. The Field Failure of the generator excitation 
WR 58771B EMERG. Field Breaker Supply Breaker did not close in. A 2nd start to close in would have prevented an 

START (X-Relay) attempt was successful. Supply Breaker was Emergency Start had it been 
FAILURE replaced with spare breaker and both tested required.  

satisfactorily. Cause of problem unknown.  
This is one of a series of phantom Unit 1 start 
failures which resulted in the replacement of all 
excitation breaker X relays.  

5-31-91 K Log I Voltage Regulator Unit I started for system generation. Unit rolled Failure of the generator excitation 
EMERG. Field Breaker off but the Supply, Field, and Field Flashing to close in would have prevented an 
START (X-Relay) Breakers failed to close. This is one of a series of Emergency Start had it been 

FAILURE phantom Unit 1 start failures which resulted in required.  
the replacement of all excitation breaker 
X relays.  
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Table 5.2-1 Keowee PRA Unit Emergency Start/ Run Failures (1984-1993) 
EFFECT ON UNIT DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

6-7-91 K Log I Voltage Regulator Started Unit I for system generation but Failure of the generator excitation 
EMERG. Field Breaker excitation didn't close in. Immediately attempted to close in would have prevented an 
START (X-Relay) another start and unit started and closed in Emergency Start had it been 

FAILURE satisfactorily. This is one of a series of phantom required.  
Unit I start failures which resulted in the 
replacement of all excitation breaker X relays.  

6-11-91 K Log 1 #1 Field Supply Breaker Oconee started Unit I for PT. The Field Supply Unit 1 unavailable for Emergency PIP 4-091-0063 EMERG. X Relay Breaker failed to close. The problem was found Start.  
START to be due to the X Relay not resetting after the 

FAILURE last shutdown. Relay was reset and Unit I ran 
satisfactorily.  

9-6-91 K Log 2 Voltage Regulator Started Unit 2 for system generation. Field Unit 2 unavailable for Emergency 
WR 59667 EMERG. Field Breaker Breaker failed to close. Problem was due to the Start.  

START 99SY Relay 99SY relay being open. Replaced relay and tested 
FAILURE unit satisfactorily. The 99SY relay is an auxiliary 

relay off of the Shutdown Solenoid Auxiliary Relay 
circuit. the 99SX relay energizes the governor and 
the 99SY relay to close the Field Breaker.  

1-29-92 K Log I Voltage Regulator Started Unit I for system generation but the Unit 1 was not available for 
PIR 4-092-0020 EMERG. Field Supply Breaker generator excitation did not close in. Checked Emergency Start during this 
LER 269/92-02 START (X -Relay) circuitry with no problems found. Restarted unit occurrence.  

FAILURE and everything worked as designed. Keowee 
operators to check that X-Coil has reset after 
each Unit I and Unit 2 shutdown. This is one of a 
series of phantom Unit I start failures which 
resulted in the replacement of all excitation 
breaker X relays.  
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Table 5.2-1 Keowee PRA Unit Emergency Start / Run Failures (1984-1993) 

EFFECT ON UNIT 
DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

10-19-92 K Log 2 No Component Failure. Oconee LOOP Event - With the Main Trans- Unit 2 Run Failure.  
PIP 2-092-0563 EMERG. former still locked out and both units spinning, the 
LER 270/92-04 RUN K Operator reset the Transformer lockout which Note: This was not an equipment 

FAELURE allowed ACB- I to close and re-energize the Trans- failure. the unit operated as 
former. ACB-6 was closed to restore Aux. Power to designed.  
Unit 2. He then reset the IX and ACB-7 lockouts 
and closed ACB-7 by hand to re-energize IX ONS 
Operator reset the ES signal and K Unit 
1 is shut down. The K Unit 1 shut down results 

in Unit 2 being tripped which causes the 2nd loss 
of power to ONS-2. K Unit 2 was tripped by 
protective logic which monitors voltage on the 
Main S/U Transf. (which was de-energized).  

10-19-92 K Log 2 No Component Failure. Oconee LOOP Event - When the Main Feeder Unit 2 unavailable for Emergency 
PIP 2-092-0563 EMERG. Buses became de-energ., a 2nd ES Signal was Start until speed switch in Field 
LER 270/92-04 START initiated to start both K units, but ACB-I did not Breaker is allowed to reset.  

FAELURE close due absence of Swyd. Isol. Complete 
Permissive Signal. K Unit 2 had started to slow Note: This was not an equipment 
down when the 2nd ES signal was received, failure, the unit operated as 
but the ES Signal caused it to restart before the designed.  
speed switch in the Field Breaker anti-pump circuit 
could reset which prevented the field from flashing.  

11-5-92 K Log 2 63TA/2X-C2 Unit 2 was generating to the grid. A unit 2 Trip Human Error.  
WR 59746C EMERG. was received, followed by the closure of #2 Unit 2 was out of operation and the 

RUN Governor Main Valve. The trip was initiated when Overhead path was out of service 
FAILURE a wire lug was broken on 63TA/2X-C2 relay while the lug was being replaced.  

during a wiring inspection in cabinet 2LC2.  
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Table 5.2-1 Keowee PRA Unit Emergency Start / Run Failures (1984-1993) 
EFFECT ON UNIT 

DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

11-28-92 K Log 2 ACB-2 Keowee Unit 2 was started for system generation This is being counted as an Emerg.  
WR 59752C EMERG. Exhaust Valve Connection but ACB-2 would not close either automatically or Start failure due to the fact that 

PIP 0-092-0663 START Rod manually. The operator found a smoking relay this unit was aligned to the overhead 
PIP 0-092-0675 FAILURE in the ACB-2 cabinet. The problem was caused Emergency Power Path.  

by a broken exhaust valve connection rod which 
caused the x-relay (52X/MG-6 relay) to remain 
energized until it overheated and burned up.  

12-1-92 K Log I Voltage Regulator While generating to the grid Unit I received a Unit 1 out of service for ES.  
WR 59753C EMERG. Voltage Error Card statalarm on Generator #1 Excitation Low and 

LER 269/92-18 RUN Voltage Adjuster Static Inverter AC Frequency Out of Tolerance.  
FAILURE The output voltage was also swinging. The unit 

was shut down. Troubleshooting the problem 
revealed that the Voltage Regulator Error 
Detector in the logic drawer was bad. While test
ing the voltage error detector it was necessary to 
run the Voltage Adjuster to its maximum and 
minimum positions. Due to age and wear the cam 
follower on the cam switchs #2 and #9 were bent 
backwards making it necessary to replace the 
Voltage Adjuster. Replaced with a used compon
ent from stock.  

12-2-92 K Log 2 #2 Generator Unit 2 started for operability test. The unit tripped Human Error.  
WR 591754C EMERG. Y Phase PT Circuit by emergency lockout on #2 generator ground Unit 2 unavailable for Emergency 

START fault overcurrent (59GN2). Found nicked wire Start.  
FAILURE (53) between 290-IX and 290-4X with a nick in 

the insulation from a screw used to attach the 
cover plate of the Voltage Regulator. Problem 
was caused by I & E technicians as they were 
completing a Configuration Control Inspection 
of Safety Related cabinet wiring.  
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Table 5.2-1 Keowee PRA Unit Emergency Start/ Run Failures (1984-1993) 
EFFECT ON UNIT 

DATE SOURCE UNIT COMPONENT EVENT DESCRIPTION OPERATION 

4-5-93 K Log 2 Voltage Regulator Unit 2 started for system generation but Field Unit 2 unavailable for Emergency 
WR 59790C EMERG. Field Flash Breaker Flash Breaker failed to close. Problem was due Start.  

PIP 0-093-0322 START DC Control Power Fuse to a blown fuse in the DC control circuitry for 
PIP 0-093-0319 FAILURE (NON-15) the breaker. Fuse was replaced and the unit 

tested successfully.  

4-12-93 K Log 2 Voltage Regulator Unit 2 Keowee Alarm lockout due to Field Unit 2 unavailable for Emergency WR 59797C EMERG. #2 Field Flash Breaker Flash Breaker failure during startup for system Start.  
WR 59799C START Closing Coil generation. Closing coil had burned. Replaced 

PIP 0-093-0332 FAILURE closing coil and plunger assembly.  
PIP 0-093-0357 

5-4-93 K Log I Voltage Regulator Keowee unit 1 Voltage Regulator OOS. Unit 1 Unit I unavailable for emergency WR 74354B EMERG. Volts-Hertz Limiter Card was shut down while generating to the grid due start.  
0-093-0374 RUN to VARs going in the hole. The unit did not 

FAILURE respond to the Voltage Adjust or the Base 
Adjust controls. Entered 72 Hr. LCO.  

9-16-93 K Log I Voltage Regulator Keowee unit I failed to emergency start Loss of a required Emergency 
WR 93067874-01 EMERG. #1 Field Supply Breaker per PT/0A10620/16 due to the Field Power Source. This is a valid 
PIP 0-093-0739 START Breaker Mechanism Supply and Field Flashing breakers failing to Emergency start failure and it 

FAILURE Cotter Pin close. The supply breaker did not close due to a occurred during an ES test.  
'trip free' operation caused by a missing cotter 
pin in the pin that connects the close solenoid 
armature to the breaker toggle mechanism. As 
a result, the closing coil remained energized 
because the auxiliary contacts did not function 
to energize the y-relay to drop out the x-relay 
which de-energizes the close coil.  
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Table 5.2-2 Keowee Operation Summary Data (1984 - 1993) 

Year: 199 1992 1991 1990 1989 1988 1987 1986 1985 1984 TOTAL 

ES Failures Counted for KRA: 3 4 9 3 1 3 0 3 0 3 29 

ES Failures (Actual): 1 1 0 0 0 0 0 0 0 0 2 

Number of Automatic Start Failures: 3 6 2 2 1 3 1 0 1 0 19 

Number of Manual Start Failures: 1 1 0 0 1 0 0 0 0 1 4 

Number of Unit Demands: Unit 1 418 294 339 419 294 331 331 327 288 349 3390 
Unit 2 224 29 332 405 364 327 300 25 248 348 3M9 

Subtotals 642 587 671 824 658 658 631 584 536 697 6488 

Number of ES Demands: (HOT) 2 4 0 0 0 0 1 0 0 0 7 
(COLD) 11 17 5 10 16 9 15 10 9 4 106 

Emerg. Run Failures Counted For KRA: 1 3 0 0 0 0 0 0 1 0 5 

Automatic Run Failures: 0 0 0 0 0 2 0 0 0 0 2 

Number of Unit Run Hours: Unit 1 925.7 710.4 562.0 636.1 312.1 271.4 459.6 383.8 411.8 612.1 5285.0 
Unit2 331.3~ 733.1J 547.7 554.3 42. 296.2 429.1 281.9 311.9 51. 4428.0 

Subtotals 1257.0 1443.5 1109.7 1190.4 740.7 567.6 888.7 665.7 723.7 1126.0 9713.0 

Unit Unavailability For ES: Unit 1 195.40 180.30 108.38 83.90 129.23 86.42 484.90 115.70 246.00 215.21 1845.44 
Unit 2 21.04 16657 130.82 48&3 108.48 72.67 129.40 130.6 38.18~ 548.43 1942.61 

Subtotals 414.44 346.87 239.20 132.27 237.71 159.09 614.30 246.35 634.18 763.64 3788.05 

Station Unavailability For ES: 84.85 19.58 65.37 1.30 40.37 1.50 62.40 0 109.40 73.80 458.57 

is Pag 2



Table 5.2-2 Keowee Operation Summary Data (1984 - 1993) 

Year: 1993 1992 .1991 1990 1989 1988 1987 1986 1985 1984 TOTIAL 

Period Hours: Unit 1 87600 
(Total No. Hrs. For Review Period) Unit 2 87600 
Unit Availability: Unit 1 85754.56 
(Period Hrs. - Unavailable Hrs.) Unit 2 85657.39 171412 
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Table 5.3-1: Keowee Component Failure Rates 

M Genteric EarrL No. L Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate FacLo Source Failures Denominator Failure Rate Failure Rate Eror Factor 
Air Operated Fails to Open on Davis-Besse 
Valve Demand AVO 2.20E-03 /d 2.8 IPE 0 6488 3.51E-05 2.8E-04 2.8 
Air Operated Davis-Besse 
Valve Transfers Closed AVT 2.70E-06 /hr 10 IPE 0 9713 2.34E-05 2.3E-06 10.0 

Fails to Maintain Davis-Besse 
Battery Charger Output BCF 1.10E-05 /hr 4.9 IPE 6 171412 3.50E-05 2.9E-05 1.9 

Davis-Besse 
Electric Bus (DC) Fails BDF 6.10E-07 /hr 5.2 IPE 0 872212 2.61E-07 3.2E-07 5.2 
Electric Bus (4 Kv Davis-Besse 
or Higher AC) Fails BHF 5.30E-07 /hr 5.1 IPE 0 350400 6.49E-07 4.OE-07 5.1 
Electric Bus (600 Davis-Besse 
Vac or Lower) Fails BLF 3.60E-07 /hr 6.4 IPE 0 342824 6.64E-07 2.7E-07 6.4 

Fails to Provide 
Battery Output BYF 1.18E-03 /d 7.8 Composite 0 60 3.79E-03 9.3E-04 7.8 
Circuit Breaker (4 Fails to Remain Davis-Besse 
or 6.9 Kv AC) Closed C4T 1.90E-06 /hr 5.7 IPE 0 262800 8.66E-07 9.4E-07 5.7 
Circuit Breaker Davis-Besse 
(DC) Spurious Operation CDT 1.90E-06 /hr 5.7 IPE 0 6250420 3.64E-08 7.5E-08 5.7 
Circuit Breaker Fails to Close on 
(PCB) Demand CHC 7.20E-05 /d 10 IEEE 500, p. 115 1 2263 4.42E-04 2.6E-04 3.7 

Human Error ErrorofCommision CHE N/A N/A N/A N/A N/A N/A N/A N/A 
Circuit Breaker Fails to Open on 
(PCB) Demand CHO 4.OOE-05 /d 10 IEEE 500, p. 115 0 2263 1.01E-04 2.6E-05 10.0 
Circuit Breaker 
(PCB) Spurious Operation CHT 3.OOE-07 /hr 10 IEEE 500, p. 115 2 615432 3.25E-06 1.9E-06 2.8 
Circuit Breaker Davis-Besse 
(Low Voltage AC) Spurious Operation CLT 1.90E-06 /hr 5.7 IPE 1 1371296 7.29E-07 9.1E-07 3.3 
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Table 5.3-1: Keowee Component Failure Rates 

ly.pe Gentric Error No..of Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate Factor Source Failures Denominator Failure Rate Failure Rate Eror Factor 

Common Cause COM N/A N/A N/A N/A N/A N/A N/A N/A 

Fails to Close on Davis-Besse 
Check Valve Demand CVC 9.70E-04 /d 5.2 IPE 0 1040 2.19E-04 3.5E-04 5.2 

Fails to Open on Davis-Besse 
Check Valve Demand CVO 1.90E-04 /d 8.9 IPE 0 87832 2.59E-06 2.3E-06 8.9 

Davis-Besse 
Check Valve Fails to Remain Open CVT 4.50E-07 /hr 20 IPE 0 197774 1.15E-06 1.3E-07 20.0 

Undeveloped 
Event DEX N/A N/A N/A N/A N/A N/A N/A N/A 

Dynamic -luman 
Human Error Error DHE N/A N/A N/A N/A N/A N/A N/A N/A 

Diode Fails to Operate DIF 1.22E-06 /hr 10 IEEE 500 1 175200 5.71E-06 3.8E-06 3.7 
Unavailable Due to 
Maintenance or 

Battery Testing DYM N/A N/A N/A N/A N/A N/A N/A N/A 

Filter or Strainer Plugs/fails to Deliver Davis-Besse 
(Raw Water) Flow FRF 1.20E-05 /hr 6.6 IPE 0 342824 6.64E-07 9.8E-07 6.6 

Filter or Strainer Plugs/fails to Deliver Davis-Besse 
(Oil) Flow FTC 1.20E-05 /hr 6.6 IPE 0 171412 1.33E-06 1.8E-06 6.6 

Fails to Remain Davis-Besse 
Electrical Fuse Closed FUF 6.30E-07 /hr 9.4 IPE 4 857060 4.67E-06 3.6E-06 2.1 

Float Valve Fails to Remain Open FVT Unavailable /hr N/A N/A 1 171412 5.83E-06 N/A N/A 

Davis-Besse 
Pump Fails to Run GPR 2.40E-05 /hr 3.2 IPE 2 195632 1.02E-05 1.4E-05 2.3 

Fails to Start on Davis-Besse 
Pump - Demand GPS 3.10E-03 /d 3.2 IPE 7 87784 7.97E-05 9.7E-05 1.7 
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Table 5.3-1: Keowee Component Failure Rates 

Tvig_ Generic ErroL No. of Elant-Specific Bayesian-Updated 
Component Failure Mode Cods Failure Rate Factor Source failures Denominator Failure Rate Failure Rate ErrorFactor 
Hydro-Electric 
Generator Fails to Run HGR N/A /hr N/A N/A 1 10570 9.46E-05 N/A N/A 
Hydro-Electric 
Generator Fails to Start HGS N/A /d N/A N/A 1 6488 1.54E-04 N/A N/A 

Davis-Besse 
Heat Exchanger Fails to Transfer Heat HXF 3.40E-06 /hr 8.2 IPE 0 307394 7.40E-07 6.4E-07 8.2 

Heat Exchanger External Leak HXL 3.00E-07 /hr 10 EGG-SRE-8875 0 1028472 2.21E-07 1.OE-07 10 
Out of Service for 
Maintenance or 

Keowee Station Testing HYM N/A N/A N/A N/A N/A N/A N/A N/A 
Latent (Pre-initiator) 

Human Error Human Error LHE N/A N/A N/A N/A N/A N/A N/A N/A 

Fails to Operate on Davis-Resse 
Switch ( Level) Demand LSD 1.60E-03 /d 4.3 IPE 0 Inadequate Info. N/A N/A 

Davis-Besse 
Switch ( Level) Spurious Operation LST 2.30E-06 /hr 8 IPE 0 707552 3.22E-07 3.1E-07 8.0 
Switch ('Push 
Button) Spurious Operation PBT 1.OOE-06 /hr 10 EGG-SRE-8875 0 518664 4.39E-07 2.4E-07 10.0 

Fails to Close on Davis-Besse 
Switch (Pressure) Demand PSC 2.60E-04 /d 8.1 IPE 0 85722 2.65E-06 2.9E-06 8.1 

Davis-Besse 
Switch (Pressure) Spurious Operation PST 8.50E-07 /hr 4.6 IPE 0 857060 2.65E-07 4.3E-07 4.6 

Fails to Operate on 
Relay (MG6) Demand R6D N/A /d N/A N/A 5 20089 2.49E-04 N/A N/A 

Relay (MG6) Spurious Operation R6T N/A /hr N/A N/A 0 1378774 1.65E-07 N/A N/A 
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Table 5.3-1: Keowee Component Failure Rates 

lJM Generic Error No..of Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate Facto Source Failures Denominator Failure Rate Failure Rate Eror Factor 

Human Error Failure to Recover RHE N/A N/A N/A N/A N/A N/A N/A N/A 

Davis-Besse 
Relief Valve Spurious Operation RVT 1.70E-06 /hr 4.2 IPE 3 177124 1.69E-05 5.6E-06 2.2 

Fails to Operate on Davis-Besse 
Relay Demand RYD 1.90E-04 /d 9 IPE 4 126969 3.15E-05 3.3E-05 2.1 

Davis-Besse 
Relay Spurious Operation RYT 1.OOE-06 /hr 5 IPE 3 9354504 3.21E-07 3.6E-07 2.3 

Davis-Besse 
Switch (Speed) Fails on Demand SSD 2.50E-04 /d 6.4 IPE 0 19464 1.17E-05 1.8E-05 6.4 

Switch (Speed) Spurious Operation SST 1.00E-06 /hr 10 EGG-SRE-8875 1 114796 8.71E-06 4.2E-06 3.7 

Fails to Open on Davis-Besse 
Solenoid Valve Demand SVO 2.80E-03 /d 7.5 IPE 0 9769 2.33E-05 2.9E-05 7.5 

Davis-Besse 
Solenoid Valve Spurious Operation SVT 4.10E-07 /hr 3 IPE 0 257069 8.85E-07 3.9E-07 3.0 

Fails to Close on 
Switch Demand SWC 1.OOE-05 /d 5 EGG-SRE-8875 0 61 3.73E-03 1.OE-05 5.0 

Switch Spurious Operation SWT 1.OOE-06 /hr 10 EGG-SRE-8875 0 2166121 1.05E-07 7.OE-08 10.0 

Transformer(Excit Fails to Maintain Davis-Besse 
ation) Power TGF 2.OOE-06 /hr 7 IPE 0 171412 1.33E-06 9.8E-07 7.0 

Transformer (High Fails to Maintain Davis-Besse 
Voltage) Power THF 2.OOE-06 /hr 7 IPE 1 262800 3.81E-06 3.1E-06 3.4 

Unavailable Due to 
Transformer (High Maintenance or 
Voltage) Testing THM N/A N/A N/A N/A N/A . N/A N/A N/A 

Fails to Maintain Davis-Besse 
Tank Pressure TKF 7.50E-07 /hr 6.3 IPE 0 342824 6.64E-07 4.6E-07 6.3 
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Table 5.3-1: Keowee Component Failure Rates 

Type Generic Erz No. of Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate Factor Source Failures Denominator Failure Rate Failure Rate Error Factor 

Transformer (Low Fails to Maintain Davis-Besse 
Voltage) Power TLF 2.OOE-06 /hr 7 IPE 0 272513 8.35E-07 7.5E-07 7.0 

Unavailable Due to 
Maintenance or 

System Train Testing TRM N/A N/A N/A N/A N/A N/A N/A N/A 

Davis-Besse 
Manual Valve Transfers Position VVT 8.OOE-08 /hr 7.3 IPE 0 14484363 1.57E-08 1.7E-08 7.3 

P*~ 5



00 
Table 5.4-1 

(Page 1 of 3) 
List of Common Cause Basic Events 

Event Name Description Strong Combination MGL Parameter Multiplier Independent* Basic Event 
I Defense Event Source Failure Prob. Probability 

ABOSWGRCOM CCF of All Keowee Auxiliary Power Breakers CCDAT 0.084 7.96E-03 6.69E-04 

AB23BKRCOMt CCF of Keowee Generator Breakers ACB-2 & -3 CCDAT 0.095 1.17E-03 1.12E-04 

AB24BKRCOM CCF of Unit 2 Generator Breakers ACB-2 & -4 CCDAT 0.095 1.17E-03 1.12E-04 

ACBXFERCOM ACB-2 and ACB-3 Transfer Open App. C.2 Table C.2-6 0.05 2.55E-05 1.28E-06 

AKlOFRQCOMt CCF of KUI Overfrequency Relays to Reset App. C.2 Table C.2-6 0.1 3.30E-05 3.30E-06 

AK20FRQCOMt CCF of KU2 Overfrequency Relays to Reset App. C.2 Table C.2-6 0.1 3.30E-05 3.30E-06 

BKGBOILCOM CCF of Turbine Guide Bearing Oil System App. C.2 Table C.2-6 0.02 9.70E-05 1.94E-06 

DDCBATTCOM CCF of Swyd Batteries SY-1 and SY-2 ALWR Util. Req. Doc 0.029 9.30E-04 2.70E-05 

El2EXCTCOM CCF of Excitation Breakers / Field Bkr. CCDAT 0.033 2.19E-04 5.31 E-05 

F. Supply Bkr. CCDAT 0.033 8.17E-04 

V F. Flashing Close App. C.2 Table C.2-7 0.05 2.03E-04 

/ F. Flashing Open App. C.2 Table C.2-7 0.05 1.76E-04 

EKOORUNCOM CCF of Voltage Regulators to Continue App. C.2 Table C.2-6 0.05 2.47E-03 1.24E-04 

EKSTARTCOM CCF of Voltage Regulators on Start App. C.2 Table C.2-6 0.1 6.17E-04 6.17E-05 

FKOFISHCOM Common Mode Failure of Strainers Due to Debris Explicitly Calculated N/A N/A 2.55E-03 

FKVALVECOM CCF of WL Cooling Water Control Valves ALWR Util. Req. Doc .088 2.80E-04 2.46E-05 

GKOCOOLCOM CCF of Keowee Generator Air Cooling App. C.2 Table C.2-7 0.03 1.54E-05 4.61E-07 

GKOLOCKCOM Common Cause Actuation of Gen. Lockouts App. C.2 Table C.2-6 0.05 8.11 E-05 4.06E-06 

GKHPOILCOM CCF of Generator Thrust Bearings App. C.2 Table C.2-7 0.03 1.54E-05 4.61E-07



Table 5.4-1 
(Page 2 of 3) 

List of Common Cause Basic Events 

Event Name Description Strong Combination MGL Parameter Multiplier Independent* Basic Event 
Defense Event Source j I Failure Prob. Probability 

LOEGTPSCOM CCF of Swyd UV and UF Detection Circuitry (3 sets of at least App. C.2 Table C.2-6 0.018 9.90E-05 1.78E-06 
4 or more relays) 

OKOPRUNCOM CCF of Both Governor Oil Systems Fail to Run / Pump fails (start) App. C.2 Table C.2-7 0.01 1.46E-03 1.46E-05 

/_Pump fails (run) App. C.2 Table C.2-7 0.005 1.40E-05 

OKIPRUNCOM CCF of Unit 1 Governor Oil Pumps Fail to Run / App. C.2 Table C.2-7 0.008 1.40E-05 1.12E-07 

OKlPSTRCOM CCF of Unit 1 Governor Oil Pumps Fail to Start / App. C.2 Table C.2-7 0.014 1.46E-03 2.04E-05 

OK2PRUNCOM CCF of Unit 2 Governor Oil Pumps Fail to Run / App. C.2 Table C.2-7 0.008 1.40E-05 1.12E-07 

OK2PSTRCOM CCF of Unit 2 Governor Oil Pumps Fail to Start / App. C.2 Table C.2-7 0.014 1.46E-03 2.04E-05 

PKOSUMPCOM CCF of Both Turbine Sump Pump Systems / Pumps/Valves App. C.2 Table C.2-7 0.005 3.47E-04 2.44E-06 

/ Suction Line App. C.2 Table C.2-7 0.03 2.35E-05 

PKlACDCCOM CCF of Keowee 1 AC & DC Sump Pumps / Pumps/Valves App. C.2 Table C.2-7 0.012 3.47E-04 2.77E-05 

Suction Line (multiplier is assumed) 1.0 1.61E-05 

PK2ACDCCOM CCF of Keowee 2 AC & DC Sump Pumps / Pumps/Valves App. C.2 Table C.2-7 0.012 3.47E-04 2.77E-05 

Suction Line (multiplier is assumed) 1.0 1.61E-05 

SU127UVCOM CCF of Oconee Unit 1 Standby Bus UV Relays App. C.2 Table C.2-7 0.05 2.37E-03 1.18E-04 

SU227UVCOM CCF of Oconee Unit 2 Standby Bus UV Relays App. C.2 Table C.2-7 0.05 2.37E-03 1.18E-04 

SU327UVCOM CCF of Oconee Unit 3 Standby Bus UV Relays App. C.2 Table C.2-7 0.05 2.37E-03 1.18E-04 

WK00RUNCOM CCF of Keowee Governors to Run / App. C.2 Table C.2-7 0.03 6.97E-04 2.09E-05 

WKCSTRTCOM CCF of Keowee Governors to Cold Start / App. C.2 Table C.2-7 0.05 2.24E-04 1.12E-05 

WKHSTRTCOMt CCF of Keowee Governors to Hot Start / App. C.2 Table C.2-7 0.05 7.00E-05 3.50E-06 

0I



0 0 
Table 5.4-1 

(Page 3 of 3) 
List of Common Cause Basic Events 

Event Name Description Strong Combination MGL Parameter Multiplier Independent* Basic Event 
Defensej Event Source Failure Prob. Probability 

XAOSWGRCOM CCF of Transformers IX, 2X, & CX App. C.2 Table C.2-6 0.05 2.45E-05 1.22E-06 

XAlBKRSCOM CCF of IX Aux Power Breakers ACB-5 & -7 CCDAT 0.039 7.96E-03 3.1OE-04 

XA2BKRSCOM CCF of 2X Aux Power Breakers ACB-6 & -8 CCDAT 0.039 7.96E-03 3.10E-04 

XA56BKRCOM CCF of Aux Power Breakers ACB-5 & -6 CCDAT 0.039 7.96E-03 3.10E-04 

XA78BKRCOM CCF of Aux Power Breakers ACB-7 & -8 CCDAT 0.039 7.96E-03 3. 1OE-04 

XDOBATTCOM CCF of Keowee Station Batteries (Start) ALWR Util. Req. Doc 0.029 9.30E-04 2.70E-05 

XDOCHRGCOM CCF of Keowee Battery Chargers (Run) App. C.2 Table C.2-6 0.05 6.96E-04 3.48E-05 

YOSTARTCOM CCF of Emergency Start Signal 27X relays App. C.2 Table C.2-6 0.1 3.30E-05 7.26E-06 

KA/KB relays App. C.2 Table C.2-6 0.1 3.30E-05 

ESRX relays App. C.2 Table C.2-6 0.02 3.30E-05 

* Note: Probability based on bayesian updated independent component failure rates.  

t Note: These events only apply to a sensitivity case and are not included in the base case solution.



Table 5.5-1 Keowee Human Reliability Analysis Results 

Event Description Value 

AB2CLOSLHE Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 

AB20PENLHE Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 

AB4CLOSLHE Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 

AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-04 

AB5CLOSLHE Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2.60E-04 

AB5OPENLHE Air Circuit Breaker 5 Fails To Open Due To A Latent Human Error 3.20E-03 

AB61432LHE Manual/Auto Control Switch 143/2 Left In Manual 3.20E-04 

AB6CLOSLHE Air Circuit Breaker 6 Fails To Close Due To A Latent Human Error 2.60E-04 

AB60PENLHE Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 

AB7CLOSLHE Air Circuit Breaker 7 Fails To Close Due To A Latent Human rror 2.60E-04 

AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 

BKlGBDCLHE Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 

BK2GBDCLHE Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 

EK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-03 

EK1FLDCLHE Keowee Unit I Field Breaker Fails to Close Due to Latent Human Error 2.60E-04 

EK1FLSCLHE Keowee Unit 1 Field Flashing Breaker Fails to Close Due to Latent Human Error 2.60E-04 

EK1FLSOLHE Keowee Unit I Field Flashing Breaker Fails to Open Due to Latent Human Error 2.60E-04 

EK1SPYCLHE Keowee Unit 1 Supply Breaker Fails to Close Due to Latent Human Error 2.60E-04 

EK2BASELHE Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-03 

EK2FLDCLHE Keowee Unit 2 Field Breaker Fails to Close Due to Latent Human Error 2.60E-04 

EK2 FLSCLHE Keowee Unit 2 Field Flashing Breaker Fails to Close Due to Latent Human Error 2.60E-04 

EK2FLSOLHE Keowee Unit 2 Field Flashing Breaker Fails to Open Due to Latent Human Error 2.60E-04 

EK2 SPYCLHE Keowee Unit 2 Supply Breaker Fails to Close Due to Latent Human Error 2.60E-04 

FK1120GLHE Control Switch S120G Not in "Auto" Position 3.20E-03 

FK2120GLHE Control Switch S120G Not in "Auto" Position 2.60E-04 

GKlBRGVLHE KHU1 BNG Oil Cooling Path Valves Misaligned 2.60E-04 

GK1COOLLHE KHUI Generator Air Cooler WL Flow Path Valves Mispositioned 2.60E-04 

GK1NGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
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Table 5.5-1 Keowee Human Reliability Analysis Results 

Event Description Value 

GK2BRGVLHE KHU2 BNG OIL Cooling Path Valves Misaligned 2.60E-04 

GK2COOLLHE KHU2 Generator Air Cooler WL Flow Path Valves Mispositioned 2.60E-04 
GK2NGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
OK1001BLHE Latent Human Error Fails OG Pump 11B 3.20E-03 
OK1001CLHE Latent Human Error Fails OG Pump IC 3.20E-03 
OK2002BLHE Latent Human Error Fails OG Pump 2B 3.20E-03 
OK2002CLHE Latent Human Error Fails OG Pump 2C 3.20E-03 
PK1TSDCLHE Latent Human Error Fails Turbine No. 1 DC Sump Pump 3.20E-03 
PK2TSDCLHE Latent Human Error Fails Turbine No. 2 DC Sump Pump 3.20E-03 
SXFRCT4LHE Latent Human Error Fails Transformer CT-4 6.40E-05 
ABOSWGRRHE Recovery of Keowee Aux. Power Breakers by Manual Control 5.OE-01 
ABEOPRCDHE Operators Faill To Close Air Circuit Breaker 2 9.OOE-03 

ABPOPRCDHE Operators Fail To Close Air Circuit Breaker 4 9.00E-03 
EKOBASEDHE Recovery of Keowee Base Adjust LHE. 1.9E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 
FKOFLO ODHE Recovery of Turbine Guide Bearing or Packing WL Filter Clogging 6.3E-02 
FKOGBHXDHE Recovery of Turbine Guide Bearing HX WL Valves 6.3E-02 
GKOBRGVRHE Recovery of Keowee Generator Thrust Bearing Oil Cooling Flow Path WL Valves L.OE-01 

XDOKBATDHE Cross Connect of Keowee DC Distribution Centers 1.OE00 
XD1KB1XDHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.3E-02 
XD2KB2XDHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.3E-02 
WK1GVDCLHE Latent Human Error Fails Keowee Governor I During a Cold Start 2.6E-04 
WK2GVDCLHE Latent Human Error Fails Keowee Governor 2 During a Cold Start 2.6E-04 
YOSTARTRHE Recovery of Keowee Auto-Start Failures 5.OE-01 
ACBTRIPCHE Operators Trip Air Circuit Breaker 2 2.80E-02 
YKEMSTRCHE Operator Incorrectly Resets Keowee Emergency Start 5.66E-03 
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Comparison of "System Level" Common Cause Failure 
Probabilities For Keowee Hydro Station 

Method of Calculation 

System Level System Level Component Component 
Modeling Modeling Level Level 

(Generic Beta) (Keowee Beta) Modeling Modeling 

1.00E-01 (Unrecovered) (Recovered) 

2 1.00E-02 

1.00E-03 
S * 

1.OOE-04 

1.00E-05 

A Start ORun 

"System Level" and "Component Level" Comparison Values* 

Start Run 

System Level Modeling (Generic Beta) 4.50E-04 6.20E-04 

System Level Modeling (Keowee Beta) 4.05E-05 3.05E-03 

Component Level Modeling (Unrecovered) 1.50E-04 3.36E-03 

Component Level Modeling (Recovered) 1.46E-04 7.23E-04 

*Note: System Level Independent Failure Rate was based on actual operating data.  
(Refer to Figure 7.2-2 and Table 7.2-6) 

Figure 5.4-1



6.0 INTEGRATION OF KEOWEE MODEL WITH OCONEE AC POWER MODEl 

6.1 INTRODUCTION 

The existing Oconee probabilistic risk assessment (PRA) model contains a detailed model 
of the Oconee ac power system. This model is built with Oconee 3 as the representative 
system. It consists of the many fault trees representing the loss of power to the various 
load centers (208 V and 600 V motor control centers and the three 4160 V engineered 
safeguards switchgear centers) which power the electrical equipment supporting the safety 
functions of the reactor. Normally, power from both the 4160 V MFBs energizes the 
three engineered safeguards (ES) switchgear centers, and from there to the 600 V and 208 
V motor control centers in a cascaded arrangement. Therefore, a loss of power to both 
MFBs will result in a loss of all ac power for the reactor. (There is a separate auxiliary 
4160 V switchgear directly off transformer CT4 which can power a small set of reactor 
heat removal equipment in the event of a loss of the three ES switchgear centers; 
however, this auxiliary switchgear is not considered in this analysis.) 

This existing model of the MFBs utilizes certain high level failure modes of Keowee 
(common cause failure, maintenance unavailability, and the individual Keowee unit 
failures) to represent the Keowee reliability. The detailed Keowee reliability model 
developed as part of the Keowee reliability study can be coupled with the MFB model to 
provide an integrated Keowee-Oconee ac power model, in lieu of the existing high level 
representation of the Keowee failure modes. Section 6.2 presents this integration of the 
Keowee model with the Oconee ac power model.  

A sustained loss of all ac power event can lead to a core damage condition if steam 
generator cooling and reactor coolant pumps seal cooling are not provided by systems not 
dependent on the ac power system (namely, the turbine driven emergency feedwater pump 
and the SSF). Section 6.3 discusses the interfacing of the ac power model solution with 
the turbine driven EFW pump and SSF models to produce core damage sequences 
resulting from loss of ac power events. These results can provide the quantitative risk 
perspectives of such events.  
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6.2 OCONEE AC POWER MODEL 

The Oconee ac power model is the logic model representing the set of conditions that 

produce the loss of ac power to both the main feeder buses. It includes the initiating 

events which cause an interruption of power on the MFBs, the failures of the various 

backup power sources for the MFBs, MFB maintenance unavailabilities, and potential 

faults within the MFBs.  

Normally, the MFBs are powered by the auxiliary transformer (3T) when the generator is 

on line. If the generator trips, a fast transfer to the start-up source occurs if the start

uptransformer (CT3) is energized (normally by the 230 kV switchyard and the grid). If 

the start-up source also fails, power is lost to the MFBs, and emergency power is made 

available from Keowee through the overhead path through transformer CT3 and the 

underground path through the standby buses. If power from Keowee is unavailable, then 

the CT5 power is relied on to energize the MFBs through the standby buses.  

The initiating event of interest is a loss-of-off-site-power (LOOP) which is assumed to 

lead to a reactor/generator trip. Power to the start-up transformer (CT3) is also assumed 

to be lost because of the LOOP event, preventing the fast transfer of the MFBs to the 

start-up source. An automatic Keowee emergency start signal is generated, establishing 

Keowee power to CT3 (the Keowee overhead power) and to the standby buses (the 

Keowee underground power). The energizing of CT3 by the Keowee overhead path 

power enables the emergency power switching logic (EPSL) to connect the MFBs to 

CT3, while the Keowee underground power at the standby buses remains in a standby 

mode. If CT3 is not energized within 31 seconds of the loss of voltage of the MFBs, the 

MFBs are connected to the standby buses instead.  

The LOOP events are classified into three different types--T5G, T5S, and T5W-- on the 

basis of how the initiating event affects the availability of the Keowee overhead power 

source and the CT5 power. T5G is a LOOP event involving the loss of the grid connected 

to the Oconee reactor of interest (Oconee 3). For this event, the Keowee overhead 

power is not affected; however, the normal power for CT5 from the Central switchyard is 

assumed to be lost as part of the initiating event. T5S is a LOOP event involving some 

failure in the switchyard. Consequently, the Keowee overhead path is assumed not to be 

available, while the normally energized CT5 is considered available to energize the standby 
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buses if needed. The last category, T5W, is a weather related LOOP event for which both 

the Keowee overhead path and the 100 kV line for CT5 are assumed to be unsuitable.  

It is to be noted for Oconee 3, the switchyard event would have to affect both the 525 kV 

and the Oconee 1-2 230 kV switchyard to cause a LOOP and the unavailability of the 

Keowee overhead power. However, this independence is neglected in this analysis.  

Whenever both sources of Keowee power are unavailable because of maintenance, the 100 
kV line associated with CT5 is energized by a dedicated Lee generator and the standby 

buses are energized. This operational mode is explicitly modeled in the ac power fault 

tree. For other situations involving Keowee power failure, operator action to close the SL 

breakers is necessary, and CT5 failure is applied as a recovery event in the cut set solution 

if the failure mode represented by the cut set permits use of CT5 power.  

Two different CT5 recovery events are used in this analysis. One event (PACLEE1REC) 

represents the failure probability of CT5 power energizing the standby buses during a 
LOOP event involving the switchyard failure. In this case, the 100 kV power of CT5 is 

not affected. A value of 0.01 is assigned to this event, and it includes the human error 

probability to close the SL breakers and the hardware failures and maintenance 

unavailability of CT5 and the associated 100 kV line. The other event (PACLEE2REC) 
represents the failure probability of CT5 power energizing the standby buses during a 
LOOP event involving failure of the grid. For this situation power to the 100 kV line is 
not initially available, and a Lee generator has to energize the line by manual actions. A 
value of 0.05 is used for this event to represent the hardware and human failures.  

The ac power model is built on the existing Oconee PRA/IPE model of the ac power 

system by replacing the high level Keowee failures with a detailed model of the Keowee 

underground power and the Keowee overhead power. Figure 6.2-1 presents the ac power 
fault tree, with the Keowee interface shown as transfer gates to the corresponding gates in 
the Keowee integrated fault tree (Appendix F). The complete integrated Oconee ac 

power-Keowee tree is shown in Appendix G.  

The ac power model can be solved with the data for the Keowee equipment and the data 
for the Oconee equipment in the Oconee PRA data base: Since Oconee dc power is a 

support system for the ac power, the existing dc power model is also called during the 
solution process. The cut set solution, after application of any appropriate CT5 recovery 
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events, represents the probability of a loss of all ac power event, but not including the 
recovery of off-site power. The results are presented in Section 7.3.  

6.3 AC POWER CORE DAMAGE SEQUENCES 

If off-site power is not recovered, the ac power event can lead to a sustained loss of all ac 
power event, with the potential for core damage. Each Oconee reactor has a turbine 
driven emergency feedwater (EFW) pump, which works without the need for ac power 
and can provide reactor decay heat removal through the steam generators (SGs).  
Nevertheless, a sustained loss of ac power condition can cause failure of the reactor 
coolant pump (RCP) seals, due to lack of cooling, and thereby lead to an unmitigated loss 
of coolant condition. The safe shutdown facility (SSF) at Oconee is capable of providing 
RCP seal cooling and SG cooling under conditions involving the loss of the plant ac 
power.  

To determine the core damage risk of a loss of all ac power event, the failure probability 
of the turbine driven EFW pump, the SSF and off-site power recovery must be considered, 
in addition to the probability of the loss of all ac power event. This is accomplished by 
defining the logic models for the failure of the turbine driven EFW pump and the SSF and 
combining with the ac power model. The coupled solution of this ac power core damage 
model is modified by application of the off-site power recovery factors to obtain the core 
damage frequency for ac power events.  

Figure 6.3-1 presents the logic model of the ac power core damage event, with the 
transfer gates to the ac power model described in Section 6.2. The SSF logic utilizes the 
PRA solution of the SSF ASW pump and the SSF RCM pump (Appendix A.13 of 
Reference 1) since it is a totally independent system.  

The probability of recovering off-site power varies with the time following the event, the 
longer the available time the more likely the power recovery. The time available for 
recovering off-site power depends on the nature of the equipment failures which cause the 
failure of the emergency power. Equipment failures which cause initial failure (for 
example, start failure of both Keowee units) make the available time for power recovery 
short compared to those equipment failures occurring later (for example, failure of the 
Keowee unit to run for the assumed 24-hour mission time). Also, the availability of 
secondary side (SG) cooling extends these times further. These considerations lead to the 
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formulation of six off-site power recovery events. Their values are selected by analyzing 
the time of recovery of off-site power for the weather related events, as reported in 
Reference 1.  

The six off-site power recovery events and their probabilities are as follows: 

RECOVERY EVENT FAILURE MODE SG COOLING PROB.  
TACOFFIREC start-start NO 0.67 
TACOFF2REC start-start YES 0.22 
TACOFF3REC start-run YES 0.065 
TACOFF4REC run-run YES 0.051 
TACOFF5REC start-run NO 0.14 
TACOFF6REC run-run NO 0.073 

The ac power core damage model is solved by utilizing the new Keowee model, the 
Keowee data base, and the Oconee PRA data base. The cut set solution is modified by 
applying the off-site power recovery factors appropriate for the individual cut sets. The 
results are presented in Section 7.4.  
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7.0 RESULTS. CONCLUSIONS. AND RECOMMENDATIONS 

7.1 INTRODUCTION 

The Keowee reliability model, described in Section 4, is solved using the database 
consisting of component failure basic events, common cause failure events, and HRA 
events (Section 5). The solution is obtained for the overall Keowee function representing 
the failure of both the Keowee power through the underground path and that through the 
overhead path. The solution is obtained both with generic data and the Bayesian updated 
data and also by not considering the operator recovery actions. Solutions are also 
obtained at the path level and Keowee unit level to provide perspectives on the relative 
path reliability and to enable comparisons with the Keowee unit reliability data.  

Integration of the Keowee reliability model with the existing Oconee ac power system 
model permits analysis of the reliability of the Oconee ac power model. This part of the 
result provides quantitative information on the likelihood of a loss of off-site power event, 
progressing into a loss of all ac power event.  

Finally, the new ac power model is coupled with the SSF, TDEFW pump, and the LOOP 
recovery models to provide the risk perspectives on ac power related core damage 
accident sequences.  

The results of a number of sensitivity studies are used to draw conclusions on the relative 
importance of various Keowee subsystems, failure modes, operational modes, and plant 
enhancements.  

7.2 KEOWEE RELIABILITY 

Table 7.2-1 presents the results of the Keowee fault tree model solution. The base case 
result, 0.0074, is for the Bayesian updated database and includes the effect of operator 
recovery. If recovery potential by operator action is ignored, the failure probability 
becomes 0.01. Operator recovery potential comes into play for a limited number of 
important failure modes, such as failure of the Keowee unit assigned to the underground 
path and failure of the overhead path (for example, due to switchyard isolation failure) or 
common cause failure of both units to run due to clogging of the cooling water filters.  
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These actions are in the plant procedures, and there appears to be adequate operator 

familiarity with these actions.  

Use of the generic data instead of the Bayesian updated data (which is highly influenced by 

the plant-specific evidence) is found to change the result only by a modest value (0.0 13 for 

generic versus 0.01 with the Bayesian updated set).  

Figure 7.2-1 presents the breakdown of the share of Keowee failure probability for the 

important causes. It is to be noted that whenever both Keowee units are taken out of 

service (this accounts for some 75% of the base case failure probabilities), the standby 

buses are energized by CT5 and the 100 kV line energized by starting a Lee combustion 

turbine unit, thus improving the reliability of the backup emergency power source.  

A listing of the top 100 cut sets for the base case calculation is presented in Table 7.2-2.  

Table 7.2-3 contains the results of the solution at the individual path level. It is seen that 

the underground path power is more reliable than the overhead path power (0.027 failure 

probability versus 0.070), due to the overhead unit taking up all the single unit 

maintenance unavailability (0.038). Tables 7.2-4 and 7.2-5 contain the dominant cut sets 

for the underground supply and the overhead supply, respectively.  

Figure 7.2-2 contains the comparison of the fault tree model predicted Keowee start 

failure probabilities with the reliability from actual experience for the last 10 years (1984

93). As seen, the analytical reliability is in remarkable agreement with the system level 

experience. The small difference for the predicted cold start reliability for the standby unit 

(0.0081) and the unit used for grid generation (0.0078) is due to the different exposure 

times for component failure and detection when the standby unit assigned to the 

underground is not used for grid generation (daily demand versus weekly testing).  

Table 7.2-6 presents the comparison of the Keowee run failure probability (for the 

assumed 24-hour mission time) predicted by the model versus the operating experience.  

In this case also the numbers are nearly identical.  

Figures 7.2-3 and 7.2-4 identify the Keowee systems with the most influence on start and 

run failures, respectively. The excitation system is the predominant source of start 
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failures, as seen from the Keowee start failure data as well as from the model prediction.  
For the run failure, no single system stands out as being the major source of failure.  

The Keowee reliability study included a substantial effort to investigate potential common 
cause failure modes at the component level in lieu of the simplified system level estimate.  
Table 7.2-7 contains the comparison of the system level common cause failure 
probabilities with that obtained from a rigorous analysis at the component level. The two 
estimates are in close agreement.  

7.3 OCONEE AC POWER RELIABILITY 

Table 7.3-1 presents the results of the ac power model that incorporates the new Keowee 
reliability model. The model is solved with the existing database of Oconee electrical 
equipment and Bayesian updated Keowee equipment database. The frequencies of the 
loss-of-off-site power initiating events are those used in the IPE model (T5S=0.049, 
T5F=0.027, and T5W=0.014).  

The probability of losing all ac power for an Oconee unit is calculated to be 6.4E-5 in a 
year. This value does not include the recovery of off-site power nor the mitigation 
capability of the SSF.  

Table 7.3-2 presents the relative importance of various events that affect the loss of all ac 
power probability. The occurrence of a severe weather event has the most influence, since 
it is assumed that the Keowee overhead power and the CT5 power would be lost during 
such an event. Other events of importance are CT4 maintenance unavailability, both 
Keowee units in maintenance, and the maintenance unavailability of a single Keowee unit.  

7.4 AC POWER CORE DAMAGE SEQUENCES 

Table 7.4-1 presents the results of ac power core damage sequence analysis. The core 
melt frequency due to loss of ac power events is calculated to be I E-6 per reactor year.  
The corresponding value in the previous IPE calculation is approximately 3E-6 per reactor 
year.  

The reduction in the loss of ac power core damage frequency in the new analysis is 
attributed primarily to two factors: 
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* the decrease in the fraction of time that both units are in common maintenance 
(0.00532 in the new analysis vs. 0.0193 in the IPE analysis), and 

* the reduced importance of the common cause Keowee run failure in the new analysis, 
because of the credit for recovery of the cooling water filter assembly failure mode.  

For this calculation also, the occurrence of the severe weather event has the greatest 
impact on the calculated core damage frequency. Other events of influence are the 
recovery of off-site power, inability to deploy the SSF within the necessary time, and CT4 
failure. Table 7.4-2 shows the relative importance of key events affecting the ac power 
core damage frequency.  

7.5 SENSITIVITY STUDIES 

The results of the various sensitivity studies are discussed in the following sections.  
Appendix E contains a more detailed discussion of the data modifications required for 
each of the sensitivity studies.  

7.5.1 GENERIC VERSUS BAYESIAN UPDATED DATA 

Table 7.5-1 contains the results for a number of gates for the Bayesian updated versus 
generic reliability data comparison.  

In general, the more a particular gate value is dominated by the plant specific data (e.g., 
the DEX events) the smaller the change when the generic data is used. An increase of 
about 50% is observed in most of the gate values when the generic data is used. Because 
the KEOWTOP gate is largely dominated by the Keowee unit iaintenance unavailability, 
the impact is not large in the overall result.  

7.5.2 GRID CYCLED VERSUS STANDBY UNIT RELIABILITY 

Table 7.5-2 shows the calculated failure probabilities for Keowee Unit 1 (standby unit) 
and Keowee Unit 2 (the grid cycled unit).  

It is observed that the failure probabilities for the standby unit are about the same as those 
for the grid cycled unit.  
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7.5.3 RECOVERED VERSUS UNRECOVERED RESULTS 

The results for these two cases are available in Table 7.2-1.  

It is seen that the application of the recoveries results in approximately a 26% reduction in 

the failure probability for Keowee. The most important recovery is the recovery from the 

common cause failure of the Auxiliary Power Breakers, ABOSWGRRHE.  

7.5.4 HUMAN ERROR SENSITIVITY STUDIES 

7.5.4.1 Latent Human Errors 

The potential Keowee reliability improvement from the Latent Human Errors (LHEs) is 

evaluated by setting these failure probabilities to 0.0 and comparing the result to the base 
case analysis. The result of the analysis when the LHEs are set to 0.0 is 7.2E-03. This is 
less than a 3% reduction from the base case value of 7.4E-03.  

7.5.4.2 Human Error Probabilities Prior To 10/92 Event 

Table 7.5-3 shows the comparison of the calculated Keowee failure probability using the 
pre-92 human error probabilities with the base case result.  

7.5.5 INFREQUENTLY TESTED/DEMANDED COMPONENTS 

Table 7.5-4 presents the results of sensitivity studies that assess the impact on the Keowee 
reliability results from a change that increases the likelihood of failure for components 
which are not frequently challenged. The three parts of the study are summarized as 
follows.  

1. Revise component exposure times to reflect quarterly rather than monthly 

swapping of the units.  

2. Increase by an order of magnitude the failure probability of components not 
challenged during normal start and power operation but that are needed for 
emergency operation.  
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3. Increase by an order of magnitude the failure probability of all components 
demanded during emergency operation.  

It is seen that decreasing the unit swap frequency from monthly to quarterly results in only 
a negligible, 0.5%, increase in the Keowee failure probability.  

When those components needed for emergency operation but not challenged during 
normal start and power operation are assumed to fail at ten times the base case rate, the 
start failure probability of the unit increases by a factor of approximately 2. The unit run 
failure probability is negligibly impacted and the overall failure probability of Keowee to 
supply emergency power to Oconee is increased by about 15% .  

When all components demanded for emergency operation are assumed to fail at ten times 
the base case rate, the overall failure probability of Keowee is increased by about 30% 
over the base case value.  

7.5.6 MG-6 RELAY FAILURE RATE 

Increasing the plant specific failure rate for the MG-6 relays by an order of magnitude 
caused the Keowee failure probability to increase from 7.4E-5 to 7.7E-3, a change of 
about 4%. Thus, the impact of a large increase in the MG-6 relay failure rate has only a 
modest impact on Keowee reliability.  

7.5.7 UNCERTAINTY ANALYSIS 

Figure 7.5-1 provides the probability distribution for the calculated Keowee failure 
probability, taking into account the estimates in the uncertainty in the individual equipment 
and other event probabilities. The point estimate value (considering no uncertainty) is 
7.4E-3. Using a 5000 sample simulation, the sensitivity study produced an estimated 
mean value of 7.3E-3.  

The fifth and 95th percentiles have an estimated value of 2.9E-3 and 1.5E-2.  

7.5.8 ONE VERSUS TWO UNITS GENERATING TO THE GRID 

Table 7.5-5 contains the calculated overall Keowee failure probability for the two cases.  
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It is observed that there is no deterioration in the calculated reliability when both units are 
allowed to be used on the grid.  

7.5.9 SENSITIVITY TO FRACTION OF TIME THAT 2 UNITS GENERATE TO 
THE GRID 

The results of this study for both the recovered and unrecovered comparisons are included 
in Table 7.5-5. The recovered failure probability falls from 0.00736 to 0.00732 when the 
fraction of the time that the units generate together is increased from 0.034 to 0.3 The 
reduction in the unrecovered case is from 0.0104 to 0.0103.  

These changes are considered to be insignificant changes in the failure probability over the 
range investigated.  

7.6 CONCLUSIONS 

Keowee Reliability 

1. The failure probability of Keowee and its power paths to provide emergency 
power when needed by an Oconee unit is low (0.0071). Therefore, Keowee is a 
very reliable source of emergency power for Oconee.  

2. Simultaneous failure of both Keowee units, due to concurrent maintenance 
unavailability or common cause failure of both units, is the principal cause of 
Keowee failure.  

Keowee Power Path Reliability 

1. Keowee power through the underground path is more reliable than the power 
through the overhead path (failure probability of 0.027 for the underground power 
versus 0.070 for the power through the overhead path), mainly due to the fact that 
single Keowee unit maintenance is not performed on the unit assigned to the 
underground path.  
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2. Simply looking at the power path (that is, not including the Keowee unit), the 

underground path is still more reliable than the overhead path since the overhead 

path is dependent upon the switchyard isolation function.  

Keowee Analytical Reliability Versus System Experience 

1. The reliability of the Keowee unit calculated from the fault tree model is in 

remarkable agreement with that derived from the substantial grid generation 

experience. There is substantial reliability experience at the system level as well as 

at the component level. Either way of quantifying the reliability is valid.  

2. Although some of the components of the Keowee system needed for the 

emergency power function are not called upon to operate during the daily grid 

generation function, the failure modes represented by these components comprise 

only about 15% of the failure modes contained in the Keowee mode. The 

functional status of these components is verified by the existing periodic tests.  

3. The Keowee reliability data from the grid generation experience is vast compared 

to the database from the periodic tests and emergency demands (29 failures in 

6488 starts versus 2 failures in 113 starts during 1984-93) and the resulting 

reliability results have much higher statistical accuracy than that generated from the 

limited test and emergency demand experience.  

Keowee Unit Reliability 

I. The overall failure probability (including the start and run failure) of a Keowee unit 

not including the maintenance unavailability is approximately 0.02, indicating a 

very reliable source of emergency power for Oconee.  

2. For the overhead unit, the maintenance unavailability (0.038) is an additional large 

contributor for the failure of the emergency power function.  

3. For the start failure, the generator excitation system is the main source of unit 

failure, as seen from the operational experience and the analytical results.  
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Keowee Equipment Reliability 

1. The detailed analysis of the component failure history at Keowee and comparison 

with component generic failure rates do not indicate any unacceptable equipment 
performance. For the most part, Keowee component failure rates seem to be 
consistent with or better than the generic failure rates. In general, the equipment 
service environment (temperature, moisture, vibration, dust, and radiation) is 
better at Keowee compared to that in typical nuclear power plant buildings.  

2. There are more equipment problems or failures reported in the period 1991-92.  
These failures adversely affect the Keowee reliability in the same period. The 
trend for the subsequent years shows improved equipment performance (fewer 
failures).  

Use of Keowee for Grid Generation 

1. Use of the Keowee unit(s) to generate power to the grid does not adversely affect 
the reliability of Keowee for the Oconee emergency power function, as shown by 
the comparison between the reliability between Keowee Unit 2, assumed to be 
operating on the grid when needed, and. Keowee Unit 1, assumed to be in a 
standby mode. With both units allowed to operate on the grid, the overall Keowee 
failure probability is calculated to be 0.0073, compared to the probability of 0.0074 
with only one unit permitted for grid use.  

2. Overall, the grid generation mode occurs only a small fraction of the time (about 
6%) even though a unit may be started for grid generation almost daily.  

Common Cause Failure 

1. Common cause failure of Keowee is an important failure mode, both in the new 
analysis as well as in the previous (IPE) analysis.  

2. The more elaborate investigation of common cause failure potential at the 
component level produced results generally consistent with the results obtained 

from the simplified system level analysis. However, the component level analysis 
led to the identification of failure modes which could-be rectified by operator 
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actions. With the operator action, the common cause failure probability of 
Keowee was estimated to be approximately 10% of the total Keowee failure 
probability.  

Role of Human Element 

The plant staff has a positive and negative role in influencing the Keowee reliability. On 
the positive side, the operators can overcome certain equipment failures (such as failure of 
the Keowee underground unit or common cause failure of Keowee cooling water filters) 
and restore Keowee power to Oconee. On the other hand, latent human errors, during 
equipment maintenance and testing, can render equipment in an unavailable state.  
Collectively, the effect of operator action is the change from 0.01 to 0.0074 for the 
Keowee failure probability. No single event stands out as having a significant impact. On 
the other hand, some latent human error events can totally fail a unit. Thus, good human 
performance and adequate administrative controls are important to keep the error 
probability at low values. The human reliability analysis; which took into consideration 
the operating experience, the plant procedures and operating characteristics; produced low 
error rates for the latent human error events of concern.  

Plant Enhancements 

1. The recent improvement in the Keowee administration and management (including 
personnel training, development of operating and emergency procedures, etc.) is 
considered to have a positive impact on the Keowee reliability 

2. Analysis of the Keowee reliability with both units assumed to be available for grid 
generation after implementation of the modification, shows that the Keowee failure 
probability is not increased (0.0073 versus the base case failure probability of 
0.0074).  

Oconee AC Power Reliability 

1. Overall, the Oconee ac power system is highly reliable (failure probability of 6.4E
5 per reactor year). The redundancy in the main feeder bus and the many ways of 
supplying power to the main feeder bus make a sustained loss of ac power quite 
unlikely.  
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2. The system is most vulnerable for conditions of severe weather when the off-site 
power, the Keowee overhead power, and the CT5 power all might be lost. The 
relatively high reliability of Keowee underground path and the ability to make use 
of the overhead unit through the underground path, should the underground unit 
fail, make the probability of losing all ac power small. Thus, the Keowee 
underground path and its power supply are very important elements of the Oconee 
ac power system.  

3. The backup ac power supplied by CT5 helps to reduce the risk of power failure to 
the MFBs, particularly during LOOP disturbances originating at the switchyard 
and those from the grid. Without this backup capability, the frequency of a loss of 
all ac power event would have been approximately a factor of 8 higher.  

AC Power Core Damage Risk 

1. The risk of core damage from loss of ac power events at Oconee is small (1.E-6 
per reactor year) because of the low probability of a loss of all ac power event and 
the mitigation capability of the SSF. The new result, which comes from the 
existing plant models of the SSF, the turbine driven emergency feedwater pump, 
and the ac power system coupled with the new Keowee reliability model, is 
consistent with the previous result from the IPE program.  

2. Failures of Keowee which are of the type "failure-to-run" are less important to the 
core damage risk than start failures. For the run failures, there is increased chance 
of recovery of off-site power prior to core damage than the start failures.  

3. The SSF plays a major role in reducing the core damage risk from loss of ac power 
events (approximately a factor of six reduction). Therefore, it is beneficial to 
schedule SSF outages to periods when CT4 or both Keowee units are not out of 
service.  
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Achievement of Objectives 

1. The Keowee PRA effort has produced a detailed reliability model of Keowee to 
facilitate reliability studies of Keowee equipment performance and operational 
issues.  

2. An analytically derived set of Keowee reliability values has been obtained, 
providing useful information to address important questions involving mode of 
operation, equipment performance, and component testing.  

3. The analytical tools, databases, sensitivity studies, and coupled results have 
provided important tools and insights. These should improve confidence on 
Keowee capability and the reliability of the Oconee ac power system.  

4. Thus, all the objectives initially established for this study have been successfully 
achieved.  

7.7 RECOMMENDATIONS 

Although this re-analysis of the Oconee ac power system (with a detailed, integrated 
model of Keowee) confirmed the high reliability of the system, some recommendations are 
made. The objectives of these recommendations are to assure continued, visible high 
reliability of the system and to maintain the necessary sensitivity of the importance of the 
system for the overall nuclear safety of the Oconee units.  

1. Enhancement of some of the Keowee procedures to keep the probability of latent 
human errors low and to improve the likelihood of recovery action is 
recommended for certain Keowee alarm response procedures, maintenance 
procedures and emergency procedures. Appendix C.3 provides the specifics on 
these recommended procedure enhancements.  

2. A formal review of severe weather potential should be instituted as part of the 
consideration for scheduling outages of the Keowee underground path and also for 
the Keowee outages affecting both units, particularly outages lasting more than a 
shift.  
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3. Planning of the SSF outages should consider the availability of CT4, CT5, and a 

Keowee unit. Simultaneous unavailability of the SSF and one or more of these key 

Oconee ac power equipment should be avoided, to the extent practical.  

4. A systematic monitoring of the Oconee ac power equipment should be performed, 

analyzing the root cause of equipment failures and their full implications. This can 

be achieved as part of the Maintenance Rule program.  

5. The Oconee ac power system should be treated with care and sensitivity because 

of its importance for all three Oconee units, interconnections, and dependencies.  

When equipment failures occur, the root cause of the failure should be fully 

analyzed and the implications of the failure fully understood and resolved.  

Planning of equipment outages should consider the severe weather vulnerability 

and the SSF availability, as discussed in Items 3 and 4 above.  
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Table 7.2-1 

Keowee Emergency Power Failure Probability 

Model Configuration Failure Probability 

Base Case (Failure of Keowee through both the 7.4E-03 
underground path and the overhead path (Bayesian
updated data) 

Bayesian Updated Data Without Operator Recoveries 1.OE-02 

Generic Data Without Operator Recoveries 1.3E-02
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Table 7.2-2 

Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob., Cs Prob.  

1) KEOWTOP 7.35E-03 
1) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 3E-03 
2)-KX2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.809-2 3.809-02 3.22B-04 

ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
ABOSWGR.HE Recovery of Xeowee Aux Power Breakers by Manual Control 5.05-01 5.00E-01 

3)-XAlXAALBLM MCC hA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 2.66B-04 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center iDA Transfers Open 7.5E-08 30 2.255-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3Z-05 1 3.309-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 
-ABS1431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CXl Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

4)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.55E-04 
FKOFISHCOM Common Cause Failure of Both Unit s WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
FKOFISHDHE Recovery of Main WL Strainer clogging 6.35-02 6.30E-02 

5)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.19E-04 
EKOORUNCOM Common Cause Failure of Both Units Voltage Regulators To Run 1.24E-4 1.24E-04 

6) EK1VREGDEX KHU-l Voltage Adjust Failure Drives Generator output Too High/Low 2.47H-3 2.47E-03 9.39E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

7) GK10001HGR Keowee Unit 1 Generator Fault while the Unit Runs 9.46E-05 24 2.27E-03 8.63E-05 
KK2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 

8)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 5.58E-05 
-KX2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.005+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid .0 O.oos+0o 
EKSTARTCOM Common Cause Failure of Both Units Voltage Regulators To Start 6.17B-5 6.17E-05 

9)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.805-02 4.805-05 
-KE2RUNSDSX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00X+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid .0 0.00H+00 
E12EXCTCOM Units 1 Q 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 5.31E-05 

10) EK1BAS2DEX KHU-l Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 4.71E-05 
KX2UNITHYH The Overhead Unit (2) Is Unavailable Due To Maintenance 3.805-2 3.80E-02 

* 0 0
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Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

11)-XD1DALTBYM Normal Power To Diet. Center 1DA Is In Test or Maintenance 5.48E-03 5.482-03 3.51E-05 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.009+00 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80H-02 
XD1KBATBYP Keowee Battery No. 1 Fails During Discharge 9.302-04 1 9.30B-04 
XDOKBATRHE 1.00E+00 1.00E+00 

12)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 3.35H-05 
XDOCHRGCOM Common Cause Failure Of Keowee Battery Chargers 3.482-05 3.48E-05 

13)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.602-05 
XDOBATTCOM Common Cause Failure Of Keowee I&C Power Batteries 2.70H-05 2.70E-05 

14)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.372-05 
FKVALVECOM Common Cause Failure Of Cooling Water Control Valves 2.46E-5 2.46E-05 

15)-KElRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 2.342-05 
EKiBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.172-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

16) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.13E-05 
WKlGVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 

17) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 2.13E-05 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60E-04 

18)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.01E-05 
WKOORUNCOM Common Cause Failure of Keowee Governors to Run 2.09E-05 2.09E-05 

19)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.762-05 
EKiSPYMDEX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.62E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

20)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.73B-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 
XA1XCXXTHM 4160/600 Vac Transformer CZ Is in Maintenance 4.57E-4 4.57E-04 

21)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.73E-05 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MBCHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.012-04 8.012-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03
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22)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.748-03 2.74H-03 1.59H-05 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 
-AB51431LE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To operate On Demand 3.3E-05 1 3.30H-05 
-AA127X2R6D Transformer CI Undervoltage Relay 27/Cxl Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 

23)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.40E-05 
OKOPRUNCOM Common Cause Failure Of Both Governor Oil Systems To Run 1.468-05 1.469-05 

24)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.40E-05 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.01B-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails on Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.38-05 1 3.30E-05 
-AA12712R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04B-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00H-03 2.O-03 

25) EK1DIODDEX Keowee Unit 1 Exciter Fan supply Diode Bridge Fails 2.88E-4 2.882-04 1.09E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

26) FKlWL11AVO Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.80H-04 1 2.802-04 1.06E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 

27)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.01E-05 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
WKCSTRTCOM Common Cause Failure of Keowee Governors to Cold Start 1.12E-05 1.12E-05 

28)-KElRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 9.88E-06 
EK1SPYCLHE Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.608-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

29)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 9.88E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

WK1GVCDLHE Latent Human Error Pails Keowee 1 Governor During Cold Start 2.6E-4 2.60E-04 

***
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30) GK1COOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlve Mispositioned After Maint 2.60E-04 2.60E-04 9.BBE-06 
KK2UNITHYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80E-02 

31)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 9.88H-06 
EK1FLDCLHE Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

32)-KKlRUNSDEX Keowee Unit 1 only Is Supplying The Grid 0.0 0.OOE+00 9.88E-06 
EK1FLSCLHE Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.60E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

33)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 9.88E-06 
EKlFLSOLHE Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60B-4 2.60R-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

34)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 9.81E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand i 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7CLOSLHE Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-4 2.60E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

35) EK141AXR6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 1 2.49E-04 9.46E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

36)-XA1XAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 9.39E-06 
-AD1B4ALCDT Breaker 4AL In 125 V de Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLBE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CI1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AA127CPR6D Transformer CX Undervoltage Relay 27/CX1 Fails To Pick Up 2.49B-04 1 2.49E-04 
KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02
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37)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 6.66E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.018-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.62-06 6 2.16B-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20B-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3B-05 1 3.30E-05 
-AA127X2R6D Transformer CI Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04B-03 7.04E-03 
BEK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.242-3 1.242-03 

38) YOSTARTCOM Common Cause Failure Of Emergency Start Signal 7.262-06 7.26E-06 7.262-06 
YOSTARTRHE 1.002+00 1.002+00 

39)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48B-03 5.48E-03 6.46E-06 
-1A1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25H-06 
-AB70PENLHB Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.012-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.302-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.202-4 3.202-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30B-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.492-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04H-03 7.042-03 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.302-04 1 9.302-04 

40) EKlVREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.472-3 2.47E-03 6.10H-06 
EK2VREGDBX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.472-3 2.47E-03 

41)-KElRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 5.85E-06 
GK10001HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 1 1.54E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 

0*0* *
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42)-XA1XAALBLM MCC IXA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 5.85E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30B-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3B-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80R-02 
XA1BKRSCOM CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 

43)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.745-03 5.85E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.205-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.015-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.65-06 6 2.16H-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
XA78BKRCOM Common Cause Failure Of ACB-7 And ACB-8 To Close 3.10E-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0H-01 5.005-01 

44) BK1VREGDBX KBU-1 Voltage Adjust Failure Drives Generator output Too High/Low 2.47B-3 2.47E-03 5.61E-06 
GK20001BGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46H-05 24 2.27B-03 

45) EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 5.61E-06 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 

46) GE10001BGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27B-03 5.15E-06 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 

47) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 5.11E-06 
OKlAGO4RVT Safety Relief Valve 1AG-4 Spurious Operation 5.60E-06 24 1.34E-04 

48) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 5.11E-06 
OK10003RVT Safety Relief Valve 10G-3 Spurious Operation 5.60E-06 24 1.345-04 

49)-XDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance, 5.48E-03 5.48E-03 5.07E-06 
-KKlRUNSDEX Keowee Unit 1 Only Is supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.O0E+00* 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30B-04 
XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.4BE-03
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50)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 5.07E-06 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

XD1DALTBYM Normal Power To Dist. Center 1DA I In Test or Maintenance 5.48E-03 5.48E-03 
XD2KBATBYF Keowee Battery No. 2 Pails during Discharge 9.308-04 1 9.30E-04 

51) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.008+00 4.94E-06 

ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACE Accumulators 2.00H-03 2.00E-03 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.478-03 

52)-XAlXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 4.89E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.58-08 30 2.258-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To .Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.38-05 1 3.308-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.16B-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-ABS1431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3B-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB752Y2RYT Air Circuit Breaker 7 Y-relay Spurious Operation 3.6E-07 360 1.30E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

53) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 4.54E-06 

ACBAIRPDEX ACE Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 

GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.468-05 24 2.27E-03 
54)-XAlXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.748-03 2.74E-03 4.05E-06 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.58-08 30 2.258-06 

-AB70PENLRE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.208-3 3.20E-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.018-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 

-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/2X Fails To Operate On Demand 3.38-05 1 3.30E-05 
-AA127X2R6D Transformer CI Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 

EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17H-4 6.178-04



* * 
(Page 8 of 14) 

Table 7.2-2 

Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

55)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74B-03 3.91E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.SE-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.39-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.049-03 7.04E-03 
WK2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.6B-4 5.60E-04 

56)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74H-03 2.74E-03 3.91E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30B-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
WK2TBRNDEX Keowee Unit 2 Turbine Fails With the Unit Running 5.6B-4 5.60E-04 

57)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.91E-06 
GKOLOCKCOM Common Cause Actuation of Generator Lockouts 4.06E-06 4.06E-06 

5) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.83E-06 
YX1SS12SST Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEB-111 4.2E-06 24 1.01E-04 

59) EK1F30AFUF Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 3.6E-06 24 8.64E-05 3.28E-06 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02
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60)-ZA2XAALBLM MCC 2XA Is Connected to Its Alternate Power Source 2.74B-03 2.74E-03 3.181-06 
-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74B-03 
-AD2B2ALCDT Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 7.5E-08 30 2.25H-06 
-AB60PENLHE Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-3 3.20H-03 
-AB6MECHDBX Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 8.01H-04 
-AB652TCRYD Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To operate 3.3E-05 1 3.30E-05 
-AB61432SWT Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-AB61432LHE Manual/Auto Control Switch 143/2 Left In Manual 3.201-4 3.20H-04 
-AB610AFFUF One Or More Control Power Fuses For Relay 27X/2X Fail 3.61-06 6 2.16E-05 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA2272XR6D Transformer 2Z Undervoltage Relay 27/2X Fails To Drop Out 2.49B-04 1 2.49E-04 
AB6MCH2DEX Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
XA1XCXXTHM 4160/600 Vac Transformer CX Is in Maintenance 4.57B-4 4.57E-04 

61)-KElRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 3.13E-06 
EK1EXC1TGF Keowee Unit 1 Gen Excitation Transformer Is Failed 9.8E-07 84 8.23E-05 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80B-02 

62) EK1BAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.248-3 1.24E-03 3.06H-06 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.472-03 

(63) EK1VREGDEX KEU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 3.06B-06 
EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 

64)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 3.03E-06 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00H-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.001+00 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.201-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01H-04 8.011-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3H-05 1 3.309-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0R-08 360 2.52H-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20H-4 3.20H-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04B-03 7.04E-03 
EK2SPYMDEX Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62H-4 4.62B-04 

65)-KKlRUNSDEX Keowee Unit 1 Only la Supplying The Grid 0.0 0.001+00 2.93E-06 
EK1FLSMDEX Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Fa 7.71E-5 7.71E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

66)-KKlRUNSDEX Keowee Unit 1 Only Is SupplyingThe Grid 0.0 0.001+00 2.93E-06 
EK1FLDMDEX Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-5 7.71E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80B-02 

67) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 2.83H-06 
UACXCT4THF Transformer CT4 Failed 3.18-06 24 7.44E-05
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68) EK1BAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24B-3 1.24E-03 2.82E-06 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 

69) EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 2.82E-06 
GE10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46H-05 24 2.27E-03 

70) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 2.48H-06 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 
BK1BAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 

71)-XD1DALTBYM Normal Power To Dist. Center IDA Is In Test or Maintenance 5.48B-03 5.482-03 2.45E-06 
KK2UNITBYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
XD1CKC1BCF Battery Charger KC1 Fails 2.98-05 24 6.96E-04 
XD1KBlXRHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.3e-02 9.30B-02 

72)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 2.35E-06 
PKOSUMPCOM Common Cause Failure Of Turbine Sump Pump System 2.44E-06 2.44E-06 

73)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 2.31E-06 
BK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly- 3.202-3 3.20E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80H-02 
EKOBASERHE Recovery of Keowee Base Adjust LHE 1.9H-02 1.902-02 

74)-XIDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.482-03 2.28E-06 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.002+00 
BK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
XD1KBATBYF Keowee Battery No. 1 Pails During Discharge 9.302-04 1 9.30E-04 
XDOKBATRHE 1.002+00 1.002+00 

75)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.482-03 5.482-03 2.28E-06 
EXlVREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
XD2KBATBYP Keowee Battery No. 2 Fails during Discharge 9.302-04 1 9.30E-04 

76)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.802-02 2.17E-06 
BK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.132-04 9.13E-04 

77) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80B-02 2.13E-06 
WK1SPD2DEX Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.62-05 5.60E-05 

78)-XDlDALTBYM Normal Power To Diet. Center IDA Is In Test or Maintenance 5.482-03 5.482-03 2.10E-06 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00R+00 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.462-05 24 2.27E-03 XD1KBATBYP Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 
XDOKBATRHE 1.002+00 1.00E+00 

79)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 2.10E-06 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.462-05 24 2.27E-03 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 

80) FK1WL11AVT Cooling Water Control Valve 1WL-11 Transfers Closed 2.302-06 24 5.52E-05 2.102-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.802-02
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81)-OMOD Startup Bus UV Sensing Mod Is In Service 0 0.00E+00 2.05E-06 
-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 
OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
S227EUVRYT Unit 2 Startup Bus Undervoltage Relay 271 Fails 3.61-07 9 2.33E-03 
SZFRCT4THM Transformer CT4 Is In Maintenance 9.13B-04 9.13E-04 

82)-OMOD Startup Bus UV Sensing Mod Is In Service 0 0.00E+00 2.05E-06 
-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80R-02 
OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
S127EUVRYT Unit 1 Startup Bus Undervoltage Relay 271 Fails 3.6E-07 9 2.33E-03 SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 83)-KAXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.01E-06 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-O5 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA22712RYD Auxiliary Relay 271/21 Fails To Operate On Demand 3.31-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.491-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04B-03 7.04E-03 
EK2DIODDEX Reowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-4 2.88E-04 84)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.99E-06 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 

85)-KKlRUNSDEX Keowee Unit 1 Only is Supplying The Grid 0.0 0.00H+00 1.98E-06 
GK1NGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintena 5.20B-05 5.20E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

86)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.96E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.011-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.01-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/2X Fails To Operate On Demand 3.31-05 1 3.30E-05 
-AA127I2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
FK2WL11AVO Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 1 2.80R-04 

87)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.87E-06 
BKGBOILCOM Common Cause Failure Of Turbine Guide Bearing Oil System 1.941-06 1.94E-06 * *
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Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

88)-ID1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48B-03 5.488-03 1.85E-06 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.008+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 
ZD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 
XDOKBATRHE 1.00H+00 1.00E+00 

89)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.748-03 1.82E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.208-3 3.208-03 
-AB7MBCHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.01H-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.308-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.168-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.528-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.208-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA12712R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.498-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.048-03 7.04E-03 
GK2COOLLHE Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60E-04 

90)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 1.768-06 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.008+00 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.138-04 9.13E-04 

91)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.748-03 1.748-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.58-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.208-3 3.208-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.018-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Pails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Pail 3.6E-06 6 2.168-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 271/2X Fails To Operate On Demand 3.3E-05 1 3.308-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7NCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.048-03 
EK241AXR6D Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.498-04 1 2.498-04
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92)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74H-03 2.74E-03 1.71E-06 

-KK2RUNSDBX Xeowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KE1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.209-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01H-04 8.01B-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30H-05 

-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04H-03 7.04E-03 
EK2FLDCLHE Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.609-4 2.60E-04 

93)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.748-03 2.74E-03 1.71E-06 

-KK2RUNSDEX Keowee Unit 2 Only is Supplying The Grid 0.06 6.00H-02 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.59-08 30 2.25H-06 

-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.209-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.69-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.528-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.209-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3H-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.049-03 7.04E-03 

EK2FLSCLHE Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human 2.609-4 2.60E-04 

94)-XAlXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.749-03 1.71E-06 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 

-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25H-06 

-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20H-3 3.209-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.019-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.69-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into MIanual 7.09-08 360 2.52E-05 

-AB51431LRE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 

-AA227X2RYD Auxiliary Relay 27X/2X'Fails To Operate On Demand 3.3E-05 1 3.30E-05 

-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 

AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.049-03 

EK2SPYCLE Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04
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95)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.748-03 1.71E-06 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.008-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MBCHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01H-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20H-4 3.20H-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
WK2GVCDLHE Latent Human Error Pails Keowee 2 Governor During Cold Start 2.6E-4 2.60E-04 

96)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.71E-06 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.001-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CI1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK2FLSOLHE Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60B-4 2.60E-04 

97) BK1GBO1FTC Filter 1GBOFL-1 Becomes Clogged 1.80B-06 24 4.32E-05 1.64E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

98) BKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 1.54B-06 
BK2BAS2DBX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24B-3 1.24B-03 

99)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.52E-06 
-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK1BASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17B-4 6.17E-04 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.471-3 2.47E-03 

100) EK188SVRYT Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 3.6E-07 108 3.89E-05 1.48E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02



Table 7.2-3 

Failure Probability of Keowee Power Source/Path 

Underground Power Overhead Power 

Power Source 2 2.OE-02 2.2E-02 

Power Path 3 1.1E-03 8.2E-03 

Total 2.2E-02 2.8E-02 

Total 4 2.7E-02 7.OE-02 

'These results do not include the impact of common cause failures.  
2 Power source in this case includes the Keowee unit through the generator output 
breaker.  

Power path includes components downstream of the generator output breaker through 
the Oconee transformer.  
4 These results include the impact of the unit maintenance unavailability.
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Table 7.2-4 

Top 50 Cut Sets From The Keowee Emergency Power Model 
Underground Unit- Gate UNDERO 

Module/Event Description Rate Exposure Prob. Cs Prob.  

1) UNDERO *3.01B-02 
1) KKlBOTHNYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 5.23E-03 
2)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 3.20E-03 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-3 3.20E-03 

3) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.47E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00+00 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 

4)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.45B-03 
FKOPISHCOM Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-3 2.55E-03 

5) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.27E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
GK10001HGR Keowee Unit 1 Generator Pault While the Unit Runs 9.46E-05 24 2.27E-03 

6) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.OOE+00 1.24E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
EK1BAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24B-03 

7)-XDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 9.258-04 
-KK1RUNSDBX Keowee Unit 1 only Is Supplying The Grid 0.0 0.00B+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
ABPOPRCRHE Operators Fail To Close Air circuit Breaker 4 1.0 1.O+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 

8)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 8.78B-04 
SXPRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 

9)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.489-03 5.48E-03 6.92E-04 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.OOE+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
XD1CKC1BCF Battery Charger KC1 Fails 2.9E-05 24 6.96E-04 
XD1KB1XRHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1 1.OOE+00 

10)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 6.44E-04 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 

ll)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 6.172-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1BASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.17E-04
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12) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 5.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WE1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.6Z-4 5.60H-04 

13) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 5.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60E-04 

14)-KX1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 4.62E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
E1SPYMDBX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62B-4 4.62E-04 

15)-XAlXAALBLM MCC lXA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 3.08E-04 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 

-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2Z Fails To Operate On Demand 3.3H-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.005+00 
XA1BKRSCOM CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 3.10E-04 

16) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00R+00 2.88E-04 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
BKlDIODDEX Keowee Unit 1 Exciter Pan Supply Diode Bridge Fails 2.88E-4 2.88E-04 

17) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.80E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

FK1WL11AVO Cooling Water Control Valve 1WL-11 Pails To Open On Demand 2.80E-04 1 2.80E-04 

***
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18)-XA1XAALBLM MCC IXA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.66E-04 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.012-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3H-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.62-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.32-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Pailure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

19) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.002+00 
GK1COOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60E-04 

20) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
GKlBRGVLHE Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60E-04 

21)-KK1RUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 2.60E-04 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00B+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.002+00 
WKlGVCDLHB Latent Human Error Fails Keowee 1 Governor During Cold Start 2.62-4 2.60B-04 

22)-KK1RUNSDEX Keowee Unit 1 Only is Supplying The Grid 0.0 0.002+00 2.60E-04 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.002+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlFLSOLHE Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human 2 2.602-4 2.60E-04 

23)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 2.60E-04 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRRE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1SPYCLHE Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 

24)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.60E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.002+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1FLDCLHE Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.602-4 2.60E-04
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25)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.008+00 2.60B-04 
-KKlBOTHDERX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.008+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlFLSCLHE Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.60B-04 

26) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.008+00 2.49E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 
EK141AXR6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49B-04 1 2.498-04 

27)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.54E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00B+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.008+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.008+00 
GK10001HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 1 1.548-04 

28) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 1.34E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
OK1AGO4RVT Safety Relief Valve LAG-4 Spurious Operation 5.608-06 24 1.348-04 

29) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.008+00 1.348-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 
OK10003RVT Safety Relief Valve lOG-3 Spurious Operation 5.60E-06 24 1.348-04 

30)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.008+00 1.22E-04 
EKlBASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.208-3 3.208-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 

31)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 1.19E-04 
EK00RUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.248-04 

32) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.008+00 1.01E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00H+00 
YK1SS12SST Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 4.2E-06 24 1.018-04 

33) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.478-03 9.39H-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 

34) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 8.648-05 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1F30AFUF Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 3.6E-06 24 8.64E-05 

35) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.278-03 8.63E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 

36)-KE1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.008+00 8.238-05 
-KElBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.008+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlXC1TGF Keowee Unit 1 Gen Excitation Transformer Is Failed 9.88-07 84 8.23E-05 

0 0 0
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37)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 7.71-05 
-KE1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.OOE+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1FLDMDEX Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-5 7.71E-05 

38)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 7.71E-05 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.005+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.005+00 
BKlFLSMDEX Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Fa 7.71E-5 7.71E-05 

39) UACXCT4THF Transformer CT4 Failed 3.1E-06 24 7.44E-05 7.44E-05 
40) SXFRCT4LHE Latent Human Error on CT4 Maintenance 6.409-05 6.40E-05 6.40E-05 
41) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00H+00 5.60E-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WK1SPD2DEX Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.6E-05 5.60H-05 

42)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 5.58E-05 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KE1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.175-5 6.17E-05 

43) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 5.52E-05 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.005+00 
PK1WL11AVT Cooling Water Control Valve 1WL-11 Transfers Closed 2.309-06 24 5.52E-05 

44)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 5.20B-05 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRBB Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
GKlNGDCLEE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintena 5.20B-05 5.20E-05
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45)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 4.92E-05 

-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25B-06 

-AB70PENLHE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 

-AB7MECBDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 

-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 

-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6B-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 

-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 

-AA227X2RYD Auxiliary Relay 27X/2X Fails To operate On Demand 3.3E-05 1 3.30E-05 

-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 

AB5MCH2DEX Air Circuit Breaker 5 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 

AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 

ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

46)-KK2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 4.80E-05 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00H-02 

-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 

-KKlBOTEDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 5.31E-05 

47) BK1BAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 4.71E-05 

KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

48) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 4.32E-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.005+00 

BK1GBO1FTC Filter 1GBOFL-1 Becomes Clogged 1.80H-06 24 4.32E-05 

49) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 3.89H-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00H+00 

EK188SVRYT Keowee Unit 1 Fan Control Relay 885V Prior To Or During The Run 3.68-07 108 3.89E-05 

50)-IDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 3.51E-05 

-KKlRUNSDEX Keowee Unit 1 Only is Supplying The Grid 0.0 0.00E+00 

KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

ID1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.305-04
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1) OVERO *7.27E-02 
1) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 3.80E-02 
2) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 5.23E-03 
3)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 3.01E-03 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
EK2BASELHE Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-3 3.20E-03 

4) BK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 2.47E-03 
5)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.45E-03 

FKOFISHCOM Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
6)-OMOD Startup Bus UV Sensing Mod Is In Service 0.0 0.OOE+00 2.33E-03 

OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
S227EUVRYT Unit 2 Startup Bus Undervoltage Relay 27B Fails 3.6E-07 9 2.33E-03 

7)-OMOD Startup Bus LTV Sensing Mod Is In Service 0.0 0.OOE+00 2.33E-03 
OFACTORDEX Overload Susceptibility Factor 1.0 1.OOE+00 
S127BUVRYT Unit 1 Startup Bus Undervoltage Relay 27H Fails 3.6E-07 9 2.33E-03 

8) GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 2.27E-03 
9) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 2.00E-03 

ACBAIRPDEX ACE Air Supply Fails Causing Low Pressure In All ACE Accumulators 2.OOE-03 2.OOE-03 
10) EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.249-03 1.24E-03 
ll)-XD2DALTBYM Normal Power To Diet Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 9.25E-04 

XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 
12)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 6.92E-04 

XD2CKC2BCF Battery Charger KC2 Fails 2.9E-05 24 6.96E-04 
XD2KB2XRHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1 1.OOE+00 

13)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 6.44E-04 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 

14)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 5.80E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.17B-04 

15) WK2TBRNDEX Keowee Unit 2 Turbine Fails With the Unit Running 5.6E-4 5.60E-04 5.60E-04 
16) WK2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 5.60E-04 
17)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 4.34E-04 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
EK2SPYMDEX Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.62E-04
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18)-XA2XAALBLM MCC 2XA Is Connected to Its Alternate Power Source 2.74E-03 2.74E-03 3.08E-04 
-AD2B2ALCDT Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 7.5E-08 30 2.25E-06 
-AB6OPENLHE Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB6MECHDEX Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB652TCRYD Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate 3.3E-05 1 3.30E-05 
-AB61432SWT Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB61432LHE Manual/Auto Control Switch 143/2 Left In Manual 3.20E-4 3.20E-04 
-AB610AFFUF One Or More Control Power Fuses For Relay 27X/21 Fail 3.6E-06 6 2.16E-05 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA2272XR6D Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out 2.49E-04 1 2.49E-04 
XA2BKRSCOM CCF of Aux Power Breakers ACB-6 & -8 3.10E-04 3.10E-04 

19) AB2MCH2DEX Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02B-4 3.02E-04 3.02E-04 
20) EK2DIODDEX Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-4 2.88E-04 2.88E-04 
21) FK2WL11AVO Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 1 2.80E-04 2.80E-04 
22) GK2BRGVLHE Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Mainte 2.60E-04 2.60E-04 2.60E-04 
23) GK2COOLLHE Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.60B-04 2.60E-04 2.60E-04 
24) SPCB009CHC SWYD PCB-9 Fails To Close On Demand 2.6E-04 1 2.60E-04 2.60E-04 
25) AA227T2R6D Transformer #1 Undervoltage Relay (27T/21) Fails To Drop Out 2.49E-04 1 2.49E-04 2.49E-04 

ABBOPRCRHE Operators Fail To Close Air Circuit Breaker 2 1 1.OOE+00 
26) AB252Y2R6D Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 1 2.49E-04 2.49E-04 
27) AB2R52XR6D Air Circuit Breaker 2 Relay 52X Fails To Operate 2.49E-04 1 2.49E-04 2.49E-04 
28) EK241AXR6D Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.49B-04 1 2.49E-04 2.49E-04 
29)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 O.OOE+00 
EK2SPYCLHE Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 

30)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44B-04 
-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK2FLSCLHE Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.60E-04 

31)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
WK2GVCDLHE Latent Human Error Fails Keowee 2 Governor During Cold Start 2.6E-4 2.60E-04 

32)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.005+00 
AB2CLOSLHE Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-4 2.60E-04 

33)-KK2RUNSDBX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.445-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK2FLSOLHE Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human E 2.605-4 2.60B-04 

***
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Table 7.2-5 

Top 50 Cut Sets From The Keowee Emergency Power Model 
Overhead Unit- Gate OVERO 

Module/Event Description Rate Exposure Prob. Cs Prob.  

34)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44H-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.002+00 
EK2FLDCLHE Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 

35) SXFRCT3THM Transformer CT3 Is In Maintenance 1.74E-04 1.74E-04 1.74E-04 
36)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 1.45B-04 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00R+00 
GK20002HGS Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04 1 1.54E-04 

37) OK20003RVT Safety Relief Valve 20G-3 Spurious Operation 5.60E-06 24 1.34E-04 1.34E-04 
38) OK2AGO4RVT Safety Relief Valve 2AG-4 Spurious Operation 5.602-06 24 1.34B-04 1.34E-04 
39)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.19E-04 

EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.248-04 
40)-OMOD Startup Bus UV Sensing Mod Is In Service 0.0 0.002+00 1.18E-04 

OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
SU327UVCOM Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1.18E-04 1.18E-04 

41)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.08E-04 
AB24BKRCOM Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 1.12E-04 

42) YK2SS12SST Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 4.22-06 24 1.01B-04 1.01E-04 
43) EK2F30AFUF Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 3.6E-06 24 8.64E-05 8.64E-05 
44) SXFRCT3THF Transformer CT3 Faulted 3.1E-06 24 7.44E-05 7.44E-05 
45)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 7.25E-05 

-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
BK2FLDMDBX Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-5 7.71E-05 

46)-KK2RUNSDBX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 7.25E-05 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

BK2PLSMDBX Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Pa 7.71E-5 7.71E-05 
47) GX2FIREDBX Spurious Actuation of Unit 2 Gen. C02 Fire Supression System 7.00E-05 7.00E-05 7.00E-05 
48) WK2SPD2DBX Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.6Z-05 5.60E-05 5.60E-05 
49)-K2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 5.58B-05 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only is Supplying The Grid 0.0 0.002+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

BKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.172-05 
50) FK2WL11AVT Cooling Water Control Valve 2WL-11 Transfers Closed 2.30E-06 24 5.52E-05 5.52E-05



Table 7.2-6 

Keowee Run Failure Probability - Base Case 

Failure Probability 

Reliability Model Prediction - - Standby Unit 0.012 

Reliability Model Prediction - - Grid-cycled Unit 0.011 

Overall Experience (1984-1993) 0.012



Table 7.2-7 

Comparison of System Level Versus Component Level 

Common Cause Failure Probability 

Start Failure Prob. Run Failure prob. Total CCF Prob.  

System Level: 

A. Generic Beta factor 4.50E-4 6.20E-4 1.07E-3 

B. Keowee Beta factor 4.05E-5 3.05E-3 3.09E-3 

Component Level: 1.50E-4 3.36E-3 3.51E-3
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Table 7.3-1 

Top 100 Cut Sets From The ONS-Keowee AC Power Integrated Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

1) OPWERTOP *6.359-05 
1)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.26E-05 

-KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.44E-02 

2) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 7.53E-06 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440R-02 1.44E-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.OOE-01 

3)-KK2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 4.63B-06 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 

4)-KA1XAALBLM MCC IXA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 3.82E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Pails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

5)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.23E-06 
PROFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3H-02 6.30E-02 

6) KKlBOTKHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 1.98E-06 
PACLINEDEX 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.800E-03 7.80E-03 
T5SUBF Lose Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 

7)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 1.72E-06 
EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.24E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

8) EE1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 1.35E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.44E-02 

9) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 1.24E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.448-02 

10) KKlBOTHEYM Both Keowee Units Unavailable Due To Common Maintenance 5.239-3 5.23E-03 1.11E-06 
PACLINEDEX 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.800Z-03 7.80E-03 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 

11) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 1.07E-06 
UACXCT4THF Transformer CT4 Failed 3.1E-06 24 7.44E-05 

lpp
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Top 100 Cut Sets From The ONS-Keowee AC Power Integrated Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

12) SXFRCT4LHE Latent Human Error on CT4 Maintenance 6.40E-05 6.40B-05 9.22E-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.449-02 

13)-KE2UNITHYM The Overhead Unit (2) is unavailable Due To Maintenance 3.80R-2 3.80E-02 8.03E-07 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.002-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 
-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.002+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.17E-05 
T5WEATB Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44H-02 

14)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.802-02 6.912-07 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.002-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 
-KKlBOTBDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00H+00 
E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.312-05 5.31E-05 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.442-02 

15) EKlBAS2DEX KHU-l Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.242-03 6.79E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 
TSWEATB Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 

16) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.232-3 5.23B-03 5.67E-07 
PACLEESCTR Lee Steam Station Combustion Turbines Fail To Run For The Required Time 9.30E-05 24 2.23E-03 
T5SUBF Loss Of The Oconee Station Switcyards Initiating Event 4.862-02 4.86E-02 

17)-XDlDALTBYM Normal Power To Diet. Center lDA Is In Test or Maintenance 5.482-03 5.482-03 5.062-07 
-KK1RUNSDEX Keowee Unit 1 only Is Supplying The Grid 0.0 0.002+00 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.802-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.442-02 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.302-04 1 9.302-04 
XDOKBATRHE Failure To Recover DC By Cross Connecting The Distribution Centers 1.002+00 1.002+00 

18)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 4.822-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.442-02 
XDOCHRGCOM Common Cause Failure Of Keowee Battery Chargers 3.482-05 3.48E-05 

19)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.0-02 4.392-07 
ABOSWGRCOM Common Cause Failure of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7302-02 2.732-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.02-01 5.002-01 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.002-02 

20)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 4.25B-07 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.232-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.132-04 9.132-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.862-02 
PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.002-02 

21)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 4.152-07 
-KKlBOTED2X Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00H+00 
ABPOPRCRHE Operators Fail To Close Alr Circuit Breaker 4 9.0H-03 9.00H-03 
ACB4MOD NSH-ON-52966 Is Not In Service 1 1.00H+00 
EKlBASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.202-3 3.20B-03 
T5WRATB Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44H-02
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22)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.74E-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 
IDOBATTCOM Common Cause Failure Of Keovee I&C Power Batteries 2.70B-05 2.70E-05 

23)-XA1XAALBLM MCC 11A is Connected to Its Alternate Source of Power 2.74E-03 2.743-03 3.62E-07 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01B-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30B-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.63-06 6 2.163-05 
-AE51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04H-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.803-02 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7303-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.003-02 

24)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80H-02 3.41E-07 
FKVALVECOM Common Cause Failure Of Cooling Water Control Valves 2.463-5 2.463-05 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.443-02 

25)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 3.383-07 
EKlBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.173-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.803-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 

26) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.03-03 9.003-03 3.203-07 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.003+00 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.473-3 2.47E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

27) KKIBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.233-3 5.23E-03 3.193-07 
PACLEESCTR Lee Steam Station Combustion Turbines Fail To Run For The Required Time 9.30E-05 24 2.23E-03 
T5FEEDF Failure Of Electrical Grid or Main Feeders Initiating Event 2.7303-02 2.733-02 

28) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80H-02 3.063-07 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 
WE1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.603-04 

29) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.803-02 3.063-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 
WK1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 

30) ABPOPRCRRE Operators Fail To Close Air Circuit Breaker 4 9.03-03 9.003-03 2.943-07 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.003+00 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 

31)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80E-02 2.903-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.443-02 
WK00RUNCOM Common Cause Failure of Keowee Governors to Run 2.09B-05 2.093-05 

IlpA
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32)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.53B-07 EKISPYMDEX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.62E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

33)-XAlXAALBLM MCC IXA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.49E-07 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.448-02 
XA1XCXXTHM 4160/600 Vac Transformer CX Is in Maintenance 4.57H-4 4.57E-04 

34)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.49E-07 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-ABS1431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-ABS1431LHE Manual/Auto Control Switch 143/1 Lefb In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.492-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
BK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 

35)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.28E-07 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27B-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

36) PACS1S2COM Common Cause Failure Of Breakers Sl And S2 To Close 8.900B-05 8.90E-05 2.16E-07 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86B-02 
PACS1S2REC 5.0e-02 5.OOE-02 

37)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.11E-07 
FKOFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PKOFISEDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.30E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

38)-KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.02E-07 
OKOPRUNCOM Common Cause Failure Of Both Governor Oil Systems To Run 1.46E-05 1.46E-05 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02
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39)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.01B-07 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.208-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710APFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431IHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl2712R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCB2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04B-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
ACRAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.008-03 2.OOE-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

40)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.63E-07 
EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24H-4 1.24E-04 
TSFEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PACLEB2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00H-02 

41) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.OE-03 9.00H-03 1.61E-07 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

42) EKIDIODDEX Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-4 2.88E-04 1.58E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

43)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.56E-07 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
T5SUBP Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 
PACLEEIREC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.OOE-02 

44) FKlWL11AVO Cooling Water Control valve 1WL-11 Fails To Open On Demand 2.80E-04 1 2.80E-04 1.53E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

45)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80R-02 1.46E-07 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00B+00 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440B-02 1.44E-02 
WKCSTRTCOM Common Cause Failure of Keowee Governors to Cold Start 1.128-05 1.12E-05 

46) GKlCOOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60E-04 1.42E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WRATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

47)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.42E-07 
EK1PLDCLHE Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.608-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80H-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02
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48)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 1.42H-07 EKlSPYCLRE Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60B-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 49)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 O.00E+00 1.42H-07 KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 WX1GVCDLHE Latent Human Error Fails Keowee 1 Governor During Cold Start 2.6E-4 2.60E-04 50)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 1.42E-07 EKlFLSCLHE Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.60E-04 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 51)-KKlRUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 1.42B-07 EK1FLSOLHE Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60E-4 2.60E-04 KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 52)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.743-03 2.74E-03 1.41E-07 -ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.53-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 -AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.013-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 -AB710AFFUF One or More Air Circuit Breaker 7 Control Power Fuses Fail 3.63-06 6 2.16E-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 -AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 -AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.33-05 1 3.30E-05 -AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7CLOSLHE Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-4 2.60B-04 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440R-02 1.44E-02 53) KK1UNDRBHP Fault Occurs On The Underground Power Path 4.00E-07 24 9.60H-06 1.38E-07 T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440R-02 1.44B-02 54) EK141AXR6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49B-04 1 2.49E-04 1.36E-07 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02
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55)-XAlXAALBLM MCC IA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.35E-07 -AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 -AB7MECBDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3B-05 1 3.30B-05 -AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 -AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 -AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 AA127CPR6D Transformer CX Undervoltage Relay 27/CK1 Fails To Pick Up 2.49E-04 1 2.49E-04 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80-2 3.80H-02 T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.44E-02 56)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.742-03 2.74E-03 1.29E-07 -ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5B-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 -AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Pails On Demand 3.3E-05 1 3.30E-05 -AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.62-06 6 2.16E-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 -AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 -AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 -AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 T5SUBF Loss Of The Oconee Station .Switchyards Initiating Event 4.86E-02 4.86E-02 PACLEBIREC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.00E-02 57) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 1.282-07 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.732-02 PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.002-02 58)-XAlXAALBLM MCC lA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.25H-07 -AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 -AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.012-04 

-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.32-05 1 3.30E-05 -AB710APFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16H-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52H-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.32-05 1 3.30B-05 -AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.042-03 
EK2BAS2DEX KEU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.242-3 1.24E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.442-02 

59) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 1.24E-07 U5186EFRYT Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86HP 3.62-07 24 8.642-06
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60) T5WEATE Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 1.24B-07 
U62BSK1RYT SKi Breaker Failure Relay 62BXSKl Spuriously Picks Up 3.69-07 24 8.64E-06 

61) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.44EH-02 1.44E-02 1.24B-07 
U87TCT4RYT Spurious Op of CT4 Differential Ply 87T Actuates LOR B6EF 3.6H-07 24 8.64E-06 

62) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 1.248-07 
U86TCT4RYT CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 3.6H-07 24 8.64B-06 

63) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 1.24E-07 
U51TNC4RYT CT4 Neutral Ground Rly Actuates CTA LOR 86T/CT4 3.6E-07 24 8.64E-06 

64) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 1.24B-07 
U5086EFRYT Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 3.6E-07 24 8.64E-06 

65) T5WEATH Loss Of off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 1.248-07 
U86CT4XRYT Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 3.6H-07 24 8.64E-06 

66) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 1.24E-07 
U62BSE2RYT SK2 Breaker Failure Relay 62BXSX2 Spuriously Picks Up 3.6E-07 24 8.64H-06 

67) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 1.24E-07 
UXX86EFRYT Lockout Relay 86EF Spuriously Picks Up 3.6E-07 24 8.64E-06 

68)-XD1DALTBYM Normal Power To Dist. Center lDA Is In Test or Maintenance 5.48E-03 5.48E-03 1.20E-07 
-KK1RUNSDEX Reowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+0 
-KKlBOTEDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.0E-03 9.00E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 l.00E+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30B-04 

69) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46B-05 24 2.27H-03 1.18E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5FEEDF Failure of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

70) PACS1CSMOD S1 Closing Circuit Components Fail 2.833H-03 2.83E-03 1.16E-07 
PACS2CSMOD S2 Closing Circuit Components Fail 2.833E-03 2.83B-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.44E-02 

71) TSFEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73H-02 9.91E-08 
YOSTARTCOM Comm n Cause Failure of Emergency Start Signal 7.26E-06 7.26E-06 
YoSTARTRsE Operators Fail To Manually Start Reowee 0.5 5.IiEt0i
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72)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 9.31E-08 
-ZA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.61-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 

73) EK1VREGDBX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.479-3 2.47E-03 8.79E-08 
EK2VREGDBX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47-3 2.47E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

74)-KXlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 8.43E-08 
GK10001HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 1 1.54E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4401-02 1.44E-02 

75)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 8.42E-08 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.51-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.09-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XA1BKRSCOM CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.01-01 5.00E-01
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76)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 8.42E-08 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.258-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01H-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.208-4 3.208-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3H-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 
XA78BKRCOM Common Cause Failure Of ACB-7 And ACB-8 To Close 3.10E-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.08-01 5.008-01 

77) BKlVREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47B-03 8.08E-08 
GE20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.468-05 24 2.278-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 

78) EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.478-3 2.478-03 8.08E-08 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.468-05 24 2.278-03 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 

79)-KK1RUNSDEI Keowee Unit 1 Only Is Supplying The Grid 0.0 0.008+00 8.00E-08 
-KE1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.08-03 9.008-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.008+00 
EKIBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.178-4 6.178-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

80)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 7.628-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.178-05 
TSFEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7308-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.008-02 

81)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 7.51E-08 
FKOFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.558-3 2.55H-03 
T5SUBP Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.308-02 
PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.008-02 

82) GK10001EGR Xeowee Unit 1 Generator Fault While the Unit Runs 9.468-05 24 2.278-03 7.42E-08 
GX20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46B-05 24 2.278-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 

83) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 7.35E-08 
OK1AG04RVT Safety Relief Valve 1AG-4 Spurious Operation 5.608-06 24 1.348-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02
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84) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 7.35E-08 
OK10003RVT Safety Relief Valve 1OG-3 Spurious Operation 5.60H-06 24 1.34E-04 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

85)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 7.30E-08 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00B+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 
XD1KBATBYP Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 
XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 

86)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 7.30B-08 
-KE1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 O.ooE+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XD1DALTBYM Normal Power To Dist. Center IDA Is In Test or Maintenance 5.485-03 5.48E-03 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 

87) PACN1N2COM Common Cause Failure Of Breakers N1 And N2 To Open 3.000E-05 3.00E-05 7.295-08 
T5SUBP Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
PACN1N2REC Operators Fail To Open Ni and N2 Within 40 Minutes 5.0e-02 5.00E-02 

88) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.05-03 9.00E-03 7.26E-08 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60E-04 

89) ABPOPRCRBE Operators Fail To Close Air Circuit Breaker 4 9.OE-03 9.OOE-03 7.26E-08 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44E-02 
WX1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.65-4 5.60E-04 

90) ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00B-03 2.005-03 7.11E-08 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
T5WRATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

91)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 7.04E-08 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center iDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Pails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop out 2.495-04 1 2.49E-04 
AB752Y2RYT Air Circuit Breaker 7 Y-relay Spurious Operation 3.6E-07 360 1.30E-04 
KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.805-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02
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92)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 6.55E-08 -KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 O.ooE+00 
E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31B-05 5.31E-05 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

93) ACBAIRPDEX ACE Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.OOE-03 6.54E-08 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

94) EKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 6.43E-08 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5FEEDF Failure Of Electrical Grid Or Main Peeders Initiating Event 2.730E-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

95) PACS1S2COM Common Cause Failure Of Breakers S1 And S2 To Close 8.900E-05 8.90E-05 6.41E-08 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 
PACS1S2REC Failure To Manually Close Breakers Sl and S2 5.0e-02 5.005-02 

96) PACSK12COM Common Cause Failure Of Breakers SK1 And SK2 To Close 8.900E-05 8.90E-05 6.41E-08 T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
PACSK12REC Failure To Manually Close Breakers SK1 and SK2 5.0e-02 5.OOE-02 

97)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 5.99E-08 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.OE-03 9.00E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlSPYMDEX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62B-4 4.62E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

98)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 5.84E-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.005+00 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.17E-04 
TSWEATR Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

99)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 5.80E-08 
EKOORUNCOM Comn Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.24B-04 
T5SUBF Lose Of The Oconee Station Switchyards Initiating Event 4.865-02 4.86E-02 
PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.00E-02
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100)-ZAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 5.64E-08 
-ADlB4ALCDT Breaker 4AL In 125 V de Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLEE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20H-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710APFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-ABS1431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-ABS1431LE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.308-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04B-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4401-02 1.44E-02 
WX2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60B-04 

lpp
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T5WEATH 1.44E-02 8.46E-01 8.45E-01 3.79E-03 6.50E+00 5.88E+01 
KK2UNITHYM 3.80E-02 2.06E-01 2.06E-01 3.50E-04 1.26E+00 6.22E+00 
SXFRCT4THM 9.13E-04 2.03E-01 2.03E-01 1.43E-02 1.25E+00 2.23E+02 
KK1BOTHHYM 5.23E-03 1.78E-01 1.78E-01 2.20E-03 1.22E+00 3.49E+01 
PACOT5WDEX 1.OOE-O1 1.17E-01 1.17E-01 7.53E-05 1.13E+00 2.05E+00 
AB7MCH2DEX 7.04E-03 9.43E-02 9.42E-02 8.64E-04 1.10E+00 1.43E+0-1 
ABOSWGRRH-E 5.OOE-O1 9.02E-02 9.02E-02 1.16E-05 1.10E+00 1.09E+00 
ABOSWGRCOM 6.69E-04 8.10E-02 8.10E-02 7.81E-03 1.09E+00 1.22E+02 
T5SUBF 4.86E-02 7.92E-02 7.92E-02 1.05E-04 1.09E+00 2.55E+00O 
T5FEEDF 2.73E-02 7.47E-02 7.47E-02 1.76E-04 1.08E+00 3.66E+00 
PACLINEDEX 7.80E-03 4.80E-02 4.80E-02 3.97E-04 1.05E+00 7.10E+00 
ACB4MOD 1.OOE+OO 4.42E-02 4.42E-02 2.85E-06 1.05E+00 1.OOE+OO 
PACLEE2REC 5.OOE-02 4.27E-02 4.27E-02 5.51E-05 1.04E+00 1.81E+00 
ABPOPRCRHE 9.OOE-03 3.99E-02 3.99E-02 2.86E-04 1.04E+00 5.40E+00 
FKOFISHDHE 6.30E-02 3.90E-02 3.90E-02 3.99E-05 1.04E+00 1.58E+00O 
FKOFISHCOM 2.55E-03 3.89E-02 3.89E-02 9.85E-04 1.04E+00 1.62E+01 
EK1VREGDEX 2.47E-03 3,76E-02 3.76E-02 9.83E-04 1.04E+00 1.62E+01 0GK10001HGR 2.27E-03 3.43E-02 3.43E-02 9.75E-04 1.04E+00 1.61E+01 
EKOORUNCOM 1.24E-04 3.OOE-02 3.OOE-02 1.56E-02 1.03E+00 2.43E+02 
PACLEElREC 1.OOE-02 2.61E-02 2.61E-02 1.68E-04 1.03E+00 3.58E+00 
EK1BAS2DEX 1.24E-03 1.84E-02 1.84E-02 9.58E-04 1.02E+00 1.58E+01 
XDlKBATBYF 9.30E-04 1.80E-02 1.80E-02 1.25E-03 1.02E+00 2.03E+01 
UACXCT4THF 7.44E-05 1.74E-02 1.74E-02 1.51E-02 1.02E+00 2.35E+02 
SXFRCT4LHE 6.40E-05 1.48E-02 1.48E-02 1.49E-02 1.01E+00 2.32E+02 
XDOKBATRH-E 1.OOE+OO 1.42E-02 1.42E-02 9.16E-07 1.01E+00 1.OOE+OO 
EKSTARTCOM 6.17E-05 1.41E-02 1.40E-02 1.47E-02 1.01E+00 2.28E+02 
PACLEESCTR 2.23E-03 1.37E-02 1.37E-02 3.97E-04 1.01E±00 7.14E+00 
EK2VREGDEX 2.47E-03 1.27E-02 1.27E-02 3.32E-04 1.01E+00 6.13E±00 
E12EXCTCOM 5.31E-05 1.21E-02 1.21E-02 1.47E-02 1.01E+00 2.28E+02 
GK20001HGR 2.27E-03 1.15E-02 1.15E-02 3.27E-04 1.01E+00 6.06E+00 
XD1KB1XRHE 1.OOE+OO 9.35E-03 9.35E-03 6.03E-07 1.01E+00 1.OOE±OO 
XDlCKClBCF 6.96E-04 9.34E-03 9.34E-03 8.66E-04 1.01E+00 1.44E+01 
ACBAIRPDEX 2.OOE-03 9.21E-03 9.20E-03 2.97E-04 1.01E+00 5.59E+00 
EK1BASELHE 3.20E-03 8.92E-03 8.92E-03 1.80E-04 1.01E+00 3.78E+00 
EK1BASEDEX 6.17E-04 8.52E-03 8.51E-03 8.90E-04 1.01E+00 1.48E+01 
XDOCHRGCOM 3.48E-05 8.43E-03 8.42E-03 1.56E-02 1.01E+00 2.43E+.02 
WKlTBRNDEX 5.60E-04 7.73E-03 7.73E-03 8.90E-04 1.01E+00 1.48E+01 
WK1GVRNDEX 5.60E-04 7.73E-03 7.73E-03 8.90E-04 1.01E+00 1.48E+01 
XDOBATTCOM 2.70E-05 6.54E-03 6.53E-03 1.56E-02 1.01E+00 2.43E+02 
EK1SPYMDEX 4.62E-04 6.25E-03 6,24E-03 8,72E-04 1.01E4-00 1,45E+01 .FKVALVECOM 2.46E-05 5.96E-03 5.95E-03 1.56E-0 2 1.01E±00 2.43E+02
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XAlXCXXTU4 4.57E-04 5.81E-03 5.81E-03 8.21E-04 1.01E+00 1.37E+01 
EK2BAS2DEX 1.24E-03 5.78E-03 5.78E-03 3.01E-04 1.01E+00 5.66E+00 
XD2KBATBYF 9.30E-04 5.11E-03 5.11E-03 3.54E-04 1.01E+00 6.49E+00 
WKOORUNCOM 2.09E-05 5.06E-03 5.05E-03 1.56E-02 1.01E+00 2.43E+02 
GKOBRGVRH-E 1.OOE+OO 4.86E-03 4.86E-03 3.14E-07 1.OOE+00 1.0O0EO 
YOSTARTCOM 7.26E-06 4.75E-03 4.70E-03 4.18E-02 1.OOE+OO 6.48E+02 
YOSTARTRHE 1.OOE+OO 4.75E-03 4.75E-03 3.06E-07 1.OOE+OO 1.OOE+00 
PACSS2COM 8.90E-05 4.43E-03 4.42E-03 3.21E-03 1.OOE+OO 5.07E+01 
PACS1S2REC 5.OOE-02 4.43E-03 4.43E-03 5.71E-06 1.QOE+OO 1.08E+00 
XAlBKRSCOM 3.10E-04 4.29E-03 4.29E-03 8.94E-04 1.OOE+OO 1.48E+01 
GKlBRGVLHE 2.60E-04 4.01E-03 4.01E-03 9.95E-04 1.OOE±OO 1.64E+01 
EKOBASERH-E 1.90E-02 3.96E-03 3.96E-03 1.35E-05 1.OOE+OO 1.20E+00 
PACS2CSMOD 2.83E-03 3.96E-03 3.96E-03 9.01E-05 1.OOE±OO 2.39E+00 
PACS1CSMOD 2.83E-03 3.96E-03 3.96E-03 9.01,E-05 1.OOE+OO 2.39E+00 
EK1DIODDEX 2.88E-04 3.59E-03 3.59E-03 8.04E-04 1.OOE+00 1.35E+01 
OKOPRUNCOM 1.46E-05 3.54E-03 3.53E-03 1.56E-02 1.OOE+OO 2.43E+02 
XA78BKRCOM 3.10E-04 3.36E-03 3.35E-03 6.98E-04 1.OOE+OO 1.18E+01 

FKlWL11AVO 2.80E-04 3.34E-03 3.33E-03 7.69E-04 1.OOE+OO 1.29E+01 0 WK1GVCDLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+OO 1.29E+01 
EKlFLSCLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+OO 1.29E+01 
EK1SPYCLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+OO 1.29E+01 
EK1FLDCLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE±OO 1.29E+01 
EKIFLSOLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+OO 1.29E+01 
GK1CooLLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+OO 1.29E+01 
XD2CKC2BCF 6.96E-04 3.10E-03 3.10E-03 2.87E-04 1.OOE+0O 5.45E+00 
XD2KB2XRHE 1.OOE+OO 3.10E-03 3.10E-03 2.OOE-07 1.OOE+OO 1.OOE.-O 
EK141AXR6D 2.49E-04 2.97E-03 2.97E-03 7.69E-04 1.OOE+OO 1.29E+01 
WKCSTRTCOM 1.12E-05 2.55E-03 2.55E-03 1.47E-02 1.OOE+OO 2.28E+02 
AB7CLOSLHE 2.60E-04 2.54E-03 2.54E-03 6.30E-04 1.OOE+OO 1.08E+01 
AA127CPR6D 2.49E-04 2.43E-03 2.43E-03 6.30E-04 1.OOE±OO 1.08E+0-1 
EK2BASEDEX 6.17E-04 2.40E-03 2.40E-03 2.51E-04 1.OOE+OO 4.89E+00 
WK2GVRNDEX 5.60E-04 2.32E-03 2.32E-03 2.67E-04 1.OOE+OO 5.14E+00 
WK2TBRNDEX 5.60E-04 2.32E-03 2.32E-03 2.67E-04 1.OOE+00 5.14E+00 
XA2BKRSCOM 3.10E-04 2.22E-03 2.22E-03 4.62E-04 1.OOE+OO 8.15E+00 
KK1UNDRBHF 9.60E-06 2.21E-03 2.21E-03 1.49E-02 1.OOE+0O 2.32E+02 
PACN1N2REC 5.OOE-02 2.10E-03 2.10E-03 2.71E-06 1.OOE±OO 1.04E+00 
PACNIN2COM 3.OOE-05 2.10E-03 2.10E-03 4.51E-03 1.OOE+OO 7.09E±01 
XD1DALTBYM 5.48E-03 2.09E-03 2.09E-03 2.46E-05 1.OOE+OO 1.38E+00 
EK2BASELHE 3.20E-03 2.01E-03 2.01E-03 4.05E-05 1.OOE+OO 1.63E+00 
U51TNC4RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE±OO 2.32E+02 
U87TCT4RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E±02
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U86TCT4RYT 8.64E-06 2-OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E+02 
U5186EFRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE±OO 2.32E+02 
UXX86EFRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E+02 
U86CT4XRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E+02 
U62BSKlRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E+02 
U5086EFRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E+02 
U62BSK2RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+OO 2.32E+02 
EK2SPYMDEX 4.62E-04 1.97E-03 1.97E-03 2.76E-04 1.OOE+00 5.27E+00 
GK10001HGS 1.54E-04 1.82E-03 1.82E-03 7.64E-04 1.OOE+OO 1.28E+01 
PACSK12COM 8.90E-05 1.74E-03 1.74E-03 1.26E-03 1.OOE+00 2.06E01 
OKlAC04RVT 1.34E-04 1.58E-03 1.58E-03 7.59E-04 1.OOE+OO 1.28E+01 
OK10003RVT 1.34E-04 1.58E-03 1.58E-03 7.59E-04 1.OOE+OO 1.28E+01 
PACSK2CMOD 1.30E-03 1.56E-03 1.56E-03 7.72E-05 1.OOE+OO 2.19E+00 
PACSK1CMOD 1.30E-03 1.56E-03 1.56E-03 7.72E-05 1.OOE+0O 2.19E+00 
GK2BRGVLHE 2.60E-04 1.43E-03 1.43E-03 3.56E-04 1.OOE+OO 6.51-i-OO 
AB752Y2RYT 1.30E-04 1.24E-03 1 .24E-03--6 .20E-04 1.OOE+OO 1.06E+01 
XD2DALTBYM 5.48E-03 1.23E-03 1.23E-03 1.45E-05 1.OOE+OO 1.22E+00 
YKlSS12SST 1.01E-04 1.18E-03 1.18E-03 7.57E-04 1.OOE+OO 1.27E+01 
AB6MCH2DEX 7.04E-03 1.08E-03 1.08E-03 9.86E-06 1.OOE+OO 1.15E+00 
EK1F30AFUF 8.64E-05 1.01E-03 1.O1E-03 7.51E-04 1.OOE±OO 1.26E+01 
PACSK12REC 5.OOE-02 1.OOE-03 1.OOE-03 1.29E-06 1.OOE+OO 1.02E+00O 
GKOLOCKCOM 4.06E-06 9.84E-04 9.82E-04 1.56E-02 1.OOE±OO 2.43E+.02 
PACXSBlBHM 1.02E-03 9.78E-04 9.78E-04 6.19E-05 1.OOE+OO 1.96E+00 
PACXSB2BHM 1.02E-03 9.78E-04 9.78E-04 6.19E-05 1.OOE+OO 1.96E±00 
EK1EXC1TGF 8.23E-05 9.62E-04 9.62E-04 7.54E-04 1.OOE+OO 1.27E+01 
EK2DIODDEX 2.88E-04 9.32E-04 9.32E-04 2.09E-04 1.OOE±OO 4.24E+00 
EK1FLSMDEX 7.71E-05 9.01E-04 9.01E-04 7.54E-04 1.OOE+OO 1.27E±01 
EKIFLDMDEX 7.71E-05 9.01E-04 9.01E-04 7.54E-04 1.OOEf-O 1.27E+01 
FK2WL11AVO 2.80E-04 7.52E--04 7.52E-04 1.73E-04 1.OOE±OO 3.69E+00 
GK2COOLLHE 2.60E-04 6.99E-04 6.98E-04 1.73E-04 1.OOE+OO 3.69E+00 
EK241AXR6D 2.49E-04 6.69E-04 6.69E-04 1.73E-04 1.OOE±OO 3.69E+00 
WK1SPD2DEX 5.60E-05 6.57E-04 6.57E-04 7.57E-04 1.OOE+OO 1.27E+01 
EK2SPYCLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+OO 3.52E±00 
EK2FLSOLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE±OO 3.52E+00 
EK2FLSCLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE±OO 3.52E+00 
EK2FLDCLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+OO 3.52E+00 
WK2GVCDLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+OO 3.52E+00 
FKlWL11AVT 5.52E-05 6.43E-04 6.43E-04 7.51E-04 1.OOE+OO 1.26E+01 
GK1NCDCLHE 5.20E-05 6.06E-04 6.05E-04 7.51E-04 1.OOE±OO 1.26E+01 
PKOSIJMPCOM 2.44E-06 5.91E-04 5.90E-04 1.56E-02 1.OOE+OO 2.43E+02 .XA2XAALBLM 2.74E-03 5.62E-04 5.62E-04 1.32E-05 1.OOE+00 1.20E+00
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BK1GBO1FTC 4.32E-05 5.03E-04 5.03E-04 7.51E-04 1.OOE±OO 1.26E+01 
BKGBOILCOM 1.94E-06 4.70E-04 4.69E-04 1.56E-02 1.OOE±OO 2.43E+.02 
PACXCT5THF 7.44E-OS 4.58E-04 4.58E-04 3.97E-04 1.OOE+OO 7.15E+00 
EK188SVRYT 3.89E-05 4.53E-04 4.53E-04 7.51E-04 1.OOE+OO 1.26E+01 
AB4MCH2DEX 3.02E-04 4.08E-04 4.08E-04 8.72E-05 1.OOE+OO 2.35E+00 
WKIGVCDDEX 3.50E-05 4.08E-04 4.08E-04 7.51E-04 1.OOE+OO 1.26E+01 
WK1TBCDDEX 3.50E-05 4.08E-04 4.08E-04 7.51E-04 1.OOE+OO 1.26E+01 
YK1MR4ARYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+0-1 
YK199SXRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
YK199SNRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
YK199SDRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK188SVRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1S41XRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1R31YRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EKlF31XRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK141CFRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1415YRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK199SYRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E±01 
EK1S41CRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1R31TRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1R41YRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1F41CRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+OO 1.26E+01 
EKlR41XRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE4-O 1.26E+01 
GK1FIREDEX 3.19E-05 3.71E-04 3.71E-04 7.51E-04 1.OOE+OO 1.26E+01 
PK1PACKDEX 3.10E-05 3.61E-04 3.61E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1R9C1R6T 3.05E-05 3.55E-04 3.55E-04 7.51E-04 1.OOE±OO 1.26E+01 
EK1901ARYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK186EXRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1R9A1RYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+OO 1.26E+01 
EK1415YRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE±OO 1.26E+01 
EK1R41YRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+0O 1.26E+01 
EK131TDRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+OO 1.26E+01 
EKIR31YRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE±OO 1.26E+01 
PK1ACDCCOM 2.77E-05 3.23E-04 3.23E-04 7.51E-04 1.OOE+OO 1.26E+01 
AB7R52YRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+OO 1.05E+01 
AA127XCRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+0O 1.05E+01 
AB7R52XRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+00 1.05E+01 
A.B752CCRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+OO 1.05E+01 
ACBXFERCOM 1.28E-06 3.10E-04 3.10E-04 1.56E-02 1.OOE+OO 2.43E+402 
XAOSWGRCOM 1.22E-06 2.96E-04 2.95E-04 1.56E-02 1.OOE4-O 2.43E±02 
FKlFL02FRF 2.35E-05 2.74E-04 2.74E-04 7.51E-04 1.OOE±OO 1.26E+01
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EK1EXC2TGF 2.35E-05 2.74E-04 2.74E-04 7.51E-04 1.OOE+00 1.26E+01 
GK20002HGS 1.54E-04 2.70E-04 2.70E-04 1.13E-04 1.OOE±OO 2.75E+00O 
XAlXAALBLM 2.74E-03 2.52E-04 2.52E-04 5.94E-06 1.OOE+00 1.09E±00 
OK20003RVT 1.34E-04 2.51E-04 2.51E-04 1.20E-04 1.OOE+OO 2.87E+00 
OK2AGO4RVT 1.34E-04 2.51E-04 2.51E-04 1.20E-04 1.OOE±OO 2.87E+00O 
AB7KEYISWT 2.52E-05 2.39E-04 2.39E-04 6.13E-04 1.OOE+OO 1.05E+01 
OK1PSTRCOM 2.04E-05 2.38E-04 2.38E-04 7.51E-04 1.OOE+OO 1.26E+01 
PAC1TC4C4T 2.26E-05 2.15E-04 2.15E-04 6.16E-04 1.OOE+OO 1.05E+01 
AB4CLOSLH-E 2.60E-04 2.08E-04 2.08E-04 5.17E-05 1.OOE+OO 1.80E+00 
PACXNO2C4O 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE±OO 1.67E+00 
PACXSK2C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+OO 1.67E+00 
PACXSO1C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+OO 1.67E+00 
PACXSO2C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+OO 1.67E±00 
PACXNO1C4o 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+OO 1.67E+00O 
PACXSKIC4C 3.OCE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE±OO 1.67E+00 
AB4R52XR6D 2.49E-04 1.99E-04 1.99E-04 5.17E-05 1.OOE+OO 1.80E.00 
AB452Y2R6D 2.49E-04 1.99E-04 1.99E-04 5.17E-05 1.OOE+OO 1.80E+00 
AB24BKRCOM 1.12E-04 1.98E-04 1.98E-04 1.14E-04 1.OOE+OO 2.77E+00O 
YK2SS12SST 1.01E-04 1.86E-04 1.86E-04 1.19E-04 1.OOE+OO 2.84E+00 
FKlFL01FRF 2.35E-05 1.28E-04 1.28E-04 3.50E-04 1.OOE±OO 6.43E+00 
AB5MCH2DEX 7.04E-03 1.21E-04 1.21E-04 1.11E-06 1.OOE+OO 1.02E+00 
WK2SPD2DEX 5.60E-05 1.05E-04 1.05E-04 1.20E-04 1.OOE+0O 2.87E+00 
XAlX2CCCLT 2.18E-05 6.90E-05 6.90E-05 2.04E-04 1.OOE+00 4.16E±00 
YK114X3SSD 1.80E-05 5.70E-05 5.70E-05 2.04E-04 1.OOE+OO 4.17E+00 
EK1FAN1TLF 1.80E-05 5.70E-05 5.70E-05 2.04E-04 1.OOE+OO 4.17E+00 
YKlSS13SSD 1.80E-05 5.70E-05 5.70E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlHP03HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E+00 
GKIGAClHXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlH-P02HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E+00 
GK1GAC5HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlGAC4HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlHP06HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E+00 
GKIHP01HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlHP08HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK1GAC3HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E±00 
GKlGAC6HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GKlHP04HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E+00 
GKlHP05HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E+00 
FK1TRHXHXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E±00 
GKlH-P07H-XF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+OO 4,17E2+00 OGK1GAC2HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE±OO 4.17E+00
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OK10003TKF 1.10E-05 3.50E-05 3.50E-05 2.04E-04 1.OOE+00 4.17E+00 
OKlAG01TKF 1.10E-05 3.50E-05 3.50E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKIGAC5HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlGAC2HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlGAC3HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlGAC4HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+OO 4.17E+00 
GKlGAClHXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE±OO 4.17E+00 
GKlGAC6HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK1063FPST 1.03E-05 3.27E-05 3.27E-05 2.04E-04 1.OOE+00 4.17E+00O 
EK141AXR6T 8.71E-06 2.76E-05 2.76E-05 2.04E-04 1.OOE+OO 4.17E+00 
AB3R52ZRET 8.71E-06 2.76E-05 2.76E-05 2.04E-04 1.OOE+OO 4.17E+00 
YK163BLRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
YK14AMRRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE±OO 4.17E+00 
YK163TBRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
YK163BHRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E±+00 
YK199SDRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
YK199SXRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE±OO 4.17E+00 
YK199SNRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK187GBRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.COE+OO 4.17E+00 
GK187TERYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
EK186X2RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+0O 4.17E+00 
GK186E1RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
EK199SYRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00O 
GK13SUIRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK187G1RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK162TDRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK159GNRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+OO 4.17E+00 
GK140GlRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE±OO 4.17E+00 
GK163FXRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE±OO 4.17E+00 
AA186S1RYT 8.64E-06 2.73E-05 2.73E-05 2.04E-04 1.OOE+OO 4.16E+00 
AB71OAlFUF 2.16E-05 2.34E-05 2.34E-05 6.98E-05 1.OOE+OO 2.08E+00 
AB352TCSVT 9.36E-06 2.21E-05 2.21E-05 1.52E-04 1.OOE+OO 3.36E+00 
XAlXCXXTLF 1.80E-05 1.96E-05 1.96E-05 7.01E-05 1.OOE+OO 2.09E+00 
XDIDARXBDF 7.68E-06 1.81E-05 1.81E-05 1.52E-04 1.OOE+OO 3.36E+00 
EK2FLSMDEX 7.71E-05 1.78E-05 1.78E-05 1.49E-05 1.OOE±OO 1.23E+00 
EK2FLDMDEX 7.71E-05 1.78E-05 1.78E-05 1.49E-05 1.OOE+00 1.23E+00 
YK163BLLST 7.44E-06 1.76E-05 1.76E-05 1.52E-04 1.OOE+OO 3.36E+00O 
YK163TBLST 7.44E-06 1.76E-05 1.76E-05 1.52E-04 1.OOE+OO 3.36E+00 
YK163BHLST 7.44E-06 1.76E-05 1.76E-05 1.52E-04 1.OOE+OO 3.36E+00 
EK2F3OAFUF 8.64E-05 1.73E-05 1.73E-05 1.29E-05 1.OOE+00 1.20E+00 
GK2FIREDEX 7.OOE-05 1.72E-05 1.72E-05 1.5 9E-05 1.OOE±OO 1.25E+00
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GKlWL44VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL69VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL33VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL45VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKIWL16VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL29VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL57VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE±OO 3.36E+00 
GKIWL48VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL52VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL60VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1-OOE+00 3.36E±00 
GKlWL61VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00O 
GKlWL25VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE±OO 3.36E+00 
GKlWL68VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL76VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL17VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00O 
GKlWL65VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL24VVT 6,53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL41VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00O 
GKIWL64VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL32VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE±OO 3.36E+00 
GKlWL53VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL73VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE±OO 3.36E+00O 
GKlWL28VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL20VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL72VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL21VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL78VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL37VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL56VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL49VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKlWL36VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+OO 3.36E+00 
XA1XAMCBLF 6.48E-06 1.53E-05 1.53E-05 1.52E-04 1.OOE+OO 3.36E+00 
XAlXXXXBLF 6.48E-06 1.53E-05 1.53E-05 1.52E-04 1.OOE+OO 3.36E+00 
EDl1D3DCDT 6.30E-06 1.49E-05 1.49E-05 1.52E-04 1.OOE±OO 3.36E+00 
AB4PSO2PST 1.60E-04 1.45E-05 1.45E-05 5.86E-06 1.OOE+OO 1.09E+00 
EK1S141SWT 5.88E-06 1.39E-05 1.39E-05 1.52E-04 1.OOE±OO 3.36E+00 
EK14152SWT 5.88E-06 1.39E-05 1.39E-05 1.52E-04 1.OOE+OO 3.36E+00 
EK1S31TSWT 5.88E-06 1.39E-05 1.39E-05 1.52E-04 1.OOE±OO 3.36E+00 
AB3PUSHPBT 5.76E-06 1.36E-05 1.36E-05 1.52E-04 1.OOE+OO 3.36E+00 
GKH-POILCOM 4,61E-07 1.27E-05 1.27E-05 1,78E-03 1.OOE±OO 2,86E±01 O KOCOOLCOM 4.61E-07 1.27E-05 1.27E-05 1.78E-03 i.OOE+00 2.86E+01
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FKOWL01VVT 4.08E-07 1.17E-05 1.17E-05 1.85E-03 1.OOE+OO 2.97E+01 
FK2WL11AVT 5.52E-05 1.11E-05 1.11E-05 1.29E-05 1.OOE+OO 1.20E+00 
AB452Y2R6T 1.35E-04 1.10E-05 1.10E-05 5.26E-06 1.OOE+OO 1.08E+00 
SPCB033CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1-OOE+00 1.39E+00 
SPCB021CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+OO 1.39E+00 
SPCB028CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+OO 1.39E+00 
SPCB024CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+OO 1.39E+00 
SPCB026CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1-OOE+00 1.39E+00 
SPCB017CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+0O 1.39E+00 
SPCB015CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+OO 1.39E+00 
SPCB012CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE.-O 1.39E+00 
SPCB008CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+OO 1.39E+00 
AA127C1R6T 8.71E-06 9.47E-06 9.47E-06 7.01E-05 1.OOE+00O 2.09E+00 
AA127R1RYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE±OO 2.09E+00 
AA186CXRYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+OO 2.09E+00 
AA187CXRYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+OO 2.09E+00O 
AB752TCRYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+OO 2.09E+00 
ABEOPRCRHE 1.OOE+OO 8.60E-06 8.60E-06 5.55E-10 1.OOE+OO 1.OOE+OO 
SPCB009CHC 2.60E-04 5.31E-06 5.31F-06 1.32E-06 1.OOE+OO 1.02E+00 
AB2MCH2DEX 3.02E-04 5.1 1E-06 5.11E-06 1.09E-06 1.OOE+OO 1.02E+00 
XA56BKRCOM 3.10E-04 4 *50E-06 4.50E-06 9.36E-07 1.OOE+OO 1.01E+00 
EK186E2RYT 2.16E-06 4.48E-06 4.48E-06 1.34E-04 1.OOE+OC 3.08E+00 
AA227T2R6D 2.49E-04 4.10E-06 4.10E-06 1.06E-06 1.OOE+OO 1.02E+00 
AB252Y2R6D 2.49E-04 4.10E-06 4.10E-06 1.06E-06 1.OOE+OO 1.02E±00 
AB2R52XR6D 2.49E-04 4.10E-06 4.10E-06 1.06E-06 1.OOE±OO 1.02E+00 
AB2CLOSLHE 2.60E-04 4.02E-06 4.02E-06 9.98E-07 1.OOE+OO 1.02E+00 
GKlWL51VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE±OO 3.08E±00 
GKlWL54VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
FKlWL12VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE±OO 3.08E±00 
GKlWL55VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL35VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL67VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE±OO 3.08E+00 
GKlWL59VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
FKlWL42VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL71VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
FKlWL43VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL62VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE±OO 3.08E+00 
GKlWL27VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
FKlWL15VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL58VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E±00 
GKlWL23VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00
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GKlWL63VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL22VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL47VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL18VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E±00 
GKlWL31VTT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL19VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL70VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE±OO 3.08E+00 
GKlWL30VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL46VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL38VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL50VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL34VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL75VVT 1.84E-06, 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL26VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+0O 3.08E+00 
GKlWL74VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL39VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
GKlWL66VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+OO 3.08E+00 
AB5CLOSLHE 2.60E-04 3.77E-06 3.77E-06 9.36E-07 1.OOE+OO 1.01E+00 
XD104CCCDT 1.80E-06 3.74E-06 3.74E-06 1.34E-04 1.OOE+00 3.08E+00 
ED13BR2CDT 1.80E-06 3.74E-06 3.74E-06 1.34E-04 1.OOE+00 3.08E+00 
XA1A2BTCDT 1.80E-06 3.72E-06 3.72E-06 1.33E-04 1.OOE+OO 3.06E+00 
XD1BK1ACDT 1.80E-06 3.72E-06 3.72E-06 1.33E-04 i.OOE+00 3.06E+00 
XD1DA1CCDT 1.80E-06 3.72E-06 3.72E-06 1.33E-04 1.OOE+OO 3.06E+00 
DDCBATTDEX 1.OOE±OO 3.63E-06 3.63E-06 2.34E-10 1.OOE+00 1.OOE+OO 
DDCUN31DIM 6.93E-04 3.63E-06 3.63E-06 3.38E-07 1.OOE+OO 1.01E+00O 
DDCX3CABCF 6.96E-04 3.63E-06 3.63E-06 3.37E-07 1.OOE+OO 1.01E+00 
AA1271PR6D 2.49E-04 3.61E-06 3.61E-06 9.36E-07 1.OOE-+0O 1.O1E±00 
EK1415TSWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+OO 3.08E+00 
AB31523SWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE±OO 3.08E+00 
GK13SUISWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE±OO 3.08E+00 
EK1S41TSWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+OO 3.08E+00 
YK13SUISWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE±OO 3.08E+00 
PACX1TCBHF 9.60E-06 2.74E-06 2.74E-06 1.84E-05 1.00E4-00 1.29E+00 
AB8MCH2DEX 7.04E-03 2.59E-06 2.59E-06 2.37E-08 1.OOE+OO 1.OOE+OO 
GK2NGDCLH-E 5.20E-05 2.57E-06 2.57E-06 3.19E-06 1.OOE±OO 1.05E+00 
BK2GBO1FTC 4.32E-05 2.27E-06 2.27E-06 3.40E-06 1.OOE+OO 1.05E±00 
AB7PUSHPBT 7.20E-06 2.05E-06 2.05E-06 1.84E-05 1.OOE+OO 1.29E+00 
WK2GVCDDEX 3.50E-05 1.73E-06 1.73E-06 3.19E-06 1.OOE+OO 1.05E±00 
WK2TBCDDEX 3.50E-05 1.73E-06 1.73E-06 3.19E-06 1.OOE+OO 1.05E+00 
PK2PACKDEX 3.10E-05 1,63E-06 1,63E-06 3.40E-O6 i.OOE+OO 1.05E+OO .PKlTSACGPR 4.20E-04 9.11E-08 9.11E-0O8 1.40E-08 1.OOE+OO 1.OOE4-O
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PK1TSDCLHE 3.20E-03 9.11E-08 9.11E-08 1.84E-09 1.OOE+00 1.00E+00 
BK1GOACGPR 3.36E-04 7.29E-08 7.29E-08 1.40E-08 1.OOE+00 1.OOE+00 
BK1GBDCLHE 3.20E-03 7.29E-08 7.29E-08 1.47E-09 1.OOE+00 1.OOE+00 
AA127X1RYT 1.38E-04 6.55E-08 6.55E-08 3.06E-08 1.00E+00 1.OOE+00 
AB552TCRYT 1.38E-04 6.55E-08 6.55E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB51431RYT 1.30E-04 6.14E-08 6.14E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB552Y2RYT 1.30E-04 6.14E-08 6.14E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB5PUSHPBT 9.22E-05 4.36E-08 4.36E-08 3.06E-08 1.OOE+00 1.OOE+00 
SKXFMR1THF 7.44E-05 3.52E-08 3.52E-08 3.06E-08 1.OOE+00 1.OOE+00 

0I
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Table 7.4-1 

Top Cut Sets From The ONS-Keowee Core Damage Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

1) CDFREQ *1.04E-06 
1)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.77E-07 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.233-3 5.23H-03 
SXPRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.00E-01 
TACOFF2REC Offaite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

2) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23H-3 5.23E-03 1.66E-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44B-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000H-01 1.00E-01 
PACOTSWDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00H-01 1.00E-01 
TACOPF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20H-01 

3)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 9.69E-08 
-KElBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 
NACSFDGDGM SSF Diesel Generator Is In Maintenance . 3.500E-02 3.503-02 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

4)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 5.89E-08 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23B-03 
SXFRCT4TEM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.443-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20E-02 
TACOFF3REC Offaite power not recov. given 1 run failure with SSHR 6.50H-02 6.50E-02 

5) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 5.80E-08 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NACSFDGDGM SSF Diesel Generator Is In Maintenance 3.500E-02 3.50E-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00H-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

6) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 3.52E-08 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20B-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00E-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02 

7)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.32E-08 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13B-04 9.13H-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NACSFDGDGS SSF Diesel Generator Fails To Start 1.20H-02 1 1.20H-02 
TACOFF2REC Offaite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

8)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 3.01H-08 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.443-02 
NSPORCMDBB Operators Fail To Align The SSP RCM System For Operation 1.000E-01 1.00E-01 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.03-01 5.00E-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.508-02 6.50H-02
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9)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.77E-08 
-KKlBOTHEYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 
SIPRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WBATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NSFTIMEDHE Operators Fail To Deploy To The Standby Shutdown Facility In Time 1.00E-02 1.008-02 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

10)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.77E-08 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.235-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13B-04 9.13E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4409-02 1.44E-02 
NSFCON2CMS Train 2 Refrigerant Compressor Fails To Start 1.00E-02 1 1.00E-02 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

11)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.49E-08 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.005-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02 

12) KX1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 1.99E-08 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44E-02 
NACSFDGDGS SSF Diesel Generator Fails To Start 1.20E-02 1 1.20E-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00E-01 
TACOFF2RBC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

13)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.77E-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.17H-05 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.00E-01 
TACOPP2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

14)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.70E-08 
ABOSWORCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.005-03 24 7.20E-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.05-01 5.00E-01 
TACOFF4REC Offsite power not recov. given run failures with SSHR 5.105-02 5.10E-02
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Top Cut Sets From The ONS-Keowee Core Damage Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

15) XIlBOTEHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 1.668-08 
T5WEATE Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.445-02 
NSFCON2CMS Train 2 Refrigerant Compressor Fails To Start 1.00E-02 1 1.00E-02 
PACOTSWDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

16) KKlBOTHEYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 1.66E-08 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44E-02 
NSFTIMEDHE Operators Fail To Deploy To The Standby Shutdown Facility In Time 1.00E-02 1.00B-02 
PACOT5WDEZ Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

17)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.52B-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.005+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 5.31E-05 
T5WEATB Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NSPORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

18)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.45B-08 
FROFISBCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.00B-01 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.30E-02 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02 

19)-XA1IAALBLM MCC IXA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.40B-08 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECBDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01H-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6R-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.205-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Pails To Close Due To Mechanical Failure 7.04B-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.445-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20E-02 
TACOFF4REC Offaite power not recov. given run failures with SSHR 5.105-02 5.10H-02 

20) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 1.29H-08 
PACLINEDEX 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.800E-03 7.80R-03 
TSSUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.0005-01 1.00E-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02
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21)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48B-03 1.11E-08 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30B-04 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.002-01 
XDOKBATRHE Failure To Recover DC By Cross Connecting The Distribution Centers 1.00E+00 1.00E+00 
TACOFF2REC Offaite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

22)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.05E-08 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 
NACSFDGDGM SSF Diesel Generator Is In Maintenance 3.5002-02 3.50H-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.02-01 5.00E-01 
TACOFF3REC Offaite power not recov. given 1 run failure with SSHR 6.502-02 6.50E-02 

23)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.60E-02 1.04E-08 
-KElBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.232-3 5.232-03 

SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.862-02 
NACDJ01HXF Diesel Jacket Heat Exchanger 1 Pails 6.4E-07 16 2.46B-04 

24)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80B-02 1.04E-08 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.232-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
NACDJO2HZF Diesel Jacket Heat Exchanger 2 Fails 6.4E-07 16 2.46B-04 

25)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 1.04E-08 
FKOFISHCOM Common Cause Failure of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.302-02 
TACOFF3REC Offaite power not recov. given 1 run failure with SSHR 6.502-02 6.50E-02 

26)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 1.03E-08 
EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.242-4 1.24H-04 
PEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 2.50E-03 24 6.00E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44B-02 
NSFOASWDRE Operators Fail To Align The SSF ASW System For Operation 1.000E-01 1.00E-01 

-0 _



Table 7.4-2 

Basic Event Importance Measures From The ONS-Keowee Core Damage Model 

Basic Event Probability Fus. Ves. Critic Bimbm Red Wrth Ach Wrth 

TSWEATH 1.44E-02 9.68E-01 9.68E-01 7.01E-05 3.09E+01 6.72E+01 
TACOFF2REC 2.20E-01 7.51E-01 7.51E-01 3.56E-06 4.02E+00 3.66E+00O 
NSFORCMDHE 1..OOE-O1 5.46E-01 5.46E-01 5.69E-06 2.20E+00 5.91E+00 
SXFRCT4THM 9.13E-04 5.20E-O1 5.20E-01 5.94E-04 2.08E+00 5.70E+02 
KK1BOTHHYM 5.23E-03 3.09E-01 3.09E-01 6.16E-05 1.45E+00 5.97E+01 
PACOT5WDEX 1.OOE-O1 2.99E-01 2.99E-01. 3.12E-06 1.43E+00 3.69E+00 
TACOFF3REC 6.50E-02 1.89E-01 1.89E-01 3.04E-06 1.23E+00 3.72E+00 
NACSFDGDGM 3.50E-02 1.59E-01 1.59E-01 4.73E-06 1.19E+00 5.37E+00 
NACSFDGDGR 7.20E-02 1.30E-01 1.30E-01 1.88E-06 1.15E+00 2.68E+00 
ABOSWGRCOM 6.69E-04 5.53E-02 5.53E-02 8.62E-05 1.06E+00 8.36E+01 
ABOSWGRRHE 5.OOE-O1 5.53E-02 5.53E-02 1.15E-07 1.06E+00 1.06E+00 
NACSFDGDGS 1.20E-02 5.09E-02 5.09E-02 4.42E-06 1.05E±00 5.19E+00 
NSFCON2CMS 1.OOE-02 4.24E-02 4.24 E-02 4.42E-06 1.04E+00 5.20E+00 
NSFTIMEDHE 1.OOE-02 4.24E-02 4.24E-02 4.42E-06 1.04E+00 5.2 OE+OO 
AB7MCH2DEX 7.04E-03 3.73E-02 3 .73E-02,-- 5.52E-06 1.04E+00 6.26E+00 
T5SUBF 4.86E-02 3.24E-02 3.24E-02 6.95E-07 1.03E+00 1.63E+00 .TACOFF4REC 5.10E-02 2.98E-02 2.98E-02 6.09E-07 1.03E+00 1.55E+00O 
FKOFISHDH-E 6.30E-02 2.39E-02 2.39E-02 3.95E-07 1.02E+00 1.35Ei-00 
FKOFISHCOM 2.55E-03 2.39E-02 2.39E-02 9.76E-06 1.02E+00 1.03E+01 
KK2UNITHYM 3.80E-02 2.27E-02 2.27E-02 6.22E-07 1.02E+00 1.57E+00 
EKSTARTCOM 6.17E-05 1.70E-02 1.70E-02 2.86E-04 1.02E±00 2.76E+02 
E12EXCTCOM 5.31E-05 1.46E-02 1.46E-02 2.86E-04 1.01E+00 2.76E+02 
PACLINEDEX 7.80E-03 1.24E-02 1.24E-02 1.65E-06 1.01E+00 2.57E+00 
XDlKBATBYF 9.30E-04 1.07E-02 1.07E-02 1.20E-05 1.01E+00 1.25E+01 
XDOKBATRHE 1.OOE+OO 1.07E-02 1.07E-02 1.11E-08 1.01E+00 1.OOE+OO 
NACDJ02HXF 2.46E-04 1.OOE-02 1.OOE-02 4.25E-05 1.01E+00 4.17E+01 
NACDJ01HXF 2.46E-04 1.OOE-02 1.OOE-02 4.25E-05 1.01E+00 4.17E+01 
EKOORUNCOM 1.24E-04 9.89E-03 9.89E-03 8.31E-05 1.01E+00 8.07E±01 
FEFTDFPTPR 6.OOE-02 9.89E-03 9.89E-03 1.72E-07 1.01E+00 1.15E+00 
NSFOASWDHE 1.OOE-O1 9.89E-03 9.89E-03 1.03E-07 1.01E+00 1.09E+00



Table 7.5-1 

Sensitivity Study Results 
Generic Versus Bayesian Updated Data 

Result - Bayesian Result - Generic 
Updated Data with no Data with no credit Percent 

Gate Name credit for recoveries for recoveries Change 

KEOWTOP L.OE-02 1.3E-02 30.0% 
KEOWCOM 3.5E-03 4.8E-03 37.1% 
K12COM 3.6E-03 5.OE-03 38.9% 
KCOMMODE 3.6E-06 4.4E-06 22.2% 
KCOMRUN 3.5E-03 4.3E-03 22.9% 
KU1GVTBHOT 1.6E-03 1.9E-03 18.8% 
KU1RUN 1.2E-02 1.8E-02 50.0% 
KUISTARTO 8.4E-03 1.3E-02 54.8% 
KU1STARTF 8.1E-03 1.2E-02 48.1% 
KU1UNDER 2.OE-02 3.OE-02 50.0% 
KU1UNDERO 2.OE-02 3.OE-02 50.0% 
KU2GVTBHOT 1.6E-03 1.9E-03 18.8% 
KU20VER 1.8E-02 2.6E-02 44.4% 
KU20VERO 2.2E-02 3.4E-02 54.5% 
KU2RUN 1.1E-02 1.6E-02 45.5% 
KU2STARTO 7.5E-03 1.1E-02 46.7% 
KU2STARTF 7.8E-03 1.1E-02 41.0% 
OPATHTOP 8.2E-03 1.8E-02 119.5% 
OVERO 7.3E-02 9.4E-02 28.8% 
OVERTOP 6.5E-02 9.3E-02 43.1% 
UNDERO 3.OE-02 4.2E-02 40.0% 
UNDERTOP 2.2E-02 3.2E-02 45.5% 
UPATHTOP 1.1E-03 1.2E-03 9.1%



Table 7.5-2 

Sensitivity Study Results 
Grid Cycled (Overhead) Versus Standby (Underground) Generator Reliability 

Failure Mode Standby Generator Grid Cycled Generator 
Failure Probability Failure Probability 

Cold Start Failure 8.1E-03 7.8E-03 
Hot Start Failure 1.6E-03 2 1.6E-03 
Run Failure 1.2E-02 1.1E-02 

These failure probabilities are for the generators exclusively and do not include the failures of the paths or 
output breakers.  
2 Base Case analysis does not involve hot start failures of the underground unit.  

0



Table 7.5-3 

Sensitivity Study Results 
Human Error Probabilities 

Data Change Failure Probability 

RHEs, DHEs & LHEs @ pre-92 7.4E-03 

Base Case 7.4E-03



Table 7.5-4 

Sensitivity Study Results -- Infrequently Tested/Demanded Components 

Gate Description Base Case Case 1 Percent Case 2 Percent Case 3 Percent 
Value Value Increase Value Increase Value Increase 

KU2STARTF* Keowee Unit 2 Fails To 7.84E-3 7.84E-3 0 1.62E-2 107 2.44E-2 211 
Start 

KU2RUN* Keowee Unit 2 Fails To 1.04E-2 1.04E-2 0 1.06E-2 1.9 1.57E-2 51 
Run 

KEOWTOP Oconee Emergency Power 7.35E-3 7.39E-3 0.5 8.40E-3** 15 9.49E-3* 30 
From Keowee Fails 7.28E-3** 

* Cutsets for gates KU2STARTF and KU2RUN have not had recovery events added.  

** These values are for KEOWTOP solved at a truncation limit of 1E-7. Attempting to solve for objectives 2 and 3 at the usual limit 
of IE-8 exceeded CAFTA's limit on the number of cut sets.



Table 7.5-5 

Sensitivity Study Results 

One Versus Two Units Generating To The Grid 

One unit Two unit Two unit 
generation generation generation 

(0.034) (0.3) 

Recovered 7.4E-03 7.3E-03 7.3E-03 

Unrecovered 1.OE-02 1.OE-02 1.OE-02 
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Experience vs. Model Prediction 
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DATA SUMMARY 

12M 19K IM 125Z 19.& 1M8 12M 12M 122 1I9. 1994*(7/94) 
Yearly Failure Rate 0.0043 0.0 0.0051 0.0 0.0046 0.0015 0.0036 0.0134 0.0068 0.0047 0.0051 
Reliability Model Prediction (Grid Cycled Unit) 0.0078 
Reliability Model Prediction (Standby Unit) 0.0081 
Overall Experience Average (1984 - 93) 0.0045 

Figure 7.2-2 Keowee Start Failure Probability
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Figure 7.5-1: Probability Distribution For Model Top Gate KEOWTOP
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A.1 HIGH LEVEL LOGIC MODEL 

A. 1.1 OBJECTIVES 

The objectives of the high level logic model are to: 
* provide a top gate representing the overall failure probability of Keowee to supply 

power, 
* provide a means for integration of the system models, 
* provide a means for introducing the various operating modes of the station into the 

analysis, including generation to the grid and maintenance, 
* provide a convenient location for development of dependent failures, 
* provide a pictorial "story" of how the major systems/components influence the 

Keowee supply 
* provide intermediate gates at appropriate places for analysis of reliability at the unit 

and power path levels, 
* provide intermediate gates at appropriate places for analysis of unit start and run 

reliability, 

* eliminate to the extent practical all invalid cut sets in the top gate solution as well as 

the intermediate gate solutions.  

A.1.2 DESCRIPTION OF HIGH LEVEL LOGIC MODEL TREE 

A.1.2.1 TOP GATE 

In order to satisfy the stated objectives the model has been developed with the following 

attributes.  

The top gate for the high level logic model "KEOWTOP: Oconee Transformers CT3 And 

CT4 Fail To Receive Power From Keowee" represents the failure probability of interest in this 

analysis.  

The high level logic model tree separates the solution into the overhead and underground 

supplies. Additionally, the unit related failures are on a different branch of the tree than the 

path related failures. Also, start and run failures of the two units are evaluated on different 

branches of the tree. These features allow the evaluation of the reliability at these lower 
levels. Events representing the probability of various operating conditions are included in the 
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model such as, Unit 1 generating to the grid alone or with Unit 2, Unit 2 in maintenance, and 
both Keowee units in maintenance.  

The effort is made to eliminate invalid cut sets from occurring in the solutions. This often 
requires the use of NOT gates in the high level logic model. It is recognized that this often 
complicates the tree and the cut sets, but the benefit is in the overall reproducibility by not 
relying on the analyst's judgment on deleting invalid results.  

The high level logic model tree has relatively few basic events. Many of the termination 

points for this tree are transfers to the individual system models. Refer to Table A.1-1 for a 

list of the fault tree transfers and to Table A. 1-2 for the basic events.  

The high level logic model is included as Figure A.1-1. Refer to section 4.0 for discussion of 

the systems analysis assumptions and the process.  

A.1.2.2 UNDERGROUND POWER SUPPLY 

The highest level gate for the evaluation of the underground supply reliability "UNDERO: 

Power To CT4 Via The Underground Path From Keowee Fails" includes all failure modes for 

the underground supply. The gate includes the common cause failures, double maintenance 

failure, as well as the unit and path failures. Progressively finer levels of detail about the 

underground supply are available at the lower gates in the tree. The following discussion 

provides a summary of the kind of information available at some of the lower gates of the 

underground branch of the tree.  

UNDERTOP: Oconee Emergency Power Via The Underground Path Fails 

The inputs to this gate consider the availability of a Keowee unit to supply the underground 

path and the proper function of the path itself. The availability of a Keowee unit to supply the 

underground path further considers that either unit may be available to supply the 

underground path. Keowee Unit 1 is the unit assumed to be normally aligned to the 

underground path. However, for combinations of overhead path failures and underground 

unit (Unit 1) failures it is possible to recover the emergency power supply by aligning the 

overhead unit (Unit 2) to the underground path. Refer to Section 4.0 for more information 

regarding the assumed alignment of the units.  

A.1-2



KU1UNDERO: Keowee Unit 1 Fails To Supply The Underground Path 

At this level of the tree, failures on the Unit I side of Keowee contribute to the failure 
probability. The inputs to this gate consider failures of the unit to function and the successful 
maintenance of the connection to the underground path via Air Circuit Breaker 3 (ACB-3).  
The unit failure further considers the failure of the unit to start or to run for the required 
mission time. Start failures are also further subdivided.  

A Keowee unit that is available for its emergency power supply function may either be in 
standby or generating to the grid. Either of these conditions may exist at the time an 

emergency start signal is received. These two conditions place different demands on the 

Keowee units when the start signal is received. Both situations are included in the model as 
"start" failures event though in one case the unit is operating at the time the start signal is 

received. The unit start from standby is referred to as a "cold start" while the unit start from 

generating to the grid is referred to as a "hot start". Component failures contributing to these 

start failures are conditioned in the tree by the probability that the unit is in the applicable 

mode.  

For the base case analysis, the unit aligned to the underground path (Unit 1) is assumed to not 

be generating to the grid. This is consistent with the current operating restrictions applied to 

the Keowee units. However, the ability to analyze the condition where both units may be 

allowed to generate to the grid has been built into the high level tree. Refer to section 4.0 for 

discussion of the systems analysis assumptions.  

A.1.2.3 OVERHEAD POWER SUPPLY 

The highest level gate for the evaluation of the overhead supply reliability "OVERO: Power 

To CT3 Via The Overhead Path From Keowee Fails" includes all failure modes for the 

overhead supply. The gate includes the common cause failures, double maintenance failure, as 

well as the unit and path failures. Progressively finer levels of detail about the overhead 

supply are available at the lower gates in the tree. The following discussion provides a 

summary of the kind of information available at some of the lower gates of the overhead 

branch of the tree.  
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OVERTOP: Oconee Emergency Power Via The Overhead Path Fails 

The inputs to this gate consider the availability of Keowee Unit 2 to supply the overhead path, 
including maintenance unavailability, and the proper function of the path itself.  

KU20VERO: Keowee Unit 2 Fails To Supply The Overhead Power Path 

At this level of the tree, failures on the Unit 2 side of Keowee contribute to the failure 

probability. The inputs to this gate consider failures of the unit to function and the successful 

maintenance of the connection to the overhead path via Air Circuit Breaker 2 (ACB-2). The 

unit failure further considers the failure of the unit to start or to run for the required mission 

time. Start failures are also further subdivided into the "hot start" and "cold start" failures 

described above. No restrictions on generating to the grid are in place on the unit aligned to 

the overhead path.  

A. 1.2.4 DOUBLE MAINTENANCE 

Both Keowee units can be in maintenance simultaneously. This event automatically leads to 

failure of Keowee as an emergency power supply for Oconee. This basic event is included on 

both the underground and overhead branches of the tree.  

Refer to Section 5.3 and Appendix C. 1 for information on the quantification of this event.  

A.1.2.5 DEPENDENT FAILURES 

Common cause and other dependent failures affecting both Keowee units have been grouped 

under the gate "KEOWCOM: Keowee Failure Due To Common Mode Failures". Component 

common cause events and special situations that lead to failure of both units are included here.  

Special situations include the opportunity for both units to be connected to the same path 

inadvertently. Since no attempt is made to synchronize units with each other on an emergency 

start, both units are assumed to fail if they inadvertently close on the same path. Failures 

which would lead to this occurrence are included in the analysis.  

Refer to Section 5.4 and Appendix C.2 for information on the quantification of common cause 

events.  

A.1-4



A.1.3 DATA 

The high level logic model uses basic events to condition the failures according to the various 
possible operating configurations of the Keowee units. These events identify the probability 
that a unit is generating to the grid and are based on the Keowee operating history. Other 
specific component failure probabilities are also required. These events are included in the 
model as undeveloped (DEX) events and the calculation of their values is presented here.  

Unit Run Information 

The unit run information is based on the data for the most recent years where both units were 
allowed to generate to the grid, 1989 through 1991. This data is presented in the following 
table.  

STATION TOTAL UNIT UNIT 1 UNIT 2 
RUN HOURS HOURS 

1989 513.40 740.70 312.10 428.60 
1990 865.60 1190.40 636.10 554.30 
1991 773.70 1109.70 562.00 547.70 

TOTALS 2152.70 3040.80 1510.20 1530.60 

UNITS I & 2 UNIT 1 ALONE UNIT 2 ALONE 
RUN 

TOGETHER 
HOURS 888.10 622.10 642.50 

YEARLY 0.034 0.024 0.024 
FRACTION 

In the above data the unit run hours are available, however, no information is available on 
whether the unit was aligned to the overhead or the underground path. It is assumed in the 
calculations that each unit's generation hours are equally divided between the overhead and 
underground alignment.  

KKlRUNSDEX: Keowee Unit 1 Supplying The Grid 

This event represents the probability that the unit aligned to the underground (Keowee Unit 1 
in the model) is generating to the grid by itself.  
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In the current operating configuration, the underground unit is not used for generation to the 
grid. For the base case calculation, this DEX has the value 0.0.  

The base case value of KKlRUNSDEX = 0.0 

In sensitivity studies where both units can generate to the grid this DEX takes on the value 
based on the operating history given above. With the assumption that 50% of a unit's hours of 
generation come while aligned to the underground path, the DEX is calculated as shown 

below.  

The sensitivity study value of KK1RUNSDEX = (622.1+642.5)/2/(3*8760) = 2.4E-2 

KK2RUNSDEX: Keowee Unit 2 Supplying The Grid 

This event represents the probability that the unit aligned to the overhead (Keowee Unit 2 in 

the model) is generating to the grid by itself. No restrictions are placed on generation to the 

grid by the unit aligned to the overhead path.  

Historically, a unit generates approximately 6% of the time.  

The value of KK2RUNSDEX = 6.OE-02 

KKlBOTHDEX: Keowee Units 1 &,2 Supplying The Grid 

In the current operating configuration, the underground unit is not used for generation to the 

grid. For the base case calculation, this DEX has the value 0.0.  

The base case value of KKlBOTHDEX = 0.0 

In sensitivity studies where both units can generate to the grid this DEX takes on the value 

based on the operating history given above.  

The value of KKlBOTHDEX = 888.1/(3*8760) = 3.4E-2 
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KB4CONNDEX: Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 

This DEX represents the potential for ACB-4 to spuriously close and parallel the two units.  
No single failure exists that would cause the spurious closure of ACB-4. When ACB-3 is 
closed both the positive and negative sides of the ACB-4 close coil are separated from the 
power supply by open contacts. Spurious operation of the close coil should be far less likely 
for this design than might otherwise be the case. The value for this event is estimated as 1% 
of the RYT type code value of 4.7E-7/hour with a 24 hour mission time.  

The value of KB4CONNDEX= 1.1E-7 

K12COM IDEX: Grid Degradation Occurs And Causes Failure Of Both Keowee Units 

No record of such an event occurring on the Duke system has been identified. A review of 
the industry events in NSAC-204 comprising more than 1000 reactor years of experience, 

leads to the conclusion that generator failure from an unisolated fault is a rare event. The 
Keowee generators, main step-up transformer, and the switchyard all have protective relaying.  
Calculation OSC-5096 specifically considers Keowee stability for various fault conditions.  

Therefore, a screening value of 1.00E-06 is selected for this event.  

The value of Kl2COM1DEX is 1.00E-06 

WKlSPDIDEX &WK2SPDIDEX: Potentially Damaging Overfrequency Occurs At Load 

Rejection 

When Keowee is generating to the grid, an emergency start signal causes a load rejection to 

occur. The loss of load on the generator will result in a turbine speed transient. Until the 

governor closes the wicket gates to the no load setting an overspeed/overfrequency condition 

exists. Depending on unit load and the lake levels at the time of the emergency start, the 

overfrequency is potentially damaging to the Oconee loads. A damaging overfrequency 

condition is conservatively assumed to always occur.  

The value of WKlSPD1DEX = WK2SPDIDEX = 1.0 
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A.1.4 RESULTS 

The High Level Logic Model is not a system as such and, therefore, no system level results 
are determined. The results of the Keowee model solution are presented in Section 7.2.  

A.1.5 REFERENCES 

OSS-0254.00-00-2005, Keowee Emergency Power Design Basis Document 
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Table A.1 -1 
(Page 1 of 3) 

High Level Logic Model Fault Tree Transfers 

Transfer Gate Name Description 

UPATHTOP Underground Path Fails To Connect Keowee To Oconee 

ACB3TRANS Air Circuit Breaker 3 Transfers Open 

KUlGVTBCLD Keowee Unit 1 Governor Or Turbine Fails During A 
Cold Start 

KUlGEXCLD Keowee Unit 1 Generator Excitation Fails During A Cold 
Start 

YKlCLDSTRT Keowee Unit I Governor Control Fails During A Cold 

Start 

KUlGENCLD Keowee Unit I Generator Fails During A Cold Start 

ACBlOPEN Air Circuit Breaker I Fails To Open 

ACB3CLOSE Air Circuit Breaker 3 Fails To Close 

ACB30PEN Air Circuit Breaker 3 Fails To Open 

KUlGVTBRUN Keowee Unit I Governor Or Turbine Fails While The 

Unit Runs



(Page 2 of 3) 
Table A.1-1 

High Level Logic Model Fault Tree Transfers 

Transfer Gate Name Description 

KUlGEXRUN Keowee Unit I Generator Excitation Fails While The 

Unit Runs 

KUIGENRUN Keowee Unit 1 Generator Fails While The Unit Runs 

ACB4CLOSE Air Circuit Breaker 4 Fails To Connect Unit 2 To The 

Underground Path 

ACB4TRANS Air Circuit Breaker 4 Transfers Open 

KU2GVTBCLD Keowee Unit 2 Governor Or Turbine Fails During A 

Cold Start 

KU2GEXCLD Keowee Unit 2 Generator Excitation Fails During A Cold 

Start 

YK2CLDSTRT Keowee Unit 2 Governor Control Fails During A Cold 

Start 

KU2GENCLD Keowee Unit 2 Generator Fails During A Cold Start
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Table A.1-1 

High Level Logic Model Fault Tree Transfers 

Transfer Gate Name Description 

KU2GVTBHOT Keowee Unit 2 Governor Or Turbine Fails During A Hot 

Start 

KU2GVTBRUN Keowee Unit 2 Governor Or Turbine Fails While The 

Unit Runs 

KU2GEXRUN Keowee Unit 2 Generator Excitation Fails While The 

Unit Runs 

KU2GENRUN Keowee Unit 2 Generator Fails While The Unit Runs 

ACB2CLOSE Air Circuit Breaker 2 Fails Close 

ACB2TRANS Air Circuit Breaker 2 Transfers Open 

OPATHTOP Overhead Path Fails To Connect Keowee To Oconee
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Table A.1-2 

High Level Logic Model Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

ABOSWGRCOM Common Cause Failure Of All 6.69E-04 6.69E-04 
Keowee Auxiliary Power Breakers 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.O0E+00 

ACBXFERCOM Common Cause Failure That 1.28E-06 1.28E-06 
Results In ACBs 2 & 3 
Transfering Open 

BKGBOILCOM Common Cause Failure Of Turbine 1.94E-06 1 .94E-06 
Guide Bearing Oil System 

E12EXCTCOM Units 1 & 2 Excit Fail Due To 5.31E-05 5.31E-05 
Common Cause Failure Of The 
Breakers 

EKOORUNCOM Common Cause Failure Of Both 1.24E-04 1. 24E-04 
Units Voltage Regulators To Run 

EKSTARTCOM Common Cause Failure Of Both 6.17E-05 6.17E-05 
Units Voltage Regulators To 
Start 

FKOFISHCOM Common Cause Failure Of Both 2.5SE-03 2.55E-03 
Unit s WL Filters Due To Intake 
Debris 

FKVALVECOM Common Cause Failure Of Cooling 2.46E-05 2.46E-05 
Water Control Valves 

GKOCOOLCOM Common Cause Failure of 4. 61E-07 4.61E-07 
Generator Air Cooling 

GKOLOCKCOM Common Cause Actuation of 4.06E-06 4.06E-06 
Generator Lockouts 

GKHPOILCOM Common Cause Failure of 4.61E-07 4.61E-07 
Generator Thrust Bearings 

K12COM1DEX Grid Degradation Occurs And 1.OOE-06 1. O0E-06 
Causes Failure Of Both Keowee 
Units 

l~emand, H=Hour 
s for assigning basic event factors are discussed in Table C.
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Table A.1-2 

High Level Logic Model Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

KA127TlR6D Xfrmr IX UV Relay 27T/1X Fails 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
To Pick-up 

KA127T1R6T Xfrmr 1X UV Relay 27T/1X 3.63E-07 /H 360 H Rule 4:Indicated by computer 1.31E-04 
Spuriously De-energizes point.  

KA227T2R6T Xfmr 2X UV Relay 27T/2x 3.63E-07 /H 360 H Rule 4:Indicated by computer 1.31E-04 
Spuriously De-energizes point.  

KB4CONNDEX Air Circuit Breaker 4 Connects 1.10E-07 1.10E-07 
Unit 2 To The Underground Path 

KKlBOTHDEX Keowee Units 1 And 2 Are 0 0. 005±00 
Supplying The Grid 

KKlBOTHHYM Both Keowee Units Unavailable 23E-03 5.23E-03 
Due To Common Maintenance 

KK1RUNSDEX Keowee Unit 1 Only Is Supplying 0 0.00E±00 
The Grid 

KK2RUNSDEX Keowee Unit 2 Only Is Supplying 00t 6.OOE-02 
The Grid 

KK2UNITHYM The Overhead Unit (2) Is 3.80E-02 3.80E-02 
Unavailable Due To Maintenance 

OKOPRUNCOM Common Cause Failure Of Both 1.46E-0: 1.46E-05 
Governor Oil Systems To Run 

PKOSUMPCOM Common Cause Failure Of Turbine .44E->S 44E-06 
Sump Pump System 

WKOORUNCOM Common Cause Failure of Keowee 2.09E-05 2.095-05 
Governors to Run 

WKSPD1DEX Potentially Damaging Overspeed 1 1.005±00 
Condition Occures At Load 
Rejection 

WKCSTRTCOM Common Cause Failure of Keowee 1.12E-05 1.12E-05 
Governors to Cold Start 

WKHSTRTCOM Common Cause Failure of Keowee 3.505-06 3. 50E-06 
Governors to Hot Start 

2D=De.and, H=Hour 
2Ru3es for assigning basic event factors are discussed in Table C.1-4
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Table A.1-2 

High Level Logic Model Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

XAOSWGRCOM Common Cause Failure Of 1.22E-06 1. 22E-06 
Transformers IX, 2X, And CX 

XA1XAALBLM MCC IXA Is Connected to Its 2.74E-03 2.74E-03 
Alternate Source of Power 

XA2XAALBLM MCC 2XA Is Connected to Its 2.74E-03 2. 74E-03 
Alternate Power Source 

XDOBATTCOM Common Cause Failure Of Keowee 2.70E-05 2.70E-05 
I&C Power Batteries 

XDOCHRGCOM Common Cause Failure Of Keowee 3.48E-05 3.48E-05 
Battery Chargers 

YOSTARTCOM Common Cause Failure Of 7.26E-06 7. 26E-06 
Emergency Start Signal 

I emand, H=Hour 
s for assigning basic event factors are discussed in Table C.
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A.2 

A.2.1 OBJECTIVES 

The main objective of this analysis is to develop logic models of the emergency power paths and the Switchyard Isolation function. This model is combined with the high level logic model and remaining system models to form an integrated model for assessing the reliability of Keowee. Other objectives are to identify major contributors to system unreliability, significant potential human errors and common..cause failure modes.  

The scope of this analysis is limited to equipment required to support a Keowee 
emergency start and run under load following a loss of offsite power condition.  

A.2.2 SYSTEM DESIGN 

The Keowee underground power path connects a designated Keowee unit to the Oconee standby buses via transformer CT4 This path is dedicated for emergency power purposes and energizes whenever the designated Keowee unit is started. The overhead power path connects the remaining Keowee unit to the Oconee startup transformers through the 230 kV switchyard in loss of off-site power (LOOP) events. When a LOOP is detected by the External Grid Trouble Protection System (EGTPS), the EGTPS initiates a switchyard yellow bus isolation from the grid, and aligns emergency power from Keowee to the startup transformer of each Oconee unit.  

Figure A.2- 1 shows the overhead power path. Given an EGTPS actuation, the Keowee units are signaled to emergency start and a switchyard yellow bus isolation is initiated.  The yellow bus isolation signal includes components which command power circuit breakers (PCBs) 8, 9, 12, 15, 17, 21, 24, 26, 28, and 33 to trip open and PCBs 9, 18, 27, and 30 to close. The PCB 9 close signal is not completed until the following is accomplished: 

(1) a redundant switchyard isolated confirmed relay [27X/SCl (2 7X/SC2)] signal is generated after the successful opening of PCBs 8, 12, 15, 17, 21, 24, 26, 28, and 33, and 
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(2) relay 27X/SC1 (27X/SC2) operates a time delay relay 27XTD/SC1 
(27XTD/SC2), which [4 seconds after the operation of 27X/SC 1 (27X/SC2)] 
disables the PCB 9 trip coil and enables the close coil.  

The switchyard isolated confirmed relay [27X/SC1 (27X/SC2)] signal also actuates a 
switchyard isolation auxiliary relay SIA (SIB), which in turn actuates the Keowee Unit 1 
and Unit 2 Switchyard Isolated Interposing Relays [1 SIXA and 2SIXA (1SIXB and 
2SIXB)]. The switchyard isolated interposing relays provide close permissive interlocks 
for the automatic closing circuits of ACB-1 and ACB-2.  

A.2.3 SYSTEM BOUNDARIES 

Overhead Path 

The overhead path begins with the Keowee Main Step-Up Transformer and extends 
through the 230 kV Switchyard to the Oconee 3 startup breakers side of Transformer 
CT3. In the 230 kV Switchyard PCB 9 must be closed to complete the connection. Red 
Bus/Yellow Bus tie breakers PCBs 8, 17, and 26 as well as yellow bus isolation breakers 
PCBs 12, 15, 21, 24, and 33 must be open to isolate the emergency power path from 
switchyard connections.  

Underground Path 

The underground path begins at the 13.8 kV underground cable side of air circuit breaker 
(ACB)-3 and ACB-4 and continues to the standby bus feeder breakers side of CT4.  

Electrical Power Supplies 

The 230 kV Switchyard DC Power System provides the control power for the switchyard 
PCBs. Trip coils #1 for PCBs 8 through 17 are powered by Switchyard DC Panelboard 
DYA. Trip coils #1 for PCBs 21 through 33 are powered by Switchyard DC Panelboard 
DYB. Trip coils #2 for PCBs 8 through 17 are powered from Switchyard DC Panelboard 
DYE and trip coils #2 for PCBs 21 through 33 are powered by Switchyard DC 
Panelboard DYF. Closing coil power for each PCB is auctioneered between two 
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switchyard dc panelboards. For PCB 9, DYA and DYE are used, and for PCB 30, DYB 

and DYF are used. The Switchyard Isolate Complete Channel 1 logic uses control power 

from DYC and Channel 2 uses DYG.  

External Control Systems 

The automatic control signals that manipulate the 230 kV Switchyard PCBs are initiated 

by the EGTPS Channel 1 and Channel 2 (see Appendix A.3).  

A.2.4 INSTRUMENTATION AND CONTROLS 

The controls for the 230 kV Switchyard breakers are located in the Oconee 1 and 2 

Control Room. All switchyard disconnects, both manual and motor-operated, have 

position indication in the control room. Synchronizing circuits and potential transformer 

inputs are selected by sync-scope selector switches. White indicating lights show which 

incoming lines or transformers are energized. Transducers as well as directly connected 

instrument transformers provide electrical measurements for the 230 kV Switchyard in the 

control room.  

A.2.5 LOCATION WITHIN THE PLANT 

The 230 kV Switchyard is located on the east side of the Turbine Building. It is the 

interface for Oconee Generator Units 1 and 2, Oconee Startup Transformers CTI, CT2, 
and CT3, the Oconee 525 kV Switchyard, the Keowee overhead line, and the 230 kV 
transmission lines (Dacus Black and White lines, Central Black and White lines, Calhoun 

Black and White lines, and Jocassee Black and White lines).  

The CT4 Transformer is located in the Unit 1/2 Blockhouse adjacent to the east side of 
the Turbine Building.  
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A.2.6 NORMAL OPERATION 

During the startup and shutdown of an Oconee unit, the 230 kV Switchyard provides 

power to the unit auxiliary loads through the respective unit startup transformer. When 

the unit generators are operating, the 230 kV Switchyard is the point where generated 

power from Oconee 1 and Oconee 2 is distributed to the 230 kV transmission system.  

The Keowee overhead path is normally energized by the switchyard through PCB 9 to 

provide auxiliary power to the Keowee unit assigned to the overhead power path.  

The Keowee underground power path is normally not energized (unless the assigned 

Keowee unit is operating).  

A.2.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

During Oconee emergency operation involving a loss of off-site power, the overhead 

power path through the isolated Yellow Bus of the 230-kV Switchyard provides 

emergency power from Keowee to the startup transformers of the Oconee units. The 

underground power path provides power through the CT4 Transformer to the Oconee 

4160 V Standby Buses.  

A.2.8 TEST AND MAINTENANCE 

Testin 

The Degraded Grid and Switchyard Isolation Functional Test is performed one channel at 

a time on a refueling frequency. The test includes the following: 

(1) functional verification of the Keowee overhead ACB and PCB-9 operation 

during switchyard isolation, 

(2) demonstration of the operability of the Degraded Grid Protection System 

(DGPS), 
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(3) demonstration of the ability of the overhead Keowee unit to energize the 230 
kV Yellow Bus for all three Oconee units' Startup Transformers and carry the 
shutdown loads of Oconee Unit 1, and 

(4) demonstration of the capability to realign the 230 kV Yellow Bus back to the 

system grid, while Oconee loads are being fed from the overhead Keowee unit.  

A.2.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.2-4.  

A.2.10 ASSUMPTIONS 

A.2.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The switchyard PCBs are assumed to have adequate operating gas pressure prior 
to the actuating event.  

2. The switchyard and emergency power paths are not operating in any kind of 
extreme environmental conditions prior to the actuating event.  

A.2.10.2 OPERATIONAL ASSUMPTIONS 

1. The switchyard is operating in a normal operational alignment with all switchyard 
breakers closed.  

A.2.10.3 MODELING ASSUMPTIONS 

1. The failure of any breaker to open or close in accordance with the switchyard 
isolation logic and overhead path alignment logic is a failure to establish the power 
path.  

2. Operator action is not modeled.  
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3. The Unit 3 Startup Bus undervoltage detection function is provided by redundant 

circuits to ensure reactor coolant pumps are loadshed before the overhead path to 

the Unit 3 Startup Bus is completed. When reactor coolant pumps trip logic is not 

satisfied by a Startup Bus undervoltage signal, it is assumed that the reactor 

coolant pumps will overload the Startup Transformer when the pumps attempt to 

re-start. The modification which provides redundant Startup Bus undervoltage 

relays has been completed on Unit 3 and installation is planned for completion on 

Units 1 and 2.  

A.2.11 FAULT TREE ANALYSIS 

A.2.1 1.1 TOP EVENT SUCCESS CRITERIA 

Success for either the underground power path or the overhead power path is that the 

path is established and maintained for 24 hours after the initiating event.  

A.2.11.2 DETAILED FAILURE CRITERIA 

1. Switchyard Yellow Bus isolation and closing of breakers necessary to establish the 

overhead power path to the startup transformers are the desired final actions and 

the top events in this section of the analysis. Lower levels of the fault tree involve 

breaker trip relays and closing coil operations that must occur to accomplish the 

top events.  

A.2.11.3 DESCRIPTION OF FAULT TREE 

The System fault tree is shown in Figure A.2-2. The Fault Tree Modeling Guidelines 

(Appendix B) were followed in developing the fault tree. A list of all fault tree transfers is 

presented in Table A.2-4.  

A.2.11.4 HUMAN INTERACTIONS 

Human reliability analysis was performed as described in Appendix C.3. One possible 

human action has been determined that could impact success of the underground power 

path.  
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This basic event accounts for technician errors during CT4 maintenance that may not be 

detected during post maintenance testing.  

A.2.11.5 RELIABILITY DATA 

Appendix C. 1 discusses development of the reliability data. System reliability data is listed 

in Table A.2-5.  

A.2.11.6 COMMON CAUSE ASSESSMENT 

Common cause analysis was performed as described in Appendix C.2.  

SU327UVCOM This basic event accounts for the possibility that both Unit 3 

Startup Bus undervoltage relays experience a common cause failure. The relays are of the 

same make and model, and common cause failures are assumed to exist.  

A.2.12 RESULTS 

Reliability of the system is defined as the probability that the system will succeed in 

supporting Keowee emergency operation (black start plus a 24 hour run). The system 

model yields a probability of approximately 1. 14E-03 for failure to maintain the 

underground path for the mission time of the event. The failure of the overhead path is 

8.08E-03. Thus the reliability of the underground path is 99.89% and the reliability of the 

overhead path is computed to be 99.19%. The relative importance of the various 

component failures is shown in Tables A.2-6 and -7.  

A.2.13 REFERENCES 

A.2.13.1 DOCUMENTS 

1. OSS-0254-00-00-2004, 230 kV Switchyard Design Basis Document 
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A.2.13.2 DRAWINGS 

1. OEE-38, Rev. 12, 230 kV Switchyard Control PCB No. 8 Trip Coil No. 1 

2. OEE-38A, Rev. 7, 230 kV Switchyard Control PCB No. 8 Trip Coil No. 2 

3. OEE-39, Rev. 11, 230 kV Switchyard Control PCB No. 9 Trip Coil No. 1 

4. OEE-39A, Rev. 9, 230 kV Switchyard Control PCB No. 9 Trip Coil No. 2 

5. OEE-39B, Rev. 1, 230 kV Switchyard Control PCB No. 9 Close Coil 

6. OEE-42, Rev. 6, 230 kV Switchyard Control PCB No. 12 Trip Coil No. 1 

7. OEE-42A, Rev. 6, 230 kV Switchyard Control PCB No. 12 Trip Coil No. 2 

8. OEE-45, Rev. 6, 230 kV Switchyard Control PCB No. 15 Trip Coil No. 1 

9. OEE-45A, Rev. 7, 230 kV Switchyard Control PCB No. 15 Trip Coil No. 2 

10. OEE-47, Rev. 10, 230 kV Switchyard Control PCB No. 17 Trip Coil No. 1 

11. OEE-47A, Rev. 7, 230 kV Switchyard Control PCB No. 17 Trip Coil No. 2 

12. OEE-51, Rev. 11, 230 kV Switchyard Control PCB No. 21 Trip Coil No. 1 

13. OEE-51A, Rev. 15, 230 kV Switchyard Control PCB No. 21 Trip Coil No. 2 

14. OEE-54, Rev. 11, 230 kV Switchyard Control PCB No. 24 Trip Coil No. 1 

15. OEE-54A, Rev. 14, 230 kV Switchyard Control PCB No. 24 Trip Coil No. 2 

16. OEE-56, Rev. 12, 230 kV Switchyard Control PCB No. 26 Trip Coil No. 1 

17. OEE-56A, Rev. 9, 230 kV Switchyard Control PCB No. 26 Trip Coil No. 2 
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18. OEE-58, Rev. 3, 230 kV Switchyard Control PCB No. 28 Trip Coil No. 1 

19. OEE-58A, Rev. 2, 230 kV Switchyard Control PCB No. 28 Trip Coil No. 2 

20. OEE-60B, Rev. 0, 230 kV Switchyard Control PCB No. 30 Close Coil 

21. OEE-63, Rev. 5, 230 kV Switchyard Control PCB No. 33 Trip Coil No. 1 

22. OEE-63A, Rev. 5, 230 kV Switchyard Control PCB No. 33 Trip Coil No. 2 

23. OEE-71-2, & -3 series, Startup Transformer CT3 Diff. Lock Out 

24. OEE-76 series, External Grid Trouble Protective System 

25. OEE-78, Rev. 4, Transf. CT4 Diff. Lockout 

26. OEE-317-56, Rev. 6, 6900V. Switchgear #3TA Breaker Throwover Circuit 

27. KEE-17 series, Keowee Hydro Station Transformer Differential 
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(Page 1 of 2) 
Table A.2-1 

Keowee Emergency Power Paths Power Supplies 

Compartment 
Component Power Supply1  Number 

PCB-9 Trip Coil #1 SDC Pnlbd DYA Bkr 9 
PCB-9 Trip Coil #2 SDC Pnlbd DYE Bkr 9 
PCB-9 Closing Coil SDC Pnlbd DYE Bkr 9 
PCB-9 Closing Coil SDC Pnlbd DYA Bkr 9 
PCB-30 Closing Coil SDC Pnlbd DYB Bkr 10 
PCB-30 Closing Coil SDC Pnlbd DYF Bkr 10 
PCB-8 Trip Coil #1 SDC Pnlbd DYA Bkr 8 
PCB-8 Trip Coil #2 SDC Pnlbd DYE Bkr 8 
PCB-12 Trip Coil #1 SDC Pnlbd DYA Bkr 12 
PCB-12 Trip Coil #2 SDC Pnlbd DYE Bkr 12 
PCB-15 Trip Coil #1 SDC Pnlbd DYA Bkr 15 
PCB-15 Trip Coil #2 SDC Pnlbd DYE Bkr 15 
PCB-17 Trip Coil #1 SDC Pnlbd DYA Bkr 17 
PCB-17 Trip Coil #2 SDC Pnlbd DYE Bkr 17 
PCB-21 Trip Coil #1 SDC Pnlbd DYB Bkr 1 
PCB-21 Trip Coil #2 SDC Pnlbd DYF Bkr 1 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.2-1 
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Keowee Emergency Power Paths Power Supplies 

Compartment 
Component Power Supply 1  Number 

PCB-24 Trip Coil #1 SDC Pnlbd DYB Bkr 4 
PCB-24 Trip Coil #2 SDC Pnlbd DYF Bkr 4 

PCB-26 Trip Coil #1 SDC Pnlbd DYB Bkr 6 
PCB-26 Trip Coil #2 SDC Pnlbd DYF Bkr 6 
PCB-28 Trip Coil #1 SDC Pnlbd DYB Bkr 8 
PCB-28 Trip Coil #2 SDC Pnlbd DYF Bkr 8 
PCB-33 Trip Coil #1 SDC Pnlbd DYB Bkr 13 
PCB-33 Trip Coil #2 SDC Pnlbd DYF Bkr 13 
Swyd Isolate Complete Ch I SDC Pnlbd DYC Bkr 12 
Swyd Isolate Complete Ch 2 SDC Pnlbd DYG Bkr 16 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.2-2 

Keowee Emergency Power Paths Test Procedures 

Procedure Test Frequency Description 

PT/O/A/0610/22, Unit 1 Refueling Functional verification of overhead ACB and 
Degraded Grid and PCB-9 operation during Switchyard 

Switchyard Isolation Isolation.  

Functional Test Demonstration of Degraded Grid Protection 
System operability.  

Demonstration of Keowee units' "Black 
Start" capability.  

Demonstration of Overhead unit ability to 
energize the Startup Transformers and carry 

the shutdown loads of Unit 1.  

Demonstration of capability to realign 

Yellow Bus back to the grid while feeding 

the Oconee loads from the overhead unit.
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Table A.2-3 

Keowee Emergency Power Paths Significant Operating Events 

Date Unit Component Event Summary 

11/20/86 1/2 94T/K Relay Keowee main step-up transformer locked out and 

PCBs 8 and 9 tripped open, which isolated Oconee's 

overhead emergency power path as a result of relay 

94T/K actuation caused by vibration due to drilling 

and grinding on a panel at Keowee. The 94T/K 

relay is known to be mechanically sensitive.  

1/31/86 0 PCB-20 While troubleshooting PCBs in the 230 kV Swyd 

PCB-24 was manually closed without reseting the 

Generator Lockout relays. A yellow bus lockout 

occurred. When all the tie breakers opened, all of 

Generator #1 current passed through PCB-20 to the 

grid. The breaker exploded apparently due to 

degraded breaker contacts. A Unit 1 Reactor trip 

ensued.  

3/27/86 2 Lightning While changing lightning arrestors a capacitor was 

Arrestors not re-installed on the X-phase due to a stripped 

bolt. When Keowee 2 was started for an operational 

test an emergency lockout was received due to a 

Generator Ground fault Overvoltage (59GN2 

Relay). The Y and Z-phase capacitors were 

removed and the the unit tested satisfactorily.
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Table A.2-3 

Keowee Emergency Power Paths Significant Operating Events 

Date Unit Component Event Summary 

8/28/85 0 CT-3 Oconee 3 was in a refueling outage with auxiliary 
power being supplied through CT-3 when the 
transformer's Fault Pressure Relay actuated. A 
lockout occurred which cleared and de-energized 
CT-3 and the Unit 3 Main Feeder Buses resulting in 
a Unit 3 LOOP. The cause of the fault pressure 
could not be determined.  

9/28/84 1/2 PCB-22 PCB-22 short circuited when being returned to 
service following maintenance. This caused a Red 
Bus differential lockout which opened PCB-8 and-9.  
The reason PCB-9 opened is unknown.  

1/26/84 2 ACB-2 While Keowee 2 was out of service for annual ACB 
maintenance, the maintenance crew failed to lift the 
trip wires before servicing ACB-2. This caused 
PCB-8 and -9 to open.
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SDCDYA Loss of Power on 125 Vdc PCB-9 Trip Coil #1 
Swyd DC Pnlbd DYA PCB-9 Clsng Ckt Source #1 

PCB-8 Trip Coil #1 

PCB-12 Trip Coil #1 

PCB-15 Trip Coil #1 

PCB-17 Trip Coil #1 

SDCDYB Loss of Power on 125 Vdc PCB-30 Clsng Ckt Source #1 
Swyd DC Pnlbd DYB PCB-21 Trip Coil #1 

PCB-24 Trip Coil #1 

PCB-26 Trip Coil #1 

PCB-28 Trip Coil #1 

PCB-33 Trip Coil #1 

SDCDYC Loss of Power on 125 Vdc Swyd Isolate Complete Ch 1 
Swyd DC Pnlbd DYC 

SDCDYE Loss of Power on 125 Vdc PCB-9 Trip Coil #2 
Swyd DC Pnlbd DYE PCB-9 Clsng Ckt Source #2 

PCB-8 Trip Coil #2 

PCB-12 Trip Coil #2 

PCB-15 Trip Coil #2 

PCB-17 Trip Coil #2
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SDCDYF Loss of Power on 125 Vdc PCB-30 Clsng Ckt Source #2 
Swyd DC Pnlbd DYF PCB-21 Trip Coil #2 

PCB-24 Trip Coil #2 

PCB-26 Trip Coil #2 

PCB-28 Trip Coil #2 

PCB-33 Trip Coil #2 

SDCDYG Loss of Power on 125 Vdc Swyd Isolate Complete Ch 2 
Swyd DC Pnlbd DYG PCB-9 Clsng Ckt Source #1 

SDCDYC Loss of Power on 125 Vdc Swyd Isolate Complete Ch 1 
Swyd DC Pnlbd DYC 

SEGTPIANIT EGTPS Ch lA Initiators Fail PCB-24 Trip Coil #1 

PCB-26 Trip Coil #1 

PCB-28 Trip Coil #1 

PCB-33 Trip Coil #1 

SEGTP2ANIT EGTPS Ch 2A Initiators Fail PCB-24 Trip Coil #2 

PCB-26 Trip Coil #2 

PCB-28 Trip Coil #2 

PCB-33 Trip Coil #2
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SEGTPlBNIT EGTPS Ch IB Initiators Fail Keowee Start Relay 
27X/STA 

PCB-8 Trip Coil #1 
PCB-12 Trip Coil #1 
PCB-15 Trip Coil #1 
PCB-17 Trip Coil #1 

SEGTP2BNIT EGTPS Ch 2B Initiators Fail Keowee Start Relay 

27X/STB 
PCB-8 Trip Coil #2 

PCB-17 Trip Coil #2 

SEG94VIAF EGTPS UV Ch 1 EGTPS Ch lA 
Relay 94V1A Fails 

SEG94V2AF EGTPS UV Ch 2 PCB-12 Trip Coil #2 
Relay 94V2A Fails EGTPS Ch 2A 

SEG94FlAF EGTPS UF Ch 1 EGTPS Ch IA 
Relay 94FlA Fails 

SEG94F2AF EGTPS UF Ch 2 PCB-12 Trip Coil #2 
Relay 94 F2A Fails EGTPS Ch 2A
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SEG94VIDF EGTPS UV Ch 1 Swyd Isolate Signal 
Relay 94 VID Fails EGTPS Ch ID 

SEG94FlDF EGTPS UF Chl Swyd Isolate Signal 
Relay 94 FlD Fails EGTPS Ch ID 

SEG94V2BF EGTPS UV Ch 2 PCB-12 Trip Coil #2 
Relay 94 V2B Fails PCB-15 Trip Coil #2 

SEG94F2BF EGTPS UF Ch 2 PCB-12 Trip Coil #2 
Relay 94 F2B Fails PCB-15 Trip Coil #2 

SEG94V2CF EGTPS UV Ch 2 PCB-15 Trip Coil #2 
Relay 94V2C Fails 

SEG94F2CF EGTPS UF Ch 2 PCB-15 Trip Coil #2 
Relay 94F2C Fails 

SEG94V2DF EGTPS UV Ch 2 Swyd Isolate Signal 
Relay 94V2D Fails PCB-21 Trip Coil #2 

SEG94F2DF EGTPS UF Ch 2 Swyd Isolate Signal 
Relay 94F2D Fails PCB-21 Trip Coil #2
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

AB1FALTDEX Fault Occurs at ACB 1 0.00E+00 

AB1PSWTPST Air Circuit Breaker 1 Accumulator 4.30E-07 /H 24 H Rule 5: Last demanded at unit 1.03E-05 
Pressure Switch Fails Low start 

AB2PSWTPST Air Circuit Breaker 2 Accumulator 4.30E-07 /H 24 H Rule 5: Last demanded at unit 1.03E-05 
Pressure Switch Fails Low start 

AB3PSWTPST Air Circuit Breaker 3 Accumulator 4..30E-07 /H 24 H Assumed ACB-3 would have to open 1.03E-05 
Pressure Switch Fails Low half way through the mission to 

allow recovery by closing ACB-4.  
AB4PSWTPST Air Circuit Breaker 4 Accumulator 4.30E-07 /H 12 H Half the time since the last 5.16E-06 

Pressure Switch Indicates Low Air operation and assume ACB-4 is 
Pressure needed half way through the 

mission (360+12) 
ACBAIRPDEX ACB Air Supply Fails Causing Low 2.00E-03 2.00E-03 

Pressure In All ACB Accumulators 
AD1C3CCCDT Breaker 3CC In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 1DA Transfers Position 
AD1C3CLCDT Breaker 3CL In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 1DA Transfers Position 
AD2C3CCCDT Breaker 3CC In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.8OE-06 

Center 2DA Transfers Position 
AD2C3CLCDT Breaker 3CL In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 2DA Transfers Position 
KKlOVERBHF Fault Occurs On The Overhead Power 4.00E-07 /H 24 H 9.60E-06 

Path 
KK1UNDRBHF Fault Occurs On The Underground Power 4.OOE-07 /H 24 H 9.60E-06 

Path
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

S27XSC1RYD Channel 1 Swyd Isolated Rly, 27X/SC1, 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Fails to Pick Up 

S27XSC2RYD Channel 2 Swyd Isolated Rly, 27X/SC2, 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Fails to Pick Up 

S27XTD1RYD Channel 1 Swyd Isolated Time Delay 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Rly, 27XTD/SC1, Fails 

S27XTD2RYD Channel 2 Swyd Isolated Time Delay 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Rly, 27XTD/SC2, Fails 

SB18UX1RYT Auxiliary Relay 8UX-1 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SB28UX2RYT Auxiliary Relay 8UX-2 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SB38UX3RYT Auxiliary Relay 8UX-3 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SB48UX4RYT Auxiliary Relay 8UX-4 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SDCAIDDDIF Control Power From DYA To PCB 9 3.80E-06 /H 24 H 9.12E-05 
Isolating Diode Fails 

SDCBIDXDIF Control Power From DYB To PCB-30 3.80E-06 /H 24 H 9.12E-05 
Isolating Diode Fails (2 Diodes) 

SDCDA12CDT 12S Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 12 Xfrs Open 

SDCDA15CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 15 Xfrs Open 

SDCDA17CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 17 Xfrs Open
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

SDCDB01CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 1 Xfrs Open 

SDCDB13CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 13 Xfrs Open 

SDCDC12CDT 125 Vdc Swyd Control Power Pnlbd DYC 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 12 Xfrs Open 

SDCDE12CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 12 Xfrs Open 

SDCDE15CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed -1.80E-06 
Bkr 15 Xfrs Open 

SDCDE17CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 17 Xfrs Open 

SDCDF01CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 1 Xfrs Open 

SDCDF13CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 13 Xfrs Open 

SDCDG16CDT 125 Vdc Swyd Control Power Pnlbd DYG 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 16 Xfrs Open 

SDCDY10CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 10 Xfrs Open 

SDCDYA8CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYA9CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 9 Xfrs Open 

SDCDYB4CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E -08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 4 Xfrs Open
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

SDCDYB6CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 6 Xfrs Open 

SDCDYB8CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYE8CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYE9CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.SOE-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 9 Xfrs Open 

SDCDYF4CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 4 Xfrs Open 

SDCDYF6CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 6 Xfrs Open 

SDCDYF8CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYYOCDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 10 Xfrs Open 

SDCEIDDDIF Control Power From DYE To PCB-9 3.80E-06 /H 24 H Rule 1: Loss of power is alarmed 9.12E-05 
Isolating Diode Fails 

SDCFIDXDIF Control Power From DYF To PCB-30 3.80E-06 /H 24 H Rule 1: Loss of power is alarmed 9.12E-05 
Isolating Diode Fails (2 diodes) 

SK194GBRYT Keowee Unit 1 94GB Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
Spurious Operation 

SK294GBRYT Keowee Unit 2 94GB Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
Spurious Operation 

SPC14KVBHF 13.8 kV Bus Faulted 4.00E-07 /H 24 H 9.60E-06
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

SPC51TNRYT Main Step Up Transformer Neutral 3.60E-06 /H 24 H 8.64E-06 
Ground Relay 51TN Spurious Operation 

SPC62ABRYT ACB Back-up Trip Timer 62AB Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SPC631XRYT Auxiliary Relay 63H1X Spurious 3.60E-06 /H 24 H 8.64E-06 Operation 
SPC871XRYT Transformer 1X Differential Relay 3.60E-06 /H 72 H 2.59E-05 

87T-lX Spurious Operation 
SPC872XRYT Transformer 2X Differential Relay 3.60E-06 /H 72 H 2.59E-05 

87T-2X Spurious Operation 
SPC87T1RYT Main Step Up Transformer Differential 3.60E-06 /H 72 H 2.59E-05 

Relay 87T Spurious Operation 
SPC94TKRYT Auxiliary Relay 94T/K Spurious 3.60E-06 /H 24 H 8.64E-06 

Operation 
SPCB008CHO SWYD PCB-8 Fails to Trip 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO09CHC SWYD PCB-9 Fails To Close On Demand 2.60E-04 /D 1 D 1 demand per swyd isolation event 9.40E-04 
SPCBOO9CHO SWYD PCB-9 Fails To Trip 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-04 
SPCB012CHO SWYD PCB-12 Fails To Trip 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCB015CHO SWYD PCB-15 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCB017CHO SWYD PCB-17 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO21CHO SWYD PCB-21 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO24CHO SWYD PCB-24 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO26CHO SWYD PCB-26 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 

0 0 0
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Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

SPCBO28CHO SWYD PCB-28 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO30CHC SWYD PCB-30 Fails To Close On Demand 2.60E-04 /D 1 D 1 demand per swyd isolation event 2.60E-04 
SPCB033CHO SWYD PCB-33 Fails To Open On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCD87LRYT Line Differential Relay 87L Spurious 3.60E-06 /H 24 H 8.64E-06 

Operation 
SPCGLASSWT Break Glass Switch Spurious Operation 7.00E-08 /H 24 H 1.75E-06 
SPCR86TRYT Lock Out Relay 86T Spurious Operation 3.60E-06 /H 24 H 8.64E-06 
SXFRCT3THF Transformer CT3 Faulted 3.10E-06 /H 24 H 7.44E-05 
SXFRCT3THM Transformer CT3 Is In Maintenance 1.74E-04 
SXFRCT4LHE Latent Human Error On CT4 Maintenance 6.40E-05 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 
SY30R94RYT PCB 30 Relay 94 Spuriously Picks Up 3.60E-06 /H 24 H 8.64E-06 
SY51TN2RYT 230kV Neutral Ground Relay Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SY51TN4RYT 4.16kV Neutral Ground Relay 3.60E-06 /H 24 H 8.64E-06 

Spuriously Picks Up 
SY51TN6RYT 6.9kV Neutral Ground Relay 51TN 3.60E-06 /H 24 H 8.64E-06 

Spuriously Picks Up 
SY62X1FRYT Breaker Failure Relay 62X1 Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SY62X2FRYT Breaker Failure Relay 62X2 Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

SY62XXFRYT Breaker Failure Relay 62X Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SY86BUIRYT CT3 6.9kV Start Up Bus Lockout Relay 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SY86CT3RYT Transformer CT3 Lockout Relay 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SY86YA9RYT Yellow Bus Lockout Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
86YA9 Spuriously Picks Up 

SY86YJ3RYT Yellow Bus Lockout Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
86YJ30 Spuriously Picks Up 

SY87BYXRYT Yellow Bus X Phase Differential Relay 3.60E-06 /H 24 H 8.64E-06 
87BYX Spuriously Picks Up 

SY87BYYRYT Yellow Bus Y Phase Differential Relay 3.60E-06 /H 24 H 8.64E-06 
87BYY Spuriously Picks Up 

SY87BYZRYT Yellow Bus Z Phase Differential Relay 3.60E-06 /H 24 H 8.64E-06 
86BYZ Spuriously Picks Up 

SY87LXXRYT Differential Auxiliary Relay 87LX 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SY94L1XRYT Protective Relay 94L Spuriously Picks 3.60E-06 /H 24 H 8.64E-06 
Up 

SYE1362RYT E13 Bkr Failure Relay 62B Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SYE2362RYT E23 Bkr Failure Relay 62B Spuriously 3.60E-06 /H 24 H 8 .64E-06 
Picks Up 

SYP2862RYT PCB 28 Breaker Failure Relay 62B 3.60E-06 /H 24 H 8. 64E-06 
Spuriously Picks Up 

0 * *0
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Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

SYP3062RYT PCB 30 Breaker Failure Relay 62B 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SYP86TXRYT PCB 30 LOR 86TX Spuriously Picks Up 3.60E-06 /H 24 H 8.64E-06 
SYPCBO9CHT Switchyard Power Circuit Breaker 9 1.90E-06 /H 24 H 4.56E-05 

Transfers Open 
SYPCB30CHT Switchyard Power Circuit Breaker 30 1.90E-06 /H 24 H 4.S6E-05 

Transfers Open 
SYPL86TRYT PCB 30 LOR 86T Spuriously Picks Up 3.60E-06 /H 24 H 8.64E-06 
SYPL87LRYT Differential Relay 87L Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SYR86BYRYT Yellow Bus Lockout Relay 86BY 3.60E-06 /H 24 H 8.64E-06 

Spuriously Picks Up 
SYS63FPRYT Fault Pressure Relay 63FP Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SYSX50BRYT Transformer CT3 Fault Detector Relay 3.60E-06 /H 24 H 8.64E-06 

50B Spuriously Picks Up 
SYX87TBRYT Differential Relay 87B Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SYXX87TRYT Differential Relay 87T Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
U5086EFRYT Overcurrent Relay 50 Spuriously 3.60E-06 /H 24 H 8.64E-06 

Actuates Lockout Rly 86EF 
U5186EFRYT Time Delay Overcurrent Relay 51 3.60E-06 /H 24 H 8.64E-06 

Actuates Lockout Relay 86EF 
US1TNC4RYT CT4 Neutral Ground Rly Actuates CT4 3.60E-06 /H 24 H 8. 64E-06 

LOR 86T/CT4
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

U62BSKIRYT SK1 Breaker Failure Relay 62BXSK1 3.60E-06 /H 24 H 8. 64E-06 
Spuriously Picks Up 

U62BSK2RYT SK2 Breaker Failure Relay 62BXSK2 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

U86CT4XRYT Auxiliary Lockout Relay 86CT4X 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

U86TCT4RYT CT4 Lockout Relay 86T/CT4 Spuriously .3 .60E-06 /H 24 H 8.64E-06 
Picks Up 

U87TCT4RYT Spurious Op of CT4 Differential Rly 3.60E-06 /H 24 H 8.64E-06 
87T Actuates LOR 86EF 

UACXCT4THF Transformer CT4 Failed 3.lOE-06 /H 24 H 7. 44E-05 
UXX86EFRYT Lockout Relay 86EF Spuriously Picks 3.60E-06 /H 24 H 8. 64E-06 

Up 

D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.2-6 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate UPATHTOP: Underground Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.13E-04 80.1 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 

K2NOMAIN 1.OOE+00 Keowee Unit 2 Is Not In Maintenance 

2) 7.44E-0S 6.5 UACXCT4THF 7.44E-05 Transformer CT4 Failed 

3) 6.40E-05 5.6 SXFRCT4LHE 6.40E-05 Latent Human Error On CT4 Maintenance 

4) 9.60E-06 0.8 KK1UNDRBHF 9.60E-06 Fault Occurs On The Underground Power Path 

5) 8.64E-06 0.8 U62BSK2RYT 8.64E-06 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 

6) 8.64E-06 0.8 U87TCT4RYT 8.64E-06 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 

7) 8.64E-06 0.8 U62BSK1RYT 8.64E-06 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 

8) 8.64E-06 0.8 U86TCT4RYT 8.64E-06 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 

9) 8.64E-06 0.8 U5086EFRYT 8.64E-06 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 

10) 8.64E-06 0.8 UXX86EFRYT 8.64E-06 Lockout Relay 86EF Spuriously Picks Up
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Table A.2-6 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate UPATHTOP: Underground Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

11) 8.64E-06 0.8 U5186EFRYT 8.64E-06 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 

12) 8.64E-06 0.8 U51TNC4RYT 8.64E-06 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 

13) 8.64E-06 0.8 U86CT4XRYT 8.64E-06 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 

Total: 1.14E-03
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Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 2.33E-03 -OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
FACTORDEX 1.00E+00 Overload Susceptibility Factor 

28.8 S227EUVRYT 2.33E-03 Unit 2 Startup Bus Undervoltage Relay 27E Fails 

2) 2.33E-03 -OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
FACTORDEX 1.OOE+00 Overload Susceptibility Factor 

28.8 S127EUVRYT 2.33E-03 Unit 1 Startup Bus Undervoltage Relay 27E Fails 

3) 2.OOE-03 24.8 ACBAIRPDEX 2.OOE-03 ACB Air Supply Fails Causing Low Pressure In 
All ACB Accumulators 

ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

4) 2.60E-04 3.2 SPCBOO9CHC 2.60E-04 SWYD PCB-9 Fails To Close On Demand 

5) 1.74E-04 2.2 SXFRCT3THM 1.74E-04 Transformer CT4 Is In Maintenance 

6) 1.18E-04 OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
FACTORDEX 1.00E+00 Overload Susceptibility Factor 

1.5 SU327UVCOM 1.18E-04 Common Cause Failure Of Startup Bus Undervoltage Relay 

7) 7.44E-05 0.9 SXFRCT3THF 7.44E-05 Transformer CT3 Faulted
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Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

8) 4.56E-05 0.6 SYPCB09CHT 4.56E-5 Switchyard Power Circuit Breaker 9 Transfers Open 

9) 4.56E-05 0.6 SYPCB30CHT 4.56E-5 Switchyard Power Circuit Breaker 30 Transfers Open 

10) 2.60E-05 0.3 SPCB008CHO 2.60E-05 SWYD PCB-8 Fails to Trip On Demand 

11) 2.60E-OS 0.3 SPCB012CHO 2.60E-05 SWYD PCB-12 Fails To Trip On Demand 

12) 2.60E-05 0.3 SPCB015CHO 2.60E-05 SWYD PCB-15 Fails To Trip On Demand 

13) 2 .60E-05 0.3 SPCB017CHO 2.60E-05 SWYD PCB-17 Fails To Trip On Demand 

14) 2.60E-05 0.3 SPCBO21CHO 2.60E-05 SWYD PCB-21 Fails To Trip On Demand 

15) 2.60E-05 0.3 SPCBO24CHO 2.60E-05 SWYD PCB-24 Fails To Trip On Demand 

16) 2.60E-05 0.3 SPCBO26CHO 2.60E-05 SWYD PCB-26 Fails To Trip On Demand 

17) 2.60E-05 0.3 SPCBO28CHO 2.60E-05 SWYD PCB-28 Fails To Trip On Demand
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Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

18) 2.60E-05 0.3 SPCB033CHO 2.60E-05 SWYD PCB-33 Fails To Trip On Demand 

19) 2.59E-05 0.3 SPC87T1RYT 2.59E-05 Main Step Up Transformer Differential Relay 87T Spurious Open 

20) 2.59E-05 0.3 SPC871XRYT 2.59E-05 Transformer 1X Differential Relay 87T-1X Spurious Operation 

21) 2.59E-05 0.3 SPC872XRYT 2.59E-05 Transformer 2X Differential Relay 87T-2X Spurious Operation 

22) 1.03E-05 0.1 AB1PSWTPST 1.03E-05 Air Circuit Breaker 1 Accumulator Pressure Switch Fails Low 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

23) 1.03E-05 0.1 AB2PSWTPST 1.03E-05 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

24) 1.03E-05 0.1 AB3PSWTPST 1.03E-05 Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

25) 9.60E-06 0.1 SPC14KVBHF 9.60E-06 13.8 kV Bus Faulted 

26) 9.60E-06 0.1 KK10VERBHF 9.60E-06 Fault Occurs On The Overhead Power Path
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Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

27) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB48UX4RYT 8.64E-06 Auxiliary Relay 8UX-4 Spurious Operation 

28) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB28UX2RYT 8.64E-06 Auxiliary Relay 8UX-2 Spurious Operation 

29) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB38UX3RYT 8.64E-06 Auxiliary Relay 8UX-3 Spurious Operation 

30) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SK294GBRYT 8.64E-06 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 

31) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SK194GBRYT 8.64E-06 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 

32) 8.64E-06 ACB4MOD 1.OOE+00 NSM-ON-52966 Is Not In Service 
0.1 SB18UX1RYT 8.64E-06 Auxiliary Relay 8UX-1 Spurious Operation 

33) 8.64E-06 0.1 SPCD87LRYT 8.64E-06 Line Differential Relay 87L Spurious Operation 

0 0 S
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Table A.2-7 (Page 5 of 9) 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

34) 8.64E-06 0.1 SY86YA9RYT 8.64E-06 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 

35) 8.64E-06 0.1 SYR86BYRYT 8.64E-06 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 

36) 8.64E-06 0.1 SY62XXFRYT 8.64E-06 Breaker Failure Relay 62X Spuriously Picks Up 

37) 8.64E-06 0.1 SY62X1FRYT 8.64E-06 Breaker Failure Relay 62X1 Spuriously Picks Up 

38) 8.64E-06 0.1 SYPL86TRYT 8.64E--06 PCB 30 LOR 86T Spuriously Picks Up 

39) 8.64E-06 0.1 SY87LXXRYT 8.64E-06 Differential Auxiliary Relay 87LX Spuriously Picks Up 

40) 8.64E-06 0.1 SYPL87LRYT 8.64E-06 Differential Relay 87L Spuriously Picks Up 

41) 8.64E-06 0.1 SYXX87TRYT 8.64E-06 Differential Relay 87T Spuriously Picks Up 

42) 8.64E-06 0.1 SPC62ABRYT 8.64E-06 ACB Back-up Trip Timer 62AB Spurious Operation 

43) 8.64E-06 0.1 SPC631XRYT 8.64E-06 Auxiliary Relay 63H1X Spurious Operation
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Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

44) 8.64E-06 0.1 SY51TN2RYT 8.64E-06 230kV Neutral Ground Relay Spuriously Picks Up 

45) 8.64E-06 0.1 SPC94TKRYT 8.64E-06 Auxiliary Relay 94T/K Spurious Operation 

46) 8.64E-06 0.1 SYS63FPRYT 8.64E-06 Fault Pressure Relay 63FP Spuriously Picks Up 

47) 8.64E-06 0.1 SYSX50BRYT 8.64E-06 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 

48) 8.64E-06 0.1 SY30R94RYT 8.64E-06 PCB 30 Relay 94 Spuriously Picks Up 

49) 8.64E-06 0.1 SY51TN4RYT 8.64E-06 4.16kV Neutral Ground Relay Spuriously Picks Up 

50) 8.64E-06 0.1 SYE2362RYT 8.64E-06 E23 Bkr Failure Relay 62B Spuriously Picks Up 

51) 8.64E-06 0.1 SPC51TNRYT 8.64E-06 Main Step Up Transformer Neutral Ground Relay 51TN Spurious 

52) 8.64E-06 0.1 SPCR86TRYT 8.64E-06 Lock Out Relay 86T Spurious Operation 

53) 8.64E-06 0.1 SYS1TN6RYT 8.64E-06 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up
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Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

54) 8.64E-06 0.1 SY94L1XRYT 8.64E-06 Protective Relay 94L Spuriously Picks Up 

55) 8.64E-06 0.1 SYP86TXRYT 8.64E-06 PCB 30 LOR 86TX Spuriously Picks Up 

56) 8.64E-06 0.1 SY86YJ3RYT 8.64E-06 Yellow Bus Lockout Aux Relay 86YJ30 Spuriously Picks UP 

57) 8.64E-06 0.1 SY96BUIRYT 8.64E-06 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 

58) 8.64E-06 0.1 SY86CT3RYT 8.64E-06 Transformer CT3 Lockout Relay Spuriously Picks Up 

59) 8.64E-06 0.1 SYE1362RYT 8.64E-06 E13 Bkr Failure Relay 62B Spuriously Picks Up 

60) 8.64E-06 0.1 SY87BYXRYT 8.64E-06 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks 

61) 8.64E-06 0.1 SYP3062RYT 8.64E-06 PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 

62) 8.64E-06 0.1 SY62X2FRYT 8.64E-06 Breaker Failure Relay 62X2 Spuriously Picks Up 

63) 8.64E-06 0.1 SYX87TBRYT 8.64E-06 Differential Relay 87B Spuriously Picks Up



(Page 8 of 9) 
Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

64) 8.64E-06 0.1 SY87BYYRYT 8.64E-06 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks 

65) 8.64E-06 0.1 SY87BYZRYT 8.64E-06 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks 

66) 8.64E-06 0.1 SYP2862RYT 8.64E-06 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 

67) 5.44E-06 -OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
OFACTORDEX 1.00E+00 Overload Susceptibility Factor 

<0.1 S327E1VRYT 2.33E-03 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 
<0.1 S327EUVRYT 2.33E-03 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 

68) 5.16E-06 0.1 AB4PSWTPST 5.16E-06 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

69) 1.90E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD1C3CCCDT 1.80E-06 Bkr 3CC In 125V dc Distribution Center 1DA Transfers Position 

70) 1.80E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD1C3CLCDT 1.80E-06 Bkr 3CL In 125V dc Distribution Center 1DA Transfers Position 

0
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Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

71) 1.80E-06 ACB4MOD 1.O0E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD2C3CCCDT 1.80E-06 Bkr 3CC In 125V dc Distribution Center 2DA Transfers Position 

72) 1.80E-06 ACB4MOD 1.00E +00 NSM-ON-52966 Is Not In Service 
<0.1 AD2C3CLCDT 1.80E-06 Bkr 3CL In 125V dc Distribution Center 2DA Transfers Position 

73) 1.68E-06 <0.1 SPCGLASSWT 1.86E-06 Break Glass Switch Spurious Operation 

Total: 8.08E-03



DACUS CENTRAL CALHOUN 
B W BW BW 

230 KV 
RED BUS 

1 )KEOWEE( 2 

ACBs 2 4 7 1o 13 16 19 22 28 31 

4T 
TI 4T I 

T8 T 11 14 17 T 20 23 26 T 

9 C 12 T 15 T 18 C 21 T 24 T 27 C 30 C 33 T 

230 KV __ET 

YELLOW BUS W B - -

LEGENDS JOCASSEE CTI CT2 CT3 
= Energized Circuit (1 1 1 2 r 

B =Black '-" 

Unit 1 Unit 2 
W White Gen. Gen.  
C = Closed OCONEE 

T =open 

= Power Ckt. Bkr. # 

Figure A.2-1 Overhead Power Path



Overhead Path FaiSs 
To Connect K Oowee 
To Ocone At CT3 

IOPATHTOPA 

Overhead Path Overhead Path Is 
Breaks After Making Not Completed 

IOPATHTOPB 8 PT P 

I I I7 
Fault Occurs On The CT3 Lockout Relay Switchyard Power Keoee Unit 2 Falls Transformer CT3 Is 
Overhead Power Path Picks Up Circi Breaker 9 To Disconnect When In Maintenance 

Fails To Close Generalting To The 

I KK1VERBHF1 | |SY6CT3LOR II SPCBODCF I ACB201SC II SXFRCT3THM 

e 21 Page 3 

Switchyard Power Yellow Bus Lockout Keowee Unit 2 FAails Keoe Unit 2 Is 
Circuit Breaker 9 C Relay Actuates To Separate From Supplying The Grid 
Transfers Open The Switchyard 

I SYPCB= HT I ISY86YBSLOR IKU2SWVYDKURN 

A Page 21 

Switchyard Power Power Circuit Ai r Circuit Breaker PCBs Fail To 
Circuit Broaker 30 Breaker 30 Fails 2 Fails To Open Islate Keowee From 

Transfers Open Open L The Switchyard 

I YPB3CH IISYPCMTRP I C2PNII ASWIDISOI 

Page 22 

Transformer CT3 Power Circuit Power Circuit Power Oircuit 
Faulted Breaker 9 Fails Open Broaker 9 Fails To Breaker 8 Fails 

I I I Open Closed 

I SXFRCT3THF I ISYPCD9TRP I IPCBOOPEN ISPCB08TF 

A Page 22 A Page 2 Page 7 

Main Step Up Ovrhead Path Fails 
Transtonner Lock on Overload 

Out Relay 86T 
Actuiates 

I FMR186T IVOA 

A Page 17 Page 24



Power Circuit 
Breaker 9 Fails To 

Open 

Page 1 IPCB90PEN| 

SWYD PCB9 Fails 

PCB 9 Trip Coils1 
To Tri Fail 

I7 
PCB 9 Trip Coil #1 PCB 9 Trip Coil 02 

Fails Fails 

Loss Of Power On EGTPS Channel 1 125 Vdc Swyd Loss C P 
125 Vdc Switchyard Keowee Start Signal Control Power Pnbd 125 Vdc Schard Keowee Start Signal Control Power Pnbd DC Panelboard OYA FV DYA Bkr 9 Xfrs Open 

SOCDYA SEGTPSCHTF ISDCDYA9CDT 5000 YE SEGTPSCH2F SOCOYE9C0T 

I 
2 

EGTPS Channe 18 EGTPS Trouble Relay Fault Tree GRE Ar2b 2 P initiators Fail 27X/STB Fails To ntlr;F 2B7XSAaisT 

I I ~Pick UpPikU 

I SEGTPIBNIT I I L27XSTARYD | ETP8I 
KeLos Omrg nc Power Onth EGTPS Channe 2IUR 1.2 25 Vdce Swy



Switchyard Power 
Circuit Breaker 9 
Fails To Close 

Page 1 ISPCB09CF 

SWYD PCB-9 Fails Switchyard Isolate SWYD PCB-9 Closing Switchyard Isolate 
To Close On Demand Complete Signal Circuit Control Signal Fails 

Fails Power Fails 

SPCBOO9CHC ISPCISLTCPT |SPCCB9CF ISCSLT 
Pe 5 Pae 4 

I 6 

SWYD PCB-9 Closing SWYD PCB-9 Closing 
Circuit Control Circuit Control Power Source 1 Fails Power Source 2 Fails 
SPCB9CDC1 SPCB9CDC2I 

Loss Of Power On Control Power From Loss Of Power On Control Power From 
125 Vdc Switchyard DYE To PCB-9 125 Vdc Switchyard DYA To PCB 9 

DC Panelboard DYE Isolating Diode DC Panelboard DYA Isolating Diode 
Fails Fails 

SDCDE I SOCIDDDF | DCDY | |SDCAIDDDIF 

125 Vdc Swyd 125 Vdc Swyd 
Control Power PnIbd Control Power PnIbd 

DYE Bkr 9 Xfrs Open DYA Bkr 9 Xfrs Open 

I SODYE9DT ISDCDYA9CDT



Switchyard isolate 
Signal Fails 

Page 3 SPCISOLATE 

EGTPS EGTPS 
Underfrequency Underirequency 

Channel 1 Relay Channel 2 Relay 
94/F1D Signal Fails 94/F2D Signal Fails 

SEG94FIDFIISE9FD| 

2F D 

EGTPS Undervoltage EGTPS Undervoltage 
Channel 1 Relay Channel 2 Relay 

94N1D Signal Fails 94/F20 Signal Fails 

Keowee Emergency Power Paths Fault Tree FIGURE A.2-2 Page 4



Switchyard Isolate 
Complete Signal 

Fails 

Page 3 ISPCISLTCPT 

Switchyard Isolate Switchyard Isolate 
Complete Channel 1 Complete Channel 2 

Fails Fails 

SPCISOCCH1 ||SPCISOCCH2 

Loss Of Power On Channel 1 Swyd Loss Of Power On Channel 2 Swyd 
125 Vdc Switchyard Isolated Rly, 125 Vdc Switchyard Isolated Rly, 

DC Panelboard DYC 27X/SC1, Fails to DC Panelboard DYG 27X/SC2, Fails to 
Pick Up Pick Up 

I I II 

Channel 1 Swyd 125 Vdc Swyd Channel 2 Swyd 125 Vdc Swyd 
Isolated Time Delay Control Power Pnlbd Isolated Time Delay Control Power PnIbd 

Rly, 27XTD/SC1, DYC Bkr 12 Xrs Open Ply, 27XTD/SC2, DYG Bkr 16 Xfrs Open 
Fails Fails 

D1RY I12CDT I D2RYD ISDCDG16CDTI 

SWYD Yellow Bus SWYD Yellow Bus 
Isolation Fails Isolation Fails 

T Page 6 Page 6 

pKeowee Emergency Power Paths Faeilkree IFIGURE A.2-2 Pad 5



SWYD Yellow Bus 
Isolation Fails 

Page6T 5 SPCISOF 

Page 5 

Switchyard PCBs 24, Power Circuit Tree FIUR AP 
26, 28, and 33 Fail Breaker 21 Fails To12 15 an 17Fi 

to Open TriptoOe 

SPCBSFC2 ISPCB21TF SCSC 

Power Circurt Power Circuit SWYD PCB-21 Fails SWYD PCB-21 TripPoeCictPwrCrut 
Breaker 24 Fails Breaker 28 Fails To Trip On Demand Coils Fail rak 8Fis7 ekr1Fil 

Closed ClosedClsdloe 

I SPCB24TF S P SPCB28F2I I SPC 21CHO08TF PCB21TCFF A Page 12 Page 14 Page 11e7 ag 

Power Circuit Power CircuitPwrCrut 
oe icr Breaker 28 Fails Breaker 33 Faaer1ialsBeae 
7 al Closed Closed CosdCoe 

I SPCB26TFI SPCB33TF IPB2F- P87 

P~Swtchar PC.s 8ae8Pae1 

12 15ge and 17 ai 

Keowee~~~~~~Poe Cmercunt Power Circuutite FGUEA.- Pg



Power Circuit 
Breaker 8 Fails 

Closed 

ISPCB08TF| 
Page 6 
Page 1 

Cnro Poerip n Cotrl P owe8 ri Pnil#2 
Ops PB-E Fi PCB r Ti C oils f O p 

to5Vd Twl rip FailosFal15VcSwthadIitaosFi 

12 SPC00CH |w 12 SPB0TC |wy 

CBnro 8 owTri Cal1 CB ri Co ilro #2erPn 

LossY Of Poe Ons OeGTP Chane 1 Los Ofr PoerOneGTSCanl2 

Keowee Emergency Power Paths Faioree FIGURE A.2-2 Pb7



Power Circuit 
Breaker 12 Fails 

Closed 

Page 6 ISC1T 

SWYD PCB-12 Fails PCB 12 Trip Coist 
To Trip Fail on Domand 

| SPCB02CHO |SPCB12TCF 

PCB 12 Trip Col #1 

PCB 12 Trip Coil 2 

FailsSgnlFals9Fa2 igalFsl 

SPCB12TC1 IISPCBT2TC2 

Loss Of Power On EGTPS Channel 1B Loss Of Power On Switchyard PCB-12 125 Vdc Swyd 
125 Vdc Switchyard Initiators Fail 125 Vdc Switcyard Trip Coil 2 Control Power Pnlbd 
DC Panelboard DYA DC Panelboard DYE Initiators Fail DYE Bkr 12 Xtrs Open 

SDCDYAJ | SEGTP1BNIT ISDCDYE |SEG1221NIT |I SDCDE12CDT 

125 Vdc Swyd . EGTPS Undervoltage EGTPS Undervoltage 
Control Power Pnibd Channel 2 Relay Channel 2 Relay 

DYA Bkr 12 Xtrs Open 94/V2A Signal Fails 94/V2B Signal Fails 

SEG94V2AF2F 

A2 

EGTPS EGTPS 
Underfrequency Undertrequency 

Channel 2 Relay :Channel 2 Relay 
94/F2A Signal Fails 94/F2B Signal Fails 

SEG94F2AF IISEG94F2BFI 

Keowee Emergency Power Paths Fault Tree -TFIGURE A.2-2 Page 8



Power Circuit 
Bh3relaker 15 Fails 

,Closed 

Page 6 IdSPCB15TF| 

SWYD PCB-15 Fails Fa 
To Trip On Dernand CisFi nDmn 

S-PCB01j5 CHO SPB5C 

SWVYD PCB-15 Trip 
SY Coil #1 Fails toCol:Ca:tn 

OperateOprt 

SPCB15TC1 IPB5C 

Loss Of Power onEGTPS Poe re1B 
125 Vde Switchyard itias anl 1 os " nSicyr C-515VcSy 

DC Panelboard DYADCPnlorDYIntaosFiDY k15MsOe 

SDCDYAJ |DDY SEGT52BNIT |SCEM 

125 Vde Swyd ETSETSUdrotg 
Control Power PnIbd Udrrqec hne ea 

DYA ~ ~ ~ ~ ~ ~ ~ ~~SY PCB-1 Trip pe hnel2Rly 4 iga al 
CollsF2 Faila onaDman 

I~~ ~ ~ SPCB15TCFT | E9VB 

I 
Co/l2 Si2a Faaislt 

I~~~~ SPCB15TC2 I E9FBI 

I A 

Keowe EmerencyPowerPaUnder&reqenc Channel 2.7 Relay9



Power Circuit 
Breaker 17 Fails 

Closed 

Page 6 SPCB17TF 

SWYD PCB-17 Fails SWtYD PCB-17 Trip 
To Trip On Demand Coils Fail 

I SPC017CH | |SPCB17TCF| 

SWYD PCB-17 Trip SWYD PCB-17 Tri 
Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

SPCB17TC1 PttISPCB17TC22 P 

Loss Of Power On EGTPS Channel 1B Loss Of Power On EGTPS Channel 2B 
125 Vdc Switchyard Initiators Fail 125 Vdc Switchyard Initiators Fail 

DC Panelboard DYA DC Panelboard DYE 

125 Vdc Swyd 125 Vdc Swyd 
Control Power PnIbd Control Power Pnibd 

DYA Bkr 17 Xfrs Open DYE Bkr 17 Xfrs Open 
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SWVYD PCB-21 Trip 
Colls Fail 

Pae6 |SPCB21TCF| 

SWYD PCB-21 Trip SWYD PCB-21 Trip Coil #1 Fails Coil #2 Fails 

SPCB21TC1 IPB1C 

I 

I 

Loss Of Power On EGTPS Channel 1D 125 Vdc Swyd Loss Of Power On EGTPS Channe 20 
125 Vdc Switchyard Initiators Fail Control Power Pnbd 125 Vdc Switchyard niato Fa Control Power Pnbd 

DC Panelboard DYB DYB Bkr 1 Xirs Open DC Panelboard DYF 

BSDCD1CDT SDCDYF 

5I 

=EGTPS ETSUdrotg 
GETSUdrotg 

Undertrequency CanlIRly' P 

Channe 1e Relayne 2Rea 
94/F lD Signal Fails p7 Keowee Emerge Signli 

I SEG94F1DF IE9VD E9FD E9VD 

Keowee merLoss owe Power On EGTPS ChannelR2 2 5 Vdc Swyd



Power Circuit 
Breaker 24 Fails 

Closed 

SPCB24TF 
age 6 

SWYD PCB-24 Fails SWYD PCB-24 Trip 
To Trip On Demand Coils Fail 

| SPCBO24CHO IISPCB24TCFI 

SWYD PCB-24 Trip SWYD PCB-24 Trip 
Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

E SPCB24TC1 Pt|ISPCB24TC2g 

Loss Of Power On 125 Vdc Swyd Loss Of Power On 125 Vdc Swydl 
125 Vdc Switchyard Cotrol Power Pnltbd 125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYB DYB Bkr 4 Xfrs Open DC Panelboard DYFDYBk4XfsOe 

EGTPS Channel 1A EGTPS Channel 2A 
Initiators Fail Initiators Fail 

Pe 16 Pae 16 
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Power Circuit 
Breaker 26 Fails 

Closed 

SPCB26TF 
P a g e 6 

SWYD PCB-26 Fails SWVYD PCB-26 Trip 
To Trip On Demand Coils Fail 

I SPCBO 26CHO ISPCB26TCF| 

SWYD PCB-26 Trip SWYD PCB-26 Trip 
Coil #1 Fails Coil #2 Fails 

SPCB26TC1 IISPCB26TC2 

Loss Of Power On 125 Vdc Swyd Loss Of Power On 125 Vdc Swyd 
125 Vdc Switchyard Control Power Pnlbd 125 Vdc Switchyard Control Power Pntbd 

SEGTP2ANI 
Pge 16 OPage 16 
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Power Circuit 
Breaker 28 Fails 

Closed 

Page 6 SPCB28TF 

SWYD PCB-28 Fails SWYD PCB-28 Trip 
To Trip On Derand Coils Fail 

I SPCO28CH I ISPCB28TCF| 

Coil #1 Fails Coil #2 Fails 

|SPCB28TC1 | SPCB28TC2 

Loss Of Power On 125 Vdc Swyd Loss Of Power On 125 Vdc Swyd 
125 Vde Switchyard Control Power Pnlbd 125 Vdc Switchyard Cotrol Power Pnlbd 

DC Panelboard DYB DYB Bkr 8 Xfrs Open DC Panelboard DYF DFBr 8 Xfrs Open 

EGTPS Channel 1A EGTPS Channel 2A 
Initiators Fail Initiators Fail 

SEGTP1ANIT SGPAI A Page 16 Pa 16 

Keowee Emergency Power Paths Fault Tree JFIGURE A.2-2 Page 14



Power Circuit 
Breaker 33 Fails 

Closed 

Page 6 SPCB33TF 

paae 6pae 

SPCBO33CHO EegcPorat SPCB3 

DCpeat OperateY BBr 3MsOpnD aelor YFDFBr13MsOe 

I IETIA I I IET2A I 

EGTP Ch ane 1A EG P Ch ane 2A 

Keow e E erInitatr Fail r Initator Failj eFGU E A2- a 1



EGTPS Channel 1A EGTPS Channel 2A 
Initiators Fail Initiators Fail 

Page 1 SEGTP1ANIT SEGTP2ANIT Pg12 Page 12 
Page 13 Page 13 
Page 14 Page 14 
Page 15 Page 15 

EGTPS EGTPS Undervoltage EGTPS EGTPS Undervoltage 
Underirequency Channel 1 Relay Underfrequency Channel 2 Relay 

Channel 1 Relay 94/FlA Signal Fails Channel 2 Relay 94N2A Signal Fails 
94/F1A Signal Fails 94/F2A Signal Fails 

( SEG94F1AF SEG94V1AF F |rSEG94F2AF |SEG94V2AF A 
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Main Step Up 
Transformer Lock 

Out Relay 86T 
Actuates 

Page 1 XFMR186T 

Main Step Up Fire Protection 
Transformer Causes Main Step Up 

Protective Relays Transformer Lock Out 
Actuate IXFMPROi I IREROTI 

ge 18 Page 18 

I - I 
Auxiliary Relay Unmodified Circuit 
94T/K Spurious Results In 94GB 

Operation Actuation Input 

Page 23 

Fault Occurs at ACB Lock Out Relay 86T 
1 While Unit 1 Is Spurious Operation 
Generating to the 

Grid E 
Pa 23 

ACB Back-up Trip 13.8 kV Bus Faulted 
Timer 62AB Spurious 

Operation 

SPC2ABRYT | SPC14KBHF 

KeweEegec Uoe PahOa~e IGR .- a1



Main Step Up Fire Protection 
Transformer Causes Main Step Up 

Protective Relays Transformer Lock Out 
Actuate 

A XFMRPROT P FIREPROT Page 17 Page 17j 

I I I I7 

Main Step Up Transformer 2X Auxiliary Relay Break Glass Switch 
Transformer Neutral Differential Relay 63H1X Spurious Spurious Operation 
Ground Relay 51TN 87T-2X Spurious Operation 
Spurious Operation Operation 

S SPC872XRYT SPC631XRYT SPCGLASSWT 

Main Step Up Line Differential 
Transformer Differen Relay 87L Spurious 
tial Relay 87T Spuri Operation 

ous Operation 

SPCD87LRYT 

Transformer 1X 
Differential Relay 
87T-1X Spurious 

Operation 

( SPc1XRY | 
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Spurious Operation 
Of Keowee Unit 1 94GB Relay 

Page 23 1R94GB 

Spurious Input From Keowee Unit 1 94GB Spurious Input From 
ACB1 Auxiliary Relay ACB3 

Spurious Operation 

ACB1 I ~9GRTIACB3 

Air Circuit Breaker Breaker 3CL In 125V Air Circuit Breaker Breaker 3CC In 125V 
1 Accumulator de Distribution 3 Accumulator de Distribution 

Pressure Switch Center 1 DA Pressure Switch Center 1 DA 
Fails Low Transfers Position Fails Low Transfers Position 

I A1PSTPS IAD1C3CLCDT IAB3PSWTPST IAD1C3CCCDT 

Auxiliary Relay 8UX- Auxiliary Relay 8UX
1 Spurious Operation 3 Spurious Operation 

X1RT SB38UX3RYM 
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Spurious Operation 
Of Keowee Unit 2 94GB Relay 

Page 23 2R94GB 

Spurious Input From Keowee Unit 2 94GB Spurious Input From 
ACB2 Auxiliary Relay ACB4 

Spurious Operation 

ACB2 | K9GRT|ACB4 

Air Circuit Breaker Breaker 3CL In 125V Air Circuit Breaker Breaker 3CC In 125V 
2 Accumulator de Distribution 4 Accumulator Pressu de Distribution 
Pressure Switch Center 2DA re Switch Indicates Center 2DA 

Fails Low Transfers Position Low Air Pressure Transfers Position 

rABE2PSWTPST I OCCCTIAB4PSWTPST IA23CD 

Auxiliary Relay 8UX- Auxiliary Relay BUX
2 Spurious Operation 4 Spurious Operation 
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CT3 Lockout Relay Yellow Bus Lockout 
Picks Up ReY lay Actuates 

|ae SY86CT3LOR ag 1 SY86YBSLOR| Pag 1 

age 1 

6 Neutral 416kV Neutral Yellow Bus X Phase Yellow Bus Lockout 
Ground Relay 51TN Ground Relay Differential Relay Auxiliary Relay 
Spuriously Picks Up Spuriously Picks Up 87BYX Spuriously 86YJ30 Spuriously 

Picks Up Picks Up 
| SY51TN6RYT |IY1N4Y SY87BYXRYT ||S8Y3Y 

Differential Relay 230kV Neutral Yellow BusY Phase Breaker Failure 
87T Spuriously Ground Relay Differential Relay elayB 62X1 

Picks Up Spuriously Picks Up 87BYY Spuriously Spuriously Picks Up 
Picks Up 

I SY51TN2RYT I SY87YRYT II SY62X1FRYT 

Fault Pressure Transformer CT3 Yellow Bus Z Phase Breaker Failure 
Relay 63FP Lockout Relay Differential Relay Relay 62X2 

Spuriously Picks Spuriously Picks Up 86BYZ Spuriously Spuriously Picks Up 
Us PcPicks Up I 

SYS63FPRYT SY87BYZRYT SY62X2FRYT 

Differential Relay CT3 P.9kV Start Up Yellow Bus Lockout Breaker Failure 
87B Spuriously Bus Lockout Relay Relay 86BY Relay 62X 

Picks Up Spuios ; Pik p] Spuriously Picks Up Spuriously Picks Up 

I Y8TRTSY86BUIRYT ISR6BRT||S6XFY 

CT3 Associated Transformer CT3 Yellow Bus Lockout 
Breaker Failure Fault Detector Auxiliary Relay 
Relay Actuates Relay 508 86YA9 Spuriously 

Spuriously Picks Up Picks Up 

I SY82BFCT3 I YX0FTI SY86YA9RYTI 

ZPage 
22



CT3 Associated Power CircuitPoeCict 
Breaker Failure Breaker 30 Fails Preke U Fal S ul a 

PC 8 0Beaker E13 Bkr Failure PCB30LOR86TPCBre e 3 Rella 
Failure Relay 62 e Relay 628 S puriously Picks Up pi Picks Up 

PCB 30 Breaker o E3 Bkr Failure PCB 30 LOR 8 6T ReeFIGRe Aag 

Failure Relay 62B Relay 62B Spuriously Picks Up Suiul ik p8LSuiul uiir ea 
Spuriously Picks Up Spuriously Picks Up iksU87XSuosl 

I - I I PcsU 
SYP3062RYT | | SYE2362RYT I SYSYP86TXYTT | YL7FY 

PCB30 reaer 23 kr ailre CB 0 LR 8TXBre e eFayOe 

Failure~~~~~87 Spurousy A2 ea 2 prosl ik p9LSui u xl ayRea 
Spuriously ~Picks Up 8L SpuriouslyPik Upics p 

I~~~~~~ SYPL87LRYT SY26ITI Y8TRTI SY87LXXRVT 

KeweEegec oe atsFutTreFGRU.27O ae2



Fault Occurs at ACB Unmodified Circuit 
1 While Unit 1 Is Results In 94GB 
Generating to the Actuation Input 

Grid 

I SABIFAULT P I S94GBMOD 
Page 17 Page 17 

Keowee Unit 1 Is Fault Occurs at ACB- NSM-ON-52966 Is Not Either Unit 94GB 
Supplying The Grd 1 When The BReaker In Service Relay Picks-up 

Trips 

KU1RNNG ABFALTDEX ACB4MOD I94GB 

Spurious Operation ACB Air Supply 
Of Keowee Unit 1 Fails Causing Low 

94GB Relay Pressure In All ACB 
Accurnulators 

ACBAIRPDEX 

Page 19 P 

Spurious Operation 
Of Keowee Unit 2 

94GB Aelay 

Page 20



Overhead Path Fails 
on Overload 

I 
Page 1 IOVRLOAD 

Overload Overload Sensing 
Susceptibility Fails 

Factor 

OFACTORDEX IOVRLOADSI 
Page 25 
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Overload Sensing 
Fails 

Page 24 OVRLOAOS 

Failure to Loadshed Failure to Loadshed 
RCPs After Startup RCPs Before Startup 

Bus SV Sensing Mod Bus UV Mod In In Service Service 
IOVRLDMD| OVRLDNT F 

Startup Bus UIV UIV Sensing Mod Startup Bus UV Overhead Path 
Sensing Mod Is In Fails to Prevent Modification Is Not Overload Without 

Service Overhead Path Complete Startup Bus UV E Overload Modification 

OMO OMDF OMODNOT| |OMODWOFI 

2 age 26 7A Page 26 

Startup Bus UV 
Sensing Mod Is In 

Service 

Keowee~~ ~ ~ ~ ~ ~~~8 MOrgnc Doe ah aATe IUEA27



UV Sensing Mod Overhead Path 
Fails to Prevent Overload Without 
Overhead Path Startup Bus UV 

Overload Modification 

Page 25 Page 25 OM OF 

Common Cause Common Cause Unit 1 Startup Bus Unit 2 Startup Bus 
Failure of Unit 1 Failure of Unit 3 Undervoltage Relay UV Aux Relay 27EX 

SU Bus Undervoltage SU Bus Undervoltage 27E Fails Fails to Pick Up 
Relays Relays 

| ~UVCOM I UUVCOM | 1UVRYT S227EXVRYDO 

Unit 1 UV Unit 2 UV Unit 1 Startup Bus Common Cause 
Modification Fails Modification Fails UV Aux Relay 27EX Failure of Unit 3 

to Prevent Overload to Prevent Overload Fails to Pick Up SU Bus Undervoltage 
I I IRelays 

OMDUF I MD2 17XVRD | UUVOM 
Page 27 Page 28 

I - _ I I I- I 
Common Cause Unit 3 UV Unit 2 Startup Bus Unit 3 UV 
Failure of Unit 2 Modification Fails Undervoltage Relay Modification Fails 

SU Bus Undervoltage to Prevent Overload 27E Fails to Prevent Overload 
Relays 

I 227I 

Keowe Em c Pge 29 FPage 29 
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Unit 1 UV 
Modification Fails 

to Prevent Overload 

Page 26 OMODU1F 

Unit 1 Startup Bus Unit 1 Startup Bus 
Undervollage Trip Undervaltage Trip 

Ckt E Fails Ckt El Fails 

S127EUVF IIS127E1UVF| 

Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoltage Relay UV Aux Relay 27EX1 

27E Fails Fail s to Pick Up 27E1 Fails Fails to Pick Up 

S27EXVRYDS127EVRYT 
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Unit 2 UV 
Modification Fails 

to Prevent Overload 

Page 26 OMODU2F 

Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

S227EUVF IIS227E1UVF| 

Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoltage Relay UV Aux Relay 27EX1 

27E Fails Fail s to Pick Up 27E1 Fails Fails to Pick Up IE II I S227EXVRYD S227EX1RYD 
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Unit 3 UV 
Modification Fails 

to Prevent Overload 

I OMODU3F 
Page 26 
Page 26 

Unit 3 Startup Bus Unit 3 Startup Bus 
Undervoltage Trip Undervaltage Trip 

Ckt E Fails Ckt El Fails 

S327EUVF IIS327E1IUVFI 

Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Standby Bus 
Undervoltage Trip UV Trip Aux Relay Undervoltage Trip UV Aux Relay 27EX1 
Relay 27E Fails 27EX Fails to Pick Relay 27E1 Fails Fails to Pick Up 

Up 

I S37EUVYT IS327EXVRYD I S327E1VRYT IIS2E1Y 
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Underground Path 
Fails To Connect 

Keowee To Oconee At 
CT4 

UPATHTOP 

Underground Feeder Fault Occurs On The 
Lockout Relay 86EF Underground Power 

Picks Up Path 

U86 ~E KK RBHFI 
Page 31 

CT4 In Maintenance Latent Human Error 
(not allowed with on CT4 Maintenance 

KU2 in maint) 

MAINT | XFr T4LHE I 
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Underground Feeder 
Lockout Relay 86EF 

Picks Up 

U86EF 
Page 30 

Overcurrent Relay Transformer CT4 
SO Spuriously Failed 

Actuates Lockout 
Rly 86EF 

U5086EFRYT |I UACXCT4THF 

Time elayLockout Relay 86EF 

Overcurrent Relay Spuriously Picks Up 
51 Actuates Lockout 

Relay 86EF 

I U5186EFRYT IUXX86EFRYT 

II 
Spurious Op of CT4 Auxiliary Lockout 

Differential Rly Relay 86CT4X 
87T Actuates LOR Spuriously Picks Up 

I6E I 
I U87TC T4RYT ||U86CT4XRYT| 

II 
CT4 Neutral Ground SKI Breaker Failure 

Rly Actuates CT4 Relay 62BXSK1 
LOR 86T/CT4 Spuriously Picks Up 

I U51TNC4RYT IIU62BSKIRYT| 

II 
CT4 Lockout Relay SK2 Breaker Failure 
86TICT4 Spuriously Relay 62BXSK2 

Picks Up Spuriously Picks Up 

U86TC4RYT IU2S2Y 

00



Gat/ E~en, NmePaae Zone Gate/Event Name Pag Zone~ Gate/Event Name Page~ Zone Gate/Event Name Pae Zone 
1R94GB 19 OMODNOT 25 S27XSC2RYD 5 SDCDYA9CDT 3 
1R94GB 23 OMODU1F 26 S27XTD1RYD 5 SDCDYB 11 
2R94GB 20 OMODU1F 27 S27XTD2RYD 5 SDCDYB 12 
2R94GB 23 OMODU2F 26 S327E1UVF 29 SDCDYB 13 
94GB 23 OMODU2F 28 S327E1VRYT 29 SDCDYB 14 
AB1FALTDEX 23 OMODU3F 26 S327EUVF 29 SDCDYB 15 
AB1PSWTPST 19 OMODU3F 26 S327EUVRYT 29 SDCDYB4CDT 12 
AB2PSWTPST 20 OMODU3F 29 S327EX1RYD 29 SDCDYB6CDT 13 
AB3PSWTPST 19 OMODWOF 25 S327EXVRYD 29 SDCDYB8CDT 14 
AB4PSWTPST 20 OMODWOF 26 S94GBMOD 17 SDCDYC 5 
ACB1 19 OPATHTOP 1 . S94GBMOD 23 SDCDYE 2 
ACB2 20 OPATHTOPB 1 SAB1FAULT 17 SDCDYE 3 
ACB2DTSC 1 OPATHTOPC 1 SAB1FAULT 23 SDCDYE 7 
ACB20PEN 1 OVRLDMD .25 SB18UX1RYT 19 SDCDYE 8 
ACB3 19 OVRLDNT 25 SB28UX2RYT 20 SDCDYE 9 
ACB4 20 OVRLOAD 1 SB38UX3RYT 19 SDCDYE 10 
ACB4MOD 23 OVRLOAD 24 SB48UX4RYT 20 SDCDYE8CDT 7 
ACBAIRPDEX 23 OVRLOADS 24 SDCAIDDDIF 3 SDCDYE9CDT 2 
AD1C3CCCDT 19 OVRLOADS 25 SDCDA12CDT 8 SDCDYE9CDT 3 
AD1C3CLCDT 19 PCB90PEN 1 SDCDA15CDT 9 SDCDYF 11 
AD2C3CCCDT 20 PCB90PEN 2 SDCDA17CDT 10 SDCDYF 12 
AD2C3CLCDT 20 S127E1UVF 27 SDCDB01CDT 11 SDCDYF 13 
ASWYDISO 1 S127E1VRYT 27 SDCDB13CDT 15 SDCDYF 14 
FIREPROT 17 S127EUVF 27 SDCDC12CDT 5 SDCDYF 15 
FIREPROT 18 S127EUVRYT 26 SDCDE12CDT 8 SDCDYF4CDT 12 
KK1OVERBHF 1 S127EUVRYT 27 SDCDE15CDT 9 SDCDYF6CDT 13 
KK1UNDRBHF 30 S127EX1RYD 27 SDCDE17CDT 10 SDCDYF8CDT 14 
KU1RNNG 23 S127EXVRYD 26 SDCDF01CDT 11 SDCDYG 5 
KU2RNNG 1 S127EXVRYD 27 SDCDF13CDT 15 SDCEIDDDIF 3 
KU2SWYD 1 S227E1UVF 28 SDCDG16CDT 5 SEG122INIT 8 
L27XSTARYD 2 S227E1VRYT 28 SDCDYA 2 SEG152INIT 9 
L27XSTBRYD 2 S227EUVF 28 SDCDYA 3 SEG94F1AF 16 
MAINT 30 S227EUVRYT 26 SDCDYA 7 SEG94F1DF 4 
OFACTORDEX 24 S227EUVRYT 28 SDCDYA 8 SEG94F1DF 11 
OMOD 25 S227EX1RYD 28 SDCDYA 9 SEG94F2AF 8 
OMOD 25 S227EXVRYD 26 SDCDYA 10 SEG94F2AF 16 
OMODF 25 S227EXVRYD 28 SDCDYA8CDT 7 SEG94F2BF 8 
OMODF 26 S27XSC1RYD 5 SDCDYA9CDT 2 SEG94F2BF 9 
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Gate/Event Name Page ZQ Gate/Event Name PEge Zone Gate/Event Name Page Zone Gate/Event Name Page Zone 
SEG94F2CF 9 SPC51TNRYT 18 SPCB17TF 6 SPCISLTCPT 3 
SEG94F2DF 4 SPC62ABRYT 17 SPCB17TF 10 SPCISLTCPT 5 
SEG94F2DF 11 SPC631XRYT 18 SPCB21TC1 11 SPCISOCCH1 5 
SEG94V1AF 16 SPC871XRYT 18 SPCB21TC2 11 SPCISOCCH2 5 
SEG94V1DF 4 SPC872XRYT 18 SPCB21TCF 6 SPCISOF 5 
SEG94VIDF 11 SPC87T1RYT 18 SPCB21TCF 11 SPCISOF 5 
SEG94V2AF 8 SPC94TKRYT 17 SPCB21TF 6 SPCISOF 6 
SEG94V2AF 16 SPCB008CHO 7 SPCB24TC1 12 SPCISOLATE 3 
SEG94V2BF 8 SPCB009CHC 3 SPCB24TC2 12 SPCISOLATE 4 
SEG94V2BF 9 SPCB0O9CHO 2 SPCB24TCF 12 SPCR86TRYT 17 
SEG94V2CF 9 SPCB012CHO 8 SPCB24TF 6 SU127UVCOM 26 
SEG94V2DF 4 SPCB015CHO 9 SPCB24TF 12 SU227UVCOM 26 
SEG94V2DF 11 SPCB017CHO 10 SPCB26TC1 13 SU327UVCOM 26 
SEGTP1ANIT 12 SPCB021CHO 6 SPCB26TC2 13 SU327UVCOM 26 
SEGTP1ANIT 13 SPCB024CHO 12 SPCB26TCF 13 SXFRCT3THF 1 
SEGTP1ANIT 14 SPCBO26CHO 13 SPCB26TF 6 SXFRCT3THM 1 
SEGTP1ANIT 15 SPCBO28CHO 14 SPCB26TF 13 SY30R94RYT 22 
SEGTP1ANIT 16 SPCBO33CHO 15 SPCB28TC1 14 SY51TN2RYT 21 
SEGTP1BNIT 2 SPCB08TCF 7 SPCB28TC2 14 SY51TN4RYT 21 
SEGTP1BNIT 7 SPCB08TF 1 SPCB28TCF 14 SY51TN6RYT 21 
SEGTP1BNIT 8 SPCB08TF 6 SPCB28TF 6 SY62BFCT3 21 
SEGTP1BNIT 9 SPCB08TF 7 SPCB28TF 14 SY62BFCT3 22 
SEGTP1BNIT 10 SPCB09CF 1 SPCB33TC1 15 SY62X1FRYT 21 
SEGTP1DNIT 11 SPCBO9CF 3 SPCB33TC2 15 SY62X2FRYT 21 
SEGTP2ANIT 12 SPCB09TCF 2 SPCB33TCF 15 SY62XXFRYT 21 
SEGTP2ANIT 13 SPCB12TC1 8 SPCB33TF 6 SY86BUIRYT 21 
SEGTP2ANIT 14 SPCB12TC2 8 SPCB33TF 15 SY86CT3LOR 1 
SEGTP2ANIT 15 SPCB12TCF 8 SPCB8TC1F 7 SY86CT3LOR 21 
SEGTP2ANIT 16 SPCB12TF 6 SPCB8TC2F 7 SY86CT3RYT 21 
SEGTP2BNIT 2 SPCB12TF 8 SPCB9CDC1 3 SY86YA9RYT 21 
SEGTP2BNIT 7 SPCB15TC1 9 SPCB9CDC2 3 SY86YBSLOR 1 
SEGTP2BNIT 10 SPCB15TC2 9 SPCB9TC1F 2 SY86YBSLOR 21 
SEGTP2DNIT 11 SPCB15TCF 9 SPCB9TC2F 2 SY86YJ3RYT 21 
SEGTPSCH1F 2 SPCB15TF 6 SPCBSFC1 6 SY87BYXRYT 21 
SEGTPSCH2F 2 SPCB15TF 9 SPCBSFC2 6 SY87BYYRYT 21 

SK194GBRYT 19 SPCB17TC1 10 SPCCB9CF 3 SY87BYZRYT 21 
SK294GBRYT 20 SPCB17TC2 10 SPCD87LRYT 18 SY87LXXRYT 22 

SPC14KVBHF 17 SPCB17TCF 10 SPCGLASSWT 18 SY94L1XRYT 22 
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Gate/Ev nt Name age Zone Gate/Event Name Page Zone Gate/Event Name Page Zone Gate/Event Name P Zone 
SYE1362RYT 22 

SYE2362RYT 22 

SYP2862RYT 22 

SYP3062RYT 22 

SYP86TXRYT 22 

SYPCBO9CHT 1 

SYPCB30CHT 1 

SYPCB30TRP 1 

SYPCB30TRP 22 

SYPCB9TRP 1 

SYPCB9TRP 22 

SYPL86TRYT 22 

SYPL87LRYT 22 

SYR86BYRYT 21 

SYS63FPRYT 21 

SYSX50BRYT 21 

SYX87TBRYT 21 

SYXX87TRYT 21 

U5086EFRYT 31 

U5186EFRYT 31 

U51TNC4RYT 31 

U62BSK1RYT 31 

U62BSK2RYT 31 

U86CT4XRYT 31 

U86EF 30 

U86EF 31 

U86TCT4RYT 31 

U87TCT4RYT 31 

UACXCT4THF 31 

UPATHTOP 30 

UXX86EFRYT 31 
XFMR186T 1 

XFMR186T 17 

XFMRPROT 17 

XFMRPROT 18 
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A.3 EXTERNAL GRID TROUBLEROECINSYSEM 

A.3.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the External Grid 
Trouble Protection System (EGTPS). This model is combined with the high-level model 
and remaining system models to form an integrated model for assessing the reliability of 
Keowee. Other objectives are to identify major contributors to system unreliability, 
significant potential human errors and common-cause failure modes.  

The scope of this analysis is limited to EGTPS equipment required to support a Keowee 
emergency start and run under load following a loss of off-site power condition.  

A.3.2 SYSTEM DESIGN 

The EGTPS provides detection of impending collapse or degraded voltage on the 230 kV 
grid or the 230 kV Switchyard when voltage and/or frequency on the 230 kV red and 
yellow buses deteriorates to system actuation set points. When the system actuates, it 
provides Emergency Start (ES) signals to the Keowee hydro units. The system then 
provides the breaker manipulation logic to isolate the 230 kV switchyard yellow bus and 
establish the overhead power path from the Keowee unit aligned to the overhead power 
path through the isolated switchyard yellow bus to the startup transformers of all three 
Oconee units.  

The EGTPS contains two undervoltage and two underfrequency initiation channels 
consisting of networks of undervoltage relays and underfrequency relays. A channel is 
actuated when two out of three phases of both switchyard yellow bus and switchyard red 
bus sensing relays detect undervoltage or underfrequency conditions. When a channel is 
actuated, four tripping relays ("94" relays) carry out the EGTPS function.  

Figure A.3-1 is a logic diagram of the EGTPS Channel 1. When channel 1 is actuated: 

1. Relays 94/VIA or 94/FlA actuate trip coil #1 of Power Circuit Breakers (PCBs) 
24, 26, 28, and 33.  
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2. Relays 94/VlB or 94/FiB actuate trip coil #1 of PCBs 8, 12, 15, and 17; they 
also actuate EGTPS Trouble Relay 27X/STA which in turn provides the Channel 1 

Keowee Emergency Start signal and actuates PCB 9 trip coil #1.  

3. Relays 94/VIC or 94/FIC actuate statalarms and event recorders.  

4. Relays 94/V1D or 94/FlD actuate trip coil #1 of PCB 21 and the close coils of 

PCBs 9, 18, 27, and 30.  

For channel 2: 

1. Relays 94/V2A or 94/F2A actuate the trip coil #2 of PCBs 12, 24, 26, 28, and 33.  

2. Relays 94/V2B or 94/1F2B actuate the trip coil #2 of PCBs 8, 12, 15, and 17; they 

actuate EGTPS Trouble Relay 27X/STB which provides the Channel 2 Keowee 

Emergency Start signal and actuates PCB 9 trip coil #2.  

3. Relays 94/V2C or 94/F2C actuate the trip coil #2 of PCB 15 and statalarms and 
event recorders.  

4. Relays 94/V2D or 94/F2D actuate trip coil #2 of PCB 21 and the close coils of 
PCBs 9, 18, 27 and 30.  

Other system outputs are switchyard isolation confirmed signals which are generated when 
all of the following PCBs are opened to isolate the switchyard: 

1. PCB8 4. PCBl7 7. PCB26 
2. PCB12 5. PCB21 8. PCB28 
3. PCB 15 6. PCB 24 9. PCB 33 

The switchyard isolation confirmed relay 27X/SC1(2) operates the switchyard isolation 
auxiliary relay SIA(B), which in turn operates the Keowee Unit 1 and Keowee Unit 2 
Switchyard Isolated Interposing Relays [1SIXA(B) and 2SIXA(B)]. The switchyard 
isolated interposing relays provide the close permissive in the automatic close circuits of 
ACB- 1 and ACB-2. Also, the PCB 9 automatic close circuit requires operation of a 
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switchyard isolation complete time delay relay, 27XTD/SCl or 27XTD/SC2. The time 

delay provides adequate time (about 4 seconds) for Reactor Coolant Pump Switchgear 
breakers to open before PCB 9 closes re-energizing the switchyard and the main feeder 

buses through the yellow bus and the startup transformers. This portion of the EGTPS is 

modeled in the switchyard isolation model (Appendix A.2).  

Undervoltage Channel 1 is composed of six undervoltage relays (27B), each connected to 

a phase of the yellow and red buses. When a 27B ac relay detects undervoltage and drops 

out, an associated auxiliary dc relay (27X) is picked up. When two auxiliary relays of the 

same phase (one on the yellow bus and one on the red bus) are picked up concurrently, a 

phase undervoltage auxiliary relay (27X/RY) picks up. When two out of three 27X/RY 

relays (X,Y,and Z phases) are picked up, the Channel 1 tripping relays (the 94 relays) are 
picked up.  

Underfrequency Channel 1 is composed of six underfrequency relays (8 1B), connected to 

the phases of the yellow and red buses in a configuration similar to that of the 
undervoltage relays. When an 8 1B ac relay detects underfrequency and drops out, an 

* associated auxiliary dc relay (8 IX) picks up. A phase underfrequency auxiliary relay picks 
up when yellow bus and red bus same phase relays pick up. When two out of three 
81X/RY relays (X,Y, and Z phases) pick up, the Channel 1 tripping relays again pick up.  

The Channel 2 undervoltage and underfrequency components of the EGTPS are 
configured similarly, but different manufacturer components are used to minimize common 
mode failures.  

A.3.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

The 230 kV Switchyard DC Power System (Appendix A.9) provides control power to 
both channels of the EGTPS.  
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External Control Systems 

The EGTPS interfaces with the Oconee Unit 1 Keowee Emergency Start System. It does 

not require any external controls for its operation.  

A.3.4 INSTRUMENTATION AND CONTROLS 

The EGTPS panels are located in the 230 kV switchyard relay house. There are six green 

lights on the EGTPS undervoltage Channel 1 panel. Each light indicates the trip status of 

the red and yellow bus phase undervoltage relays. The lights turn on for an undervoltage 

condition. Three red indicating lights per channel indicate when both red and yellow buses 

are experiencing undervoltage on one particular phase. Six green lights on the EGTPS 

underfrequency Channel 1 panel similarly indicate the trip status of the red and yellow bus 

phase underfrequency relays. Three red lamps indicate simultaneous underfrequency 

conditions on like phases of the red and yellow bus. A pair of blue lamps for each channel

are connected in two out of three logic to indicate whenever one of the three logic inputs 

are satisfied. A single, normally on, lamp on each channel related panel of undervoltage 

and underfrequency indicates the presence of 125 Vdc control power. The EGTPS panels 

and their associated channels are identified as follows: 

Panel SBR-17 Undervoltage Channel 1 

Panel SRF-17 Underfrequency Channel 1 

Panel RF- 17 Undervoltage Channel 2 

Panel RB- 17 Underfrequency Channel 2 

A Switchyard Isolation Confirmed signal is generated when the switchyard PCB auxiliary 

contacts show that the switchyard yellow bus has been isolated from the grid and the 

switchyard PCBs are aligned to supply power to the unit startup transformers via the 

overhead power path. The "SWYD ISOLATED SIGNAL" indicating lights are located 

on the Switchyard Isolated Signal test panels. Both channels' test panels are in the 

switchyard relay house.  

Statalarms pertaining to the EGTPS are located in the Oconee Unit 1/2 Control Room on 

Annunciator Alarm Panels SA15 and SA16. These alarms are listed in Table A.3-4.  
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A.3.5 LOCATION WITHIN THE PLANT 

The External Grid Trouble Protection System is physically located in the Switchyard Relay 

House. The undervoltage and underfrequency sensor relays are on each phase of the 

switchyard red and yellow buses in the 230 kV switchyard.  

A.3.6 NORMAL OPERATION 

The system is normally operating, monitoring the voltage and frequency of the grid at the 

230 kV Switchyard. Routine testing of both voltage and frequency channels assures their 

operability.  

A.3.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

The EGTPS is designed to initiate the emergency response necessary to recover from a 

LOOP event. The system is battery powered in order to be capable of performing its 

function if ac power is lost. The system (1) provides signals to start the Keowee 

emergency generators; (2) provides signals to isolate the switchyard from the grid; and 

(3) establish a power path from the Keowee unit (connected to the overhead) to the 

startup transformers after a time delay (4-5 seconds) to assure necessary load shed is 

accomplished.  

A Keowee emergency start and energizing of Transformer CT4 can also be accomplished 

by the Main Feeder Bus Monitors and the Engineered Safeguards Actuation System 

associated with each Oconee unit. For the overhead power path, however, operation of 

the EGTPS is necessary to isolate the switchyard and establish the connection between 

Keowee and the startup transformers of the Oconee units.  
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A.3.8 TEST AND MAINTENANCE 

Testing 

The EGTPS Logic And Switchyard Isolation Logic Test is performed quarterly to verify 

operation of system logic associated with the EGTPS and Switchyard Isolation, and to 

verify the actuation set-point of time delay relays for PCB-9 close permissive. Since 

system actuation requires 2 out of 3 logic, the individual voltage and frequency channels 

can be tested without disabling the system or disabling a single channel.  

Installed test circuitry is used to verify that each channel's red and yellow bus, X, Y, and Z 

phases undervoltage and underfrequency conditions can be detected. Logic operation is 

verified by observing statalarms, switchyard event recorder printouts, and indicating lights.  

Nine pushbuttons (one per breaker) are provided in the switchyard relay house to simulate 

the response of each PCB affected by a switchyard isolation signal.  

The Degraded Grid and Switchyard Isolation Functional Test is performed one channel at 

a time on a refueling frequency. The test includes (1) functional verification of overhead 

ACB and PCB-9 operation during switchyard isolation, (2) demonstration of the 

operability of the Degraded Grid Protection System (DGPS), (3) demonstration of the 

ability of the overhead Keowee unit to energize the 230 kV Yellow Bus for all three 

Oconee units' Startup Transformers and carry the shutdown loads of Oconee Unit 1, and 

(4) demonstration of the capability to realign the 230 kV Yellow Bus back to the system 

grid while Oconee loads are being fed from the Overhead Keowee unit. The test is 

directly associated with the switchyard isolation model (Appendix A.2) and the Keowee 

emergency start model (Appendix A.5), but is mentioned here since it requires de

energizing the EGTPS while the DGPS logic is verified. The verification of DGPS 

operability is estimated to require about three hours to complete. Following the DGPS 

verification, the EGTPS is enabled. Prior to the test, a Lee Gas Turbine is aligned to 

energize CT-5.  

The EGTPS testing requirements are listed in Table A.3-2.  
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A.3.9 OPERATING EXPERIENCE 

There have been no reported instances of EGTPS failures.  

A.3.10 ASSUMPTIONS 

A.3.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. Undervoltage Channel 2 is similar in operation and redundant to undervoltage 

Channel 1. (The major difference between the two channels is that each channel 

uses different manufacturer components to minimize common mode failures.) 

2. Underfrequency Channel 2 is similar in operation and redundant to underfrequency 

Channel 1. (The major difference between the two channels is that each channel 

uses different manufacturer components to minimize common mode failure.) 

. A.3.10.2 OPERATIONAL ASSUMPTIONS 

1. Both Channels of undervoltage detection and underfrequency detection are 
assumed operational.  

A.3.10.3 MODELING ASSUMPTIONS 

1. Only the undervoltage and underfrequency detection functions of the EGTPS are 

modeled in this section of the analysis. The Switchyard Isolation Complete 
function is covered in Appendix A.2.  

A.3.11 FAULT TREE ANALYSIS 

A.3.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the EGTPS System requires that the initiating event (LOOP) is detected, the 
output tripping relays provide signals to their output functions and at least one channelized 
EGTPS Trouble Relay (27X/STA or 27X/STB) actuates.  
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A.3.11.2 DETAILED FAILURE CRITERIA 

1. Start relay operations are the desired final actions of the EGTPS channels in this 

section of the analysis and their failures are top events of the fault tree.  

Progressively lower levels of the fault tree involve the circuit components 

necessary to generate the final actions in reverse order. Thus, the circuit 

components which sense the initiator for which they are designed are at the bottom 

of the fault trees.  

A.3.11.3 DESCRIPTION OF FAULT TREE 

The EGTPS System fault tree is shown in Figure A.3-2. The Fault Tree Modeling 

Guidelines (Appendix B) were followed in developing the fault tree. A list of all fault tree 

transfers is presented in Table A.3-3.  

A.3.11.4 HUMAN INTERACTIONS 

There are no human reliability events in the EGTPS fault tree, since the human 

interactions are very few in this system and immediate feedback of inappropriate action is 

expected.  

A.3.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. EGTPS statalarms are listed in Table A.3-4.  

System reliability data is listed in Table A.3-5.  
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A.3.11.6 COMMON CAUSE ASSESSMENT 

Common cause failure of electromagnetic relays may result in the failure of the Channel 1 

detection circuits. This may include both undervoltage detection and underfrequency 

detection. Similarly for the Channel 2 detectors common cause failure of solid state relays 

may involve the solid state undervoltage devices and the solid state frequency devices.  

Thus, a common cause failure probability is included for the same channel undervoltage 

and underfrequency components. The common-cause events are quantified in Appendix 

C.2.  

A.3.12 RESULTS 

Reliability of the EGTPS is defined as the probability that the system will succeed in 

providing Keowee Emergency Start signals when a LOOP occurs. The system model 

yields a probability of approximately 3E-05 for a channel [up to and including the EGTPS 

Trouble Relay 27X/STA(B)] to fail to provide a Keowee Emergency Start signal.  

Table A.3-6 lists the dominant minimal cut sets for the External Grid Trouble Protection 

System. The dominant contributor to failure is ''EGTPS Trouble Relay 27X/STA(B) Fails 

To Pick Up". "Common Cause Failure Of The UV and UF Detection Circuits" are the 

next highest contributors to channel unreliability.  

A.3.13 REFERENCES 

A.3.13.1 DOCUMENTS 

1. OSS-0254.00-00-2005, Rev. 2, Keowee Emergency Power Design Basis Document.  

2. OSS-0254.00-00-2004, Rev. 1, 230 kV Switchyard Design Basis Document.  

A.3.13.2 PROCEDURES 

O . PT/0/A/0610/02, Change 14, External Grid Trouble Protective System Logic And 

Switchyard Isolation Logic Test.  
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Table A.3-1 

EGTPS Power Supplies 

Panelboard 
Component Power Supply 1  Number 

EGTPS 

Undervoltage Ch. 1 230 kV Switchyard 125 Vdc 

Control Power System 

DC 1DA DYC-13 
Underfrequency Ch. 1 DC IDA DYC-14 

Undervoltage Ch. 2 DC 2DA DYG-12 
Underfrequency Ch. 2 DC 2DA DYG-18 

External Grid Trouble Switchyard Isolated System 

SWYD Isolate Complete Ch. 1 DC IDA DYC-12 
SWYD Isolate Complete Ch. 2 DC 2DA DYG-16 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.3-2 

EGTPS Test Procedures 

Procedure Test Frequency Description 

PT/O/A/0610/02, Quarterly Verify operation of system logic 
EGTPS Logic And associated with EGTPS and 
Switchyard Isolation switchyard isolation circuits.  
Logic Test.



Table A.3-3 

EGTPS Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SDCDYC Loss of Power on 125 V dc EGTPS Channel 1 
SWYD DC Panelboard DYC 

SDCDYG Loss of Power on 125 V dc EGTPS Channel 2 
SWYD DC Panelboard DYG



Table A.3-4 

EGTPS Statalarms 

Point No. Alarm Actuator 

SA15-1 CHANNEL #1 TEST Test Pushbuttons 

SA15-2 CHANNEL #1 UNDERFREQUENCY 94/FIC 

SA15-3 CHANNEL #2 TEST Test Pushbuttons 

SA15-4 CHANNEL #2 UNDERFREQUENCY 94/F2C 

SA15-5 CHANNEL #1 DC SUPPLY FAILURE 74B/V1 & 74B/F1 

SA15-6 CHAN. #1 UNDERVOLTAGE INITIATED 27X 
SA15-7 CHAN #2 UNDERVOLTAGE INITIATED 27X 
SA15-9 CHANNEL #1 UNDERVOLTAGE 94/VIC 
SA15-10 CHAN. #1 UNDERFREQUENCY INITIATED 81X 
SA15-11 CHANNEL #2 UNDERVOLTAGE 94/V2C 
SA15-12 CHAN #2 UNDERFREQUENCY INITIATED 81X 
SA16-1 EGTPS CHAN. #1 VOLTAGE RELAY COIL 74M 

TROUBLE 

SA16-2 EGTPS CHAN.#1 FREQ. RELAY COIL 74M 
TROUBLE 

SA16-3 EGTPS CHAN.#2 VOLTAGE RELAY COIL 74M 
TROUBLE 

SA16-4 EGTPS CHAN.#2 FREQ. RELAY COIL 74M 

TROUBLE 

SA16-5 CHAN. #1 SWYD ISOLATED TEST Test Pushbuttons 
SA16-6 CHAN. #2 SWYD ISOLATED TEST Test Pushbuttons
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Table A.3-5 

EGTPS Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Probability 

LOEGTPSCOM Common Cause Failure of UV And UF Detection Circuits 1.78E-06 
L27BRX1RYD Snsng Rly 27B/RX1 Fails to Drop Out on Undervoltage 3.30E-O5 1 D 3.30E-05 
L27BRX2RYD Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BRY1RYD Snsng Rly 27B/RYl Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BRY2RYD Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BRZ1RYD Snsng Rly 27B/RZ1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BRZ2RYD Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYX1RYD Snsng Rly 27B/YX1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYX2RYD Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYY1RYD Snsng Rly 27B/YY1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYY2RYD Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYZ1RYD Snsng Rly 27B/YZ1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYZ2RYD Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27XPX1RYD Ch 1 Phase X UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-OS 
L27XPX2RYD Ch 2 Phase X UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XPY1RYD Ch 1 Phase Y UV Aux. Relay Fails to Pick Up 3.30E-05 1 D 3.30E-05 
L27XPY2RYD Ch 2 Phase Y UV Aux. Relay Fails to Pick Up 3.30E-05 1 D 3.30E-05 
L27XPZ1RYD Ch 1 Phase Z UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XPZ2RYD Ch 2 Phase Z UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRX1RYD Red Bus Phase Xl UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRX2RYD Red Bus Phase X2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRY1RYD Red Bus Phase Yl UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRY2RYD Red Bus Phase Y2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-OS 
L27XRZ1RYD Red Bus Phase Zl UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRZ2RYD Red Bus Phase Z2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XSTARYD Ch 1 EGTPS Trouble Relay 27X/STA Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XSTBRYD Ch 2 EGTPS Trouble Relay 27X/STB Fails To Pick Up 3.30E-05 1 D 3.30E-OS 
L27XYX1RYD Yellow Bus Phase X1 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYX2RYD Yellow Bus Phase X2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYY1RYD Yellow Bus Phase Yl UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYY2RYD Yellow Bus Phase Y2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYZlRYD Yellow Bus Phase Zl UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYZ2RYD Yellow Bus Phase Z2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05
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Table A.3-5 

EGTPS Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Probability 

L81BRXlRYD Sensing Rly 81BL/RX1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRX2RYD Sensing Rly 81BL/RX2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRYlRYD Sensing Rly81BL/RY1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRY2RYD Sensing Rly 81BL/RY2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRZlRYD Sensing Rly 81BL/RZ1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRZ2RYD Sensing Rly 81BL/RZ2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYX1RYD Sensing Rly 81BL/YX1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYX2RYD Sensing Rly 81BL/YX2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYY1RYD Sensing Rly 81BL/YY1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-OS 
L81BYY2RYD Sensing Rly 81BL/YY2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYZ1RYD Sensing Rly 81BL/YZ1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-O5 
L81BYZ2RYD Sensing Rly 81BL/YZ2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81XPX1RYD Ch 1 Phase X Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPX2RYD Ch 2 Phase X Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPY1RYD Ch 1 Phase Y Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPY2RYD Ch 2 Phase Y Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPZ1RYD Ch 1 Phase Z Underfreq. Aux. Relay Fails To Pick Up 3.30E-O5 1 D 3.30E-05 
L81XPZ2RYD Ch 2 Phase Z Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRX1RYD Red Bus Phase X1 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRX2RYD Red Bus Phase X2 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRY1RYD Red Bus Phase Y1 Underfreq. Aux. Rly Fails To Pick Up 3.30E-O5 1 D 3.30E-05 
L81XRY2RYD Red Bus Phase Y2 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRZ1RYD Red Bus Phase Z1 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRZ2RYD Red Bus Phase Z2 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYX1RYD Yellow Bus Phase X1 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYX2RYD Yellow Bus Phase X2 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYY1RYD Yellow Bus Phase Y1 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYY2RYD Yellow Bus Phase Y2 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYZ1RYD Yellow Bus Phase Zl UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYZ2RYD Yellow Bus Phase Z2 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94F1ARYD EGTPS Underfrequency Relay 94/F1A Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94F1BRYD EGTPS Underfrequency Relay 94/F1B Fails To Piqk Up 3.30E-05 1 D 3.30E-OS 

* * *
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Table A.3-5 

EGTPS Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Probability 

LC94F1DRYD EGTPS Underfrequency Relay 94/F1D Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94F2ARYD EGTPS Underfrequency Relay 94/F2A Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94F2BRYD EGTPS Underfrequency Relay 94/F2B Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94F2CRYD EGTPS Underfrequency Relay 94/F2C Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94F2DRYD EGTPS Underfrequency Relay 94/F2D Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94VlARYD EGTPS Undervoltage Relay 94/VlA Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94V1BRYD EGTPS Undervoltage Relay 94/V1B Fails To Pick Up 3.30E-05 1 D 3.30E-OS 
LC94V1DRYD EGTPS Undervoltage Relay 94/V1D Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94V2ARYD EGTPS Undervoltage Relay 94/V2A Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94V2BRYD EGTPS Undervoltage Relay 94/V2B Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94V2CRYD EGTPS Undervoltage Relay 94/V2C Fails To Pick Up 3.30E-05 1 D 3.30E-05 LDCYC13CDT Switchyard 125 Vdc Panelboard DYC Bkr-13 Xfrs Open 7.50E-08 24 H 1.80E-06 
LDCYC14CDT Switchyard 125 Vdc Panelboard DYC Bkr 14 Xfrs Open 7.50E-08 24 H 1.80E-06 
LDCYG12CDT Switchyard 125 Vdc Panelboard DYG Bkr 12 Xfrs Open 7.50E-08 24 H 1.80E-06 
LDCYG18CDT Switchyard 125 Vdc Panelboard DYG Bkr 18 Xfrs Open 7.50E-08 24 H 1.80E-06 

ID = Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94FlAF: EGTPS Channel 1 Relay 94/FlA Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F1ARYD 3.30E-05 EGTPS Relay 94/FlA Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC14CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05 

*0 0
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94FlDF: EGTPS Channel 1 Relay 94/FlD Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F1DRYD 3.30E-05 EGTPS Relay 94/F1D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC14CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94F2AF: EGTPS Channel 2 Relay 94/F2A Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F2ARYD 3.30E-05 EGTPS Relay 94/F2A Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG18CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94F2CF: EGTPS Channel 2 Relay 94/F2C Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F2CRYD 3.30E-05 EGTPS Relay 94/F2C Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG18CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94F2DF: EGTPS Channel 2 Relay 94/F2D Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-0S 90.0 LC94F2DRYD 3.30E-05 EGTPS Relay 94/F2D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG18CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V1AF: EGTPS Channel 1 Relay 94NIA Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V1ARYD 3.30E-05 EGTPS Relay 94/V1A Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC13CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94VlDF: EGTPS Channel 1 Relay 94/V1D Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V1DRYD 3.30E-05 EGTPS Relay 94/V1D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC13CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V2AF: EGTPS Channel 2 Relay 94/V2A Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1). 3.30E-05 90.0 LC94V2ARYD 3.30E-05 EGTPS Relay 94/V2A Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG12CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V2CF: EGTPS Channel 2 Relay 94/V2C Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V2CRYD 3.30E-05 EGTPS Relay 94/V2C Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG12CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05 

0 0 *



(Page 10 of 12) 
Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V2DF: EGTPS Channel 2 Relay 94N2D Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V2DRYD 3.30E-05 EGTPS Relay 94/V2D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG12CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominanit Minimal Cutsets 

Cutsets For Gate SEGTPSCH IF: EGTPS Channel 1 Keowee Start Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 94.8 L27XSTARYD 3.30E-05 Ch 1 EGTPS Trouble Relay 27X/STA Fails to Pick Up 

2) 1.78E-06 5.1 LOECTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.48E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEGTPSCH2F: EGTPS Channel 2 Keowee Start Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 94.8 L27XSTBRYD 3.30E-05 Ch 2 EGTPS Trouble Relay 27X/STB Fails to Pick Up 

2) 1.78E-06 5.1 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.48E-05
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Gaeint Nme. Par ZoQne Gate/Event Name Page ZDWGate/Event Name Page Zo.ne Gate/Event Name &Zn 
LOEGTPSCOM 4 L27XPZ2RYD 13 L81BRZ2RYD 12 L81XYX1RYD 5 
LOEGTPSCOM 4 L27XPZ2RYD 13 L81BRZ2RYD 12 L81XYX1RYD 5 
LOEGTPSCOM 11 L27XRX1RYD 6 L81BYX1RYD 5 L81XYX2RYD 12 
LOEGTPSCOM 11 L27XRX1RYD 6 L81BYX1RYD 5 L81XYX2RYD 12 
L27BRX1RYD 6 L27XRX2RYD 13 L81BYX2RYD 12 L81XYY1RYD 5 
L27BRX1RYD 6 L27XRX2RYD 13 L81BYX2RYD 12 L81XYY1RYD 5 
L27BRX2RYD 13 L27XRY1RYD 6 L81BYY1RYD 5 L81XYY2RYD 12 
L27BRX2RYD 13 L27XRY1RYD 6 L81BYY1RYD 5 L81XYY2RYD 12 
L27BRY1RYD 6 L27XRY2RYD 13 L81BYY2RYD 12 L81XYZ1RYD 5 
L27BRY1RYD 6 L27XRY2RYD 13 L81BYY2RYD 12 L81XYZ1RYD 5 
L27BRY2RYD 13 L27XRZ1RYD 6 L81BYZ1RYD 5 L81XYZ2RYD 12 
L27BRY2RYD 13 L27XRZ1RYD 6 L81BYZ1RYD 5 L81XYZ2RYD 12 
L27BRZ1RYD 6 L27XRZ2RYD 13 L81BYZ2RYD 12 LC94F1ARYD 2 
L27BRZ1RYD 6 L27XRZ2RYD 13 L81BYZ2RYD 12 LC94F1BRYD 1 
L27BRZ2RYD 13 L27XSTARYD 1 L81XPX1RYD 5 LC94F1DRYD 3 
L27BRZ2RYD 13 L27XSTBRYD 7 L81XPX1RYD 5 LC94F2ARYD 8 
L27BYX1RYD 6 L27XYX1RYD 6 L81XPX2RYD 12 LC94F2BRYD 7 
L27BYX1RYD 6 L27XYX1RYD 6 L81XPX2RYD 12 LC94F2CRYD 9 
L27BYX2RYD 13 L27XYX2RYD 13 L81XPY1RYD 5 - LC94F2DRYD 10 
L27BYX2RYD 13 L27XYX2RYD 13 L81XPY1RYD 5 LC94V1ARYD 2 
L27BYY1RYD 6 L27XYY1RYD 6 L81XPY2RYD 12 LC94V1BRYD 1 
L27BYY1RYD 6 L27XYY1RYD 6 L81XPY2RYD 12 LC94V1DRYD 3 
L27BYY2RYD 13 L27XYY2RYD 13 L81XPZ1RYD 5 LC94V2ARYD 8 
L27BYY2RYD 13 L27XYY2RYD 13 L81XPZ1RYD 5 LC94V2BRYD 7 
L27BYZ1RYD 6 L27XYZlRYD 6 L81XPZ2RYD 12 LC94V2CRYD 9 
L27BYZ1RYD 6 L27XYZ1RYD 6 L81XPZ2RYD 12 LC94V2CRYD 10 
L27BYZ2RYD 13 L27XYZ2RYD 13 L81XRX1RYD 5 LDCYC13CDT 4 
L27BYZ2RYD 13 L27XYZ2RYD 13 L81XRX1RYD 5 LDCYC14CDT 4 
L27XPX1RYD 6 L81BRX1RYD 5 L81XRX2RYD 12 LDCYG12CDT 11 
L27XPX1RYD 6 L81BRX1RYD 5 L81XRX2RYD 12 LDCYG18CDT 11 
L27XPX2RYD 13 L81BRX2RYD 12 L81XRY1RYD 5 SDCDYC 4 
L27XPX2RYD 13 L81BRX2RYD 12 L81XRY1RYD 5 SDCDYC 4 
L27XPY1RYD 6 L81BRY1RYD 5 L81XRY2RYD 12 SDCDYG 11 
L27XPY1RYD 6 L81BRY1RYD 5 L81XRY2RYD 12 SDCDYG 11 
L27XPY2RYD 13 L81BRY2RYD 12 L81XRZ1RYD 5 SEG94F1AF 2 
L27XPY2RYD 13 L81BRY2RYD 12 L81XRZ1RYD 5 SEG94F1BF 1 
L27XPZ1RYD 6 L81BRZ1RYD 5 L81XRZ2RYD 12 SEG94F1DF 3 
L27XPZ1RYD 6 L81BRZ1RYD 5 L81XRZ2RYD 12 SEG94F1F 1 
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Gate/Event Name Page Zone Gate/Event Name age Zone Gate/Event Name Eage Zone Gate/Event Name age Zone 
SEG94F1F 2 SEGX2Z2UF 12 

SEG94F1F 3 SEGX2Z2UV 13 

SEG94F1F 4 SEGY1Z1UF 5 
SEG94F2AF 8 SEGY1Z1UV 6 

SEG94F2BF 7 SEGY2Z2UF 12 
SEG94F2CF 9 SEGY2Z2UV 13 
SEG94F2DF 10 SY20F3UFC1 4 

SEG94F2F 7 SY20F3UFC1 5 
SEG94F2F 8 SY20F3UFC2 11 

SEG94F2F 9 SY20F3UFC2 12 
SEG94F2F 10 SY20F3UVC1 4 
SEG94F2F 11 SY20F3UVC1 6 
SEG94V1AF 2 SY20F3UVC2 11 
SEG94V1BF 1 SY20F3UVC2 13 
SEG94V1DF 3 
SEG94V1F 1 
SEG94V1F 2 
SEG94V1F 3 
SEG94V1F 4 

SEG94V2AF 8 
SEG94V2BF 7 
SEG94V2CF 9 
SEG94V2DF 10 
SEG94V2F 7 
SEG94V2F 8 
SEG94V2F 9 
SEG94V2F 10 
SEG94v2F 11 
SEGTP1BNIT 1 
SEGTP2BNIT 7 
SEGTPSCH1F 1 

SEGTPSCH2F 7 

SEGX1Y1UF 5 

SEGX1Y1UV 6 
SEGX1Z1UF 5 

SEGX1Z1UV 6 
SEGX2Y2UF 12 

SEGX2Y2UV 13 
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A.4 AIR CIRCUIT BREAKERS 

A.4.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Air Circuit Breakers 
(ACBs). This model is combined with the high-level model and remaining system models 
to form an integrated model for assessing the reliability of Keowee. Other objectives are 
to identify major contributors to component unreliability, significant potential human 
errors and common-cause failure modes.  

The scope of this analysis is limited to ACB equipment required to support a Keowee 
emergency start and run under load following a loss of offsite power.  

A.4.2 SYSTEM DESIGN 

A.4.2.1 AIR CIRCUIT BREAKER 1 

ACB-1 provides the electrical connection for Keowee Unit 1 to the Keowee main step-up.  
transformer. This breaker must be closed for Keowee Unit 1 to provide power to the grid 
or to supply Oconee emergency power through the overhead path. Air is used both to 
provide motive force for opening and closing the breaker as well as the insulating medium 
for extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 
4000 A.  

ACB-1 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB- 1 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus.  

A simplified elementary diagram for ACB-1 is included as Figure A.4-1.  
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A.4.2.2 AIR CIRCUIT BREAKER 2 

ACB-2 provides the electrical connection for Keowee Unit 2 to the main step-up 
transformer. This breaker must be closed for Keowee Unit 2 to provide power to the grid 
or to supply Oconee emergency power through the overhead path. Air is used both to 
provide motive force for opening and closing the breaker as well as the insulating medium 
for extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 
4000 A.  

ACB-2 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-2 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus.  

A simplified elementary diagram for ACB-2 is included as Figure A.4-2.  

A.4.2.3 AIR CIRCUIT BREAKER 3 

ACB-3 provides the electrical connection for Keowee Unit 1 to transformer CT4 at 
Oconee through the underground path. This breaker must be closed for Keowee Unit I to 
provide emergency power through the underground path. Air is used both to provide 
motive force for opening and closing the breaker as well as the insulating medium for 
extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 2000 
A.  

ACB-3 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-3 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus. A motor operated 
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disconnect switch is provided between ACB-3 and the Keowee Unit I generator for 
isolation purposes (this disconnect has been disabled).  

A simplified elementary diagram for ACB-3 is included as Figure A.4-3.  

A.4.2.4 AIR CIRCUIT BREAKER 4 

ACB-4 provides the electrical connection for Keowee Unit 2 to transformer CT4 at 
Oconee through the underground path. This breaker must be closed for Keowee Unit 2 to 
provide emergency power through the underground path. Air is used both to provide 
motive force for opening and closing the breaker as well as the insulating medium for 
extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 2000 
A.  

ACB-4 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-4 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus. A motor operated 
disconnect switch is provided between ACB-4 and the Keowee Unit 2 generator for 
isolation purposes (this disconnect has been disabled).  

A simplified elementary diagram for ACB-4 is included as Figure A.4-4.  

A.4.2.5 AIR CIRCUIT BREAKER 5 

ACB-5 provides the electrical connection for transformer IX at Keowee to 600 V ac load 
center lX. This breaker must be closed for load center IX to receive power from the 13.8 
kV bus through transformer lX. Air is used as the insulating medium for extinguishing 
the arc when opening the breaker. Operation of the breaker is electromechanical, air 
pressure is not required for breaker operation.  

* A simplified elementary diagram for ACB-5 is included as Figure A.4-5.  
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A.4.2.6 AIR CIRCUIT BREAKER 6 

ACB-6 provides the electrical connection for transformer 2X at Keowee to 600 V ac load 
center 2X. This breaker must be closed for load center 2X to receive power from the 13.8 
kV bus through transformer 2X. Air is used as the insulating medium for extinguishing 
the arc when opening the breaker. Operation of the breaker is electromechanical, air 
pressure is not required for breaker operation.  

A simplified elementary diagram for ACB-6 is included as Figure A.4-6.  

A.4.2.7 AIR CIRCUIT BREAKER 7 

ACB-7 provides the electrical connection for transformer CX at Keowee to 600 V ac load 
center IX. This breaker must be closed for load center IX to receive power from the 
4160 V ac underground supply from Oconee Unit 1, switchgear ITC-4, through 
transformer CX. Air is used as the insulating medium for extinguishing the arc when 
opening the breaker. Operation of the breaker is electromechanical, air pressure is not 
required for breaker operation.  

A simplified elementary diagram for ACB-7 is included as Figure A.4-7.  

A.4.2.8 AIR CIRCUIT BREAKER 8 

ACB-8 provides the electrical connection for transformer CX at Keowee to 600 V ac load 
center 2X. This breaker must be closed for load center 2X to receive power from the 
4160 V ac underground supply from Oconee Unit 1, switchgear ITC-4, through 
transformer CX. Air is used as the insulating medium for extinguishing the arc when 
opening the breaker. Operation of the breaker is electromechanical, air pressure is not 
required for breaker operation.  

A simplified elementary diagram for ACB-8 is included as Figure A.4-8.  

A.4-4



A.4.3 SYSTEM BOUNDARIES 

Air Systems 

ACBs 1, 2, 3, and 4 receive air from the Generator ACB Air System. A check valve 
located at the ACB provides isolation on loss of the air supply. Leakage of air on loss of 
the supply is limited to 5 psi/hr, however, the nominal rate is 2 to 3 psi/hr. The Generator 
ACB Air System is required for long term operability of ACBs 1 through 4.  

Electrical Power Supplies 

Control power is furnished from 125 V dc distribution centers 1DA (ACBs 1, 3, 5, and 7) 
and 2DA (ACBs 2, 4, 6, and 8). The power supplies for the modeled components are 
listed in Table A.4-1.  

External Control Systems 

Various ACBs receive Keowee emergency start signals, under-voltage relay inputs, 
generator lockout relay signals, or transformer lockout signals. The effect of these signals
on breaker function is further described in Section A.4.4, Instrumentation and Controls.  

Other System Boundaries 

N/A 

A.4.4 INSTRUMENTATION AND CONTROLS 

A.4.4.1 EMERGENCY START RELAYS 

ACBs 1 and 2 receive emergency start signals to trip. This isolates the Keowee units from 
the switchyard while the Oconee loads are load shed. The emergency start signal also 
begins a timing sequence for both breakers. After 6.5 seconds, ACB-1 receives a 
permissive to close if required. ACB-2 receives a similar permissive in 4 seconds. The 
stagger on the timing assures that both breakers would not attempt to close 
simultaneously, possibly tying the two units together when not synchronized.  
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A.4.4.2 UNDER-VOLTAGE RELAYS 

27T/1X and 27T/2X 

UV relays 27T/1X and 27T/2X (which are model MG-6 relays) monitor voltage on the 
13.8 kV bus. They provide a permissive to close to ACB-1 (27T/1X) and ACB-2 
(27T/2X). These permissives prevent automatic closure of the ACB if the 13.8 kV bus 
happens to be energized from some other source, e.g. the other unit or from the grid, 
when the unit may not be synchronized with the other source.  

27/IX , 27/2X, 27/CX1, and 27CX2 

UV relays 27/1X, 27/2X, and 27/CX1 and 27/CX2 (which are model MG-6 relays) 
monitor voltage on the 600 V ac side of transformers IX, 2X, and CX respectively. These 
relays incorporate a 4 second time delay so that a momentary loss of voltage does not 
result in a control action. Through auxiliary relays, these UV relays provide control 
functions for ACBs 5, 6, 7, and 8.  

* ACB-5 receives a signal from 27/IX to trip if voltage is lost at transformer IX and a 
permissive to close if voltage is available from transformer lX.  

* ACB-6 receives a signal from 27/2X to trip if voltage is lost at transformer 2X and a 
permissive to close if voltage is available from transformer 2X.  

* ACB-7 receives a signal from 27/CX1 to trip if voltage is lost at transformer CX and 
a permissive to close if voltage is available from transformer CX.  

* ACB-8 receives a signal from 27/CX2 to trip if voltage is lost at transformer CX and 
a permissive to close if voltage is available from transformer CX.  

A.4.4.3 LOCKOUT RELAYS 

Generator lockout relays 86E-1 (Unit 1) and 86E-2 (Unit 2) provide trip signals to their 
respective output breakers, ACBs 1 and 3, and ACBs 2 and 4.  

Main step-up transformer lockout relay 86T provides control to prevent closure of, or to 
trip, those ACBs which are required to isolate the overhead transformer, ACBs 1, 2, 5, 
and 7.  
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CT4 lockout relay 86EF provides a trip signal to those breakers which are required to 
isolate the underground feeder bus, ACBs 3 and 4.  

Transformer CX lockout relay provides a trip signal to those breakers which are required 
to isolate the transformer, ACBs 6 and 8.  

Load center lockout relays 86S/iX, load center IX, and 86S/2X, load center 2X, provide 
a trip signal to those breakers which are required to isolate their respective load centers, 
ACBs 5 and 7, and ACBs 6 and 8.  

A.4.4.4 INTERLOCKS BETWEEN ACBS 

On each Keowee unit the underground and overhead breakers are interlocked such that 
the overhead breaker (ACB-1 or ACB-2) can not close automatically if its respective 
underground breaker (ACB-3 or ACB-4) is aligned to the underground path. Alignment 
to the underground path is indicated when both the breaker and its associated disconnect 
are closed.  

The underground supply breakers (ACB-3 and ACB-4) are interlocked with each other 
such that ACB-3(4) can not be closed from the control room if ACB-4(3) is aligned to the 
underground path. Alignment to the underground path is indicated when both the breaker 
and its associated disconnect are closed.  

The auxiliary power breakers are interlocked with each other so that a 600 V ac load 
center can be fed from only one source at a time. ACB-5 and ACB-7 are interlocked such 
that ACB-5(7) can not close automatically or manually from the control room if ACB-7(5) 
is closed.  

A.4.4.5 INTERLOCKS WITH OTHER KEOWEE SYSTEMS/COMPONENTS 

The overhead supply breakers (ACB-1 and ACB-2) are interlocked with the generator 
field breaker of its respective unit such that the ACB can not close unless the generator 
field breaker is closed.  

0 
A.4-7



ACBs 5, 6, 7, and 8 have automatic or manual control as selected on switchgear IX and 
2X. This feature is further described in Section A.4.7.3.  

A.4.5 LOCATION WITHIN THE PLANT 

The ACBs are located within the Keowee powerhouse on the operating floor, elevation 
702'. Additionally, ACBs 3 and 4 are located within a missile protected vault.  

A.4.6 NORMAL OPERATION 

ACB-1 or ACB-2 is closed when its respective Keowee unit is being used to generate to 
the grid. When the unit is not generating to the grid, the breaker is open.  

The underground supply breaker (ACB-3 or ACB-4) on the Keowee unit dedicated to the 
underground path is closed at all times. If that unit is generating to the grid, the 
underground path is energized all the way through transformer CT4 at Oconee.  

Current operating restrictions do not allow the Keowee unit dedicated to the underground 
to generate to the grid.  

The Keowee unit dedicated to the underground path receives auxiliary ac power from 
transformer CX by closing its respective load center feeder breaker from transformer CX, 
ACB-7 (Unit 1) or ACB-8 (Unit 2). For the underground unit, the supply from 
transformer CX becomes the preferred source of ac power in an emergency start situation.  
This is further described in Section A.4.7.3.  

The Keowee unit dedicated to the overhead path receives auxiliary ac power through its 
respective transformer on the 13.8 kV bus (lX or 2X) This is accomplished by closing the 
appropriate load center feeder breaker, ACB-5 (Unit 1) or ACB-6 (Unit 2). For the 
overhead unit, the 13.8 kV bus transformer becomes the preferred source of auxiliary ac 
power in an emergency start situation. This is further described in Section A.4.7.3.  

At least every 30 days the unit assigned to the underground supply is swapped to the 
overhead and vice versa.  
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A.4.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

A.4.7.1 ACB-1 AND ACB-2 

If ACB-1 or ACB-2 is closed when an emergency start signal is received, the breaker is 
tripped. After a time delay of 6.5 seconds on Unit I and 4 seconds on Unit 2, the trip 
signal is removed and a permissive is present to allow the breaker to close as required.  
For the unit not aligned to the underground path, the overhead ACB will close if the 
following conditions are met: 
* there is no main step-up transformer lockout 
* the 13.8 kV bus is de-energized 
* the unit's generator field breaker is racked in and closed 
* the ACB's disconnect is closed 
* the main step-up transformer disconnect is closed 
* the unit's underground supply ACB is open or the disconnect is open 
* a train A or B switchyard isolate complete signal is present 
* air pressure in the ACB accumulator is above the block setpoint 

A.4.7.2 ACB-3 AND ACB-4 

Normally, either ACB-3 or ACB-4 is closed. No breaker operation is required if the unit 
designated to the underground path starts successfully.  

When NSM-ON-52966 is placed in service, the operation of ACBs 3 and 4 will be altered.  
If the unit aligned to the underground path is generating to the grid when an emergency 
start signal is received, the corresponding underground supply breaker will open and then 
close in order to connect the unit to the underground path. The opening operation is 
intended to protect the Oconee loads from the potential over-frequency condition.  

A.4.7.3 ACBS 5, 6, 7, AND 8 

As noted in Section A.4.6, each unit's auxiliary ac power system has a preferred source of 
power depending on whether the unit is designated for the underground or the overhead 
path. ACBs 5 and 7 are controlled and interlocked to provide power to Unit I from any 
available source. ACBs 6 and 8 are similarly controlled for Unit 2. The following 
description of breaker operation is applicable to these pairs of breakers.  
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If voltage is lost to the preferred source of auxiliary ac power, a 4 second time delay 
begins. If voltage is not restored within this interval, the ACB closed on the preferred 
source is tripped. At this time, a 30 second timing sequence begins. During this interval, 
the ACB to the preferred source will re-close if voltage is available from this source even 
if voltage is available at the alternate source as well. If voltage is available only on the 
alternate source, then the ACB to the alternate supply will close. This ACB will remain 
closed as long as voltage is available on this supply even if the preferred source is re
energized. Under-voltage relays at the transformers provide the voltage sensing for 
control of the ACBs.  

A.4.8 TEST AND MAINTENANCE 

Testing 

The test procedures applicable to the ACBs are detailed in Table A.4-3.  

Maintenance 

The maintenance procedures applicable to the ACBs are detailed in Table A.4-4.  

A.4.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.4-5.  

A.4.10 ASSUMPTIONS 

A.4.10.1 SYSTEM DESIGN ASSUMPTIONS 

Adequate air pressure is available for ACB operations as long as the pressure is above the 
alarm setpoint.  

A.4.10.2 OPERATIONAL ASSUMPTIONS 

1. The underground and overhead unit assignments are swapped at least every 30 
days.  
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2. One channel of the under-voltage relays 27T/IX and 27T/2X are tested every 
refueling outage.  

3. Under-voltage relays 27/1X, 27/2X, 27/CX1, and 27/CX2 are tested on an annual 
basis.  

4. The time delay relays 52-lTD and 52-2TD are tested annually.  

A.4.10.3 MODELING ASSUMPTIONS 

The following assumptions have been made in the development of the fault trees for the 
Air Circuit Breakers.  

1. The breaker failure type codes (CHO, CHT, CHC) are not included as they would 
be redundant to modeling the failures of the breaker component parts.  

2. ACB-1, 2, 3, 4 trip and closing coils are adequately modeled as solenoid valves.  

3. Passive failures of air piping and check valve failures which could go undetected 
by the low pressure alarm and result in breaker failure are not probabilistically 
significant.  

4. Mis-positioning of valves on the breaker air plumbing is considered in the 
quantification of the latent human error.  

5. Breaker, disconnect, and relay contacts are not modeled as moving independently 
of the primary device. That is, the contacts fail only when the primary device fails.  

6. ACBs I and 2 control power fuses blown or control power disconnects left open 
would be alarmed. These failures are not modeled due to the low probability of 
going undetected.  

7. The presence of a main step-up transformer lock-out (86T) or a switchgear 
lockout (86S/IX or 86S/2X) prior to a LOOP would be indicated on the statalarm 

panel and therefore these failures are not included in the ACB-5, 6, 7, 8 fail to 
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close gates. Failures of these relays are included as run failures in the breaker 
transfers open logic.  

8. Relays 83S1X and 83S2X identify the primary and alternate supplies for 
switchgear centers IX and 2X respectively. Transfer of the relay out of the 
correct position does not contribute to failure since the auto-throwover logic 
always causes the switchgear to connect to which ever source is available 
regardless of whether it is the primary or alternate.  

9. Leaving the control power disconnects in the open position is considered in the 
quantification of the open and close latent human errors for ACBs 5, 6, 7, 8.  

Failure (transfers position) of under-voltage relay (27/1X, 27/2X, 27CX1, or 27CX2) 
prior to the LOOP could result in a plant configuration different than that assumed for the 
analysis. Since this transfer of ACBs 5, 6, 7, or 8 would be expected to be detected early, 
the exposure to this failure is small and would not contribute to the breaker failure 
probability. Failure of these relays prior to the mission is not included in the tree.  

A.4. 11 FAULT TREE ANALYSIS 

A.4.1 1.1 TOP EVENT SUCCESS CRITERIA 

Air circuit breaker operation is successful if the breaker moves to the required position 
and remains in that position for the required 24 hour mission.  

A.4.11.2 DETAILED FAILURE CRITERIA 

N/A 

A.4.11.3 DESCRIPTION OF FAULT TREE 

The ACBs fault tree is shown in Figure A.4-9. The Fault Tree Modeling Guidelines 
(Appendix B) were followed in developing the fault tree. A list of all fault tree top events 
(19 events in all) is presented in Table A.4-8. A list of all fault tree transfers is presented 
in Table A.4-6.  
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The specific failure of a breaker (failure to open or failure to close) that is required for the 
Keowee analysis is explicitly included as a top event (e.g., Air Circuit Breaker 2 Fails To 
Close, and Air Circuit Breaker 7 Fails To Open). In some cases the operation of one of 
the ACBs is dependent on operation of one of the other ACBs and these intra-model 
transfers are included.  

Failure events considered in the trees include breaker failures due to either mechanical or 
electrical problems. In general, adequate generic data bases are available for electrical 
components, relays, switches, fuses, and solenoids. These failures are modeled explicitly 
through the basic events involving failures of these components. The mechanical failures 
have been developed from the plant specific data collected on the Keowee breakers.  
These generally are modeled as undeveloped events in the fault trees.  

The tree structure allows the analysis of the Keowee reliability with the features of NSM
ON-52966, described in Appendix E. The branches of the tree that incorporate this NSM 
have an impact on the solution only when the event defining the inclusion of this 
modification is set appropriately.  

Human events impacting the model are described in Section A.4.11.4.  

Common-cause events impacting the model are described in Section A.4.11.6.  

A.4.11.4 HUMAN INTERACTIONS 

The success or failure of the Air Circuit Breakers to perform their function is impacted by 
several human actions. Those events explicitly included in the system fault tree are 
discussed below. Refer to Section 5.5 and Appendix C.3 for information on the 
quantification of human error events.  

ACBxOPENLHE, ACBxCLOSLHE 

(x = 1 through 8 as appropriate) 

These basic events account for the potential of the plant personnel to fail to properly 
restore the ACBs. Post-maintenance testing is expected to detect the majority of errors.  
However, some errors may escape detection and fail the breaker at some future time.  
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ABEOPRCREC, ABPOPRCREC 

These events consider the opportunity for the operators to close ACBs 2 and 4 
respectively in order to complete the power path alignment. The fault tree includes these 
possible operator actions to recover from potential failures, mostly control system failures.  

A.4.11.5 RELIABILITY DATA 

Reliability data used in the Air Circuit Breaker analysis are listed in Table A.4-9.  

Section 5.3 discusses development of the reliability data. For the base case solution, the 
plant-specific failure rate data and generic failure rate data were combined using a 
Bayesian update.  

A.4.11.5.1 Exposure Times 

Time dependent failures require an exposure time for determination of the failure 
probability. Failure times have been established based on the consideration of the time 
since the last test or operation of the component. Table A.4-9 contains a brief explanation 
of the rational used in determining the exposure time for each time dependent failure.  

A.4.11.5.2 Undeveloped Events 

The following undeveloped events (DEX) are included in the ACB fault tree. Refer to 
Table A.4-9 for descriptions of these events. In quantifying these events, Air Circuit 
Breakers 1,2,3 and 4 are considered in the same component population. Even though the 
current carrying capacity of ACBs 3 and 4 is different than that of ACBs 1 and 2, they are 
identical in the construction of the openning and closing mechanisms. Including all four 
breakers in the same component population is appropriate. ACBs 5, 6, 7, and 8 are 
considered together as a component population.  

A.4-14



ABlMECHDEX (AB[2.31MECHDEX): Air Circuit Breaker 1(2.3) Fails To Open Due 
To Mechanical Failure.  

The 2/28/90 event, from Table A.4-5, involving a bad blast valve is considered a failure of 
ACB-2 to open since the blast valve functions to extinguish the arc when the breaker 
opens.  

ABlMECHDEX, AB2MECHDEX, and AB3MECHDEX are quantified by considering 
the one component failure to open in the population over the total demands to open for 
the population.  

1/(Unit I starts + Unit 2 starts +(2 x (6 1+10)) = 1.5 1E-04/demand 

With one breaker demand for the emergency operation of Keowee, AB 1 MECHDEX = 

AB2MECHDEX = AB3MECHDEX = 1.5 1E-04 

AB2MCH2DEX ABr3,41MCH2DEX: Air Circuit Breaker 2 (34) Fails To Close Due To
Mechanical Failure.  

The 8/21/87 and 11/28/92 events, from Table A.4-5, are failures of ACB-2 and ACB-3 to 
close 

AB2MCH2DEX, AB3MCH2DEX and AB4MCH2DEX are quantified by considering the 
two component failures to close over the total demands of the four breakers to close.  

2/(Unit I starts + Unit 2 starts +(2 x (61+10)) = 3.02E-04/demand 

With one breaker demand for the emergency operation of Keowee, AB2MCH2DEX = 

AB3MCH2DEX = AB4MCH2DEX = 3.02E-04 

ACBAIRPDEX: ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 

Failure of the ACB Air System may lead to loss of air pressure. All of the ACBs leak to 
varying degrees, therefore, loss of the compressors eventually leads to loss of air pressure 
in all of the ACB accumulators.  

This event is developed on the assumption that the loss of air supply is dominated by a 
common cause failure of the air compressors to start during a black start of the Keowee 
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units. From the Catawba PRA data, the air compressor fails to start value is 1.00E-02.  
Using a generic Beta factor of 0.1 the common cause failure to start is calculated to be 
1.00E-03. This value is then doubled to provide some allowance for failure modes not 
explicitly considered.  

The value of ACBAIRPDEX = 2.00E-03 

This failure is included in the ACB4CLOSE gate logic. The demand for ACB-4 to close is 
a recovery action and may come late enough in the mission for the air pressure to decay to 
a low value due to leakage.  

AB6MECHDEX (AB7MECHDEX): Air Circuit Breaker 6(7) Fails To Open Due To 
Mechanical Failure.  

There are no failure to open events for ACBs 5, 6, 7, or 8 in the event data base.  

These breakers are manipulated during the monthly swap of the unit alignments.  
Additionally, they are tested annually.  

AB5MECHDEX, AB6MECHDEX, AB7MECHDEX, and AB8MECHDEX are 
quantified by using the chi-squared distribution as discussed in Section 5.3.  

0.455/(2x4x(6 1 + 10)) = 8.01 E-04/demand 

With one breaker demand for the emergency operation of Keowee, AB5MECHDEX = 

AB6MECHDEX = AB7MECHDEX = AB8MECHDEX = 8.01E-04 

AB5MCH2DEX (AB[6, 7, 81MCH2DEX): Air Circuit Breaker 5([6, 7, 81) Fails To Close 
Due To Mechanical Failure.  

The failure to close events on 10/19/92 for ACBs 5 and 7 resulted from impact spring 
failures. Other failure to close events for ACBs 5, 6, 7, and 8 contained in Table A.4-5 
are all due to the X-relay failures or to the slow relay pick-up experienced when the X
relays were first replaced. The X-relays have all been replaced and timers installed to 
correct the pick-up problem, therefore, these events are not included in the failure 
computation for these basic events.  
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Since the breaker controls are modeled explicitly, failures of these components, if they 
were still part of the breaker construction, would have been modeled in the control 
component failures and not included in the DEX calculation. The DEX calculation 
includes those failures 'that are mechanical in nature and not explicitly modeled elsewhere.  
Two failure to close events, applicable to the current breaker construction, are found in 
Table A.4-5.  

AB5MCH2DEX, AB6MCH2DEX, AB7MCH2DEX, and AB8MCH2DEX are quantified 
by using the chi-squared distribution as discussed in Section 5.3.  

2/(4x(61+10)) = 7.04E-03/demand 

With one breaker demand for the emergency operation of Keowee, AB5MCH2DEX = 

AB6MCH2DEX = AB7MCH2DEX = AB8MCH2DEX = 7.04E-03 

ABlACCUDEX (AB[3, 4, 51 ACCUDEX): Air Circuit Breaker 1(2, 3, 41) Accumulator 
Air Pressure Low.  

The different current carrying capacities of ACBs I and 2, and 3 and 4 are not believed to 
affect the availability of adequate air pressure in the accumulators. They are considered a 
single population for the calculation of these basic events. The accumulator pressure DEX 
for a breaker is applied to both the failure to open and failure to close gates for the 
respective breaker.  

No ACB failures due to low air pressure are identified in Table A.4-5.  

ABlACCUDEX, AB2ACCUDEX, AB3ACCUDEX, and AB4ACCUDEX are quantified 
by using the chi-squared distribution as discussed in Section 5.3. The number of unit 
starts is much larger than the ACB 3 and 4 operations and is assumed to dominate the 
total demands.  

0.455/(2x(Unit 1 starts + Unit 2 starts)) = 3.5 1E-05/demand 

With one breaker demand for the emergency operation of Keowee, AB 1 ACCUDEX = 

AB2ACCUDEX = AB3ACCUDEX = AB4ACCUDEX = 3.5 1E-05.  
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AK2GATEDEX: Wicket Gate Limit Switch Indicates Gate Position Is Below No-load 
Setting 

This event is having the gate position limit switch falsely indicate that the gate position is 
below no load. There are no reported failures of this device in the Keowee operational 
data.  

This failure is quantified as a spurious operation of a limit switch over the 24 hour mission.  
From the McGuire PRA, the spurious operation of a limit switch occurs with the failure 
rate of 8.80E-07/hour.  

For the 24 hour nission, AK2GATEDEX = 2.11E-05.  

YKl(2)86N2DEX: Keowee Unit 1(2) Normal Lock-out Actuates 

The events on 8/1/88, 8/18/88, and 5/10/84, from Table C.1-1 of Appendix C, are 

actuations of the normal lockout relay.  

YK186N2DEX and YK286N2DEX are quantified by considering the 3 failures over the 
total run hours of the Keowee units.  

3/(Unit 1 run hours+Unit 2 run hours) = 3.09E-4/hour 

For the 24 hour mission, YK186N2DEX = YK286N2DEX = 7.41E-03.  

A.4.11.6 COMMON-CAUSE ASSESSMENT 

AB23BKRCOM, AB24BKRCOM 

These events consider the potential for the breakers that are required to close (either 2 &3 
or 2 & 4) failing to do so due to a common cause. These ACBs share many common 
elements in their design and construction. The potential for common cause failures of the 
breakers is assumed to exist.  

Quantification of these events is discussed in the common cause failure analysis, described 
in Section 5.4 and Appendix C.2.  
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A.4.12 RESULTS 

Tables A.4-10 through A.4 -28 lists the dominant minimal cut sets (failure sequences) for 
the Air Circuit Breaker top events. A list of dominant contributors to unavailability is 
given in Tables A.4-29 through A.4-47.  

The dominant contributors to the unavailability of the Air Circuit Breakers tend to be the 
control relay failures, latent human errors and breaker mechanical failures.  

A.4.13 REFERENCES 

A.4.13.1 DOCUMENTS 

1. OSS-0254.00-00-2005, Keowee Emergency Power Design Basis Document 

A.4.13.2 PROCEDURES 

1. MP/O/A/2000/053, Monthly Surveillance Test of ACB No. 3 and No. 4 Interlock 

2. PT/O/A/0620/016, Keowee Hydro Emergency Start Test 

3. MP/O/A/2000/068, Monthly Surveillance Test Of Overhead Emergency Feed Path 
"B" Finger 

4. OP/1/A/2000/50, Unit No. 1 Electromechanical Relay ACB Trip Test 

5. OP/O/A/2000/044, Keowee Emergency Power Path And Auxiliary Alignment 

6. OP/O/A/2000/045, Auxiliary Power Transfer Test 

7. MP/O/A/2001/02, ACB Inspection and Maintenance 

8. OP/O/A/2000/005, ACB No. 1 

9. OP/O/A/2000/007, ACB No. 3 
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10. OP/O/A/2000/009, ACB No. 5 

11. AP/0/A/2000/002, Keowee Hydro Station Emergency Start 

12. OP/O/A/2000/049, Auxiliary Power Transfer Test 

A.4.13.3 DRAWINGS 

1. K-700, Rev. 9, One Line Diagram, Relays and Meters 13.8-230kV.  

2. KEE-27-1, Rev. 4, Keowee Hydro Station Units No. 1 & 2, Elementary Diagram, 
600V Switchgear No. IX ACB-5 and ACB-7.  

3. KEE-27-2, Rev. 4, Keowee Hydro Station Units No. 1 & 2, Elementary Diagram, 

600V Switchgear No. 2X ACB-6 and ACB-8.  

4. KEE-27-3, Rev. 4, Keowee Hydro Station Units No. I & 2, Elementary Diagram, 

600V Switchgear No. IX Auto Thrower Relaying.  

5. KEE-27-3-1, Rev. 1, Keowee Hydro Station Units No. 1 & 2, Elementary 

Diagram. 600V Switchgear No. 2X Auto Thrower Relaying.  

6. KEE- 112-2, Rev. 9, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Field Breaker.  

7. KEE-212-2, Rev. 9, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Excitation System Generator Field Breaker.  

8. KEE-1 13, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System Start-up Controls.  

9. KEE-213, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 
Master Control System Start-up Controls.  

10. KEE- 113-5, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 
Master Control System Turbine Miscellaneous Relaying.  

A.4-20



11. KEE-213-5, Rev. 5, Keowee Hydro Station Unit No. 2. Elementary Diagram.  
Master Control System Turbine Miscellaneous Relaying.  

12. KEE- 114, Rev. 12, Keowee Hydro Station Unit No. 1, Elementary Diagram.  
Generator Control ACB-1 Control Circuit.  

13. KEE-214, Rev. 9, Keowee Hydro Station Unit No. 2. Elementary Diagram.  
Generator Control ACB-2 Control Circuit.  

14. KEE- 114-1, Rev. 13, Keowee Hydro Station Unit No. 1. Elementary Diagram.  
Generator Control ACB-3 Control Circuit.  

15. KEE-214-1, Rev. 10, Keowee Hydro Station Unit No. 2, Elementary Diagram.  
Generator Control ACB-4 Control Circuit.  

16. KEE- 114-3, Rev. 11, Keowee Hydro Station Unit No. 1, Elementary Diagram, 
Generator Control Normal and Emergency Lockout.  

17. KEE-214-3, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 
Generator Control Normal and Emergency Lockout.  

A.4-21



Table A.4-1 

Air Circuit Breaker Power Supplies 

Component Power Supply1  Compartment Number 

ACB-1 125 V dc DC IDA 3CL 

ACB-2 125 V dc DC 2DA 3CL 

ACB-3 125 V dc DC IDA 3CC 

ACB-4 125 V dc DC 2DA 3CC 

ACB-5 125 V dc DC IDA 4AL 

ACB-6 125 V dc DC 2DA 2AL 

ACB-7 125 V dc DC 1DA 4AL 

ACB-8 125 V dc DC 2DA 2AL 

1 DC = Distribution Center



Table A.4-2 
(Page 1 of 2) 

Air Circuit Breaker External Controls 

Component Signal 

ACB-1 Emergency Start Relays IESRX/1A and 1ESRX/1B to Open 

ACB-2 Emergency Start Relays 2ESRX/1A and 2ESRX/IB to Open 

Switchyard Isolate Complete Signal to Close 

Generator Field Breaker Is Closed Permissive to Close 

Overhead Transformer Lock-out Permissive (no lock-out) 

ACB-3 None (pre-modification) 

1ESRX/IA and IESRX/lB to Open (post-modification) 

Overfrequency Relays Signal to Close (post-modification)



Table A.4-2 (Page 2 of 2) 

Air Circuit Breaker External Controls 

Component Signal 

ACB-4 Close on Indication of Main Transformer Lock-out and Unit 1 
Generator Emergency Lock-out (post-modification) 

ACB-5 None 

ACB-6 None 

ACB-7 None 

ACB-8 None
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Table A.4-3 

Air Circuit Breaker Test Procedures 

Procedure Test Frequency Description 

MP/0/A/2000/053 Monthly Monthly Functional test of interlock circuitry 
Surveillance Test of ACB No. 3 between ACB No. 3 and ACB No. 4.  and No. 4 Interlock 

PT/O/A/0620/016 Keowee Hydro Periodic Demonstrate the operability of each 
Emergency Start Test Keowee unit's emergency start ciruitry 

from each control room.  

MP/O/A/2000/068 Monthly Monthly Test of interlock circuitry between ACB 
Surveillance Test Of Overhead No. I and ACB No. 3, and between ACB 
Emergency Feed Path "B" Finger No. 2 and ACB No. 4.  
Circuitry.  
OP/O/A/2000/049 Auxiliary Power Annually Verifies proper operation of the auto 
Transfer Test throwover circuits on ACBs 5 through 8.



Table A.4-3 (Page 2 of 2) 

Air Circuit Breaker Test Procedures 

Procedure 
Test Frequency Description 

OP/1/A/2000/50 Unit No. lElectroMechni Quarterly Verify tripping of ACB No. I and ACB 
Relay ACB Trip Test No. 3 on actuation of the GENERATOR GROUND FAULT OVERVOLTAGE 

relay 59GN- I 

OPwA/2ey w/e Monthly Change the alignment of the Keowee units Keowee Emergency power path 
and the auxiliary power source.  And Auxiliary Aligrnent 

OPA/2 ye Periodic Demonstrate the ability of the 600 V ac 
Auxiliary Power Transfer Test 

load center to close its auxiliary and 
normal feeder breakers with the 
appropriate time delays.



Table A.4-4 

Air Circuit Breaker Maintenance Procedures 

Procedure 
Maintenance Frequency Description 

MP/O/A/2001/02 Annual Establishes the requrement 
ACB Inspection and Etbihsterqieet 
Maintenance for the inspection and 

maintenance of the ACBs.  

OP/0/A/2000/005 As needed 
ACB No. 1 Removal from service and 

restoration to service of 
ACB No. 1 

OP/0/A/2000/00 7  As needed Removal from service and ACB No. 3 Rmvlfo evc n 
restoration to service of 
ACB No. 3 

OP/O/A/2000/009 
As needed 

ACB No. 5 Removal from service and 
restoration to service of 
ACB No. 5
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Table A.4-5 

Air Circuit Breaker Significant Operating Events 

Date Unit Component Event Summary 

1-31-87 1 ACB-5 Oconee was performing a test on PCB 8 and 9 
when ACB-5 tripped. Would not re-close.  

8-21-87 1 ACB-3 Oconee attempted to line unit 1 up to the under
ground but they could not get ACB-3 to close due 
to a loose terminal.  

2-28-90 2 ACB-2 ACB-2 out of service to replace a bad Blast Valve 

Pin in ACB-2.  
3-1-92 1 ACB-5 After Oconee had completed the performance of a 

Switchyard test and had closed PCB's 8 & 9, 
ACB-5 failed to close automatically.  

7-17-92 2 ACB-8 Keowee Operator found blown fuse in ACB-8 
closing circuit during a time when Unit 1 was out 
of service and Unit 2 was lined up to feed Ct4 
and the standby busses with Unit 2 auxiliaries 
being fed through ACB-6. This made Unit 2 
technically inoperable.  

9-29-92 2 ACB-2 During the performance of post-mod. testing, it 
was discovered that ACB-2 did not close immed
iately after opening ACB b as the procedure 
required.  

10-19-92 1 ACB-5, ACB-7 Oconee LOOP Event - Initially Unit I was 
generating to the grid and Unit 2 was lined up to 
the underground path, When the Swyd Isolation 
and the 1 st ES actuation occurred, ACB- 1 tripped 
and then re-closed. Unit 2 started and was 
supplying Ct4. The K Operator tripped ACB- I 
which de-energized all of Keowee's auxiliaries.  
ACB-5 and ACB-7 failed to transfer as designed 
to re-energize the SX Swgr.
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Air Circuit Breaker Significant Operating Events 

Date Unit Component Event Summary 

10-19-92 2 ACB-8 Oconee LOOP Event - Following the Keowee 
Operator tripping ACB- 1 and relay operation in 
the Oconee 230 KV switchyard causing a Main 
Transformer lockout, ACB-8 failed to close to re
energize 2X.  

10-20-92 1 ACB-5 While testing the ACB5/ACB7 swap-over 
function, ACB 5 failed to close when ACB 7 was 
tripped.  

10-22-92 1 ACB-1 Unit 1 had just been shut down and a cabinet 
inspection team was performing a cabinet 
inspection in Cabinet ILCl at Keowee when they^ 
discovered ai6roken lug on Emergency Start 
Timer 52-1TD (contact 4A) which trips ACB-1 
on receipt of an ES signal.  

11-24-92 2 ACB-6, ACB-8 While attempting to tie Keowee Unit 2 to the 
overhead after a successful Emergency Start Test 
of both units, feeder breakers for load center 2X, 
ACB-6 and ACB-8, would not close manually, 
which left Keowee Unit-2 without power.  

11-28-92 2 ACB-2 Keowee Unit 2 was started for system generation 
but ACB-2 would not close either automatically 
or manually. The operator found a smoking relay 
in the ACB-2 cabinet.
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Air Circuit Breaker Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

YKlSTRTINT Keowee 1 Emergency Start Aux ACB-1 

Relays 1ESRX/lA & 1ESRX/1B Fail 

YK2STRTINT Keowee 2 Emergency Start Aux ACB-2, ACB-4 

Relays 2ESRX/1A & 2ESRX/1B Fail 

XDIDASRCES Loss of Power to 125 V dc ACB-1, ACB-4 

Distribution Center IDA During Start 

XD2DASRCES Loss of Power to 125 V dc ACB-2 

Distribution Center 2DA During Start 

XFMR186T Main Step-up Transformer Lock Out ACB-2, ACB-5, 
Relay 86T Actuates ACB-6 

KU2STARTR Keowee Unit 2 Start Is Required ACB-2 

SPCISLTCPT Switchyard Isolate Complete Signal ACB-2 

Fails 

KU2RNNG Keowee Unit 2 Is Supplying The Grid ACB-2 

K2NOMAIN Keowee Unit 2 Is Not In ACB-2 

Maintenance
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Air Circuit Breaker Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

KUIRNNG Keowee Unit 1 Is Supplying The Grid ACB-2, ACB-3 

NTACB4MOD NSM-ON-52966 Is In Service ACB-2, ACB-3, 

ACB-4 

FLDTRANS2 Keowee Unit 2 Field Breaker ACB-2 

Transfers Open 

GK286E2 Keowee Unit 2 Emergency Lock Out ACB-2, ACB-4 

Due To Spurious Actuation Of 

Generator Protective Relay 

U86EF Underground Feeder Lock Out Relay ACB-3, ACB-4 

86EF Picks UP 

GKl86El Keowee Unit 1 Emergency Lock Out ACB-3 

Due To Spurious Actuation Of 

Generator Protective Relay 

GKl86ElX Keowee Unit 1 Emergency Lock Out ACB-3 

Due To Spurious Actuation Of 

Generator Protective Relay
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Air Circuit Breaker Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

XD1DAR Loss Of Power On Keowee 1 125 V ACB-3, ACB-4 

dc Distribution Center IDA During 

Run 

XD2DAR Loss Of Power On Keowee 2 125 V ACB-4 

dc Distribution Center 2DA During 

Run 

YK2STR2INT Keowee 2 Emergency Start Aux ACB-4 

Relays 2ESRX/2A & 2ESRX/2B Fail



Table A.4-7 

Air Circuit Breaker Statalarms 

Point No. Alarm Actuator 

1SAl-21 ACB-1 AIR PRESS LOW 63TX1 

1SAl-22 ACB-3 AIR PRESS LOW 63TX3 
1SA2-41 EMERG. START ACB 1 CLOSED 52-1/b 
1SA2-42 EMERG. START ACB 3 CLOSED 52-3/b 
ISAl-50 UNIT 1 DC SUPPLY FAILURE "8" series relay 
2SA1-21 ACB-2 AIR PRESS LOW 63TX2 
2SA1-22 ACB-4 AIR PRESS LOW 63TX4 
2SA2-41 EMERG. START ACB 2 CLOSED 52-2/b 
2SA2-42 EMERG. START ACB 4 CLOSED 52-4/b 
2SAl-50 UNIT 2 DC SUPPLY FAILURE "8" series relay



Table A.4-8 

Air Circuit Breaker Fault Tree Top Events 

Gate Name Description 

ACBlOPEN Air Circuit Breaker 1 Fails To Open 

ACB2CLOSE Air Circuit Breaker 2 Fails To Close 

ACB20PEN Air Circuit Breaker 2 Fails To Open 

ACB2TRANS Air Circuit Breaker 2 Transfers Open 

ACB3CLOSE Air Circuit Breaker 3 Fails To Close 

ACB30PEN Air Circuit Breaker 3 Fails To Open 

ACB3TRANS Air Circuit Breaker 3 Transfers Open 

ACB4CLOSE Air Circuit Breaker 4 Fails To Close 

ACB4TRANS Air Circuit Breaker 4 Transfers Open 

ACB5CLOSE Air Circuit Breaker 5 Fails To Close 

ACB5TRANS Air Circuit Breaker 5 Transfers Open 

ACB6CLOSE Air Circuit Breaker 6 Fails To Close 

ACB60PEN Air Circuit Breaker 6 Fails To Open 

ACB6TRANS Air Circuit Breaker 6 Transfers Open 

ACB7CLOSE Air Circuit Breaker 7 Fails To Close 

ACB70PEN Air Circuit Breaker 7 Fails To Open 

ACB7TRANS Air Circuit Breaker 7 Transfers Open 

ACB8CLOSE Air Circuit Breaker 8 Fails To Close 

ACB8TRANS Air Circuit Breaker 8 Transfers Open
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Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AA1271PR6D Transformer 1X Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/1X Fails To Pick Up required.  

AA1271XR6T Transformer 1X Undervoltage 3.63E-07 /H 30 H Rule 4: Indicated by computer 1.09E-05 
Relay 27/1X Spuriously De- point.  
energizes 

AA127ClR6T Transformer CX Undervoltage 3.63E-07 /H 24 H Rule 3: Would align the unit 1 8.71E-06 
Relay 27/CX1 Spuriously De- auxiliaries to transformer lX.  
energizes This is not the assumed initial 

condition for the KPRA.  
Indicated by computer point.  

AA127CPR6D Transformer CX Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/CX1 Fails To Pick Up required.  

AA127R1RYT Auxiliary Relay 27X/CX1 3.60E-07 /H 24 H Rule 3: Would align the unit 1 8.64E-06 
Spurious Operation auxiliaries to transformer 1X.  

This is not the assumed initial 
condition for the KPRA.  
Indicated by computer point.  

AA127X1RYD Auxiliary Relay 27X/lX Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On.Demand required.  

AA127X1RYT Auxiliary Relay 27X/lX Spurious 3.60E-07 /H 384 H Rule 6:Spurious operation of the 1.38E-04 
Operation relay would be detected during 

the monthly swap by the trip of 
ACB-5.  

AA127X2R6D Transformer CX Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/CX1 Fails To Drop Out required.  

AA127XCRYD Auxiliary Relay 27/CX1 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AA186CXRYT Transformer CX Differential 3.60E-07 /H 24 H Rule 3: Indicated, and would 8.64E-06 
Lock Out Relay 86CX Spurious place Keowee in a different 
Operation condition than assumed for the 

analysis.  
AA186SlRYT Switchgear 1X Lockout Relay 3.60E-07 /H 24 H Rule 3: Would put switchgear 1X 8.64E-06 

86S/1X Spurious Operation in maintenance.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AA187CXRYT Transformer CX Differential 3.60E-07 /H 24 H Rule 3: Would align the unit 1 8.64E-06 
Relay 87CX Spurious Operation auxiliaries to transformer lx.  

This is not the assumed initial 
condition for the KPRA.  
Indicated by computer point.  

AA2272PR6D Transformer 2X Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/2X Fails To Pick Up required.  

AA2272XR6D Transformer 2X Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/2X Fails To Drop Out required.  

AA2272XR6T Transformer 2X Undervoltage 3.63E-07 /H 24 H Rule 3: Would align the unit 2 8.71E-06 
Relay 27/2X Spuriously De- auxiliaries to transformer CX.  
energizes This is not the assumed 

condition for the KPRA.  
Indicated by computer point.  

AA227C2R6T Transformer CX Undervoltage 3.63E-07 /H 30 H Rule 4: Indicated by computer 1.09E-05 
Relay 27/CX2 Spuriously De- point.  
energizes 

AA227C2RYD Auxiliary Relay 27X/CX2 Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Operate On Demand required.  

AA227CPR6D Transformer CX Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/CX2 Fails To Pick Up required.  

AA227R2RYT Auxiliary Relay .27X/CX2 3.60E-07 /H 384 H Rule 6:Spurious operation of the 1.38E-04 
Spurious Operation relay would be detected during 

the monthly swap by the trip of 
ACB-8.  

AA227T2R6D Transformer #1 Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay (27T/2X) Fails To Drop required.  
Out 

AA227X2RYD Auxiliary Relay 27X/2X Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AA227X2RYT Auxiliary Relay 27X/2X Spurious 3.60E-07 /H 24 H Rule 3: Would align the unit 2 8.64E-06 
Operation auxiliaries to transformer CX.  

This is not the assumed 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

condition for the KPRA.  
Indicated by computer point.  

AA286S2RYT Switchgear 2X Lockout Relay 3.60E-07 /H 24 H Rule 3: Would put switchgear 2X 8.64E-06 
86S/2X Spurious Operation in maintenance.  

ABOO4ECCDT DC Circuit Breaker 1DA-4EC 7.50E-08 /H 30 H Rule 4: Indicated by rounds. 2.25E-06 
Transfers Position 

ABOO86TRYD Keowee Main Tx Lock Out Relay 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
86T Fails To Operate On Demand required.  

ABO624CRYD Time Delay Relay 62-4c Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AB086E1RYD Emergency Lock Out Relay 86E-1 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate On Demand required.  

ABO86TGRYD General Keowee Main Tx Lock Out 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Sensing Relay Fails To required.  
Operate 

AB152TCSVO Air Circuit Breaker 1 Trip Coil 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Fails To Operate required.  

ABlACCUDEX Air Circuit Breaker 1 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB1FALTDEX Fault Occurs at ACB-1 When The 0 0.OOE+00 
BReaker Trips 

AB1MECHDEX Air Circuit Breaker 1 Fails To 1.51E-04 1.SlE-04 
Open Due To Mechanical Failure 

AB10PENLHE Air Circuit Breaker 1 Fails To 2.60E-04 2.60E-04 
Open Due To A Latent Human 
Error 

AB1PSO2PST Air Circuit Breaker 1 4.30E-07 /H 12 H Rule 5: Last demanded at unit 5.16E-06 
Accumulator Pressure Switch PS2 start.  
Fails Low 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

0 0' 0



0* 0 
(Page 4 of 16) 

Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB1RS2ZR6D Air Circuit Breaker 1 Relay 52Z 2.49E-04 /D 1 D 1 demand per emergency start 2 . 49E-04 
Fails To Operate I . required.  

AB21521SWT Control Switch 152-2 Spurious 7.OOE-08 /H 30 H Causes trip of ACB-2. Half time 2.10E-06 
Operation between rounds plus the mission.  

AB22BV1RYT Backup Undervoltage Relay 2BV1 3.60E-07 /H 24 H Rule 3: Results in emergency 8.64E-06 
Spurious Operation lock-out.  

AB23BKRCOM Common Cause Failure Of Air 1.12E-04 1.12E-04 
Circuit Breakers 2 And 3 To 
Close 

AB24BKRCOM Common Cause Failure Of Air 1.12E-04 1.12E-04 
Circuit Breakers 2 And 4 To 
Close 

AB251G2RYT Air Circuit Breaker 2 3.60E-07 /H 24 H Rule 3: Indicated by event 8.64E-06 
Overcurrent Ground Relay 51G-2 recorder.  
Spurious Operation 

AB252CCSVO Air Circuit Breaker 2 Close 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Coil Fails To Operate required.  

AB252TCSVO Air Circuit Breaker 2 Trip Coil 2.90E-05 /D 1 D 1 demand per emergency start 2..90E-05 
Fails To Operate required.  

AB252TCSVT Air Circuit Breaker 2 Trip Coil 3.90E-07 /H 36 H Rule 6 method. Causes trip of 1.40E-05 
Spurious Operation ACB-2.  

AB252Y2R6D Air Circuit Breaker 2 Relay 52Y 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Failed To Drop Out Following required.  
Last Demand 

AB252Y2R6T Air Circuit Breaker 2 Y-relay 3.63E-07 /H 12 H Rule 6 method. Causes trip of 4.36E-06 
Spurious Operation ACB-2.  

AB2ACCUDEX Air Circuit Breaker 2 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB2CLOSLHE Air Circuit Breaker 2 Fails To 2.60E-04 2.60E-04 
Close Due To A Latent Human 
Error 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB2KEYISWT Air Circuit Breaker 2 Key 7.00E-08 /H 12 H Rule 6 method. Causes trip of 8.40E-07 
Interlock Switch Transfers Open ACB-2.  

AB2MCH2DEX Air Circuit Breaker 2 Fails To 3.02E-04 3.02E-04 
Close Due To Mechanical Failure 

AB2MECHDEX Air Circuit Breaker 2 Fails To 1.51E-04 1.51E-04 
Open Due To Mechanical Failure 

AB20PENLHE Air Circuit Breaker 2 Fails To 2.60E-04 2. 60E-04 
Open Due To A Latent Human 
Error 

AB2PSO2PST Air Circuit Breaker 2 4.30E-07 /H 12 H Half of the time since the last 5.16E-06 
Accumulator Pressure Switch PS2 start. Causes failure of ACB-2 
Fails Low to close.  

AB2PUSHPBT Trip Pushbutton On ACB2 2.40E-07 /H 36 H Rule 6 method. Causes trip of 8.64E-06 
Spurious Operation ACB-2.  

AB2R462RYT Air Circuit Breaker 2 Negative 3.60E-07 /H 24 H Rule 3: Indicated by event 8.64E-06 
Sequence Relay 46-2 Spurious recorder.  
Operation 

AB2R52XR6D Air Circuit Breaker 2 Relay 52X 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB2R52ZR6D Air Circuit Breaker 2 Relay 52Z 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB2R52ZR6T Air Circuit Breaker 2 Relay 52Z 3.63E-07 /H 36 H Rule 6 method. Causes trip of 1.31E-05 
Spurious Operation ACB-2.  

AB31523SWT Control Switch 152-3 Spurious 7.OOE-08 /H 24 H Trips ACB-3. 1.68E-06 
Operation 

AB352CCSVO Air Circuit Breaker 3 Close 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Coil Fails To Operate required.  

AB352TCSVO Air Circuit Breaker 3 Trip Coil 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Fails To Operate required.  

AB352TCSVT Air Circuit Breaker 3 Trip Coil 3.90E-07 /H 24 H Trips ACB-3. 9.36E-06 
Spurious Operation 

ID=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C.1-4 

0 0 0
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Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB352Y2R6D Air Circuit Breaker 3 Relay 52Y 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Failed To Drop Out Following required.  
Last Demand 

AB352Y2R6T Air Circuit Breaker 3 Y-relay 3.63E-07 /H 360 H Rule 5.ACB-3 would not close. 1.31E-04 
Spurious Operation 

AB3ACCUDEX Air Circuit Breaker 3 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB3CLOSLHE Air Circuit Breaker 3 Fails To 2.60E-04 2. 60E-04 
Close Due To Latent Human Error 

AB3MCH2DEX Air Circuit Breaker 3 Fails To 3.02E-04 3. 02E-04 
Close Due To Mechanical Failure 

AB3MECHDEX Air Circuit Breaker 3 Fails To 1.51E-04 1.51E-04 
Open Due To Mechanical Failure 

AB3PSO2PST Air Circuit Breaker 3 4.30E-07 /H 372 H Assumed ACB-3 would have to open 1.60E-04 
Accumulator Pressure Switch PS2 half way through the mission to 
Fails Low allow recovery by closing ACB-4.  

AB3PUSHPBT Trip Pushbutton On ACB3 2.40E-07 /H 24 H Trips ACB-3. 5.76E-06 
Spurious Operation 

AB3R52XR6D Air Circuit Breaker 3 Relay 52X 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB3R52ZR6D Air Circuit Breaker 3 Relay 52Z 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB3RS2ZR6T Air Circuit Breaker 3 Relay 52Z 3.63E-07 /H 24 H Trips ACB-3. 8.71E-06 
Spurious Operation 

AB41523SWT Control Switch 152-4 Spurious 7.00E-08 /H 24 H Assumed that recovery via ACB-4 1.68E-06 
Operation was needed at the beginning of 

the mission.  
AB452CCSVO Air Circuit Breaker 4 Close 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 

Coil Fails To Operate required.  

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C.1-4
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Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB452TCSVT Air Circuit Breaker 4 Trip Coil 3.90E-07 /H 24 H Assumed that recovery via ACB-4 9.36E-06 
Spurious Operation was needed at the beginning of 

the mission.  
AB452Y2R6D Air Circuit Breaker 4 Relay 52Y 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 

Failed To Drop Out Following required.  
Last Demand 

AB452Y2R6T Air Circuit Breaker 4 Y-relay 3.63E-07 /H 372 H Half the time since the last 1.35E-04 
Spurious Operation- operation and assume ACB-4 is 

needed half way through the 
mission (360+12) 

AB4ACCUDEX Air Circuit Breaker 4 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB4CLOSLHE Air Circuit Breaker 4 Fails To 2.60E-04 2.60E-04 
Close Due To A Latent Human 
Error 

AB4CLSESWC Air Circuit Breaker 4 Close 1.00E-05 /D 1 D 1 demand per emergency start 1.00E-05 
Switch Fails To Close On Demand required.  

AB4KEYISWT Air Circuit Breaker 4 Key 7.00E-08 /H 372 H Half the time since the last 2.60E-05 
Interlock Switch Transfers Open operation and assume ACB-4 is 

needed half way through the 
mission (360+12) 

AB4LORESWT Air Circuit Breaker 4 7.OOE-08 /H 372 H Half the time since the last 2.60E-05 
Local/Remote Switch Contact operation and assume ACB-4 is 
Transfers Position needed half way through the 

mission (360+12) 
AB4MCH2DEX Air Circuit Breaker 4 Fails To 3.02E-04 3.02E-04 

Close Due To Mechanical Failure 

AB4PSO2PST Air Circuit Breaker 4 4.30E-07 /H 372 H Half the time since the last 1.60E-04 
Accumulator Pressure Switch PS2 operation and assume ACB-4 is 
Indicates Low Pressure needed half way through the 

mission (360+12) 
AB4PUSHPBT Trip Pushbutton On ACB-4 2.40E-07 /H 24 H Assumed that recovery via ACB-4 5.76E-06 

Spurious Operation was needed at the beginning of 
the mission.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB4RS2XR6D Air Circuit Breaker 4 Relay 52X 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB4R52ZR6T Air Circuit Breaker 4 Relay 52Z 3.63E-07 /H 24 H Assumed that recovery via ACB-4 8.71E-06 
Spurious Operation was needed at the beginning of 

the mission.  
AB510AlFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 

For X, Y And CC Fail position indication.  

AB51431LHE Manual/Auto Control Switch 3.20E-04 3.20E-04 
143/1 Left In Manual 

ABS1431RYT Auxiliary Relay 143X/1 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spuriously Energizes alignment was swapped. ACB 5 

would fail to close.  
AB51431SWT Manual/Auto Control Switch 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 

143/1 Spuriously Transfers Into alignment was swapped. ACB 5 
Manual would fail to close.  

AB552CCRYD Air Circuit Breaker 5 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Coil CC Fails On Demand required.  

ABS52TCRYT Air Circuit Breaker 5 Trip Coil 3.60E-07 /H 384 H Rule 6:Half the time since the 1.38E-04 
52TC Spurious Operation unit alignment was swapped plus 

the mission. ACB 5 would fail 
to close or remain closed.  

AB552Y2RYT Air Circuit Breaker 5 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. ACB 5 

would fail to close.  
AB583S5RYD Time Delay Relay 83S5 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

Pick Up required.  
AB5CLOSLHE Air Circuit Breaker 5 Fails To 2.60E-04 2.60E-04 

Close Due To A Latent Human 
Error 

AB5KEYISWT Air Circuit Breaker 5 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. ACB 5 

would fail to close.  

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in T!Iable C. 1-4
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Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB5MCH2DEX Air Circuit Breaker 5 Fails To 7.04E-03 7.04E-03 
Close Due To Mechanical Failure 

AB5PUSHPBT Trip Pushbutton On ACB5 2.40E-07 /H 384 H Rule 6: Contributes to unit run 9.22E-05 
Spurious Operation failure by preventing closure of 

ACB 5.  
AB5R52XRYD Air Circuit Breaker 5 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

Fails To Operate..- required.  

AB5R52YRYD Air Circuit Breaker 5 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

AB61OAlFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For X, Y And CC Fail position indication.  

AB610AFFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For Relay 27X/2X Fail position indication.  

AB61432LHE Manual/Auto Control Switch 3.20E-04 3.20E-04 
143/2 Left In Manual 

AB61432SWT Manual/Auto Control Switch 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
143/2 Spuriously Transfers Into alignment was swapped. ACB 6 
Manual would fail to close.  

AB652CCRYD Air Circuit Breaker 6 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Coil CC Fails On Demand required.  

AB652TCRYD Air Circuit Breaker 6 Trip Coil 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
52TC Fails Fails To Operate required.  

AB652TCRYT Air Circuit Breaker 6 Trip Coil 3.60E-07 /H 24 H Rule 1: Actuation prior to the 8.64E-06 
52TC Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB652Y2RYT Air Circuit Breaker 6 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. Would 

prevent ACB 6 from closing.  

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C.1-4 

0 00
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB6CLOSLHE Air Circuit Breaker 6 Fails To 2.60E-04 2.60E-04 
Close Due To A Latent Human 
Error 

AB6KEYISWT Air Circuit Breaker 6 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. Would 

prevent ACB 6 from closing.  
AB6MCH2DEX Air Circuit Breaker 6 Fails To 7.04E-03 7.04E-03 

Close Due To Mechanical Failure 

AB6MECHDEX Air Circuit Breaker 6 Fails To 8.01E-04 8.01E-04 
Open Due To Mechanical Failure 

AB60PENLHE Air Circuit Breaker 6 Fails To 3.20E-03 3.20E-03 
Open Due To A Latent Human 
Error 

AB6PUSHPBT Trip Pushbutton On ACB6 2.40E-07 /H 24 H Rule 1: Actuation prior to the 5.76E-06 
Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB6RS2XRYD Air Circuit Breaker 6 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate required.  

AB6R52YRYD Air Circuit Breaker 6 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

AB71OAlFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For X, Y And CC Fail position indication.  

AB710AFFUF One Or More Air Circuit Breaker 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
7 Control Power Fuses Fail monitoring lights.  

AB752CCRYD Air Circuit Breaker 7 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Coil CC Fails On Demand required.  

AB752TCRYD Air Circuit Breaker 7 Trip Coil 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
TC Fails On Demand required.  

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB752TCRYT Air Circuit Breaker 7 Trip Coil 3.60E-07 /H 24 H Rule 1: Actuation prior to the 8.64E-06 
52TC Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB752Y2RYT Air Circuit Breaker 7 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. Would 

prevent ACB 7 from closing.  
AB7CLOSLHE Air Circuit Breaker 7 Fails To 2.60E-04 2.60E-04 

Close Due To A Latent Human 
Error 

AB7KEYISWT Air Circuit Breaker 7 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. Would 

prevent ACB 7 from closing.  
AB7MCH2DEX Air Circuit Breaker 7 Fails To 7.04E-03 7.04E-03 

Close Due To Mechanical Failure 

AB7MECHDEX Air Circuit Breaker 7 Fails To 8.01E-04 8.01E-04 
Open Due To Mechanical Failure 

AB70PENLHE Air Circuit Breaker 7 Fails To 3.20E-03 3.20E-03 
Open Due To A Latent Human 
Error 

AB7PUSHPBT Trip Pushbutton On ACB7 2.40E-07 /H 30 H Rule 1: Actuation prior to the 7.20E-06 
Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB7R52XRYD Air Circuit Breaker 7 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate required.  

AB7R52YRYD Air Circuit Breaker 7 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

AB810A1FUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For X, Y And CC Fail position indication.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4 

* e e
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB81432RYT Auxiliary Relay 143X/2 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spuriously Energizes alignment was swapped. ACB 8 

would fail to close.  
AB852CCRYD Air Circuit Breaker 8 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

Coil CC Fails On Demand required.  

AB852TCRYT Air Circuit Breaker 8 Trip Coil 3.60E-07 /H 384 H Rule 6: Would prevent ACB 8 from 1.38E-04 
52TC Spurious Operation closing or remaining closed.  

AB852Y2RYT Air Circuit Breaker 8 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. ACB 8 

would fail to close.  
AB86E1ARYD Emergency Lock Out Aux. Relay 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

86E-1a Fails To Operate On required.  
Demand 

AB86E1GRYD Keowee Unit 1 Emergency Lock 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Out Sensing Relay Fails To required.  
Operate 

AB883S8RYD Time Delay Relay 83S8 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick Up required.  

AB8KEYISWT Air Circuit Breaker 8 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. ACB 8 

would fail to close.  
AB8MCH2DEX Air Circuit Breaker 8 Fails To 7.04E-03 7. 04E-03 

Close Due To Mechanical Failure 

AB8PUSHPBT Trip Pushbutton On ACB8 2.40E-07 /H 384 H Rule 6: Would prevent ACB 8 from 9.22E-05 
Spurious Operation closing or remaining closed.  

AB8R52XRYD Air Circuit Breaker 8 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate required.  

AB8R52YRYD Air Circuit Breaker 8 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

ABEOPRCRHE Operators Fail To Close Air 1 1.0OE+00 
Circuit Breaker 2 

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

ABPOPRCRHE Operators Fail To Close Air 9.00E-03 9.00E-03 
Circuit Breaker 4 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
ACBAIRPDEX ACB Air Supply Fails Causing 2.00E-03 2.00E-03 

Low Pressure In All ACB 
Accumulators 

ACBTRIPCHE Operators Trip Generator.Output 0 0.00E+00 
ACBs 

AD1B4ALCDT Breaker 4AL In 125 V dc 7.50E-08 /H 30 H Breaker position change would be 2.25E-06 
Distribution Center 1DA discovered by loss of lights 
Transfers Open during rounds. It is assumed 

that the demand for ACB 5 could 
come at any time during the 
mission.  

AD1C3CCCDT Breaker 3CC In 125V dc 7.50E-08 /H 24 H Rule 1: Loss of power is 1.80E-06 
Distribution Center 1DA alarmed.  
Transfers Position 

AD1C3CLCDT Breaker 3CL In 125V dc 7.50E-08 /H 24 H Rule 1: Loss of power is 1.80E-06 
Distribution Center 1DA alarmed.  
Transfers Position 

AD1SCLRCDT Breaker 3CL In 125V dc 7.50E-08 /H 12 H The need for the recovery is 9.OOE-07 
Distribution Center 1DA assumed to occur half way 
Transfers Position (Rec) through the mission.  

AD2B2ALCDT Breaker 2AL In 125V dc 7.50E-08 /H 30 H Breaker position change would be 2.25E-06 
Distribution Center 2DA discovered by loss of lights 
Transfers Open during rounds. It is assumed 

that the demand for ACB 6 could 
come at any time during the 
mission.  

AD2B3CCCDT Breaker 3CC In 125V dc 7.50E-08 /H 12 H The need for ACB 4 is assumed to 9.OOE-07 
Distribution Center 2DA occur half way through the 
Transfers Position mission.  

AD2C3CLCDT Breaker 3CL In 125V dc 7.50E-08 /H 24 H Rule 1: Breaker transferring 1.80E-06 
Distribution Center 2DA open would result in overhead 
Transfers Position transformer lock-out.  

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C. 1-4 
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AK1141XRYD Auxiliary Relay 14GOV/1X Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Pick-up required.  

AK114GVDEX KU1 Magnetic Speed Switch 1.00E-04 1.00E-04 
System Fails 

AK121TDRYD Time Delay Relay 2-lTD Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick-up required.  

AK152TDRYD Time Delay Relay 52-1TD Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Pick-up required.  

AK152TDRYT Time Delay Relay 52-1TD 3.60E-07 /H 4380 H Tested annually. 1.58E-03 
Spurious Operation 

AK152XGRYD Relay 52XG/1 Fails To Pick Up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
When The Unit Is Started required.  

AK152XGRYT Relay 52XG/1 Spuriously Drops 3.60E-07 /H 2 H Relay used to indicate that unit 7.20E-07 
Out While The Unit Is Running 1 is generating to the grid.  

Assumed that the unit generates 
4 hours per day and used half of 
that time as the exposure time.  

AK1AX34RYT Relay 52AX/34 Spuriously Drops- 3.60E-07 /H 6 H Rule 2: Failure would be 2.16E-06 
out indicated during the rounds by 

loss of indicating light.  
AK1GV1XRYD Relay 14GOV/1X Fails To Pick-up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

required.  
AK1OFRQCOM KU1 CCF Of 2/3 Overfrequency 3.30E-06 3 .30E-06 

Relays To Reset When Frequency 
Drops 

AK1X34XRYT Relay 52AX/34X Spuriously 3.60E-07 /H 6 H Rule 2: Failure would be 2.16E-06 
Drops-out indicated during the rounds by 

loss of indicating light.  
AK212OSSST Turbine Overspeed Switch 4.20E-06 /H 36 H Rule 6: With other events could 1.51E-04 

Indicates Overspeed result in trip of ACB 2.  

AK2142XRYD Auxiliary Relay 14GOV/2X Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Pick-up required.  

AK214GVDEX KU2 Magnetic Speed Switch 1.00E-04 1.00E-04 
System Fails 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AK222TDRYD Time Delay Relay 2-2TD Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick-up required.  

AK252TDRYD Time Delay Relay 52-2TD Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Operate required.  

AK252TDRYT Time Delay Relay 52-2TD 3.60E-07 /H 4380 H Tested annually. 1.58E-03 
Spurious Operation 

AK252WORYD KU2 Relay 52W Fails To Pick-up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
required.  

AK252XGRYD Auxiliary Relay 52XG/2 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick-up required.  

AK2GATEDEX Wicket Gate Limit Switch 2.11E-05 2.11E-05 
Indicates Gate Position Is 
Below No-load Setting 

AK2GV2XRYD Relay 14GOV/2X Fails To Pick-up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
required.  

AK20FRQCOM KU2 CCF Of 2/3 Overfrequency 3.30E-06 3.30E-06 
Relays To Reset When Frequency 
Drops 

KU2RNNG Keowee Unit 2 Is Generating To 1.OOE+00 1.OOE+00 
The Grid 

WK1SPD2DEX Keowee Unit 1 Governor Failure 1.20E-04 1.20E-04 
Creates Overspeed Condition 

WK2SPD2DEX Keowee Unit 2 Governor Failure 1.20E-04 1.20E-04 
Creates Overspeed Condition 

XA1BKRSCOM CCF of lX Aux Power Breakers 3.10E-04 3.10E-04 
ACB-5 & -7 

XA2BKRSCOM CCF of Aux Power Breakers ACB-6 3.10E-04 3.10E-04 
& -8 

XA56BKRCOM Common Cause Failure Of ACB-5 3.10E-04 3.10E-04 
And ACB-6 To Close 

KA78BKRCOM Common Cause Failure Of ACB-7 3.10E-04 3. 1OE-04 
And ACB-8 To Close 

YK286N2DEX Keowee Unit 2 Normal Lockout 7.41E-03 7. 41E-03 
Activates 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor 2  Probability 

YK299SXRYT Shutdown Auxiliary Relay 99SX 3.60E-07 /H 24 H Rule 1 8. 64E-06 
Spuriously Drops Out 

YKEMSRTCHE Operator Incorrectly Resets 0 0.00E+00 
Keowee Emergency Start Signals 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4



Table A.4- 10 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB IOPEN: ACB-1 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.58E-03 68.4% AK152TDRYT 1.58E-03 Time Delay Relay 52-1TD Spurious Operation 

2) 2.60E-04 11.3% AB1OPENLHE 2.60E-04 Air Circuit Breaker 1 Fails To Open Due To A Latent Human Error 
3) 2.49E-04 10.8% AB1R52ZR6D 2.49E-04 Air Circuit Breaker 1 Relay 52Z Fails To Operate 

4) 1.51E-04 6.5% AB1MECHDEX 1.51E-04 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 
5) 3.51E-05 1.5% AB1ACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 

6) 2.90E-05 1.3% AB152TCSVO 2.90E-05 Air Circuit Breaker 1 Trip Coil Fails To Operate 

7) 5.16E-06 0.2% AB1PSO2PST 5.16E-06 Air Circuit Breaker 1 Accumulator Pressure Switch PS2 Fails Low 
8) 1.80E-06 0.1% AD1C3CLCDT 1.80E-06 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position 

Total Event Probability = 2.31E-03



Table A.4-11 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB2CLOSE: ACB-2 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.02E-04 26.0% AB2MCH2DEX 3.02E-04 Air Circuit Breaker 2 Fails To Close Due To Mechanical 
Failure 

2) 2.49E-04 21.5% AA227T2R6D 2.49E-04 Transformer #1 Undervoltage Relay (27T/2X) Fails To 
Drop Out 

ABEOPRCRHE 1.00E+00 Operators Fail To Close Air Circuit Breaker 2 

3) 2.49E-04 21.5% AB2R52XR6D 2.49E-04 Air Circuit Breaker 2 Relay 52X Fails To Operate 

4) 2.49E-04 21.5% AB252Y2R6D 2.49E-04 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out 
Following Last Demand 

5) 3.51E-05 3.0% AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 

6) 3.30E-05 2.8% ABEOPRCRHE 1.00E+00 Operators Fail To Close Air Circuit Breaker 2 

AK252TDRYD 3.30E-05 Time Delay Relay 52-2TD Fails To Operate 

7) 2.90E-05 2.5% AB252CCSVO 2.90E-05 Air Circuit Breaker 2 Close Coil Fails To Operate 

Total Event Probability = 1.16E-03



Table A.4-12 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB20PEN: ACB-2 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.58E-03 68.4% AK252TDRYT 1.58E-03 Time Delay Relay 52-2TD Spurious Operation 
KU2RNNG 1.OOE+00 Keowee Unit 2 Is Supplying The Grid 

2) 2.60E-04 11.3% AB20PENLHE 2.60E-04 Air Circuit Breaker 2 Fails To Open Due To A Latent 
Human Error 

3) 2.49E-04 10.8% AB2R52ZR6D 2.49E-04 Air Circuit Breaker 2 Relay 52Z Fails To Operate 
4) 1.51E-04 6.5% AB2MECHDEX 1.51E-04 Air Circuit Breaker 2 Fails To Open Due To Mechanical 

Failure 
5) 3.51E-05 1.5% AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 
6) 2.90E-05 1.3% AB252TCSVO 2.90E-05 Air Circuit Breaker 2 Trip Coil Fails To Operate 
7) 5.16E-06 0.2% AB2PSO2PST 5.16E-06 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 

Fails Low 
8) 1.80E-06 0.1% AD2C3CLCDT 1.80E-06 Breaker 3CL In 125V dc Distribution Center 2DA 

Transfers Position 
9) 1.20E-08 0.0% AK214GVDEX 1.00E-04 KU2 Magnetic Speed Switch System Fails 

WK2SPD2DEX 1.20E-04 Keowee Unit 2 Governor Failure Creates Overspeed 
Condition 

10) 3.96E-09 0.0% AK252TDRYD 3.30E-05 Time Delay Relay 52-2TD Fails To Operate 
WK2SPD2DEX 1.20E-04 Keowee Unit 2 Governor Failure Creates Overspeed 

Condition 
11) 3.96E-09 0.0% AK2GV2XRYD 3.30E-05 Relay 14GOV/2X Fails To Pick-up 

WK2SPD2DEX 1.20E-04 Keowee Unit 2 Governor Failure Creates Overspeed 
Condition 

Total Event Probability = 2.31E-03
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Table A.4-13 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB2TRANS: ACB-2 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.40E-05 21.9% AB252TCSVT 1.40E-05 Air Circuit Breaker 2 Trip Coil Spurious Operation 
2) 1.31E-05 20.5% AB2R52ZR6T 1.31E-05 Air Circuit Breaker 2 Relay 52Z Spurious Operation 
3) 8.64E-06 13.5% AB2R462RYT 8.64E-06 Air Circuit Breaker 2 Negative Sequence Relay 46-2 

Spurious Operation 
4) 8.64E-06 13.5% AB2PUSHPBT 8.64E-06 Trip Pushbutton On ACB2 Spurious Operation 
5) 8.64E-06 13.5% AB251G2RYT 8.64E-06 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 

Spurious Operation 
6) 8.64E-06 13.5% AB22BV1RYT 8.64E-06 Backup Undervoltage Relay 2BV1 Spurious Operation 
7) 2.10E-06 3.3% AB21521SWT 2.10E-06 Control Switch 152-2 Spurious Operation 

Total Event Probability = 6.38E-05



Table A.4-14 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB3CLOSE: ACB-3 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.02E-04 20.8% AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical 
Failure 

2) 2.60E-04 17.9% AB3CLOSLHE 2.60E-04 Air Circuit Breaker 3 Fails To Close Due To Latent 
Human Error 

3) 2.49E-04 17.2% AB3R52XR6D 2.49E-04 Air Circuit Breaker 3 Relay 52X Fails To Operate 
4) 2.49E-04 17.2% AB352Y2R6D 2.49E-04 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out 

Following Last Demand 
5) 1.60E-04 11.0% AB3PSO2PST 1.60E-04 Air Circuit Breaker 3 Accumulator Pressure.Switch PS2 

Fails Low 
6) 1.31E-04 9.0% AB352Y2R6T 1.31E-04 Air Circuit Breaker 3 Y-relay Spurious Operation 
7) 3.51E-05 2.4% AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 
8) 3.30E-05 2.3% AK121TDRYD 3.30E-05 Time Delay Relay 2-lTD Fails To Pick-up 
9) 2.90E-05 2.0% AB352CCSVO 2.90E-05 Air Circuit Breaker 3 Close Coil Fails To Operate 

Total Event Probability = 1.45E-03
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Table A.4-15 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB30PEN: ACB-3 Fails To Qpen 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.49E-04 39.8% AB3RS2ZR6D 2.49E-04 Air Circuit Breaker 3 Relay 52Z Fails To Operate 

2) 1.60E-04 25.6% AB3PSO2PST 1.60E-04 Air Circuit Breaker 3 Accumulator Pressure Switch PS2 
Fails Low 

3) 1.51E-04 24.1% AB3MECHDEX 1.51E-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical 
Failure 

4) 3.51E-05 5.6% AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 

5) 2.90E-05 4.6% AB352TCSVO 2.90E-05 Air Circuit Breaker 3 Trip Coil Fails To Operate 

Total Event Probability = 6.26E-04



Table A.4-16 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB3TRANS: ACB-3 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 9.36E-06 36.7% AB352TCSVT 9.36E-06 Air Circuit Breaker 3 Trip Coil Spurious Operation 

2) 8.71E-06 34.2% AB3RS2ZR6T 8.71E-06 Air Circuit Breaker 3 Relay 52Z Spurious Operation 

3) 5.76E-06 22.6% AB3PUSHPBT 5.76E-06 Trip Pushbutton On ACB3 Spurious Operation 

4) 1.68E-06 6.6% AB31523SWT 1.68E-06 Control Switch 152-3 Spurious Operation 

Total Event Probability = 2.55E-05 

0 0 0



Table A.4-17 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB4CLOSE: ACB-4 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 9.00E-03 72.6% ABPOPRCRHE 9.00E-03 Operators Fail To Close Air Circuit Breaker 4 

ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

2) 2.00E-03 16.1% ACBAIRPDEX 2.00E-03 ACB Air Supply Fails Causing Low Pressure In All ACB 
Accumulators 

3) 3.02E-04 2.4% AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical 
Failure 

4) 2.60E-04 2.1% AB4CLOSLHE 2.60E-04 Air Circuit Breaker 4 Fails To Close Due To A Latent 
Human Error 

5) 2.49E-04 2.0% AB452Y2R6D 2.49E-04 Air Circuit Breaker 4 Relay 52Y Failed To Drop Out 
Following Last Demand 

6) 2.49E-04 2.0% AB4R52XR6D 2.49E-04 Air Circuit Breaker 4 Relay 52X Fails To Operate 

7) 1.60E-04 1.3% AB4PS02PST 1.60E-04 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 
Indicates Low Pres 

8) 1.35E-04 1.1% AB452Y2R6T 1.35E-04 Air Circuit Breaker 4 Y-relay Spurious Operation 

Total Event Probability = 1.24E-02



Table A.4-18 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB4TRANS: ACB-4 Transfers Qpen 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 9.36E-06 36.7% AB452TCSVT 9.36E-06 Air Circuit Breaker 4 Trip Coil Spurious Operation 

2) 8.71E-06 34.2% AB4R52ZR6T 8.71E-06 Air Circuit Breaker 4 Relay 52Z Spurious Operation 

3) 5.76E-06 22.6% AB4PUSHPBT 5.76E-06 Trip Pushbutton On ACB-4 Spurious Operation 

4) 1.68E-06 6.6% AB41523SWT 1.68E-06 Control Switch 152-4 Spurious Operation 

Total Event Probability = 2.55E-05 

0 0 0



Table A.4-19 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB5CLOSE: ACB-5 Fails To Close 

CS Cut Set Percentof 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 52.9% AB5MCH2DEX 7.04E-03 Air Circuit Breaker 5 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-03 24.1% AB70PENLHE 3.20E-03 Air Circuit Breaker 7 Fails To Open Due To A Latent 
Human Error 

3) 8.01E-04 6.0% AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical 
Failure 

4) 3.20E-04 2.4% AB51431LHE 3.20E-04 Manual/Auto Control Switch 143/1 Left In Manual 

5) 3.10E-04 2.3% XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 

6) 3.10E-04 2.3% XA56BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 

7) 2.60E-04 2.0% AB5CLOSLHE 2.60E-04 Air Circuit Breaker 5 Fails To Close Due To A Latent 
Human Error 

8) 2.49E-04 1.9% AA1271PR6D 2.49E-04 Transformer 1X Undervoltage Relay 27/1X Fails To Pick 
Up 

9) 2.49E-04 1.9% AAl27X2R6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX1 Fails To Drop 
Out 

10) 1.30E-04 1.0% AB51431RYT 1.30E-04 Auxiliary Relay 143X/1 Spuriously Energizes 

11) 1.30E-04 1.0% AB552Y2RYT 1.30E-04 Air Circuit Breaker 5 Y-relay Spurious Operation 

Total Event Probability = 1.33E-02



Table A.4-20 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB5TRANS: ACB-5 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.38E-04 35.6% AA127X1RYT 1.38E-04 Auxiliary Relay 27X/lX Spurious Operation 

2) 1.38E-04 35.6% AB552TCRYT 1.38E-04 Air Circuit Breaker 5 Trip Coil 52TC Spurious 
Operation 

3) 9.22E-05 23.8% AB5PUSHPBT 9.22E-05 Trip Pushbutton On ACB5 Spurious Operation 

4) 1.09E-05 2.8% AA1271XR6T 1.09E-05 Transformer 1X Undervoltage Relay 27/1X Spuriously De
energizes 

5) 8.64E-06 2.2% AA186S1RYT 8.64E-06 Switchgear 1X Lockout Relay 86S/1X Spurious Operation 

Total Event Probability = 3.88E-04



Table A.4-21 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB6CLOSE: ACB-6 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 79.9% AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-04 3.6% AB61432LHE 3.20E-04 Manual/Auto Control Switch 143/2 Left In Manual 

3) 3.10E-04 3.5% XA56BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 

4) 3.10E-04 3.5% XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 

5) 2.60E-04 3.0% AB6CLOSLHE 2.60E-04 Air Circuit Breaker 6 Fails To Close Due To A Latent 
Human Error 

6) 2.49E-04 2.8% AA2272PR6D 2.49E-04 Transformer 2X Undervoltage Relay 27/2X Fails To Pick 
Up 

7) 1.30E-04 1.5% AB652Y2RYT 1.30E-04 Air Circuit Breaker 6 Y-relay Spurious Operation 

Total Event Probability = 8.81E-03



Table A.4-22 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB60PEN: ACB-6 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 68.4% AB60PENLHE 3.20E-03 Air Circuit Breaker 6 Fails To Open Due To A Latent 
Human Error 

2) 8.01E-04 17.1% AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical 
Failure 

3) 3.20E-04 6.8% AB61432LHE 3.20E-04 Manual/Auto Control Switch 143/2 Left In Manual 

4) 2.49E-04 5.3% AA2272XR6D 2.49E-04 Transformer. 2X Undervoltage Relay 27/2X Fails To Drop 
Out 

Total Event Probability = 4.68E-03



Table A.4-23 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB6TRANS: ACB-6 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 8.71E-06 21.6% AA2272XR6T 8.71E-06 Transformer 2X Undervoltage Relay 27/2X Spuriously De
energizes 

2) 8.64E-06 21.4% AA227X2RYT 8.64E-06 Auxiliary Relay 27X/2X Spurious Operation 

3) 8.64E-06 21.4% AB652TCRYT 8.64E-06 Air Circuit Breaker 6 Trip Coil 52TC Spurious 
Operation 

4) 8.64E-06 21.4% AA286S2RYT 8.64E-06 Switchgear 2X Lockout Relay 86S/2X Spurious Operation 

5) 5.76E-06 14.3% AB6PUSHPBT 5.76E-06 Trip Pushbutton On ACB6 Spurious Operation 

Total Event Probability = 4.04E-05



Table A.4-24 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB7CLOSE: ACB-7 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 79.9% AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-04 3.6% AB51431LHE 3.20E-04 Manual/Auto Control Switch 143/1 Left In Manual 

3) 3.10E-04 3.5% XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 

4) 3.10E-04 3.5% XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 

5) 2.60E-04 3.0% AB7CLOSLHE 2.60E-04 Air Circuit Breaker 7 Fails To Close Due To A Latent 
Human Error 

6) 2.49E-04 2.8% AA127CPR6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX1 Fails To Pick 
Up 

7) 1.30E-04 1.5% AB752Y2RYT 1.30E-04 Air Circuit Breaker 7 Y-relay Spurious Operation 

Total Event Probability = 8.81E-03



Table A.4-25 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB70PEN: ACB-7 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 68.4% AB70PENLHE 3.20E-03 Air Circuit Breaker 7 Fails To Open Due To A Latent 
Human Error 

2) 8.01E-04 17.1% AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical 
Failure 

3) 3.20E-04 6.8% AB51431LHE 3.20E-04 Manual/Auto Control Switch 143/1 Left In Manual 
4) 2.49E-04 5.3% AA127X2R6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX1 Fails To Drop 

Out 

Total Event Probability = 4.68E-03



Table A.4-26 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB7TRANS: ACB-7 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 8.71E-06 14.7% AA127ClR6T 8.71E-06 Transformer CX Undervoltage Relay 27/CX1 Spuriously 
De-energizes 

) 8.64E-06 14.6% AA127R1RYT 8.64E-06 Auxiliary Relay 27X/CX1 Spurious Operation 

3) 8.64E-06 14.6% AB752TCRYT 8.64E-06 Air Circuit Breaker 7 Trip Coil 52TC Spurious 
Operation 

4) 8.64E-06 14.6% AA187CXRYT 8.64E-06 Transformer CX Differential Relay 87CX Spurious 
Operation 

5) 8.64E-06 14.6% AA186S1RYT 8.64E-06 Switchgear 1X Lockout Relay 86S/IX Spurious Operation 

6) 8.64E-06 14.6% AA186CXRYT 8.64E-06 Transformer CX Differential Lock Out Relay 86CX 
Spurious Operation 

7) 7.20E-06 12.2% AB7PUSHPBT 7.20E-06 Trip Pushbutton On ACB7 Spurious Operation 

Total Event Probability = 5.91E-05 

0 0 0



Table A.4-27 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB8CLOSE: ACB-8 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 54.2% AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-03 24.6% AB60PENLHE 3.20E-03 Air Circuit Breaker 6 Fails To-Open Due To A Latent 
Human Error 

3) 8.01E-04 6.2% AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical 
Failure 

4) 3.20E-04 2.5% AB61432LHE 3.20E-04 Manual/Auto Control Switch 143/2 Left In Manual 

5) 3.10E-04 2.4% XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 

6) 3.10E-04 2.4% XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 

7) 2.49E-04 1.9% AA227CPR6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX2 Fails To Pick 
Up 

8) 2.49E-04 1.9% AA2272XR6D 2.49E-04 Transformer 2X Undervoltage Relay 27/2X Fails To Drop 
Out 

9) 1.30E-04 1.0% AB81432RYT 1.30E-04 Auxiliary Relay 143X/2 Spuriously Energizes 

10) 1.30E-04 1.0% AB852Y2RYT 1.30E-04 Air Circuit Breaker 8 Y-relay Spurious Operation 

Total Event Probability 1.30E-02



Table A.4-28 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB8TRANS: ACB-8 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.38E-04 34.1% AA227R2RYT 1.38E-04 Auxiliary Relay 27X/CX2 Spurious Operation 
2) 1.38E-04 34.1% AB852TCRYT 1.38E-04 Air Circuit Breaker 8 Trip Coil 52TC Spurious 

Operation 
3) 9.22E-05 22.8% AB8PUSHPBT 9.22E-05 Trip Pushbutton On ACB8 Spurious Operation 
4) 1.09E-05 2.7% AA227C2R6T 1.09E-05 Transformer CX Undervoltage Relay 27/CX2 Spuriously 

De-energizes 
5) 8.64E-06 2.1% AA286S2RYT 8.64E-06 Switchgear 2X Lockout Relay 86S/2X Spurious Operation 
6) 8.64E-06 2.1% AA187CXRYT 8.64E-06 Transformer CX Differential Relay 87CX Spurious 

Operation 
7) 8.64E-06 2.1% AA186CXRYT 8.64E-06 Transformer CX Differential Lock Out Relay 86CX 

Spurious Operation 

Total Event Probability=4.05E-04



Table A.4-29 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 1 Fails To Open 

1 AK152TDRYT 1.58E-03 68.3% 

Time Delay Relay 52-1TD Spurious Operation 

2 ABlOPENLHE 2.59E-04 11.2% 

Air Circuit Breaker 1 Fails To Open Due To A 
Latent Human Error 

3 AB1R52ZR6D 2.49E-04 10.8% 

Air Circuit Breaker 1 Relay 52Z Fails To Operate 

4 ABlMECHDEX 1.51E-04 6.5% 

Air Circuit Breaker 1 Fails To Open Due To 
Mechanical Failure 

5 ABlACCUDEX 3.51E-05 1.5% 

Air Circuit Breaker 1 Accumulator Air Pressure 
Low 

6 AB152TCSVO 2.89E-05 1.3% 

Air Circuit Breaker 1 Trip Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-30 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 2 Fails To Close 

1 AB2MCH2DEX 2.82E-04 26.1% 
Air Circuit Breaker 2 Fails To Close Due To 
Mechanical Failure 

2 ABEOPRCRHE 2.49E-04 24.3% 
Operators Fail To Close Air Circuit Breaker 2 

3 AB252Y2R6D 2.49E-04 21.5% 
Air Circuit Breaker 2 Relay 52Y Failed To 
Drop Out Following Last Demand 

4 AB2R52XR6D 2.49E-04 21.5% 
Air Circuit Breaker 2 Relay 52X Fails To Operate 

5 AA227T2R6D 3.51E-05 21.5% 
Transformer #1 Undervoltage Relay (27T/2X) 
Fails To Drop Out 

6 AB2ACCUDEX 3.31E-05 3.0% 
Air Circuit Breaker 2 Accumulator Air 
Pressure Low 

7 AK252TDRYD 2.90E-05 2.9% 
Time Delay Relay 52-2TD Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-31 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 2 Fails To Open 

1 AK252TDRYT 1.58E-03 68.3% 
Time Delay Relay 52-2TD Spurious Operation 

2 AB20PENLHE 2.59E-04 11.2% 
Air Circuit Breaker 2 Fails To Open Due To A 
Latent Human Error 

3 AB2R52ZR6D 2.49E-04 10.8% 
Air Circuit Breaker 2 Relay 52Z Fails To Operate 

4 AB2MECHDEX 1.51E-04 6.5% 
Air Circuit Breaker 2 Fails To Open Due To 
Mechanical Failure 

5 AB2ACCUDEX 3.51E-05 1.5% 
Air Circuit Breaker 2 Accumulator Air Pressure 
Low 

6 AB252TCSVO 2.89E-05 1.3% 
Air Circuit Breaker 2 Trip Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-32 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 2 Transfers Open 

1 AB252TCSVT 1.40E-05 22.0% 
Air Circuit Breaker 2 Trip Coil Spurious 
Operation 

2 AB2R52ZR6T 1.31E-05 20.5% 
Air Circuit Breaker 2 Relay 52Z Spurious 
Operation 

3 AB2PUSHPBT 8.61E-06 13.5% 
Trip Pushbutton On ACB2 Spurious Operation 

4 AB22BV1RYT 8.61E-06 13.5% 
Backup Undervoltage Relay 2BV1 Spurious 
Operation 

5 AB2R462RYT 8.61E-06 13.5% 
Air Circuit Breaker 2 Negative Sequence Relay 
46-2 Spurious Operation 

6 AB25 1G2RYT 8.61E-06 13.5% 
Air Circuit Breaker 2 Overcurrent Ground Relay 
51G-2 Spurious Operation 

7 AB21521SWT 2.10E-06 3.3% 
Control Switch 152-2 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-33 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 3 Fails To Close 

1 AB3MCH2DEX 3.OOE-04 21% 
Air Circuit Breaker 3 Fails To Close Due To 
Mechanical Failure 

2 AB3CLOSLHE 2.60E-04 18% 
Air Circuit Breaker 3 Fails To Close Due To Latent 
Human Error 

3 AB352Y2R6D 2.48E-04 17% 
Air Circuit Breaker 3 Relay 52Y Failed To Drop 
Out Following Last Demand 

4 AB3R52XR6D 2.48E-04 17% 
Air Circuit Breaker 3 Relay 52X Fails To Operate 

5 AB3PSO2PST 1.60E-04 11% 
Air Circuit Breaker 3 Accumulator Pressure Switch 
PS2 Fails Low 

6 AB352Y2R6T 1.30E-04 9% 
Air Circuit Breaker 3 Y-relay Spurious Operation 

7 AB3ACCUDEX 3.49E-05 2% 
Air Circuit Breaker 3 Accumulator Air Pressure 
Low 

8 AK121TDRYD 3.29E-05 2% 
Time Delay Relay 2-1TD Fails To Pick-up 

9 AB352CCSVO 2.89E-05 2% 
Air Circuit Breaker 3 Close Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-34 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 3 Fails To Open 

1 AB3R52ZR6D 2.49E-04 39.8% 
Air Circuit Breaker 3 Relay 52Z Fails To 
Operate 

2 AB3PSO2PST 1.60E-04 25.6% 
Air Circuit Breaker 3 Accumulator Pressure 
Switch PS2 Fails Low 

3 AB3MECHDEX 1.51E-04 24.1% 
Air Circuit Breaker 3 Fails To Open Due To 
Mechanical Failure 

4 AB3ACCUDEX 3.51E-05 5.6% 
Air Circuit Breaker 3 Accumulator Air Pressure 
Low 

5 AB352TCSVO 2.90E-05 4.6% 
Air Circuit Breaker 3 Trip Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-35 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 3 Transfers Open 

1 AB352TCSVT 9.36E-06 36.7% 
Air Circuit Breaker 3 Trip Coil Spurious 
Operation 

2 AB3R52ZR6T 8.7E-06 34.1% 
Air Circuit Breaker 3 Relay 52Z Spurious 
Operation 

3 AB3PUSHPBT 5.76E-06 22.6% 
Trip Pushbutton On ACB3 Spurious Operation 

4 AB31523SWT 1.68E-06 6.6% 
Control Switch 152-3 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-36 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 4 Fails To Close 

1 ACB4MOD 8.97E-03 72.3% 
NSM-ON-52966 Is Not In Service 

2 ABPOPRCRHE 8.94E-03 72.1% 
Operators Fail To Close Air Circuit Breaker 4 

3 ACBAIRPDEX 1.97E-03 15.9% 
ACB Air Supply Fails Causing Low Pressure In 
All ACB Accumulators 

4 AB4MCH2DEX 2.98E-04 2.4% 
Air Circuit Breaker 4 Fails To Close Due To 
Mechanical Failure 

5 AB4CLOSLHE 2.55E-04 2.1% 
Air Circuit Breaker 4 Fails To Close Due To A 
Latent Human Error 

6 AB452Y2R6D 2.46E-04 2.0% 
Air Circuit Breaker 4 Relay 52Y Failed To Drop 
Out Following Last Demand 

7 AB4R52XR6D 2.46E-04 2.0% 
Air Circuit Breaker 4 Relay 52X Fails To Operate 

8 AB4PSO2PST 1.57E-04 1.3% 
Air Circuit Breaker 4 Accumulator Pressure 
Switch PS2 Indicates Low Pres 

9 AB452Y2R6T 1.33E-04 1.1% 
Air Circuit Breaker 4 Y-relay Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-37 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability1  Contribution 2 

Air Circuit Breaker 4 Transfers Open 

1 AB452TCSVT 9.36E-06 36.7% 
Air Circuit Breaker 4 Trip Coil Spurious 
Operation 

2 AB4R52ZR6T 8.7E-06 34.1% 
Air Circuit Breaker 4 Relay 52Z Spurious 
Operation 

3 AB4PUSHPBT 5.76E-06 22.6% 
Trip Pushbutton On ACB-4 Spurious Operation 

4 AB41523SWT 1.68E-06 6.6% 
Control Switch 152-4 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-38 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 5 Fails To Close 

1 AB5MCH2DEX 7.01E-03 52.7% 
Air Circuit Breaker 5 Fails To Close Due To 
Mechanical Failure 

2 AB70PENLHE 3.18E-03 23.9% 
Air Circuit Breaker 7 Fails To Open Due To A 
Latent Human Error 

3 AB7MECHDEX 7.93E-04 6.0% 
Air Circuit Breaker 7 Fails To Open Due To 
Mechanical Failure 

4 AB51431LHE 3.17E-04 2.4% 
Manual/Auto Control Switch 143/1 Left In 
Manual 

5 XAlBKRSCOM 3.07E-04 2.3% 
CCF of IX Aux Power Breakers ACB-5 & -7 

6 XA56BKRCOM 3.07E-04 2.3% 
Common Cause Failure Of ACB-5 And ACB-6 
To Close 

7 AB5CLOSLHE 2.57E-04 1.9% 
Air Circuit Breaker 5 Fails To Close Due To A 
Latent Human Error 

8 AA127X2R6D 2.46E-04 1.9% 
Transformer CX Undervoltage Relay 27/CX1 
Fails To Drop Out 

9 AA1271PR6D 2.46E-04 1.9% 
Transformer 1X Undervoltage Relay 27/IX Fails 
To Pick Up 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-39 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 5 Transfers Open 

1 AB552TCRYT 1.38E-04 35.6% 

Air Circuit Breaker 5 Trip Coil 52TC Spurious 
Operation 

2 AA127XlRYT 1.38E-04 35.6% 
Auxiliary Relay 27X/1X Spurious Operation 

3 AB5PUSHPBT 9.20E-05 23.7% 

Trip Pushbutton On ACB5 Spurious Operation 
4 AA1271XR6T 1.09E-05 2.8% 

Transformer 1X Undervoltage Relay 27/IX 
Spuriously De-energizes 

5 AA186S1RYT 8.65E-06 2.2% 

Switchgear IX Lockout Relay 86S/1X Spurious 
Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-40 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 6 Fails To Close 

1 AB6MCH2DEX 7.03E-03 79.8% 
Air Circuit Breaker 6 Fails To Close Due To 
Mechanical Failure 

2 AB61432LHE 3.17E-04 3.6% 
Manual/Auto Control Switch 143/2 Left In Manual 

3 XA2BKRSCOM 3.07E-04 3.5% 
CCF of Aux Power Breakers ACB-6 & -8 

4 XA56BKRCOM 3.07E-04 3.5% 
Common Cause Failure Of ACB-5 And ACB-6 To 
Close 

5 AB6CLOSLHE 2.58E-04 2.9% 
Air Circuit Breaker 6 Fails To Close Due To A 
Latent Human Error 

6 AA2272PR6D 2.47E-04 2.8% 
Transformer 2X Undervoltage Relay 27/2X Fails 
To Pick Up 

7 AB652Y2RYT 1.29E-04 1.5% 
Air Circuit Breaker 6 Y-relay Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-41 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution2 

Air Circuit Breaker 6 Fails To Open 

1 AB60PENLHE 3.20E-03 68.3% 
Air Circuit Breaker 6 Fails To Open Due To A 
Latent Human Error 

2 AB6MECHDEX 8.OOE-04 17.1% 
Air Circuit Breaker 6 Fails To Open Due To 
Mechanical Failure 

3 AB61432LHE 3.19E-04 6.8% 
Manual/Auto Control Switch 143/2 Left In 
Manual 

4 AA2272XR6D 2.48E-04 5.3% 
Transformer 2X Undervoltage Relay 27/2X Fails 
To Drop Out 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-42 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 6 Transfers Open 

1 AA2272XR6T 8.73E-06 21.6% 
Transformer 2X Undervoltage Relay 27/2X 
Spuriously De-energizes 

2 AB652TCRYT 8.65E-06 21.4% 
Air Circuit Breaker 6 Trip Coil 52TC Spurious 
Operation 

3 AA227X2RYT 8.65E-06 21.4% 
Auxiliary Relay 27X/2X Spurious Operation 

4 AA286S2RYT 8.65E-06 21.4% 
Switchgear 2X Lockout Relay 86S/2X Spurious 
Operation 

5 AB6PUSHPBT 5.78E-06 14.3% 
Trip Pushbutton On ACB6 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-43 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 7 Fails To Close 

1 AB7MCH2DEX 7.03E-03 79.8% 
Air Circuit Breaker 7 Fails To Close Due To 
Mechanical Failure 

2 AB51431LHE 3.17E-04 3.6% 
Manual/Auto Control Switch 143/1 Left In 
Manual 

3 XAlBKRSCOM 3.07E-04 3.5% 
CCF of IX Aux Power Breakers ACB-5 & -7 

4 XA78BKRCOM 3.07E-04 3.5% 
Common Cause Failure Of ACB-7 And ACB-8 
To Close 

5 AB7CLOSLHE 2.58E-04 2.9% 
Air Circuit Breaker 7 Fails To Close Due To A 
Latent Human Error 

6 AA127CPR6D 2.47E-04 2.8% 
Transformer CX Undervoltage Relay 27/CX1 
Fails To Pick Up 

7 AB752Y2RYT 1.29E-04 1.5% 
Air Circuit Breaker 7 Y-relay Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-44 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 7 Fails To Open 

1 AB70PENLHE 3.20E-03 68.3% 
Air Circuit Breaker 7 Fails To Open Due To A 
Latent Human Error 

2 AB7MECHDEX 8.OOE-04 17.1% 
Air Circuit Breaker 7 Fails To Open Due To 
Mechanical Failure 

3 AB51431LHE 3.19E-04 6.8% 
Manual/Auto Control Switch 143/1 Left In Manual 

4 AA127X2R6D 2.48E-04 5.3% 
Transformer CX Undervoltage Relay 27/CXl Fails 
To Drop Out 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-45 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 7 Transfers Open 

1 AAl27C1R6T 8.69E-06 14.7% 
Transformer CX Undervoltage Relay 27/CX1 
Spuriously De-energizes 

2 AB752TCRYT 8.63E-06 14.6% 
Air Circuit Breaker 7 Trip Coil 52TC Spurious 
Operation 

3 AA127R1RYT 8.63E-06 14.6% 
Auxiliary Relay 27X/CX 1 Spurious Operation 

4 AA186S1RYT 8.63E-06 14.6% 
Switchgear lX Lockout Relay 86S/1X Spurious 
Operation 

5 AA186CXRYT 8.63E-06 14.6% 
Transformer CX Differential Lock Out Relay 
86CX Spurious Operation 

6 AA187CXRYT 8.63E-06 14.6% 
Transformer CX Differential Relay 87CX Spurious 
Operation 

7 AB7PUSHPBT 7.21E-06 12.2% 
Trip Pushbutton On ACB7 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-46 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 8 Fails To Close 

1 AB8MCH2DEX 6.99E-03 53.8% 
Air Circuit Breaker 8 Fails To Close Due To 
Mechanical Failure 

2 AB60PENLHE 3.17E-03 24.4% 
Air Circuit Breaker 6 Fails To Open Due To A 
Latent Human Error 

3 AB6MECHDEX 7.90E-04 6.1% 
Air Circuit Breaker 6 Fails To Open Due To 
Mechanical Failure 

4 AB61432LHE 3.16E-04 2.4% 
Manual/Auto Control Switch 143/2 Left In 
Manual 

5 XA2BKRSCOM 3.06E-04 2.4% 
CCF of Aux Power Breakers ACB-6 & -8 

6 XA78BKRCOM 3.06E-04 2.4% 
Common Cause Failure Of ACB-7 And ACB-8 
To Close 

7 AA227CPR6D 2.46E-04 1.9% 
Transformer CX Undervoltage Relay 27/CX2 
Fails To Pick Up 

8 AA2272XR6D 2.46E-04 1.9% 
Transformer 2X Undervoltage Relay 27/2X Fails 
To Drop Out 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-47 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 8 Transfers Open 

1 AA227R2RYT 1.38E-04 34.1% 
Auxiliary Relay 27X/CX2 Spurious Operation 

2 AB852TCRYT 1.38E-04 34.1% 
Air Circuit Breaker 8 Trip Coil 52TC Spurious 
Operation 

3 AB8PUSHPBT 9.19E-05 22.7% 
Trip Pushbutton On ACB8 Spurious Operation 

4 AA227C2R6T 1.09E-05 2.7% 
Transformer CX Undervoltage Relay 27/CX2 
Spuriously De-energizes 

5 AA286S2RYT 8.63E-06 2.1% 
Switchgear 2X Lockout Relay 86S/2X Spurious 
Operation 

6 AA187CXRYT 8.63E-06 2.1% 
Transformer CX Differential Relay 87CX 
Spurious Operation 

7 AA186CXRYT 8.63E-06 2.1% 
Transformer CX Differential Lock Out Relay 
86CX Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent
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A.5 KEOWEE EMERGENCY START 

A.5.1 OBJECTIVES 

The objective of this analysis is to develop a logic model of the Keowee Emergency 

Starting Sequences from the point that the individual Oconee units recognize the need for 

Keowee emergency start, to the positioning of electrical relays and solenoids that cause 

the Keowee turbine wicket gates to come under the control of their hydraulic governor 

units. This model is combined with the high-level model and remaining system models to 

form an integrated model for assessing the reliability of Keowee. Other objectives are to 

identify major contributors to system unreliability, significant potential human errors and 

common-cause failure modes.  

The scope of this analysis is limited to instrumentation and control equipment required to 

support a Keowee emergency start and run under load following a loss of off-site power 

event for an Oconee unit.  

A.5.2 EMERGENCY START DESIGN 

Each Keowee unit has its own automatic startup equipment contained in separate cubicles 

within the Keowee control room. The initiation of emergency startup is accomplished by 

control signals from either Oconee control area. Normal startup is by operator action 

while emergency startup is automatic. On emergency automatic startup, both units are 

started simultaneously; the unit tied to the underground feeder supplies that feeder to 

Transformer CT4, and the other utit is available to supply the Oconee Startup 

Transformers through a 230 kV overhead transmission line and the Oconee 230 kV 

switchyard. Each unit is capable of accepting full emergency power load as it accelerates 

from zero to rated speed and voltage within 23 seconds of the receipt of the emergency 

start signal. If the units are operating when the emergency start signal occurs, they are 

separated from the network, the switchyard yellow bus is isolated, and the unit not tied to 

the underground power path will reconnect to the 230 kV overhead transmission line in 

about 6.5 seconds (Unit 1) or 4.0 seconds (Unit 2) after the switchyard isolate complete 

* signal is received.  
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A diagram of the Keowee emergency start logic is provided as Figure A.5- 1. The diagram 

shows the kinds of events or initiators that will actuate the Oconee 1, Channel A Keowee 

Emergency Start Relay KA. Not shown is the completely redundant Channel B that 

actuates Oconee 1, Keowee Emergency Start Relay KB. Each channel is sensitive to 

Engineered Safeguards (ESG) System initiators, Main Feeder Bus Monitor initiators, and 

External Grid Trouble Protection System (EGTPS) initiators, as well as a manual 

Emergency Start Pushbutton Switch in the Oconee 1 & 2 Control Room, and a manual 

Emergency Start Key-Switch in the Oconee 1 & 2 Cable Room. After a Keowee 

Emergency Start Relay has been picked up, it seals itself in until the signal is intentionally 

cleared by manual reset. The ESG System contact is also sealed in when the ESG System 

is actuated; therefore, when a Keowee Emergency Start Signal is initiated by an ESG 

signal, the ESG signal must be cleared before the Keowee Emergency Start signal can be 

cleared.  

The Oconee 2 Keowee Emergency Start Relays, CR2A and CR2B, are similarly actuated 

by automatic signals from the Unit 2 ESG System, and the Unit 2 Main Feeder Bus 

Monitor System. The relays can be manually actuated by Unit 2 local locked selector 

switches, 2SSW'A' for Channel A, and 2SSW'B' for Channel B. The Channel A, Keowee 

Emergency Start Relay CR2A is shown in Figure A.5-1. It should be noted that there is 

no EGTPS input to the Oconee 2 Keowee Emergency Start Relays.  

The Oconee 3, Keowee Emergency Start Relays, CR3A and CR3B, are actuated by 

automatic signals from the Unit 3 ESG System, and the Unit 3 Main Feeder Bus 

Monitoring System. The relays can be manually actuated by individual manual Emergency 

Start Pushbutton Switches in the Oconee 3 Control Room and manual Emergency Start 

Key-Switches in the Oconee 3 Cable Room. There is no EGTPS input to the Oconee 3 

Keowee Emergency Start Relays.  

The Keowee emergency start signal can be provided by any one of the Oconee units, but 

the EGTPS Keowee Emergency Start signal is applied to Oconee Unit 1 only. The 

EGTPS through relay STA provides a Keowee Start signal to Oconee Unit 1, Channel A 

Emergency Start Relay KA in the Oconee Unit 1 Control Room. The Channel B EGTPS, 

Keowee Emergency Start signal is applied through relay STB and actuates Emergency 

Start Relay KB in the Oconee 1 Control Room. The KA relay actuates four Emergency 

Start auxiliary relays at Keowee. Two of these are used in the Keowee Unit 1 Start Logic, 
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and the other two are used in the Unit 2 Start Logic. The four relays are described as 

follows: 

1. Channel A Emergency Start Auxiliary Relay 1ESRX/2A or Channel B counterpart 

1ESRX/2B must be picked up to complete one of several permissives that must be 

satisfied before the Keowee 1 Shutdown Auxiliary Relay (99SX) can be picked up, 

and 99SX must be picked up to start Keowee Unit 1.  

2. Channel A Emergency Start Auxiliary Relay 1ESRX/1A or Channel B counterpart 

1ESRX/1B must be picked up, or all of the Keowee 1 normal start permissives 

must be satisfied to satisfy one of three conditions needed to actuate the Keowee 1 

Master Relays 4A and 4B. The other two necessary conditions are Emergency 

Lockout Relay 86E-1 "not tripped" and the Unit 1 Startup Inhibit Key Switch 

3SUI "Uninhibited". 'Master Relay 4A picked up' is also one of the several 

permissives that must be satisfied to pick up 99SX in logic description 1 above.  

3. Channel A Emergency Start Auxiliary Relay 2ESRX/2A or Channel B counterpart 

2ESRX/2B must be picked up to complete one of the permissives necessary to 

pickup the Keowee 2 Shutdown Auxiliary Relay (99SX). The Keowee Unit 2 

logic is similar to the Keowee Unit 1 logic.  

4. Channel A Emergency Start Auxiliary Relay 2ESRX/1A or Channel B counterpart 

2ESRX/1B must be picked up, or all of the Keowee 2 normal start permissives 

must be satisfied to satisfy one of three conditions needed to actuate the Keowee 2 

Master Relays 4A and 4B. The other two necessary are Emergency Lockout 

Relay 86E-2 "not tripped" and the Unit 2 Startup Inhibit Key Switch 3SUI 

"Uninhibited".  

In addition to energizing the Master Relays and the Shutdown Auxiliary Relays, the 

Emergency Start Auxiliary Relays have the following functions: 

1. Energize the closing circuits of the Generator Field Breaker 41.  

2. Energize the closing circuits of the Generator Excitation Supply Breaker 41-52.  

3. Energize the closing circuits of the Field Flashing Breaker 31.  
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4. Energize the trip circuits of overhead breakers ACB- 1 and ACB-2 to ensure the 

separation of Keowee Units from the 230kV Switchyard.  

5. Energize the Partial Shutdown (Emergency Load) Solenoids 99SN.  

6. Block the Dashpot Bypass Solenoid 99BP.  

7. Block operation of the governor speed changer motor by the autosynchronizer.  

8. Block operation of the Motor Generator Relay 83.  

9. Block operation of the Lockout Auxiliary Relays 86EX-1 and 86EX-2 from any 

normal lockout relay actuation.  

10. Inhibit load frequency control.  

11. Block operation of the synchronizing relay.  

12. Bypass the normal lockout relay functions.  

After the Shutdown Auxiliary Relay 99SX is energized as part of the emergency start 

sequence, the following actions take place: 

1. The Shutdown Solenoid 99SD and the Partial Shutdown (Emergency Load) 

Solenoid 99SN are energized, and then the wicket gates open toward the preset 

50% position.  

2. At 37 RPM the Emergency Load Solenoid 99SN automatically de-energizes and 

the wicket gates move to the no load setting.  

3. At 122 RPM the Emergency Load Solenoid again energizes and the unit comes 

under governor control accelerating to 128.6 RPM.  

The Keowee unit tied to the underground power path is now available to supply power to 

the Standby Bus via CT-4 and the SK breakers. The Keowee unit tied to the overhead 
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power path will automatically energize the 230kV Switchyard by closing the overhead 

path ACB (ACB- 1 or ACB-2) if switchyard isolation has occurred (ACB- 1 closes 6.5 

seconds after switchyard isolation or ACB-2 closes 4 seconds after switchyard isolation).  

When a Keowee Unit is operating in the Emergency Mode, actuation of any of the 

following devices will trip the unit: 

1. The Startup Inhibited Key operated switch 3SUI in the "inhibit" position 

2. Emergency Lockout Relay 86E 

3. Turbine Guide Bearing Low Oil Level Relay 63TB/1X 

4. Generator Bearing High Oil Level Relay 63BL/HX 

5. Generator Bearing Low Oil Level Relay 63BL/LXTD 

6. Generator Overspeed Switch (12) open, indicating the unit speed is greater than 

the trip setpoint.  

A.5.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

Control power for Channel A Emergency Start Auxiliary Relays (for Keowee 1 and 2) is 

supplied by 125 Vdc Distribution Center IDA, and control power for Channel B 

Emergency Start Auxiliary Relays (for Keowee 1 and 2) comes from 125 Vdc Distribution 

Center 2DA. The Keowee Unit 1 turbine and governor startup control power is from 

Distribution Center 1DA, and the Keowee Unit 2 turbine and governor startup control 

power is from Distribution Center 2DA.  

Control power for Oconee Units 1, 2, and 3, Channel A Keowee Emergency Start logic 

and Relays KA, CR2A, and CR3A comes from 125 Vdc Panelboards 1DIA, 2DIA, and 

3DIA respectively. Similarly, control power for the Channel B Keowee Emergency Start 
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logic and Relays KB, CR2B, and CR3B is from 125 Vdc Panelboards IDIB, 2DIB, and 

3DIB respectively.  

External Control Systems 

The EGTPS (Appendix A. 3) provides the Keowee emergency start signals when it senses 

a loss of power in the 230 kV switchyard. Automatic emergency start signals are also 

provided to Keowee by the Engineered Safeguards Actuation System in each unit and by 

the Main Feeder Bus Monitor System in each unit.  

A.5.4 INSTRUMENTATION AND CONTROLS 

Oconee 1 

The Oconee 1&2 Control Room has all the alarms and controls for normal operation of 

the Keowee Units. All controls of importance located on the Keowee control boards are 

duplicated in the Oconee 1&2 Control Room.  

When Oconee 1, Channel A(B) Keowee Emergency Start Relay KA (KB) is actuated the 

following indication is available: 

A red light on Emergency Power Switching Logic Panel 3, EPSLP3.  

A statalarm in the Control Room, 1SA15-28 (1SA14-28) Keowee Emergency 

Start Channel A (B) Logic Initiate.  

The status of the emergency start relay KA (KB) is also monitored by computer.  

An amber light is provided on EPSLP3 to indicate the availability of DC control power to 

the Channel A (B) Keowee emergency start logic.  

A statalarm in the Control Room, 1SA15-29 (1SA14-29) Keowee Emergency Start 

Channel A (B) Logic DC Power Lost, indicates the loss of DC control power to the 

Channel A (B) emergency start logic.  

A.5-6



A red coil monitor light is provided on EPSLP3 to monitor the circuit continuity through 

the Emergency Start Relay KA (KB). The light is lit when relay KA (KB) is de-energized.  

The status of the coil monitor relays is monitored by computer.  

On 1EPSLP3 Channel A (B) one red coil monitoring light monitors the continuity through 

the four Keowee emergency start auxiliary relays. The light is lit when the relays are de

energized. The status of the coil monitor relay is monitored by the plant computer.  

A red light on EPSLP3 and a statalarm, 1SA15-30 (1SA14-30) on IVB2 Switchyard 

Isolation Confirmed Channel A (B) Logic, indicates when the switchyard isolation 

auxiliary relay SIA (SIB) is energized. The status of the switchyard isolation relays are 

also monitored by the plant computer.  

Oconee 2 

When Oconee 2 Channel A (B) Keowee Emergency Start Relay CR2A (CR2B) is 

actuated the following indication is available: 

A red light on EPSLP3.  

A statalarm in the Control Room, 2SA15-28 (2SA14-28) Keowee Emergency 

Start Channel A (B) Logic Initiate.  

The status of the emergency start relay CR2A (CR2B) is also monitored by 

computer.  

An amber light is provided on EPSLP3 to indicate the availability of DC control power to 

the Channel A (B) Keowee emergency start logic.  

A statalarm in the Control Room, 2SA15-29 (2SA14-29) Keowee Emergency Start 

Channel A (B) Logic DC Power Lost, indicates the loss of DC control power to the 

Channel A (B) Keowee emergency start logic.  

A red coil monitor light is provided on EPSLP3 to monitor the circuit continuity through 

the Emergency Start Relay CR2A (CR2B). The light is lit when relay CR2A (CR2B) is 

de-energized. The status of the coil monitor relays is monitored by computer.  
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Oconee 3 

When Oconee 3 Channel A (B) Keowee Emergency Start Relay CR3A (CR3B) is 

actuated the following indication is available: 

A red light on EPSLP3.  

A statalarm in the Control Room, 3SA15-28 (3SA14-28) Keowee Emergency 

Start Channel A (B) Logic Initiate.  

The status of the emergency start relay CR3A (CR3B) is monitored by computer.  

An amber light is provided on EPSLP3 to indicate the availability of DC control power to 

the Channel A (B) Keowee emergency start logic.  

A statalarm in the Control Room, 3SA15-29 (3SA14-29) Keowee Emergency Start 

Channel A (B) Logic DC Power Lost, indicates the loss of DC control power to the 

Channel A (B) Keowee emergency start logic.  

A red coil monitor light is provided on EPSLP3 to monitor the circuit continuity through 

the Emergency Start Relay CR3A (CR3B). The light is lit when relay CR3A (CR3B) is 

de-energized. The status of the coil monitor relays is monitored by computer.  

Keowee 

The Keowee Control Room has sufficient controls, alarms, and indications to start, 

control, and run both units in manual or automatic control.  

A.5.5 LOCATION WITHIN THE PLANT 

The automatic startup circuitry for the Keowee units is in separate cubicles of the Keowee 

control room. The Oconee emergency power start signal circuitry is located in each 

Oconee control room and the cable rooms.  
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A.5.6 NORMAL OPERATION 

This analysis concerns emergency startup of the Keowee hydro-electric generators. The 

generator and the governor itself work the same for normal starts as they do for 

emergency starts. The difference between a normal start and run operation and an 

emergency start and run operation is the much greater number of permissive interlocks 

that must be satisfied to keep the master relays picked up during the normal start and run 

operation.  

A.5.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

The initiating event analyzed in this study is the LOOP. The LOOP initiates a dual 

channel EGTPS response and a dual channel Main Feeder Bus Monitor response in the 

affected Oconee unit(s). EGTPS Train A Output Relay STA or the Train B Output Relay 

STB actuates the Oconee 1 Keowee Emergency Start Relay KA or KB respectively. The 

unit 1 KA relay, the unit 2 CR2A relay, or the unit 3 CR3A relay will actuate the Keowee 

Channel A Emergency Start Auxiliary Relays, 1ESRX/1A, 1ESRX/2A, 2ESRX/1A, and 

2ESRX/2A. The unit 1 KB relay, the unit 2 CR2B relay, or the unit 3 CR3B relay will 

actuate the Keowee Channel B Emergency Start Auxiliary Relays, 1ESRX/lB, 

lESRX/2B, 2ESRX/1B, and 2ESRX/2B. Keowee Unit 1(2) emergency start initiation is 

complete when any of the following emergency start auxiliary relay pairs are actuated: 

1. 1ESRX/lA and 1ESRX/2A (2ESRX/1A and 2ESRX/2A) 

2. 1ESRX/1A and 1ESRX/2B (2ESRX/1A and 2ESRX/2B) 

3. lESRX/1B and IESRX/2A (2ESRX/1B and 2ESRX/2A) 

4. 1ESRX/1B and 1ESRX/2B (2ESRX/1B and 2ESRX/2B) 
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A.5.8 TEST AND MAINTENANCE 

Testing 

The Degraded Grid and Switchyard Isolation Functional Test is performed during Oconee 
Unit 1 refueling. The test includes (1) functional verification of overhead ACB and PCB-9 
operation during switchyard isolation, (2) demonstration of the operability of the 

Degraded Grid Protection System (DGPS), (3) demonstration of the ability of the 

overhead Keowee unit to energize the 230 kV Yellow Bus for all three Oconee Units' 

Startup Transformers, and (4) demonstration of the capability to realign the 230 kV 
Yellow Bus back to the system grid while Oconee loads are being fed from the overhead 

Keowee unit.  

A.5.9 OPERATING EXPERIENCE 

There have been no reported instances of Keowee Emergency Start signal failures.  

A.5.10 ASSUMPTIONS 

A.5.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The Keowee Start/Run Model is comprised of the control circuitry that must be 

actuated to emergency start the Keowee turbine units through actuation of the 

governor control system. Keowee controls are assumed to be in their normal 

operating positions.  

2. The EGTPS and Keowee support systems are assumed to be in their normal 

operating configurations.  

A.5.10.2 OPERATIONAL ASSUMPTIONS 

1. The hot start sequence is challenged when the Keowee unit is running on the grid 
at the time the emergency start signal occurs.  
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2. The cold start sequence is challenged when the unit is idle, standing by for 

emergency operation at the time the emergency start occurs.  

A.5.10.3 MODELING ASSUMPTIONS 

1. The Keowee Start/Run model is a support system for the Keowee Hydro Unit 

Governor and Turbine System. The top events provide the sequence control logic 

component failures to the Keowee Hydro Unit Governor and Turbine System as 

follows: 

a. The Keowee Start/Run model top gate YKlCLDSTRT (Keowee 1 

Governor Control Fails During A Cold Start Sequence) is one of three OR 

gate inputs to the Keowee Hydro Unit Governor and Turbine top event, 

(Keowee Unit 1 Governor or Turbine Fails During a Cold Start).  

b. The Keowee Start/Run model top gate YK1HOTSTRT (Keowee 1 

Governor Control Fails During A Hot Start Sequence) is one of three OR 

gate inputs to the Keowee Hydro Unit Governor and Turbine top event, 

(Keowee 1 Governor Control Fails During a Cold Start).  

c. YK1RUNCNTL (Keowee 1 Governor Control Fails During Run) is one of 

three OR gate inputs to Keowee Hydro Unit Governor and Turbine System 

gate Keowee Unit 1 Governor Fails With the Unit Running.  

2. The Keowee Unit 2 model is symmetric to the Unit 1 model.  

3. Conditioning logic is applied in the high level logic model.  

A.5.11 FAULT TREE ANALYSIS 

A.5.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the Keowee Start/Run function requires that the governor control successfully 

starts the Keowee Unit and governor control continues without failure for 24 hours.  
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A.5.11.2 DETAILED FAILURE CRITERIA 

1. Failure of Keowee governor control during a cold start is the result of demand 
failures of the relays, solenoids, and a battery that must function during the 
Keowee emergency start sequence when the Keowee unit is initially in a standby 
state. This includes the transmittal of the start signal and proper operation of the 
turbine speed switches as the unit starts and approaches operating speed.  

2. Failure of Keowee governor control during a hot start involves the same potential 
failures that are involved in cold start except for the speed switches. There is no 
noticeable difference between the history of hot start and the history of cold start 
failure rates.  

3. Failure of Keowee governor control during run is influenced by time related 
failures of breakers, relays, solenoids, and switches over the 24 hr mission time of 
the emergency generator.  

A.5.11.3 DESCRIPTION OF FAULT TREE 

The Keowee Start/Run fault tree is shown in Figure A.5-2. The Fault Tree Modeling 
Guidelines (Appendix B) were followed in developing the fault tree. A list of all fault tree 
transfers is presented in Table A.5-4. Modules were not developed for the Keowee fault 
trees.  

Human reliability analysis was performed as described in Appendix C.3. Human events 
impacting the model are described in Section A.5.11.4.  

Common-cause analysis was performed as described in Appendix C.2. Common-cause 
events impacting the model are described in Section A.5.11.6.  

A.5.11.4 HUMAN INTERACTIONS 

Human actions by the operators or maintenance technicians can adversely affect Start/Run 
function circuit reliability. The normal Start/Run functions are initiated nearly every day 
and much more frequently than the emergency start functions. Any latent human error is 

expected to be discovered in the daily exercise of the function.  
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YKEMSRTCHE 

This commission error event accounts for the potential of an operator to reset an 

emergency start signal.  

A.5.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. Keowee Start/Run statalarms are listed in Table 

A.5-6.  

System reliability data is listed in Table A.5-6.  

A.5.11.6 COMMON-CAUSE ASSESSMENT 

The common cause failures of the Keowee Start/Run control circuitry are included in the 

Keowee PRA high level logic tree.  

A.5.12 RESULTS 

Reliability of the Keowee Start/Run function is defined as the probability that the system 

will succeed in supporting Keowee emergency operation (black start plus a 24 hour run).  

The system model yields a governor control failure probability of approximately 1.7E-04 

for a cold start, and 2.OE-04 for a 24-hr run. The model solution for failure of a hot start 

(unit running at the time the LOOP occurs) results in cut sets below the solve truncation 

limit of 1.OE-08. Thus, the reliability of each unit's governor control cold start is 99.98%, 

and the 24 hr run reliability is 99.98%.  
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Table A.5-7 and -8 lists the dominant minimal cut sets (failure sequences) for the Keowee 

Start/Run functions. The relative contribution to the total for each failure is shown in 

these tables.  
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Table A.5-1 

Keowee Start And Run Control Power Supplies 

Compartment 

Component Power Supply Number 

Keowee Emergency Keowee #1, 125 Vdc Power Supply 1DA-4CR 

Start Channel A Distribution Center 1DA 

Keowee Emergency Keowee #2, 125 Vdc Power Supply 2DA-2CC 

Start Channel B Distribution Center 2DA 

ONS 1 Channel A, Keowee ONS 1125 Vdc Vital I&C Power 1DIA-2 

Emergency Start Relay, KA Distribution Center 1DIA 

ONS 1 Channel B, Keowee ONS 1125 Vdc Vital I&C Power 1DIB-2 

Emergency Start Relay, KB Distribution Center 1DIB 

ONS2 Channel A, Keowee ONS2 125 Vdc Vital I&C Power 2DIA-2 

Emergency Start Relay CR2A Distribution Center 2DIA 

ONS2 Channel B, Keowee ONS2 125 Vdc Vital I&C Power 2DIB-2 

Emergency Start Relay CR2B Distribution Center 2DIB 

ONS3 Channel A, Keowee ONS3 125 Vdc Vital I&C Power 3DIA-2 

Emergency Start Relay CR3A Distribution Center 3DIA 

ONS3 Channel B, Keowee ONS3 125 Vdc Vital I&C Power 3DIB-2 

Emergency Start Relay CR3B Distribution Center 3DB



Table A.5-2 

Keowee Start And Run Control Test Procedures 

Procedure Test Frequency Description 

PT/O/AO610/22 ONS1 Refueling Degraded Grid and 

Switchyard Isolation 

Functional Test.  

("Black Start" of both 

Keowee units is demonstrated 

in this test.)



Table A.5-3 

Keowee Start And Run Control Significant Operating Events 

Date Unit Component Event Summary 

5/30/85 1/2 Emergency Unit 1 was Emergency Started for test. The unit 

Start Switch operated as designed, but the Emergency Start 

Switch would not reset. Further Emergency Start 

testing was postponed until the problem was 

resolved. Two broken wires and a loose connection 

were found in the circuitry.  

4/23/86 1 Key At time 1520 an attempt to start Unit 1 for an 

Interlock operability check after maintenance failed. The 

Switch problem was an out of adjustment Key Interlock 

Switch. At time 1824 Unit 1 was started 

successfully.



(Page 1 of 3) 
Table A.5-4 

Keowee Start And Run Control Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

XD1DASRCES Loss Of Power On Keowee 1 Keowee 1 Shtdwn Sol. 99SD, 

125 Vdc Distribution Center 1DA Keowee 1 Emer. Load Sol.  

During Start 99SN 

XD2DASRCES Loss Of Power On Keowee 2 Keowee 2 Shtdwn Sol. 99SD, 

125 Vdc Distribution Center 2DA Keowee 2 Emer. Load Sol.  

During Start 99SN 

XD1DAR Loss Of Power To Keowee 1 Shutdown Aux. Rly. 99SX 

125 Vdc Dist. Cntr. 1DA Keowee 1 Shtdwn. Solenoid 

During Run Keowee 1 Emer. Load Sol.  

XD2DAR Loss Of Power To Keowee 2 Shutdown Aux. Rly. 99SX 

125 Vdc Dist. Cntr. 2DA Keowee 2 Shtdwn. Solenoid 

During Run Keowee 2 Emer. Load Sol.  

XD1DA Loss Of Power On Keowee 1 Keowee 1 Emergency Start 

125 Vdc Dist. Cntr. 1DA Aux. Rly 1ESRX/1A 

XD2DA Loss Of Power On Keowee 2 Keowee 2 Emergency Start 

125 Vdc Dist. Cntr. 2DA Aux. Rly 1ESRX/1B 

D1DIADEX Loss Of Power On 125 Vdc Oconee 1 Channel A Keowee 

Panelboard 1DIA Emergency Start Relay KA
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Table A.5-4 

Keowee Start And Run Control Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

DIDIBDEX Loss Of Power On 125 Vdc Oconee 1 Channel B Keowee 

Panelboard 1DIB Emergency Start Relay KB 

D2DIA Loss Of Power On 125 Vdc Oconee 2 Channel A Keowee 

Panelboard 2DIA Emergency Start Relay CR2A 

D2DIB Loss Of Power On 125 Vdc Oconee 2 Channel B Keowee 

Panelboard 2DIB Emergency Start Relay CR2B 

D3DIA Loss Of Power On 125 Vdc Oconee 3 Channel A Keowee 

Panelboard 3DIA Emergency Start Relay CR3A 

D3DIB Loss Of Power On 125 Vdc Oconee 3 Channel B Keowee 

Panelboard 3DIB Emergency Start Relay CR3B 

SEGTPSCH1F EGTPS Channel 1 Oconee 1 Channel A Keowee 

Keowee Start Signal Emergency Start Relay KA 

SEGTPSCH2F EGTPS Channel 2 Oconee 1 Channel B Keowee 

Keowee Start Signal Emergency Start Relay KB 

YO1MFBMA Oconee 1 MFB Monitor Chan. A Oconee 1 Channel A Keowee 

Keowee Start Signal Emergency Start Relay KA
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Table A.5-4 

Keowee Start And Run Control Fault Tree Transfers 

Transfer Gate Nane Description Components Supplied 

YO1MFBMB Oconee 1 MFB Monitor Chan. B Oconee 1 Channel B Keowee 
Keowee Start Signal Emergency Start Relay KB 

YO2MFBMA Oconee 2 MFB Monitor Chan. A Oconee 2 Channel A Keowee 
Keowee Start Signal Emergency Start Relay CR2A 

YO2MFBMB Oconee 2 MFB Monitor Chan. B Oconee 2 Channel B Keowee 
Keowee Start Signal Emergency Start Relay CR2B 

YO3MFBMA Oconee 3 MFB Monitor Chan A Oconee 3 Channel A Keowee 
Keowee Start Signal Emergency Start Relay CR3A 

YO3MFBMB Oconee 3 MFB Monitor Chan B Oconee 3 Channel B Keowee 

Keowee Start Signal Emergency Start Relay CR3B



Table A.5-5 
(Page 1 of 3) 

Keowee Start And Run Control Statalarms 

Point No. Alarm Actuator 

ALARM PANELS ON 1VB2 

1SA14-28 KEO. EMERG. START CHNL. B KB 

LOGIC INITIATE 

1SA14-29 KEO. EMERG. START CHNL. B 8ESB 

LOGIC DC PWR LOST 

1SA14-30 SWYD ISOLATION CONFIRMED SIB 

CHNL. B LOGIC 

1SA15-28 KEO. EMERG. START CHNL. A KA 

LOGIC INITIATE 

1SA15-29 KEO. EMERG. START CHNL. A 8ESA 

LOGIC DC PWR LOST 

1SA15-30 SWYD ISOLATION CONFIRMED SIA 

CHNL. A LOGIC 

1SA16-19 13.8KV FEEDER DE-ENERGIZED TDUVX
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Table A.5-5 

Keowee Start And Run Control Statalarms 

Point No. Alarm Actuator 

ALARM PANELS ON 2VB2 

2SA14-28 KEO. EMERG. START CHNL. B CR2B 

LOGIC INITIATE 

2SA14-29 KEO. EMERG. START CHNL. B 8ESB 

LOGIC DC PWR LOST 

2SA15-28 KEO. EMERG. START CHNL. A CR2A 

LOGIC INITIATE 

2SA15-29 KEO. EMERG. START CHNL. A 8ESA 

LOGIC DC PWR LOST



(Page 3 of 3) 
Table A.5-5 

Keowee Start And Run Control Statalarms 

Point No. Alarm Actuator 

ALARM PANELS ON 3VB2 

3SA14-28 KEO. EMERG. START CHNL B CR3B 

LOGIC INITIATE 

3SA14-29 KEO. EMERG. START CHNL B 8ESB 

LOGIC DC PWR LOST 

3SA15-28 KEO. EMERG. START CHNL A CR3A 

LOGIC INITIATE 

3SA15-29 KEO. EMERG. START CHNL. A 8ESA 

LOGIC DC PWR LOST
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

D1DIAXXDEX Loss of Power On 125 V dc Panelboard 6.SOE-06 
1DIA 

D1DIBXXDEX Loss Of Power On 125 V dc Panelboard 6.SOE-06 
1DIB 

D2DIAXXDEX Loss Of Power On 125 V dc Panelboard 6.SOE-06 
2DIA 

D2DIBXXDEX Loss of Power on 125 V dc Panelboard 6.SOE-06 
2DIB 

D3DIAXXDEX Loss Of Power On 125 V dc Panelboard 6.S5E-06 
3DIA 

D3DIBXXDEX Loss Of Power On 125 Vdc Panelboard 6.50E-06 
3DIB 

ED13BR2CDT Breaker 3BR In 125V dc Distribution 7.50E-08 /H 24 H 1.80E-06 
Center 1DA Transfers Open 

ED23BR2CDT Breaker 3BR In 125V dc Distribution 7.50E-08 /H 24 H 1.80E-06 
Center 2DA Transfers Open 

EU1C1RORYD ONS1 ESG Chan. 1 Ro Relay Fails To 3.30E-05 /D 1 D (No credit taken for a start l.OOE+0O 
Pick Up signal from Oconee Engineered 

Safeguards System.) 
EU1C2RORYD ONS1 ESG Chan. 2 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.OOE+OC 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

EU2C1RORYD ONS2 ESG Chan. 1 Ro Relay Fails to 3.30E-05 /D 1 D (No credit takep for a start 1.OOE+OO 
Pick Up signal from Oconee Engineered 

Safeguards System.)
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

EU2C2RORYD ONS2 ESG Chan. 2 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.OOE+00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

EU3C1RORYD ONS3 ESG Chan. 1 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.0OE+00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

EU3C2RORYD ONS3 ESG Chan. 2 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.OOE+00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

GK186ElRYT Keowee 1 Emergency Lockout Relay 86E- 3.60E-07 /H 24 H 8.64E-06 

1 Spuriously Picks Up 
GK286E2RYT Keowee 2 Emergency Lockout Relay 86E- 3.60E-07 /H 24 H 8.64E-06 

2 Spuriously Picks Up 
XD104CCCDT Breaker 1DA-4CC Transfers Open 7.50E-08 /H 24 H 1.80E-06 

XD104CRCDT Breaker 1DA-4CR Transfers Open 7.50E-08 /H 6 H 3.96E-07 

XD202CCCDT Breaker 2DA-2CC Transfers Open 7.SOE-08 /H 24 H 1.80E-06 

XD204CCCDT Breaker 2DA-4CC Transfers Open 7.50E-08 /H 24 H 1.80E-06 

YK114X3SSD Keowee 1 Speed Switch 14-3 Fails to 1.80E-05 /D 1 D 1.80E-05 

Open at 65 rpm 
YK13SUISWT KHU#1 Startup Inhibit Sw 3SUI Xfrs to 7.OOE-08 /H 24 H 1.68E-06 

Inhibit 
YK14AMRRYT Keowee 1 Master Relay 4A Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK14BMRRYT Keowee 1 Master Relay 4B Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

YK163BHLST Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 3.10E-07 /H 24 H 7.44E-06 
63BL/H Sprsly Clsd 

YK163BHRYT Keowee 1 Gen Thrst Brng Oil Lv Hi 3.60E-07 /H 24 H 8.64E-06 
Riy 63BL/HX Sprsly Picks Up 

YK163BLLST Keowee 1 Gen Thrst Brng Oil Lvl Lo Sw 3.10E-07 /H 24 H 7.44E-06 
63BL/L Spuriously Operates 

YK163BLRYT Keowee 1 Gen Thrst Brng Oil Lvl Lo 3.60E-07 /H 24 H 2.64E-06 
Rly 63BL/LXTD Sprsly PIcks Up 

YK163TBLST Keowee 1 Turb Guide Brng Lo Lvl 3.10E-07 /H 24 H 7.44E-06 
Sensor Sw Spuriously Closes 

YK163TBRYT Keowee 1 Turb Gd Brng Oil Lvl Lo Rly 3.60E-07 /H 24 H 8.64E-06 
63TB/lX Sprsly Picks Up 

YK186N1DEX Keowee 1 Normal Lockout Actuates 9.89E-03 

YK199SDRYD Keowee 1 Shutdown Solenoid 99SD Fails 3.30E-05 /D 1 D 3.30E-05 
To Pick Up 

YK199SDRYT Keowee 1 Shutdown Solenoid Spuriously 3.60E-07 /H 24 H 8.64E-06 
Drops Out 

YK199SNRYD K1 Emergency Load Solenoid 99SN Fails 3.30E-05 /D 1 D 3.30E-05 
To Pick Up/Drop Out 

YK199SNRYT Emergency Load Solenoid 99SN 3.60E-07 /H 24 H 8.64E-06 
Spuriously Drops Out 

YK199SXRYD Keowee 1 Shutdown Solenoid Aux Relay 3.30E-05 /D 1 D 3.30E-05 
99SX Fails to Pick Up 

YK199SXRYT Shutdown Auxiliary Relay 99SX 3.60E-07 /H 24 H 8.64E-06 
Spuriously Drops Out 

YK1D4CRFUF Fuse 1DA-4CR Fails 3.60E-06 /H 6 H 2.16E-05 

0 0 *
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YK1ES1ARYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 
1ESRX/lA Fails To-Pick Up 

YK1ES1BRYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

1ESRX/lB Fails To Pick Up 
YK1ES2ARYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

1ESRX/2A Fails To Pick Up 
YK1ES2BRYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

1ESRX/2B Fails To Pick Up 
YK1MR4ARYD Keowee 1 Start Master Relay 4A Fails 3.30E-05 /D 1 D 3.30E-05 

To Pick Up 
YK1MR4BRYD Keowee 1 Start Master Relay 4B Fails 3.30E-05 /D 1 D 3.30E-05 

To Pick Up 
YK1SS12SST Keowee 1 Overspeed Switch 12 4.21E-06 /H 24 H 1.01E-04 

Spuriously Picks Up 
YKlSS13SSD Keowee 1 Speed Switch 13 Fails to 1.80E-05 /D 1 D 1.80E-05 

Close at 122 rpm 
YK214X3SSD KHU#2 Speed Switch 14-3 Fails to Open 1.80E-05 /D 1 D 1.80E-05 

at 65 rpm 
YK23SUISWT KHU#2 Startup Inhbt Sw 3SUI Sprsly 7.OOE-08 /H 24 H 1.68E-06 

Xfrs to Inhibit 
YK24AMRRYT Keowee 2 Master Relay 4A Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK24BMRRYT Keowee 2 Master Relay 4B Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK263BHLST Keowee 2 Gen Thrst Brng Oil Lvl Hi Sw 3.10E-07 ?H 24 H 7.44E-06 

63BL/H Sprsly Clsd
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

YK263BHRYT Keowee 2 Gen Thrst Brng Oil Lvl Hi 3.60E-07 /H 24 H 8.64E-06 
Rly 63BL/HX Sprsly Picks Up 

YK263BLLST Keowee 2 Gen Thrst Brng Oil Lvl Lo Sw 3.10E-07 /H 24 H 7.44E-06 
63BL/L Sprsly Opens 

YK263BLRYT Keowee 2 Gen Thrst Brng Oil Lvl Lo 3.60E-07 /H 24 H 8.64E-06 
Rly 63BL/LXTD Sprsly Picks Up 

YK263TBLST Keowee 2 Turb.Guide Brng Lo Lvl 3.10E-07 /H 24 H 7.44E-06 
Sensor Sw Sprsly Closes 

YK263TBRYT Keowee 2 Turb Gd Brng Oil Lvl Lo Rly 3.60E-07 /H 24 H 8.64E-06 
63TB/1X Sprsly Picks Up 

YK286N2DEX Keowee Unit 2 Normal Lockout 7.41E-03 
Activates 

YK299SDRYD Keowee 2 Shutdown Solenoid 99SD Fails 3.30E-05 /D 1 D 3.30E-05 
To Pick Up 

YK299SDRYT Keowee 2 Shutdown Solenoid Spuriously 3.60E-07 /H 24 H 8.64E-06 
Drops Out 

YK299SNRYD Keowee 2 Emergency Load Solenoid 99SN 3.30E-05 /D 1 D 3.30E-05 
Fails To Operate 

YK299SNRYT Emergency Load Solenoid 99SN 3.60E-07 /H 24 H 8.64E-06 
Spuriously Drops Out 

YK299SXRYD Keowee 2 Shutdown Solenoid Aux Relay 3.30E-O5 /D 1 D 3.30E-05 
99SX Fails to Pick Up 

YK299SXRYT Shutdown Auxiliary Relay 99SX 3.60E-07 /H 24 H 8.64E-06 
Spuriously Drops Out 

YK2D2CCFUF Fuse 2DA-2CC Fails 3.60E-06 /H 6 H 2.16E-05 

0 0 0
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YK2ES1ARYD Keowee 2 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 
2ESRX/1A Fails To Pick Up 

YK2ES1BRYD Keowee 2 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 
2ESRX/1B Fails to Pick Up 

YK2ES2ARYD Keowee 2 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 
2ESRX/2A Fails to Pick Up 

YK2ES2BRYD Keowee 2 Emergency Start Aux Relay .3.30E-05 /D 1 D 3.30E-05 
2ESRX/2B Fails to Pick Up 

YK2MR4ARYD Keowee 2 Start Master Relay 4A Fails 3.30E-05 /D 1 D 3.30E-05 
To Pick Up 

YK2MR4BRYD Keowee 2 Start Master Relay 4B Fails 3.30E-05 /D 1 D 3-.30E-05 
to Pick Up 

YK2SS12SST Keowee 2 Overspeed Switch 12 4.21E-06 /H 24 H 1.01E-04 
Spuriously Picks Up 

YK2SS13SSD Keowee 2 Speed Switch 13 Fails to 1.80E-05 1 D 1.80E-05 
Close at 122 rpm 

YKEMSRTCHE Operator Incorrectly Resets Keowee (Event included for sensitivity 0.00E+00 

Emergency Start Signals study only.) 
YO1DIA2CDT DC Circuit Breaker 1DIA-2 Transfers 7.50E-09 /H 30 H 2.25E-06 

Position 
YO1DIB2CDT DC Circuit Breaker 1DIB-2 Transfers 7.50E-08 /H 30 H 2.25E-06 

Position 
YO1OPSARHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 

start switch SlA Operator action.) 
YO1OPSBRHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 

start switch SlB Operator action.)
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YO1S1AFSWC Control Switch SlA Fails To Close On 1.OOE-05 /D 1 D 1.00E-05 
Demand 

YO1SlBFSWC Control Switch SlB Fails To Close On 1.OOE-05 /D 1 D 1.OOE-05 

Demand 
YO1XXKARYD ONS1 Ch A Keowee Emergency Start 3.30E-05 /D 1 D 3.30E-05 

Relay KA Fails to Pick Up 
YO1XXKBRYD Oconee Unit 1 Chan. B Keowee 3.30E-05 /D 1 D 3 .30E-05 

Emergency Start Relay Fails 
YO2CR2ARYD ONS2 Ch A Keowee Emergency Start 3.30E-05 /D 1 D 3.30E-05 

Relay CR2A Fails to Pick Up 
YO2CR2BRYD ONS2 Keowee Emergency Start Relay 3.30E-05 /D 1 D 3.30E-05 

CR2B Fails to Pick Up 
YO2DIA2CDT Breaker 2DIA-2 Transfers Position 7.50E-08 /H 30 H 2.25E-06 

YO2DIB2CDT Breaker 2DIB-2 Transfers Position 7.50E-08 /H 30 H 2.25E-06 

YO2SSWARHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.00E+00 
Start Switch 2SSW'A' Operator action.) 

YO2SSWASWC Control Switch 2SSW'A' Fails To Close 1.OOE-05 /D 1 D 1.OOE-05 
On Demand 

YO2SSWBRHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 

Start Switch 2SSW'B' Operator action.) 
YO2SSWBSWC Control Switch 2SSW'B' Fails To Close 1.OOE-05 /D 1 D 1.OOE-05 

On Demand 
YO3CR3ARYD ONS3 Ch A Keowee Emergency Start 3.30E-05 /D 1 D 3.30E-05 

Relay CR3A Fails To Pick Up 
YO3CR3BRYD ONS3 Keowee Emer Start Relay CR3B 3.30E-05 /D 1 D 3.30E-OS 

Fails to Pick Up 

S S *
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YO3DIA2CDT Breaker 3DIA-2 Transfers Open 7.50E-08 /H 30 H 2.25E-06 

YO3DIB2CDT Breaker 3DIB-2 Transfers Open 7.50E-08 /H 30 H 2.25E-06 

YO30PFARHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.00E+00 

Start Switch 3S1A Operator action.) 

YO30PFBRHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.00E+00 

Start Switch 3S1B Operator action.) 

YO3S1AFSWC Control Switch SlA Fails To Close On 1.00E-05 /D 1 D 1.00E-05 

Demand 
YO3S1BFSWC Control Switch S1B Fails To Close On 1.00E-05 /D 1 D 1.00E-05 

Demand 
YO3SSWARHE Operator fails to operate Keowee 1 D (No credit taken for Oconee. 1.00E+00 

Start Switch 3SSW'A' Operator action.) 

YO3SSWASWC Control Switch 3SSW'A' Fails To Close 1.00E-05 /D 1 D 1.00E-05 

On Demand 
YO3SSWBRHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.00E+00 

Start Switch 3SSW'Be Operator action.) 

YO3SSWBSWC Control Switch 3SSW'BI Fails To Close 1.00E-05 /D 1 D 1.00E-05 

On Demand 

1 D = Demand, H = Hour 

2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.5-7 

Keowee Start and Run Control Dominant Minimal Cut Sets 

Cut Sets For Gate YKlCLDSTRT: Keowee 1 Governor Control Fails During A Cold Start Sequence 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 3.30E-05 19.6 YK199SDRYD 3.30E-05 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 

2) 3.30E-05 19.6 YK199SNRYD 3.30E-05 Kl Emergency Load Solenoid 99SN Fails To Pick 
Up/Drop Out 

3) 3.30E-05 19.6 YK199SXRYD 3.'30E-05 Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to 
Pick Up 

4) 3.30E-05 19.6 YK1MR4ARYD 3.30E-05 Keowee 1 Start Master Relay 4A Fails To Pick Up 

5) 1.80E-05 10.7 YKlSS13SSD 1.80E-05 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm 

6) 1.80E-O5 10.7 YK114X3SSD 1.80E-05 Keowee 1 Speed Switch 14-3 Fails to open at 65 rpm 

Total: 1.68E-04
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Table A.5-8.  

Keowee Start and Run Control Dominant Minimal Cut Sets 

Cut Sets For Gate YK1RUNCNTL: Keowee 1 Governor Control Fails During Run 

CS Cut Set Percent of Event Nane Probability Description 
No. Frequency Total 

1) 1.01E-04 51.0 YK1SS12SST 1.01E-04 Keowee 1 Overspeed Switch 12 Spuriously Picks Up 

2) 8.64E-06 4.4 YK163BHRYT 8.64E-06 Keowee 1 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks 

3) 8.64E-06 4.4 YK163BLRYT 8.64E-06 Keowee 1 Gen Thrst Brng Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks 

4) 8.64E-06 4.4 YK163TBRYT 8.64E-06 Keowee 1 Turb Gd Brng Oil Lvl Lo Rly 63TB/lX Sprsly Picks Up 

5) 8.64E-06 4.4 YK14AMRRYT 8.64E-06 Keowee 1 Master Relay 4A Spuriously Drops Out 

6) 8.64E-06 4.4 GK186E1RYT 8.64E-06 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 

7) 8.64E-06 4.4 YK199SDRYT 8.64E-06 Keowee 1 Shutdown Solenoid Spuriously Drops Out 

8) 8.64E-06 4.4 YK199SXRYT 8.64E-06 Shutdown Auxiliary Relay 99SX Spuriously Drops Out 

9) 8.64E-06 4.4 YK199SNRYT 8.64E-06 Emergency Load Solenoid 99SN Spuriously Drops Out 

10) 7.44E-06 3.8 YK163TBLST 7.44E-06 Keowee 1 Turb Guide Brng Lo Lvl Sensor Sw Spuriously Closes
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Table A.5-8 

Keowee Start and Run Control Dominant Minimal Cut Sets 

Cut Sets For Gate YK1RUNCNTL: Keowee 1 Governor Control Fails During Run 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

11) 7.44E-06 3.8 YK163BLLST 7.44E-06 Keowee 1 Gen Thrst Brng Oil Lvl Lo Sw 63BL/L Spuriously Oper 

12) 7.44E-06 3.8 YK163BHLST 7.44E-06 Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 63BL/H Sprsly Clsd 

13) 1.80E-06 0.9 ED13BR2CDT 1,80E-06 Breaker 3BR In 125V dc Distribution Center 1DA Transfers Ope 

14) 1.80E-06 0.9 XD104CCCDT 1.80E-06 Breaker 1DA-4CC Transfers Open 

15) 1.68E-06 0.8 YK13SUISWT 1.68E-06 KHU#1 Startup Inhibit Sw 3SUI Xfrs to Inhibit 

Total: 1.98E-04
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Gate/Event Name Pagr QUn Gate/Event Name PEgg Zonle Gate/Event Name Eage Zone Gate/Event Name Page Zone 

D1DIAXXDEX 15 XD2DASRCES 2 YK1LOPERMF 11 YK299SNRYD 4 

D1DIBXXDEX 19 XD2DASRCES 18 YK1LOPERMF 11 YK299SNRYD 4 

D2DIAXXDEX 16 YK114X3SSD 3 YK1MR4ARUN 11 YK299SNRYT 9 

D2DIBXXDEX 20 YK13SUISWT 11 YK1MR4ARUN 11 YK299SNSRT 4 

D3DIAXXDEX 17 YK13SUISWT 13 YK1MR4ARYD 3 YK299SXRYD 4 

D3DIBXXDEX 21 YK14AMRRYT 11 YK1MR4ASRT 3 YK299SXRYT 9 

ED13BR2CDT 9 YK14BMRRYT 13 YK1MR4BRUN 13 YK299SXSRT 4 

ED23BR2CDT 9 YK163BHLST 11 YK1OPFAIL 9 YK2CLDSRTF 1 

ESCONDNOT 15 YK163BHRYT 11 YK1OPFAIL 10 YK2CLDSTRT 1 

ESCONDNOT 16 YK163BLLST 11 YK1RUNCNTL 9 YK2D2CCFUF 18 

ESCONDNOT 17 YK163BLRYT 11 YK1S122RPM 3 YK2ES1ARYD 6 

ESCONDNOT 19 YK163TBLST 11 YK1SS12SST 11 YK2ES1BRYD 6 

ESCONDNOT 20 YK163TBRYT 11 YK1SS13SSD 3 YK2ES2ARYD 8 

ESCONDNOT 21 YK186N1DEX 10 YK1SS65RPM 3 YK2ES2BRYD 8 

EU1C1RORYD 15 YK199SDRYD 1 YK1STR2INT 3 YK2ESRX1A 6 

EU1C2RORYD 19 YK199SDRYT 9 YK1STR2INT 7 YK2ESRX1B 6 

EU2C1RORYD 16 YK199SNCF 1 YKlSTRTINT 2 YK2ESRX2A 8 

EU2C2RORYD 20 YK199SNCF 3 YKlSTRTINT 3 YK2ESRX2B 8 

EU3C1RORYD 17 YK199SNRYD 3 YKlSTRTINT 5 YK2HOTSTRT 2 

EU3C2RORYD 21 YK199SNRYD 3 YK1SXRUNF 9 YK2LOPERMF 12 

GK186E1RYT 11 YK199SNRYD 3 YKlSXRUNF 11 YK2LOPERMF 12 

GK186ERYT 13 YK199SNRYT 9 YK214X3SSD 4 YK2MR4ARUN 12 

GK286E2RYT 12 YK199SNSRT 3 YK23SUISWT 12 YK2MR4ARUN 12 

GK286E2RYT 13 YK199SXRYD 3 YK23SUISWT 13 YK2MR4ARYD 4 

SEGTPSCH1F 15 YK199SXRYT 9 YK24AMRRYT 12 YK2MR4ASRT 4 

SEGTPSCH2F 19 YK199SXSRT 3 YK24BMRRYT 13 YK2MR4BRUN 13 

XD104CCCDT 11 YK1CLDSRTF 1 YK263BHLST 12 YK20PFAIL 9 

XD104CCCDT 13 YK1CLDSTRT 1 YK263BHRYT 12 YK20PFAIL 10 

XD104CRCDT 14 YK1D4CRFUF 14 YK263BLLST 12 YK2RUNCNTL 9 

XD1DAR 9 YK1ES1ARYD 5 YK263BLRYT 12 YK2S122RPM 4 

XDDASRCES 1 YK1ES1BRYD 5 YK263TBLST 12 YK2SS12SST 12 

XD1DASRCES 2 YK1ES2ARYD 7 YK263TBRYT 12 YK2SS13SSD 4 

XD1DASRCES 14 YK1ES2BRYD 7 YK286N2DEX 10 YK2SS65RPM 4 

XD202CCCDT 18 YK1ESRX1A 5 YK299SDRYD 1 YK2STR2INT 4 

XD204CCCDT 12 YK1ESRX1B 5 YK299SDRYT 9 YK2STR2INT 8 

XD204CCCDT 13 YK1ESRX2A 7 YK299SNCF 1 YK2STRTINT 2 

XD2DAR 9 YK1ESRX2B 7 YK299SNCF 4 YK2STRTINT 4 

XD2DASRCES 1 YK1HOTSTRT 2 YK299SNRYD 4 YK2STRTINT 6 
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Gate/Event Name .age &one Gate/Event Name Page Zon Gate/Event Name EaGe Zn9 Gate/Event Name Page Zone 

YK2SXRUNF 9 YO2DIA2CDT 16 Y03SSWAF 17 

YI2SXRUNF 12 Y02DIB2CDT 20 YO3SSWARHE 17 

YKEMSRTCHE 10 Y02ESGAF 16 YO3SSWASWC 17 

YKEMSRTCHE 10 Y02ESGBF 20 Y03SSWBF 21 

YKESAINITF 14 Y02KESCHAF 14 Y03SSWBRHE 21 

YKESBINITF 18 Y02KESCHAF 16 Y03SSWBSWC 21 

YKESRXA 5 YO2KESCHBF 18 

YKESRXA 6 YO2KESCHBF 20 

YKESRXA 7 YO2KSCHAIF 16 

YKESRXA 8 YO2KSCHBIF 20 

YKESRXA 14 YO2MFBMA 16 

YKESRXB 5 YO2MFBMB 20 

YKESRXB 6 YO2SSWAF 16 

YKESRXB 7 YO2SSWARHE 16 

YKESRXB 8 YO2SSWASWC 16 

YKESRXB 18 YO2SSWBF 20 

YO1DIA2CDT 15 YO2SSWBRHE 20 

YO1DIB2CDT 19 YO2SSWBSWC 20 

YO1ESGAF 15 YO3CR3ARYD 17 

YO1ESGBF 19 YO3CR3BRYD 21 

YO1ESI1 15 YO3DIA2CDT 17 

YO1ESI2 19 YO3DIB2CDT 21 

YO1KESCHAF 14 YO3ESGAF 17 

YO1KESCHAF 15 YO3ESGBF 21 

YO1KESCHBF 18 YO3KESCHAF 14 

YO1KESCHBF 19 YO3KESCHAF 17 

YO1KSCHAIF 15 YO3KESCHBF 18 

YO1KSCHBIF 19 YO3KESCHBF 21 

YO1MFBMA 15 YO3KSCHAIF 17 

YO1MFBMB 19 YO3KSCHBIF 21 

YO1OPSARHE 15 YO3MFBMA 17 

YO1OPSBRHE 19 YO3MFBMB 21 

YO1S1AFSWC 15 YO30PFARHE 17 

YO1S1BFSWC 19 YO30PFBRHE 21 

YO1XXKARYD 15 YO3S1AFSWC 17 

YO1XXKBRYD 19 YO3SlBFSWC 21 

YO2CR2ARYD 16 Y03S3A 17 

YO2CR2BRYD 20 YO3S3B 21 
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A.6 GENERATOR EXCITATION 

A.6.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Generator Excitation 
system. This model is combined with the high-level model and remaining system models 

to form an integrated model for assessing the reliability of Keowee. Other objectives are 

to identify major contributors to component unreliability, significant potential human 

errors and common cause failure modes.  

The scope of this analysis is limited to generator excitation equipment required to support 

a Keowee emergency start (no Keowee Auxiliary ac Power available) and run under load 

for the required mission.  

A.6.2 SYSTEM DESIGN 

A simplified diagram of the generator excitation subsystem is shown in Figure A.6- 1. This 

subsystem consists primarily of three breakers (field, field flashing, and field supply) and 

the excitation cabinets containing the voltage and base adjust equipment.  

Generator output voltage is regulated by applying a variable dc voltage to the generator 

field. Initial generator output is established by providing 125 V dc to the generator field 

from the station auxiliary dc power system. Once generator output is available, the 

generator output voltage is stepped down and rectified in order to maintain the required 

field necessary to assure proper generator output. The rectification and regulation is 

accomplished in the voltage regulator.  

The voltage regulator consists of two primary subsystems, the base adjust and the voltage 

adjust. The base adjust provides a pre-set voltage to the field that is sufficient to establish 

the design output generator voltage, 13.8 kV. The voltage adjust provides the means to 

monitor the generator output and adjust the voltage applied to the field in order to 

maintain the design voltage over varying load conditions. The range of the voltage adjust 

is approximately ±10% of the rated output. The dc voltage to the field is controlled by 

varying the firing angle on the thyristors that rectify the output of the excitation 

transformer for use in generator excitation.  
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The setting of the base adjust is such that the Keowee output voltage is sufficient to 
supply power for the Oconee loads even if the voltage adjust subsystem fails to perform as 
designed.  

A.6.2.1 GENERATOR FIELD BREAKER 

The generator field breaker provides the connection to apply a dc voltage to the generator 
field. This dc voltage may be provided by one of two sources. The Keowee dc 
distribution center via the field flashing breaker, or from the voltage regulator cabinets.  
The field breaker closes on a start signal and remains closed as long as the generator is 

required.  

A.6.2.2 GENERATOR FIELD FLASHING BREAKER 

The generator field flashing breaker provides the connection to the excitation system from 

the Keowee auxiliary dc power system. The field flashing breaker closes on a generator 

start in order to provide the initial field voltage needed to establish generator output.  

Once the generator is able to supply itself, the field flashing breaker trips in order to 

prevent over-excitation of the generator or failure of the dc system.  

A.6.2.3 GENERATOR FIELD SUPPLY BREAKER 

The generator supply breaker provides the connection to the excitation system from the 

generator output. The generator output is supplied to the excitation transformer and from 

there to the regulator cabinets. This breaker closes on a generator start signal and remains 

closed as long as the generator is required.  

A.6.2.4 BASE ADJUST 

The base adjust provides a pre-set voltage to the field that is sufficient to establish the 

design output generator voltage, 13.8 kV. The setting of the base adjust is such that the 

Keowee output voltage is sufficient to supply power for the Oconee loads even if the 

voltage adjust subsystem fails to perform as designed.  
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A.6.2.5 VOLTAGE ADJUST 

The voltage adjust provides the means to monitor the generator output and adjust the 

voltage applied to the field in order to maintain the design voltage over varying load 

conditions. The range of the voltage adjust is approximately ±10% of the rated output.  

The dc voltage to the field is controlled by varying the firing angle on the thyristors that 

rectify the output of the excitation transformer for use in generator excitation. Successful 

operation of the voltage adjust is not required in order to supply emergency power to 

Oconee.  

A.6.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

Control and field flashing power is furnished from 125 V dc distribution centers 1DA 

(Unit 1) and 2DA (Unit 2). The power supplies for the modeled components are listed in 

Table A.6-1.  

External Control Systems 

All three (per unit) excitation breakers receive emergency start signals. The field breakers 

also receive a close permissive from the unit master relay 4A. The field and field flashing 

breakers also receive generator emergency lockout signals. The effect of these signals on 

breaker function is further described in Section A.6.4, Instrumentation and Controls.  

External controls are listed in Table A.6-2.  

Other System Boundaries 

The excitation transformer is connected to the generator output and thereby receives 

power for maintenance of the field voltage. The excitation system connects to the 

generator in order to supply the field voltage.  

A.6.4 INSTRUMENTATION AND CONTROLS 

A.6.4. 1 EMERGENCY START RELAYS 

The field, field flashing, and supply breakers all receive two trains of emergency start 

signals to close.  
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A.6.4.2 LOCKOUT RELAYS 

Generator lockout auxiliary relay 86EX- 1, one per unit, provides trip signals to the field 

and field flashing breakers on an emergency lockout following an emergency start. The 

normal lockout also trip the breakers on non-emergency starts.  

A.6.4.3 INTERLOCKS WITH OTHER KEOWEE SYSTEMS/COMPONENTS 

The generator field breaker is interlocked with of its respective overhead supply breaker, 

ACB-1 or ACB-2, such that the ACB can not close unless the generator field breaker is 

closed.  

A.6.5 LOCATION WITHIN THE PLANT 

The excitation system equipment is located within the Keowee powerhouse on the 

operating floor, elevation 702'.  

A.6.6 NORMAL OPERATION 

During a normal start, all three excitation breakers close. The field flashing breaker is 

controlled by a time delay relay and a voltage build-up relay which trip the breaker. The 

time delay is long enough for the system to establish generator output so that the field 

supply is self sustaining. Back-up is provided by the voltage adjust and by the voltage 

build-up relay to trip the breaker if trouble is sensed.  

The supply and field breakers then remain closed as long as generator operation is 

required.  

A.6.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

During an emergency start all three excitation breakers close on receipt of the emergency 

start signal. The field flashing breaker is controlled by a time delay relay which trips the 

breaker. This time delay is long enough for the system to establish generator output so 

that the field supply is self sustaining. Back-up is provided by the voltage adjust and by 

the voltage build-up relay to trip the breaker if trouble is sensed.  
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The supply and field breakers then remain closed as long as generator operation is 
required. The normal lockouts are bypassed during emergency operation.  

A.6.8 TEST AND MAINTENANCE 

Testing 

The test procedures applicable to the generator excitation system are detailed in Table 

A.6-3.  

Maintenance 

The maintenance procedures applicable to the generator excitation system are detailed in 

Table A.6-4.  

A.6.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.6-5.  

A.6.10 ASSUMPTIONS 

A.6.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The voltage adjust is not required to be operational for a successful emergency 

start and run. The base adjust portion of the voltage regulator is sufficient for the 

emergency load requirement.  

2. The voltage build-up relay functions as a backup to the trip timer on the field 

flashing breaker. If the field flashing breaker fails to trip from the time delay, 

excessive volts at the generator output would be sensed for the corresponding 

frequency and result in actuation of the voltage build-up relay.  
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A.6.10.2 OPERATIONAL ASSUMPTIONS 

1. The underground and overhead unit assignments are swapped at least every 30 
days.  

2. The overhead unit is operated daily and the underground unit is tested weekly.  

A.6.10.3 MODELING ASSUMPTIONS 

The following assumptions have been made in the development of the fault trees for the 
Excitation System.  

1. The breaker failure type codes (CHO, CHT, CHC) are not included as they would 
be redundant to modeling the failures of the breaker component parts.  

2. Having the Field Flashing Breaker remain closed at inappropriate times results in 
excitation failure.  

3. The Voltage build-up Relay SV only has power available to it when the unit is 
generating. This should eliminate the potential for spurious operation prior to a 
unit start. This failure is not included in the field flashing breaker fails to close 
logic.  

4. The Voltage build-up Relay SV provides a back-up to the 31/TD relay for tripping 
the Field Flashing Breaker (FFB). That is, should the 31/TD fail to trip the 
breaker, the generator voltage would exceed the allowed level at rated speed and 
an FFB trip signal would be generated by the SV relay.  

5. Following generation from Keowee to the grid, a failure of the voltage adjust "as 
is" does not result in failure of that unit to supply Oconee. Voltages on the 
Oconee power system have been adequate prior to the loss of power and should 
continue to be adequate when power is restored from Keowee.  

6. Transfer of the voltage adjust into auto is not required, since a base adjust setting 
of 13.8 kV provides adequate voltage to supply the Oconee loads.  
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7. The above assumptions preclude the need for a hot start failure of the excitation 

system.  

8. The excitation cabinet fan failures are assumed to be dominated by the component 

failures that fail both the main and reserve fans. Independent failures of the main 

and reserve fans themselves to start or run are not included.  

9. If a trip signal is present when a close signal is received a breaker will close and 

then trip immediately. This failure is included in the fail to close logic.  

10. The excitation breakers have their dc control power monitored and alarmed. If 

the dc control power breaker were to transfer open this would be immediately 

known by the operators. Breaker spurious operation prior to the mission is not 

included in the fault tree.  

A.6.11 FAULT TREE ANALYSIS 

A.6.11.1 TOP EVENT SUCCESS CRITERIA 

1. The Supply Breaker and Field Breaker should close and remain closed.  

2. The Field Flashing Breaker should close, subsequently open and remain open.  

A.6.11.2 DETAILED FAILURE CRITERIA 

N/A 

A.6.11.3 DESCRIPTION OF FAULT TREE 

The Generator Excitation System fault tree is shown in Figure A.6-5. The Fault Tree 

Modeling Guidelines (Appendix B) were followed in developing the fault tree. A list of all 

fault tree top events is presented in Table A.6-8. A list of all fault tree transfers is 

presented in Table A.6-6.  

There are four top events in the system fault tree. These are the failure to "cold start", 

and the failure to run, for each unit.  
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Failure events considered in the tree include breaker failures due to either mechanical or 
electrical problems. In general, data are available for electrical components, relays, 
switches, and fuses. These failures are modeled explicitly through the basic events 
involving failures of these components. The mechanical failures have been developed 
from the plant specific data collected on the Keowee breakers (Refer to Section A.6.11.5).  
These generally are modeled as undeveloped events in the fault trees.  

The development of the tree provides for the analysis of the Keowee reliability following 
the implementation of NSM-ON-52966. Some branches of the tree only have an impact 
on the solution when the event defining the inclusion of this modification is set 
appropriately.  

Human events impacting the model are described in Section A.6.11.4.  

Common cause events impacting the model are described in Section A.6.11.6.  

A.6.11.4 HUMAN INTERACTIONS 

The success or failure of the Generator Excitation System to perform its function is 

impacted by several human actions. Those events explicitly included in the system fault 

tree are discussed below. Quantification of the human error events is presented in Section 

5.5 and Appendix C.3.  

EKXYYYCLHE 

(X = unit number, YYY = breaker designator) 

These basic events account for the potential for plant personnel to fail to properly restore 

the excitation breakers to a condition for proper closing. Post-maintenance testing is 
expected to detect the majority of errors. However, some errors may escape detection 
and fail the breaker.  
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EKXFLSOLHE 

(X = unit number) 

This basic event accounts for the potential for plant personnel to fail to properly restore 

the field flashing breaker to a condition for proper opening. Post-maintenance testing is 

expected to detect the majority of errors. However, some errors may escape detection 

and fail the breaker.  

EKXBASELHE 

(X = unit number) 

This basic event accounts for the potential for the base adjust to be set incorrectly.  

EKXBASEREC 

(X = unit number) 

The recovery events consider the potential for the operators to identify and correct an 

incorrect base adjust setting. Unit voltage is readily observable and the base adjust setting 

is changeable from the control room.. The recoveries are applied to the final cut sets and 

are not included in the tree.  

A.6.11.5 RELIABILITY DATA 

Reliability data used in the Generator Excitation System analysis are listed in Table A.6-9.  

Section 5.3 and Appendix C. 1 discuss development of the reliability data. For the base 

case solution, the plant-specific failure rate data and generic failure rate data are combined 

using a Bayesian update.  

A.6.11.5.1 Exposure Times 

Time dependent failures require an exposure time for determination of the failure 

probability. Failure times have been established based on the consideration of the time 

since the last test or operation of the component. Table A.6-9 contains a brief explanation 

of the rational used in determining the exposure time for each time dependent failure.  
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A.6.11.5.2 Undeveloped Events 

The following undeveloped events are included in the generator excitation fault tree. Each 
of the three breakers (field, field flashing, and supply) are considered to be in a separate 
component population for quantifying the undeveloped events. The Unit 1 and Unit 2 
breakers, performing the same function, are considered to be in the same population. The 
base and voltage adjust equipment are considered as separate component populations. As 
with the breakers the two units are combined within the population.  

EKlSPYMDEX (EK2SPYMDEX): Keowee Unit 1(2) Supply Breaker Fails To Close 

Due To Mechanical Failure 

The 9/16/93, 4/23/86, and 4/24/86 events, from Table A.6-5, are all failures of the supply 

breaker to close.  

EKlSPYMDEX and EK2SPYMDEX are quantified by considering the three component 

failure to close in the population over the total demands for the population.  

3/(Unit I starts + Unit 2 starts) = 4.62E-04/demand 

With one breaker demand for the emergency operation of Keowee, EKlSPYMDEX = 

EK2SPYMDEX = 4.62E-04 

EKlFLDMDEX (EK2FLDMDEX): Keowee Unit 1(2) Field Breaker Fails To Close Due 

To Mechanical Failure 

No failures of the generator field breakers are found in the data of Table A.6-5.  

EKlFLDMDEX and EK2FLDMDEX are quantified by considering one component 

failure to close in the population over twice the total demands for the population.  

1/(2x(Unit 1 starts + Unit 2 starts)) = 7.7 1E-05/demand 

With one breaker demand for the emergency operation of Keowee, EKlFLDMDEX = 

EK2FLDMDEX = 7.7 1E-05 
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EKlFLSMDEX (EK2FLSMDEX): Keowee Unit 1(2) Field Breaker Fails To Close Due 
To Mechanical Failure 

No failures of the generator field flashing breakers are found in the data of Table A.6-5.  

EK1FLSMDEX and EK2FLSMDEX are quantified by considering one component failure 

to close in the population over twice the total demands for the population.  

1/(2x(Unit 1 starts + Unit 2 starts)) = 7.7 1E-05/demand 

With one breaker demand for the emergency operation of Keowee, EKlFLSMDEX = 

EK2FLSMDEX = 7.7 1E-05 

EKIBASEDEX (EK2BASEDEX): Keowee Unit 1(2) Base Adjust Fails To Establish 

Correct Unit Voltage 

The 2/24/87, 3/27/90, 9/20/92, and 9/20/93 events, from Table A.6-5, are failures of the 

base adjust to set the correct voltage.  

EKIBASEDEX and EK2BASEDEX are quantified by considering four component failure, 

in the population over the total demands for the population.  

4/(combined unit starts) = 6.17E-04/demand 

With one demand for the emergency operation of Keowee, EKlBASEDEX = 

EK2BASEDEX = 6.17E-04 

EKlBAS2DEX (EK2BAS2DEX): KHU-1(2) Base Adjust Fails To Maintain Generator 

Output Within Acceptable Range 

There are no events, from Table A.6-5, that are failures of the base adjust to maintain 

correct voltage.  

EKlBAS2DEX and EK2BAS2DEX are quantified by considering four component failure 

in the population over the total demands for the population.  

1/(2x(combined unit run hours)) = 5.15E-05/hour 
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With a 24 hour mission for emergency operation of Keowee, EKlBAS2DEX = 

EK2BAS2DEX = 1.24E-03 

EKlVREGDEX (EK2VREGDEX): KHU-1(2) Voltage Adjust Failure Drives Generator 
Output Too High/Low 

The 5/4/93 event, from Table A.6-5, seem to be a failure where the voltage adjust drives 

the generator voltage outside the necessary range.  

EKlVREGDEX and EK2VREGDEX are quantified by considering one component failure 

in the population over the total run hours for the population.  

1/(2x(combined unit run hours)) = 1.03E-4/hour 

With a 24 hour mission for emergency operation of Keowee, EKlVREGDEX = 

EK2VREGDEX = 2.47E-03 

EKIDIODDEX (EK2DIODDEX): Keowee Unit 1(2) Exciter Fan Supply Diode Bridge 

Fails 

The diode bridge is a group of 5 diodes. EKlDIODDEX and EK2DIODDEX are 

quantified by assuming a failure rate 5 times the diode failure rate from the data base.  

5 x 2.4E-06/hour = 1.20E-05/hour 

With a 24 hour mission for emergency operation of Keowee, EKlDIODDEX = 

EK2DIODDEX = 2.88E-04.  

A.6.11.6 COMMON CAUSE ASSESSMENT 

Refer to Section 5.4 and Appendix C.2 for detailed information on the quantification of 

the common cause events. All of the Excitation System common cause events are 

included in the high level logic model and not in the system fault tree.  

E12EXCTCOM 

This event considers the potential for both Keowee units to fail because the excitation 

breakers do not perform as required due to a common cause.  
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EKSTARTCOM 

This event represents the potential for both Keowee units to fail to start due to common 

cause failure of the excitation systems.  

EKOORUNCOM 

This event represents the potential for both Keowee units to fail to run due to common 

cause failure of the excitation systems.  

A.6.12 RESULTS 

Tables A.6-10 through A.6 -13 lists the dominant minimal cut sets (failure sequences) for 

the Generator Excitation System top events. A list of dominant contributors to 

unavailability is given in Tables A.6-14 through A.6-17. The dominant contributors to the 

unavailability of the Generator Excitation System are the latent human errors and the 

undeveloped events.  
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A.6.13.3 DRAWINGS 

1. K-700 Rev. 9, One Line Diagram, Relays and Meters 13.8-230kV.  

2. KEE-112, Rev. 7A, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Supply Breaker.  

3. KEE- 112-1, Rev. 6A, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Field Flashing Breaker.  

4. KEE- 112-2, Rev. 9, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Field Breaker.  

5. KEE-112-3, Rev. 7, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Exciter Lockout And Fan Control.  

6. KEE- 112-4, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Max. Excit. Pnl & M. 0. Base Adj..  

7. KEE- 12-5, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, M.  

0. Auto Voltage Adjuster.  

8. KEE-112-6, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Regulator Controls.  

9. KEE-1 12-7, Rev. 6, Keowee Hydro Station Unit No. 1. Elementary Diagram, 

Regulator Controls.  

10. KEE-212, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Supply Breaker.  

11. KEE-212-1, Rev. 5, Keowee Hydro Station Unit No. 2, Elementary Diagram.  

Excitation System Generator Field Flashing Breaker.  
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12. KEE-212-2, Rev. 6, Keowee Hydro Station Unit No. 2, Elementary Diagram, 
Excitation System Generator Field Breaker.  

13. KEE-212-3, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Exciter Lockout And Fan Control.  

14. KEE-212-4, Rev. 3, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Max. Excit. Pnl & M. 0. Base Adj..  

15. KEE-212-5, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, M.  

0. Auto Voltage Adjuster.  

16. KEE-212-6, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Regulator Controls.  

17. KEE-212-7, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Regulator Controls.  

18. KEE- 113, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System Start-up Controls.  

19. KEE-213, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System Start-up Controls.  

20. KEE-113-5, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System Turbine Miscellaneous Relaying.  

21. KEE-213,-5 Rev. 5, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System Turbine Miscellaneous Relaying.  

22. KEE- 114, Rev. 12, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Generator Control ACB-1 Control Circuit.  

23. KEE-214, Rev. 9, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Generator Control ACB-2 Control Circuit.  
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24. KEE- 114-3, Rev. 11, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Generator Control Normal and Emergency Lockout.  

25. KEE-214-3, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Generator Control Normal and Emergency Lockout.  
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Table A.6-1 

Generator Excitation Power Supplies 

Component Power Supply1  Compartment Number 

Generator Field Breaker 125 V dc DC IDA 4DR 

(Unit 1) 

Generator Field Flashing 125 V dc DC IDA 4DR 

Breaker (Unit 1) 

Generator Field Supply 125 V dc DC IDA 4DR 
Breaker (Unit 1) 

Generator Field Breaker 125 V dc DC 2DA 
(Unit 2) 

Generator Field Flashing 125 V de DC 2DA 
Breaker (Unit 2) 

Generator Field Supply 125 V dc DC 2DA 
Breaker (Unit 2) 

Base Adjust (Unit 1) 125 V dc DC IDA 4DR 

Base Adjust (Unit 2) 125 V dc DC 2DA 

Field Flashing Supply 125 V dc DC IDA 3D 
(Unit 1) 

Field Flashing Supply 125 V dc DC 2DA 2D 
(Unit 2) 

1 DC = Distribution Center



Table A.6-2 

Generator Excitation External Controls 

Component Signal 

All Unit 1 Emergency Start Relays 1ESRX/lA and IESRX/1B to Close 

Breakers 

All Unit 2 Emergency Start Relays 2ESRX/lA and 2ESRX/1B to Close 

Breakers 

Unit 1 Master Close Unit 1 Field Breaker 

Relay 4A 

Unit 2 Master Close Unit 2 Field Breaker 

Relay 4A



Table A.6-3 

Generator Excitation Test Procedures 

Procedure Test Frequency Description 

PT/O/A/0620/016 Keowee Hydro Periodic Demonstrate the operability of each 

Emergency Start Test Keowee unit's emergency start circuitry 

from each control room.  

PT/O/A/0620/016 Keowee Hydro Periodic Periodically test the operation of the 

Operation Keowee Hydro Units From The Oconee 

Control Room.  

0



Table A.6-4 

Generator Excitation Maintenance Procedures 

Procedure Maintenance Frequency Description 

OP/O/A/2000/013 As needed Removal from service and 

Geierator No. I restoration to service of 

Generator No. 1 

0
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

2-24-87 2 Voltage Unit 2 was started for system generation but it 
Regulator tripped due to no VARs. Keowee received a Hi 

Limit light on the Voltage Adjust. Found reset 
switch on the Base Adjust not running back to 
reset position.  

3-27-90 1 Voltage Started Unit 2 for system generation but unit 
Regulator would not start. Found problem to be due to the 

70B cam switch not resetting to its preset 

position. This caused the 7RBX relay to drop out.  

9-20-92 2 Voltage Unit 2 started from Keowee for system generation 
Regulator but voltage regulator did not come on. Unit 2 

started in manual and paralled from Keowee.  
70BX relay wasn't picked up so this stopped unit 

from starting.  

9-20-93 1 Voltage During. Keowee Emer. Start test, unit 1 failed to 
Regulator reach rated voltage of 13.8 during test, only 13.3 

KV. The base adjuster had failed and was 
replaced.  

5-7-84 2 Voltage Unit 2 started for system generation but received a 
Regulator Normal Lockout. The voltage regulator would not 

come on in auto (unit would run in manual). The 
cause of the problem was determined to be due to 
the Base Adjuster having a preset position (S3
S4) which gave a low no-load machine voltage 
(12.8kV instead of rated 13.8kV) which did not 
match the Volts Adjust setting of 13.8kV setting 
when the voltage reg. came on in auto. The 
mismatch caused a time delay greater than the 
Volts-Hertz time delay relay setting which shut 

down the unit. The Base Adjust was reset to 
13.8kV and the unit started several times 
successfully.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

5-22-89 2 Voltage Started Unit 2 for system generation. After the 
Regulator unit paralled the operator could not get the VARs 

to come up. Received a #2 incomplete start 
statalarm and the unit tripped.  

10-17-90 2 Voltage Unit 2 started and paralleled but the Voltage 
Regulator Regulator did not come on.  

10-18-90 2 Voltage Started Unit 2 for system generation but the 
Regulator Voltage Regulator did not come on.  

9-6-92 2 Voltage Started Unit 2 for system generation but the 
Regulator Voltage Regulator failed to come on.  

7-4-84 2 Voltage Unit 2 started for system generation but received a 
Regulator Normal Lockout due to Regulator problems. The 

Voltage Regulator went into automatic before the 
generator was up to rated speed (ie. rated volts at 
less than rated frequency). This caused the V/Hz 
relay to operate which in time tripped the lockout 
after a time delay.  

10-4-91 2 Voltage Unit 2 started for system generation. Unit shut 

Regulator down by incomplete start.  

4-12-93 2 Voltage Unit 2 Keowee Alarm lockout due to Field Flash 
Regulator Breaker failure during startup for system 

#2 Field Flash generation. Closing coil had burned.  
Breaker 

9-6-91 2 Voltage Started Unit 2 for system generation. Field 
Regulator Breaker failed to close. Problem was due to the 

Field Breaker 99SY relay being open.  

Noml okutdetoRguao polms0h
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

4-23-86 2 Voltage At 1540 Oconee started Unit 2 to check 

Regulator operability, but ACB-2 failed to close. Started the 

unit from Keowee and observed that the Supply 
#2 Supply Breaker did not close.Upon inspection, the 
Breaker breaker did not appear to be jacked all the way in.  

The breaker had moved back in its slot enough to 
break contact.  

4-24-86 2 Voltage At 0649 Oconee attempted to start Unit 2 for 
Regulator system generation, but the Supply Breaker did not 

close. The unit was then started from Keowee.  
#2 Supply The Field breaker closed but the Supply Breaker 

failed to close. The next start attempt from 
Keowee was successful but the following attempt 
from Oconee was not. The problem was 
determined to be due to a corroded latch release 
plunger in the Generator Supply Breaker. This 
latch release plunger prevented the breaker from 
operating as expected.  

9-16-93 1 Voltage Keowee unit 1 failed to emergency start per 

Regulator PT/OA/0620/16 due to the Field Supply and Field 

#1 Field Supply Flashing breakers failing to close. The supply 
breaker did not close due to a'trip free' operation 
caused by a missing cotter pin in the pin that 
connects the close solenoid armature to the 
breaker toggle mechanism. As a result, the closing 
coil remained energized because the auxiliary 
contacts did not function to energize the y-relay to 
drop out the x-relay which de-energizes the close 
coil.
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Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

5-4-93 1 Voltage Keowee unit 1 Voltage Regulator OOS. Unit 1 
Regulator was shut down while generating to the grid due to 

VARs going in the hole. The unit did not respond 
to the Voltage Adjust or the Base Adjust 
controls.  

5-28-86 1 Voltage Oconee started Unit 1 for system generation but 
Regulator the Field Breaker did not close. The unit was 

Fieldstarted and ran in local manual satisfactorily.  
Fiel Breker Oconee performed an operability test on unit land 

it worked fine. No problem was identified.  

2-6-88 1 Voltage Started Unit 1 for system generation. The 
Regulator unitrolled off but excitation did not close.  

Fiel Breker Abortedstart on #1. Started Unit 1 again and 
Field Breakerworked okay.  

3-15-88 1 Voltage Started Unit 1 for system generation but 
Regulator theExcitation Breakers failed to close. Aborted 

Field Breaker start.Started, paralleled, placed Unit 1 on LFC.  
Unitstarted fine this start.  

5-23-88 1 Voltage When doing retest on Unit 1 the unit came on but 
Regulator the excitation supply did not close. The unit 

Field reaker shutdow n due to an incomplete sequence. Did 
Field Breaker anotherstart and the unit worked okay.  

9-28-88 1 Voltage Started Unit 1 for weekly PM. Unit would not 
Regulator start up. Shut down unit. Started unit and 

paralled. Shut down unit. Started Unit 1 but it did 
not parallel. Shut unit down. Unit 1 started, 
paralled, and on LFC.  

6-3-91 2 Voltage Unit 2 started for system generation but the 
Regulator Voltage Regulator failed to come on. Attempted a 

2nd start and the regulator worked fine.
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Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

11-20-84 2 #2 Supply Oconee started Unit 2 for operability test to take 
Breaker Unit 1 out of service for annual PMG inspection 

X Relay Coil but the #2 Supply Breaker failed to close. The 
breaker was removed and inspected but the cause 
of the problem was not found. Unit 2 was run 
several times successfully with no re-occurrence of 
the problem.  

12-4-84 2 #2 Supply Oconee attempted an auto start of Unit 2 but the 
Breaker Supply Breaker failed to close. Replaced X-relay 

X Relay Coil coil and adjusted mechanical linkage to relay.  
Tested breaker successfully 15 times.  

7-28-87 1 #1 Supply With both units shut down, the Keowee operator 
Breaker discovered that the unit 1 Supply Breaker closing 

X Relay coil was burning. Replaced closing coil and 41 AX 
relay (x relay).  

2-9-89 1 #1 Field Supply Oconee started Unit 1 to test the Overhead Path, 
Breaker but the Supply Breaker did not close. Problem was 

X Relaydetermined to be due to the X Relay sticking.  
X RelayReplaced relay and the worked fine.  

2-12-90 1 #1 Field Breaker Started Unit 1 for system generation but excitation 
Reabreakers did not close. Problem was found to be 

X Relay due to X Relay coil sticking. Replaced X Relay 
unit tested satisfactorily.  

12-26-90 1 Field Breaker Started Unit 1 for system generation but Generator 
reaExcitation Breakers did not close in. A 2nd start 

XRelay attempt was successful.  

1-16-9 1 1 Field Breaker Started Unit 1 for weekly preventative 
reamaintenance but Generator Excitation Breakers did 

XRelaynot close in. A 2nd start attempt was successful.  

1-21-91 1 Field Breaker Oconee started Unit 1 for test but Generator 
elExcitation Breakers did not close in. A 2nd start 

(X-Relay attempt was successful.  
0il rae
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Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

2-1-91 1 Field Breaker Started Unit 1 for system generation but 

X-RelayGenerator Excitation Breakers did not close in.A 
(X-Relay 2nd start attempt was successful.  

3-31-91 1 Field Breaker Started Unit 1 for system generation but 

X-RelayGenerator Excitation Breakers did not close in.A 
(X-Relay 2nd start attempt was successful.  

4-7-91 1 Field Breaker Started Unit 1 for system generation. The Field 

(X-Relay) Supply Breaker did not close in. A 2nd 
startattempt was successful. Supply Breaker 
wasreplaced with spare breaker and both 
testedsatisfactorily. Cause of problem unknown.  

5-31-91 1 Field Breaker Unit 1 started for system generation. Unit rolled 

( off but the Supply, Field, and Field 
reaashingBreakers failed to close.  

6-7-9 1 1 Field Breaker Started Unit 1 for system generation but 

(X-Relay) excitation didn't close in. Immediately 
attemptedanother start and unit started and closed 
insatisfactorily.  

6-11-91 1 #1 Field Supply Oconee started Unit 1 for PT. The Field Supply 
Breaker Breaker failed to close. The problem was found to 
X Relay be due to the X Relay not resetting after thelast 

shutdown. Relay was reset and Unit 1 ran 
satisfactorily.  

1-29-92 1 Field Supply Started Unit 1 for system generation but the 
Breaker generator excitation did not close in. Checked 

X -Relay) circuitry with no problems found. Restarted 
unitand everything worked as designed. Keowee 
operators to check that X-Coil has reset aftereach 
Unit 1 and Unit 2 shutdown.  

satifactrily
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Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

2-13-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 2/13/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. Checking 

X-Relay the X-Relay within 14 minutes after the occurrence 
revealed that the X-Relay coil had reset on its own.  
Unit 1 was operability tested satisfactorily.  

2-20-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 2/20/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. Unit 1 

X-Relay was taken out of service to troubleshoot problen 
with X-Relay failing to reset. The Field Breaker was 
removed and cleaned and some burrs were removed 
from the X-Relay cylinder. Unit 1 was operability 
tested satisfactorily.  

3-17-92 1 Voltage Replaced X-Relay on Unit 1 Field Breaker per 
Regulator procedure MP/0/A/2001/3 and per Gary Edens 

Field Breaker X- request. Relay installed failed during functional test.  

Relay Failed relay was replaced by another relay and 
functionally tested satisfactorily.  

5-1-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 5/1/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. Checking 

X-Relay the X-Relay within 30 minutes after the occurrence 
revealed that the X-Relay coil had reset on its own.  
Unit 1 was operability tested satisfactorily.  

6-12-92 1 Voltage After a normal shutdown of Unit 1 for system 

Regulator generation on 6/12/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. The relay 

X-Relay was manually reset and Unit 1 was operability 
tested satisfactorily.



Table A.6-6 

Generator Excitation Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

YKlSTRTINT Keowee 1 Emergency Start Aux KU-1 Field Breaker 

Relays lESRX/lA & lESRX/lB Fail 

YK2STRTINT Keowee 2 Emergency Start Aux KU-2 Field Breaker 

Relays 2ESRX/1A & 2ESRX/1B Fail 

XDIDASRCES Loss of Power to 125 V dc All Unit 1 

Distribution Center 1DA During Start equipment 

XD2DASRCES Loss of Power to 125 V dc All Unit 2 

Distribution Center 2DA During Start equipment 

GK186E1 Keowee Unit 1 Emergency Lock Out KU-1 Field Breaker 

Due To Spurious Actuation Of 

Generator Protective Relay 

GK286E2 Keowee Unit 2 Emergency Lock Out KU-2 Field Breaker 

Due To Spurious Actuation Of 

Generator Protective Relay 

YKlMR4ASRT Keowee 1 Master Relay 4A Fails To KU-1 Field Breaker 

Picks Up On Start 

YK2MR4ASRT Keowee 2 Master Relay 4A Fails To KU-2 Field Breaker 

Picks Up On Start 

NTACB4MOD NSM-ON-52966 Is In Service KU-I and KU-2 

Field Breakers



Table A.6-7 

Generator Excitation Statalarms 

Point No. Alarm Actuator 

1SA2-31 GEN. #1 REGULATOR TRIP 94RB/lX 

1SA2-33 GEN. #1 EXCITATION LOW 40X 

1SA2-34 GEN. #1 MAX EXCITATION TIMING 76TX 

1SA2-35 GEN. #1 MAX EXCITATION LIMITING 76LX 

1SA2-36 GEN. #1 REG COOLING FAILURE 74F 

1SA2-37 GEN. #1 VOLTS/CYCLE LIMITING KI 

ISA2-38 GEN. #1 REG. BLOWN FUSE ALARM 74B 

1SA2-39 GEN. #1 EXCITATION RES FAN RUNNING 2BR 

2SA2-31 GEN. #2 REGULATOR TRIP 94RB/1X 

2SA2-33 GEN. #2 EXCITATION LOW 40X 

2SA2-34 GEN. #2 MAX EXCITATION TIMING 76TX 

2SA2-35 GEN. #2 MAX EXCITATION LIMITING 76LX 

2SA2-36 GEN. #2 REG COOLING FAILURE 74F 

2SA2-37 GEN. #2 VOLTS/CYCLE LIMITING K1 

2SA2-38 GEN. #2 REG. BLOWN FUSE ALARM 74B 

2SA2-39 GEN. #2 EXCITATION RES FAN RUNNING 2BR



Table A.6-8 

Generator Excitation Fault Tree Top Events 

Gate Name Description 

KU1GEXCLD Keowee Unit 1 Generator Excitation Fails During A Cold Start 

KU1GEXRUN Keowee Unit 1 Generator Excitation Fails While The Unit Runs 

KU2GEXCLD Keowee Unit 2 Generator Excitation Fails During A Cold Start 

KU2GEXRUN Keowee Unit 2 Generator Excitation Fails While The Unit Runs
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Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate Factor Rational For Factor2  Probability 

ACB4MOD NSM-ON-52966 Is Not In Service 0.5 5.00E-01 
EDllD3DCDT Breaker 3D In 125V dc 7.50E-08 /H 84 H Rule 5: Would prevent field from 6.30E-06 

Distribution Center 1DA flashing.  
Transfers Open 

ED13BR2CDT Breaker 3BR In 125V dc 7.50E-08 /H 24 H Rule 1 : Would result in field 1.80E-06 
Distribution Center 1DA breaker trip.  
Transfers Open 

ED22D3DCDT Breaker 2D In 125V dc 7.50E-08 /H 24 H Rule 5: Would prevent field from 1.80E-06 
Distribution Center 2DA flashing.  
Transfers Open 

ED23BR2CDT Breaker 3BR In 125V dc 7.50E-08 /H 24 H Rule 1 : Would result in field 1.80E-06 
Distribution Center 2DA breaker trip.  
Transfers Open 

EK131TDRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Time Delay Relay 31/TD 
Fails To Operate 

EK131TDRYT Keowee Unit 1 Field Flashing 3.60E-07 /H 84 H Rule 5: Would prevent field 3.02E-05 
Breaker Time Delay Relay 31/TD flashing breaker from closing in 
Spurious Operation and staying closed.  

EKl4152SWT KHU1 Generator Supply Breaker 7.00E-08' /H 84 H Rule 5: Failure prior to start 5.88E-06 
Trip Control Switch 141-52/T would keep supply breaker from 
Spurious Operation closing in and staying closed.  

EK1415TSWT Spurious Operation Of The KHU1 7.00E-08 /H 24 H Rule 1: Failure during mission 1.68E-06 
Supply Breaker Trip Switch fails run.  

EK1415YRYD KHU1 Generator Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Y-relay Failed To Drop-out At 
Last Operation 

EK1415YRYT KHUl Generator Supply Breaker 3.60E-07 /H 84 H Rule 5: Failure prior to start 3.02E-05 
Y-relay Spurious Operation would keep supply breaker from 

closing.  

EK141AXR6D Keowee Unit 1 Relay 41/AX 2.49E-04 /D 1 D 1 demand on unit start. 2.49E-04 
Fails To Pick-up And Latch 

EK141AXR6T Keowee Unit 1 Relay 41/AX 3.63E-07 /H 24 H Rule 1: Results in run failure. 8.71E-06 
Spuriously Resets 

EK141CFRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Close Coil Fails To 
Operate On Demand 

EK186E2RYT Keowee Unit 1 Lockout 3.60E-07 /H 6 H Rule 2: Indicated by computer 2.16E-06 
Auxiliary Relay 86EX-2 Is point.  
Picked-up 

I D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate 1 Factor Rational For Factor2  Probability 

EK186EXRYT Keowee Unit 1 Gen Lockout 3.60E-07 /H 84 H Rule 5: Would prevent field 3.02E-05 
Auxiliary Relay 86EX-1 flashing breaker from closing in 
Spurious Actuation and staying closed.  

EK186X2RYT Keowee Unit 1 Generator 3.60E-07 /H 24 H Rule 1: Results in run failure. 8.64E-06 
Lockout Auxiliary Relay 86EX-1 
Spurious Actuation 

EK188SVRYD Keowee Unit 1 Fan Control 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 88SV Fails On Demand 

EK188SVRYT Keowee Unit 1 Fan Control 3.60E-07 /H 108 H Rule 6: Excitation cabinet 3.89E-05 
Relay 88SV Prior To Or During overheating fails run.  
The Run 

EKl901ARYT Keowee Unit 1 Relay 90X1A 3.60E-07 /H 84 H Rule 5: Failure prior to start 3.02E-05 
Spurious Operation would keep field flashing breaker 

from closing.  

EK199SXRYD Auxiliary Relay 99SX1 Fails To 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Pick-up 

EK199SYRYD Keowee Unit 1 Relay 99SY Fails 3.30E-05 :/D 1 D 1 demand on unit start. 3.30E-05 
To Pick-up 

EK199SYRYT Keowee Unit 1 Relay 99SY Drops 3.60E-07 /H 24 H Rule 1: Trips field breaker, 8.64E-06 
Out fails unit run.  

EK1BAS2DEX KHU-1 Base Adjust Fails To 1.24E-03 1.24E-03 
Maintain Generator Output 
Within Acceptable Range 

EK1BASEDEX Keowee Unit 1 Base Adjust 6.17E-04 6.17E-04 
Fails To Establish Correct 
Unit Voltage 

EK1BASELHE Keowee Unit 1 Base Adjust Is 3.20E-03 3.20E-03 
Set Incorrectly 

EK1DIODDEX Keowee Unit 1 Exciter Fan 2.88E-04 2.88E-04 

Supply Diode Bridge Fails 
EK1EXC1TGF Keowee Unit 1 Gen Excitation 9.80E-07 /H 84 H Rule 5: Failure prior to mission 8.23E-05 

Transformer Is Failed fails the unit start.  

EK1EXC2TGF Keowee Unit 1 Generator 9.80E-07 /H 24 H Rule 1: Failure during the 2.35E-05 
Excitation Transformer Fails mission fails the unit run.  

EK1F30AFUF Keowee Unit 1 Excitation 3.60E-06 /H 24 H Rule 1: Failure during the 8.64E-05 
Cabinet Fan Fuses Fail mission fails the unit run.  

EK1F31XRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit starLi. 3.30E-05 
Breaker Relay 31/X Fails To 
Pick-up On Demand 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate 1 Factor Rational For Factor 2  Probability 

EK1F41CRYD Keowee Unit 1 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

EK1FAN1TLF Keowee Unit 1 Generator 7.50E-07 /H 24 H Rule 1: Fails the unit run due to 1.80E-05 
Excitation Fan Power overheating of the excitation 
Transformer Fails cabinets.  

EK1FLDCLHE Keowee Unit 1 Field Breaker 2.60E-04 2.60E-04 
Fails To Close Due To Latent 
Human Error 

EK1FLDMDEX Keowee Unit 1 Field Breaker 7.71E-05 7.71E-05 
Fails To Close Due To 
Mechanical Failure 

EK1FLSCLHE Keowee Unit 1 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Close Due To 
Latent Human Error 

EK1FLSMDEX Keowee Unit 1 Field Flashing 7.71E-05 7.71E-05 
Breaker Fails To Close Due To 
Mechanical Failure 

EK1FLSOLHE Keowee Unit 1 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Open Due To 
Latent Human Error 

EK1R31TRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Trip Coil 31/T Fails 
To Operate 

EK1R31YRYD KHU1 Gen Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Y-relay Failed To Drop 
Out At Last Operation 

EK1R31YRYT KHU1 Generator Field Flashing 3.60E-07 /H 84 H Rule 5: Fails unit start by 3.02E-05 
Breaker Y-relay Spurious preventing closure of the field 
Operation flashing breaker.  

EK1R41XRYD Keowee Unit 1 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41/X Fails To Pick-up On 
Demand 

EK1R41YRYD KHU1 Generator Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Y-relay Failed To Drop-out At 
Last Operation 

EK1R41YRYT Keowee Unit 1 Generator Field 3.60E-07 /H 84 H Rule 5: Fails unit start by 3.02E-05 
Breaker Y-relay Spurious preventing closure of the field 
Operation breaker.  

EK1R9A1RYT Keowee Unit 1 Relay 90X1A/TD 3.60E-07 /H 84 H Rule 5: Fails unit start by 3.02E-05 

1 D-Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4



(Page 4 of 9) 
Table A.6-9 
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Failure 
Event Name Description Failure Rate 1 Factor Rational For Factor2  Probability 

Spurious Operation preventing closure of the field 
flashing breaker.  

EK1R9C1R6T Keowee Unit 1 Relay 90X1C 3.63E-07 /H 84 H Rule 5: Fails unit start by 3.05E-05 
Spurious Operation preventing closure of the field 

flashing breaker.  

EK1S141SWT KHU1 Field Breaker Trip 7.00E-08 /H 84 H Rule 5: Fails unit start by 5.88E-06 
Control Switch 141/T Spurious preventing closure of the field 
Operation breaker.  

EK1S31TSWT KHU1 Field Flashing Breaker 7.00E-08 /H 84 H Rule 5: Fails unit start by 5.88E-06 
Trip Control Switch 131/T preventing closure of the field 
Spurious Operation flashing breaker.  

EK1S41CRYD Keowee Unit 1 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

EK1S41TSWT Keowee Unit 1 Field Breaker 7.OOE-08 /H 24 H Rule 1: Causes field breaker to 1.68E-06 
Trip Control Switch Transfers transfer open during the run.  
Position 

EK1S41XRYD Keowee Unit 1 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41-52X Fails To Pick-up 
On Demand 

EK1SPYCLHE Keowee Unit 1 Supply Breaker 2.60E-04 2.60E-04 
Fails To Close Due To Latent 
Human Error 

EK1SPYMDEX Keowee Unit 1 Supply Breaker 4.62E-04 4.62E-04 
Fails To Close Due To 
Mehanical Failure 

EK1VHSVRYD Keowee Unit 1 Voltage Build-up 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay Fails To Trip Field 
Flashing Breaker 

EK1VREGDEX KHU-1 Voltage Adjust Failure 2.47E-03 2.47E-03 
Drives Generator Output Too 
High/Low 

EK231TDRYD Keowee Unit 2 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Time Delay Relay 31/TD 
Fails To Operate 

EK231TDRYT Keowee Unit 2 Field Flashing 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Breaker Time Delay Relay 31/TD preventing closure of the field 
Spurious Operation flashing breaker.  

EK24152SWT KHU2 Generator Supply Breaker 7.00E-08 /H 12 H Rule 5: Fails unit start by 8.40E-07 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

* 0
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Failure 
Event Name Description Failure Rate 1 Factor Rational For Factor 2  Probability 

Trip Control Switch Spurious preventing closure of the supply 
Operation breaker.  

EK2415TSWT Spurious Operation Of The KHU2 7.00E-08 /H 24 H Rule 1: Fails unit run by causing 1.68E-06 
Supply Breaker Trip Switch the supply breaker to transfer 

open.  

EK2415YRYD KHU2 Gen Supply Breaker Y- 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
relay Failed To Drop-out At 
Last Operation 

EK2415YRYT KHU2 Generator Supply Breaker 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Y-relay Spurious Operation preventing closure of the supply 

breaker.  

EK241AXR6D Keowee Unit 2 Relay 41/AX 2.49E-04 /D 1 D 1 demand on unit start. 2.49E-04 
Fails To Pick-up And Latch 

EK241AXR6T Keowee Unit 2 Relay 41/AX 3.63E-07 /H 24 H Rule 1: Fails unit run by causing 8.71E-06 
Spuriously Resets the excitation cabinet fans to 

fail.  

EK241CFRYD Keowee Unit 2 Field Flashing 3.30E-05 '/D 1 D 1 demand on unit start. 3.30E-05 
Breaker Close Coil Fails To 
Operat On Demand 

EK286E2RYT Keowee Unit 2 Lockout 3.60E-07 /H 6 H Rule 2: Fails unit start by 2.16E-06 
Auxiliary Relay 86EX-2 Is preventing closure of the supply 
Picked-up breaker. Indicated by computer 

point.  

EK286EXRYT Keowee Unit 2 Generator 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Lockout Auxiliary Relay 86EX-1 preventing closure of the field 
Spurious Actuation flashing breaker.  

EK286X2RYT Keowee Unit 2 Generator 3.60E-07 /H 24 H Rule 1: Fails the unit rin by 8.64E-06 
Lockout Auxiliary Relay 86EX-1 tripping the supply breaker.  
Spurious Actuation 

EK288SVRYD Keowee Unit 2 Fan Control 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 88SV Fails On Demand 

EK288SVRYT Keowee Unit 2 Fan Control 3.60E-07 /H 36 H Rule 6: Fails unit run by failing 1.30E-05 
Relay 88SV Prior To Or During the excitation cabinet fans.  
The Run 

EK2901ARYT Keowee Unit 2 Relay 90X1A 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Spurious Operation preventing closure of the field 

flashing breaker.  

EK299SXRYD Auxiliary Relay 99SX2 Fails To 3.30E-05 /D . 1 D 1 demand on unit start. 3.30E-05 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4



(Page 6 of 9) 
Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor 2  Probability 

Pick-up 
EK299SYRYD Keowee Unit 2 Relay 99SY Fails 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 

To Pick-up 
EK299SYRYT Keowee Unit 2 Relay 99SY Drops 3.60E-07 /H 24 H Rule 1: Fails unit run by 8.64E-06 

Out tripping the field breaker.  

EK2BAS2DEX KHU-2 Base Adjust Fails To 1.24E-03 1.24E-03 
Maintain Generator Output 
Within Acceptable Range 

EK2BASEDEX Keowee Unit 2 Base Adjust 6.17E-04 6.17E-04 
Fails To Establish Correct 
Unit Voltage 

EK2BASELHE Keowee Unit 2 Base Adjust Is 3.20E-03 3.20E-03 
Set Incorrectly 

EK2DIODDEX Keowee Unit 2 Exciter Fan 2.88E-04 2.88E-04 
Supply Diode Bridge Fails 

EK2EXC1TGF Keowee Unit 2 Generator 9.80E-07 /H 12 H Rule 5: Fails the unit start by 1.18E-05 
Excitation Transformer Is failing excitiation.  
Failed 

EK2EXC2TGF Keowee Unit 2 Generator 9.80E-07 /H 24 H Rule 5: Fails the unit run by 2.35E-05 
Excitation Transformer Fails failing excitiation.  

EK2F30AFUF Keowee Unit 2 Excitation 3.60E-06 /H 24 H Rule 5: Fails the unit run by 8.64E-05 
Cabinet Fan Fuses Fail failing excitiation.  

EK2F31XRYD Keowee Unit 2 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Relay 31/X Fails To 
Pick-up On Demand 

EK2F41CRYD Keowee Unit 2 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

EK2FAN1TLF Keowee Unit 2 Generator 7.50E-07 /H 24 H Rule 5: Fails the unit run by 1.80E-05 
Excitation Fan Power failing excitiation.  
Transformer Fails 

EK2FLDCLHE Keowee Unit 2 Field Breaker 2.60E-04 2.60E-04 
Fails To Close Due To. Latent 
Human Error 

EK2FLDMDEX Keowee Unit 2 Field Breaker 7.71E-05 7.71E-05 
Fails To Close Due To 
Mechanical Failure 

EK2FLSCLHE Keowee Unit 2 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Close Due To 
Latent Human Error 

1 D-Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

* 0
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor2  Probability 

EK2FLSMDEX Keowee Unit 2 Field Flashing 7.71E-05 7.71E-05 
Breaker Fails To Close Due To 
Mechanical Failure 

EK2FLSOLHE Keowee Unit 2 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Open Due To 
Latent Human Error 

EK2R31TRYD Keowee Unit 2 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Trip Coil 31/T Fails 
To Operate 

EK2R31YRYD KHU2 Gen Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Y-relay Failed To Drop 
At Last Operation 

EK2R31YRYT KHU2 Generator Field Flashing 3.60E-07 /H 12 H Rule 5: Operation prior to start 4.32E-06 
Breaker Y-relay Spurious signal prevents closure of the 
Operation field flashing breaker.  

EK2R41XRYD Keowee Unit 2 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41/X Fails To Pick-up On 
Demand 

EK2R41YRYD KHU2 Generator Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Y-relay Failed To Drop-out At 
Last Operation 

EK2R41YRYT KHU2 Generator Field Breaker 3.60E-07 /H 12 H Rule 5: Operation prior to start 4.32E-06 
Y-relay Spurious Operation signal prevents closure of the 

field breaker.  

EK2R9A2RYT Keowee Unit 2 Relay 90X1A/TD 3.60E-07 /H 12 H Rule 5: Operation prior to start 4.32E-06 
Spurious Operation signal prevents closure of the 

field flashing breaker.  

EK2R9C2R6T Keowee Unit 2 Relay 90XlC 3.63E-07 /H 12 H Rule 5: Operation prior to start 4.36E-06 
Spurious Operation signal prevents closure of the 

field flashing breaker.  

EK2S141SWT KHU2 Field Breaker Trip 7.00E-08 /H 12 H Rule 5: Operation prior to start 8.40E-07 
Control Switch Spurious signal prevents closure of the 
Operation field breaker.  

EK2S31TSWT KHU2 Field Flashing Breaker 7.00E-08 /H 12 H Rule 5: Operation prior to start 8.40E-07 
Trip Control Switch 131/T signal prevents closure of the 
Spurious Operation field flashing breaker.  

EK2S41CRYD Keowee Unit 2 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate Factor Rational For Factor 2  Probability 

EK2S4lTSWT Keowee Unit 2 Field Breaker 7.OOE-08 /H 24 H Rule 1: Fails unit by tripping 1.68E-06 
Trip Control Switch Transfers the field breaker.  
Position 

EK2S41XRYD Keowee Unit 2 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41-52X Fails To Pick-up 
On Demand 

EK2SPYCLHE Keowee Unit 2 Supply Breaker 2.60E-04 2.60E-04 
Fails To Close Due To Latent 
Human Error 

EK2SPYMDEX Keowee Unit 2 Supply Breaker 4.62E-04 4.62E-04 
Fails To Close Due To 
Mehanical Failure 

EK2VHSVRYD Keowee Unit 2 Voltage Build-up 3.30E-05 /D 1 D 3 .30E-05 
Relay Fails To Trip Field 
Flashing Breaker 

EK2VREGDEX KHU-2 Voltage Adjust Failure 2.47E-03 2.47E-03 
Drives Generator Output Too 
High/Low 

GK186E1 Keowee Unit 1 Emergency 0 0.OOE+00 
Lockout Due To Actuation Of 
Generator Protective Relay 

GK286E2 Keowee Unit 2 Emergency 0 0.OOE+00 
Lockout Due To Spurious 
Actuation Of Gen Protect Relay 

XD1DASRCES Loss Of Power To 125V dc 0 0.00E+00 
Distribution Center 1DA During 
Start 

XD2DASRCES Loss Of Power To 125 Vdc 0 0.00E+00 
Distribution Center 2DA During 
Start 

YK1MR4ASRT Keowee 1 Master Relay 4A Fails 0 0.00E+00 
to Pick Up On Start 

YK1STR2INT Keowee 1 Emergency Start Aux 0 0.00E+00 
Relays 1ESRX/2A & 1ESRX/2B 
Fail 

YK1STRTINT Keowee 1 Emergency Start Aux 0 0. 00E+00 
Relays 1ESRX/1A & 1ESRX/1B 
Fail 

YK2MR4ASRT Keowee 2 Master Relay 4A Fails 0 0.OOE+00 
to Pick Up On Start 

YK2STR2INT Keowee 2 Emergency Start Aux 0 .0.OOE+00 

I D-Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

0 0 *
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor 2  Probability 

Relays 2ESRX/2A & 2ESRX/2B 
Fail 

YK2STRTINT Keowee 2 Emergency Start Aux 0 0. 00E+00 
Relays 2ESRX/1A & 2ESRX/1B 
Fail 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4



Table A.6-10 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KUlGEXRUN: Keowee Unit 1 Fails To Cold Start 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 49.8% EK1BASELHE 3.20E-03 Keowee Unit 1 Base Adjust Is Set Incorrectly 
2) 6.17E-04 9.6% EK1BASEDEX 6.17E-04 Keowee Unit 1 Base Adjust Fails To Establish Correct 

Unit Voltage 
3) 4.62E-04 7.2% EKISPYMDEX 4.62E-04 Keowee Unit 1 Supply Breaker Fails To Close Due To 

Mechanical Failure 
4) 2.60E-04 4.0% EK1FLDCLHE 2.60E-04 Keowee Unit 1 Field Breaker Fails To Close Due To 

Latent Human Error 
5) 2.60E-04 4.0% EK1FLSCLHE 2.60E-04 Keowee Unit 1 Field Flashing Breaker Fails To Close 

Due To Latent Human Error 
6) 2.60E-04 4.0% EK1FLSOLHE 2.60E-04 Keowee Unit 1 Field Flashing Breaker Fails To Open 

Due To Latent Human Error 
7) 2.60E-04 4.0% EK1SPYCLHE 2.60E-04 Keowee Unit 1 Supply Breaker Fails To Close Due To 

Latent Human Error 
8) 2.49E-04 3.9% EK141AXR6D 2.49E-04 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 
9) 8.23E-05 1.3% EK1EXC1TGF 8.23E-05 Keowee Unit 1 Gen Excitation Transformer Is Failed 
10) 7.71E-05 1.2% EK1FLDMDEX 7.71E-05 Keowee Unit 1 Field Breaker Fails To Close Due To 

Mechanical Failure 
11) 7.71E-05 1.2% EK1FLSMDEX 7.71E-05 Keowee Unit 1 Field Flashing Breaker Fails To Close 

Due To Mechanical Failure 

Total Event Probability = 6.42E-03 

0 0



Table A.6-11 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KUlGEXRUN: Keowee Unit 1 Fails While Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.47E-03 55.3% EK1VREGDEX 2.47E-03 KHU-1 Voltage Adjust Failure Drives Generator Output Too 
High/Low 

2) 1.24E-03 27.7% EK1BAS2DEX 1.24E-03 KHU-1 Base Adjust Fails To Maintain Generator Output 
Within Acceptable Range 

3) 2.88E-04 6.4% EK1DIODDEX 2.88E-04 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 
4) 2.49E-04 5.6% EK141AXR6D 2.49E-04 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 

5) 8.64E-05 1.9% EK1F30AFUF 8.64E-05 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 

6) 3.89E-05 0.9% EK188SVRYT 3.89E-05 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During 
The Run 

7) 3.30E-05 0.7% EK188SVRYD 3.30E-05 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 

8) 2.35E-05 0.5% EK1EXC2TGF 2.35E-05 Keowee Unit 1 Generator Excitation Transformer Fails 

9) 1.80E-05 0.4% EK1FAN1TLF 1.80E-05. Keowee Unit 1 Generator Excitation Fan Power Transformer 
Fails 

10) 8.71E-06 0.2% EK141AXR6T 8.71E-06 Keowee Unit 1 Relay 41/AX Spuriously Resets 
11) 8.64E-06 0.2% EK186X2RYT 8.64E-06 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 

Spurious Actuation 
12) 8.64E-06 0.2% EK199SYRYT 8.64E-06 Keowee Unit 1 Relay 99SY Drops Out 

Total Event Probability = 4.47E-03



Table A.6-12 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KU2GEXCLD: Keowee Unit 2 Fails To Cold Start 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 52.3% EK2BASELHE 3.20E-03 Keowee Unit 2 Base Adjust Is Set Incorrectly 

2) 6.17E-04 10.1% EK2BASEDEX 6.17E-04 Keowee Unit 2 Base Adjust Fails To Establish Correct 
Unit Voltage 

3) 4.62E-04 7.5% EK2SPYMDEX 4.62E-04 Keowee Unit 2 Supply Breaker Fails To Close Due To 
Mechanical Failure 

4) 2.60E-04 4.2% EK2FLDCLHE 2.60E-04 Keowee Unit 2 Field Breaker Fails To Close Due To 
Latent Human Error 

5) 2.60E-04 4.2% EK2FLSCLHE 2.60E-04 Keowee Unit 2 Field Flashing Breaker Fails To Close Due 
To Latent Human Error 

6) 2.60E-04 4.2% EK2FLSOLHE 2.60E-04 Keowee Unit 2 Field Flashing Breaker Fails To Open Due 
To Latent Human Error 

7) 2.60E-04 4.2% EK2SPYCLHE 2.60E-04 Keowee Unit 2 Supply Breaker Fails To Close Due To 
Latent Human Error 

8) 2.49E-04 4.1% EK241AXR6D 2.49E-04 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 

9) 7.71E-05 1.3% EK2FLDMDEX 7.71E-05 Keowee Unit 2 Field Breaker Fails To Close Due To 
Mechanical Failure 

10) 7.71E-05 1.3% EK2FLSMDEX 7.71E-05 Keowee Unit 2 Field Flashing Breaker Fails To Close Due 
To Mechanical Failure 

Total Event Probability = 6.12E-03 

0 0 0



Table A.6-13 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KU2GEXRUN: Keowee Unit 2 Fails While Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.47E-03 55.5% EK2VREGDEX 2.47E-03 KHU-2 Voltage Adjust Failure Drives Generator Output 
Too High/Low 

2) 1.24E-03 27.9% EK2BAS2DEX 1.24E-03 KHU-2 'Base Adjust Fails To Maintain Generator Output 
Within Acceptable 

3) 2.88E-04 6.5% EK2DIODDEX 2.88E-04 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 

4) 2.49E-04 5.6% EK241AXR6D 2.49E-04 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 

5) 8.64E-05 1.9% EK2F30AFUF 8.64E-05 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 

6) 3.30E-05 0.7% EK288SVRYD 3.30E-05 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 

7) 2.35E-05 0.5% EK2EXC2TGF 2.35E-05 Keowee Unit 2 Generator Excitation Transformer Fails 

8) 1.80E-05 0.4% EK2FAN1TLF 1.80E-05 Keowee Unit 2 Generator Excitation Fan Power 
Transformer Fails 

9) 1.30E-05 0.3% EK288SVRYT 1.30E-05 Keowee Unit 2 Fan Control Relay 88SV Prior To Or 
During The Run 

10) 8.71E-06 0.2% EK241AXR6T 8.71E-06 Keowee Unit 2 Relay 41/AX Spuriously Resets 

11) 8.64E-06 0.2% EK286X2RYT 8.64E-06 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 
Spurious Actuation 

12) 8.64E-06 0.2% EK299SYRYT 8.64E-06 Keowee Unit 2 Relay 99SY Drops Out 

13) 1.80E-06 0.0% ED23BR2CDT 1.80E-06 Breaker 3BR In 125V dc Distribution Center 2DA 
Transfers Open 

14) 1.68E-06 0.0% EK2S41TSWT 1.68E-06 Keowee Unit 2 Field Breaker Trip Control Switch 
Transfers Position 

15) 1.68E-06 0.0% EK2415TSWT 1.68E-06 Spurious Operation Of The KHU2 Supply Breaker Trip 
Switch 

Total Event Probability = 4.45E-04



Table A.6-14 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Keowee Unit 1 Generator Excitation Fails To Cold Start 

1 EKlBASELHE 3.19E-03 49.7% 
Keowee Unit 1 Base Adjust Is Set Incorrectly 

2 EKIBASEDEX 6.13E-04 9.6% 
Keowee Unit 1 Base Adjust Fails To Establish 
Correct Unit Voltage 

3 EKlSPYMDEX 4.59E-04 7.2% 
Keowee Unit 1 Supply Breaker Fails To Close 
Due To Mechanical Failure 

4 EKlFLSOLHE 2.58E-04 4.0% 
Keowee Unit 1 Field Flashing Breaker Fails To 
Open Due To Latent Human Error 

5 EK1FLSCLHE 2.58E-04 4.0% 
Keowee Unit 1 Field Flashing Breaker Fails To 
Close Due To Latent Human Error 

6 EK1FLDCLHE 2.58E-04 4.0% 
Keowee Unit 1 Field Breaker Fails To Close Due 
To Latent Human Error 

7 EKlSPYCLHE 2.58E-04 4.0% 
Keowee Unit 1 Supply Breaker Fails To Close 
Due To Latent Human Error 

8 EK141AXR6D 2.47E-04 3.9% 
Keowee Unit 1 Relay 41/AX Fails To Pick-up 
And Latch 

I The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.6-15 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Keowee Unit 1 Generator Excitation Fails While Unit Runs 

1 EKlVREGDEX 2.46E-03 55.1% 
KHU- 1 Voltage Adjust Failure Drives Generator 
Output Too High/Low 

2 EKlBAS2DEX 1.23E-03 27.6% 
KHU- 1 Base Adjust Fails To Maintain Generator 
Output Within Acceptable Range 

3 EKIDIODDEX 2.87E-04 6.4% 
Keowee Unit 1 Exciter Fan Supply Diode 
Bridge Fails 

4 EK141AXR6D 2.48E-04 5.5% 
Keowee Unit 1 Relay 41/AX Fails To Pick-up 
And Latch 

5 EK1F30AFUF 8.58E-05 1.9% 
Keowee Unit 1 Excitation Cabinet Fan Fuses 
Fail 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.6-16 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability1  Contribution 2 

Keowee Unit 2 Generator Excitation Fails To Cold Start 

1 EK2BASELHE 3.19E-03 52.1% 
Keowee Unit 2 Base Adjust Is Set Incorrectly 

2 EK2BASEDEX 6.12E-04 10.0% 
Keowee Unit 2 Base Adjust Fails To Establish 
Correct Unit Voltage 

3 EK2SPYMDEX 4.59E-04 7.5% 
Keowee Unit 2 Supply Breaker Fails To Close 
Due To Mechanical Failure 

4 EK2FLDCLHE 2.58E-04 4.2% 
Keowee Unit 2 Field Breaker Fails To Close 
Due To Latent Human Error 

5 EK2SPYCLHE 2.58E-04 4.2% 
Keowee Unit 2 Supply Breaker Fails To Close 
Due To Latent Human Error 

6 EK2FLSOLHE 2.58E-04 4.2% 
Keowee Unit 2 Field Flashing Breaker Fails To 
Open Due To Latent Human E 

7 EK2FLSCLHE 2.58E-04 4.2% 
Keowee Unit 2 Field Flashing Breaker Fails To 
Close Due To Latent Human 

8 EK241AXR6D 2.47E-04 4.0% 
Keowee Unit 2 Relay 41/AX Fails To Pick
up And Latch 

9 EK2FLSMDEX 7.65E-05 1.3% 
Keowee Unit 2 Field Flashing Breaker Fails To 
Close Due To Mechanical Failure 

10 EK2FLDMDEX 7.65E-05 1.3% 
Keowee Unit 2 Field Breaker Fails To Close 
Due To Mechanical Failure 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.6-17 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Keowee Unit 2 Generator Excitation Fails While Unit Runs 

1 EK2VREGDEX 2.47E-03 55.4% 
KHU-2 Voltage Adjust Failure Drives Generator 
Output Too High/Low 

2 EK2BAS2DEX 1.24E-03 27.8% 
KHU-2 Base Adjust Fails To Maintain Generator 
Output Within Acceptable 

3 EK2DIODDEX 2.87E-04 6.5% 
Keowee Unit 2 Exciter Fan Supply Diode Bridge 
Fails 

4 EK241AXR6D 2.48E-04 5.6% 
Keowee Unit 2 Relay 41/AX Fails To Pick-up And 
Latch 

5 EK2F30AFUF 8.59E-05 1.9% 
Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent
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A.7 KEOWEE GENERATOR 

A.7.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Keowee Generator.  

This model is combined with the high-level model and remaining system models to form 

an integrated model for assessing the reliability of Keowee. Other objectives are to 

identify major contributors to system unreliability, significant potential human errors and 

common-cause failure modes.  

The scope of this analysis is limited to Generator equipment required to support a Keowee 

emergency start and run under load following a loss of offsite power event.  

A.7.2 SYSTEM DESIGN 

The Keowee Hydroelectric Station contains two vertical waterwheel driven electric 

generators rated at 87.5 MVA at a voltage of 13.8 kV. The generators are salient pole 

synchronous machines that operate at a speed of 128.6 rpm. A totally enclosed ventilation 

system with air to water heat exchangers removes the heat produced by the generator.  

The generators are of the "umbrella" design which utilizes a combined thrust and guide 

bearing located below the rotor. The bearings are completely submerged in an oil bath 

which both lubricates and cools the bearings. Heat is removed from the oil pot by water 

cooled heat exchangers.  

A simplified diagram showing the generator with its major components is provided in 

Figure A.7-1. The following paragraphs briefly describe the major components of the 

generator.  

High Pressure Oil Lift System 

The generator is equipped with a high pressure oil lift system which provides a positive oil 

film between the thrust bearing shoes and the runner during starting and stopping.  

However, this oil lift function is not required during an emergency start of the unit and 

once the unit begins operation, the bearings are self lubricating. A simplified diagram of 

the high pressure oil lift system is shown in Figure A.7-2.  
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Ventilation System 

The cooling air circulation pattern for the generator is shown in Figure A.7- 1. The air 

discharged from the surface air coolers is drawn upward into the upper bracket area of the 

unit. The air circulation is achieved by paddle type blowers mounted on the top and 

bottom of the rotor. The air from the upper bracket passes directly into the main machine 

just behind the rotor rim from the top and bottom of the rotor. The entire air volume 

passes over the field copper of the rotor and into the vent ducts of the stator. To 

complete the ventilation cycle, the air discharges into the frame behind the stator core and 

again passes through the surface air coolers.  

The generator is supplied with six water to air coolers evenly spaced about the generator 

enclosure which are capable of removing the heat due to machine losses to the air. The 

coolers are of the multipass type with air flow counter-current to the water flow. The 

cooling water is supplied by the Turbine Generator Cooling Water System (WL). The 

cooling water flow paths and valve arrangements are shown in Figure A.7-3.  

Thrust and Guide Bearings 

The generator has a flat pad, pivoted Kingsbury type bearing. The shoes of the bearing 

assembly are made of steel plate finished on the surface so that the babbit may be 

metallurgically bonded to the surface of the shoes. These shoes are capable of supporting 

the weight of the rotating parts of the unit and the external thrust created by the unit as it 

operates. Operating in conjunction with the thrust bearing is a segmental shoe type guide 

bearing. The guide bearing shoes are mounted on a shoe support ring and are properly 

positioned radially by means of individual jack screws.  

Lubrication of the bearings is provided by completely submerging the thrust and guide 

bearing assemblies in an oil bath. The oil is kept at a safe operating temperature by means 

of cooling coils within the oil pot. Cooling water to the coils is provided by the WL 

system. The bearing oil cooling flow path and associated valves are shown in Figure A.7

4.  
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Fire Protection Equipment 

The generator is protected from fires by a carbon dioxide fire protection system, which 

consists of initial and delayed discharge nozzles and thermostats located around the 

generator. In order to provide relief to prevent excessive pressure build-up within the air 

housing during C02 discharge, two doors in the upper bracket top deck serve as weight 

loaded C02 relief doors. The weight of each door is sufficient to maintain tight closure in 

normal operation. A pressure sensor in each C02 discharge line will lockout the 

generator upon C02 discharge. A simplified flow diagram of the generator fire protection 

system is shown in Figure A.7-5.  

Brake and Jack System 

The generator also has a combination air brake/oil jack system. The brakes have 

individually renewable wearing surfaces which operate against a segmental, renewable 

steel brake ring. Using compressed air, the brakes are used to slow and stop the unit 

during shutdown. The brake assemblies also serve as hydraulic jacks which can be used 

* during maintenance to lift the entire rotor at least one inch.  

Protective Relays 

Keowee has three types of lockout relays. They are referred to as "emergency lockout," 

"normal lockout," and "alarm lockout" relays and are denoted by 86E, 86N and 30X 

respectively. The emergency lockout relay (86E) will prevent the Keowee unit from 

starting in either normal or emergency mode and trip the unit if it is running in either 

mode. The normal lockout relay (86N) will prevent the Keowee unit from starting in 

normal mode. It will not prevent an emergency start. This relay will also trip the unit if 

running in normal mode, not emergency mode. The alarm lockout relay (30X) will 

prevent the Keowee unit from starting in normal mode. It will not prevent an emergency 

start. This relay will not trip the unit if it is already running. Only the emergency lockout 

relay function and the relays that actuate it are modeled in the generator fault tree model.  
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A.7.3 SYSTEM BOUNDARIES 

Turbine Generator Cooling Water System 

Cooling water to the Generator air coolers and the Generator thrust bearing oil coolers is 

provided by the Turbine Generator Cooling Water (WL) System. A significant portion of 

the WL system supports the generator only, and has been incorporated into the 

"generator" model. This includes the air coolers, the oil coolers and their associated 

isolation and drain valves. Figure A.7-3 and A.7-4 show the WL components modeled in 

the generator model. The rest of the WL System is covered in the WL model and is 

described in Appendix A. 14.  

Generator Excitation 

The Generator Excitation System supplies dc voltage to the generator field coils. The 

Generator Excitation System model is described in Appendix A.6.  

Air Circuit Breakers 

Output of the generator is supplied to the 13.8 kV bus through the Air Circuit Breakers.  

The Air Circuit Breaker model is described in Appendix A.4 

A.7.4 INSTRUMENTATION AND CONTROLS 

There are no control functions associated with the actual generator of the Keowee Hydro 

Station. All control functions are provided through other systems such as the governor, 

exciter and voltage regulator systems. Instrumentation associated with the generator 

primarily monitors temperature, cooling water flow, and thrust bearing oil level.  

Protective trips are provided for fire protection actuation, bus differential voltage, 

generator ground faults, and high or low bearing oil level. Control room statalarms 

associated with the generator are listed in Table A.7-5.  

A.7.5 LOCATION WITHIN THE PLANT 

The Keowee generators are located within the generator enclosures which are between the 

operating floor and the turbine pit.  
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A.7.6 NORMAL OPERATION 

During normal operation, the Keowee generators are rated at 87.5 MVA at a voltage of 

13.8 kV, and operate at a speed of 128.6 rpm. The totally enclosed ventilation system 

with air to water heat exchangers removes the heat produced by generating electricity.  

The generators are run on a combined thrust and guide bearing located below the rotor.  

The bearings are completely submerged in an oil bath which both lubricates and cools the 

bearings. Heat is removed from the oil pot by water cooled heat exchangers.  

A.7.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

Keowee Generator operation is the same during normal and emergency operation.  

However, during an emergency start or run, the normal lockout relay will not prevent a 

start or trip a running unit.  

A.7.8 TEST AND MAINTENANCE 

Testing 

The Keowee Generator testing requirements are detailed in Table A.7-1.  

Maintenance 

The Keowee Generator maintenance requirements are listed in Table A.7-2.  

A.7.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.7-3. Three of these 

events were considered to represent failures that would have resulted in failure of the 

generator during emergency operation. These were the Unit 2 generator fault that 

occurred on 11/19/85, the Unit 2 fault that occurred on 12/2/92, and the Unit 2 accidental 

actuation of the generator C02 fire suppression system on 7/24/86.  
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A.7. 10 ASSUMPTIONS 

A.7.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The High Pressure Oil System is not required during an emergency start. The 

generator bearings are self lubricating as long as adequate oil level is maintained.  

2. To prevent generator failure due to over heating, all six generator air coolers are 

required to be functioning with full WL flow.  

3. To prevent generator failure due to bearing lubrication failure, all eight bearing oil 

coolers are required to be functioning with full WL flow.  

A.7.10.2 OPERATIONAL ASSUMPTIONS 

1. It is assumed that the Unit 1 generator is assigned to the underground path, and 

the Unit 2 generator is assigned to the overhead path. It is also assumed that Unit 

2 is operated daily. These assumptions are important when assigning exposure 

times for the calculation of failure probabilities.  

2. Failures of components that would result in a control room alarm need not be 

modeled as a failure of the generator to start. Failures of this type would alert the 

operators of a problem and the unit would be declared inoperable.  

A.7.10.3 MODELING ASSUMPTIONS 

1. The High Pressure Oil System is not required during an emergency start. The 

generator bearings are self lubricating as long as adequate oil level is maintained.  

However, if the High Pressure Oil system were to leak, proper oil level could not 

be maintained and the generator would fail due to inadequate bearing lubrication.  

Therefore, the High Pressure Oil system must remain leak tight during the running 

of the Keowee generator.  

2. The generator braking system is used to slow the generator following a unit 

shutdown. However, the braking system does not have adequate resistance to 
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prevent the starting or running of the generator. Therefore, spurious actuation of 

the braking system need not be modeled.  

3. If the Generator C02 Fire Protection system were to spuriously actuate, a 

generator emergency lockout would occur. Since the C02 system is self 

contained, spurious actuation will be treated as an undeveloped event. The 

exception will be the pressure sensor and relay in the C02 discharge line that 

generates the generator emergency lockout signal. These two components will be 

explicitly modeled.  

4. Failures of components that would result in a control room alarm need not be 

modeled as a failure of the generator to start. Failures of this type would alert the 

operators of a problem and the unit would be declared inoperable. These type 

failures are already captured by the maintenance or testing basic event. However, 

these failures should be modeled as a cause of a generator run failure. Examples of 

this type of component are spurious or actual high generator bearing oil level, or 

spurious operation of any of the generator lockout relays.  

5. If a generator air cooler should leak or if there is a failure of the cooler drain 

valves, water from the WL system could leak into the generator enclosure. It is 

assumed that this would result in failure of the generator.  

6. It is possible that the generator enclosure space heaters may be spuriously actuated 

and overheat the generator and its enclosure . Since the generator coolers operate 

only while the unit is running, they would not remove the heat produced by the 

heaters. This could lead to actuation of the generator fire suppression system, 

which would cause a generator lockout and prevent an emergency start of the unit.  

However, the likelihood of the coincident spurious actuation of the heaters and the 

need for Keowee to emergency start is very low. Additionally, generator stator 

high temperature is alarmed and would alert the Keowee operator of problems 

prior to initiation of the C02 fire suppression system. Therefore, spurious 

actuation of the generator enclosure space heaters will not be modeled as a failure 

mode for the generator failing to start.  

7. It is not necessary to model the inadvertent actuation of the space heaters as a way 

to fail the generator while running. The generator enclosure space heaters produce 
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a small fraction of the heat produced by the generator while running. The 

generator coolers could easily remove the small amount of excess heat produced 

by the heaters.  

8. It is assumed that the weekly test will uncover the failures that result in water 

leaking into the generator compartment (i.e. some valve transfers and heat 

exchanger leaks).  

9. It is assumed that the weekly test is not of sufficient duration to detect those 

failure that would result in eventual generating overheating (e.g. cooling water 

valve transfers).  

A.7. 11 FAULT TREE ANALYSIS 

A.7.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the Keowee Generator requires that: 

* One of the two Keowee Generators starts and supplies adequate power to the Oconee 

station for twenty-four hours following a loss of offsite power.  

* To prevent generator failure due to overheating, all six generator air coolers are 

required to be functioning with full WL flow. Therefore, failure of any one of the 

coolers, or failure of any one of the manual valves in the cooler flow path will result in 

inadequate cooling and failure of the generator.  

* To prevent generator failure due to bearing lubrication failure, all eight bearing oil 

coolers are required to be functioning with full WL flow. Therefore, failure of any of 

the bearing oil coolers, or failure of any one of the manual valves in the cooler flow 

path will result in inadequate cooling of the bearing oil and failure of the generator.  

A.7.11.2 DETAILED FAILURE CRITERIA 

1. Actuation of any of the relays that cause "Emergency Lockout" will cause the 

generator to trip.  
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2. Spurious actuation of the generator fire suppression system will cause an 

"Emergency Lockout" and trip the operating unit.  

3. Failure to cool the generator enclosure will result in overheating and either failure 

or trip of the unit.  

4. Loss of the generator bearing oil will result in trip or failure of the generator.  

Also, failure to cool the generator bearing oil will result in failure of the generator.  

5. A cooling water leak in the generator enclosure will result in failure of the 

generator.  

6. The generator will not start if the neutral ground disconnect is open.  

A.7.11.3 DESCRIPTION OF FAULT TREE 

The Keowee Generator fault tree is shown in Figure A.7-6. The Keowee Generator fault 

tree contains four top events which serve as transfer points for the Keowee top logic 

model described in Appendix A. 1. The top events of the generator fault tree are: 

KUlGENCLD Keowee Unit 1 Generator Fails 

During Cold Start 

KU2GENCLD Keowee Unit 2 Generator Fails 

During Cold Start 

KUlGENRUN Keowee Unit 1 Generator Fails 

While the Unit Runs 

KU2GENRUN Keowee Unit 2 Generator Fails 

While the Unit Runs 

The Fault Tree Modeling Guidelines (Appendix B) were followed in developing the fault 

tree. A list of all fault tree transfers is presented in Table A.7-4. Modules were not 

developed for the Keowee fault trees.  

Human reliability analysis was performed as described in Section 5.5 and Appendix C.3.  

Human events impacting the model are described in Section A.7.11.4.  
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Common-cause analysis was performed as described in Section 5.4 and Appendix C.2.  

Common-cause events impacting the model are described in Section A.7.11.6.  

A.7.11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians and operators can adversely affect Keowee 

Generator reliability. Those events explicitly included in the system fault tree are 

discussed below.  

GKlBRGVLHE, GK2BRGVLHE 

These basic events account for the potential of the maintenance technicians to fail to 

properly restore the Generator Thrust Bearing Cooler isolation valves following 

maintenance. These valves are repositioned during maintenance on the thrust bearing heat 

exchangers. Post-maintenance testing is expected to detect the majority of errors.  

However, since the coolers would not be required until the generator is operating, there is 

a possibility that a latent human error could exist that will not be discovered until an 

emergency start is required.  

These events were assigned a value of 2.6E-4 based on Figure C.3-1.  

GKlCOOLLHE, GKlCOOLLHE 

These basic events account for the potential of the maintenance technicians to fail to 

properly restore the generator air cooler isolation valves following maintenance or testing.  

These valves are repositioned during maintenance on the generator air cooler heat 

exchangers. Post-maintenance testing is expected to detect the majority of errors.  

However, since the generator coolers would not be required until the generator is 

operating, there is a possibility that a latent human error could exist that will not be 

discovered until an emergency start is required.  

These events were assigned a value of 2.6E-4 based on Figure C.3-2.  
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GK1NGDCLHE, GK2NGDCLHE 

These events represent a failure to close the neutral ground disconnects following 

maintenance or testing. These disconnects are opened and tagged per the procedures to 

remove the generators from service (OP/O/A/2000/13 and OP/O/A/2000/14 for Units 1 

and 2 respectively). These procedures include independent verification, and include a post

maintenance operability verification.  

During quantification of this event, credit was taken for the tag clearing being another 

level of verification.  

These events were assigned a value of 5.2E-5 based on Figure C.3-3.  

A.7.11.5 RELIABILITY DATA 

Significant events associated with the Keowee Generators are listed in Table A.7-3. Two 

of these events were considered to represent failures that would have resulted in failure 

during emergency operation of the Keowee station. These were the Unit 2 generator fault 

that occurred on 11/19/85 and the Unit 2 fault that occurred on 12/2/92. An additional 

event, the Unit 2 accidental actuation of the generator C02 fire suppression system on 

7/24/86, would have resulted in a failure, but was associated with a human error rather 

than equipment failure. This event was considered as a potential error of commission but 

was screened out because of the low likelihood of allowing maintenance on the fire 

protection system during a loss of power event.  

Section 5.3 of the main report discusses development of the reliability data. For the base 

case solution, the plant-specific failure rate data and generic failure rate data were 

combined using a Bayesian update.  

There are three basic events in the generator model which do not represent failure of a 

component, but instead represent "undeveloped events." These are, ABlFALTDEX, 

GKlFIREDEX, and GK2FIREDEX.  

AB lFALTDEX. Fault Occurs at ACB 1 

This event represents the probability that a fault will occur on ACB 1 when the unit 

has been operating on the grid. The probability of this event is set to zero for the 
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base case solution, since the underground unit is not allowed to generate to the 

grid. There have been no observed faults on any of the ACBs during the operating 

history of Keowee. Therefore, for sensitivity studies associated with operating the 

underground unit to the grid, the probability of AB 1FALTDEX is calculated as 

follows; 

ABlFALTDEX = .455/[2*(open and close demands)] 

= .455/[2*(2*(Unit 1 Starts + Unit 2 Starts))] 

= .455/[2*(2*(3390+3098))] 
= 1.75E-5/demand 

GKlFIREDEX (GK2FIREDEX), Spurious Actuation of Unit 1 (Unit 2) Gen.  

C02 Fire Suppression System 

This event represents the spurious action of the generator C02 fire suppression 

system. It is intended to represent the combination of any failures that would 

cause discharge of the C02 which would cause an Emergency Lockout. This 

would include instrumentation and control failures or valves which could transfer 

open. Not included are the pressure sensor in the C02 discharge line or the 

generator fire relay, which are explicitly modeled. As described above, there has 

been one inadvertent actuation of the CO2 system, however this event was due to 

human error and was treated as a potential error of commission. Therefore, there 

have been no spurious actuations of the C02 system during the operating history 

of Keowee and the probability of this undeveloped event is calculated as follows; 

GK1FIREDEX = 24 Hours*.455/[2(Unit 1 Avail. Hrs + Unit 2 Avail. Hrs)] 

= 24 * .455/[2(85,755 + 85,657)] 

= 3.19E-5 

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. Keowee Generator statalarms are listed in Table A.7

5.  

System reliability data is listed in Table A.7-6.  
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A.7.11.6 COMMON-CAUSE ASSESSMENT 

Common cause failures associated with the Keowee Generator are represented in the high

level fault tree by events: 

GKOCOOLCOM Common Cause Failure of 

Generator Air Cooling 

GKOLOCKCOM Common Cause Actuation of 

Generator Lockouts 

GKHPOILCOM Common Cause Failure of 

Generator Thrust Bearings 

Detailed descriptions of these events and their quantification are included in Appendix 

C.2.  

A.7.12 RESULTS 

Reliability of the Keowee Generator is defined as the probability that the system will 

succeed in supporting Keowee emergency operation (black start plus a 24 hour run). The 

Keowee Generator Unit 1 model yields a failure to start probability of approximately 

2.06E-04 and a failure to run probability of approximately 4.09E-3. The Keowee 

Generator Unit 2 model yields a failure to start probability of approximately 2.06E-04 and 

a failure to run probability of approximately 3.22E-3. Thus the reliability of the Keowee 

Generators to start and run for the required mission time are computed to be 

Unit 1 99.57% 

Unit 2 99.66% 

Tables A.7-7 through A.7-9 list the dominant minimal cut sets (failure sequences) for the 

Keowee Generators. Lists of dominant contributors to unavailability are shown in Tables 

A.7-10 through A.7-12. The dominant contributors to the unavailability of the Keowee 

Generators are generator faults, followed by latent human errors associated with restoring 

* the generator following maintenance or testing.  
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Table A.7-1 

Keowee Generator Test Procedures 

Procedure Test Frequency Description 

IP/1/B/0400/005, Annual Calibration of Generator 

Moore Model 33 Nullmatic Guide Bearing, Generator 

Temperature Transmitter Thrust Bearing and 

Calibration Generator Bearing Oil 

Temperature Transmitters 

IP/l/A/0400/023, 18 Months Calibration of the 

Unit No. 1 C02 Fire Generator C02 Fire 

Protection Pressure Switch Protection System Pressure 

Calibration Switch 

IP/1/B/0400/003, Annual Calibration of Generator 

Barton Model 258 Indicating Cooling Water Flow 

Switch Calibration Indicator and Generator 

Thrust Bearing Cooling 

Water Flow Indacator 

MP/O/A/2000/026, Semi-Annual Verify Adequacy of C02 
Weighing C02 Cylinders Weight for Generator C02 

Fire Protection System
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.Table A.7-1 

Keowee Generator Test Procedures 

Procedure Test Frequency Description 

MP/O/A/2000/059, 18 Months Verify Operability of 

Periodic Test of C02 Generator C02 Fire 

System Generator No. 1 Protection System 

MP/1/A/2000/019, Quarterly Inspection and 

Periodic Inspection of Maintenance of Generator 

Generator No. 1 Collector Ring, Brushes, 

Braking System and 

Change HP Oil Filter



Table A.7-2 

Keowee Generator Maintenance Procedures 

Procedure Test Frequency Description 

MP/O/A/2000/030, As Required Removal and Installation of 

Generator - Fire Generator Fire 

Extinguishing System - C02 Extinguishing System C02 

Cylinders - Removal and Cylinders 

Installation 

MP/1/A/2000/017, Weekly Preventive Maintenance 

Unit No. 1 Turbine, and Inspection of the 

Governor, and Generator Turbine, Governor and 

Weekly Preventative Generator 

Maintenance 

MP/l/A/2000/054, As Required Preventive Maintenance, 

Cleaning of Generator No. 1 Cleaning and Inspection of 

the Generator 

MP/l/A/2200/007, As Required Preventive Maintenance 

Unit No.1 Generator Brake and Inspection of the 

Maintenance Generator Braking System
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Table A.7-3 

Keowee Generator Significant Operating Events 

Date Unit Component Event Summary 

6-15-85 1 Generator Air Oconee received a #1 Generator 

Brake System. Air Brake failure alarm. The unit 

Speed Switch, 14/2. was not running at the time. The 

problem was determined to be due 

to mercury speed switch, 14/2 not 

working properly. The switch was 

replaced.  

11-19-85 2 Generator Unit 2 was generating to the grid 

when it received a Normal Lockout 

due to a Generator Field Ground.  

The problem was due to the 

electrical connection between two 

generator rotor field poles having 

burned out. The root cause of the 

burned out connection was 

believed to be due to vibration.



Table A.7-3 
(Page 2 of 3) 

Keowee Generator Significant Operating Events 

Date Unit Component Event Summary 

7-24-86 2 Generator C02 Fire Received #2 Keowee Emergency 

Supression System Lockout due to C02 actuation 

caused by electricians at Oconee 

performing NSM on Keowee Unit 

1 C02 switches. Event occurred 

when the wires were lifted for unit 

one but when testing the switch, the 

Unit 2 switch was depressed.  

8-1-88 2 Generator Cooling Unit 2 tripped while generating to 

Water Flow the grid due to Generator Cooling 

Indicator Swtich Water Alarm lockout. Operator 

readjusted cooling water flow 

which seemed to correct the 

problem.  

8-18-88 2 Generator Cooling Unit 2 tripped while generating to 

Water Alarm the grid due to Generator Cooling 

Circuit. Timer, Alarm lockout. Jumpered out 63CT 

63GCAT Timer contacts and restarted unit.  

Replaced 63CT Timer because it 

had a bad coil.
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Table A.7-3 

Keowee Generator Significant Operating Events 

Date Unit Component Event Summary 

12-2-92 2 Generator Unit 2 started for operability test.  

The unit tripped by emergency 

lockout on #2 generator ground 

fault overcurrent (59GN2). Found 

nicked wire (53) between 290-1X 

and 290-4X with a nick in the 

insulation from a screw used to 

attach the cover plate of the 

Voltage Regulator. Problem was 

caused by I & E technicians as they 

were completing a Configuration 

Control Inspection of Safety 

Related cabinet wiring.



Table A.7-4 

Keowee Generator Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

NTACB4MOD NSM-ON-52966 Is In Service Unit 1 Generator Protective 

Relays 

FK1300 WL Fails To Supply Unit 1 Unit 1 Generator Thrust 

Generator Thrust Bearing Cooling Bearing Oil Coolers 

FK2300 WL Fails To Supply Unit 2 Unit 2 Generator Thrust 

Generator Thrust Bearing Cooling Bearing Oil Coolers 

FK1400 WL Fails To Supply Unit 1 Unit 1 Generator Air 

Generator Air Coolers - Coolers 

FK2400 WL Fails To Supply Unit 2 Unit 2 Generator Air 

Generator Air Coolers Coolers



Table A.7-5 

Keowee Unit 1 Generator Statalarms 

(Unit 2 Alarms are Similar) 

Point No. Alarm Actuator 

1SAl-31 GEN. #1 BRG OIL LEVEL HIGH 63PL/HX 

1SAl-32 GEN. #1 BRG OIL LEVEL LOW 63BL/LX 

1SAl-33 GEN. #1 AIR BRAKE PRESS. LOW 63AX 

1SAl-34 GEN. #1 C02 SYS. FAULT 63FTX1 

1SAl-35 GEN. #1 FIRE C02 RELEASE 63FX 

1SAl-38 GEN. #1 C02 ISOLATION VALVES OPEN NA 
1SAl-39 GEN. #1 C02 ISOLATION VALVES NA 

CLOSED 
1SAl-40 GEN. NO: 1 FIRE ZIU-2 

1SA2-21 GEN. #1 BRG. OIL TEMP. HIGH 26GBX 

1SA2-22 GEN. #1 THRUST BRG. TEMP. HIGH 38B2X 

1SA2-23 GEN. #1 GUIDE BRG. TEMP. HIGH 38G2X 

1SA2-25 GEN. #1 COOLER WTR. DISC. TEMP. 30GWX 

HIGH 

1SA2-26 GEN. #1 COOLER AIR DISC. TEMP. HIGH 30GAX 

1SA2-27 GEN. #1 COOLER WTR. DISC. TEMP. 63BC/ATX 

HIGH 

1SA2-28 GEN. #1 COOLER WATER FLOW FAIL 63GC/ATX 
1SA2-29 GEN. #1 GROUND 64FX 

1SA2-30 GEN. #1 STATOR TEMP. HIGH 30SX 
1SA2-43 GEN. #1 RELAY POTS. VOLTAGE FAIL. 60R 

1SA2-44 GEN. #1 METER POTS. VOLTAGE FAIL. 60M 
1SA2-2 UNIT NO. 1 NORMAL LOCKOUT 86N-1 
1SA2-3 UNIT NO. 1 EMERGENCY LOCKOUT 86E-1
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

AB1FALTDEX o Fault Occurs at ACB 1 0.0 

GK10001HGR Keowee Unit 1 Generator Fault While the Unit 9.46E-05 /H 24 H Rule 1: Generates Emergency Lockout 2.27E-03 
Runs Alarm 

GK10001HGS Keowee Unit 1 Generator Fault Causes Unit 1.54E-04 /D 1 D Chalenged Each Time the Unit Starts l.54E-04 
Start Failure 

GK1063FPST Keowee 1 Gen CO2 Sys Press Switch 63F 5.30E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.27E-05 
Spurious Operation Alarm and Fire C02 Release Alarm 

GK112TDRYT Time Delay Relay 12XTD/1 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Alarm 

GK112X1RYT Relay 12X/1 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-0S 
Alarm 

GK13SUIRYT Keowee Unit 1 Startup Inhibit Switch 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Auxiliary Relay S3SUIX Spurious Actuation Alarm 

GK13SUISWT Keowee Unit 1 Startup Inhibit Switch 3SUI 7.30E-08 /H 24 H Rule 1: Generates Emergency Lockout 1.75E-06 
Spurious Operation Alarm 

GK140GlRYT Keowee Unit 1 Loss Of Generator Field Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
40G1 Spurious Actuation Alarm 

GK1S9GNRYT Keowee Unit 1 Generator Ground Fault Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
59GN1 Spurious Actuation Alarm 

GK162TDRYT Keowee Unit 1 Generator Backup Trip Timer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
62-1TD Spurious Operation Alarm 

GK163FXRYT Keowee Unit 1 Generator Fire Relay 63FX 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Spurious Actuation Alarm 

GK186E1RYT Keowee 1 Emergency Lockout Relay 86E-1 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Spuriously Picks Up Alarm 

GKl87GlRYT Keowee Unit 1 Generator Differential Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.2SE-05 
87G-1 Spurious Actuation Alarm 

GK187GBRYT Keowee Unit 1 Generator Bus Differential 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

Relay 87GB Spurious Actuation Alarm 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK187TERYT Keowee Unit 1 Exitation Transformer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Differential Relay 87T-lE Spur. Actuation Alarm 

GK1BRGVLHE Keowee 1 Gen. Brng Oil cooling Flow Path 2.60E-04 
Vlvs Mispositioned After Maintenance 

GK1COOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlvs 2.60E-04 
Mispositioned After Maintenance 

GKlFIREDEX Spurious Actuation of Unit 1 Gen. C02 Fire 7.OOE-05 
Supression System 

GK1GAC1HXF Generator Air Cooler 1GAHW-1 Fails 4.40E-07 /H 24 H Can Only occur While the Unit is 1.06E-05 
Running 

GK1GAC1HXL Heat Exchanger 1GAC1 Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GK1GAC2HXF Generator Air Cooler 1GAHW-2 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-0S 
Running 

GK1GAC2HXL Heat Exchanger 1GAC2 Leaks 2.60E-07 /H 108 H Rule 6 9. 98E-05 

GK1GAC3HXF Generator Air Cooler 1GAHW-3 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK1GAC3HXL Heat Exchanger 1GAC3 Leaks 2.60E-07 /H 108 H Rule 6 9. 98E-05 

GK1GAC4HXF Generator Air Cooler 1GAHW-4 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-0S 
Running 

GK1GAC4HXL Heat Exchanger 1GAC4 Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GK1GAC5HXF Generator Air Cooler 1GAHW-5 Fails 4.40E-07 /H 24 H Can only occur While the Unit is 1.06E-05 
Running 

GK1GACSHXL Heat Exchanger 1GACS Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GK1GAC6HXF Generator Air Cooler 1GAHW-6 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-0S 
Running 

1 )=Demand, H =Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.  
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Rate Factor Rationale For Factor2  Failure 
Probability 

GKlGAC6HXL Heat Exchanger 1GAC6 Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GK1HPO1HXF Generator Thrust Bearing Cooler 1HPOHX-1 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1HPO2HXF Generator Thrust Bearing Cooler 1HPOHX-2 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Fails Running 

GK1HPO3HXF Generator Thrust Bearing Cooler 1HPOHX-3 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1HPO4HXF Generator Thrust Bearing Cooler 1HPOHX-4 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Fails Running 

GK1HPO5HXF Generator Thrust Bearing Cooler 1HPOHX-5 .4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1HPO6HXF Generator Thrust Bearing Cooler 1HPOHX-6 4.40E-07 /H 24 H Can only Occur While the Unit is 1.06E-05 

Fails Running 
GK1HPO6VVT Genrator Bearing Oil Leak Because Manual 1.60E-08 /H 24 H Rule 1: Generates an Emergency Lockout 3.84E-07 

Valve 1HPO-6 Transfers Position Alrm and Brg. Oil Level Low Alarm 

GK1HPO7HXF Generator Thrust Bearing Cooler 1HPOHX-7 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1HPO8HXF Generator Thrust Bearing Cooler 1HPOHX-8 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1NGDCLHE Failure to Close the Unit 1 Neutral Ground 5.20E-05 
Disconnect Following Maintenance 

GK10121SST Speed Switch 12/1 Falsely Indicates High 4.30E-06 /H 24 H Rule 1: Generates Emergency Lockout 1.03E-04 

Speed Alarm 

GKlWL16VVT Manual Valve 1WL-16 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GKlWL17VVT Manual Valve 1WL-17 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL18VVT Manual Valve 1WL18 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table At.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GKlWL19VVT Manual Valve 1WL19 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 
GK1WL20VVT Manual Valve 1WL-20 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GKlWL21VVT Manual Valve 1WL-21 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 
GKlWL22VVT Manual Valve 1WL22 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL23VVT Manual Valve 1WL23 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 
GK1WL24VVT Manual Valve 1WL-24 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL2SVVT Manual Valve 1WL-25 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 
GK1WL26VVT Manual Valve 1WL26 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL27VVT Manual Valve 1WL27 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL28VVT Manual Valve 1WL-28 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GKlWL29VVT Manual Valve 1WL-29 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL30VVT Manual Valve 1WL30 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL31VVT Manual Valve 1WL31 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL32VVT Manual Valve 1WL-32 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL33VVT Manual Valve 1WL-33 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL34VVT Manual Valve 1WL34 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL35VVT Manual Valve 1WL35 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL36VVT Manual Valve 1WL-36 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL37VVT Manual Valve 1WL-37 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4:
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK1WL38VVT Manual Valve 1WL38 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL39VVT Manual Valve 1WL39 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

CK1WL41VVT Keowee 1 Manual Valve 1WL-41 Transfers 1.60E-08 /H 384 H Rule 6 6. 14E-06 
Position to Block Discharge Path 

GK1WL44VVT Manual Valve 1WL-44 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL45VVT Manual Valve 1WL-45 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL46VVT Manual Valve 1WL-46 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL47VVT Manual Valve 1WL-47 Transfers Position ,1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL48VVT Manual Valve 1WL-48 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL49VVT Manual Valve 1WL-49 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL50VVT Manual Valve 1WL-50 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL51VVT Manual Valve 1WL-51 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WLS2VVT Manual Valve 1WL-52 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL53VVT Manual Valve 1WL-53 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GKlWL54VVT Manual Valve 1WL-54 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL55VVT Manual Valve 1WL-55 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL56VVT Manual Valve 1WL-S6 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL57VVT Manual Valve 1WL-57 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL58VVT Manual Valve 1WL-58 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL59VVT Manual Valve 1WL-59 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.



(Page 6 of 12) 
Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK1WL60VVT Manual Valve 1WL-60 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GKlWL61VVT Manual Valve 1WL-61 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL62VVT Manual Valve 1WL-62 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL63VVT Manual Valve 1WL-63 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL64VVT Manual Valve 1WL-64 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL65VVT Manual Valve 1WL-65 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL66VVT Manual Valve 1WL-66 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL67VVT Manual Valve 1WL-67 Transfers Position 1.60E-08 /H 108 H Rule 6 6 .14E-06 

GKlWL68VVT Manual Valve 1WL-68 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL69VVT Manual Valve 1WL-69 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL70VVT Manual Valve 1WL-70 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL71VVT Manual Valve 1WL-71 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL72VVT Manual Valve 1WL-72 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL73VVT Manual Valve 1WL-73 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL74VVT Manual Valve 1WL-74 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL7SVVT Manual Valve 1WL-75 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL76VVT Manual Valve 1WL76 Transfers Position and 1.60E-08 /H 384 H Rule 6 6.14E-06 
Blocks Discharge Path 

GK1WL78VVT Manual Valve 1WL78 Transfers Position and 1.60E-08 /H 384 H Rule 6 6.14E-06 
Blocks Discharge Path 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK20001HGR Keowee Unit 2 Generator Fault While the Unit 9.46E-05 /H 24 H Rule 1: Generates Emergency Lockout 2.27E-03 
Runs Alarm 

GK20002HGS Keowee Unit 2 Generator Fault Causes Unit 1.54E-04 /D 1 D Chalenged Each Time the Unit Starts 1.54E-04 
Start Failure 

GK2063FPST Keowee 2 Gen C02 Sys Press Switch 63F 5.30E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.27E-05 
Spurious Operation Alarm and Fire C02 Release Alarm 

GK212TDRYT Time Delay Relay 12XTD/2 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-OS 
Alarm 

GK212X2RYT Relay 12X/2 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Alarm 

GK23SUIRYT Keowee Unit 2 Startup Inhibit Switch 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-OS 
Auxiliary Relay S3SUIX Spurious Actuation Alarm 

GK23SUISWT Keowee Unit 2 Startup Inhibit Swtich 3SUI 7.30E-08 /H 24 H Rule 1: Generates Emergency Lockout 1.75E-06 
Spurious Operation Alarm 

GK240G1RYT Keowee Unit 2 Loss Of Generator Field Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
40G1 Spurious Actuation Alarm 

GK259GNRYT Keowee Unit 2 Generator Ground Fault Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
59GN2 Spurious Actuation Alarm 

GK262TDRYT Keowee Unit 2 Generator Backup Trip Timer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
62-2TD Spurious Operation Alarm 

GK263FXRYT Keowee Unit 2 Generator Fire Relay 63FX 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-OS 
Spurious Actuation Alarm 

GK286E2RYT Keowee 2 Emergency Lockout Relay 86E-2 S.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Spuriously Picks Up Alarm 

GK287G2RYT Keowee Unit 2 Generator Differential Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
87G-2 Spurious Actuation Alarm 

GK287GBRYT Keowee Unit 2 Generator Bus Differential 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Relay 87GB Spurious Actuation Alarm 

GK287TERYT Keowee Unit 2 Excitation Transformer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Differential Relay 87T-2E Spur. Actuation Alarm 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2BRGVLHE Keowee 2 Gen. Brng Oil Cooling Flow Path 2.60E-04 
Vlvs Mispositioned After Maintenance 

GK2COOLLHE Keowee 2 Gen. Air Cooler WL Flow Path Vlvs 2.60E-04 
Mispositioned After Maintenance 

GK2FIREDEX Spurious Actuation of Unit 2 Gen. C02 Fire 7.OOE-05 
Supression System 

GK2GAC1HXF Generator Air Cooler 2GAHW-1 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC1HXL Heat Exchanger 2GAC1 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC2HXF Generator Air Cooler 2GAHW-2 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC2HXL Heat Exchanger 2GAC2 Leaks 2.60E-07 /H 36 H Rule 6 9. 36E-06 

GK2GAC3HXF Generator Air Cooler 2GAHW-3 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC3HXL Heat Exchanger 2GAC3 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC4HXF Generator Air Cooler 2GAHW-4 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC4HXL Heat Exchanger 2GAC4 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC5HXF Generator Air Cooler 2GAHW-5 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC5HXL Heat Exchanger 2GAC5 Leaks 2.60E-07 /H 36 H Rule 6 9. 36E-06 

GK2GAC6HXF Generator Air Cooler 2GAHW-6 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC6HXL Heat Exchanger 2GAC6 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.  
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2HPO1HXF Generator Thrust Bearing Cooler 2HPOHX-1 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK2HPO2HXF Generator Thrust Bearing Cooler 2HPOHX-2 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-O5 

Fails Running 
GK2HPO3HXF Generator Thrust Bearing Cooler 2HPOHX-3 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK2HPO4HXF Generator Thrust Bearing Cooler 2HPOHX-4 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK2HPO5HXF Generator Thrust Bearing Cooler 2HPOHX-5 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Fails Running 

GK2HPO6HXF Generator Thrust Bearing Cooler 2HPOHX-6 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-O5 

Fails Running 
GK2HPO6VVT Genrator Bearing Oil Leak Because Manual 1.60E-08 /H 24 H Rule 1: Generates an Emergency Lockout 3.84E-07 

Valve 2HPO-6 Transfers Position Alrm and Brg. Oil Level.Low Alarm 

GK2HPO7HXF Generator Thrust Bearing Cooler 2HPOHX-7 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK2HPO8HXF Generator Thrust Bearing Cooler 2HPOHX-8 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-O5 

Fails Running 
GK2NGDCLHE Failure to Close the Unit 2 Neutral Ground 5.20E-05 

Disconnect Following Maintenance 

GK20121SST Speed Switch 12/2 Falsely Indicates High 4.30E-06 /H 24 H Rule 1: Generates Emergency Lockout 1.03E-04 

Speed Alarm 

GK2WL16VVT Manual Valve 2WL-16 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL17VVT Manual Valve 2WL-17 Transfers Position 1.60E-08 /H 36 H Rule 6 S.76E-07 

GK2WL18VVT Manual Valve 2WL18 Transfers Position 1.60E-08 /H 36 H Rule 6 S .76E-07 

GK2WL19VVT Manual Valve 2WL19 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.-
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Table At.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor 2  Failure 
Probability 

GK2WL20VVT Manual Valve 2WL-20 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL2lVVT Manual Valve 2WL-21 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL22VVT Manual Valve 2WL22 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL23VVT Manual Valve 2WL23 Transfers Position 1.60E-08 /H 36 H Rule 6 S.76E-07 

GK2WL24VVT Manual Valve 2WL-24 Transfers Position 1.60E-03 /H 36 H Rule 6 5.76E-07 

GK2WL25VVT Manual Valve 2WL-25 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

CK2WL26VVT Manual Valve 2WL26 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL27VVT Manual Valve 2WL27 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WL28VVT Manual Valve 2WL-28 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL29VVT Manual Valve 2WL-29 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 
GK2WL30VVT Manual Valve 2WL30 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL31VVT Manual Valve 2WL31 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL32VVT Manual Valve 2WL-32 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL33VVT Manual Valve 2WL-33 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL34VVT Manual Valve 2WL34 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL35VVT Manual Valve 2WL35 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL36VVT Manual Valve 2WL-36 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL37VVT Manual Valve 2WL-37 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL38VVT Manual Valve 2WL38 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.  

* 0
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2WL39VVT Manual Valve 2WL39 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL41VVT Keowee 2 Manual Valve 2WL-41 Transfers 1.60E-08 /H 36 H Rule 6 5.76E-07 
Position to Block Discharge Path 

GK2WL44VVT Manual Valve 2WL-44 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL4SVVT Manual Valve 2WL-45 Transfers Position 1.60E-09 /H 36 H Rule 6 5.76E-07 

GK2WL46VVT Manual Valve 2WL-46 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL47VVT Manual Valve 2WL-47 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL48VVT Manual Valve 2WL-48 Transfers Position .. 60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL49VVT Manual Valve 2WL-49 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL50VVT Manual Valve 2WL-50 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL51VVT Manual Valve 2WL-51 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL52VVT Manual Valve 2WL-52 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL53VVT Manual Valve 2WL-53 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WLS4VVT Manual Valve 2WL-54 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL55VVT Manual Valve 2WL-55 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL56VVT Manual Valve 2WL-56 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL57VVT Manual Valve 2WL-57 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL58VVT Manual Valve 2WL-58 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WLS9VVT Manual Valve 2WL-59 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL60VVT Manual Valve 2WL-60 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

1 )=Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table .1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2WL61VVT Manual Valve 2WL-61 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL62VVT Manual Valve 2WL-62 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL63VVT Manual Valve 2WL-63 Transfers Position 1.60E-08 /H 36 H Rule 6 5 .76E-07 

GK2WL64VVT Manual Valve 2WL-64 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL65VVT Manual Valve 2WL-65 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL66VVT Manual Valve 2WL-66 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL67VVT Manual Valve 2WL-67 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL68VVT Manual Valve 2WL-68 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL69VVT Manual Valve 2WL-69 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL70VVT Manual Valve 2WL-70 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL71VVT Manual Valve 2WL-71 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL72VVT Manual Valve 2WL-72 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL73VVT Manual Valve 2WL-73 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WL74VVT Manual Valve 2WL-74 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL75VVT Manual Valve 2WL-75 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL76VVT Manual Valve 2WL76 Transfers Position and 1.60E-08 /H 36 H Rule 6 5.76E-07 
Blocks Discharge Path 

GK2WL78VVT Manual Valve 2WL78 Transfers Position and 1.60E-08 /H 36 H Rule 6 5.76E-07 
Blocks Discharge Path 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.  

*0 0
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Table A.7-7 

Keowee Generator Dominant Minimal Cut Sets 

Cut Sets for Gates KUlGENCLD/KU2GENCLD - Keowee Unit 1/2 Generator Fails During Cold Start 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

KUlGENCLD - Keowee Unit 1 Generator Fails During A Cold Start 

1) 1.54E-04 74.8% GK10001HGS 1.54E-04 Keowee Unit 1 Generator Fault Causes Unit Start 
Failure 

2) 5.20E-05 25.2% GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect 
Following 

Total Event Probability = 2.06E-04 

KU2GENCLD - Keowee Unit 2 Generator Fails During A Cold Start 

1) 1.54E-04 74.8% GK20002HGS 1.54E-04 Keowee Unit 2 Generator Fault Causes Unit Start 
Failure 

2) 5.20E-05 25.2% GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect 
Following Maintena 

Total Event Probability = 2.06E-04



Table A.7-8 

Keowee Generator Dominant Minimal Cut Sets 

Cut Sets for Gate KUlGENRUN - Keowee Unit 1 Generator Fails While the Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.27E-03 66.0% GK10001HGR 2.27E-03 Keowee Unit 1 Generator Fault While the Unit Run 
2) 2.60E-04 7.6% GKlBRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mi 
3) 2.60E-04 7.6% GK1COOLLHE 2.60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispo 

Total Event Probability = 3.44E-03 

*0 0



Table A.7-9 

Keowee Generator Dominant Minimal Cut Sets 

Cut Sets for Gate KU2GENRUN - Keowee Unit 2 Generator Fails While the Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.27E-03 70.5% GK20001HGR 2.27E-03 Keowee Unit 2 Generator Fault While the Unit Runs 2) 2.60E-04 8.1% GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs 
Mispositioned After Mainte 3) 2.60E-04 8.1% GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs 
Mispositioned After Maint 4) 7.OOE-05 2.2% GK2FIREDEX 7.0OE-05 Spurious Actuation of Unit 2 Gen. C02 Fire Supression 
System 

Total Probability = 3.22E-03



Table A.7-10 

Keowee Generator Dominant Contributors To Unavailability 

For Gates KUlGENCLD/KU2GENCLD - Keowee Unit 1/2 Generator Fails During Cold 

Start 

Mean Approximate 

Rank Event Description Unavailabilityl Unavailability 

Contribution 2 

1 GK10001HGS 1.54E-04 74.8% 
GK20002HGS 

Keowee Unit 1/2 Generator 

Fault Causes Unit Start Failure 

2 GKINGDCLHE/ 5.20E-05 25.2% 

GK2NGDCLHE 

Failure to Close the Unit 1/2 

Neutral Ground Disconnect 

Following Maintenance 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.7-11 

Keowee Generator Dominant Contributors To Unavailability 

For Gate KU1GENRUN - Keowee Unit 1 Generator Fails While the Unit Runs 

Mean Approximate 

Rank Event Description Unavailability 1  Unavailability 

Contribution2 

1 GK10001HGR 2.27E-03 65.9% 
Keowee Unit 1 Generator Fault 
While the Unit Run 

2 GKlCOOLLHE 2.59E-04 7.5% 
Keowee 1 Gen. Air Cooler WL 
Flow Path Vlvs Mispositioned 

3 GKlBRGVLHE 2.59E-04 7.5% 
Keowee 1 Gen. Brng Oil Cooling 
Flow Path Vlvs Mispositioned 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.7-12 

Keowee Generator Dominant Contributors To Unavailability 

For Gate KU2GENRUN - Keowee Unit 2 Generator Fails While the Unit Runs 

Mean Approximate 

Rank Event Description Unavailability 1  Unavailability 

Contribution 2 

1 GK20001HGR 2.27E-03 70.4% 
Keowee Unit 2 Generator Fault 
While the Unit Runs 

2 GK2BRGVLHE 2.59E-04 8.1% 
Keowee 2 Gen. Brng Oil Cooling 
Flow Path Vlvs Mispositioned 
After Mainte 

3 GK2COOLLHE 2.59E-04 8.1% 
Keowee 2 Gen. Air Cooler WL 
Flow Path Vlvs Mispositioned 
After Maint 

4 GK2FIREDEX 6.99E-05 2.2% 
Spurious Actuation of Unit 2 
Gen. C02 Fire Supression System 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.
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2 r~ ~I GK2415 |r GK2416 
Page 34 Page 34 
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I GK2 18V~f II GK2W130VVTI 
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Air Coolers Leak 

nto Generator 
Enclosure 

GK2HXLEAK 
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GKC2HX G2ASHXL I 

Heat Exchanger Heat Exchanger 
2GAC3 Leaks 2GAC6 Leaks 

C3HX GK2GAC6HXL| 

Keowee Generator Fault Tree FIGURE A.7-6 I Page 39 

e 0



Gate/Event Name Page Zone Gate/Event Name Pag e Zone Gate/Event Name Eaga Zoneg Gate/Event Name Eagg Zone 

AB1FALTDEX 3 GK1316B 12 GK187TERYT 3 GK1WL16VVT 18 

ACB4MOD 5 GK1317 6 GK1BRGDSCH 4 GK1WL17VVT 18 

FK1300 5 GK1317 13 GK1BRGDSCH 5 GK1WL18VVT 19 

FK1400 15 GK1317A 13 GK1BRGSUP 2 GK1WL19VVT 19 

FK2300 24 GK1317B 13 GK1BRGSUP 5 GK1WL20VVT 18 

FK2400 34 GK1318 6 GK1BRGVLHE 5 GK1WL21VVT 18 

GAB1FAULT 3 GK1318 14 GK1COOLLHE 15 GK1WL22VVT 19 

GK10001HGR 2 GK1318A 14 GK1FIREDEX 2 GK1WL23VVT 19 

GK10001HGS 1 GK1318B 14 GK1GAC1HXF 16 GK1WL24VVT 17 

GK1063FPST 4 GK13SUI 3 GK1GAC1HXL 20 GK1WL25VVT 17 

GK1120 5 GK13SUI 4 GK1GAC2HXF 16 GK1WL26VVT 19 

GK112TDRYT 5 GK13SUIRYT 4 GK1GAC2HXL 20 GK1WL27VVT 19 

GK112X1RYT 5 GK13SUISWT 4 GK1GAC3HXF 17 GK1WL28VVT 17 

GK1310 5 GK140G1RYT 3 GK1GAC3HXL 20 GK1WL29VVT 17 

GK1310 6 GK1410 15 GK1GAC4HXF 17 GK1WL30VVT 19 

GK1311 6 GK1411 15 GK1GAC4HXL 20 GK1WL31VVT 19 

GK1311 7 GK1411 16 GK1GAC5HXF 18 GK1WL32VVT 16 

GK1311A 7 GK1412 15 GK1GAC5HXL 20 GK1WL33VVT 16 

GK1311B 7 GK1412 16 GK1GAC6HXF 18 GK1WL34VVT 19 

GK1312 6 GK1413 15 GK1GAC6HXL 20 GK1WL35VVT 19 

GK1312 8 GK1413 17 GK1GENCOOL 2 GKlWL36VVT 16 

GK1312A 8 GK1414 15 GK1GENCOOL 15 GK1WL37VVT 16 

GK1312B 8 GK1414 17 GK1HPO1HXF 7 GK1WL38VVT 19 

GK1313 6 GK1415 15 GK1HPO2HXF 8 GK1WL39VVT 19 

GK1313 9 GK1415 18 GK1HPO3HXF 9 GK1WL41VVT 15 

GK1313A 9 GK1416 15 GK1HPO4HXF 10 GK1WL44VVT 7 

GK1313B 9 GK1416 18 GK1HPO5HXF 11 GK1WL45VVT 7 

GK1314 6 GK159GNRYT 3 GK1HPO6HXF 12 GK1WL46VVT 7 

GK1314 10 GK162TDRYT 3 GK1HPO6VVT 5 GK1WL47VVT 7 

GK1314A 10 GK163FX 3 GK1HPO7HXF 13 GK1WL48VVT 8 

GK1314B 10 GK163FX 4 GK1HPO8HXF 14 GK1WL49VVT 8 

GK1315 6 GK163FXRYT 4 GK1HXLEAK 2 GKlWL50VVT 8 

GK1315 11 GK186E1 2 GK1HXLEAK 20 GK1WL51VVT 8 

GK1315A 11 GK186E1RYT 2 GK1MODTRIP 3 GK1WL52VVT 9 

GK1315B 11 GK186E1X 2 GK1MODTRIP 5 GK1WL53VVT 9 

GK1316 6 GK186E1X 3 GK1NGDCLHE 1 GK1WL54VVT 9 

GK1316 12 GK187G1RYT 3 GK10121SST 5 GK1WL55VVT 9 

GK1316A 12 GK187GBRYT 3 GK1SUPRT' 2 GK1WL56VVT 10 
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Gate/Event Name Enge Zone Gate/Event Name- Pge Zone Gate/Event Name e ZgQ Gate/Event Name Eata Zone 

GK1WL57VVT 10 GK2312A 27 GK2414 34 GK2HPO1HXF 26 

GK1WL58VVT 10 GK2312B 27 GK2414 36 GK2HPO2HXF 27 

GK1WL59VVT 10 GK2313 25 GK2415 34 GK2HPO3HXF 28 

GK1WL60VVT 11 GK2313 28 GK2415 37 GK2HPO4HXF 29 

GK1WL61VVT 11 GK2313A 28 GK2416 34 GK2HPO5HXF 30 

GK1WL62VVT 11 GK2313B 28 GK2416 37 GK2HPO6HXF 31 

GK1WL63VVT 11 GK2314 25 GK259GNRYT 22 GK2HPO6VVT 24 

GKlWL64VVT 12 GK2314 29 GK262TDRYT 22 GK2HPO7HXF 32 

GK1WL65VVT 12 GK2314A 29 GK263FX 22 GK2HPO8HXF 33 

GK1WL66VVT 12 GK2314B 29 GK263FX 23 GK2HXLEAK 21 

GK1WL67VVT 12 GK2315 25 GK263FXRYT 23. GK2HXLEAK 39 

GK1WL68VVT 13 GK2315 30 GK286E2 21 GK2MODTRIP 22 

GK1WL69VVT 13 GK2315A 30 GK286E2 22 GK2MODTRIP 24 

GK1WL70VVT 13 GK2315B 30 GK286E2RYT 22 GK2NGDCLHE 1 

GK1WL71VVT 13 GK2316 25 GK287G2RYT 22 GK20121SST 24 

GK1WL72VVT 14 GK2316 31 GK287GBRYT 22 GK2SUPRT 21 

GKlWL73VVT 14 GK2316A 31 GK287TERYT 22 GK2WL16VVT 37 

GK1WL74VVT 14 GK2316B 31 GK2BRGDSCH 23 GK2WL17VVT 37 

GK1WL75VVT 14 GK2317 25 GK2BRGDSCH 24 GK2WL18VVT 38 

GK1WL76VVT 4 GK2317 32 GK2BRGSUP 21 GK2WL19VVT 38 

GK1WL78VVT 4 GK2317A 32 . GK2BRGSUP 24 GK2WL20VVT 37 

GK1WLLEAK 2 GK2317B 32 GK2BRGVLHE 24 GK2WL21VVT 37 

GK1WLVLEAK 2 GK2318 25 GK2COOLLHE 34 GK2WL22VVT 38 

GK1WLVLEAK 19 GK2318 33 GK2FIREDEX 21 GK2WL23VVT 38 

GK20001HGR 21 GK2318A 33 GK2GAC1HXF 35 GK2WL24VVT 36 

GK20002HGS 1 GK2318B 33 GK2GAC1HXL 39 GK2WL25VVT 36 

GK2063FPST 23 GK23SUI 22 GK2GAC2HXF 35 GK2WL26VVT 38 

GK2120 24 GK23SUI 23 GK2GAC2HXL 39 GK2WL27VVT 38 

GK212TDRYT 24 GK23SUIRYT 23 GK2GAC3HXF 36 GK2WL28VVT 36 

GK212X2RYT 24 GK23SUISWT 23 GK2GAC3HXL 39 GK2WL29VVT 36 

GK2310 24 GK240G1RYT 22 GK2GAC4HXF 36 GK2WL30VVT 38 

GK2310 25 GK2410 34 GK2GAC4HXL 39 GK2WL31VVT 38 

GK2311 25 GK2411 34 GK2GAC5HXF 37 GK2WL32VVT 35 

GK2311 26 GK2411 35 GK2GAC5HXL 39 GK2WL33VVT 35 

GK2311A 26 GK2412 34 GK2GAC6HXF 37 GK2WL34VVT 38 

GK2311B 26 GK2412 35 GK2GAC6HXL 39 GK2WL35VVT 38 

GK2312 25 GK2413 34 GK2GENCOOL 21 GK2WL36VVT 35 

GK2312 27 GK2413 36 GK2GENCOOL 34 GK2WL37VVT 35 
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Gate/Event Name- Pag Zone Gate/Event Name- Pag Zone Gate/Event Name- Pag Zone Gate/Event Name Pa Zn 

GK2WL38VVT 38 GK2WLVLEAK 21 

GK2WL39VVT 38 GK2WLVLEAX 38 

GK2WL41VVT 34 GMODTRIP1 5 

GK2WL44VVT 26 GMODTRIP2 24 

GK2WL45VVT 26 KU1GENCLD 1 

GK2WL46VVT 26 KUlGENRUN 2 

GK2WL47VVT 26 KUlRNNG 3 

GK2WL48VVT 27 KU2GENCLD 1 

GK2WL49VViT 27 KU2GENRUN 21 

GK2WL50VVT 27 NTACB4MOD 5 

GK2WL51VVT 27 NTACB4MOD 5 

GK2WL52VVT 28 NTACB4MOD 24 

GK2WL53VVT 28 

GK2WL54VVT 28 

GK2WL55VVT 28 

GK2WL56VVT 29 

GK2WL57VVT 29 

GK2WL58VVT 29 

GK2WL59VVT 29 

GK2WL6OVVT 30 

GK2WL61VVT 30 

GK2WL62VVT 30 

GK2WL63VVT 30 

GK2WL64VVT 31 

GK2WL65VVT 31 

GK2WL66VVT 31 

GK2WL67VVT 31 

GK2WL68VVT 32 

GK2WL69VVT 32 

GK2WL70VVT 32 

GK2WL71VVT 32 

GK2WL72VVT 33 

GK2WL73VVT 33 

GK2WL74VVT 33 

GK2WL75VVT 33 

GK2WL76VVT 23 

GK2WL78VVT 23 

GK2WLLEAK 21 
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A.8 KEOWEE AUXTLIARY POWER SYSTEM 

A.8.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Keowee Auxiliary 

Power System. This model is combined with the high level logic model and remaining 

system models to form an integrated model for assessing the reliability of Keowee. Other 

objectives are to identify major contributors to system unreliability, significant potential 

human errors and common cause failure modes.  

The scope of this analysis is limited to Keowee Auxiliary Power System equipment 

required to support a Keowee emergency start and run under load following a loss of 

offsite power condition.  

A.8.2 SYSTEM DESIGN 

The Keowee Auxiliary Power System consists of the 125 V dc power system and the 

600 V ac system. The 125 V dc system supplies the unit auxiliary dc loads and the control 

power for Keowee emergency starting and breaker control switching logic. The system 

provides all electric power necessary to black start and operate the units in the event the 

ac auxiliary system is temporarily lost. Figure A.8-1 is the Keowee DC Auxiliary Power 

Simplified Diagram.  

Figure A.8-2 is the Keowee AC Auxiliary Power Simplified Diagram. The Keowee 600 V 

ac Load Centers IX and 2X with their normal and alternate feeder breakers will provide 

power to the Keowee ac auxiliary loads including battery chargers for the 125 V dc power 

systems. The load centers supply motor control centers (MCCs) from which power is 

further distributed to the electrical loads. Load Center 1X receives its power from the 

following sources: 

1. Keowee Generator Unit 1 through transformer 1X and Air Circuit Breaker 5 

(ACB-5).  

2. The Oconee Switchgear ITC through transformer CX and ACB-7.  
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3. The 230 kV switchyard through the Keowee step-up transformer, transformer 

IX and ACB-5.  

Similarly, Load Center 2X receives power from the following sources: 

1. Keowee Generator Unit 2 through transformer 2X and ACB-6.  
2. The Oconee switchgear ITC through transformer CX and ACB-8.  
3. The 230kV switchyard through the Keowee step-up transformer, transformer 

2X and ACB-6.  

The normal power to the auxiliaries of the Keowee unit lined up to the overhead power 
path comes from that unit when the Keowee unit is running or from the 230 kV 
switchyard when the Keowee unit is not generating power. The unit lined up to provide 

power through the underground power path normally receives its auxiliary power from 

source Transformer CX.  

A.8.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

The Ke6wee 125 V dc Auxiliary Power System is dependent on the Keowee 600 V ac 
Auxiliary Power System to keep its batteries charged.  

600 V ac auxiliary power for the Keowee unit tied to the underground power path is 
normally dependent on power supplied through transformer CX from the Oconee Unit 1, 
4 kV Essential Auxiliary Power System Switchgear ITC. The 600 V ac auxiliary power 
for the Keowee unit not tied to the underground feeder is normally supplied through its 
unit respective auxiliary transformer, lX or 2X.  

Keowee Auxiliary Automatic Switching 

The 600 V Switchgear 1X and 2X have mode selector switches (143/A,M) which 

determine the power selection mode of the normal and alternate incoming power Air 

Circuit Breakers (ACBs). The breakers have manual control switches which are operable 
when the mode selector switches are in the "manual" position. When the mode selector 
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switches are in their normal "automatic" position the unit tied to the underground power 

path will receive its auxiliary power from transformer CX; therefore, ACB-7 or -8 will be 

the normally closed breaker for the unit tied to the underground path and ACB-5 or -6 will 

be the normally closed breaker for the other unit.  

When the normal power to a switchgear is lost for 4 seconds, the normal breaker will trip.  

If power returns in less than 34 seconds, the normal breaker will re-close. Should the 

normal power not return in 34 seconds and alternate power is available, the alternate 

power breaker will automatically close. In the event that normal power returns, the 

normal breaker will not close again unless the alternate source is subsequently lost for 

longer than 4 seconds. The power seeking logic of the auxiliary power switchgear ACBs 

is more completely discussed in Appendix A.4.  

Other System Boundaries 

Individual load breakers are not included in the Auxiliary Power model. Load breakers 

are in the system models of the various loads.  

A.8.4 INSTRUMENTATION AND CONTROLS 

125 V dc Power System 

The following devices are found on the control room electric boards (EB-2 for Unit 1 and 

EB-9 for Unit 2): 

Battery DC Voltmeter 

Battery Ground Leg P & N Indicating Lights 

Battery Ground Detector Test Switch 

Battery Undervoltage Relay 80-1 or 2.  

The undervoltage relays have alarm functions only. Two voltmeters are provided on each 

Distribution Center to indicate the bus voltage on both 1DA and 2DA.  

DC system trouble is indicated on Keowee control room statalarms. Table A.8-6 lists the 

Keowee Auxiliary Power System statalarms.  
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600 V ac System 

The IX and 2X switchgear automatic power seeking logic is described in Section A.8.3.  
If a load center is without power, its MCC can be manually aligned to receive power from 
the other load center. Breakers for the individual ac loads are located on the MCCs and 
are manually positioned. Load center breakers can be remote manually operated from the 
Keowee Control Room.  

A.8.5 LOCATION WITHIN THE PLANT 

All Keowee 125 V dc power system equipment is located within the Keowee Service 
Building substructure, below the slab located at 702'.  

The Keowee electrical distribution system equipment is located inside the Powerhouse.  

Auxiliary Transformers No. 1X, 2X, and CX, and Load Centers 1X and 2X are located on 
the Operating Floor. Motor Control Centers are on the Mechanical Equipment Gallery, 

one floor below the Operating Floor.  

A.8.6 NORMAL OPERATION 

The Keowee 125 V dc Auxiliary Power System is electrically separated into 2 strings, 
each consisting of a battery charger, a battery bank, a distribution center and a deadlight 

panelboard. A standby battery charger is provided as a backup. Each string is connected 
to a 125 V dc isolating transfer diode, whose common output provides power to the 
Keowee static inverter for statalarm annunciators, computer 1/0 typers, etc.  

In the event a unit's battery is out of service, the dc distribution centers may be tied 

together through the tie breakers, provided the operable battery has 59 operable cells.  

The ability to operate when called on to supply power in an emergency may be adversely 

affected if a battery is not in a fully charged condition. Thus, the standby charger should 
be connected as soon as possible after loss of the normal charger. Each battery has 
adequate capacity to ensure the emergency start and operation of both Keowee units for 
one hour.  
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The normal 600 V ac Auxiliary Power System configurations are described in Section 

A.8.2 above. One configuration that was not previously described is the line up when a 

load center is out of service for routine preventative maintenance. In this case its MCCs 

are lined up to the other Keowee unit's load center.  

A.8.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

The loss of offsite power is a design basis event (DBE) for the Keowee 125 V dc Power 

System. For this emergency the power to the battery chargers is lost; however, either 

battery is capable of providing the control power necessary to black start the Keowee 

units. Following the unit startup, auxiliary power for the generator unit not connected to 

the underground path comes from the generator unit itself, through its auxiliary 

transformer and its normal ACB when it re-closes on sensing the return of power to its 

normal source. Auxiliary power for the unit connected to the underground is restored 

after power is restored to Oconee ESG Switchgear ITC through CT4 and the standby 

bus.  

A.8.8 TEST AND MAINTENANCE 

Testing 

The Keowee Auxiliary Power System testing requirements are detailed in Table A.8-2.  

Maintenance 

The Keowee Auxiliary Power System maintenance requirements are listed in Table A.8-3.  

A.8.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.8-4.  
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A.8.10 ASSUMPTIONS 

A.8.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. It is assumed that.the 125 V dc Power System is initially operable.  

2. Even in the alternate alignment with the bus tie breakers closed, the 125 V dc 
power system is capable of providing black start power to the Keowee units up to 
one hour.  

3. MCCs 1XS and 2XS are not modeled, since they provide power to none of the 
support equipment necessary for Keowee success. 1XS and 2XS provides power 

to the standby battery charger and can provide power to safety loads.  

A.8.10.2 OPERATIONAL ASSUMPTIONS 

1. The load center mode selector switches are assumed to be positioned for the 

automatic (power seeking) mode.  

A.8.10.3 MODELING ASSUMPTIONS 

125 V DC SYSTEM 

1. The failure mode associated with Keowee start is the battery demand failure 

associated with the challenge of a black start. It is during the Keowee start up that 

the largest battery current is required. Consequently, the most probable time for 
failure occurs during start up. Time related failures are applied to the dc fault tree 

for the 24 hour Keowee run.  

2. The battery charger input power supplies are only modeled to the MCC bus. The 

MCCs are modeled in the ac auxiliaries portion of the fault tree. Transfer to the ac 

tree would introduce circular logic, which has been avoided.  

600 V AC AUXILIARY POWER SYSTEM 
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1. It is assumed that Keowee 1 is aligned to the underground power path and 

Keowee 2 is aligned to the overhead power path. Thus, Load Center IX will be 

powered from transformer CX through ACB-7, and Load Center 2X will be 

powered from transformer 2X through ACB-6.  

2. The 600 V ac MCCs are modeled for failure of their normal power supplies. The 

cross connection to the opposite train power supply (Load Center Switchgear) has 

not been included in order to avoid circular logic.  

3. The normal and alternate power sources of the load centers are included in the 600 

V ac fault tree. The selection logic is in the ACB fault trees which are transferred 

into the 600 V ac fault tree.  

A.8.11 FAULT TREE ANALYSIS 

A.8.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the Keowee Auxiliary Power System requires that the dc and ac power 

supplies remain functional for the duration of the event. If necessary, the functional power 

supplies can be manually cross connected to supply the opposite Keowee unit.  

A.8.11.2 DETAILED FAILURE CRITERIA 

1. The 125 V dc power supplies are modeled for failure to perform during the black 

start of the Keowee units, p.g., "Loss of Power to 125 V dc Dist. Cntr. 1DA 

during Start", and modeled for failure during the duration of the Keowee System 

performance run, "Loss of Power on Keowee 1 125 V dc Dist. Ctr. IDA during 

Run". The alternate power to the distribution centers refers to short periods of 

preventative maintenance or test when the normal battery is isolated and the other 

battery is lined up to serve both units. This relatively small proportion of time with 

increased vulnerability is applied to both distribution centers for both start up and 

run functions.  

2. After the assumed LOOP occurs and emergency power becomes available, power 

should be automatically restored to Load Center Switchgear 1X when ACB-7 re
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closes and automatically restored to Load Center Switchgear 2X after ACB-2 and 
ACB-6 close. These sequences and (should they fail) alternative power restoration 
sequences are modeled as demands (transfers to the ACB positioning fault trees) in 
the Keowee Auxiliary AC Power fault tree.  

3. The power source for transformer CX is Oconee Unit 1 ESG Switchgear 1TC 
which is powered from Unit 1 Main Feeder Buses 1 and 2. Power for the main 

feeder buses can come from the Oconee 1 generator, the Oconee 1 startup source 
(230 kV switchyard or Keowee overhead power), or the standby bus (powered 

through the Keowee underground path or CT5).  

A.8.11.3 DESCRIPTION OF FAULT TREE 

The Keowee Auxiliary Power System fault tree is shown in Figure A.8-3. The Fault Tree 

Modeling Guidelines (Appendix B) were followed in developing the fault tree. A list of all 

fault tree transfers is presented in Table A.8-5.  

In the dc section of the fault tree the alternate power line up to Distribution Center 1DA 

during Keowee run is Distribution Center 2DA and it is modeled as such. The alternate 

power line up to Distribution Center 2DA stops at the distribution center tie breakers to 

prevent circular logic in the model.  

In the ac section each unit's MCCs have the capability of being powered from the other 

unit's load center. The model assumes that power from the cross connections is not 

available for the purpose of avoiding circular logic.  

Human reliability analysis is performed as described in Appendix C.3. Human events 

impacting the model are described in Section A.8.12.6.  

Common cause analysis is performed as described in Appendix C.2. Common cause 

events impacting the model are described in Section A.8.12.6.  

A.8 .11.4 HUMAN INTERACTIONS 

1. The Keowee Auxiliary Power System is monitored and challenged through test 

and Keowee generator operation such that latent failures are most unlikely.  
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2. The Standby Battery Charger at Keowee can be lined up to either battery in the 

event of a normal battery charger failure. This is modeled as a recovery for both 

Battery Charger #1 and Battery Charger #2.  

A.8 .11.5 RELIABILITY DATA 

Appendix C. 1 discusses development of the reliability data.  

Plant-specific data is used for maintenance events. The following maintenance events are 

included in the Keowee Auxiliary Power System model.  

XD1DALTBYM, XD2DALTBYM, XAIXAALBM, XA2XAALBLM 

These events account for maintenance and testing on the A and B trains. Each battery 

train is in maintenance or testing for approximately 3 days per year, and for 6 days every 

fifth year. Thus, the unavailability of a battery due to testing or maintenance is: 

18(24) hr/5(8760) hr = 9.86E-3.  

As discussed in Appendix C, consideration of relevant statalarms is part of the process of 

determining each basic event factor. System statalarms are listed in Table A.8 -6.  

System reliability data is listed in Table A.8 -7.  

A.8 .11.6 COMMON-CAUSE ASSESSMENT 

XA1BKRSCOM, XA2BKRSCOM, XA56BKRCOM, XA78BKRCOM 

The Auxiliary Power System power seeking breakers share the same design, maintenance 

procedures, operating conditions, environmental conditions, etc. A failure of both trains 

leads to a failure of the emergency power system to operate. Therefore, these common 

cause events are included in the fault tree to represent these coupling mechanisms.  

A.8.12 RESULTS 
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Reliability of the Keowee Auxiliary DC Power System is defined as the probability that the 

system will succeed in supporting Keowee emergency operation (black start plus a 24 

hour run). The system model yields a probability of approximately 9.3E-04 that power on 

Distribution Center IDA (or 2DA) will fail during an emergency start. Thus, the reliability 

of each unit's Auxiliary DC Power System during start is 99.91%. This is dominated by 

the generic demand failure rate of a battery. The Auxiliary DC Power System failure 

probability during a 24 hr mission time is 7.2E-04 (a system reliability of 99.93%). The 

Auxiliary AC Power System failure probability for the unit assigned to the underground 

for a 24 hr mission time is 3.7E-05 which converts to a 99.99% reliability. For the unit 

assigned to the overhead power path, the Auxiliary AC Power System failure probability is 

3.5E-05; also a 99.99% reliability.  

Tables A.8-8 through A.8-12 lists the dominant minimal cut sets (failure sequences) for 

the Auxiliary Power System. A list of dominant contributors to the unavailability of the dc 

Distribution Centers during the mission time is shown in Table A.8-13. The dominant 

contributor to the unavailability of an Auxiliary DC Power System train during run is 

failure of the train battery charger. The next highest contributors to system unreliability 

are faults on the train distribution centers. The dominant failure of the underground unit's 

Auxiliary AC Power System train ("Loss of power on MCC 1XA") is a spurious trip of 

the load center normal MCC feeder breaker 1X-2C during the 24 hr mission time. The 

next highest contributor is a fault on the MCC bus during the mission time. The dominant 

failures of the overhead unit's Auxiliary AC Power System are similar.  
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Table A.8-1 

Keowee Auxiliary Power System Power Supplies 

Component1  Power Source Compartment 

Number / Comment 

600 Vac Switchgear lX ESG SWGR 1TC 1TC-4 (when aligned 

(60b Vac Switchgear 2X) via Transformer CX to the underground) 

600 Vac Switchgear IX 230 kV Switchyard When Keowee 1 (2) 

(600 Vac Switchgear 2X) via main step-up Xfmr is idle and assigned to 

and Xfmr 1X (2X) the ovhd. pwr. path.  

600 Vac Switchgear lX Keowee Unit 1 (2) When Keowee 1 (2) 

(600 Vac Swithgear 2X) via Xfmr 1X (2X) is on-line generating 

to the grid.  

600 Vac MCC IXA 600 Vac Switchgear lX 2C (normal) 

600 Vac Switchgear 2X 2D (alternate) 

600 Vac MCC 2XA 600 Vac Switchgear 2X 2B (normal) 

600 Vac Switchgear lX 2A (alternate) 

125 Vdc DC 1DA (2DA) Battery 1 (2) and Battery (normal) 

Charger KC-1 (-2) 

Battery 2 (1) and Battery (alternate) 

Charger KC-2 (-1) 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.8-2 

Keowee Auxiliary Power System Test Procedures 

Procedure Test Frequency Description 

IP/1(2)/A/0400/011 Annual 125 Vdc I&C Battery Bank No. 1 (2) 

Service Test and Annual Surveillance 

IP/1(2)/A/0400/013 Daily 125 Vdc I&C Battery Bank No. 1 (2) 

Daily Surveillance 

IP/1(2)/A/0400/014 Quarterly 125 Vdc I&C Battery Bank No. 1 (2) 

Quarterly Surveillance 

IP/1(2)/A/0400/016 As Necessary Instructions for Conducting 

Equilizing Charge on Battery Bank 

No. 1 (2)



Table A.8-3 

Keowee Auxiliary Power System Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/O/A/2000/006, Weekly Keowee Batteries and 

Chargers Inspection and 

Maintenance



(Page 1 of 2) 
Table A.8-4 

Keowee Auxiliary Power System Significant Operating Events 

Date Unit Component Event Summary 

7/8/86 1/2 1TC-4 The Transformer CX supply breaker tripped. An 

attempt to close the breaker resulted in a DC 

Trouble alarm. The breaker had an internal ground 

and was replaced with a spare.  

9/20/88 2 2X-2D When clearing Load Center 1X for breaker 

inspection, the 1XA standby supply breaker, 2X-2D, 

failed to close. Replaced it with the spare breaker 

and closed the breaker from the Control Room.  

12/16/92 2 KC-2 While Battery Bank #1 and Battery Charger #1 
(KC- 1) were removed from service for maint. KC-2 

began erratic current swings. Attempts made to 

adjust voltage to stabilize KC-2 failed. Placed 

Battery Bank #1 on the Standby Charger (SBC) 
until Battery Bank #1 and KC- 1 could be returned 

to service. Maint. personnel replaced the power 

supply, current control, voltage control, and the 

firing modules and returned KC-2 to service.  

12/17/92 2 KC-2 During Emergency Start Testing KC-2 AC input 

switch tripped. Placed Battery Bank #2 on the SBC.  

Traced problem to a loose connection in the current 

limiter feedback circuit. Restored KC-2 to service.



(Page 2 of 2) 

Table A.8-4 

Keowee Auxiliary Power System Significant Operating Events 

Date Unit Component Event Summary 

12\21\92 2 KC-2 Smoke detector over KC-2 alarmed. Placed SBC in 

service on Battery Bank #2, and repaired KC-2.  

After repair KC-2 was placed back in service.



TableA.8-5(Page 
1 of 2) 

Table A.8-5 

Keowee Auxiliary Power System Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

ACB2CLOSE ACB 2 Fails To Close Load Center 2X 

Load Center IX 

ACB2TRANS ACB 2 Transfers Open Load Center 2X 

Load Center 1X 

ACB5CLOSE ACB 5 Fails To Close Load Center lX 

ACB5TRANS ACB 5 Transfers Open Load Center 1X 

ACB60PEN ACB 6 Fails To Open Load Center 2X 

ACB6CLOSE ACB 6 Fails To Close Load Center 2X 

ACB6TRANS ACB 6 Transfers Open Load Center 2X 

ACB70PEN ACB 7 Fails To Open Load Center IX 

ACB7CLOSE ACB 7 Fails To Close Load Center IX 

ACB7TRANS ACB 7 Transfers Open Load Center 1X 

ACB8CLOSE ACB 8 Fails To Close Load Center 2X



(Page 2 of 2) 
Table A.8-5 

Keowee Auxiliary Power System Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

ACB8TRANS ACB 8 Transfers Open Load Center 2X 

KU20VER Keowee Unit 2 Fails To Supply Load Center 1X 

The Overhead Path 

PMFB1 Loss of Power on Main ESG Switchgear 1TC 

Feeder Bus 1 

PMFB2 Loss of Power on Main ESG Switchgear ITC 
Feeder Bus 2



Table A.8-6 

Keowee Auxiliary Power System Statalarms 

Point No. Alarm Actuator 

Keowee Statalarm Panel SA1 
SA1-31 Standby Battery Charger Trouble 30SBC 
SAl-32 Battery #1 Tie Breaker Closed 30B1 
SAl-33 Battery #2 Tie Breaker Closed 30B2 
SA1-19 600 V Swgr. 1X Pwr. Supply Trouble 74T1 Timer 
SAl-20 600 V Swgr. 2X Pwr. Supply Trouble 74T2 Timer 
SAl-24 600 V Swgr. 1X Lockout Relay 86S/1X 
SAl-25 600 V Swgr. 2X Lockout Relay 86S/2X 

Oconee Corresponding Alarms 
2SA17-38 600 V Swgr. 1X Pwr. Supply Trouble 
2SA18-38 600 V Swgr. 2X Pwr. Supply Trouble 
2SA17-50 Transformer 1X Trouble 
2SA18-50 Transformer 2X Trouble 

Keowee Statalarm Panel ISA1 
1SAl-44 Battery #1 Trouble 74BT/1 
1SAl-45 Unit #1 Battery Ground 64PX/1, 64NX/1 
1SAl-48 Unit #1 Battery Charger Trouble 30KC1 

Keowee Statalarm Panel 2SA1 
2SAl-44 Battery #2 Trouble 74BT/2 
2SAl-45 Unit #2 Battery Ground 64PX/2, 64NX/2 
2SAl-48 Unit #2 Battery Charger Trouble 30KC2



00 
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Table A.8-7 

Keowee Auxilliary Power System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

KK2UNITHYM The Overhead Unit (2) Is Unavailable 3. 80E-02 
Due To Maintenance 

KU2CREDIT Take Credit For Keowee Unit 2 0.00E+00 
Suppling Auxiliary ac Power To Unit 1 

PAC1TC4C4T 4160 Vac Breaker 1TC-4 Transfers 9.40E-07 /H 24 H 2.26E-05 
Open 

PACTC01C4T 4160 Vac Breaker 1TC-1 Transfers .9.40E-07 /H 24 H 2.26E-05 
Open 

PACTC14C4T 4160 Vac Breaker 1TC-14 Transfers 9.40E-07 /H 24 H 2.26E-05 
Open 

PACX1TCBHF 4160 Vac Switchgear 1TC Fails 4.00E-07 /H 24 H 9.60E-06 

SKXFMR1THF Keowee Transformer 1 Fails 3.10E-06 /H 24 H 7.44E-05 

XA1A2BTCDT 600 Vac Breaker 1XA-2BT Transfers 7.SOE-08 /H 24 H 1.80E-06 
Position 

XA1TR1XTLF Keowee Transformer 1X Fails 7.50E-07 /H 24 H 1.80E-05 

XA1X2AXCLT 600 Vac Breaker 1X-2A Transfers 9.08E-07 /H 24 H 2.18E-05 
Position 

XA1X2CCCLT 600 Vac Breaker'1X-2C Transfers 9.08E-07 /H 24 H 2.18E-05 
Position 

XA1XA1ACLT 600 Vac Breaker 1XA-lA Transfers Open 9.08E-07 /H 24 H 2.18E-05 

XA1XAALBLM MCC 1XA Is Connected to Its Alternate 2.74E-03 
Source of Power 

XA1XAMCBLF 600 Vac MCC 1XA Fault 2.70E-07 /H 24 H 6.48E-06 

XA1XCXXTHM 4160/600 Vac Xfrmr CX Is In Maint. 4.57E-04 

XA1XCXXTLF 4160/600 Vac Transformer CX Fails 7.50E-07 /H 24 H 1.80E-05



(Page 2 of3) 
Table A.8-7 

Keowee Auxiliary Power System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

XA1XXXXBLF 600 Vac Switchgear 1X Fault 2.70E-07 /H 24 H 6.48E-06 
XA2A2BTCDT 600 Vac Breaker 2XA-2BT Transfers 7.50E-08 /H 24 H 1.80E-06 

Position 
XA2TR2XTLF Keowee Transformer 2X Fails 7.50E-07 /H 24 H 1.80E-05 

XA2X2BXCLT 600 Vac Breaker 2X-2B Transfers 9.08E-07 /H 24 H 2.18E-05 
Position 

XA2X2DXCLT 600 Vac Breaker 2X-2D Transfers Open 9.08E-07 /H 24 H 2.18E-05 
XA2X4AXCLT 600 Vac Breaker 2XA-4A Transfers 9.08E-07 /H 24 H 2.18E-05 

Position 
XA2XAALBLM MCC 2XA Is Connected to Its Alternate 2.74E-03 

Power Source 
KA2XAMCBLF 600 Vac MCC-2XA Fault 2.70E-07 /H 24 H 6.48E-06 

XA2XXXXBLF 600 Vac Switchgear 2X Fault 2.70E-07 /H 24 H 6.48E-06 

XD1BK1ACbT Battery No. 1 Breaker 1A Transfers 7.50E-08 /H 24 H 1.80E-06 
Position run time dependent 

XD1CKC1BCF Battery Charger KC1 Fails 2.90E-05 /H 24 H 6.96E-04 

XD1DA1CCDT 125 Vdc Breaker 1C (from charger KC1) 7.50E-08 /H 24 H 1.80E-06 
Transfers Position 

XD1DALTBYM Normal Power To Dist. Center 1DA Is 5.48E-03 
In Test or Maintenance 

XD1DALTBYM Normal Power To Dist. Center 1DA Is 5.48E-03 
In Test or Maintenance 

XD1DARXBDF DC Distribution Center 1DA Faulted 3.20E-07 /H 24 H 7.68E-06 
during Run 

XD1KB1XRHE Keowee Standby Battery Charger SBC 1 1.OOE+00 
Not Lined Up in 1 Hour



(Page 3 of 3) 

Table A.8-7 

Keowee Auxilliary Power System Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

XD1KBATBYF Keowee Battery No. 1 Fails During 9.30E-04 /D 1 D 9.30E-04 

Discharge 
XD1TIE1CDT Keowee 125V dc Dist Cntr 1DA Tie 7.50E-08 /H 24 H 1.80E-06 

Breaker 1 Transfers Position 
XD2BK1ACDT Battery No. 2 Breaker 1A Transfers 7.50E-08 /H 24 H 1.80E-06 

Position 
XD2CKC2BCF Battery Charger KC2 Fails .2.90E-05 /H 24 H 6.96E-04 

XD2DA5CCDT 125 Vdc Breaker 2DA-5C (from Charger 7.50E-08 /H 24 H 1.80E-06 

KC2) Transfers Open 
XD2DALTBYM Normal Power To Dist Cntr 2DA Is In 5.48E-03 

Test or Maintenance 
XD2DARXBDF DC Distribution Center 2DA Faulted 3.20E-07 /H 24 H 7.68E-06 

During Run 
XD2KB2XRHE Keowee Standby Battery Charger SBC 1 1.OOE+00 

Not Lined Up in 1 Hour 
XD2KBATBYF Keowee Battery No. 2 Fails during 9.30E-04 /D 1 D 9.30E-04 

Discharge 
XD2TIE2CDT Keowee 125V dc Dist Cntr 2DA Tie 7.50E-08 /H 24 H 1.80E-06 

Breaker 2 Transfers Position 

1 D = Demand, H = Hour 

2 Rules for assigning basic event factors are discussed in Table C. 1-4.



Table A.8-8 

Keowee Auxiliary Power System Dominant Minimal Cut Sets 

Cut Sets For Gate XDIDASRCES: Loss Of Power On 125 V dc Distribution Center 1DA During Start 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.25E-04 99.5 -XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 
XD1KBATBYF 9.30E-04 Keowee Battery No. 1 Fails During Discharge 

2) 5.10E-06 0.5 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 
XD2KBATBYF 9.30E-04 Keowee Battery No. 2 Fails during Discharge 

Total: 9.30E-04 

0 0



* 0 
Table A.8-9 

Keowee Auxiliary Power System Dominant Minimal Cut Sets 

Cut Sets For Gate XD2DASRCES: Loss Of Power On 125 V dc Distribution Center 2DA During Start 

CS Cut Set Percent of Event Name ' Probability Description 
No. Frequency Total 

1) 9.25E-04 99.5 -XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 

XD2KBATBYF 9.30E-04 Keowee Battery No. 2 Fails during Discharge 

2) 5.1OE-06 0.5 XD1KBATBYF 9.30E-04 Keowee Battery No. 1 Fails During Discharge 

XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 

Total: 9.30E-04
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Table A.8-1.0 

Keowee Auxiliary Power System Dominant Minimal Cut Sets 

Cut Sets For Gate XDIDAR: Loss Of Power On 125 V dc Distribution Center IDA During Run 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 6.92E-04 96.6 -XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XD1CKC1BCF 6.96E-04 Battery Charger KC1 Fails 

XD1KB1XRHE 1.00E+00 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

2) 7.68E-06 1.1 XD1DARXBDF 7.68E-06 DC Distribution Center 1DA Faulted during Run 

3) 6.44E-06 0.9 -XDlDALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XA1XAMCBLF 6.48E-06 600 V ac MCC 1XA Fault 

XDlKBXRHE 1.00E+00 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

4) 3.79E-06 0.5 -XD1DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 

XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XD2CKC2BCF 6.96E-04 Battery Charger KC2 Fails 

XD2KB2XRHE 1.00E+00 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

5) 1.79E-06 0.3 -XDlDALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XD1BK1ACDT 1.80E-06 Battery No. 1 Breaker 1A fransfers Position 

6) 1.79E-06 0.3 -XDlDALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XD1DA1CCDT 1.80E-06 125 V dc Breaker 1C (from charger KC1) Transfers Position 

XD1KB1XRHE 1.00E+00 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

0 0 *
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Table A.8-10 

Keowee Auxiliary Power System Dominant Minimal Cut Sets 

Cut Sets For Gate XD1DAR: Loss Of Power On 125 V dc Distribution Center 1DA During Run 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

7) 1.79E-06 0.3 -XDlDALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XA1A2BTCDT 1.80E-06 600 V ac Breaker 1XA-2BT Transfers Position 

XD1KB1XRHE 1.OOE+00 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

8) 4.21E-08 <0.1 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XD2DARXBDF 7.68E-06 DC Distribution Center 2DA Faulted During Run 

9) 3.53E-08 <0.1 -XD1DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 

XA2XAMCBLF 6.48E-06 600 V ac MCC-2XA Fault 

XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 

XD2KB2XRHE 1.OOE+00 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 

Total: 7.16E-04



Table A.8-11 

Keowee Auxiliary Power System Dominant Minimal Cutsets 

Cutsets For Gate XA1XA: Loss of Power on Keowee 600 Vac MCC 1XA 

CS Cut Set Percent Event Name Probability Description 
No. Frequency of Total 

1) 2,18E-05 59.3 -XA1XAALBLM 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 

XA1X2CCCLT 2.18E-05 600 V ac Breaker 1X-2C Transfers Position 

2) 6.48E-06 17.7 XA1XAMCBLF 6.48E-06 600 V ac MCC 1XA Fault 

3) 6.46E-06 17.6 -XAlXAALBLM 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 

XA1XXXXBLF 6.48E-06. 600 V ac Switchgear 1X Fault 

4) 8.55E-07 2.3 -XA1XAALBLM 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 

KK2UNITHYM 3.80E-02 The Overhead Unit (2) Is Unavailable Due To Maintenance 

PAC1TC4C4T 2.26E-05 4160 V ac Breaker 1TC-4 Transfers Open 

5) 6.82E-07 1.9 -XAlXAALBLM 2.74E-03 MCC 1XA Is Connected to Its. Alternate Source of Power 

KK2UNITHYM 3.80E-02 The Overhead Unit (2) Is Unavailable Due To Maintenance 

XA1XCXXTLF 1.80E-05 4160/600 V ac Transformer CX Fails 

6) 3.64E-07 1.0 -XAlXAALBLM 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 

KK2UNITHYM 3.80E-02 The Overhead Unit (2) Is Unavailable Due To Maintenance 

PACX1TCBHF 9.60E-06 4160 Vac Switchgear 1TC Fails 

Total: 3.67E-05



Table A.8-12 

Keowee Auxiliary Power System Dominant Minimal Cut Sets 

Cut Sets For Gate XA2XA: Loss Of Power On Keowee 600 V ac MCC 2XA 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 2.18E-05 62.6 -XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 

XA2X2BXCLT 2.18E-05 600 V ac Breaker 2X-2B Transfers Position 

2) 6.48E-06 18.6 XA2XAMCBLF 6.48E-06 600 V ac MCC-2XA Fault 

3) 6.46E-06 18.6 -XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 

XA2XXXXBLF 6.48E-06 600 V ac Switchgear 2X Fault 

Total: 3.48E-05



Table A.8-13 

Loss Of Power On 125 V dc Distribution Center IDA (2DA) During Run 

Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

1 XD1(2)CKCl(2)BCF 6.92E-04 96.7% 

Battery Charger KC1 (KC2) Fails 

2 XD1(2)DARXBDF 7.68E-06 1.1% 

Distribution Center 1DA (2DA) 

Faulted during Run 

3 XA1(2)XAMCBLF 6.44E-06 0.9% 

600 Vac MCC IXA (2XA) Fault 

4 XD1(2)DALTBYM 3.87E-06 0.5% 

Normal Power to Distribution 

Center 1DA (2DA) is in Test or 

Maintenance 

5 XD2(1)CKC2(1)BCF 3.79E-06 0.5% 

Battery Charger KC2 (KC1) Fails 

1 Mean Unavailability is defined as the summation of the values all cut sets in which the 

event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by the 

overall system unavailability and then multiplying by 100 percent.
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Gate/Event Name age Zone Gate/Event Name Eage Zone Gate/Event Name Page Zone Gate/Event Name Page Zone 
ACB2CLOSE 9 XA1X 13 XA2XE . 11 XD2DALTBYM 3 
ACB2CLOSE 11 XA1X2AXCLT 13 XA2XE 12 XD2DALTBYM 3 
ACB2TRANS 9 XA1X2CCCLT 6 XA2XN 11 XD2DALTBYM 5 
ACB2TRANS 11 XA1XA 6 XA2XSRCE 11 XD2DALTR 3 
ACB5CLOSE 9 XA1XA1ACLT 13 XA2XXXXBLF 11 XD2DALTRF 3 
ACB5TRANS 9 XA1XAALBLM 6 XACB6 11 XD2DALTS 5 
ACB6CLOSE 11 XA1XAEF 13 XACB7 7 XD2DANORMR 3 
ACB60PEN 11 XA1XAMCBLF 4 XD1BK1ACDT 2 XD2DANORMS 5 
ACB6TRANS 11 XA1XAMCBLF 6 XD1CKC1BCF 4 XD2DANORWF 3 
ACB7CLOSE 7 XA1XAN 6 XD1DA1CCDT 4 XD2DANORWF 3 
ACB70PEN 7 XA1XANF 6 XD1DALTBYM 1 XD2DANORWF 5 
ACB7TRANS 7 XA1XANORM 6 XD1DALTBYM 1 XD2DANRMRF 3 
ACB8CLOSE 12 XA1XCXXTHM 7 XD1DALTBYM 2 XD2DAR 2 
ACB8TRANS 12 XA1XCXXTHM 12 XD1DALTR 2 XD2DARXBDF 2 
KK2UNITHYM 9 XA1XCXXTLF 7 XD1DALTRF 2 XD2DASRCER 2 
KU2CREDIT 9 XA1XCXXTLF 12 XD1DALTS 1 XD2DASRCER 3 
KU20VER 9 XA1XE 7 XD1DANORMR 2 XD2DASRCES 5 
NACB60PEN 11 XA1XE 9 XD1DANORMS 1 XD2KB2XRHE 4 

NACB70PEN 7 XA1XEO 9 XD1DANORWF 1 XD2KBATBYF 1 
P1TC 7 XA1XN 7 XD1DANORWF 1 XD2KBATBYF 5 
P1TC 8 XA1XSRCE .7 XD1DANORWF 2 XD2KC2 4 
P1TC 12 XA1XXXXBLF 7 XD1DANRMRF 2 XD2KC2F 3 
P1TCMFB1 8 XA2A2BTCDT 4 XD1DAR 1 XD2KC2F 4 
P1TCMFB2 8 XA2TR2XTLF 11 XD1DARXBDF 1 XD2TIE2CDT 2 

P1TCMFBS 8 XA2X 10 XD1DASRCER 1 XD2TIE2CDT 3 

PAC1TC4C4T 7 XA2X 11 XD1DASRCER 2 

PAC1TC4C4T 12 XA2X 13 XD1DASRCES 1 
PACTC01C4T 8 XA2X2BXCLT 10 XD1KB1XRHE 4 

PACTC14C4T 8 XA2X2DXCLT 13 XD1KBATBYF 1 

PACX1TCBHF 8 XA2X4AXCLT 13 XD1KBATBYF 5 

PMFB1 8 XA2XA 10 XD1KC1 4 

PMFB2 8 XA2XAALBLM 10 XD1KC1F 2 
SKXFMR1THF 9 XA2XAEF 13 XD1KC1F 4 
SKXFMR1THF 11 XA2XAMCBLF 4 XD1TIE1CDT 2 
XA1A2BTCDT 4 XA2XAMCBLF 10 XD1TIE1CDT 3 

XA1TR1XTLF 9 XA2XAN 10 XD2pK1ACDT 3 
XA1X 6 XA2XANF 10 XD2CKC2BCF 4 
XA1X 7 XA2XANORM 10 XD2DA5CCDT 4 
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A.9 230 KV SWITCHYARD DC POWER SYSTEM 

A.9.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the 230 kV Switchyard 

DC Power System. This model is combined with the high level logic model and remaining 

system models to form an integrated model for assessing the reliability of Keowee. Other 

objectives are to identify major contributors to system unreliability, significant potential 

human errors and common-cause failure modes.  

The scope of this analysis is limited to 230 kV Switchyard 125 V dc Power System 

(SWYD DC System) equipment required to initiate a Keowee emergency start, to 

establish the overhead power path and maintain the overhead power path for 24 hours 

following a loss of off-site power condition.  

. A.9.2 SYSTEM DESIGN 

The SWYD DC System is a support system for the 230 kV Switchyard and provides 

control power to the 230 kV Switchyard power circuit breakers (PCBs), protective and 

control relays (including EGTPS relays and Oconee 1, 2, and 3 Degraded Grid Protection 

relays), indicating lights, annunciators, carrier equipment, and other switchyard monitoring 

equipment that requires an uninterruptible power source.  

The SWYD DC System is composed of two strings. Each string contains a battery, a 

battery charger, a distribution center, and four panelboards. It provides continuous power 

at the proper voltage during all plant conditions for one hour. If the battery chargers or 

the ac power to the chargers fails, the batteries shall continue to supply power to the 

loads, with adequate voltage, for a minimum of one hour. The system is shown on Figure 

A.9-1.  

There is a bus tie with breakers to enable the the distribution centers to be connected and a 

standby battery charger to back up either of the normal battery chargers. One string 

supplies power for primary control and protective relaying. The other string supplies for 

back up control and protective relaying. Each PCB gets power from redundant 
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panelboards for close and trip control. Each PCB has two trip coils. Each PCB has one 
close coil with diodes isolating two power sources for the coil.  

A.9.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

The ac power for the battery chargers is supplied by 480 V ac panelboards SPA and SPB.  
SPA and SPB are fed from Oconee 1 and Oconee 2, respectively.  

Environmental Control Systems 

The SWYD DC System is located in the relay house which is equipped with an HVAC 
system to keep the temperature at about 77F.  

A.9.4 INSTRUMENTATION AND CONTROLS 

All 125 V dc switching is done manually and locally at the two dc distribution centers, the 
battery chargers and the dc panelboards located in the 230 kV relay house. Each battery 
charger has monitoring devices necessary to place the charger in service, change the 
charging rate and indicate current and voltage. A 0-150 V range voltmeter and a 0-75 
amp range ammeter are on each charger. A clear indicating lamp, when on, shows that 3
phase ac input power is available and the phase rotation is correct.  

There are two ground detecting systems mounted on the dc system test panel. There is a 
white "positive ground" and a white "negative ground" indicating lamp on each ground 
detector. These lights are normally on and shift to double brilliancy when a ground is 
present on their respective bus. A white "battery tie" light is normally on and 'shifts to 
double brilliancy when the battery tie breakers are closed.  

One annunciator alarm is located in the Oconee Unit 1 and 2 control room. The alarm is 
"230 kV SWYD. BATT TROUBLE" and is on electric board 1EF2 statalarm panel SA6.  
The alarm is actuated by the relaying schemes for the chargers or the relaying schemes for 
the batteries. The relaying scheme for battery charger SY- 1 includes a dc undervoltage 
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relay LVR/SY-1 and an ac failure alarm relay PLR/SY-1. Undervoltage relay LVR is 

connected to the battery charger dc output. When actuated , relay LVR picks up alarm 

relay 74BT/SY-1 on the dc test panel. AC failure alarm relay PLR is connected to the 

battery charger ac input. When actuated, relay PLR also picks up 74BT/SY- 1. The 

battery relaying includes a dc undervoltage (80) relay, and positive ground detection (64P) 

and negative ground detection (64N) relays. When actuated these relays actuate the string 

battery 74BT alarm relay. These relays actuate computer, annunciator, and events 

recorder information.  

A.9.5 LOCATION WITHIN THE PLANT 

All 230 kV Switchyard 125 V dc Power System equipment is in the 230 kV switchyard 

relay house which is located on the yellow bus side of the swithyard near PCBs 18 and 21.  

Equipment for the two strings are on opposite sides of the the room with an aisle 

separating the strings. Each battery is in a room separated from the other battery and 

from other equipment of the associated string.  

A.9.6 NORMAL OPERATION 

Normally both strings of the system are in service. Each battery is on float charge and is 

available to supply dc power to the loads in the event a battery charger is lost. The 

breakers between the standby battery charger and the distribution centers are normally 

open.  

A.9.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

The 230 kV Switchyard 125 V dc Power System requires no realignment or equipment 

startup for emergency conditions. To supply loads on both strings for one hour at least 

one battery must be available with the bus ties closed.  

A.9.8 TEST AND MAINTENANCE 
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Testing 

The SWYD DC System testing requirements are detailed in Table A.9-2.  

Maintenance 

The SWYD DC System maintenance requirements are listed in Table A.9-3.  

A.9.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.9-4.  

A.9.10 ASSUMPTIONS 

A.9.10.1 SYSTEM DESIGN ASSUMPTIONS 

If a battery charger is lost or power to the battery chargers is lost, the associated battery is 

capable of supplying its loads for one hour.  

A.9.10.2 OPERATIONAL ASSUMPTIONS 

Frequent battery maintenance requiring the removal of a battery from service requires that 

the two distribution centers be tied together through the bus tie breakers. The normal and 

alternant alignments of Distribution Center SY-DC1 are modeled; only the normal 

alignment for Distribution Center SY-DC2 is modeled to prevent circular logic in the 

model.  

A.9.10.3 MODELING ASSUMPTIONS 

The mission time for the SWYD DC System is 24 hours. This is conservative since 

individual loads will likely require control power only in the early stages of the LOOP. By 
the time additional control power is required the battery chargers should be recovered.  
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A.9.11 FAULT TREE ANALYSIS 

A.9.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the SWYD DC System requires that the EGTPS receives control power long 

enough to detect the LOOP and provide start signals to the Keowee hydro units. In the 

event the underground power path to the Main Feeder Busses is not completed, then the 

SWYD PCBs must have control power long enough to isolate the Yellow Bus and close 

the overhead power path to the startup transformers. Emergency power from Keowee 

should be available within 23 seconds of the time the emergency start signal is received.  

A.9.11.2 DETAILED FAILURE CRITERIA 

A loss of power to any of the distribution centers or panelboards is considered a failure.  

Only alternate alignments for battery test or maintenance is permitted.  

A.9.11.3 DESCRIPTION OF FAULT TREE 

The 230 kV Switchyard 125 V dc Power System fault tree is shown in Figure A.9-2. The 

Fault Tree Modeling Guidelines (Appendix B) were followed in developing the fault tree.  

A list of all fault tree transfers is presented in Table A.9-5.  

Human errors in restoration of SWYD DC System equipment following test or 

maintenance would be immediately recognized. Therefore, no latent human errors have 

been included in the model.  

Common cause analysis was performed as described in Appendix C.2. Common-cause 

events impacting the model are described in Section A.9.12.5.  

A.9.11.4 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data.  

Plant-specific data is used for maintenance events. The following maintenance event is 

included in the SWYD DC System model: 
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DDCIALXBWM 

This event accounts for maintenance and testing on the batteries. For modeling simplicity, 

all of this unavailability is placed on Battery SY-1. Each battery is in maintenance or 

testing for approximately 100 hours per year. Thus, the unavailability of battery SY-1 due 

to testing or maintenance is: 

100 hr./8760 hr. = 1.14E-2.  

System reliability data is listed in Table A.9-5.  

A.9.11.6 COMMON-CAUSE ASSESSMENT 

DDCBATTCOM.  

The DC Channels share the same design, maintenance procedures, operating conditions, 

environmental conditions, etc. A failure of both batteries leads to a failure of the SWYD 

DC System to operate. Therefore, these common cause events are included in the fault 

tree to represent these coupling mechanisms.  

A.9.12 RESULTS 

Reliability of the SWYD DC System is defined as the probability that the system will 

succeed in supporting Keowee emergency operation (black start plus a 24 hour run). The 

system model yields a failure probability of approximately 9.7E-04 for the individual 

panelboards. Thus the reliability of each SWYD DC System string is computed to be 

99.90%.  

Table A.9-6 lists the dominant minimal cut sets (failure sequences) for the 230 kV 

Switchyard DC. The dominant contributor to the failure of either string of the SWYD DC 

System is the demand failure of its battery. Common cause failure of the batteries is the 

next highest contributor to system unreliability.  

A.9.13 REFERENCES 

A.9.13.1 DOCUMENTS 
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1. 0-802, Rev. 22, 125 V dc Power System, 230 kV Switchyard 
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Table A.9-1 

System Power Supplies 

Compartment 

Component Power Supply Number 

125 V de Distribution Center 

SY-DC1 125V Battery SY-1 Breaker #1B 

SY-DC2 125V Battery SY-2 Breaker #1B 

Switchyard DC Panelboard 125 V dc Distribution Center 

DYA SY-DC1 IDL 

DYB SY-DC1 DC 

DYC SY-DC1 1DR 

DYD SY-DC1 lEL 

DYE SY-DC2 1DL 

DYF SY-DC2 1EL 

DYG SY-DC2 1DC 

DYH SY-DC2 1DR



Table A.9-2 

System Test Procedures 

Procedure Test Frequency Description 

IP/0/A/3000/004/B Instructions for conducting 

equilizer charge on 230 kV 

Switchyard batteries.  

IP/0/A/3000/011/D Quarterly 230 kV Switchyard Battery 

quarterly surveillance 

IP/0/A/3000/015 Annual 125 V dc 230 kV Switchyard 

Battery service test and 

annual surveillance 

IP/0/A/3000/015/A 230 kV Switchyard Battery 

Charger performance test.



Table A.9-3 

230 kV Switchyard 125 V dc Power System Maintenance Procedures 

Procedure Maintenance.Frequency Description 

IP/0/A/3000/001/D Daily 230 kV Switchyard Battery 

daily surveillance 

IP/0/A/3011/002/A 230 kV Switchyard Battery 

Charger preventative 

maintenance.



Table A.9-4 

230 kV Switchyard 125 V dc Power System Significant Operating Events 

Date Unit Component Event Summary 

10/19/92 2 230 kV Swyd SY-2 During 230 kV Switchyard maintenance to 

Battery Charger; replace SY-2 Battery, the SY-2 Battery 

Switchyard breaker Charger was lined up to supply 125 V dc 

failure relays. Distribution Center SY-DC2 without being 

connected to a Switchyard Battery. Large 

voltage swings on the DC bus occurred and 

caused breaker failure relays to actuate 

isolating the 230 kV Switchyard Red and 

Yellow Buses and causing a LOOP on 

Oconee Unit 2.
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Table A.9-5 

230 kV Switchyard 125 Vdc Power System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

DDC11BXCDT 125 Vdc Battery Breaker SY-DC1-1B 7.50E-08 /H 24 H 1.80E-06 
Transfers Open 

DDC11CXCDT 125 Vdc Breaker SY-DC1-1C Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC11DCCDT 125 Vdc Breaker SY-DC1-1DC Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC11DLCDT 125 Vdc Breaker SY-DC1-1DL Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC11DRCDt 125 Vdc Breaker SY-DC1-1DR Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC1ALXBYM Battery SY-1 Is In Maintenance or 1.14E-02 

DDC1BATBYF Battery SY-1 Fails During Discharge 9.30E-04 /D 1 D 9.30E-04 

DDC1FLTBDF SY-DC1 Is Faulted 3.20E-07 /H 24 H 7.68E-06 

DDC21BXCDT 125 Vdc Battery Breaker SY-DC2-1B 7.50E-08 /H 24 H 7.50E-08 
Transfers Open 

DDC21CXCDT 125 Vdc Breaker SY-DC2-1C Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC21DCCDT 125 Vdc Breaker SY-DC2-1DC Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC21DLCDT 125 Vdc Breaker SY-DC2-1DL Transfers 7.50E-08 /H 24 H 1.*80E-06 
Open 

DDC21DRCDT 125 Vdc Breaker SY-DC2-1DR Transfers 7.50E-08 /H 24 H 1.80E-06 
Open 

DDC2BATBYF Battery SY-2 Fails During Discharge 9.30E-04 /D 1 D 9.30E-04
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Table A.9-5 

230 kV Switchyard 125 Vdc Power System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

DDC2FLTBDF SY-DC2 Is Faulted 3.20E-07 /H 24 H 7.68E-06 
DDCBATTCOM Common Cause Failure of Switchyard 2.70E-05 

Batteries 
DDCDYAXBDF 125 Vdc Switchyard DC Panelboard DYA 3.20E-07 /H 24 H 7.68E-06 

Is Faulted 
DDCDYBXBDF 125 Vdc Switchyard DC Panelboard DYB 3.20E-07 /H 24 H 7.68E-06 

Is Faulted 
DDCDYCXBDF 125 Vdc Switchyard DC Panelboard DYC 3.20E-07 /H 24 H 7.68E-06 

Is Faulted 
DDCDYEXBDF 125 Vdc Switchyard DC Panelboard DYE 3.20E-07 /H 24 H 7.68E-06 

Is Faulted 
DDCDYFXBDF 125 Vdc Switchyard DC Panelboard DYF 3.20E-07 /H 24 H 7.68E-06 

Is Faulted 
DDCDYGXBDF 125 Vdc Switchyard DC Panelboard DYG 3.20E-07 /H 24 H 7.68E-06 

Is Faulted 

1 D=Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.  

0 0 0
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Table A.9-6 

230 kV Switchyard 125 Vdc Power System Dominant Minimal Cut Sets 

Cut Sets For Gate SDCDYA: Loss of Power on 125 Vdc Switchyard Panelboard DYA 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.19E-04 94.4 -DDClALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC1BATBYF 9.30E-04 Battery SY-1 Fails During Discharge 

2) 2.67E-05 2.7 -DDClALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDCBATTCOM 2.70E-O Common Cause Failure of Switchyard Batteries 

3) 1.06E-05 1.1 DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC2BATBYF 9.30E-04 Battery SY-2 Fails During Discharge 

4) 7.68E-06 0.8 DDCDYAXBDF 7.68E-06 125 Vdc Switchyard DC Panelboard DYA Is Faulted 

5) 7.68E-06 0.8 DDC1FLTBDF 7.68E-06 SY-DC1 Is Faulted 

6) 1.80E-06 0.2 DDC11DLCDT 1.80E-06 125 Vdc Breaker SY-DC1-1DL Transfers Open 

7) 1.78E-06 0.2 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC11BXCDT 1.80E-06 125 Vdc Battery Breaker SY-DC1-lB Transfers Open 

Total: 9.76E-04
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Table A.9-6 

230 kV Switchyard 125 Vdc Power System Dominant Minimal Cut Sets 

Cut Sets For Gate SDCDYB: Loss oF Power on 125 Vdc Switchyard Panelboard DYB 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.19E-04 94.2 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDClBATBYF 9.30E-04 Battery SY-1 Fails During Discharge 

2) 2.67E-05 2.7 -DDClALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 

3) 1.06E-05 1.1 DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC2BATBYF 9.30E-04 Battery SY-2 Fails During Discharge 

4) 7.68E-06 0.8 DDCDYBXBDF 7.68E-06 125 Vdc Switchyard DC Panelboard DYB Is Faulted 

5) 7.68E-06 0.8 DDC1FLTBDF 7.68E-06 SY-DC1 Is Faulted 

6) 1.80E-06 0.2 DDC11DCCDT 1.80E-06 125 Vdc Breaker SY-DC1-1DC Transfers Open 

7) 1.78E-06 0.2 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC11BXCDT 1.80E-06 125 Vdc Battery Breaker SY-DCl-lB Transfers Open 

Total: 9.76E-04
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Table A.9-6 

230 kV Switchyard 125 Vdc Power System Dominant Minimal Cut Sets 

Cut Sets For Gate SDCDYC: Loss of Power on 125 Vdc Switchyard Panelboard DYC 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.19E-04 94.2 -DClALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC1BATBYF 9.30E-04 Battery SY-1 Fails During Discharge 

2) 2.67E-O5 2.7 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 

3) 1.06E-05 1.1 DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC2BATBYF 9.30E-04 Battery SY-2 Fails During Discharge 

4) 7.68E-06 0.8 DDCDYCXBDF 7.68E-06 125 Vdc Switchyard DC Panelboard DYC Is Faulted 

5) 7.68E-06 0.8 DDC1FLTBDF 7.68E-06 SY-DC1 Is Faulted 

6) 1.80E-06 0.2 DDC11DRCDT 1.80E-06 125 Vdc Breaker SY-DC1-1DR Transfers Open 

7) 1.57E-06 0.2 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDC11BXCDT 1.80E-06 125 Vdc Battery Breaker SY-DC1-1B Transfers Open 

Total: 9.76E-04
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Table A.9-6 

230 kV Switchyard 125 Vdc Power System Dominant Minimal Cut Sets 

Cut Sets For Gate SDCDYE: Loss of Power on 125 Vdc Switchyard Panelboard DYE 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.30E-04 95.3 DDC2BATBYF 9.30E-04 Battery SY-2 Fails During Discharge 

2) 2.67E-05 2.7 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 

3) 7.68E-06 0.8 DDC2FLTBDF 7.68E-06 SY-DC2 Is Faulted 

4) 7.68E-06 0.8 DDCDYEXBDF 7.68E-06 125 Vdc Switchyard DC Panelboard DYE Is Faulted 

5) 1.80E-06 0.2 DDC21DLCDT 1.80E-06 125 Vdc Breaker SY-DC2-lDL.Transfers Open 

6) 1.80E-06 0.2 DDC21BXCDT 1.80E-06 125 Vdc Battery Breaker SY-DC2-1B Transfers Open 

Total: 9.76E-04 

0 0 0
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Table A.9-6 

230 kV Switchyard 125 Vdc Power System Dominant Minimal Cut Sets 

Cut Sets For Gate SDCDYF: Loss of Power on 125 Vdc Switchyard Panelboard DYF 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.30E-04 95.3 DDC2BATBYF 9.30E-04 Battery SY-2 Fails During Discharge 

2) 2.67E-05 2.7 -DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 

3) 7.68E-06 0.8 DDC2FLTBDF 7.68E-06 SY-DC2 Is Faulted 

4) 7.68E-06 0.8 DDCDYFXBDF 7.68E-06 125 Vdc Switchyard DC Panelboard DYF Is Faulted 

5) 1.80E-06 0.2 DDC21DCCDT 1.80E-06 125 Vdc Breaker SY-DC2-1DC Transfers Open 

6) 1.80E-06 0.2 DDC21BXCDT 1.80E-0.6 125.Vdc Battery Breaker SY-DC2-1B Transfers Open 

Total: 9.76E-04
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Table A.9-6 

230 kV Switchyard 125 Vdc Power System Dominant Minimal Cut Sets 

Cut Sets For Gate SDCDYG: Loss of Power on 125 Vdc Switchyard Panelboard DYG 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.30E-04 95.3 DDC2BATBYF 9.30E-04 Battery SY-2 Fails During Discharge 

2) 2.67E-05 2.7 -DDClALXBYM 1.14E-02 Battery SY-1 Is In Maintenanceor 

DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 

3) 7.68E-06 0.8 DDC2FLTBDF 7.68E-06 SY-DC2 Is Faulted 

4) 7.68E-06 0.8 DDCDYGXBDF 7.68E-06 125 Vdc Switchyard DC Panelboard DYG Is Faulted 

5) 1.80E-06 0.2 DDC21DRCDT 1.80E-06 125 Vdc Breaker SY-DC2-lDR Transfers Open 

6) 1.80E-06 0.2 DDC21BXCDT 1.80E-06 125 Vdc Battery Breaker SY-DC2-lB Transfers Open 

Total: 9.76E-04 

0 0 0
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A.10 GOVERNOR AND TURBINE 

A.10.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Governor and 

Turbine. This model is combined with the high-level model and remaining system models 

to form an integrated model for assessing the reliability of Keowee. Other objectives are 

to identify major contributors to system unreliability, significant potential human errors 

and common cause failure modes.  

The scope of this analysis is limited to Governor and Turbine equipment required to 

support a Keowee emergency start and load run. The analysis assumes a loss of offsite 

power has occurred, so that Keowee Auxiliary AC Power is not available during the start.  

A.10.2 SYSTEM DESIGN 

Turbine 

Keowee utilizes an Allis Chalmers turbine rated at 96,000 hp at a speed of 128.6 rpm and 

net head of 99 ft. It is a Francis type reaction turbine, with blades fixed to the turbine 

shaft. The turbine transforms a portion of the kinetic energy of the water flowing through 

it into rotational energy of the turbine assembly. Water pressure above the runner, and 

suction or "draft" underneath, cause the runner and turbine shaft to rotate.  

Keowee output is proportional to the mass flow rate through the turbine. Flow rate 

depends on wicket gate position, which is controlled by the governor, and net effective 

head (the difference between forebay level and tailrace level).  

Water enters Keowee through the intake, flows down the penstock and into the spiral 

case, which surrounds the turbine. As the wicket gates are opened, water flows diagonally 
across the runners, down the draft tube, and out to the tailrace.  

The wicket gates are streamlined, adjustable linkages that control the rate of flow through 

the turbine. The 20 wicket gates operate in unison, positioned by the gate operating 

system. The governor hydraulically positions the open and close gate servomotors,.  

moving the gate ring, which operates mechanisms connecting the gate ring to the gates.  
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The generator thrust/guide bearing provides lateral and axial support to the turbine. The 

generator thrust/guide bearing is lubricated by the High Pressure Oil System, discussed in 

Appendix A.7.  

The turbine guide bearing also prevents excessive lateral movement of the turbine

generator shaft. This bearing is lubricated by the Guide Bearing Oil System, discussed in 

Appendix A.12.  

The turbine shaft is sealed by the packing box, located below the guide bearing. The 

packing is cooled and lubricated by water from the Cooling Water System (Appendix 

A.14). Water exiting the packing box collects in the turbine sump and is removed by the 

Turbine Sump Pump System (Appendix A.13). This water must be removed to preclude 

the possibility of reaching the turbine guide bearing and jeopardizing turbine operation.  

A Farval Automatic Lubrication System provides a measured quantity of grease to each 

wicket gate stem bushing and each connection of the gate operating mechanism. The 

system consists of a motor-driven central pumping station operated by a control panel 

with timers, a supply line to each branch of the system and a metering valve for each 

lubrication point. The lubrication cycle is adjustable from 1 to 24 hours; the duration of 

each cycle is adjustable from zero to five minutes. The system is divided into two 

branches. One branch lubricates more frequently than does the other.  

Governor 

The function of the Woodward governor is to regulate the rotational speed of the turbine 

shaft by controlling the flow of water through the wicket gates to the turbine blades. The 

governor brings the turbine shaft up to synchronous speed (128.6 rpm), maintains it at that 

speed to match generator output to system frequency, and stops the turbine when shutting 

down.  

The governor is also used to help in unwatering the unit for maintenance. First, the 

cylinder gate is lowered into the intake structure and unwatering valves are opened, 

allowing water within the station to drain out to the tailrace. Then the governor is used to 

position the wicket gates for maintenance. Drains and sump pumps are used to further 

empty the draft tube, allowing access to the unit parts normally under water.  
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The Governor system includes mechanical flyballs, a hydraulic valve system, a restoring 

connection between the wicket gates and the valve system, and a compensating dashpot.  

The governor flyball assembly is used for speed sensing. It includes a synchronous motor 

whose speed is directly proportional to turbine speed, since it is driven by a permanent 

magnet generator (PMG) attached to the generator shaft. The motor rotates at three 

times the speed of the PMG, enabling it to respond to minute changes in turbine speed to 

initiate a repositioning of the wicket gates, thereby returning the turbine to its correct 

speed.  

The hydraulic power system consists of a pilot.valve, a distributing valve, servomotors, 

and a source of pressurized oil (Governor Oil System) to supply the valves and 

servomotors. The pilot valve uses system pressure and directs oil to the servomotors 

through the distributing valve. Auxiliary control consists of a control knob, gearing and 

associated linkages and auxiliary valve, which supply governor oil to the servomotors to 

manually open or close the wicket gates.  

Three Woodward screw-type pumping units supply oil under pressure to the Governor Oil 

Pressure Tank, for use by the governor. The pumping units are located on top of the 

governor oil sump. (The Governor Oil System is discussed in Appendix A. 11.) 

The restoring mechanism includes an enclosed cable running from the wicket gate 

operating ring to the governor. This mechanism provides a mechanical signal to the 

governor, enabling it to regulate the gates at the desired position.  

The compensating dashpot is a device that provides a dampening effect on governor 

operation. It introduces a temporary speed level setting change while the wicket gates are 

in motion, allowing the gates to approach their desired position in a smooth manner.  

The mechanical flyballs, pilot valve, distributing valve, hydraulic system, restoring 

mechanism and compensating dashpot are located in the Governor Actuator Cabinet.  
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A.10.3 SYSTEM BOUNDARIES 

The governor depends on Keowee Start and Run Control signals (Appendix A.5) and the 

Governor Oil System for proper operation, as represented in the block diagram of Figure 

A.10-1. The turbine requires support from the Turbine Guide Bearing Oil System and the 

Turbine Sump Pump System.  

A.10.4 INSTRUMENTATION AND CONTROLS 

The governor normally operates automatically but can be manually controlled from the 

Governor Actuator Cabinet (GAC).  

The transfer valve is a three-way hydraulic valve located on the front of the GAC. It 

permits the operator to select either the distributing valve or the auxiliary valve for use in 

hydraulically moving the wicket gates. The auxiliary valve is only used during 

maintenance and performs the same function as the distributing valve. However, the 

governor protection devices are bypassed when using the auxiliary valve.  

The speed changer knob is used to manually change the operating speed of the unit. It 

may be used to adjust the unit speed before the.unit is on line or adjust unit load after the 

unit is tied to the grid.  

The speed droop adjustment allows the operator to select how quickly the unit responds 

to changes in power or frequency.  

Governor oil pump controls are located on the GAC. For convenience, a tachometer is 

also provided on the GAC.  

A.10.5 LOCATION WITHIN THE PLANT 

The Governor Actuator Cabinet, which houses the governor actuator and on which are the 

local governor controls, is located in the Mechanical Equipment Gallery, elevation 683' 6".  

The gate servomotors and gate operating system are located in the Turbine Wheelpit, at an 

elevation of approximately 675'. The turbine runner and turbine-generator shaft extend 

through the Keowee Powerhouse from an elevation of approximately 657' to 694'..  
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A.10.6 NORMAL OPERATION 

Shutdown Solenoid 99SD and Partial Shutdown Solenoid 99SN, housed in the GAC, are 

the primary devices that control the governor actuator. (Their input signals and power 

supply are discussed in Appendix A.5.) 

When 99SD and 99SN are energized, the gates open toward the pre-set no-load position.  

At 50 rpm, 99SN will de-energize, and the gates will close to a position slightly greater 

no-load. When speed reaches 122 rpm, 99SN is re-energized, and the unit is released to 

governor control. While in governor control, the governor head assembly maintains the 

turbine at synchronous speed.  

If 99SN becomes de-energized during the unit run, it overrides governor control to take 

the wicket gates to the no-load position. If 99SD becomes de-energized, the unit is 

shutdown.  

A.10.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

Governor and Turbine operation is the same during normal and emergency operation.  

However, the logic sending signals to 99SN and 99SD is less restrictive for emergency 

operation. For example, loss of cooling water flow to the generator thrust bearing oil 

cooler, generator air coolers, or turbine packing box causes a normal generator lockout, 

but not an emergency lockout. Oil level falling to 5.5" in the turbine guide bearing upper 

oil reservoir will cause a normal lockout, but must fall to 4.5" to de-energize Shutdown 

Solenoid Aux. Relay 99SX and shut down the unit during emergency operation.  

A.10.8 TEST AND MAINTENANCE 

Testing 

Each week, the DC Guide Bearing Oil pump and DC Turbine Sump Pump are verified to 

operate, the governor echelon control knob is switched to change the role of each 

governor oil pump, and packing box strainers WLFL-1, 2 are cleaned.  

The Governor and Turbine are functionally verified to operate each time a unit is used to 

generate power to the grid.  
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The Governor and Turbine testing requirements are detailed in Table A. 10-1.  

Maintenance 

The following maintenance is performed on an as-needed basis: 

- turbine-generator shaft is cleaned and coated with a protective coating 

- turbine bearing is inspected 

- servomotor packing is adjusted or replaced 

- turbine shaft packing is replaced.  

All turbine parts, above and below water, are verified to be in as-designed condition 

bi-annually, or as needed.  

The pilot valve filter and governor oil pump filters are inspected monthly.  

The governor receives a complete inspection and maintenance annually or as needed.  

Semi-annually, the governor oil sump strainer basket is verified to be clean and free of 

obstruction.  

The Governor and Turbine maintenance requirements are summarized in Table A.10-2.  

A.10.9 OPERATING EXPERIENCE 

No failures occurred over the period of data consideration that are attributed directly to 

either the governor or turbine that would fail an emergency start or run.  

A.10.10 ASSUMPTIONS 

A.10.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. During a Keowee run, the governor requires the Governor Oil System to supply oil 

at the proper pressure so that it can then supply the servomotors. Failure of the 

Governor Oil System is indicated by several alarms, such as: governor oil tank 

(governor oil sump) level high, governor oil tank level low, governor pressure tank 
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level high, and governor oil pressure low. Since the unit is considered unavailable 

until the problem is corrected, a start failure for the Governor Oil system is not 

modeled.  

2. During a Keowee run, the turbine requires the Turbine Sump Pump system to 

remove turbine packing leakage. If leakage were allowed to accumulate, it might 

reach the turbine guide bearing and degrade bearing operation, resulting in a run 

failure of Keowee. However, since the system is not required for a Keowee start, 

start failure of the Turbine Sump Pump system is not modeled.  

3. During a Keowee run, the turbine requires the Turbine Guide Bearing Oil system 

to cool and lubricate the guide bearing. Low turbine guide bearing oil level will 

prohibit an emergency start. However, since the affected Keowee unit is 

considered unavailable if the system is unavailable, start failure of the Turbine 

Guide Bearing Oil system is not modeled.  

A.10.10.2 OPERATIONAL ASSUMPTIONS 

1. Each unit's governor and turbine is assumed to be available for emergency power 

generation. Maintenance events that render the unit unavailable are captured in the 

high-level model. Maintenance events that affect the support systems are included 

in the support system models.  

A.10.10.3 MODELING ASSUMPTIONS 

1. The governor and turbine are each modeled as single components, since industry 

failure rate data is not generally available on a subcomponent level.  

A.10.11 FAULT TREE ANALYSIS 

A.10.11.i TOP EVENT SUCCESS CRITERIA 

Success of the Governor and Turbine requires that they perform as needed during a 

Keowee emergency cold start, hot start (if previously generating to the grid), and run.  

To succeed, all governor and turbine support systems must also be successful.  
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A.10.11.2 DETAILED FAILURE CRITERIA 

1. The governor requires acceptable control signals from the Keowee start and run 

logic.  

2. The governor must properly position the wicket gates during a start and run.  

3. The turbine must perform properly during a start and run.  

4. The Governor Oil System, Turbine Guide Bearing Oil System, and Turbine Sump 

Pump System must perform their support function properly during a Keowee run.  

A.10. 11.3 DESCRIPTION OF FAULT TREE 

The Governor and Turbine fault tree is shown in Figure A.10-2. The Fault Tree Modeling 

Guidelines (Appendix B) were followed in developing the fault tree. A list of Unit 1 fault 

tree transfers is presented in Table A.10-3. Modules were not developed for the Keowee 

fault trees.  

The governor and turbine are each modeled as single components, since industry failure 

rate data is not generally available on a subcomponent level. Control signals for the 

governor are modeled in detail in Appendix A.5, Keowee Start & Run Control.  

Human reliability analysis was performed as described in Section 5.5 and Appendix C.3.  

Human events impacting the model are described in Section A. 10.11.4.  

Common cause analysis was performed as described in Section 5.4 and Appendix C.2.  

Common cause events impacting the model are described in Section A.10.11.6.  

A.10. 11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians can adversely affect Governor and Turbine 

reliability. The Governor & Turbine fault tree is an intermediate level tree and contains 

one latent human error event per unit. In addition, each of the support system models 

(Governor Oil, Turbine Guide Bearing Oil, and Turbine Sump Pump systems) include 

latent human error basic events.  
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WKlGVCDLHE, WK2GVCDLHE 

These basic events account for the potential of the maintenance technicians or operators to 

fail to properly restore the governor following maintenance or testing.  

A.10.11.5 RELIABILITY DATA 

Plant-specific data was used to calculate failure rates for the following undeveloped 

events.  

WKlGVCDDEX, WK2GVCDDEX 

These events represent failure of the governor to properly position the wicket gates during 

a cold start. Since no start failures occurred over the ten year period under consideration, 

the failure rate is estimated using the following equation, from section 5.3 of the main 

report: 

0.2275 
T 

where O(A) = the failure rate of interest 
T = exposure time or number of demands.  

Then O(A) = 0.2275 / The no. of cold starts on units 1 and 2 

= 0.2275 / No. of all starts on units 1 and 2 - No. of hot starts 

= 0.2275 /(3390 + 3098 - 11) 

= 3.5E-5.  

WKlGVHTDEX, WK2GVHTDEX 

These events represent failure of the governor to properly position the wicket gates during 

a hot start. A plant-specific failure probability was not calculated for these events since 

only a small number of hot starts (11) occurred over the ten year period of data 

consideration. As a screening value, the cold start failure rate was increased by an order 

of magnitude and used here.  

A.10-9



WKlGVRNDEX, WK2GVRNDEX 

These events represent failure of the governor to properly position the wicket gates during 

a Keowee run. Since no run failures occurred over the ten year period under 

consideration, the failure probability is estimated. using the equation from section 5.3 of 

the main report as follows: 

O(A) x 24 hrs = (0.2275 / The run time on units 1 and 2)(24 hrs) 

= (0.2275 / 9713)(24) 
= 5.6E-4.  

WK 1 SPD2DEX, WK2SPD2DEX 

These events represent failure of the governor which results in an overspeed of the 

affected Keowee turbine. Modification NSM-ON-52966 is designed to provide protection 

from this failure mode.  

Ten percent of the value of WK 1 (2)GVRNDEX is used here as a screening value. * 

WKlTBCDDEX. WK2TBCDDEX 

These events represent failure of the turbine during a cold start and were quantified using 

the same numbers as were used for WKlGVCDDEX, WK2GVCDDEX.  

WK1TBHTDEX. WK2TBHTDEX 

These events represent failure of the turbine during a hot start. As for the governor, a 

plant-specific failure probability was not calculated for these events due to the small 

number of hot starts. As a screening value, the cold start failure rate was increased by an 

order of magnitude and used here.  

WK1TBRNDEX WK2TBRNDEX 

These events represent failure of the turbine during a Keowee run and were quantified 

using the same numbers as were used for WK1GVRNDEX, WK2GVRNDEX.  
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Maintenance events that render the unit unavailable are captured in the high-level model.  
Maintenance events that affect the support systems are included in the support system 

models. There are no maintenance events included in the Governor & Turbine fault tree.  

The Governor and Turbine statalarms are listed in Table A.10-4. Only alarm 1SA2-15 

actually pertains to the governor or turbine directly. The others fall within the domain of 

the support systems. Nonetheless, they reflect governor or turbine operating conditions, 

and are included here also for convenience.  

System reliability data is listed in Table A.10-5. Basic event factors are not needed for this 

model, since they are included in the developed event calculations.  

A.10.11.6 COMMON CAUSE ASSESSMENT 

Common cause failure of the Governor and Turbine of both units is represented in the 

high-level fault tree (Appendix A.1) by the following events: 

WKCSTRTCOM -- CCF of the governors to cold start 

WKHSTRTCOM -- CCF of the governors to hot start 

WKOORUNCOM -- CCF of the governors to run.  

The process of identifying and quantifying common cause failures is described in detail in 

Appendix C.2.  

A.10.12 RESULTS 

Reliability of the Governor and Turbine is defined as the probability that they will succeed 

in supporting Keowee emergency operation (black start plus a 24 hour run). The 

reliability of units 1 and 2 is the same since the basic event failure probabilities are the 

same for both units.  

Each unit model contains three top gates. The first, failure of the governor or turbine 

during a cold start, yields a failure probability of approximately 3.3E-4. Thus the 

reliability of each unit's governor and turbine during a cold start is computed to be 

99.97%. The second, failure of the governor or turbine during a hot start, yields a failure 

probability of approximately 7.OE-4, for a reliability of 99.93%. The third, failure of the 
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governor or turbine during a run, yields a failure probability of approximately 1.18E-3, 

and a reliability of 99.88%.  

Table A. 10-6 lists the cut sets (failure sequences) for the Governor and Turbine. Since the 

system cut sets are normally obtained after setting the transfer gate failure probabilities to 

zero, that leaves, for this instance, only the turbine and governor developed events and 

governor cold start latent human error. The contributors to unavailability are shown in 

Table A.10-7. Failures of the governor and turbine while running contribute the most to 

system unreliability, followed next by failures while hot starting, and last by failures while 

cold starting. However, it should be noted again that, since no valid governor or turbine 

emergency operation failures have occurred, these failure probabilities were derived using 

the chi-squared approximation. Also, due to lack of sufficient data, the hot start failure 

probabilities were based on the cold start failure probabilities. Thus, the results are driven 

by these modeling assumptions.  

A.10.13 REFERENCES 

A.10.13.1 DOCUMENTS 

1. OSS-0245.00-00-2005, Rev. 2, Keowee Emergency Power Design Basis 

Document.  

2. OP-OC-EL-KHG, Rev. 8, Keowee Operations Training Material.  

A.10.13.2 PROCEDURES 

1. MP/l/A/2000/017, Change 5, Unit No. 1 Turbine And Governor Weekly 

Preventive Maintenance.  

2. MP/l/A/2000/018, Change 4, Unit No. 1 Turbine And Governor Monthly 

Preventive Maintenance.  

3. MP/1/B/2000/051, Change 1, Cleaning Of Unit No. 1 Turbine-Generator Shaft.  

4. MP/l/A/2200/003, Change 4, Governor Actuator No. 1 Inspection And 

Maintenance.  
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5. MP/1/A/2200/004, Change 1, Replacement Of Unit No. I Turbine Shaft Packing.  

6. MP/1/A/2200/008, Change 3, Unit No. 1 Hydraulic Turbine Inspection.  

7. MP/1/A/2200/009, Change 0, Unit No. 1 Turbine Bearing Inspection Or 

Replacement.  

8. MP/1/A/2200/010, Change 1, Unit No. 1 Servomotor Packing Maintenance.  

9. OP/0/A/2000/043, Change 6, Keowee Shift Turnover And Rounds.  

A.10.13.3 DRAWINGS (Unit 1) 

1. KEE-1I1 series.  

2. KEE-113 series.  
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Table A.10-1 

Governor and Turbine Test Procedures 

Procedure Test Frequency Description 

MP/1/A/2000/017, Weekly Check operation of DC Sump 

Unit No. 1 Turbine And Pump and DC GBO Pump; 

Governor Weekly check GBO Pump reduction 

Preventive Maintenance gear oil levels; clean packing 

box strainer; rotate OG pump 

echelon control.



(Page 1 of 2) 
Table A.10-2 

Governor and Turbine Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/1/A/2000/018, Monthly Clean governor pump 

Unit No. 1 Turbine And unloader filters, GBO filter, 

Governor Monthly Turbine Sump strainer, and 

Preventive Maintenance pilot valve filters. Verify 

generator guide and thrust 

bearing oil levels are normal; 

no loose connections on 

governor terminal blocks.  

Bi-monthly Verify water supply strainer is 

clean and free of obstruction.  

Semi-annually Verify sump basket strainer is 

clean and free of obstruction.  

MP/1/B/2000/051, As needed Clean turbine-generator shaft 

Cleaning Of Unit No. I and apply protective coating.  

Turbine-Generator Shaft 

MP/1/A/2200/003, Annually or as needed Perform complete inspection 

Governor Actuator No. I and maintenance on governor 

Inspection And Maintenance actuator.
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Table A.10-2 

Governor and Turbine Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/1/A/2200/004, As needed Replace turbine shaft packing.  

Replacement Of Unit No. 1 

Turbine Shaft Packing 

MP/1/A/2200/008, Bi-annually Perform complete inspection 

Unit No. 1 Hydraulic (odd-numbered years) of turbine above water and 

Turbine Inspection under water parts.  

MP/1/A/2200/009, As needed Inspect and/or replace turbine 

Unit No. 1 Turbine bearing.  

Bearing Inspection 

Or Replacement 

MP/1/A/2200/010, As needed Temporarily adjust or 

Unit No. 1 Servomotor replace servomotor packing.  

Packing Maintenance



Table A.1U-3 

Governor and Turbine Fault Tree Transfers (Unit 1* 

Transfer Gate Name Description Component Supplied 

BK1000 Keowee Unit 1 Turbine Guide Turbine No. 1 

Bearing Oil Cooler Fails During Run 

OK1600 Keowee Unit 1 Governor Oil Governor No. 1 

System Fails Keowee Run 

PK12000 Keowee Unit 1 Turb. Sump Pump Turbine No. 1 

Fails To Remove Leakage 

During Keowee Run 

YKlCLDSTRT Keowee 1 Governor Control Governor No. 1 

Fails During A Cold Start 

YKlHOTSTRT Keowee 1 Governor Control Governor No. 1 

Fails During A Hot Start 

YKlRUNCNTL Keowee 1 Governor Control Governor No. 1 

Fails During Run 

*Unit 2 transfer gates are similar.



Table A.10-4 

Governor and Turbine Statalarms (Common And Unit 1*) 

Point No. Alarm Actuator 

SAl-44 GOV. AIR TEMP. HIGH 23G1X & 23G2X 

SA1-45 GOV. AIR PRESS. LOW 63L3/PS9 

1SAl-1 TURB. #1 BRG. OIL PUMP TROUBLE 30Y 

1SA1-2 TURB. #1 BRG. OIL LEVEL LOW 63TA/2X 

1SAl-3 TURB. #1 PKG. BOX WTR. PRESS. LOW 63KX 

1SAl-4 TURB. #1 WATER SUMP LEVEL HIGH 63SBX 

ISAl-11 GOV. #1 OIL TANK LEVEL HIGH 63GT/2X 

1SAl-12 GOV. #1 OIL TANK LEVEL LOW 63GT/1X 
1SAl-13 GOV. #1 MAIN VALVE CLOSED 63GT/lX 

lSAl-15 GOV. #1 PRESS. TANK LEVEL HIGH 63GPX 

1SAl-16 GOV. #1 OIL PUMP EXCESS RUNNING 88GTX 

1SAl-50 UNIT #1 D.C. SUPPLY FAILURE 8DX, 8GX, 8SX 

1SA2-7 TURB. #1 BRG. TEMP. HIGH 38T2X 

1SA2-8 TURB. #1 PKG. BOX TEMP. HIGH 26P2X 

1SA2-15 TURB. #1 SHEAR PIN FAILURE 74S 

1SA2-18 GOV. #1 OIL PRESS. LOW 63QX 

1SA2-19 GOV. #1 OIL PUMP lA EMERG. RUN 99K1 

*Unit 2 alarms are similar.



Table A.10-5 

Governor And Turbine Reliability Data 

Failure 
Event Name Description Probability 

WK1GVCDDEX Keowee init 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 
WKIGVCDLHE Latent Human Error Fails Keowee 1 Governor During Cold Start 2.60E-04 
WK1GVHTDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
WK1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
WK1SPD2DEX Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 
WK1TBCDDEX Keowee Unit 1 Turbine Fails During a Cold Start 3.50E-05 
WK1TBHTDEX Keowee Unit 1 Turbine Fails During-a Hot Start 3.50E-04 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 
WK2GVCDDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates During Cold Start 3.50E-05 
WK2GVCDLHE Latent Human Error Fails Keowee 2 Governor During Cold Start 2.60E-04 
WK2GVHTDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
WK2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
WK2SPD2DEX Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05 
WK2TBCDDEX Keowee Unit 2 Turbine Fails During a Cold Start 3.50E-05 
WK2TBHTDEX Keowee Unit 2 Turbine Fails During a Hot Start 3.50E-04 
WK2TBRNDEX Keowee Unit 2 Turbine Fails With the Unit Running 5. 60E-04 

S Se
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Table A.10-6 

Governor And Turbine Dominant Minimal Cutsets (Unit 1) 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

Cutsets For Gate KU1GVTBCLD, Keowee Unit I Governor Or Turbine Fails During A Cold Start: 
1) 2.6E-04 78.8 WK1GVCDLHE 2.6E-04 Latent Human Error Fails Keowee 1 Governor During Cold Start 

2) 3.5E-05 10.6 WK1GVCDDEX 3.5E-05 Keowee Unit 1 Gdv. Fails to Position Wicket Gates During a 
Cold Start 

3) 3.5E-05 10.6 WK1TBCDDEX 3.5E-05 Keowee Unit 1 Turbine Fails During a Cold Start 

Total: 3.30E-04 

Cutsets For Gate KUIGVTBHOT, Keowee Unit 1 Governor Or Turbine Fail During A Hot Start: 
1) 3.5E-04 50 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During A 

Hot Start 

2) 3.5E-04 50 WK1TBHTDEX 3.5E-04 Keowee Unit 1 Turbine Fails During a Hot Start 

Total: 7.OOE-04
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Table A. 10-6 

Governor And Turbine Dominant Minimal Cutsets (Unit 1) 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

Cutsets For Gate KUlGVTBRUN, Keowee Unit I Governor Or Turbine Fail While Unit Runs: 
1) 5.6E-04 47.5 WK1GVRNDEX 5.6E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit 

Running 

2) 5.6E-04 47.5 WK1TBRNDEX 5.6E-04 Keowee Unit 1 Turbine Fails With the Unit Running 

3) 5.6E-05 4.7 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 

Total: 1.18E-03 

0 0



Tabl A. 0-7(Page 
1 of 2) 

Table A.10-7 

Governor and Turbine Dominant Contributors To Unavailability (Unit 1) 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability1  Contribution 2 

During Cold Start: 
1 WKlGVCDLHE - 2.6E-04 78.8% 

Latent Human Error Fails Keowee 
Unit 1 Governor During A Cold Start 

2 WKlGVCDDEX- 3.5E-05 10.6% 
Keowee Unit 1 Gov. Fails to Position 
Wicket Gates During A Cold Start 

3 WKlTBCDDEX - 3.5E-05 10.6% 
Keowee Unit 1 Turbine Fails 
During A Cold Start 

During Hot Start: 
1 WKlGVHTDEX - 3.5E-04 50% 

Keowee Unit 1 Gov. Fails to Position 
Wicket Gates During A Hot Start 

2 WK1TBHTDEX - 3.5E-04 50% 
Keowee Unit 1 Turbine Fails 
During A Hot Start



Tabl A. 0-7(Page 
2 of 2) 

Table A.10-7 

Governor and Turbine Dominant Contributors To Unavailability (Unit 1) 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

During Run: 
1 WKlGVRNDEX - 5.6E-04 47.5% 

Keowee Unit 1 Gov. Fails to Position 
Wicket Gates With Unit Running 

2 WKlTBRNDEX - 5.6E-04 47.5% 
Keowee Unit 1 Turbine Fails 
With the Unit Running 

3 WKlSPD2DEX - 5.6E-05 4.7% 
Keowee Unit 1 Governor Failure 
Creates Overspeed Condition 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.
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Figure A. 10-1 Block Diagram of Governor and Turbine Control



Keowee Unit 1 
Governor or Turbine 
Fails During a Cold 

Start 
KU1GVTBCLD 

Keowee Unit 1 Gov. Keowee 1 Governor 
Fails to Position Control Fails 

Wicket Gates During During A Cold Start 
a Cold Start Sequence 
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Keowee Unit 1 Latent Human Error 
Turbine Fails Fails Keowee 1 

During a Cold Start Governor During 
Cold Start 
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Keowee Unit 1 
Governor or Turbine 
Fails During a Hot 

Start 

KU1GVTBHOT 

Keowee Unit 1 Gov. Keowee 1 Governor 
Fails to Position Control Fails 

Wicket Gates During A Hot Start 
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WKiGVHTOEX |YK1HOTSTRT 

Keowee Unit 1 
Turbine Fails 

During a Hot Start 
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Keowee Unit 1 
Governor or Turbine 

Fails While the 
Unit Runs 

KU1GVTBRUN 

Keowee Unit 1 Keowee Unit 1 
Governor Fails With Turbine Fails With 

the Unit Running the Unit Running 
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I 
WK1GOVRUNI WK1TURRUN| 

IKI IRI 
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Wicket Gates With During Run the Unit Running Remove Leakage 

Unit Running During Keowee Run 
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Start 
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Keowee Unit 2 
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Unit Runs 
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Keowee Governor and Turbine Fault Tree FIGURE A.10-2 Page 6



Gate/Event Name Page Zone Gate/Event Name age Zone Gate/Event Name Page Zone Gate/Event Name Pae Zone 

BK1000 3 
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YK1HOTSTRT 2 

YK1RUNCNTL 3 

YK2CLDSTRT 4 

YK2HOTSTRT 5 
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Keowee Governor and Turbine FaulI ee FIGURE A.10-2 Pe 7
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A.11 GOVERNOR OTL OG) AND GOVERNOR AIR (AG) SYSTEMS 

A.11.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Governor Oil (OG) 

and Governor Air (AG) Systems. This model is combined with the high-level model and 

remaining system models to form an integrated model for assessing the reliability of 

Keowee. Other objectives are to identify major contributors to system unreliability, 

significant potential human errors and common cause failure modes.  

The scope of this analysis is limited to OG and AG equipment required to support a 

Keowee emergency start and load run. The analysis assumes a loss of offsite power has 

occurred, so that Keowee Auxiliary AC Power is not available during the start.  

A.11.2 SYSTEM DESIGN 

Governor Air System 

The function of the AG System is to provide and maintain a blanket of pressurized air in 

the Governor Oil Pressure Tank (GOPT). The AG System is also required to maintain its 

pressure boundary, so that governor air pressure, and consequently governor oil pressure, 

is not lost.  

As shown in Figure A. 11-1, the AG System is comprised of an Air Receiver Tank (ART) 

with a condensation drain valve, a header that connects the Air Receiver Tank directly to 

the GOPT, and piping and valves that connect the Air Receiver Tank to the governor air 

compressors.  

Air leakage from the AG System occurs over time, resulting in increased oil level in the 

GOPT. About once a week, Operators align the compressors to add air to the ART.  

However, the air compressors are normally isolated, and are not relied upon during a 

Keowee start or run.  
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Governor Oil System 

The OG System provides pressurized oil to the Keowee turbine governor. The governor 

directs the oil as needed to the open and close servomotors, to hydraulically position the 

turbine wicket gates to match generator load.  

The OG System is comprised of three pump trains, each aligned to take suction from the 

Governor Oil Sump and discharge to the 4" header connecting the governor and the 

GOPT. A 1" pressure sensing line fitted with a pressure switch for each pump also 

connects the GOPT to the governor.  

Normally only one pump is required to maintain system pressure. In the automatic mode, 

the lead pump maintains the normal operating pressure. The half-lead and lag pumps will 

start at progressively lower set points if the lead pump is unsuccessful in maintaining 

pressure. Each pump train is equipped with a relief valve that will divert flow back to the 

sump if its respective pump does not shut down at its pressure setpoint. An echelon 

control knob is repositioned each week to change the role of each pump.  

The motor-driven positive-displacement OG pumps are powered from 600 V ac auxiliary 

power motor control centers. Each Keowee unit's auxiliary power supplies its own OG 

pumps.  

A float valve prevents air from entering the governor header on low oil level in the GOPT.  

If the float valve were to fail closed, governor pressure would be lost. Although pressure 

would decrease in the governor header, the 1" sensing line would remain pressurized by 

the GOPT, and the pressure switches would not signal the pumps to turn on. To solve 

this problem, an "emergency" pressure switch, OGPS-4, was added to the governor 

header. This switch will start the 'A' OG Pump, which will then run continuously. The 

switch also energizes the Governor Oil Pump Emergency Control relay, which activates a 

statalarm in the Control Room.  

Note: The electrical elementaries use the device names 63QV/A, -B, and -C for referring 

to pressure switches OGPS-1, -2, and -3, respectively. Pressure switch OGPS-4 is 

referred to as 1PS12 or 63Q-4 on the elementaries.  
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A.11.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

The Keowee Auxiliary Power System provides power to the Unit 1 and 2 governor oil.  

pumping units via 600 V ac motor control centers 1XA and 2XA, respectively. Control 

power is furnished to the Unit 1 and 2 OG Pump 'A' emergency control relays (99K1, 

99K2) from 125 V dc distribution centers 1DA and 2DA, respectively. The power 

supplies for the modeled components are listed in Table A. 11-1.  

A.11.4 INSTRUMENTATION AND CONTROLS 

Pump control switches for each OG pump are located on the Governor Actuator Cabinet.  

The three possible switch positions are 'CONT.,' 'OFF,' and 'INTER.' In the 'CONT.' 

position, the pump runs continuously, provided that the Shutdown Solenoid Aux. Relay, 

99SX, is not energized. The switches (188GA, 188GB, and 188GC for OG Pumps 'A,' 

'B,' and 'C,' respectively) are normally left in the 'INTER.' position, so that the pumps run . intermittently as controlled by the pressure switches.  

Pressure switches OGPS-1, OGPS-2, and OGPS-3 provide normal control for OG Pumps 

'A,' 'B,' and 'C,' respectively. The lead pump's pressure switch closes when pressure drops 

below 318 psig, and reopens when pressure reaches 350 psig. The half-lead pump's 

pressure switch closes should pressure drops below 308 psig, and reopens when pressure 

reaches 341 psig. The lag pump's pressure switch closes if pressure drops below 298 

psig, and reopens when pressure reaches 332 psig. The pressure switches are located in 

the 1" sensing line connecting the GOPT to the governor.  

Emergency Control Pressure Switch OGPS-4 starts OG pump 'A' if pressure drops to 280 

psig in the 4" supply header connecting the GOPT to the governor.  

A. 11.5 LOCATION WITHIN THE PLANT 

The OG pumps, ART, GOPT and associated valves and piping are located in the 

Mechanical Equipment Gallery, elevation 683' 6", adjacent to the Governor Actuator 

. Cabinet. .  
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A. 11.6 NORMAL OPERATION 

The AG System remains pressurized to approximately 350 psig. The Air Receiver Tank is 

isolated from the Governor Air Compressors and is connected directly to the Governor Oil 

Pressure Tank.  

The three OG pumps are aligned in parallel to take suction from the Governor Sump and 

discharge to the 4" header running between the governor and GOPT. The lead pump runs 

approximately every two hours for one to two minutes to restore system pressure.  

The OG System is in service regardless of whether or not the respective Keowee unit is 

generating power, since oil is continually depleted from the GOPT. The largest oil load 

during unit operation are the gate servomotors. The largest loads during unit standby is 

the governor oil motor vibrator. Oil leakage through pump seals and past valve seats also 

contribute to falling level in the GOPT. After the oil has been used by the governor, it is 

returned to the OG sump via a 5" return line.  

A.11.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

AG and OG System operation is the same during normal and emergency operation.  

However, during an emergency start under blackout conditions, Keowee Auxiliary Power 

is not available to the OG pumps 

A.11.8 TEST AND MAINTENANCE 

Twice-daily rounds and regular preventive maintenance are used to verify and maintain 

proper operation of the OG and AG systems.  

Testing 

On an annual frequency, the following system components are verified to operate 

properly: 
- OG pumps unload within the proper pressure range 
- OG pump pressure check valves seal off properly 
- Unloader pressure switches open and close within the proper pressure ranges 
- OG relief valves bypass oil within the proper pressure range 
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- 'Emergency' pressure switch OGPS-4 opens and closes within the proper pressure 

range 

- OG pump excessive run timer operates as designed.  

Note: In February, 1995, a modification was installed to extend the sight glass range on 

the GOPT and a test of the float valve was added to the governor oil pump 

assemblies maintenance procedure. Also, calibration of AG instrumentation was 

proceduralized.  

The OG and AG System testing requirements are detailed in Table A. 11-2.  

Maintenance 

The OG and AG systems are inspected twice a day, during rounds. During the rounds, 

governor oil and air pressure are verified to be within the proper range. Level in the 

GOPT is verified to be between the high and low marks, checks are made for any 

excessive oil or air leakage, and motor control center breakers are checked for proper 

position.  

Governor oil filtration is performed as needed, based on oil sample results. Oil samples 

are taken semi-annually.  

The OG and AG system maintenance requirements are listed in Table A. 11-3.  

A.11.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A. 11-4.  

A.11.10 ASSUMPTIONS 

A.11.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. AG System air leakage is minimal, such that governor air compressors are not 

needed during the mission time.  
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A.11.10.2 OPERATIONAL ASSUMPTIONS 

1. OG Pump 'A' is operating as the lead pump.  

2. The pump control switches are in the "Inter." (intermittent operation) position, 
which allows each pump to come on automatically, if needed, when its actuation 

pressure is reached.  

A.11.10.3 MODELING ASSUMPTIONS 

1. The Governor Oil system does not contribute to Keowee start failures since the 

system operates continuously, and low oil pressure and level are alarmed. The 

Keowee unit is considered unavailable while repairs are made to restore the 

Governor Oil system.  

2. Failure of an OG pump to load is considered a pump start failure.  

3. Manual valve OG-8 is not modeled as transferring position since it is locked 

closed.  

4. Failure of drain valve OG-2 is not modeled since the drain line is capped.  

5. If manual valve OG-10 were to transfer closed, the 1" oil sensing line would 

depressurize as the governor used oil. However, as pressure drops, the pressure 

switches would signal the OG pumps to turn on. Since failure of OG-10 does not 

lead to system failure, it is not included in the model.  

6. Loss of air through manual valve AG-3 would require an additional failure of 

check valve AG-2. Loss of air through relief valve AG-1 would require failures of 

both AG-2 and AG-3. Therefore, these failures are not modeled.  

7. For modeling convenience, failures of the governor oil pumps' echelon controller 

are considered to be included in the pumps' start and run failure rate.  
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A.11.11 FAULT TREE ANALYSIS 

A.11.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the OG and AG systems requires that at least one of the three OG pumps 

supplies the GOPT, and that system pressure and integrity is maintained.  

A. 11.11.2 DETAILED FAILURE CRITERIA 

1. Failure of all three OG pump trains leads to the top event.  

2. AG System failure leads to OG System failure.  

3. Failure of GOPT leads to the top event.  

4. Isolation of the GOPT from the 4" governor oil header occurs if the float valve 

OG-7 or manual valve OG-9 transfer closed. Subsequent failure of "emergency" 

pressure sensing leads to the top event.  

A.11.11.3 DESCRIPTION OF FAULT TREE 

The OG and AG system fault tree is shown in Figure A. 11-2. The Fault Tree Modeling 

Guidelines (Appendix B) were followed in developing the fault tree. A list of all fault tree 

transfers is presented in Table A. 11-5. Modules were not developed for the Keowee fault 

trees.  

Human reliability analysis was performed as described in Section 5.5. Human events 

impacting the model are described in Section A.11.11.4.  

Common cause analysis was performed as described in Section 5.4. Common cause 

events impacting the model are described in Section A. 11.11.6.  
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A.11.11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians can adversely affect OG and AG system 

reliability. Those events explicitly included in the system fault tree are discussed below.  

OK1001BLHE, OK1001CLHE, OK2002BLHE, OK2002CLHE 

These basic events account for the potential of the maintenance technicians to fail to 

properly restore the 'B' and 'C' OG pumps. Since these pumps are not likely to be run 

again until they are selected as the lead pump, there is the possibility that any latent human 

errors affecting pump performance will not be discovered until the pump is operated over 

an extended period of time. A corresponding event is not included for the 'A' pump since, 
as the lead pump, it operates approximately every two hours.  

A.11.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

Plant-specific data is used for maintenance events. The following maintenance events are 

included in the OG System model.  

OKlOGICTRM, OK20GICTRM 

These events account for maintenance and testing on the Unit 1 and Unit 2 OG pump 

trains. For modeling simplicity, all of the unavailability is placed on the 'C' train. Each 

pump train is in maintenance or testing for approximately 10 hours per year. Thus, the 

unavailability of pump train C due to testing or maintenance is: 

30 hr / 8760 hr = 3.42E-3.  

Plant-specific data is also used for the float valve failure rate, since generic failure rate 

information is not available.  
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As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. OG System statalarms are listed in Table A. 11-6.  

System reliability data is listed in Table A. 11-7.  

A.11.11.6 COMMON CAUSE ASSESSMENT 

OK1PSTRCOM, OK2PSTRCOM, OKlPRUNCOM, OK2PRUNCOM 

The OG pumps share the same design, maintenance procedures, operating conditions, 

environmental conditions, etc. A failure of all OG pumps leads to a failure of the OG 

System to operate. Therefore, these common cause events are included in the fault tree to 

represent these coupling mechanisms.  

OK1PSTRCOM and OK2PSTRCOM represent a common cause failure of the OG pumps 

to start; OKlPRUNCOM and OK2PRUNCOM represent the common cause failure to 

run. The above events couple all three pumps for a single unit, but do not couple across 

units.  

Common cause failure of both units' governor oil systems to run is represented in the high

level fault tree (Appendix A. 1) by event OKOPRUNCOM.  

The quantification of common cause events is described in detail in Appendix C.2.  

A.11.12 RESULTS 

Reliability of the OG and AG systems is defined as the probability that these systems will 

succeed in supporting a Keowee emergency operation (black start plus a 24 hour run).  

The system model yields a failure probability of approximately 3.11 E-4 for both units 1 

and 2. Thus the reliability of each unit's OG and AG System is computed to be 99.97%.  

Table A. 11-8 lists the dominant minimal cut sets (failure sequences) for the Governor Oil 

and Governor Air Systems for unit 1. The exposure times for unit 2 are the same as for 

unit 1 since the unit 2 system is also always in service. Unit 2 has the same equipment as 

unit I does, so results for the unit 2 top gate, OK2600, are identical to those for the unit 1 

top gate, OKI 600.  
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A list of dominant contributors to unavailability is shown in Table A. 11-9. By far, the 

dominant contributors to the unavailability of the OG and AG systems are spurious 

operation of pressure boundary relief valves AG-4 or OG-3. Common cause failure of the 

OG pumps to start is the next highest contributor to system unreliability. Passive failures 
of the Air Receiver Tank and Governor Oil Pressure Tank also contribute to system 

unavailability.  

A. 11.13 REFERENCES 

A.11.13.1 DOCUMENTS 

1. OSS-0245.00-00-1031, Rev. 1, Keowee Mechanical Systems.  

A.11.13.2 PROCEDURES 

1. MP/1/A/2000/018, Change 4, Unit No. 1 Turbine And Governor Monthly 
Preventive Maintenance.  

2. MP/1/A/2000/041, Change 2, Unit No. 1 Governor Oil Filtration.  

3. MP/1/A/2200/001, Change 2, Governor No. 1 Oil Pump Assemblies Inspection 
And Maintenance.  

4. OP/O/A/2000/043, Change 6, Keowee Shift Turnover And Rounds.  

A.11.13.3 DRAWINGS 

1. KEE-6, Rev. 7, Keowee Development Unit 1 & 2, Tabulation, Statalarm No. SAL 
Station Alarms.  

2. KEE-106, Rev. 3, Keowee Development Unit #1, Tabulation, Statalarm List 
#1SAl. T-G System Condition Alarms.  

3. KEE-106-1, Rev. 3, Keowee Development Unit #1. Tabulation, Statalarm List 
#1SA2, T-G System Running Alarms.  
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4. KEE-107, Rev. 2, Keowee Hydro Station Unit No. 1. Elementary Diagram., 

Governor Oil Pump No. lA, lB & 1C.  

5. KEE- 111, Rev. 11, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Turbine And Governor Systems Start-up Control.  

6. KEE-111-A,, Keowee Hydro Station Unit No. 1, Elementary Diagram, Turbine 

And Governor Systems Start-up Control.  

7. KEE-207, Rev. 2, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Governor Oil Pump No. 2A, 2B & 2C.  

8. KEE-21 1, Rev. 9, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Turbine And Governor Systems Start-up Control.  

9. KEE-21 1-A,, Keowee Hydro Station Unit No. 2, Elementary Diagram, Turbine 

And Governor Systems Start-up Control.  

10. KFD-104A-1.1, Rev. 1, Keowee Hydro Station Unit 1, Flow Diagram Of 

Governor Air System.  

11. KFD-105A-1.1,, Keowee Hydro Station Unit 1, Flow Diagram Of Governor Oil 

System1 
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Table A.11-1 

Governor Oil And Air System Power Supplies 

Compartment 

Component Power Supply 1  Number 

OG Pump 1A 600 V ac MCC 1XA 1D 

OG Pump lB 600 V ac MCC 1XA 2E 

OG Pump 1C 600 V ac MCC 1XA 4D 

OG Pump 2A 600 V ac MCC 2XA ID 

OG Pump 2B 600 V ac MCC 2XA 2E 

OG Pump 2C 600 V ac MCC 2XA 4D 

OG Pump IA 'Emergency' 125 V dc DC 1DA 3BR 

Control Relays 99K1, 99K2 

OG Pump 2A 'Emergency' 125 V dc DC 2DA 3BR 

Control Relays 99Kl, 99K2 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A. 11-2 

Governor Oil And Air System Test Procedures 

Procedure Test Frequency Description 

MP/1/A/2000/018, Monthly Governor pump unloader 

Unit No. 1 Turbine And filters are verified to be clean 

Governor Monthly and free of obstruction.  

Preventive Maintenance 

Semi-annually Governor sump basket 

strainer is verified to be clean 

and free of obstruction.  

MP/l/A/2200/001, Annually or as needed Verification that OG pumps 

Governor No. 1 Oil Pump unload within the proper 

Assemblies Inspection And pressure range, pump 

Maintenance. discharge check valves seal 

off properly, unloader 

pressure switches open and 

close within the proper 

pressure range, OG relief 

valves bypass oil within the 

proper pressure range, 

'emergency' pressure switch 

OGPS-4 opens and closes 

within the proper pressure 

range, OG pump excessive 

run timer operates as 

designed, and check valves 

meet INPO inspection 

guidelines.



Table A.11-3 

Governor Oil And Air System Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/1/A/2000/041, As needed. Need is Governor oil is filtered for 

Unit No. 1 Governor Oil established based on 40 hours.  

Filtration Preventive results of semi-annual 

Maintenance oil samples.



Table A.11-4 

Governor Oil And Air System Significant Operating Events 

Date Unit Component Event Summary 

2/21/84 1 OG Pump lB Pump loading and unloading 

too soon due to worn unloader 

assembly.  

2/21/84 1 OG Pump IC Discovered pump running unloaded 

due to worn unloader assembly.  

4/11/84 1 OG Pump IB Pump failed to load and unload 

properly. No components replaced 

but unloader valve and pressure 

switch adjusted and friction relieved 

in all valves.  

4/11/84 1 OG Pump IC Pump failed to load and unload 

properly. No components replaced 

but unloader valve and pressure 

switch adjusted and friction relieved 

in all valves.  

5/6/84 2 OG-3 OG System not functioning properly 

due to cracked seat on GOPT relief 

valve.



Table A.11-4 (Page 2 of 2) 

Governor Oil And Air System Significant Operating Events 

Date Unit Component Event Summary 

6/19/84 2 OG-3 GOPT relief valve inadvertently 

damaged during implementation of 

Fire Protection NSM, causing the 

valve to have a small air leak.  

3/6/85 1 OG Pump IC Discovered pump running unloaded, 

and 88GT timer yet received no statalarm on 

relay excessive running due to inoperable 

timer.  

3/16/87 2 OG-13 OG Pump 2A ran unloaded, 

bypassing flow through relief valve.  

8/23/88 2 OG Pump 2C Replaced failed bearing.  

9/13/88 1 OG-7 OG System not functioning properly 

due to inoperable GOPT float valve.



Table A.11-5 

Governor Oil And Air System Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

XA1XA Loss of Power on Keowee OG Pumps lA, IB, IC 

600 V ac MCC IXA 

XA2XA Loss of Power on Keowee OG Pumps 2A, 2B, 2C 

600 V ac MCC 2XA 

XD1DAR Loss of Power on Keowee OG Pump lA Emergency 

125 V dc Distribution Center Control Relay 99K1 

IDA During Run 

XD2DAR Loss of Power on Keowee OG Pump 2A Emergency 

125 V dc Distribution Center Control Relay 99K1 

2DA During Run



Table A.11-6 

Governor Oil And Air System Statalarms (Unit 1)* 

Point No. Alarm Actuator 

SAl-44 GOV. AIR TEMP. HIGH 23G1X & 23G2X 

SAl-45 GOV. AIR PRESS. LOW 63L3/PS9 

1SAl-11 GOV. #1 OIL TANK LEVEL HIGH 63GT/2X 

ISAl-12 GOV. #1 OIL TANK LEVEL LOW 63GT/I1X 

1SAl-15 GOV. #1 PRESS. TANK LEVEL HIGH 63GPX 

1SAl-16 GOV. #1 OIL PUMP EXCESS RUNNING 88GTX 

1SA2-18 GOV. #1 OIL PRESS. LOW 63QX 

1SA2-19 GOV. #1 OIL PUMP lA EMERG. RUN 99K1 

1SAl-50 UNIT #1 D.C. SUPPLY FAILURE 8GX 

*Unit 2 alarms are similar.



(Page 1 of7) 
Table A.11-7 

Governor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

OK10001PSC Pressure Switch 10GPS-1 Fails to Close 2.90E-06 /D 15 D See OK10001AGPR 4.35E-05 
(Normal Control Signal) 

OK10002PSC Pressure Switch 1OGPS-2 Fails to Close 2.90E-06 /D 8 D See OK10001BGPR 2.32E-05 
OK10003PSC Pressure Switch 10GPS-3 Fails to Close 2.90E-06 /D 4 D See OK10001CGPR 1.16E-05 
OK10003RVT Safety Relief Valve 100-3 Spurious 5.60E-06 /H 24 H Rule 1: Gov. Oil Level High 1.34E-04 

Operation alarm 
OK10003TKF Unit 1 Governor Oil Pressure Tank 4.60E-07 /H 24 H Rule 1: Gov. Oil Level High 1.10E-05 

Fails alarm 
OK10004PSC Pressure Switch 10GPS-4 Fails to Close 2.90E-06 /D 1 D Needed to sense loss of press. 2.90E-06 

in Gov. supply hdr.  
OK10007FVT Float Valve 10G-7 Transfers Closed 5.83E-06 /H 24 H Rule 1: Gov. Oil Press Low 1.40E-04 

Alarm 
OK10009VVT Manual Valve 10G-9 Transfers Closed 1.70E-08 /H 24 H Rule 1: Gov. Oil Press Low 4.08E-07 

Alarm 
OK10011CVO Check Valve 100-11 Fails to Open 2.30E-06 /D 15 D Challenged every time pump A 3.45E-05 

starts 
OK10011CVT Check Valve 10G-11 Transfers Closed 1.30E-07 /H 0.75 H Can transfer any time pump A is 9.75E-08 

running 
OK10012VVT Manual Globe Valve 10G-12 Transfers 1.70E-08 /H 30 H Can tx any time during pump A 5.10E-07 

Closed exposure time 
OK10013RVT Relief Valve 10G-13 Spurious Operation 5.60E-06 /H 0.75 H Can transfer any time pump A is 4.20E-06 

running 
OK10014CVO Check Valve 100-14 Fails to Open 2.30E-06 /D 8 D Challenged every time pump B 1.84E-05 

starts 
OK10014CVT Check Valve 10G-14 Transfers Closed 1.30E-07 /H 0.5 H Can transfer any time pump B is 6.50E-08 

running 
OK10015VVT Manual Globe Valve 10G-15 Transfers 1.70E-08 /H 192 H Assumes pump was in service 2 3.26E-06 

Closed weeks ago: 
(0.5)(2 wks) + 24 hrs 192 hrs 

* e 0
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Table A. 11-7 

Govemor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

OK10016RVT Relief Valve 1OG-16 Transfers Open 5.60E-06 /H 0.5 H Can transfer any time pump B is 2.80E-06 
running 

OK10017CVO Check Valve 1OG-17 Fails to Open 2.30E-06 /D 4 D Challenged every time pump C 9.20E-06 
starts 

OK10017CVT Check Valve 1OG-17 Transfers Closed 1.30E-07 /H 0.25 H Can transfer any time pump C is 3.25E-08 
running 

OK10018VVT Manual Globe Valve lOG-18 Transfers 1.70E-08 /H 108 H Assumes pump was in service 1 1.84E-06 
Closed week ago: 

(.5)(l week) + 24 hrs = 108 hrs 
OK10019RVT Relief Valve 10G-19 Spurious Operation 5.60E-06 /H 0.25 H Can transfer any time pump C is 1.40E-06 

running 
OK1001AGPR OG Pump 1A Fails to Run 1.40E-05 /H 0.375 H Rule 4: pump operation feeds 5.25E-06 

computer point.  
Pump runs for 1-2 min. every 2 
hrs. Lead pump is needed for 
entire mission time: 
(15 runs') (1.5 min/run) (1 hr/60 
min) = 0.375 hr 

OK1001AGPS OG Pump 1A Fails to Start 9.70E-05 /D 15 D See OK10001AGPR. (30 hr) (1 st/2 1.45E-03 
hr) = 15 starts 

OK1001BGPR OG Pump 1B Fails to Run 1.40E-05 /H 0.25 H Pump B is needed if pump A fails 3.50E-06 
(assumed to fail after 15 hrs): 
(8 runs)(1.5 min/run)(1 hr/60 
min) = 0.25 hr 

OK100lBGPS OG Pump 1B Fails to Start 9.70E-05 /D 8 D (15 hr) (1 start/2 hr) = 8 starts 7.76E-04 
OK1001BLHE Latent Human Error Fails OG Pump lB 3.20E-03
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Table A. 11-7 

Governor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

OK1001CGPR OG Pump 1C Fails to Run 1.40E-05 /H 0.125 H Pump C is needed if pumps A and 1.75E-06 
B fail (assumed to fail after 
22.5 hrs): 
(4 runs)(1.5 min/run)(1 hr/60 
min) = 0.125 hr 

OK1001CGPS OG Pump lC Fails to Start 9.70E-05 /D 4 D (7.5 hr)(1 start/2 hr) = 4 3.88E-04 
starts 

OK1001CLHE Latent Human Error Fails OG Pump 1C 3.20E-03 
OK188GASWT Keowee 1 Governor Oil Control Switch 7.00E-08 /H 30 H See OK10012VVT 2.10E-06 

188GA Spurious Operation 
OK188GBSWT Keowee 1 Control Switch 188GB Spurious 7.00E-08 /H 192 H See OK10015VVT 1.34E-05 

Operation 
OK188GCSWT Keowee 1 Control Switch 188GC Spurious 7.00E-08 /H 108 H See OK10018VVT 7.56E-06 

Operation 
OKl99K1RYD Keowee 1 Relay 99K1 Fails To Operate 3.30E-05 /D 1 D Needed if loss of press. sensed 3.30E-05 

On Demand in Gov. supply hdr.  
OK199K1RYT Keowee Unit 1 Relay 99K1 Spurious 3.60E-07 /H 24 H Needed if loss of press. sensed 8.64E-06 

Operation in Gov. supply hdr.  
OK199K2RYD Keowee 1 Relay 99K2 Fails To Operate 3.30E-05 /D 1 D Needed if loss of press. sensed 3.30E-05 

On Demand in Gov. supply hdr.  
OK1AG01TKF Air Receiver Tank 1AGTK-1 Fails 4.60E-07 /H 24 H Rule 1: Gov. Oil Level High 1.10E-05 

alarm 
OK1AGO4RVT Safety Relief Valve 1AG-4 Spurious 5.60E-06 /H 24 H Rule 1: Gov. Oil Level High 1.34E-04 

Operation alarm 
OK1AG05VVT Manual Valve 1AG-5 Transfers Position 1.70E-08 /H 24 H Rule 1: Gov. Oil Level High 4.08E-07 

alarm 
OK1OG1CTRM OG Pump 1C Train In Maintenance Or 3.42E-03 

Testing 
OK1PRUNCOM Common Cause Failure of Unit 1 OG 1.12E-07 

Pumps to Run 

0 S
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Table A.11-7 

Governor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

OK1PSTRCOM Common Cause Failure of Unit 1 OG 2.04E-05 
Pumps to Start 

OK1XA1DCLT Low Voltage Circuit Breaker 1XA-1D 9.10E-07 /H 30 H Rule 4 2.73E-05 
Transfers Position 

OK1XA2ECLT Low Voltage Circuit Breaker 1XA-2E 9.10E-07 /H 30 H Rule 4 2.73E-05 
Transfers Position 

OK1XA4DCLT Low Voltage Circuit Breaker 1XA-4D 9.10E-07 /H 30 H Rule 4 2.73E-05 
Transfers Position 

OK20001PSC Pressure Switch 20GPS-1 Fails to Close 2.90E-06 /D 15 D Factors for Unit 2 are the same 4.35E-05 
(Normal Control Signal) as for Unit 1 since, for both 

units, the OG and AG systems are 
continually in service.  

OK20002PSC Pressure Switch 2OGPS-2 Fails to Close 2.90E-06 /D 8 D 2 .32E-05 
OK20003PSC Pressure Switch 20GPS-3 Fails to Close 2.90E-06 /D 4 D 1.16E-05 
OK20003RVT Safety Relief Valve 20G-3 Spurious 5.60E-06 /H 24 H 1.34E-04 

Operation 
OK20003TKF Unit 2 Governor Oil Pressure Tank 4.60E-07 /H 24 H 1.10E-05 

Fails 
OK20004PSC Pressure Switch 20GPS-4 Fails to Close 2.90E-06 /D 1 D 2 .90E-06 
OK20007FVT Float Valve 20G-7 Transfers Closed 5.83E-06 /H 24 H 1.40E-04 
OK20009VVT Manual Valve 20G-9 Transfers Closed 1.70E-08 /H 24 H 4.08E-07 
OK20011CVO Check Valve 20G-11 Fails to Open 2.30E-06 /D 15 D 3.45E-05 
OK20011CVT Check Valve 20G-11 Transfers Closed 1.30E-07 /H 0.75 H 9.75E-08 
OK20012VVT Manual Globe Valve 20G-12 Transfers 1.70E-08 /H 30 H 5.10E-07 

Closed 
OK20013RVT Relief Valve 20G-13 Spurious Operation 5.60E-06 /H 0.75 H 4. 20E-06
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Table A. 11-7 

Governor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

OK20014CVO Check Valve 20G-14 Fails to Open 2.30E-06 /D 8 D Factors for Unit 2 are the same 1.84E-05 
as for Unit 1 since, for both 
units, the OG and AG systems are 
continually in service.  

OK20014CVT Check Valve 20G-14 Transfers Closed 1.30E-07 /H 0.5 H 6.50E-08 
OK20015VVT Manual Globe Valve 20G-15 Transfers 1.70E-08 /H 192 H 3.26E-06 

Closed 
OK20016RVT Relief Valve 20G-16 Transfers Open 5.60E-06 /H 0.5 H 2.80E-06 
OK20017CVO Check Valve 20G-17 Fails to Open 2.30E-06 /D 4 D 9.20E-06 
OK20017CVT Check Valve 20G-17 Transfers Closed 1.30E-07 /H 0.25 H 3.25E-08 
OK20018VVT Manual Globe Valve 20G-18 Transfers 1.70E-08 /H 108 H 1.84E-06 

Closed 
OK20019RVT Relief Valve 20G-19 Spurious Operation 5.60E-06 /H 0.25 H 1.40E-06 
OK2002AGPR OG Pump 2A Fails to Run 1.40E-05 /H 0.375 H 5.25E-06 
OK2002AGPS OG Pump 2A Fails to Start 9.70E-05 /D 15 D 1.45E-03 
OK2002BGPR OG Pump 2B Fails to Run 1.40E-05 /H 0.25 H 3.50E-06 
OK2002BGPS OG Pump 2B Fails to Start 9.70E-05 /D 8 D 7.76E-04 
OK2002BLHE Latent Human Error Fails OG Pump 2B 3.20E-03 
OK2002CGPR OG Pump 2C Fails to Run 1.40E-05 /H 0.125 H 1.75E-06 
OK2002CGPS OG Pump 2C Fails to Start 9.70E-05 /D 4 D 3.88E-04 
OK2002CLHE Latent Human Error Fails OG Pump 2C 3.20E-03 
OK288GASWT Keowee 2 Governor Oil Control Switch 7.00E-08 /H 30 H 2.10E-06 

188GA Spurious Operation 
OK288GBSWT Keowee 2 Control Switch 188GB Spurious 7.00E-08 /H 192 H 1.34E-05 

Operation 

0 0 0
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Table A. 11-7 

Governor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

OK288GCSWT Keowee 2 Control Switch 188CC Spurious 7.OOE-08 /H 108 H Factors for Unit 2 are the same 7.56E-06 
Operation as for Unit 1 since, for both 

units, the OG and AG systems are 
continually in service.  

OK299K1RYD Keowee 2 Relay 99K1 Fails To Operate 3.30E-05 /D 1 D 3.30E-05 
On Demand 

OK299K1RYT Keowee Unit 2 Relay 99K1 Spurious 3.60E-07 /H 8.64E-06 
Operation 

OK299K2RYD Relay 99K2 Fails To Operate On Demand 3.30E-05 /D 1 D 3.30E-05 
OK2AGO4RVT Safety Relief Valve 2AG-4 Spurious 5.60E-06 /H 24 H 1.34E-04 

Operation 
OK2AG05VVT Manual Valve 2AG-5 Transfers Position 1.70E-08 /H 24 H 4. 08E-07 
OK2AGO1TKF Air Receiver Tank 2AGTK-1 Fails 4.60E-07 /H 24 H 1.10E-05 

OK20G2CTRM OG Pump 2C Train In Maintenance Or 3.42E-03 
Testing 

OK2PRUNCOM Common Cause Failure of Unit 2 OG 1.12E-07 
Pumps to Run 

OK2PSTRCOM Common Cause Failure of Unit 2 OG 2.04E-05 
Pumps to Start 

OK2XA1DCLT Low Voltage Circuit Breaker 2XA-1D 9.10E-07 /H 30 H 2.73E-05 
Transfers Position 

OK2XA2ECLT Low Voltage Circuit Breaker 2XA-2E 9.10E-07 /H 30 H 2.73E-05 
Transfers Position 

OK2XA4DCLT Low Voltage Circuit Breaker 2XA-4D 9.10E-07 /H 30 H 2.73E-05 
Transfers Position
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Table A.11-7 

Governor Oil And Air System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

XD1DA3BCDT 125 Vdc Breaker 1DA-3BR Transfers Open 7.50E-08 /H 24 H Rule 1: Loss of DC Supply 1.80E-06 
Failure alarm 

XD2DA3BCDT 125 Vdc Breaker 2DA-3BR Transfers Open 7.50E-08 /H 24 H Rule 1: Loss of DC Supply 1.80E-06 
Failure alarm 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.



Table A. 11-8 

Govemor Oil And Air System Dominant Minimal Cutsets 

Cutsets For Gate OK1600: Keowee Unit 1 Governor Oil System Fails Keowee Run 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.34E-04 43.1 OK10003RVT 1.34E-04 Safety Relief Valve 1OG-3 Spurious Operation 

2) 1.34E-04 43.1 OK1AGO4RVT 1.34E-04 Safety Relief Valve 1AG-4 Spurious Operation 

3) 2.04E-05 6.6 OK1PSTRCOM 2.04E-05 Common Cause Failure of Unit 1 OG Pumps to Start 

4) 1.10E-05 3.5 OK1AG01TKF 1.10E-05 Air Receiver Tank 1AGTK-1 Fails 

5) 1.10E-05 3.5 OK10003TKF 1.10E-05 Unit 1 Governor Oil Pressure Tank Fails 

6) 4.08E-07 0.1 OK1AG05VVT 4.08E-07 Manual Valve 1AG-5 Transfers Position 

7) 2.03E-07 0.1 OK10007FVT 1.40E-04 Float Valve 1OG-7 Transfers Closed 
OK1001AGPS 1.45E-03 OG Pump 1A Fails to Start 

8) 1.12E-07 0.0 OK1PRUNCOM 1.12E-07 Common Cause Failure of Unit 1 OG Pumps to Run 

Total: 3.11E-4



Table A.11-9 

Governor Oil And Air System Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

1 OKI0003RVT - 1.34E-04 43.1% 
Safety Relief Valve 1OG-3 
Spurious Operation 

2 OK1AGO4RVT - 1.34E-04 43.1% 
Safety Relief Valve 1AG-4 
Spurious Operation 

3 OKlPSTRCOM - 2.04E-05 6.6% 
Common Cause Failure of 
Unit 1 OG Pumps to Start 

4 OK1AGO1TKF - 1.10E-05 3.5% 
Air Receiver Tank 1 AGTK- 1 Fails 

5 OK10003TKF - 1.10E-05 3.5% 
Unit 1 Governor Oil Pressure Tank Fails 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.
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Gate/Event Name Page Zne Gate/Event Name Pge ZQne Gate/Event Name age Zone Gate/Event Name Pag Zone 
OK10001PSC 10 OK1310 4 0K199K1RYD 7 OK2002AGPR 25 
OK10002PSC 13 OK1320 8 0K199K1RYT 7 OK2002AGPS 21 
OK10003PSC 16 OK1321 8 OK199K2RYD 7 OK2002AGPS 25 
OK10003RVT 3 OK1321 9 OK1AG01TKF 3 OK2002BGPR 28 
OK10003TKF 2 OK1322 9 OK1AGO4RVT 3 OK2002BGPS 28 
OK10004PSC 7 OK1322 10 OK1AG05VVT 3 OK2002BLHE 28 
OK10007FVT 4 OK1323 10 OK10G1CTRM 14 OK2002CGPR 31 
OK10009VVT 4 OK1324 6 OK1PRUNCOM 8 OK2002CGPS 31 
OK10011CVO 1 OK1324 7 OK1PSTRCOM 8 OK2002CLHE 31 
OK10011CVO 8 OK1324 10 OK1XA1DCLT 5 OK2200 17 
OK10011CVT 1 OK1325 7 OK1XA1DCLT 9 OK2200 18 
OK10011CVT 8 OK1350 1 OK1XA2ECLT 12 OK2300 17 
OK10012VVT 1 OK1355 1 OK1XA4DCLT 15 OK2310 17 
OK10012VVT 8 OK1355 5 OK20001PSC 26 OK2310 20 
OK10013RVT 1 OK1360 5 OK20002PSC 29 OK2320 24 
OK10013RVT 8 OK1360 6 OK20003PSC 32 OK2321 24 
OK10014CVO 11 OK1400 1 OK20003RVT 19 OK2321 25 
OK10014CVT 11 OK1400 8 OK20003TKF 18 OK2322 25 
OK10015VVT 11 OK1410 8 OK20004PSC 23 OK2322 26 
OK10016RVT 11 OK1410B 8 OK20007FVT 20 OK2323 26 
OK10017CVO 14 OK1410B 11 OK20009VVT 20 OK2324 22 
OK10017CVT 14 OK1410C 8 OK20011CVO 17 OK2324 23 
OK10018VVT 14 OK1410C 14 OK20011CVO 24 OK2324 26 
OK10019RVT 14 OK1411B 11 OK20011CVT 17 OK2325 23 
OK1001AGPR 5 OK1411B 12 OK20011CVT 24 OK2350 17 
OK1001AGPR 9 OK1411C 14 OK20012VVT 17 OK2355 17 
OK1001AGPS 5 OK1411C 15 OK20012VVT 24 OK2355 21 
OK1001AGPS 9 OK1412B 12 OK20013RVT 17 OK2360 21 
OK1001BGPR 12 OK1412B 13 OK20013RVT 24 OK2360 22 
OK1001BGPS 12 OK1412C 15 OK20014CVO 27 OK2400 17 
OK1001BLHE 12 OK1412C 16 OK20014CVT 27 OK2400 24 
OK1001CGPR 15 OK1500 2 OK20015VVT 27 OK2410 24 
OK1001CGPS 15 OK1500 3 OK20016RVT 27 OK2410B 24 
OK1001CLHE 15 OK1600 1 OK20017CVO 30 OK2410B 27 
OK1200 1 OK188GASWT 6 OK20017CVT 30 OK2410C 24 
OK1200 2 OK188GASWT 10 OK20018VVT 30 OK2410C 30 
OK1300 1 OK188GBSWT 13 OK20019RVT 30 OK2411B 27 
OK1310 1 OK188GCSWT 16 OK2002AGPR 21 OK2411B 28 
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2a Eage Zne Gate/Event Name Pagf Zon~ate/Event Name P Zone Gate/Event Name Z 
OK2 41171"30RO 

OK2411C 31 
OK2412B 28 
OK2412B 29 

OK2412C 31 

OK2412C 32 

OK2500 18 

OK2500 19 
OK2600 17 

OK288GASWT 22 

OK288GASWT 26 
OK288GBSWT 29 

OK288GCSWT 32 

OK299K1RYD 23 
OK299K1RYT 23 

OK299K2RYD 23 

OK2AGO4RVT 19 
OK2AGO5VVT 19 

OK2AGO1TKF 19 

OK2OG2CTRM 30 

OK2PRUNCOM 24 

OK2PSTRCOM 24 

OK2XA1DCLT 21 

OK2XA1DCLT 25 

OK2XA2ECLT 28 

OK2XA4DCLT 31 

XA1XA 5 

XA1XA 9 

XA1XA 12 

XA1XA 15 

XA2XA 21 

XA2XA 25 

XA2XA 28 

XA2XA 31 

XD1DA3BCDT 7 

XD1DAR 7 

XD2DA3BCDT 23 

XD2DAR 23 
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A.12 TURBINE GIIDE BEARING OIL (GBO0)SYS M 

A.12.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Turbine Guide 

Bearing Oil (GBO) System. This model is combined with the high-level model and 

remaining system models to form an integrated model for assessing the reliability of 

Keowee. Other objectives are to identify major contributors to system unreliability, 

significant potential human errors and common cause failure modes.  

The scope of this analysis is limited to GBO equipment required to support a Keowee 

emergency start and load run. The analysis assumes a loss of offsite power has occurred, 

so that Keowee Auxiliary AC Power is not available during the start.  

A.12.2 SYSTEM DESIGN 

The function of the Turbine Guide Bearing Oil system is to provide lubrication and 

cooling to the turbine guide bearing.  

Oil in the system is recirculated continuously, during unit operation and shutdown 

conditions. As shown in Figure A.12-1, the GBO system contains an ac pump, which runs 

continuously, and a standby dc pump. Both pumps are capable of taking suction from the 

Lower Oil Reservoir (LOR), pumping through the Turbine Guide Bearing Oil Cooler and 

filter, to the Upper Oil Reservoir (UOR). The oil then gravity flows through the bearing 

along grooves in the babbitt lining. The dc pump is actuated automatically if (1) the ac 

pump is turned off or loses power, or (2) oil level in the UOR drops to 5.5".  

Two overflow lines are provided from the UOR to the LOR to prevent overfilling the 

UOR.  

The GBO system is equipped to alarm on low oil level in the UOR, high turbine bearing 

temperature, ac pump failure, and loss of supply power to the dc pump.  

System success requires that the ac or the dc pump train supply the UOR.  
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The Turbine Guide Bearing Oil Cooler is not required to be operable for a 24 hr mission 

time.  

A.12.3 SYSTEM BOUNDARIES 

Cooling Water System 

Cooling water to the Turbine Guide Bearing Oil Cooler is provided by the Cooling Water 

(WL) System.  

Electrical Power Supplies 

The Keowee Auxiliary Power AC System provides power to the Unit 1 and 2 GBO ac 

pumps via 600 V ac motor control centers 1XA and 2XA, respectively. The Keowee 

Auxiliary Power DC System provides power to the Unit 1 and 2 GBO dc pumps and their 

control relays from 125 V dc distribution centers 1DA and 2DA, respectively. The power, 

supplies for the modeled components are listed in Table A. 12-1.  

A.12.4 INSTRUMENTATION AND CONTROLS 

Control switches for the ac and dc GBO pumps are located on Electrical Control Panels 

CB2 (for unit 1) and CB9 (for unit 2) in the Keowee Control Room. The ac pump control 

switches are normally left in the ON position, to enable continuous operation, while the dc 

pump control switches are left in the AUTO position.  

The ac pump is controlled simply by the ON-OFF control switch. The dc pump control 

circuitry involves several relays that are normally energized following a unit start, and 

other relays that become energized should the level in the UOR fall to 5.5" or the ac pump 

shut off. The following relay conditions will start the dc pump: 

- Turbine Bearing Low Oil Level Aux. Relay 63TA/2X is energized while Shutdown 

Solenoid Aux. Relay 99SX is energized 

- Oil Pump Aux. Relay 88X is de-energized while Master Relay 4A is energized 

- AC Bearing Oil Pump Aux. Relay 88AX is de-energized while Master Relay 4A is 

energized.  
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Once the dc pump is started, a seal-in contact will keep the pump running, provided that 

Rotation Sensing Aux. Relay 14DX is energized.  

If oil in the UOR falls to 4.5", level transmitter GBOLT-1 (device 63TB) energizes 

Turbine Guide Bearing Oil Aux. Relay 63TB/1X, which de-energizes Shutdown Solenoid 

Aux. Relay 99SX and shuts down the unit (even during emergency operation).  

A.12.5 LOCATION WITHIN THE PLANT 

The GBO pumps, cooler, upper and lower oil reservoirs, and associated valves and piping, 

are located in close proximity to the turbine guide bearing, within the Turbine Wheelpit, at 

an elevation of approximately 675'.  

A.12.6 NORMAL OPERATION 

The ac pump runs continuously to take suction from the LOR and deliver oil to the UOR 

via the GBO cooler and filter. The dc pump is aligned in parallel with the ac pump and is 

enabled to automatically start should the ac pump become de-energized or level in the 

UOR drop to 5.5".  

The GBO System is in service regardless of whether or not the respective Keowee unit is 

generating power, since oil must be continuously supplied to the turbine bearing.  

A.12.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

GBO System operation is the same during normal and emergency operation. However, 

during an emergency start under blackout conditions, Keowee Auxiliary AC Power is not 

available to the ac pump. Under this condition, the dc pump would start and run until shut 

off.  

A.12.8 TEST AND MAINTENANCE 

Testing 

The dc GBO Pump is started once a week and run for approximately 30 minutes. Devices 

that detect and signal low oil in the UOR are tested annually.  
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The GBO system testing requirements are detailed in Table A. 12-2.  

Maintenance 

The GBO system is inspected twice a day, during rounds. During the rounds, the 

Operators verify that a GBO pump is operating, the turbine bearing flow meter indicates 

flow, and there is no leakage from the turbine bearing oil reservoir.  

Guide bearing oil is filtered as needed, based on semi-annual oil sample results. The 

guide bearing oil cooler receives an inspection every three years.  

The GBO system maintenance requirements are listed in Table A. 12-3.  

A.12.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.12-4.  

A.12.10 ASSUMPTIONS 

A.12.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The Turbine Guide Bearing Oil Cooler is required to be in service if CCW inlet 

temperature is greater than or equal to 65oF. However, test results indicate that 

the bearing temperature rise over the first 24 hours is well below the value at 

which bearing degradation would occur. Thus the cooler is not included in the 

system model.  

A.12.10.2 OPERATIONAL ASSUMPTIONS 

1. The ac GBO pump control switch is in the ON position.  

2. The dc GBO pump control switch is in the AUTO position.  
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A.12.10.3 MODELING ASSUMPTIONS 

1. The GBO system operates continuously, and alarms on low oil level in the UOR.  

Thus, if the GBO system is not able to function properly, the Keowee unit is shut 

down and the system repaired. Therefore, the GBO system does not have the 

potential to fail a Keowee start. System unavailability is captured in the Keowee 

unavailability number.  

2. The LOR immersion heaters are not modeled. These heaters are used to maintain 

the oil above room temperature. Prior to an emergency start, if the heaters were 

not operating properly, to the point that flow began to degrade, level in the UOR 

would begin to drop. At 5.5" (decreasing), level transmitter GBOLT-2 (device 

63TA) activates a statalarm, starts the dc pump, and signals for a normal lockout.  

During an emergency run, with the heat input from the bearing, it is not expected 

that cool bearing oil temperature would contribute to bearing failure.  

A.12.11 FAULT TREE ANALYSIS 

A.12.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the GBO System requires the ac or dc GBO pump to supply the UOR, and 

system integrity to be maintained.  

A.12.11.2 DETAILED FAILURE CRITERIA 

1. Failure of both the ac and dc GBO pump trains leads to the top event.  

2. Loss of system oil, by GBO manual boundary valves transferring open, leads to the 

top event.  

3. Loss of oil flow path, by GBO filter becoming clogged or GBO manual valves 

transferring closed, leads to the top event.  
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A.12.11.3 DESCRIPTION OF FAULT TREE 

The GBO System fault tree is shown in Figure A. 12-2. The Fault Tree Modeling 

Guidelines (Appendix B) were followed in developing the fault tree. A list of all fault tree 

transfers is presented in Table A. 12-5. Modules were not developed for the Keowee fault 

trees.  

Human reliability analysis was performed as described in Section 5.5 and Appendix C.3.  

Human events impacting the model are described in Section A. 12.11.4.  

Common cause analysis was performed as described in Section 5.4 and Appendix C.2.  

Common cause events impacting the model are described in Section A. 12.11.5.  

Gates BK1661B, BK2661B model the failure of Rotation Sensing Relay 14DX to 

energize. These gates are not utilized by the GBO fault tree but by the Cooling Water 

System fault tree. They are placed here for an organizational reason: run failure of the 

14DX relay is also developed here (and used in the GBO fault tree).  

A.12.11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians can adversely affect GBO System 

reliability. Those events explicitly included in the system fault tree are discussed below.  

BKlGBDCLHE, BK2GBDCLHE 

These basic events account for the potential of the maintenance technicians or operators to 

fail to properly restore the dc GBO pump train following maintenance or testing. Unlike 

the ac pump, which is in constant operation, the dc pump is normally only run for 

approximately 30 minutes each week for testing, so there is a possibility that a latent 

human error exists that will not be discovered until the pump is demanded to emergency 

start, or is required to run for a longer period of time.  
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A.12.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific component failure rate data and generic failure rate data were combined 

using a Bayesian update.  

Plant-specific data is used for maintenance events. The following maintenance events are 

included in the GBO System model.  

BKlGODCTRM, BK2GODCTRM 

These events account for maintenance and testing on the Unit 1 and Unit 2 GBO pump 

trains that would render the trains unavailable. For modeling simplicity, all of the 

unavailability is placed on the dc train. Each pump train is in maintenance for 

approximately 5 hours per year. (Although the dc pump is tested for approximately 30 

minutes per week this does not contribute to unavailability, since the pump train is 

performing its function of supplying the UOR). Thus, the unavailability attributed to the 

dc pump train due to testing or maintenance is: 

(5 hr + 5 hr)/8760 hr = 1.14E-3.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. GBO System statalarms are listed in Table A. 12-6.  

System reliability data is listed in Table A. 12-7.  

A.12.11.6 COMMON-CAUSE ASSESSMENT 

Common cause failure of the GBO System is represented in the high-level fault tree by 

event BKGBOILCOM. (See Appendix A.1) 

A.12.12 RESULTS 

Reliability of the GBO System is defined as the probability that the system will succeed in 

supporting Keowee emergency operation (black start plus a 24 hour run). The system 
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model yields a failure probability of approximately 4.7E-5 (applicable to either unit). Thus 

the reliability of each unit's GBO system over the mission time is computed to be 99.99 %.  

Table A. 12-8 lists the dominant minimal cut sets (failure sequences) for the Turbine Guide 

Bearing Oil System. A list of dominant contributors to unavailability is shown in Table 

A.12-9. By far, the dominant contributor to the unavailability of the GBO System is 

failure of the oil flow path due to clogging of filter GBOFL-l. Failure of the ac GBO 

pump to run and failure of the dc pump train due to latent human error also contribute to 

system unavailability.  

A.12.13 REFERENCES 

A.12.13.1 DOCUMENTS 

1. OSS-0245.00-00-1031, Rev. 1, Keowee Mechanical Systems.  

A. 12.13.2 PROCEDURES 

1. IP/1/A/0400/021, Change 1, Unit No. 1 Magnetrol Model TF-21 Liquid Level 

Control Switch Calibration.  

2. IP/1/B/0400/002, Change 1, United Electric Type J-6 Pressure Switch Calibration.  

3. IP/1/B/0400/005, Change 2, Moore Model 33 Nullmatic Temperature Transmitter 

Calibration.  

4. MP/1/A/2000/017, Change 5, Unit No. 1 Turbine, Governor, And Generator 

Preventive Maintenance.  

5. MP/1/A/2000/018, Change 4, Unit No. 1 Turbine And Governor Monthly 

Preventive Maintenance.  

6. MP/1/A/2000/025, Change 5, Turbine Guide Bearing Oil Cooler 3 Year Inspection 

And Maintenance.  

7. MP/1/A/2000/040, Change 2, Unit No. 1 Turbine Guide Bearing Oil Filtration.  
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8. MP/1/A/2000/042, Change 3, Unit No. 1 Turbine Guide Bearing Oil Change.  

9. OP/O/A/2000/043, Change 6, Keowee Shift Turnover And Rounds.  

A.12.13.3 DRAWINGS 

1. KEE-106, Rev. 3, Keowee Development Unit #1, Tabulation, Statalarm List 

#1SAl, T-G System Condition Alarms.  

2. KEE-106-1, Rev. 3, Keowee Development Unit #1, Tabulation, Statalarm List 

#1SA2, T-G System Running Alarms.  

3. KEE-108, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Turbine No. 1 Bearing Oil Pump.  

4. KEE- 111, Rev. 11, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Turbine And Governor Systems Start-up Control.  

5. KEE- 111-A, Rev. 0, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Turbine And Governor System.  

6. KEE-1 13, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System, Start-up Controls.  

7. KEE- 113-4, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System, Turbine Miscellaneous Relaying.  

8. KEE-113-5, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System, Turbine Miscellaneous Relaying.  

9. KEE-206, Rev. 3, Keowee Development Unit #2, Tabulation, Statalarm List 

#2SAl. T-G System Condition Alarms.  

10. KEE-206-1, Rev. 3, Keowee Development Unit #2, Tabulation, Statalarm List 

#2SA2, T-G System Running Alarms.  
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11. KEE-208, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Turbine No. 1 Bearing Oil Pump.  

12. KEE-211, Rev. 9, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Turbine And Governor Systems Start-up Control.  

13. KEE-21 1-A, Rev. 0, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Turbine And Governor System.  

14. KEE-213, Rev. 5, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System, Start-up Controls.  

15. KEE-213-4, Rev. 6, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System, Turbine Miscellaneous Relaying.  

16. KEE-213-5, Rev. 6, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System, Turbine Miscellaneous Relaying.  

17. KFD-101A-1.1, Rev. 1, Keowee Hydro Station Unit 1, Flow Diagram Of Turbine 

Guide Bearing Oil System.  

18. KFD-101A-2.1, Rev. 1, Keowee Hydro Station Unit 2, Flow Diagram Of Turbine 

Guide Bearing Oil System.  

19. KM-200-126, Rev. DHA, Elementary Diagram For Duke Power Co., Keowee 

Development.  
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Table A.12-1 

Turbine Guide Bearing Oil System Power Supplies 

Compartment 

Component Power Supply 1  Number 

Unit 1 AC GBO Pump 600 V ac MCC IXA IC 

Unit 2 AC GBO Pump 600 V ac MCC 2XA IC 

Unit 1 DC GBO Pump 125 V dc DC IDA 5B 

Unit 2 DC GBO Pump 125 V dc DC 2DA lB 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.12-2 

Turbine Guide Bearing Oil System Test Procedures 

Procedure Test Frequency Description 

IP/1/A/0400/021, Annually Verify GBO level switches 

Unit No. 1 Magnetrol Model operate within calibration 

TF-21 Liquid Level Control limits.  

Switch Calibration 

IP/l/B/0400/002, Annually Verify GBO pressure 

United Electric Type switches operate within 

J-6 Pressure Switch calibration limits.  

Calibration 

IP/1/B/0400/005, Annually Verify GBO temperature 

Moore Model 33 Nullmatic transmitters operate within 

Temperature Transmitter calibration limits.  

Calibration 

MP/1/A/2000/017, Weekly Verify that AC and DC GBO 

Unit No. 1 Turbine, pump reduction gear oil levels 

Governor, And Generator are at FULL mark. Verify 

Preventive Maintenance DC pump operation.



Table A.12-3 

Turbine Guide Bearing Oil System Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/1/A/2000/018, Monthly Verification that GBO level is 

Unit No. 1 Turbine And at the normal level, GBO 

Governor Monthly filters are clean and free of 

Preventive Maintenance obstruction. Record any oil 

leaks found.  

MP/1/A/2000/025, Every 3 years Clean shell side of oil cooler.  

Unit No. 1 Turbine Guide Verify oil and water supply 

Bearing Oil Cooler 3 Year and discharge valves are 

Inspection And Maintenance left open.  

MP/1/A/2000/040, As needed. Need is Guide bearing oil is filtered 

Unit No. 1 Turbine Guide established based on for 24 hours.  

Bearing Oil Filtration results of semi-annual 

oil samples.  

MP/1/A/2000/042, As needed. Guide bearing oil is replaced 

Unit No. 1 Turbine Guide with dried and filtered oil 

Bearing Oil Change from Lube Oil Tank.



Table A. 12-4 

Turbine Guide Bearing Oil System Significant Operating Events 

Date Unit Component Event Summary 

5/11/84 1 GBO DC Pump Pump motor windings shorted 

during weekly test.  

6/15/85 1 Speed Sw. 14/2 Mercury speed switch not working 

properly.  

11/5/92 2 63TA/2X Broken contact lug on Turb. Brng.  

Low Oil Aux. Relay caused unit trip.  

7/8/93 2 GBO AC Pump Pump failed due to shorted motor 

windings.  

10/28/93 2 GBO Cooler Broken solder joint on discharge side 

of cooler due to overtorquing the hex 

nut during preventive maintenance.



Table A.12-5 

Turbine Guide Bearing Oil System Fault Tree Transfers (Unit 1)* 

Transfer Gate Name Description Components Supplied 

FK1 100 WL Fails To Cool The Unit 1 1GBOHX-1 

Turbine Guide Bearing Oil Cooler 

XAIXA Loss of Power on Keowee Unit 1 AC GBO Pump 

600 V ac MCC 1XA 

XD1DAR Loss of Power on Keowee Unit 1 DC GBO Pump 

125 V dc Distribution Center 1DA 

During Run 

YK199SXSRT Keowee 1 Shutdown Aux. Relay Unit 1 DC GBO Pump 

Fails To Pick Up On Start 

YKlMR4ARUN Keowee 1 Master Relay 4A Unit 1 DC GBO Pump 

Drops Out During Run 

YKlMR4ASRT Keowee 1 Master Relay 4A Unit 1 DC GBO Pump 

Fails To Pick Up On Start 

YK1SXRUNF Keowee 1 Shutdown Aux. Relay Unit 1 DC GBO Pump 

Permissive Circuit Fails During Run 

*Unit 2 transfers are similar.



Table A.12-6 

Turbine Guide Bearing Oil System Statalarms (Unit 1)* 

Point No. Alarm Actuator 

1SAl-1 TURB. #1 BRG. OIL PUMP TROUBLE 30Y 

1SAl-2 TURB. #1 BRG. OIL LEVEL LOW 63TA/2X 

1SA2-7 TURB. #1 BRG. TEMP. HIGH 38T2X 

1SAl-50 UNIT #1 D.C. SUPPLY FAILURE 8DX 

*Unit 2 alarms are similar.
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Table A. 12-7 

Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK1088XRYD Keowee 1 Turbine GBO Rly 88X Fails to 8.64E-06 /D 1 D Drops out on low oil in UOR 3.30E-05 
Drop Out 

BK1088XRYT Keowee 1 Turbine GBO Rly 88X Spur. 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Operation 

BK114/2SSD Keowee 1 Speed Switch 14/2 Fails On 1.80E-05 /D 1 D Switch changes state on unit 1.80E-05 
Demand start 

BK114/2SST Keowee 1 Speed Switch 14/2 Spur. 4.20E-06 /H 24 H Switch changes state on unit 1.03E-04 
Transfers Closed start 

BK114DXRYD Keowee 1 Rotation Sensing Aux. Relay 3.30E-05 /D 1 D Relay energized as turbine begins 3.30E-05 
14DX Fails to Energize to spin 

BK114DXRYT Keowee 1 Rotation Sensing Aux. Relay 3.60E-07 /H 24 H Relay energized as turbine begins 8.64E-06 
14DX Spuriously Drops Out to spin 

BK114T2RYD Keowee 1 Rotation Sensing Timer 14T2 3.30E-05 /D 1 D Relay de-energized as turbine 3.30E-05 
Fails to De-energize begins to spin 

BK114T2RYT Keowee 1 Rotation Sensing Timer 14T2 3.60E-07 /H 24 H Relay de-energized as turbine 8.64E-06 
Spurious Operation begins to spin 

BK1188ASWT Keowee 1 AC GBO Pump Control Switch 7.OOE-08 /H 24 H Rule 1: GBO Pump Trouble alarm 1.68E-05 
S188A Spurious Operation 

BK1188DSWT Unit 1 DC GBO Pump Control Switch 7.OOE-08 /H 108 H DC pump trn. is tested once each 7.56E-06 
S188D Spurious Operation week 

BK1631XRYD Keowee 1 Relay 63TA/1X Fails to De- 3.30E-05 /D 1 D Drops out on low oil in UOR 3.30E-05 
energize 

BK1631XRYT Keowee 1 GBO Level Relay 63TA/1X 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Spurious Operation 

BK1632XRYD Keowee 1 Brng. Low Oil Level Aux. 3.30E-05 /D 1 D Energized on low oil in UOR 3.30E-05 
Relay 63TA/2X Fails To Operate On 
Demand
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Table A.12-7 

Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK1632XRYT Keowee 1 Turb. Brng. Low Oil Level 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Aux. Rly 63TA/2X Spurious Operation 

BK163TALSD Turbine No. 1 GBO Level Sw. 63TA 1.60E-03 /D 1 D Switch changes state on low level 1.60E-03 
Fails On Demand in the UOR 

BK163TALST Turbine No. 1 GBO Level Sw. 63TA 3.10E-07 /H 24 H Rule 1: GBO Low Level alarm 7.44E-06 
Spurious Operation 

BK188AXRYD Unit 1 AC Bearing Oil Pump Aux. Relay 3.30E-05 /D 1 D Drops out if AC pump is de- 3.30E-05 
88AX Fails to Drop Out energized 

BK188AXRYT Unit 1 AC Bearing Oil Pump Aux. Relay 3.60E-07 /H 24 H Rule 1: GBO Pump Trouble alarm 8.64E-06 
88AX Fails to Remain De-energized 

BK1DA5BCDT DC Circuit Breaker 1DA-5B Transfers 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 
Position 

BK1GBDCGPR Unit 1 DC Turbine GBO Pump Fails To 1.40E-05 /H 12 H DC pump is needed if AC pump 1.68E-04 
Run fails (AC pump assumed to fail 

halfway through its mission) 
BK1GBDCGPS Unit 1 DC Turbine GBO Pump Fails To 9.70E-05 /D 1 D DC pump is the standby pump; 9.70E-05 

Start On Demand starts as needed 
BK1GBDCLHE Latent Human Error Fails Unit 1 DC 3.20E-03 

Guide Bearing Oil Pump Discharge Path 
BK1GBO1CVC Check Valve 1GBO-1 Fails to Close on 3.50E-04 /D 1 D Closes on DC pump start 3.50E-04 

Demand 
BK1GBO1CVO Check Valve 1GBO-1 Fails To Open On 2.30E-06 /D 1 D Opens when AC pump restarts 2.30E-06 

Demand 
BK1GBO1CVT Check Valve 1GBO-1 Transfers Closed 1.30E-07 /H 24 H Rule 1: GBO Pump Trouble alarm 3.12E-06 
BK1GBO1FTC Filter 1GBOFL-1 Becomes Clogged 1.80E-06 /H 24 H Rule 1: GBO Low Level alarm 4.32E-05 

S S
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Table A.12-7 

Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK1GBO2VVT Manual Valve 1GBO-2 Transfers 1.70E-08 /H 24 H Rule 1: GBO Pump Trouble alarm 4.08E-07 
Position 

BK1GBO3CVO Check Valve 1GBO-3 Fails To Open On 2.30E-06 /D 1 D Opens on DC pump start 2.30E-06 
Demand 

BK1GBO3CVT Check Valve 1GBO-3 Transfers Closed 1.30E-07 /H 12 H See BK1GBDCGPR 1.56E-06 
BK1GBO4VVT Manual Valve 1CBO-4 Transfers 1.70E-08 /H 108 H See BK1188DSWT 1.84E-06 

Position 
BKlGBOSVVT Manual Valve 1GBO-5 Transfers 1.70E-08 /H 24 H Rule 1: GBO Low Level alarm 4.08E-07 

Position 
BK1GBO6VVT Manual Valve 1GBO-6 Transfers 1.70E-08 /H 24 H Rule 1: GBO Low Level alarm 4.08E-07 

Position 
BK1GBO8VVT Manual Valve 1GBO-8 Transfers 1.70E-08 /H 24 H Rule 1: GBO Low Level alarm 4.08E-07 

Position 
BK1GBO9VVT Manual Valve 1GBO-9 Transfers 1.70E-08 /H 24 H Rule 1: GBO Low Level alarm 4. 08E-07 

Position 
BK1GOACGPR Unit 1 AC Turbine GBO Pump Fails To 1.40E-05 /H 24 H Rule 1: GBO Pump Trouble alarm 3.36E-04 

Run 
BK1GOACGPS Unit 1 AC Turbine GBO Pump Fails To 9.70E-05 /D 1 D Since blackout during start, pump 9.70E-05 

Start would have to restart after aux.  
ac power is restored 

BK1GODCTRM Unit 1 DC Turbine GBO Pump Train In 1.14E-03 
Maintenance
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Table A.12-7 

Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BKlXA1CCLT 600 V Circuit Breaker 1XA-1C 9.10E-07 /H 24 H Rule 1: GBO Pump Trouble alarm 2.18E-05 
Transfers Position 

BK2088XRYD Keowee 2 Turbine GBO Rly 88X Fails to 3.30E-05 /D 1 D Same rationale as for unit 1, 3.30E-05 
Drop Out since both systems operate 

continuously.  
BK2088XRYT Keowee 2 Turbine GBO Rly 88X Spur. 3.60E-07 /H 24 H 8.64E-06 

Operation 
BK214/2SSD Keowee 2 Speed Switch 14/2 Fails On 1.80E-05 /D 1 D 1.80E-05 

Demand 
BK214/2SST Keowee 2 Speed Switch 14/2 Spuriously 4.20E-06 /H 24 H 1.03E-04 

Transfers Closed 
BK214DXRYD Keowee 2 Rotation Sensing Aux. Relay 3.30E-05 /D 1 D 3.30E-05 

14DX Fails to Energize 
BK214DXRYT Keowee 2 Rotation Sensing Aux. Relay 3.60E-07 /H 24 H 8.64E-06 

14DX Spurious Operation 
BK214T2RYD Keowee 2 Rotation Sensing Timer 14T2 3:30E-05 /D 1 D 3.30E-05 

Fails to De-energize 
BK214T2RYT Keowee 2 Rotation Sensing Timer 14T2 3.60E-07 /H 24 H 8.64E-06 

Fails to Remain De-energized 
BK2188ASWT Unit 2 AC GBO Pump Control Switch 7.00E-08 /H 24 H 1.68E-05 

S188A Spurious Operation 
BK2188DSWT Unit 2 DC GBO Pump Control Switch 7.OOE-08 /H 108 H 7.56E-06 

S188D Spurious Operation 
BK2631XRYD Keowee 2 Relay 63TA/1X Fails to De- 3.30E-05 /D 1 D 3.30E-05 

energize
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Table A.12-7 

Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK2631XRYT Keowee 2 GBO Level Relay 63TA/1X 3.60E-07 /H 24 H Same rationale as for unit 1, 8.64E-06 
Spurious Operation since both systems operate 

continuously.  
BK2632XRYD Keowee 2 Brng. Low Oil Level Aux. 3.30E-05 /D 1 D 3.30E-05 

Relay 63TA/2X Fails To Operate On 
Demand 

BK2632XRYT Keowee 2 Turb. Brng. Low Oil Level 3.60E-07 /H 24 H 8.64E-06 
Aux. Relay 63TA/2X Spurious Operation 

BK263TALSD Turbine No. 2 Bearing Oil Level 1.60E-03 /D 1 D 1.60E-03 
Switch 63TA Fails on Demand 

BK263TALST Turbine No. 2 Bearing Oil Level 3.10E-07 /H 24 H 7.44E-06 
Switch 63TA Spurious Operation 

BK288AXRYD Unit 2 AC Bearing Oil Pump Aux. Relay 3.30E-05 /D 1 D 3.30E-05 
88AX Fails to Drop Out 

BK288AXRYT Unit 2 AC Bearing Oil Pump Aux. Relay 3.60E-07 /H 24 H 8.64E-06 
88AX Fails to Remain De-energized 

BK2DA1BCDT DC Circuit Breaker 2DA-1B Transfers 7.50E-08 /H 24 H 1.80E-06 
Position 

BK2GBDCGPR Unit 2 DC Turbine GBO Pump Fails To 1.40E-05 /H 12 H 1.68E-04 
Run 

BK2GBDCGPS Unit 2 DC Turbine GBO Pump Fails To 9.70E-05 /D 1 D 9.70E-05 
Start On Demand 

BK2GBDCLHE Latent Human Error Fails Unit 2 DC 3.20E-03 
Guide Bearing Oil Pump Discharge Path 

BK2GBO1CVC Check Valve 2GBO-1 Fails to Close on 3.50E-04 /D 1 D 3.50E-04 
Demand



(Page 6 of 7) 

Table A. 12-7 

Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK2GBO1CVO Check Valve 2GBO-1 Fails To Open On 2.30E-06 /D 1 D Same rationale as for unit 1, 2.30E-06 
Demand since both systems operate 

continuously.  
BK2GBO1CVT Check Valve 2GBO-1 Transfers Closed 1.30E-07 /H 24 H 3.12E-06 
BK2GBO1FTC Filter 2GBOFL-1 Becomes Clogged 1.80E-06 /H 24 H 4 .32E-05 
BK2GBO2VVT Manual Valve 2GBO-2 Transfers 1.70E-08 /H 24 H 4.08E-07 

Position 
BK2GBO3CVO Check Valve 2GBO-3 Fails To Open On 2.30E-06 /D 1 D 2.30E-06 

Demand 
BK2GBO3CVT Check Valve 2GBO-3 Transfers Closed 1.30E-07 /H 12 H 1.56E-06 
BK2GBO4VVT Manual Valve 2GBO-4 Transfers 1.70E-08 /H 108 H 1.84E-06 

Position 
BK2GBO5VVT Manual Valve 2GBO-5 Transfers 1.70E-08 /H 24 H 4.08E-07 

Position 
BK2GBO6VVT Manual Valve 2GBO-6 Transfers 1.70E-08 /H 24 H 4.08E-07 

Position 
BK2GBO8VVT Manual Valve 2GBO-8 Transfers 1.70E-08 /H 24 H 4.08E-07 

Position 
BK2GBO9VVT Manual Valve 2GBO-9 Transfers 1.70E-08 /H 24 H 4.08E-07 

Position 
BK2GOACGPR Unit 2 AC Turbine GBO Pump Fails To 1.40E-05 /H 24 H 3.36E-04 

Run 
BK2GOACGPS Unit 2 AC Turbine GBO Pump Fails To 9.70E-05 /D 1 D 9.70E-05 

Start
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Turbine Guide Bearing Oil System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK2GODCTRM Unit 2 DC Turbine GBO Pump Train In Same rationale as for unit 1, 1.14E-03 
Maintenance since both systems operate 

continuously.  
BK2XA1CCLT 600 V Circuit Breaker 2XA-1C 9.10E-07 /H 24 H 2.18E-05 

Transfers Position 
XD1DA3BCDT 125 Vdc Breaker 1DA-3BR Trans. Open 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 
XD1DA4ACDT DC Circuit Breaker 1DA-4AR Transfers 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 

Position 
XD2DA2ACDT DC Circuit Breaker 2DA-2AR Transfers 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 

Position 
XD2DA3BCDT 125 Vdc Circuit Breaker 2DA-3BR 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 

Transfers Position 

Dc=oDemand, HnHour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.12-8 

Turbine Guide Bearing Oil System Dominant Minimal Cutsets 

Cutsets For Gate BK1000: Keowee Unit 1 Turbine Guide Bearing Oil System Fails During Run 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 4.32E-05 91.7 BKlGBO1FTC 4.32E-05 Filter 1GBOFL-1 Becomes Clogged 

2) 1.08E-06 2.3 BK1GBDCLHE 3.20E-03 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump 
Discharge Path 

BK1GOACGPR 3.36E-04 Unit 1 AC Turbine GBO Pump Fails To Run 

3) 4.08E-07 0.9 BK1GBO9VVT 4.08E-07 Manual Valve 1GBO-9 Transfers Position 

4) 4.08E-07 0.9 BK1GBO8VVT 4.08E-07 Manual Valve 1GBO-8 Transfers Position 

5) 4.08E-07 0.9 BK1GBO6VVT 4.08E-07 Manual Valve 1GBO-6 Transfers Position 

6) 4.08E-07 0.9 BK1GBO5VVT 4.08E-07 Manual Valve 1GBO-5 Transfers Position 

7) 3.83E-07 0.8 BK1GOACGPR 3.36E-04 Unit 1 AC Turbine GBO Pump Fails To Run 
BK1GODCTRM 1.14E-03 Unit 1 DC Turbine GBO Pump Train In Maintenance 

8) 3.10E-07 0.7 BK1GBDCLHE 3.20E-03 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump 
Discharge Path 

BKlGOACGPS 9.70E-05 Unit 1 AC Turbine GBO Pump Fails To Start
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Table A.12-8 

Turbine Guide Bearing Oil System Dominant Minimal Cutsets 

Cutsets For Gate BK1000: Keowee Unit I Turbine Guide Bearing Oil System Fails Keowee Run 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

9) 1.18E-07 0.3 BK1GBO1CVC 3.50E-04 Check Valve 1GBO-1 Fails to Close on Demand 
BK1GOACGPR 3.36E-04 Unit 1 AC Turbine GBO Pump Fails To Run 

10) 1.11E-07 0.2 BKlGOACGPS 9.70E-05 Unit 1 AC Turbine GBO Pump Fails To Start 
BK1GODCTRM 1.14E-03 Unit 1 DC Turbine GBO Pump Train In Maintenance 

11) 6.98E-08 0.1 BK1GBDCLHE 3.20E-03 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump 
Discharge Path 

BK1XA1CCLT 2.18E-05 600 V Circuit Breaker 1XA-1C Transfers Position 

12) 5.64E-08 0.1 BK1GBDCGPR 1.68E-04 Unit 1 DC Turbine GBO Pump Fails To Run 
BK1GOACGPR 3.36E-04 Unit 1 AC Turbine GBO Pump Fails To Run 

13) 3.39E-08 0.1 BK1GBO1CVC 3.50E-04 Check Valve 1GBO-1 Fails to Close on Demand 
BK1GOACGPS 9.70E-05 Unit 1 AC Turbine GBO Pump Fails To Start 

14) 3.26E-08 0.1 BK1GBDCGPS 9.70E-05 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 
BK1GOACGPR 3.36E-04 Unit 1 AC Turbine GBO Pump Fails To Run 

15) 2.49E-08 0.1 BK1GODCTRM 1.14E-03 Unit 1 DC Turbine GBO Pump Train In Maintenance 
BK1XA1CCLT 2.18E-05 600 V Circuit Breaker 1XA-1C Transfers Position
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Table A.12-8 

Turbine Guide Bearing Oil System Dominant Minimal Cutsets 

Cutsets For Gate BK1000: Keowee Unit I Turbine Guide Bearing Oil System Fails Keowee Run 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

16) 1.63E-08 0.0 BK1GBDCGPR 1.68E-04 Unit 1 DC Turbine GBO Pump Fails To Run 
BK1GOACGPS 9.70E-05 Unit 1 AC Turbine GBO Pump Fails To Start 

Total: 4.71E-05



Table A.12-9 

Turbine Guide Bearing Oil System Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

1 BKlGBO1FTC - 4.32E-05 91.8% 
Filter 1GBOFL-1 Becomes Clogged 

2 BKlGOACGPR - 1.67E-06 3.5% 
Unit 1 AC Turbine GBO Pump 
Fails To Run 

3 BKlGBDCLHE - 1.46E-06 3.1 % 
Latent Human Error Fails 
Unit 1 DC Guide Bearing Oil Pump 
Discharge Path 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent
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Gate/Event Name Page Zone Gate/Event Name EaQt Zone Gate/Event Name Pacre Zone Gate/Event Name Pacre Zone 

BK1000 1 BK1661C 6 BK2100 13 BK2760 20 

BK1088XRYD 7 BK1661C 7 BK214/2SSD 24 BK2760A 20 

BK1088XRYT 11 BK1760 5 BK214/2SST 21 BK2760B 20 

BK1100 1 BK1760 8 BK214DXRYD 24 BK2760B 21 

BK114/2SSD 12 BK1760A 8 BK214DXRYT 21 BK2760C 20 

BK114/2SST 9 BK1760B 8 BK214T2RYD 24 BK2760C 22 

BK114DXRYD 12 BK1760B 9 BK214T2RYT 21 BK2760SX 20 

BK114DXRYT 9 BK1760C 8 BK2188ASWT 15 BK2761A 20 

BK114T2RYD 12 BK1760C 10 BK2188DSWT 17 BK2761C 22 

BK114T2RYT 9 BK1760SX 8 BK2200 13 BK2761C 23 

BK1188ASWT 3 BK1761A 8 BK2400 13 BK288AXRYD 18 

BK1188DSWT 5 BK1761C 10 BK2500 13 BK288AXRYT 20 

BK1200 1 BK1761C 11 BK2500 14 BK2DA1BCDT 17 

BK1400 1 BK188AXRYD 6 BK2550 14 BK2GBDCGPR 17 

BK1500 1 BK188AXRYT 8 BK2550 15 BK2GBDCGPS 17 

BK1500 2 BK1DA5BCDT 5 BK2550 16 BK2GBDCLHE 17 

BK1550 2 BK1GBDCGPR 5 BK2560 16 BK2GBO1CVC 16 

BK1550 3 BK1GBDCGPS 5 BK2600 13 BK2GBO1CVO 14 

BK1550 4 BK1GBDCLHE 5 BK2600 16 BK2GBO1CVT 14 

BK1560 4 BK1GBO1CVC 4 BK2631XRYD 19 BK2GBO1FTC 13 

BK1600 1 BK1GBO1CVO 2 BK2631XRYT 23 BK2GBO2VVT 14 

BK1600 4 BK1GBO1CVT 2 BK2632XRYD 18 BK2GBO3CVO 16 

BK1631XRYD 7 BK1GBO1FTC 1 BK2632XRYT 20 BK2GBO3CVT 16 

BK1631XRYT 11 BK1GBO2VVT 2 BK263TALSD 18 BK2GBO4VVT 16 

BK1632XRYD 6 BK1GBO3CVO 4 BK263TALSD 19 BK2GBO5VVT 13 

BK1632XRYT 8 BK1GBO3CVT 4 BK263TALST 20 BK2GBO6VVT 13 

BK163TALSD 6 BK1GBO4VVT 4 BK263TALST 23 BK2GBO8VVT 13 

BK163TALSD 7 BK1GBO5VVT 1 BK2650 16 BK2GBO9VVT 13 

BK163TALST 8 BK1GBO6VVT 1 BK2650 17 BK2GOACGPR 15 

BK163TALST 11 BK1GBO8VVT 1 BK2660 17 BK2GOACGPS 15 

BK1650 4 BK1GBO9VVT 1 BK2660 18 BK2GODCTRM 16 

BK1650 5 BK1GOACGPR 3 BK2660A 18 BK2XA1CCLT 15 

BK1660 5 BK1GOACGPS 3 BK2660C 18 XA1XA 3 

BK1660 6 BK1GODCTRM 4 BK2661A 18 XA2XA 15 

BK1660A 6 BK1XA1CCLT 3 BK2661B 24 XD1DA3BCDT 9 

BK1660C 6 BK2000 13 BK2661C 18 XD1DA4ACDT 8 

BK1661A 6 BK2088XRYD 19 BK2661C 19 XD1DAR 5 

BK1661B 12 BK2088XRYT 23 BK2760 17 XD2DA2ACDT 20 
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Gate/Event Name Page Zone Gate/Event Name Pag.8 Zone Gate/Event Name Pane Zone Gate/Event Name P Zone 

XD2DA3BCDT 21 

XD2DAR 17 

YK199SXRYT 8 

YK199SXSRT 6 

YK1MR4ARUN 10 

YK1MR4ASRT 6 

YK1SXRUNF 8 

YK299SXRYT 20 

YK299SXSRT 18 

YK2MR4ARUN 22 

YK2MR4ASRT 18 

YK2SXRUNF 20 
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A.13 TURBINE SUMP (TS) SYSTEM 

A.13.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Turbine Sump (TS) 

System. This model is combined with the high-level model and remaining system models 

to form an integrated model for assessing the reliability of Keowee. Other objectives are 

to identify major contributors to system unreliability, significant potential human errors 

and common cause failure modes.  

The scope of this analysis is limited to TS equipment required to support a Keowee 

emergency start and load run. The analysis assumes a loss of offsite power has occurred, 

so that Keowee Auxiliary AC Power is not available during the start.  

A.13.2 SYSTEM DESIGN 

Whenever Keowee's intake structure is open, cooling water is supplied to each unit's 

turbine shaft packing. The water cools and lubricates the packing and then flows into the 

draft tube or turbine sump. Water also leaks from the spiral case through the turbine 

packing box and into the turbine sump. The function of the Turbine Sump (TS) System is 

to pump water from the turbine sump to a drain header.  

As shown in Figure A.13-1, the system consists of an ac and dc pump train, both aligned 

to take suction from the basement of the turbine's inner head cover and discharge to a 

drain header. A spare ac pump is also installed. However, it is not modeled since power 

cables need to be removed from the normal ac pump and connected to the spare prior to 

its use.  

Success of the TS System requires either the ac or dc TS pump train to remove leakage, 

and requires the Turbine Packing Box and packing itself to maintain integrity.  
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A.13.3 SYSTEM BOUNDARIES 

Cooling Water System 

Cooling water to the Turbine Packing Box is provided by the Cooling Water (WL) 
System.  

Electrical Power Supplies 

The Keowee Auxiliary AC Power System provides power to the Unit 1 and 2 TS ac 
pumps via 600 V ac motor control centers IXA and 2XA, respectively. The Keowee 

Auxiliary DC Power System provides power to the Unit 1 and 2 TS dc pumps from 125 V 

dc distribution centers IDA and 2DA, respectively. The power supplies for the modeled 

components are listed in Table A.13-1.  

A.13.4 INSTRUMENTATION AND CONTROLS 

Turbine Sump System control is accomplished automatically by two float switches. Float 
switch 63SA closes when turbine sump level reaches 6" to start the TS ac pump. Float 

switch 63SB closes if turbine sump level reaches 9" to start the TS dc pump.  

Note: The electrical elementaries use the device names 63SA and 63SB for referring to 

level switches TSLS-1 and TSLS-2, respectively.  

A.13.5 LOCATION WITHIN THE PLANT 

This system is located in the Turbine Wheel Pit, an elevation of approximately 670'.  

A.13.6 NORMAL OPERATION 

The TS System is initiated by float switches. The ac pump is actuated at a water level of 
6", the backup dc pump at a level of 9". The ac pump normally starts every two minutes 
or so when the unit is running, and every three to four minutes when the unit is shutdown.  
Each pump runs for about 15 seconds following a start to lower the sump water level to 
below its float switch setpoint.  
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A.13.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

TS system operation is the same during normal and emergency operation. However, 
during an emergency start under blackout conditions, Keowee Auxiliary Power is not 

available to the TS ac pump.  

A.13.8 TEST AND MAINTENANCE 

Testing 

Each week the dc TS Pump is verified to operate correctly. Annually, the pump float 

switches are verified to operate within their calibration limits.  

The TS system testing requirements are provided in Table A.13-2.  

Maintenance 

Each month, the turbine sump strainer is cleaned and verified to be free of obstruction.  

This system maintenance requirement is listed in Table A.13-3.  

A.13.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.13-4.  

A.13.10 ASSUMPTIONS 

A.13.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. During a Keowee run, the turbine requires the Turbine Sump Pump system to 

remove turbine packing leakage. If leakage were allowed to accumulate, it might 

reach the turbine guide bearing and degrade bearing operation, resulting in a run 

failure of Keowee. However, since the system is not required for a Keowee start, 

start failure of the Turbine Sump Pump system is not modeled.  
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A.13.10.2 OPERATIONAL ASSUMPTIONS 

1. The ac TS pump train is aligned to the turbine sump. Unless in maintenance, the 
dc TS pump train is also aligned to the turbine sump, and ready to discharge to the 
drain header.  

A.13.10.3 MODELING ASSUMPTIONS 

1. A flood in the Wheel Pit produced by turbine packing failure or turbine packing 

box failure exceeds the removal capacity of the TS system.  

A.13.11 FAULT TREE ANALYSIS 

A. 13.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the TS System requires that at least one of the turbine sump pump trains 

removes water from the turbine sump, and that the turbine shaft packing and packing box 

maintain integrity.  

A.13.11.2 DETAILED FAILURE CRITERIA 

1. Failure of the ac and dc turbine sump pump trains leads to the top event.  

2. Common cause failure of the TS System leads to the top event.  

3. Failure of the turbine shaft packing or packing box to maintain integrity 

leads to the top event.  

A.13.11.3 DESCRIPTION OF FAULT TREE 

The TS System fault tree is shown in Figure A.13-2. The Fault Tree Modeling Guidelines 
(Appendix B) were followed in developing the fault tree. A list of all fault tree transfers is 

presented in Table A. 13-5. Modules were not developed for the Keowee fault trees.  

Human reliability analysis was performed as described in Section 5.5 and Appendix C.3.  
Human events impacting the model are described in Section A.13.11.4.  
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Common cause analysis was performed as described in Section 5.4 and Appendix C.2.  

Common cause events impacting the model are described in Section A.13.11.6.  

A.13.11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians or operators can adversely affect TS 

System reliability. Those events explicitly included in the system fault tree are discussed 

below.  

PKiTSDCLHE, PK2TSDCLHE 

These basic events account for the potential of the maintenance technicians or operators to 

fail to properly restore the dc Turbine Sump Pump following maintenance or weekly 

testing. Since this pump is likely not to be run again until the next weekly test, there is a 

possibility that a latent human error exists that will not be discovered until the pump is 

challenged again, or is required to run over a greater period of time.  

A.13.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

Plant-specific data is used for maintenance events. The following maintenance events are 

included in the TS System model.  

PK1TSDCTRM, PK2TSDCTRM 

These events account for maintenance and testing on the ac and dc TS pump trains. For 

modeling simplicity, all of this unavailability is placed on the dc train. Each pump train is 

in maintenance or testing for approximately 3 hours per year. Thus, the unavailability 

ascribed to the dc pump train due to testing or maintenance is: 

6 hr / 8760 hr = 6.85E-4.  
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Plant-specific data is also used for developed events. The following developed events are 
included in the TS System model.  

PKlPACKDEX. PK2PACKDEX 

These events account for the failure probability of the turbine shaft packing. Since no 

packing failures have occurred over the ten year period under consideration, the failure 

rate is estimated using the following equation, from section 5.3 of the main report: 

0.2275 
cp(A)= 

T 

where O(A) = the failure rate of interest 
T = exposure time or number of demands.  

Then O(A) x 24 = {0.2275 / [(Station Availability hrs)(2 packing assemblies)]) (24 hrs) 

= {0.2275 / [(87600 - 458.57)(2)]}(24) 

= 3.1E-5.  

PKITSACGPR, PK2TSACGPR 

These events represent failure of the ac Turbine Sump Pump to start or run. The large 

number of starts (720 over a 24 hr period), if combined with the generic pump start failure 

probability, leads to a failure probability greater than one. Thus the pump run failure rate 

is used, and the pump is modeled as running continuously, although in actuality it runs 

about 12.5 % of the time.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. TS System statalarms are listed in Table A. 13-6.  

System reliability data is listed in Table A. 13-7.  

A.13-6



A.13.11.6 COMMON CAUSE ASSESSMENT 

PKlACDCCOM, PK2ACDCCOM 

The ac and dc TS pumps share the same maintenance practices, environmental conditions, 

etc. A failure of both TS pumps leads to a failure of the unit's TS system to operate.  

Therefore, these common cause events are included in the fault tree to represent these 

coupling mechanisms on a single unit level.  

Common cause failure of both units' TS System is represented in the high-level fault tree 

by event PKOSUMPCOM. (See Appendix A.1) 

A.13.12 RESULTS 

Reliability of the TS System is defined as the probability that the system will succeed in 

supporting Keowee emergency operation (black start plus a 24 hour run). The system 

model yields a failure probability of approximately 7.6E-5, applicable for each unit. Thus 

the reliability of each unit's TS system is computed to be 99.99%.  

Table A. 13-8 lists the dominant minimal cut sets (failure sequences) for the Turbine Sump 

System. A list of dominant contributors to unavailability is shown in Table A.13-9. The 

dominant contributor to system unavailability is turbine shaft packing failure (whose 

failure probability was estimated using the chi-squared approximation, since no failures 

have occurred). Common cause failure of the TS System is the next highest contributor to 

system unreliability. Turbine packing box failure is the next highest contributor to system 

unreliability. Ac Turbine Sump Pump start or run failures, and latent human error 

associated with the dc Turbine Sump Pump, also contribute slightly to system unreliability.  

A.13.13 REFERENCES 

A.13.13.1 DOCUMENTS 

1. OSS-0245.00-00-1031, Rev. 1, Keowee Mechanical Systems Design Basis 

Document.  
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A.13.13.2 PROCEDURES 

1. IP/1/A/0400/022, Change 0, Unit No. 1 Magnetrol Model TF-201 Liquid Level 
Control Switch Calibration.  

2. MP/1/A/2000/017, Change 5, Unit No. 1 Turbine And Governor Weekly 
Preventive Maintenance.  

3. MP/1/A/2000/018, Change 4, Unit No. 1 Turbine And Governor Monthly 
Preventive Maintenance.  

A.13.13.3 DRAWINGS 

1. KEE-106, Rev. 3, Keowee Development Unit #1. Tabulation, Statalarm List 

#1SAL T-G System Condition Alarms.  

2. KEE-106-1, Rev. 3, Keowee Development Unit #1, Tabulation, Statalarm List 

#1SA2, T-G System Running Alarms.  

3. KEE-109, Rev. 5, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Turbine Controls, Turbine No. 1 Sump Pumps.  

4. KEE-206, Rev. 3, Keowee Development Unit #2. Tabulation, Statalarm List 

#2SA1. T-G System Condition Alarms.  

5. KEE-206-1, Rev. 3, Keowee Development Unit #2, Tabulation, Statalarm List 

#2SA2, T-G System Running Alarms.  

6. KEE-209, Rev. 3, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Turbine Controls, Turbine No. 2 Sump Pumps.  

7. KFD-102A-1.1,, Keowee Hydro Station Unit 1, Flow Diagram Of Turbine Sump 

System.  

8. KFD-102A-2.1,, Keowee Hydro Station Unit 2. Flow Diagram Of Turbine Sump 
System.  
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Table A.13-1 

Turbine Sump System Power Supplies 

Compartment 

Component Power Supply1  Number 

Unit 1 AC TS Pump 600 V ac MCC 1XA 2C 

Unit 1 DC TS Pump 125 V dc DC 1DA 5C 

Unit 2 AC TS Pump 600 V ac MCC 2XA 2C 

Unit 2 DC TS Pump 125 V de DC 2DA iC 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.13-2 

Turbine Sump System Test Procedures 

Procedure Test Frequency Description 

MP/1/A/2000/017, Weekly Verify operation of DC Sump 
Unit No. 1 Turbine And Pump.  
Governor Weekly 

Preventive Maintenance 

IP/1/A/0400/022, Annually Verify sump pump float 

Unit No. I Magnetrol switches operate within 

Model TF-201 Liquid calibration limits.  

Level Control Switch 

Calibration



Table A.13-3 

Turbine Sump System Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/1/A/2000/018, Monthly Clean Turbine Sump 

Unit No. 1 Turbine And strainer.  

Governor Monthly 

Preventive Maintenance



Table A. 13-4 

Turbine Sump System Significant Operating Events 

Date Unit Component Event Summary 

10/27/87 1 TS AC Pump Pump not starting due to float switch 

float switch being out of calibration. (Note: this 

event occurred prior to 

implementation of a calibration 

program for these switches.)



Table A.13-5 

Turbine Sump System Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

FK1200 WL Fails To Cool Keowee 1 Wheelpit (potential to flood) 

Turbine Packing Box 

XAIXA Loss of Power on Keowee Unit 1 TS AC Pump 

600 V ac MCC 1XA 

XDIDAR Loss of Power on Keowee Unit 1 TS DC Pump 

125 V dc Distribution Center 

1DA During Run 

FK2200 WL Fails To Cool Keowee 2 Wheelpit (potential to flood) 

Turbine Packing Box 

XA2XA Loss of Power on Keowee Unit 2 TS AC Pump 

600 V ac MCC 2XA 

XD2DAR Loss of Power on Keowee Unit 2 TS DC Pump 

125 V dc Distribution Center 

2DA During Run



Table A. 13-6 

Turbine Sump System Statalarms (Unit 1)* 

Point No. Alarm Actuator 

1SAl-3 TURB. #1 PKG. BOX WTR. PRESS. LOW 63KX 

1SAl-4 TURB. #1 WATER SUMP LEVEL HIGH 63SBX 

1SAl-50 UNIT #1 D.C. SUPPLY FAILURE 8SX 
1SA2-8 TURB. #1 PKG. BOX TEMP. HIGH 26P2X 

*Unit 2 alarms are similar.
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Table A.13-7 

Turbine Sump System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

FK1TRHXHXF Turbine Packing Box Heat Exchanger 6.40E-07 /H 24 H Rule 1: Sump level and packing 1.54E-05 
1TRHX-1 Fails box alarms 

FK2TRHXHXF Turbine Packing Box Heat Exchanger 6.40E-07 /H 24 H Rule 1: Sump level and packing 1.54E-05 
2TRHX-1 Fails box alarms 

PK163SALST Unit 1 AC Turb. Sump Pump Float Switch 3.10E-07 /H 30 H Rule 4; wheelpit inspection 9.30E-06 
63SA Transfers during rounds reveals whether or 

not pump trn. is operating 
properly 

PK163SBLST Unit 1 DC Turb. Sump Pump Float Switch 3.10E-07 /H 15 H To determine the DC pump trn. 4.65E-06 
63SB Transfers factor, the AC train is assumed 

to fail after half its exposure 
time 

PK1ACDCCOM Common Cause Failure of Unit 1 TS 2.77E-05 
System 

PK1DA5CCDT 125 Vdc Circuit Breaker 1DA-5C 7.50E-08 /H 24 H Rule 1: Loss of DC Supply 1.80E-06 
Transfers Position Failure alarm 

PK1PACKDEX Turbine No. 1 Packing Fails 3.10E-05 
PK1TS01VVT Manual Valve.1TS-l Transfers Position 1.70E-08 /H 30 H See rationale for PK163SALST 5.10E-07 
PK1TSO2CVT Check Valve ITS-2 Fails to Open or 1.30E-07 /H 30 H See rationale for PK163SALST 3.90E-06 

Trans. Closed 
PK1TSO3VVT Manual Valve 1TS-3 Transfers Position 1.70E-08 /H 108 H DC pump train is tested once a 1.84E-06 

week 
(.5)(1 week) + 24 hrs = 108 hrs 

PK1TSO4CVT Check Valve 1TS-4 Fails to Open or 1.30E-07 /H 15 H See rationale for PK163SBLST 1.95E-06 
Transfers Closed 

PK1TSACGPR AC Sump Pump 1TSPU-1 Fails To Start Or 1.40E-05 /H 30 H See rationale for PK163SALST 4.20E-04 
Run
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Table A.13-7 

Turbine Sump System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

PK1TSDCGPR DC Sump Pump 1TSPU-2 Fails To Start Or 1.40E-05 /H 15 H See rationale for PK163SBLST 2.10E-04 
Run 

PK1TSDCLHE Latent Human Error Fails Turb. No. 1 3.20E-03 
DC Sump Pump 

PK1TSDCTRM Turbine No. 1 DC Pump Train In Maint. 6.85E-04 
Or Testing 

PKlXA2CCLT 600 V Circuit Breaker 1XA-2C Transfers 9.10E-07/H 30 H Can transfer anytime during AC 2.73E-05 
.Position pump's exposure time 

PK263SALST Unit 2 AC Turb. Sump Pump Float Switch 3.10E-07 /H 30 H Factors for Unit 2 are the same 9.30E-06 
63SA Transfers as for Unit 1 since the TS 

PK263SBLST Unit 2 DC Turb. Sump Pump Float Switch 3.10E-07 /H 15 H system is continually in 4.65E-06 
63SB Transfers service.  

PK2ACDCCOM Common Cause Failure of Unit 2 TS 2.77E-05 
System 

PK2DA1CCDT 125 Vdc Circuit Breaker 2DA-1C 7.50E-08 /H 24 H 1.80E-06 
Transfers Position 

PK2PACKDEX Turbine No. 2 Packing Fails 3.10E-05 
PK2TS01VVT Manual Valve 2TS-1 Transfers Position 1.70E-08 /H 30 H 5.10E-07 
PK2TS02CVT Check Valve 2TS-2 Fails to Open or 1.30E-07 /H 30 H 3.90E-06 

Trans. Closed 
PK2TSO3VVT Manual Valve 2TS-3 Transfers Position 1.70E-08 /H 108 H 1.84E-06 
PK2TSO4CVT Check Valve 2TS-4 Fails to Open or 1.30E-07 /H 15 H 1.95E-06 

Trans. Closed 
PK2TSACGPR AC Sump Pump 2TSPU-1 Fails To Start Or 1.40E-05 /H 30 H 4.20E-04 

Run 

0 0 0



(Page 3 of 3) 
Table A.13-7 

Turbine Sump System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

PK2TSDCGPR DC Sump Pump 2TSPU-2 Fails To Start Or 1.40E-05 /H 15 H Factors for Unit 2 are the same 2.1lE-04 
Run as for Unit 1 since the TS 

PK2TSDCLHE Latent Human Error Fails Turb. No. 2 system is continually in 3.20E-03 
DC Sump Pump service.  

PK2TSDCTRM Turbine No. 2 DC Pump Train In Maint. 6.85E-04 
Or Testing 

PK2XA2CCLT Low Voltage Circuit Breaker 2XA-2C 9.10E-07/H 30 H 2.73E-05 
Trans fers 

1 D=Demand, H =Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.13-8 

Turbine Sump System Dominant Minimal Cutsets 

Cutsets For Gate PK12000: Keowee Unit 1 Turb. Sump Pump Fails to Remove Leakage During Keowee Run 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.10E-05 40.8 PK1PACKDEX 3.10E-05 Turbine No. 1 Packing Fails 

2) 2.77E-05 36.4 PK1ACDCCOM 2.77E-05. Common Cause Failure of Unit 1 Turbine Sump Pump System 

3) 1.06E-05 20.3 FK1TRHXHXF 1.06E-05 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 

4) 1.34E-06 1.8 PK1TSACGPR 4.20E-04 AC Sump Pump ITSPU-1 Fails To Start Or Run 
PK1TSDCLHE 3.20E-03 Latent Human Error Fails Turbine No. 1 DC Sump Pump 

5) 2.88E-07 0.4 PK1TSACGPR 4.20E-04 AC Sump Pump 1TSPU-1 Fails To Start Or Run 
PK1TSDCTRM 6.85E-04 Turbine No. 1 DC Pump Train In Maintenance Or Testing 

6) 8.82E-08 0.1 PK1TSACGPR 4.20E-04 AC Sump Pump 1TSPU-1 Fails To Start Or Run 
PK1TSDCGPR 2.lOE-04 DC Sump Pump 1TSPU-2 Fails To Start Or Run 

7) 8.74E-08 0.1 PK1TSDCLHE 3.20E-03 Latent Human Error Fails Turbine No. 1 DC Sump Pump 
PK1XA2CCLT 2.73E-05 600 V Circuit Breaker 1XA-2C Transfers Position 

0 0 *
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Table A.13-8 

Turbine Sump System Dominant Minimal Cutsets 

Cutsets For Gate PK12000: Keowee Unit 1 Turb. Sump Pump Fails to Remove Leakage During Keowee Run 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

8) 2.98E-08 0.0 PK163SALST 9.30E-06 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 
PK1TSDCLHE 3.20E-03 Latent Human Error Fails Turbine No. 1 DC Sump Pump 

9) 1.87E-08 0.0 PK1TSDCTRM 6.85E-04 Turbine No. 1 DC Pump Train In Maintenance Or Testing 
PK1XA2CCLT 2.73E-05 600 V Circuit Breaker 1XA-2C Transfers Position 

10) 1.25E-08 0.0 PK1TSO2CVT 3.90E-06 Check Valve 1TS-2 Fails to Open or Transfers Closed 
PK1TSDCLHE 3.20E-03 Latent Human Error Fails Turbine No. 1 DC Sump Pump 

Total: 7.6E-05



Table A.13-9 

Turbine Sump System Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

1 PK1PACKDEX - 3.10E-05 40.8% 
Turbine No. 1 Packing Fails 

2 PK1ACDCCOM - 2.77E-05 36.5% 
Common Cause Failure of 
Unit 1 TS Pump System 

3 FKlTRHXHXF - 1.54E-05 20.3% 
Turbine Packing Box Heat 
Exchanger 1TRHX-1 Fails 

4 PKlTSACGPR - 1.72E-06 2.3% 
AC Sump Pump ITSPU-1 
Fails to Start or Run 

5 PKITSDCLHE - 1.47E-06 1.9% 
Latent Human Error Fails 
Turbine No. 1 DC Sump Pump 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.
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Gate/Event Name Pace ZQe Gate/Event Name Pgce Zone Gate/Event Name 2828 Zone Gate/Event Name Eage Zone 
FK1200 1 PK2DA1CCDT 6 
FK1TRHXHXF 1 PK2PACK 4 
FK2200 4 PR2PACKDEX 4 
FK2TRHXHXF 4 PK2TS01VVT 4 
PK1100 1 PK2TS02CVT 4 
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PK2100 4 

PK2110 4 

PK2110 5 

PK2200 4 

PK22000 4 
PK22001 4 

PK2210 4 
PK2210 6 
PK263SALST 5 
PK263SBLST 6 
PK2ACDCCOM 4 

Turbine Sump Pump System Fault Tree FIGURE A.13-2 Paa 7
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A.14 COOLING WATER (WL) SYSTEM 

A.14.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Cooling Water (WL) 

System. This model is combined with the high-level model and remaining system models 

to form an integrated model for assessing the reliability of Keowee. Other objectives are 

to identify major contributors to system unreliability, significant potential human errors 

and common cause failure modes.  

The scope of this analysis is limited to WL equipment required to support a Keowee 

emergency start and load run.  

A.14.2 SYSTEM DESIGN 

A.14.2.1 OVERVIEW 

The WL system provides cooling to three loads required for emergency operation: 

1. the Turbine Packing Box, 

2. eight Generator Thrust Bearing Oil Coolers, and 

3. six Generator Air Coolers.  

Figure A. 14-1 provides a diagram of the WL system as analyzed. Water enters Keowee 

through the Intake Structure and gravity flows down the power tunnel to each units' 

penstock. Water then gravity flows through an opening in the unit 1 penstock to locked

open manual valve OWL-1, then divides to supply each Keowee unit. If the Intake 

Structure is open, cooling water is supplied to the Turbine Packing Box, since the piping 

to this load branches off of the main header upstream of the Cooling Water Control valve, 

WL-11. WL-l1 opens on unit start to supply the generator coolers.  

A.14.2.2 FILTERING 

Cooling water is first filtered at the Intake Structure by eight trash racks, equally spaced 

along the structure's perimeter. Openings in the trash racks are various sizes, up to a 
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maximum of approximately 6" x 28". Cooling water is next filtered as it passes from the 
unit 1 penstock to the 12" supply line through a grate with approximately 3" openings.  

Cooling water to all plant loads next passes through filter WLFL-1, which has opening 
sizes of approximately 1/4". Cooling water to the Generator Thrust Bearing Coolers and 
Generator Air Coolers is not further filtered. However, water to the Turbine Packing Box 
passes through filter WLFL-2, which has a finer mesh strainer than does WLFL-1.  

A.14.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

Control power is furnished'to the Unit 1 and 2 WL Control valve solenoid and control 
relays from 125 V dc distribution centers 1DA and 2DA, respectively. The power 
supplies for the modeled components are listed in Table A. 14-1.  

Other System Boundaries 

Logic for Rotation-Sensing Aux. Relay 14DX is taken from the Turbine Guide Bearing 
Oil System fault tree (Appendix A.12).  

A.14.4 INSTRUMENTATION AND CONTROLS 

Control switches for the cooling water control valve, WL- 1l, are located on Electrical 
Control Boards CB2 (unit 1) and CB9 (unit 2) in the Keowee Control Room. The 
switches are normally left in the AUTO position, enabling the valve to open when Master 
Relay 4B is energized.  

WL- 11 opens when its solenoid is de-energized by Master Relay 4B. A contact on 
Rotation-Sensing Relay 14DX opens when turbine rotation is sensed to prevent re
energization of the cooling water control valve solenoid, provided that Turbine Guide 
Bearing Oil level is satisfactory, as monitored by Oil Pump Aux. Relay 88X.  
Note: On the electrical elementary drawings, the cooling water control valve solenoid is 

represented by its device name, 20G.  
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A.14.5 LOCATION WITHIN THE PLANT 

The 12" WL supply line runs from the unit 1 penstock to the Compressor Gallery, where it 

splits to supply the various safety-related loads of each unit: the generator air and oil 

coolers and the turbine packing boxes, as well as the non-safety-related loads: the turbine 

guide bearing oil coolers, governor air and depressing air aftercoolers, and the HVAC 

cooling unit.  

A.14.6 NORMAL OPERATION 

Cooling water to the Turbine Packing Box is normally supplied at all times. On unit start, 

Cooling Water Control Valve WL-1 1 opens to supply the Generator Air Coolers and 

Thrust Bearing Oil Coolers.  

Water pressure at the Turbine Packing Box is sensed by pressure transmitter WLPT-l, 

which will shut the unit down if pressure is less than 6.8 psig. It also signals an alarm at 

pressures below 17.8 psig. Temperature transmitter TRTT-1 will trip the unit if packing 

box temperature reaches 104 OF.  

Flow switch WLPS-4 monitors WL flow to the. Generator Thrust Bearing Coolers and will 

signal an alarm and shut down the unit if flow decreases below 125 gpm for 15 minutes.  

Flow switch WLPS-3 monitors WL flow to the Generator Air Coolers and will signal an 

alarm and shut down the unit if flow decreases below 1250 gpm for 15 minutes.  

A.14.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

WL system operation is the same during normal and emergency operation. However, the 

devices mentioned in Section A. 14.6 are not permitted to shut the unit down during 

emergency operation.  
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A.14.8 TEST AND MAINTENANCE 

Testing 

A functional test of the WL system is effected each time the unit operates, since failure to 

cool the Turbine Packing Box, Generator Thrust Bearing Oil Coolers, and Generator Air 

Coolers is alarmed.  

Pressure instruments associated with the WL system are testing on an annual basis, as 

listed in Table A.14-2.  

Maintenance 

The WL system maintenance requirements are listed in Table A. 14-3.  

A.14.9 OPERATING EXPERIENCE 

As shown in Table A. 14-4, only one event occurred over the ten year period of data 

consideration pertaining to the WL system model. This event involved a breach of 

Turbine Guide Bearing Oil Cooler integrity. However, since it involved the discharge of 

the cooler, unit operation was not affected.  

A.14.10 ASSUMPTIONS 

A.14.10.1 SYSTEM DESIGN ASSUMPTIONS 

None.  

A.14.10.2 OPERATIONAL ASSUMPTIONS 

1. Cooling Water Control Switch S120G is in the AUTO position.  
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A.14.10.3 MODELING ASSUMPTIONS 

1. Cooling water is not needed for a Keowee start, since failure to supply any of the 

three safety-related loads during an emergency start does not cause the unit to shut 

down.  

2. System unavailability is captured by unit availability, which is included in the High

Level tree (Appendix A. 1).  

3. Generator oil and air coolers, and the discharge paths from these coolers, are 

included in the Generator model (Appendix A.7).  

A.14.11 FAULT TREE ANALYSIS 

A.14.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the WL System requires that Cooling Water Control Valve WL- 11 remains 

open, the Turbine Packing Box functions properly, and the flowpaths to the three safety

related loads remain available.  

A.14.11.2 DETAILED FAILURE CRITERIA 

1. Failure of valves or filters in the flowpaths to the three safety-related loads leads to 

WL system failure.  

2. Failure of Cooling Water Control Valve WL- 11 to open or remain open leads to 

system failure.  

3. Failure of the Turbine Packing Box leads to WL system failure by providing a 

potential bypass flowpath.  

A.14.11.3 DESCRIPTION OF FAULT TREE 

The WL System fault tree, shown in Figure A. 14-2, contains three top gates for each 

Keowee unit, corresponding to the failure to cool each of the safety-related loads. Table 

A.14-6 lists the top gates contained in the tree.  
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The Fault Tree Modeling Guidelines (Appendix B) were followed in developing the fault 
tree. A list of all fault tree transfers is presented in Table A.14-5.  

Human reliability analysis was performed as described in Section 5.5. Human events 

impacting the model are described in Section A.14.11.4.  

Common cause analysis was performed as described in Section 5.4. Common cause 

events impacting the model are described in Section A.14.11.5.  

A.14.11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians or operators can adversely affect WL 

System reliability. Those events explicitly included in the system fault tree are quantified 

in Appendix C.3 and are discussed below.  

FK1 l20GHE. FK2120GLHE 

These basic events account for the potential of the operators to leave the Cooling Water 

Control Valve control switch in the OFF position.  

FKlGBHXLHE, FK2GBHXLHE 

These basic events account for the potential to fail to properly restore the Guide Bearing 

Oil Heat Exchanger following maintenance.  

A.14.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 
determining each basic event factor. WL System statalarms are listed in Table A. 14-7.  

System reliability data is listed in Table A. 14-8.  
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A.14.11.6 COMMON CAUSE ASSESSMENT 

Each unit's WL System shares the same design, maintenance procedures, operating 

conditions, environmental conditions, etc., and rely on a common water source, penstock, 

and manual valve (OWL-1). The following common cause events are included in the high

level tree (Appendix A. 1) to represent the most important of these coupling mechanisms: 

FKOFISHCOM -- common cause failure of WL- 1 filters due to intake debris 

FKVALVECOM -- common cause failure.of WL Cooling Water Control Valves 

Quantification of these events is discussed in Section 5.4 and Appendix C.2.  

A. 14.12 RESULTS 

Reliability of the WL System is defined as the probability that the system will succeed in 

supporting Keowee emergency operation (black start plus a 24 hour run). The system 

model yields a failure probability of approximately 3.6E-4 or less for each top gate for 

units 1 and 2. Thus the reliability of the WL function represented by each top gate is 

computed to be 99.96% or greater.  

Tables A.14-9 through A.14-14 list the dominant minimal cut sets (failure sequences) for 

each top gate in the Cooling Water System model. A list of dominant contributors to 

unavailability is shown in Tables A.14-15 through A.14-20. The dominant contributors to 

the unavailability of the WL System are failure of the Cooling Water Control Valve to 

open or remain open, clogging of the WL filters, and failure of the turbine packing box 

heat exchanger.  

A.14.13 REFERENCES 

A.14.13.1 DOCUMENTS 

1. OSS-0245.00-00-1031, Rev. 1, Keowee Mechanical Systems.  

A.14-7



A.14.13.2 PROCEDURES 

1. IP/1/B/0400/001, Change 2, United Electric Type J302 Pressure Switch 

Calibration.  

2. IP/1/B/0400/002, Change 1, United Electric Type J-6 Pressure Switch Calibration.  

3. IP/1/B/0400/003, Change 2, Barton Model 258 Indicating Switch Calibration.  

4. IP/1/B/0400/005, Change 2, Moore Model 33 Nullmatic Temperature Transmitter 
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5. MP/1/A/2000/017, Change 5, Unit No. 1 Turbine, Governor, And Generator 

Preventive Maintenance.  

6. MP/1/A/2000/018, Change 4, Unit No. 1 Turbine And Governor Monthly 

Preventive Maintenance.  

7. OP/O/A/2000/043, Change 6, Keowee Shift Turnover And Rounds.  

A.14.13.3 DRAWINGS 
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4. KEE-106-1, Rev. 3, Keowee Development Unit #1, Tabulation, Statalarm List 

#1SA2, T-G System Running Alarms.  

5. KEE- 113-2, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System, Gen. Miscellaneous Relaying.  

6. KEE-202, Rev. 2, Keowee, Solenoid Valve List, Unit 2.  
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7. KEE-206, Rev. 3, Keowee Development Unit #2, Tabulation, Statalarm List 

#2SAl, T-G System Condition Alarms.  

8. KEE-206-1, Rev. 3, Keowee Development Unit #2, Tabulation, Statalarm List 

#2SA2, T-G System Running Alarms.  

9. KEE-213-2, Rev. 6, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System, Gen. Miscellaneous Relaying.  

10. KFD-100A-1.1, Rev. 1, Keowee Hydro Station Unit 1, Flow Diagram Of Turbine 

Generator Cooling Water System.  

11. KFD-100A-2.1, Rev. 1, Keowee Hydro Station Unit 2, Flow Diagram Of Turbine 

Generator Cooling Water System.  
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Table A. 14-1 

Cooling Water System Power Supplies 

Compartment 

Component Power Supply 1  Number 

Unit 1 Turbine GBO Level Relay 125 V dc Distribution Center IDA 4AR 

88X 

Unit 2 Turbine GBO Level Relay 125 V de Distribution Center 2DA 2AR 

88X



Table A.14-2 

Cooling Water System Test Procedures 

Procedure Test Frequency Description 

IP/1/B/0400/001, Annually Verify Turbine Packing Box 

United Electric Type J302 water pressure switches 

Pressure Switch Calibration operate within calibration 

limits.  

IP/l/B/0400/002, Annually Verify Turbine Packing Box 

United Electric Type J-6 Temp. pressure switches 

Pressure Switch Calibration operate within calibration 

limits.  

IP/1/B/0400/003, Annually Verify Generator Cooling 

Barton Model 258 Water and Thrust Bearing 

Indicating Switch Cooling Water flow 

Calibration indicators operate within 

calibration limits.  

IP/1/B/0400/005, Annually Verify Turbine Packing Box 

Moore Model 33 Nullmatic Temp. transmitters operate 

Temperature Transmitter within calibration limits.  

Calibration



Table A.14-3 

Cooling Water System Maintenance Procedures 

Procedure Maintenance Frequency Description 

MP/1/A/2000/017, Weekly Swap turbine packing box 

Unit No. 1 Turbine And cooling water strainer to 

Governor Monthly strainer previously out of 

Preventive Maintenance service; clean strainer just 

removed from service 

MP/1/A/2000/018, Bi-monthly Verify unit main water 

Unit No. 1 Turbine And supply strainer is clean and 

Governor Monthly free of obstruction.  

Preventive Maintenance



Table A.14-4 

Cooling Water System Significant Operating Events 

Date Unit Component Event Summary 

10/28/93 2 GBO Cooler Broken solder joint on discharge side 

of cooler due to overtorquing the hex 

nut during preventive maintenance.



Table A.14-5 

Cooling Water System Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

BK1661B Keowee 1 Rotation Sensing Aux. Relay Unit 1 14DX Relay 

14DX Fails To Energize 

BK1760B Keowee 1 Rotation Sensing Aux. Relay Unit 1 14DX Relay 

14DX Fails To Remain Energized 

BK2661B Keowee 2 Rotation Sensing Aux. Relay Unit 2 14DX Relay 

14DX Fails To Energize 

BK2760B Keowee 2 Rotation Sensing Aux. Relay Unit 2 14DX Relay 

14DX Fails To Remain Energized 

XDIDAR Loss of Power on Keowee-1 125 Vdc Unit 1 88X Relay 

Distribution Center 1DA During Run 

XD2DAR Loss of Power on Keowee 2 125 Vdc Unit 2 88X Relay 

Distribution Center 2DA During Run 

YKlMR4BRUN' Keowee 1 Master Relay 4B Drops Out Unit 1 4B Relay 

During Run 

YK2MR4BRUN Keowee 2 Master Relay 4B Drops Out Unit 2 4B Relay 

During Run 

1These relays are in the control circuit of Main Cooling Water Control Valve, WL-11.



Table A.14-6 

Cooling Water System Fault Tree Top Gates 

Gate Name Description 

Unit 1: 

FK1200 WL Fails To Cool Keowee 1 Turbine Packing Box 

FK1300 WL Fails To Supply Unit 1 Generator Thrust Bearing Cooling 

FK1400 WL Fails To Supply Unit 1 Generator Air Coolers 

Unit 2: 

FK2200 WL Fails To Cool Keowee 2 Turbine Packing Box 

FK2300 WL Fails To Supply Unit 2 Generator Thrust Bearing Cooling 

FK2400 WL Fails To Supply Unit 2 Generator Air Coolers



Table A.14-7 

Cooling Water System Statalarms 

Point No. Alarm Actuator 

1SA1-3 TURB. #1 PKG. BOX WTR. PRESS. LOW 63KX 

1SAl-13 GOV. #1 MAIN VALVE CLOSED 20TX 

1SA2-8 TURB. #1 PKG. BOX TEMP. HIGH 26P2X 

2SA1-3 TURB. #2 PKG. BOX WTR. PRESS. LOW 63KX 

2SAl-13 GOV. #2 MAIN VALVE CLOSED 20TX 

2SA2-8 TURB. #2 PKG. BOX TEMP. HIGH 26P2X
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Table A.14-8 

Cooling Water System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK1088XRYT Keowee 1 Turbine GBO Rly 88X Spurious 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Operation 

BK1631XRYT Keowee 1 GBO Level Relay 63TA/1X 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Spurious Operation 

BK163TALST Turbine No. 1 GBO Level Sw. 63TA 3.10E-07 /H 24 H Rule 1: GBO Low Level alarm 7.44E-06 
Spurious Operation 

FKOWL01VVT Locked-Open Manual Valve OWL-1 Trans. 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK1120GLHE Unit 1 Control Switch S120G Left in 3.20E-03 
OFF Position 

FK1120GSWT Unit 1 Control Switch S120G Spurious 7.OOE-08 /H 108 H Rule 6 7 .,56E-06 
Operation 

FK1FL01FRF Filter 1WLFL-1 Becomes Clogged 9.80E-07 /H 24 H. Rule 1: Turb. Pkg. Box Press. 2.35E-05 
alarm 

FKlFLO2FRF Filter 1WLFL-2 Becomes Clogged 9.80E-07 /H 24 H Rule 1: Turb. Pkg. Box Press. 2.35E-05 
alarm 

FK1TRHXHXF Turbine Packing Box Heat Exch. 1TRHX- 6.40E-07 /H 24 H Rule 1: Turb. Pkg. Box Press. 1.54E-05 
1 Fails Low alarm 

FK1WLO3VVT Manual Valve 1WL-3 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK1WLO4VVT Manual Valve 1WL-4 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK1WLO5VVT Manual Valve 1WL-5 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK1WLO6VVT Manual Valve 1WL-6 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm
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Table A.14-8 

Cooling Water System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

FK1WLO7VVT Manual Valve 1WL-7 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK1WL08VVT Manual Valve 1WL-8 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK1WLO9VVT Manual Valve 1WL-9 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FKlWL11AVO Cooling Water Control Valve 1WL-11 2.80E-04 /D 1 D Valve opens on unit start 2.80E-04 
Fails To Open On Demand 

FK1WL11AVT Cooling Water Control Valve 1WL-11 2.30E-06 /H 24 H 5.52E-05 
Trans. Clsd.  

FK1WL12VVT Manual Valve 1WL-12 Transfers 1.70E-08 /H 108 H Rule 6 1.84E-06 
Position 

FKlWL15VVT Manual Valve 1WL-15 Transfers 1.70E-08 /H 108 H Rule 6 1.84E-06 
Position 

FK1WL42VVT Manual Valve 1WL-42 Transfers 1.70E-08 /H 108 H Rule 6 1.84E-06 
Position 

FK1WL43VVT Manual Valve 1WL-43 Transfers 1.70E-08 /H 108 H Rule 6 1 .84E-06 
Position 

XD1DA4ACDT DC Circuit Breaker 1DA-4AR Transfers 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 
Position 

YK1MR4BRYD Keowee 1 Start Master Relay 4B Fails 3.30E-05 /D 1 D Relay energized on unit start 3.30E-05 
To Pick Up 

BK2088XRYT Keowee 1 Turbine GBO Rly 88X Spurious 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Operation 

BK2631XRYT Keowee 2 GBO Level Relay 63TA/1X 3.60E-07 /H 24 H Rule 1: GBO Low Level alarm 8.64E-06 
Spurious Operation
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Table A.14-8 

Cooling Water System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

BK263TALST Turbine No. 2 GBO Level Sw. 63TA 3.10E-07 /H 24 H Rule 1: GBO Low Level alarm 7.44E-06 
Spurious Operation 

FK2120GLHE Unit 2 Control Switch S120G Left in 2.60E-04 
OFF Position 

FK2120GSWT Unit 2 Control Switch S120G Spurious 7.00E-08 /H 36 H Rule 6 2.52E-06 
Operation 

FK2FL01FRF Filter 2WLFL-1 Becomes Clogged 9.80E-07 /H 24 H Rule 1: Turb. Pkg. Box Press. 2.35E-05 
alarm 

FK2FLO2FRF Filter 2WLFL-2 Becomes Clogged 9.80E-07 /H 24 H Rule 1: Turb. Pkg. Box Press. 2.35E-05 
alarm 

FK2TRHXHXF Turbine Packing Box Heat Exch. 2TRHX- 6.40E-07 /H 24 H Rule 1: Turb. Pkg. Box Press. 1.54E-05 
1 Fails Low alarm 

FK2WL03VVT Manual Valve 2WL-3 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK2WLO4VVT Manual Valve 2WL-4 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK2WL05VVT Manual Valve 2WL-5 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK2WLO6VVT Manual Valve 2WL-6 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK2WLO7VVT Manual Valve 2WL-7 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK2WLO8VVT Manual Valve 2WL-8 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

FK2WLO9VVT Manual Valve 2WL-9 Transfers Position 1.70E-08 /H 24 H Rule 1: Turb. Pkg. Box Press. 4.08E-07 
alarm 

0 0 0
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Table A.14-8 

Cooling Water System Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

FK2WL11AVO Cooling Water Control Valve 2WL-11 2.80E-04 /D 1 D Valve opens on unit start 2.80E-04 
Fails To Open On Demand 

FK2WL11AVT Cooling Water Control Valve 2WL-11 2.30E-06 /H 24 H 5.52E-05 
Trans. Clsd.  

FK2WL12VVT Manual Valve 2WL-12 Trans. Position 1.70E-08 /H 36 H Rule 6 6.12E-07 
FK2WL15VVT Manual Valve 2WL-15 Trans. Position 1.70E-08 /H 36 H Rule 6 6.12E-07 
FK2WL42VVT Manual Valve 2WL-42 Trans. Position 1.70E-08 /H 36 H Rule 6 6.12E-07 
FK2WL43VVT Manual Valve 2WL-43 Trans. Position 1.70E-08 /H 36 H Rule 6 6.12E-07 
XD2DA2ACDT DC Circuit Breaker 2DA-2AR Transfers 7.50E-08 /H 24 H Rule 1: DC Supply Failure alarm 1.80E-06 

Position 
YK2MR4BRYD Keowee 2 Start Master Relay 4B Fails 3.30E-05 /D 1 D Relay energized on unit start 3.30E-05 

To Pick Up 

1 )=Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.



Table A. 14-9 

Cooling Water System Dominant Minimal Cutsets 

Cutsets For Gate FK1200: WL Fails To Cool Keowee 1 Turbine Packing Box 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.35E-05 35.8 FK1FL01FRF 2.35E-05 Filter 1WLFL-1 Becomes Clogged 

2) 2.35E-05 35.8 FK1FLO2FRF 2.35E-05 Filter 1WLFL-2 Becomes Clogged 

3) 1.54E-05 23.4 FK1TRHXHXF 1.54E-05 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 

4) 4.08E-07 0.6 FKOWL0LVVT 4.08E-07 Locked-Open Manual Valve OWL-1 Transfers Position 

5) 4.08E-07 0.6 FK1WLO6VVT 4.08E-07 Manual Valve 1WL-6 Transfers Position 

6) 4.08E-07 0.6 FK1WL03VVT 4.08E-07 Manual Valve 1WL-3 Transfers Position 

7) 4.08E-07 0.6 FK1WLO8VVT 4.08E-07 Manual Valve 1WL-8 Transfers Position 

8) 4.08E-07 0.6 FK1WLOSVVT 4.08E-07 Manual Valve 1WL-5 Transfers Position 

9) 4.08E-07 0.6 FK1WLO4VVT 4.08E-07 Manual Valve 1WL-4 Transfers Position 

10) 4.08E-07 0.6 FK1WLO9VVT 4.08E-07 Manual Valve 1WL-9 Transfers Position 

11) 4.08E-07 0.6 FK1WLO7VVT 4.08E-07 Manual Valve 1WL-7 Transfers Position 

Total: 6.57E-05



Table A.14-10 

Cooling Water System Dominant Minimal Cutsets 

Cutsets For Gate FKl300: WL Fails To Supply Unit 1 Generator Thrust Bearing Cooling 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.80E-04 76.7 FKlWL11AVO 2.80E-04 Cooling Water Control Valve 1WL-11 Fails To Open On Demand 

2) 5.52E-05 15.1 FKlWL11AVT 5.52E-05 Cooling Water Control Valve 1WL-11 Transfers Closed 

3) 2.35E-05 6.4 FKlFL01FRF 2.35E-05 Filter 1WLFL-1 Becomes Clogged 

4) 1.84E-06 0.5 FK1WL43VVT 1.84E-06 Manual Valve 1WL-43 Transfers Position 

5) 1.84E-06 0.5 FK1WL42VVT 1.84E-06 Manual Valve 1WL-42 Transfers Position 

6) 1.84E-06 0.5 FK1WL12VVT 1.84E-06 Manual Valve.lWL-12 Transfers Position 

7) 4.08E-07 0.1 FKOWL01VVT 4.08E-07 Locked-Open Manual Valve OWL-1 Transfers Position 

8) 2.76E-08 0.0 BK1631XRYT 8.64E-06 Keowee 1 GBO Level Relay 63TA/1X Spurious Operation 
FK1120GLHE 3.20E-03 Unit 1 Control Switch S120G Left in OFF Position 

9) 2.76E-08 0.0 BK1088XRYT 8.64E-06 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 
FK1120GLHE 3.20E-03 Unit 1 Control Switch S120G Left in OFF Position 

Total: 3.65E-04



Table A.14-11 

Cooling Water System Dominant Minimal Cutsets 

Cutsets For Gate FK1400: WL Fails To Supply Unit 1 Generator Air Coolers 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.80E-04 77.1 FK1WL11AVO 2.80E-04 Cooling Water Control Valve 1WL-11 Fails To Open On Demand 

2) 5.52E-05 15.2 FKlWL11AVT 5.52E-05 Cooling Water Control Valve 1WL-11 Transfers Closed 

3) .2.35E-05 6.5 FK1FL01FRF 2.35E-05 Filter 1WLFL-1 Becomes Clogged 

4) 1.84E-06 0.5 FK1WL15VVT 1.84E-06 Manual Valve 1WL-15 Transfers Position 

5) 1.84E-06 0.5 FKlWL12VVT 1.84E-06 Manual Valve 1WL-12 Transfers Position 

6) 4.08E-07 0.1 FKOWL01VVT 4.08E-07 Locked-Open Manual Valve OWL-1 Transfers Position 

7) 2.76E-08 0.0 BK1631XRYT 8.64E-06 Keowee 1 GBO Level Relay 63TA/1X Spurious Operation 
FK1120GLHE 3.20E-03 Unit 1 Control Switch S120G. Left in OFF Position 

8) 2.76E-08 0.0 BK1088XRYT 8.64E-06 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 
FK1120GLHE 3.20E-03 Unit 1 Control Switch S120G Left in OFF Position 

9) 2.38E-08 0.0 BK163TALST 7.44E-06 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious Operation 
FK1120GLHE 3.20E-03 Unit 1 Control Switch S120G Left in OFF Position 

Total: 3.63E-04



Table A. 14-12 

Cooling Water System Dominant Minimal Cutsets 

Cutsets For Gate FK2200: WL Fails To Cool Keowee 2 Turbine Packing Box 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.35E-05 35.8 FK2FL01FRF 2.35E-05 Filter 2WLFL-1 Becomes Clogged 

2) 2.35E-05 35.8 FK2FLO2FRF 2.35E-05 Filter 2WLFL-2 Becomes Clogged 

3) 1.54E-05 23.4 FK2TRHXHXF 1.54E-05 Turbine Packing Box Heat Exchanger 2TRHX-1 Fails 

4) 4.08E-07 0.6 FKOWL01VVT 4.08E-07 Locked-Open Manual Valve OWL-1 Transfers Position 

5) 4.08E-07 0.6 FK2WLO6VVT 4.08E-07 Manual Valve 2WL-6 Transfers Position 

6) 4.08E-0.7 0.6 FK2WLO3VVT 4.08E-07 Manual Valve 2WL-3 Transfers Position 

7) 4.08E-07 0.6 FK2WL08VVT 4.08E-07 Manual Valve 2WL-8 Transfers Position 

8) 4.08E-07 0.6 FK2WLOSVVT 4.08E-07 Manual Valve 2WL-5 Transfers Position 

9) 4.08E-07 0.6 FK2WLO4VVT 4.08E-07 Manual Valve 2WL-4 Transfers Position 

10) 4.08E-07 0.6 FK2WL09VVT 4.08E-07 Manual Valve 2WL-9 Transfers Position 

11) 4.08E-07 0.6 FK2WLO7VVT 4.08E-07 Manual Valve 2WL-7 Transfers Position 

Total: 6.57E-05



Table A. 14-13 

Cooling Water System Dominant Minimal Cutsets 

Cutsets For Gate FK2300: WL Fails To Supply Unit 2 Generator Thrust Bearing Cooling 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.80E-04 77.6 FK2WL11AVO 2.80E-04 Cooling Water Control Valve 2WL-11 Fails To Open On Demand 

2) 5.52E-05 15.3 FK2WL11AVT 5.52E-05 Cooling Water Control Valve 2WL-11 Transfers Closed 

3) 2.35E-05 6.5 FK2FLO1FRF 2.35E-05 Filter 2WLFL-1 Becomes Clogged 

4) 6.12E-07 0.2 FK2WL43VVT 6.12E-07 Manual Valve 2WL-43 Transfers Position 

5) 6.12E-07 0.2 FK2WL12VVT 6.12E-07 Manual Valve 2WL-12 Transfers Position 

6) 6.12E-07 0.2 FK2WL42VVT 6.12E-07 Manual Valve 2WL-42 Transfers Position 

7) 4.08E-07 0.1 FKOWL01VVT 4.08E-07 Locked-Open Manual Valve OWL-1 Transfers Position 

Total: 3 .61E-04 

* @e



Table A.14-14 

Cooling Water System Dominant Minimal Cutsets 

Cutsets For Gate FK2400: WL Fails To Supply Unit 2 Generator Air Coolers 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.80E-04 77.8 FK2WL11AVO 2.80E-04 Cooling Water Control Valve 2WL-11 Fails To Open On Demand 

2) 5.52E-05 15.3 FK2WL11AVT 5.52E-05 Cooling Water Control Valve 2WL-11 Transfers Closed 

3) 2.35E-05 6.5 FK2FL01FRF 2.35E-05 . Filter 2WLFL-1 Becomes Clogged 

4) 6.12E-07 0.2 FK2WL15VVT 6.12E-07 Manual Valve 2WL-15 Transfers Position 

5) 6.12E-07 0.2 FK2WL12VVT 6.12E-07 Manual Valve 2WL-12 Transfers Position 

6) 4.08E-07 0.1 FKOWLO1VVT 4.08E-07 Locked-Open Manual Valve OWL-1 Transfers Position 

Total: 3.60E-04



Table A. 14-15 

Cooling Water System Dominant Contributors To Unavailability 

Gate FK1200: WL Fails To Cool The Unit 1 Turbine Packing Box 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability1. Contribution 2 

1 FKlFLO1FRF - 2.35E-05 35.8% 
Filter 1WLFL-1 Becomes 
Clogged 

2 FKlFLO2FRF - 2.35E-05 35.8%
Filter 1WLFL-2 Becomes 
Clogged 

3 FKlTRHXHXF - 1.54E-05 23.4% 
Turbine Packing Box Heat 
Exchanger ITRHX-1 Fails 

4 FKOWLO1VVT - 4.08E-07 0.6% 
Locked-Open Manual Valve 
OWL-I Transfers Position 

5 FKlWLxxVVT - 4.08E-07 0.6% (each) 
Manual Valve 1WL-xx Transfers 
Position 
xx 3,4,...,9 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  
2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.14-16 

Cooling Water System Dominant Contributors To Unavailability 

Gate FK1300: WL Fails To Supply Unit 1 Generator Thrust Bearing Coolers 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability1  Contribution 2 

1 FKlWL11AVO - 2.80E-04 76.7% 
Cooling Water Control Valve 
1WL-1 1 Fails To Open On 
Demand 

2 FKlWLl1AVT- 5.52E-05 15.1% 
Cooling Water Control Valve 
1WL-11 Transfers Closed 

3 FK1FLO1FRF - 2.35E-05 6.4% 
Filter 1WLFL- 1 Becomes 
Clogged 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.14-17 

Cooling Water System Dominant Contributors To Unavailability 

Gate FK1400: WL Fails To Supply Unit 1 Generator Air Coolers 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

1 FKlWL11AVO - 2.80E-04 77.1% 
Cooling Water Control Valve 
1WL-l 1 Fails To Open On 
Demand 

2 FKlWLl lAVT - 5.52E-05 15.2% 
Cooling Water Control Valve 
1WL- 11 Transfers Closed 

3 FKlFLO1FRF - 2.35E-05 6.5% 
Filter 1WLFL-1 Becomes 
Clogged 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 
the overall system unavailability and then multiplying by 100 percent.



Table A. 14-18 

Cooling Water System Dominant Contributors To Unavailability 

Gate FK2200: WL Fails To Cool The Unit 2 Turbine Packing Box 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

1 FK2FLOIFRF - 2.35E-05 35.8% 
Filter 2WLFL- 1 Becomes 
Clogged 

2 FK2FLO2FRF - 2.35E-05 35.8% 
Filter 2WLFL-2 Becomes 
Clogged 

3 FK2TRHXHXF - 1.54E-05 23.4% 
Turbine Packing Box Heat 
Exchanger 2TRHX-1 Fails 

4 FKOWLO1VVT - 4.08E-07 0.6% 
Locked-Open Manual Valve 
OWL-I Transfers Position 

5 FK2WLxxVVT - 4.08E-07 0.6% (each) 
Manual Valve 2WL-xx Transfers 
Position 
xx = 3,4,...,9 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  
2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.14-19 

Cooling Water System Dominant Contributors To Unavailability 

Gate FK2300: WL Fails To Supply Unit 2 Generator Thrust Bearing Coolers 

Approximate 

Mean Unavailability 
Rank Event Description Unavailabilityl Contribution2 

1 FK2WLI 1AVO - 2.80E-04 77.6% 
Cooling Water Control Valve 
1WL- 11 Fails To Open On 
Demand 

2 FK2WL11AVT - 5.52E-05 15.3% 
Cooling Water Control Valve 
1WL-1 1 Transfers Closed 

3 FK2FLO1FRF - 2.35E-05 6.5% 
Filter lWLFL-1 Becomes 
Clogged 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 
the overall system unavailability and then multiplying by 100 percent.



Table A. 14-20 

Cooling Water System Dominant Contributors To Unavailability 

Gate FK2400: WL Fails To Supply Unit 2 Generator Air Coolers 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution2 

1 FK2WLI1AVO - 2.80E-04 77.8% 
Cooling Water Control Valve 
lWL-1 1 Fails To Open On 
Demand.  

2 FK2WLllAVT - 5.52E-05 15.3% 
Cooling Water Control Valve 
1WL- 11 Transfers Closed 

3 FK2FLOlFRF - 2.35E-05 6.5% 
Filter 1WLFL-1 Becomes 
Clogged 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 
the overall system unavailability and then multiplying by 100 percent.
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B.0 SYSTEM MODELING GUIDELINES 

B. 1 INTRODUCTION 

This appendix provides guidance for the development, modeling, and documentation of 

Keowee system/component fault tree models. It is written as a guide and does not 

attempt to provide an exacting treatise of fault tree modeling techniques and rules. The 

format of this guide follows the logical progression of fault tree modeling. It is assumed 

that the analyst has a basic knowledge of fault tree modeling and a working language of its 

terms and methods.  

B.2 GETTING STARTED 

B.2.1 SOURCES OF INFORMATION 

The first step in modeling a system is to become familiar with its design, operation, and 

function. This step is vital in order to provide a realistic and correct model of the system.  

Many sources of information can assist the analyst, including the following: 

* system descriptions, Design Basis Documents 

* procedures (e.g., operating, emergency, test, maintenance) 

* piping, electrical, and flow diagrams 

* prior studies and inspections.  

These sources can provide beneficial information on system design and operation. The 

analyst should discuss the operation and design of the system with the system designer and 

with plant personnel. Insights from these sources can provide the analyst with a wealth of 

information for use in understanding and modeling the system.  

B.2.2 DEFINING SUCCESS CRITERIA 

B.2.2.1 System Purpose 

The information described above will provide the means for determining the purpose of 

the system as designed. This purpose should, in most cases, correspond to the system 

B-1



purpose required in the model. It is possible that the system may be analyzed in a way 

which was not included in the system description. In that case, the system procedures and 

documents will not help in defining success criteria. For example, many systems used to 

recover from accident conditions may be aligned in a manner quite different from normal 

operation. It is very important that the analyst determine if the system will be used in a 

normal or an off-normal condition.  

B.2.2.2 Operating Conditions 

Attention should be given to system operation in determining operating times. A system 

can be classified as operational, alternating, or standby. An example of an operational 

system is the Turbine Guide Bearing Oil System. Since this system must operate 

continuously, certain failure modes (such as most demand failures) can be eliminated.  

Most failure modes which would have prevented the startup of the system need not be 

modeled, since failure of the system to start makes the Keowee unit unavailable.  

Standby systems are not normally in operation -- they wait until they are required to 

perform their designed function. The External Grid Trouble Protection System is an 

example of a standby system. This system does not normally perform its design function 

(other than monitoring 230 kV switchyard buses). However, if undervoltage or 

underfrequency is sensed in the switchyard for a certain period of time, the system initiates 

a Keowee emergency start. Systems of this type require special attention to maintenance, 

testing, and latent human errors. Valves transferring position (if applicable) and demand 

failures are failure modes which must be accounted for when modeling a standby system.  

If the system test interval is relatively small, the probability of valves or other equipment 

changing states is reduced. If, however, the time between valve status checks by flow 

testing is relatively long, the probability of transferring states becomes much greater and 

can dominate a model. The analyst should investigate how often equipment status is 

verified by operation. Simply checking a valve indicator does not always ensure that the 

valve is in the correct position.  

Alternating systems typically have two or more redundant trains which, during 

normal operation, are operated on a cyclic basis over a specified time period.  

For example, the Governor Oil System is designed with three redundant trains. Each train 

is capable of maintaining system pressure. It is station practice to place one pump train in 

the lead configuration, with the other two trains initiating at progressively lower pressures.  
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The status of the three trains is rotated weekly. Thus, over a given period of time, each 

train should have been in operation during one-third of the time and in standby for the 

remaining time. During abnormal conditions, more than one train may be required to 

start. To model this event requires one train to be modeled as an operating train and the 

other two to be in standby. Since the challenge can occur at any time over the period of 

interest, it is difficult to determine which train will be operational and which will be in 

standby. To be exact, two models for each train can be developed. Each model would 

represent a different status of the train (operational or standby). These two models would 

then be weighted by the time that the train would spend in that particular condition. The 

two train models would then be combined to create a system unavailability model. This 

method requires that all failure modes for each train branch be modeled, thus resulting in a 

very complex model.  

A simplified approach can be used to reduce the modeling required without losing any 

information. This method is based on three assumptions: (1) each train is run for equal 

periods of time, (2) each train contains identical components, and (3) the failure of each 

train yields identical results and conditions.  

Using the above information, the complex model can be written as: 

P(T) = P(train A) x P(train B) 

= 0.5 x P(A(op)) x P(B(st)) + 0.5 x P(B(op)) x P(A(st)) 

Since P(B(op)) = P(A(op)) and P(A(st)) = P(B(st)), the equation is simplified to: 

P(T) = P(A(op)) x P(B(st)) 

Therefore, if train A is the operational train and train B the standby train, the solution is 

the same as if a more complex model were used. This approach greatly reduces the 

modeling required, since there is no need for two models for each train and the operating 

train will not require demand failures (if the train operates continuously). For continuity 

of the model, train A is usually designated the operational train and additional trains are 

standby trains. The standby trains will typically dominate the cut set listing, since they 

contain demand failures not modeled for train A. In essence, the idea of train A and train 
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B is replaced by the idea of operating versus standby trains. It is important to ensure that 

the system does not violate the assumptions used by this method before applying it.  

B.2.2.3 Top Event Definition 

Top event definitions are determined by the specific needs of the system or fault trees.  

For example, if the analysis is limited to only the Cooling Water System, then the top 
event may be failure to provide flow to the four safety-related loads. But if the analysis is 

for an integrated study, the Cooling Water System may have several top events, broken 

down into failure to provide flow to each safety-related load. The top events must relate 

to the basis for the model.  

A failure model top event should not contain success-oriented language. If one goal of the 

model is to represent "Failure To Provide Cooling To The Turbine Packing Box," it would 

be confusing to define the top event as "Cooling Water Provides Flow To The Turbine 

Packing Box." The top event must state the required criteria and reflect the desired result.  

B.3 FAULT TREE MODELING 

B.3.1 DEFINING OF BOUNDARIES 

Before analysts begin to develop a system model, they must first define the limit of the 

analysis. If boundaries are not chosen, an analyst may begin modeling a specific valve in a 

system and proceed to model the entire plant. To prevent this occurrence, follow these 

guidelines: 

For lines leaving the system of interest, model until and including the first closed valve 

or line cap, or until another analyst's model begins. For example, in the Keowee PRA, 

it was to decided to include the Generator Air Cooler cooling water discharge line in 

the Generator model. The analyst responsible for Cooling Water System would model 

up to, but not including, the Generator Air Coolers. The Generator analyst would 

then begin at the coolers and include any additional failure modes associated within the 

cooling water discharge line. The interface will be handled by transfers, which is 

discussed in Section B.3.6.1.  
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* Tap lines and test lines need to be modeled only if they are greater than one fourth the 

diameter of the main header.  

* Instrumentation needs to be modeled only if it directly influences system operation.  

For example, a flow measurement device, which is used only to provide indication of 

flow, need not be modeled unless it is used to operate equipment manually in the 

system being modeled. However, if a flow device is used to regulate a throttle valve, 

the flow device should be included in the model. In summary, functional 

instrumentation is required in the model while informational instrumentation is not.  

* Lines or components which are not used or provide no means of system failure can 

also be excluded from the analysis. For example, at Keowee, cooling water is 

provided to the Generator Thrust Bearing Coolers and Air Coolers upon unit start.  

However, cooling water is not required to emergency start the unit. Thus, failure of 

the Cooling Water System does not relate to an emergency start and is not modeled as 

a start failure. However, cooling water failure is modeled as run failure mode of 

Keowee.  

* Support system requirements are not modeled but are noted instead, and the support 

system analyst should be required to model the requirement.  

* Once the boundaries are developed, redraw the system to aid in system modeling. The 

simplified diagram also acts as documentation for determining interfaces and support 

requirements by indicating what is included in the system model. Since some models 

may include multiple systems, a normal flow diagram may not be as easily used as a 

simplified diagram.  

B.3.2 LEVEL OF DETAIL 

A prime consideration in model development is level of detail. The available data is 

important in determining the level of detail. It does not make sense to model a pump 

down to the contacts and bearings if the only data available deals with the overall pump 

failure rate. In general, the more encompassing the failure mode, the more readily 

available the data. However, it is not adequate to model a pump as "pump fails," if start 

and run failure data is available.  
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Data can also be helpful in determining what failures to model. Once the simplified 

diagram. is created, specific components should be examined and an estimate made of their 

importance to the model. By using the data, independent failure modes of components 

may be eliminated from the model. For example, if a system has a pump with a particular 

failure probability of lE-2 and a manual valve with a failure probability of IE-5, the manual 

valve will probably not contribute significantly to the top event and may be deleted from 

the model. Any component failure mode which is less than the cutoff failure probability or 

is less than one tenth of one percent of the dominant failure mode for a particular model 

may be omitted from the model. The system analyst should document the omitted failure 

modes in system modeling assumptions.  

B.3.3 LOGIC MODEL DEVELOPMENT 

There are many methods used to develop system models. This document does not 

advocate any particular method, but provides a guide to some of the more common ways 

of structuring the model. If analysts have the basic knowledge of fault tree modeling, any, 

method with which they are comfortable is appropriate.  

One method of modeling a system is the nodal approach. The system is first divided into 

nodes. A node is a point which is either arbitrarily chosen or where several paths 

converge or diverge. The branches of the fault tree are based on the status at a particular 

node. For example, if the desired result is to provide flow from one node to another node, 

then the model would have a corresponding branch which contained the components 

between the two nodes.  

The block approach is another method of modeling. In this approach, the system is 

divided into function blocks. For example, the Cooling Water System provides flow to 

the Turbine Packing Box and Guide Bearing Oil Cooler from a common header. A logic 

block can be constructed up to the header and then linked to blocks which include the 

packing box and oil cooler.  

Another approach is simply to start at either the beginning or the end of a system and 

work forward or backward. This is a brute force method in which an analyst models the 

system all at once. Using the Keowee Start/Run Control Signals as an example, an analyst 

could start modeling at the solenoid valves that open the wicket gates and work backward 

until all failure modes are included.  
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In summary, the nodal and block approaches are good methods to use when constructing 

support system models, since the models will have natural break points (e.g., common 

header and specific header). The nodal approach is probably the easiest to learn and 

follow. The brute force method is probably all that is required for simple models with only 

a few components. Do not spend time developing a nodal model for a four-component 

system. Conversely, the brute force method is not suggested on complex systems which 

will have several diverging paths.. This method will lead to duplication of component 

failures and will greatly enlarge the model. Finally, remember that a large model is not 

always better. It is easy to remove duplicate logic to reduce the size of the model.  

Review the model several times, looking for areas which do not affect the result and ways 

to improve the organization.  

B.3.4 BASIC EVENTS 

B.3.4.1 Basic Event Types 

The Keowee PRA utilizes the following event types: 

* component failure events 

* human error events 

* developed events 

* common-cause events 

* maintenance events 

* conditional events 

* complement events 

* information events 

* recovery events.  

Component failure events indicate specific failure modes of components. The failure 

mode is dictated by data available and the level of detail of the analysis. Appendix D of 

the PRA lists the modeled components and failure modes. Component failure events are 

the major building blocks of system analysis.  

Human error events represent the human element in system operation. A latent human 

error occurs before the mission and causes failure of a component or system. An example 

of.a latent human error is the improper restoration of a valve following a test. A 
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commission error occurs during the mission and prevents the component or system from 

performing its function. An example of a commission human error is an operator 

inappropriately resetting an emergency start signal.  

Developed events are plant-specific events representing a single component or small 

group of components for which generic failure rates are not readily available. Plant

specific failure rates are determined and documented by the system modeler of these 

events.  

Conditional events are used to direct logic after a change in conditions. For example, 

Keowee switchgear 2X can only supply motor control center 2XA when the motor control 

center is aligned to its normal power source.  

Information events are placed in the model to provide insight relevant to certain system 

failures. They are always AND-ed with failure modes and act as a guide during cut set 

analysis. For example, proposed station modifications may be included as information 

events.  

Complement events are formed by NOT-ing other events. For example, if a Keowee unit 

is in maintenance then that unit can not experience a run failure. Complement events are 

used to avoid generating invalid cut sets.  

Recovery events involve post-initiator actions taken to correct an abnormal situation.  

Recovery actions may or may not be proceduralized. Recovery event failure probabilities 

are typically dominated by the human error contribution. Recovery of Keowee Aux.  

Power Breakers by manual control is an example of a recovery event found in the Keowee 

model.  

Recovery events are similar to developed events in that they represent a sequence of 

events which, if modeled, could create a very complex model, without significantly 

affecting the results.  

Common-cause events represent failure of two or more components due to a common 

mode of failure. Systems and components are reviewed for coupling mechanisms such as 

same design, maintenance practices, operating conditions, and environmental 
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susceptibilities. Failures of like active components and systems are addressed using the 

Multiple Greek Letter method.  

Maintenance events represent the probability that a given system train is unavailable due 

to test or maintenance during the mission time. Plant-specific maintenance data is used to 

estimate the unavailability.  

In conclusion, many types of events are modeled in the Keowee reliability study, and 

careful use of each type will enhance model accuracy and comprehension. The number of 

events included should be minimized while still capturing the important events.  

Conditional events can be useful in limiting the size of the system model. Information 

events should be used only where they enhance understanding of the model or cut sets.  

Human errors, maintenance events, and common cause events should be modeled at an 

appropriate level in the tree.  

B.3.4.2 Failure Modes 

Failure modes define the possible ways in which components can fail. For example, a 

pump may fail. A more specific model would include two failure modes, such as "fails to 

start" and "fails to run." These failure modes could be further refined until each failure 

mode of each part of the pump was modeled. In general, failure modes are broken down 

to the level of detail needed to achieve the model's objective and for which data is 

available.  

B.3.4.3 Basic Event Naming Scheme 

Basic event names should consist of ten characters and have the following format: 

Fault Specific Generic Failure 

Tree Component Component Mode 

Identifier Type 

The first letter of the component name will be used as the identifier. The last three letters 

are reserved for the type code. The fault tree identifiers used in the Keowee PRA are 

shown in Table B-1.  
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The specific component identifier allows up to six characters which identify the specific 

component or event of concern. These are to remain compatible with the component 

numbering on the drawings wherever possible. In some cases, a separate numbering 

scheme may have to be designated by the analyst for faults under consideration. The 

analyst must maintain a clear key to any arbitrary codes used and must transmit that code 

for inclusion in future revisions of the document.  

The component identifier and failure mode are contained in the type code. Table C. 1-5 

provides a listing of the type codes used in the Keowee PRA.  

B.3.4 STANDARD EVENT DESCRIPTIONS 

In defining component failures, the analyst must consistently and logically explain the 

failure mode being modeled. There are several different ways to state the same failure 

event. Although none of these ways are wrong, a consistent naming scheme should be 

adopted. As an example, the failure of a valve to open can be written in the following 

ways: 

* fails to open 

* remains closed 

* does not open 

* does not change state 

* fails to open on demand 

* fails when commanded open 

* fails 

* fails in closed position.  

Each of these descriptions is correct, but some are more confusing than others. The use 

of a standard description will aid in the review of system by other analysts.  
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B.3.5 GATES 

B.3.5.1 Gate Types 

The following gate types are allowed: 

* AND gates 

* OR gates 

* Combination (COM) gates 

* Inhibit gates 

* NOT gates 

An AND gate is used to represent the Boolean intersection of two or more terms. If there 

are several inputs to an AND gate all must fail to cause the gate failure description to be 

true. Redundant trains are typically combined under an AND gate.  

An OR gate is used to represent the Boolean union of two or more terms. If two 

components are combined under an OR gate together, then the failure of either one will 

cause the undesired condition to occur. For example, if two valves are in series, then 

either valve transferring position would cause the line to be blocked. Nonessential 

systems are usually single-failure oriented and have many components combined under OR 

gates.  

Combination gates are used to represent combinations of two or more component 

failures which may occur in more than one way. Control signals and instrumentation 

typically work with two of three and two of four logic. AND gates and OR gates are 

actually special cases of combination gates. An AND gate is an "all of all" gate while an 

OR gate is a "one of all" gate.  

Inhibit gates are used to control events. They will occur in the use of initiating events, 

recovery events, modeling flags, and conditional switches. They "hold" the event 

combined with one of the above events until the desired event is true. In reality, an inhibit 

gate is very similar to an AND gate.  

NOT gates are used to represent the complement of an event. They are numerically equal 

to-one minus the probability of the event. They are used to prevent mutually exclusive 
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events from occurring and can be used in controlling logic loops (see Section B.3.6.2).  

They are also used when the probability of an event is close to unity and the complement 

value has numeric significance. For example, if the value of a pump failure is 11-4, then 

the NOT of the event is 0.9999. When the complement is combined under an AND gate 

with another failure, the product is very close to the other failure's probability. However, 

if the failure of a pump is 0.4, then the complement is 0.6, and the product of the 

complement and another failure is significantly less than the other failure's probability.  

This situation typically occurs in modeling event trees, seismic analysis, tornado analysis, 

and unreliable components. Thus caution should be used when including NOT gates in 

your model.  

B.3.5.2 Gate Naming Scheme 

Preferably, gates names should consist of less than ten characters, to assist in 

differentiating them from basic event names. Gate names may be descriptive or numbered, 

using a scheme like the one below: 

Fault Gate 

Tree Number 

Code 

When transferring to a gate in another tree be sure to name the gate accurately.  

B.3.5.3 Standard Gate Definitions 

There is no strict naming scheme for gate descriptions, but there are a few rules to 

remember. Describe the gate in terms of its inputs. The use of correct descriptions will 

greatly aid in review of the models and later modifications. Avoid using the same 

description on different gates. If an original description is not possible for each successive 

gate perhaps they could be combined. Mention key failures of components contained 

within the gate logic. For example, one description might be "Keowee Unit 1 Fails To 

Start." This description would indicate that the failures contained within this gate are 

related only to Keowee start failures. The gate should not contain run failure events 

which would indicate failure due to operational faults.  
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B.3.6 LINKING FAULT TREES 

B.3.6.1 Transfers 

There are two types of transfers; one is a transfer within a system model and the other is a 

transfer outside a system model. Transfers within a system model deal with branches of a 

fault tree having common failure points. For example, all governor oil pumps are fed from 

the same motor control center. Commonalities should be raised to the highest level 

practical within the model.  

Any time a component requires a support system to function, a transfer to that system is 

required. A pump which requires cooling water from a cooling water system will require 

a transfer from the cooling water system. The support system analyst is responsible for 

developing the required transfers, but the front-line system analyst is responsible for 

assuring that all interfaces between the system and the required support systems have been 

modeled.  

Events representing a transfer to a required support system are given a zero probability 

during creation of the front-line system fault tree. When the various system fault trees are 

combined together in preparation for integrated solution, the front-line system fault tree 

will link with the support system fault tree and drop the transfer event with the zero 

probability. The zero probability transfer event is used when solving the front-line system 

fault tree by itself to generate system level cut sets.  

B.3.6.2 Circular Logic 

In some cases the integrated tree may contain circular logic; that is, a gate whose value is 

dependent on itself. Circular logic must be removed from the tree before a solution is 

possible. When circular logic is detected, one or more of the input trees must be modified 

so that the circle is broken without losing the impact of the failures on the top gate. An 

often encountered case of circular logic that is applicable to the Keowee PRA follows.  

The auxiliary ac power system relies on the availability of the dc power system to provide 

power for the operation of various circuit breakers in the ac power- system. The dc power 

system relies on batteries and battery chargers to provide a continuous and long term 

supply of dc power. If the ac power supply to the chargers is included in the model for 
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the dc power system a circular logic develops: ac relies on dc which relies on ac. This 

circle is broken by not-including the transfer to the auxiliary ac power tree in the dc power 
system logic. Because the ac power system failures result in the unit failing through other 

system transfers, the loss of this input into the dc power system tree does not cause the 

solution to "miss" failures and under predict the failure probability.  

B.4 MODULARIZATION 

Modularization involves the collapsing of independent events into a single independent 

event (module) to reduce computer size and time requirements. However, this process 

has the drawback that details of the module's composition are lost. Since computer 

requirements for the Keowee fault trees are easily accommodated modules will not be 

developed for the Keowee PRA.  

B.5 ASSUMPTIONS AND GENERAL RULES 

Use the following assumptions and general rules in developing system models.  

* Piping taps whose diameter is one fourth the main header need not be modeled.  

* Instrumentation devices (flow, temp., press.) which do not provide direct input to 

system operation should not be modeled, unless they would block flow of the line if 

plugged.  

* Locked-closed manual valves are not modeled as transferring position. Locked-open 

manual valves may be modeled as transferring position if significant.  

* Passive failures of piping and electrical wiring are not modeled.  

* Possible system train cross-connects should be modeled.  

* Maintenance will generally be assessed on a train level.  

* All maintenance will be assigned to the standby train.  

* Human errors should be modeled as high as possible in system models.  
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* If only one train of a system is operational, it is assumed to be train A.  

* The front-line system analyst is responsible for informing the support system analyst of 

a need for a transfer development.  

* Relief valves should not include a transfers closed failure mode.  

* All system models will be developed on a train level whenever possible.  

* Component interlocks will be explicitly modeled.  

B.6 SYSTEM DOCUMENTATION 

To provide documentation for each model, a system write-up is required. This stand

alone document provides a basis for review and modification of the model as needed. It 

also allows other analysts to use prior work in developing new studies.  

B.7 UPDATING MODELS 

Once a model is developed, it may need to be modified later. These modifications may be 

caused by errors, revised estimates, or system modifications. Each time the model is 

changed, the model's revision number should be updated.  
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Table B-1 

Keowee PRA Fault Tree Identifiers 

Fault Tree System 

Identifier Identifier System/Component 

A ACBs Air Circuit Breakers 

B GBO Turbine Guide Bearing Oil 

D -- Switchyard DC Power 

E VR Generator Excitation 

F WL Generator Cooling Water System 

G GEN Keowee Generator 

K -- Keowee High-Level Fault Tree 

L EGTPS External Grid Trouble Protection System 

0 OG,AG Governor Oil and Air Systems 

P TS Turbine Sump Pump System 

S -- Emergency Power Paths 

W MT Governor & Turbine 

X -- Auxiliary Power System 

Y -- Emergency Start/Run Control
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C.1 COMPONENT FAILURE DATA ANALYSIS 

C.1.1 INTRODUCTION 

This appendix provides details on the data collection and type code development 

processes. This appendix also provides the development of the train and component 

maintenance events used in the system models and a listing of the developed events.  

C.1.2 DATA COLLECTION PROCESS 

A flowchart of the data collection process is provided in Figure C. 1-1. The process 

involved collecting Keowee data for the ten year period from January 1, 1984 to 

December 31, 1993, compiling the relevant data, and processing the data to obtain the 

desired outputs. The desired outputs from this effort are: 

* the number of normal and emergency starts 

* each units' total run hours 

* the number of unit start and run failures 

* unit and station unavailability 

* . maintenance and testing unavailabilities on a train or component 

* a list of component failures which affected (or could have affected) 

emergency operation capability 

The following data sources were reviewed during the process: 

* Keowee Operators Logs 

* Oconee Reactor Operators Logs 

* Keowee Switchboard Logs 

* Work Request Database 

* Keowee Maintenance Procedures 

* Problem Investigation Process (PIP) Database 

* Problem Investigation Report (PIR) Database 

* Incident Investigation Report (IIR) Database 

* Licensee Event Report (LER) Database 

* Keowee Station Personnel 

* Jocasee Station Personnel 
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The data collection results are provided in the sections that utilize that data. Sections 

C.1.3 through C.1.5 discuss how the data collection results are used to calculate plant

specific failure rates, maintenance unavailabilities, and failure probabilities for developed 

events. Section 5.2 of the main report discusses the data collection results on a unit level.  

C. 1.3 TYPE CODE DEVELOPMENT 

C.1.3.1 OVERVIEW 

A Bayesian-updated type code was developed for use in solving the Keowee PRA fault 

trees. The type code provides a convenient way to apply the same failure rate to all 

Keowee equipment of the same type. The failure probability for a given component is 

calculated by multiplying the type code failure rate by the appropriate basic event factor.  

The type code development process is shown in Figure 5.3-1. After the models are 
developed, the basic event databases are combined, and all of the basic events are printed 

to a file. A spreadsheet program may then be used to open the file and sort the events by 
tree, type code and name. (The tree field designates which tree(s) the event is found in, 

and is a convenient way to couple the event with a system modeler.) 

Next, each modeler determines the hours of exposure or number of demands on 
components represented by their basic events for the ten year period of data consideration 

(1984-1993). The modeler assigns a denominator code for each event. The codes are 

translated into numbers, the numbers for each type code are summed, and the sums are 
used in the denominators to calculate a plant-specific failure rate for each component 

type. Data is also compiled on the number of emergency and normal starts, unit run time 

and availability to assist in quantifying the denominators.  

For the period of data collection, a list of failures relating to the basic events in the model 
is compiled. These failures are categorized by component type and are totaled. These 
totals go into the numerators for the plant-specific failure rate calculations.  

A generic type code is developed from a screening of various industry sources. Finally, 
the generic and plant-specific failure rates are combined using the Bayesian update 
method.  
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C.1.3.2 GENERIC FAILURE RATE TYPE CODE 

The generic type code database is taken primarily from the Davis-Besse IPE (Reference 

1), which developed generic failure rates by aggregating several sources. The data for 

BYF, the code for "Battery Fails to Provide Output," was determined using the same 

methodology. The INEL report Generic Component Failure Data Base For Light Water 

And Liquid Sodium Reactor PRAs (Reference 2) is utilized for some of the switch failure 

rates, the heat exchanger leak failure rate, and the push-button transfer failure rate. IEEE 

Std. 500 (Reference 3) is used as the source for the PCB failure rates and the diode failure 

rate.  

C.1.3.3 PLANT-SPECIFIC FAILURE RATE TYPE CODE 

Initially, data on all Keowee component failures were collected, since the Keowee PRA 

Model Basic Event List was under development throughout the data collection process.  

Once the list of basic events was completed, only the relevant failures (those for the 

components being modeled) were retained. The complete component failure listing, along 

with all supporting documentation, is contained in the Keowee PRA Project Data 

Notebook.  

Table C. 1-1 provides a brief description of the component failures affecting the Keowee 

model. Failures of each component type were summed and then used for the numerator in 

calculating the plant-specific failure rates.  

To determine the denominators to be used in the plant-specific failure rate calculations, 

each modeler determines the exposure time, or number of demands, for their basic events 

during the ten year period of data collection and assigns a denominator code to that event.  

The denominator codes, values and descriptions are provided in Table C.1-2. For 

example, since the Emergency Start Relays are demanded to energize for all emergency 

starts, the modeler chooses ES as the code.  

For components that are demanded on an atypical basis a computation is performed to 

determine the appropriate denominator. For example, a governor oil pump normally starts 

every two hours, and runs for approximately three minutes before shutting off. The pump 

operates when the unit is in service as well as when shut down, since governor oil is 
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continuously recirculated. Normally, only one of the three pumps is needed to maintain 

system pressure. Thus, for unit 1: 

No. of starts per Gov. Oil Pump = (Available hrs. over 10 yr. period) 

* (1 start/ 2 hrs.)/ 3 pumps 

= (85,755)(0.5)/3 

= 14,292 starts/pump 

Run time per Gov. Oil Pump = (14,292 runs/pump) 

* (1.5 min. run)(1 hr./60 min.) 

= (14,292)(1.5)/60 

= 357 hrs/pump 

The results of the denominator calculations are shown in Table C. 1-3.  

The Chi-Squared variate at the 50% cumulative probability level is used estimate plant

specific failure rates for components that have not experienced a failure. The Advanced 

Light Water Reactor Utility Requirements Document (Reference 4) utilizes the following 

equation to estimate failure rates where no failures have occurred (such as for large-break 

LOCAs): 

X2o(2n+1) O(A) =. 02 2T 

where O(A) = the failure rate of interest 
X' (2n+1) = the chi-squared quantile at the 50% cumulative 

probability level, with 2n + 1 degrees of freedom 
n = the number of failures observed 
T = exposure time or number of demands.  

(The 50% quantile is the median point of a data set: half of the values occur below this 
value and half above.) 

For the case where no failures have been observed, n = 0, and X o (1) = 0.455.  

Thus the equation simplifies to: 

0.2275 
~(A)= = 

T 
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Each modeler also determines the basic event factor, which, when multiplied by the type 

code failure rate produces the basic event's failure probability. For time-dependent 

failures, the factor represents the exposure time over which a component has the 

opportunity to fail prior to a start (before the problem is detected and corrected), plus the 

appropriate mission time. For demand failures, the factor is the number of demands a 

component may receive prior to a start, if failures would go undetected, plus any demands 

during a Keowee start or run. Rules for determining the factor are provided in Table 

C.1-4. The basic event factors are developed and provided in the system appendices.  

C.1.3.4 BAYESIAN-UPDATED FAILURE RATE TYPE CODE 

A third type code was developed by combining generic and plant-specific evidence using 

the Bayesian update. The Bayesian-update process is based on Bayes' theorem, which 

states that 

f QJ E) - _f (?,L(El X~) 
yf()L(El1)d 

where = the failure rate of interest 
f(X) = the prior distribution; the probability density function of 

X based on generic information (which excludes the 

plant-specific evidence, E) 
f(Xl E) = the posterior distribution; the probability density 

function of X, conditional on the plant-specific 

evidence, E 
L(EIX) = the likelihood function; the probability density function 

of the plant-specific evidence E for a given value of X.  

The update was performed with a spreadsheet that uses the same algorithm as is used in 
the EPRI Component Reliability Parameter System Bayesian-update software (which is 

included with Ref. 5).  

To perform the integration analytically, the spreadsheet first translates the generic failure 

rate mean and error factor into a "conjugate" prior distribution -- a gamma distribution for 

time-dependent failures, a beta distribution for demand-type failures. The Bayesian
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updated posterior distribution is then obtained using the equations below. Finally, the 

posterior distribution is converted to a lognormal distribution.  

Time-Dependent Failures 

For time-dependent failures, the gamma distribution is used as the model. The a and 3 
parameters that characterize this conjugate prior distribution are calculated from the 

lognormal parameters (4, Y) as follows: 

-The updated mean and variance are then calculated by: 

x' = (a+k)/( +T) var(x') = (a+k)/ +T)2 

where k is the number of failures and i is the exposure time.  

Demand Failures 

For demand-type failures, the beta distribution is used as the model. The a and j 

parameters that characterize this conjugate prior distribution are calculated from the 

lognormal parameters (g, cy) as follows: 

The updated mean and variance are obtained by applying Bayes' Theorem to the plant

specific data as follows: 

q' = (a+K)/(a+P+N) 

var(q') = [(a+K)(P+N-K)]/[(ax+P+N) 2(a+P+N+1)] 

where K is the number of failures and N is the number of demands over the period of data 

consideration.  

Because of the extensive operational experience at Keowee, the Bayesian updated failure 

rates are heavily influenced by the Keowee data. The generic, plant-specific, and 

Bayesian-updated failure rate type codes are tabulated in Table C.1-5.  
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C.1.4 KEOWEE TRAIN/COMPONENT MAINTENANCE UNAVAILABILITIES 

Table C. 1-6 provides a list of maintenance-related train or component basic events 

modeled in the Keowee PRA. These basic events represent the historical unavailability of 

the equipment over the ten year period of data collection. For these events, unavailability 

of the train or component does not render the unit unavailable.  

C.1.5 KEOWEE UNDEVELOPED EVENTS 

Table C. 1-7 lists the undeveloped events that are included in the model. An undeveloped 

event provides a plant-specific failure rate for single component or small group of 

components for which a generic failure rate is not available. The failure probability of 

each event is determined by a simple calculation. The development of these events is 

provided in the appropriate system appendix.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

8.21-87 1 ACBDEX ACB-3 Oconee attempted to line unit I up to the under- Not able to power CT4 from unit 1.  
ground but they could not get ACB-3 to close. Loss of ACB-3 so unexpectantly 
Keowee tried closing ACB-3 by-hand locally but would put the unit in an LCO.  
it would not close. This problem was due to 
a loose terminal, DS-15 in the ACB-3 cabinet.  

2-28-90 2 ACBDEX ACB-2 ACB-2 out of service to replace a bad Blast Valve Unit 2 can be used to feed CT4 
Blast Valve Pin Pin in ACB-2. but cannot generate to the grid.  

10-19-92 1 ACBDEX ACB-5, ACB-7 Oconee LOOP Event - Initially Unit I was The operaior, not knowing the cause 
Impact Spring generating to the grid and Unit 2 was lined up to of the problem, took action to 

the underground path. When the Swyd Isolation protect the Unit I Generator by 
and the Ist ES actuation occurred, ACB-1 tripped tripping ACB-1 which resulted in 
and then reclosed. Unit 2 started and was the loss of all Keowee Auxiliary 
supplying CT4. The K Operator tripped ACB-1 Power.  
which de-energized all of Keowee's auxiliaries.  
ACB-5 and ACB-7 failed to transfer as designed 
to re-energize the IX Swgr. A Main Transformer 
lockout prevented re-closing ACB-1. It is 
believed that ACB-5 and ACB-7 failed to transfer 
due to misactuation of the Impact Spring in the 
DB 50 Alarm Switch Circuits.  

11-28-92 2 ACBDEX ACB-2 Keowee Unit 2 was started for system generation EMERG. START FAILURE 
Exhaust Valve Connection. but ACB-2 would not close either automatically This is being counted as an Emerg.  
Rod or manually. The operator found a smoking relay Start failure due to the fact that 

in the ACB-2 cabinet. The problem was caused this unit was aligned to the overhead 
by a broken exhaust valve connection rod Emergency Power Path.  
which caused the x-relay (52XAMG-6 relay) to 
remain energized until it overheated and burned 
up.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

2-24-87 2 BASE ADJ Voltage Regulator Unit 2 was started for system generation but it AUTO START FAILURE.  
DEX Base Adjust Reset Switch tripped due to no VARs. Keowee received a Hi No effect on Emergency Start 

Limit light on the Voltage Adjust. Found reset capability because the run back 
switch on the Base Adjust not running back to switch was above the minimum 
reset position. Cleaned switch (4) with contact voltage setting.  
cleaner and ran unit locally - Sat.  

3-27-90 1 BASE ADJU Voltage Regulator Started Unit 2 for system generation but unit EMERG. START FAILURE.  
DEX Base Adjust (70B Cam would not start. Found problem to be due to the This is being counted as an ES 

Switch) 70B cai switch not resetting to its preset failure since we don't know what 
position. This caused the 70BX relay to drop out. the Base Adjust setting was when 
Cleaned contacts and unit started, the unit was started. It may have 

been positioned at a setting which 
provided voltage less than 13.8kV.  

9-20-92 2 BASE ADJ Voltage Regulator Unit 2 started from Keowee for system generation AUTO START FAILURE.  
DEX Base Adjust & Volts Adjust but voltage regulator did not come on. Unit 2 Voltage regulator failing to come on 

started in manual and paralled from Keowee. would not have prevented the unit 
7sBX relay wasn't picked up so this stopped unit from performing an Emergency 
from starting. Ran Base Adjuster back and forth Start since the Base Adjuster is set 
a couple of times and sprayed Base Adjuster sufficiently to carry the emergency 
contacts and 7oBX relaypicked up. The problem Oconee loads.  
with regulator appeared to be dirty Base Adjust 
contacts. Actual Voltage Regulator problem still 
not resolved.  

9-20-93 1 BASE ADJ Voltage Regulator During Keowee Emer. Start test, unit 1 failed to Keowee unit 1 would have been 
DEX Base Adjuster (70B) reach rated voltage of 13.8 during test, only 13.3 capable to perform its design 

KV. The base adjuster had failed and was function.  
replaced.  

Paoiddeolag2lssofn 3.23 
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT -C..[ COMPONENT EVENT DESCRIPTION OPERATION 

1-26-84 1 BCF Battery Charger #1 Found Battery Charger #1 Amperes swinging No effect on unit operation.  
from 0 to 40 amps. It was determined that an AC 
surge on the charger had blown 4 fuses in the 
filter circuit. Replaced the fuses and placed 
charger back in service.  

9-25-86 2 BCF #2 Battery Charger #2 AC Battery Charger failed. Replaced blown No effect on unit operation.  
Firing Module fuses but charger still would not come on.  

Replaced Firing Module in Battery Charger and 
tested charger satisfactorily.  

9-29-86 2 BCF #2 Battery Charger #2 Battery Charger acting up. Work Request No effect on unit operation.  
Control Cards written to check / repair #2 charger voltage 

output. Cleaned contact pins on control cards.  

11-28-88 2 BCF #2 Battery Charger Problem with #2 Battery Charger. Problem due No effect on unit operation.  
Float Voltage Adjust Sw. to dirty contacts on the float voltage adjust 

switch.  

12-17-92 2 BCF Battery Charger #2 On 12-16-92 when Battery Bank #1 and Battery No effect on unit operation.  
Current Limiter Feedback Charger #1 were removed from service for 
Circuit maintenance, Battery Charger #2 began 

exhibiting erratic amp readings. Attempts made 
to adjust voltage to stabalize #2 Charger failed.  
Maint. personnel replaced the power supply, 
current control, voltage control, and the firing 
modules and returned #2 charger to service.  
On 12-17-92 during Emergency Start test, 
Battery Charger #2 A/C input switch tripped. #2 
Battery Charger was removed from service.  
The problem was traced to a loose connection in 
the current limiter feedback circuit.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE 1N[[ CODE COMPONENT EVENT DESCRIPTION OPERATION 

12-21-92 2 BCF Battery Charger #2 Smoke detector over #2 Battery Charger alarmed. No effect on unit operation.  
DIF Surge Voltage Suppressor Removed charger from service. Found burned 

(Rectifier) diodes.  

9-30-91 1 CHC PCB-21 PCB-21 would not close. Sync relay (25/21) in Uit 1 Generator output isolated 
control circuit open due to voltage on yellow buss from the 230KV Yellow Bus.  
side appearing high. The problem was not with 
PCB-21 which functioned as it was designed to 
do. The Sync relay in the control circuit (close) 
showed an over voltage condition on the yellow 
bus which kept the contacts open preventing a 
control close for the control room. Adjusted 
voltage feeding "ready to operate setting". "Sync 
ready" tested good.  

2-1-94 0 CHT PCB-7 While placing the "Dacus White Line" in service Plant safety not affected.  
PCB 8 tripped and PCB-7 tripped and then 
reclosed when PCB-10 was closed. Relay 21GX
1, a "ground distance impedance relay" for the 
Dacus Black line, had caused PCB's 7 & 8 to trip 
because it sensed a fault on the Dacus Black line.  
When PCB-10 closed, a load shift made the 
Dacus Black line see a fault and initiate a trip of 
PCB's 7 & 8. The 21GX-1 relay had sensed a 
fault because following preventative maintenance 
on the Dacus Black line, a "potential device 
ground switch" was not returned to the "normal" 
or "ungrounded" position.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

2-1-94 0 CHT PCB-8 While placing the "Dacus White Line" in service Plant safety not affected.  
PCB 8 tripped and PCB-7 tripped and then 
reclosed when PCB-10 was closed. Relay 2IGX
1, a "ground distance impedance relay" for the 
Dacus Black line, had caused PCB's 7 & 8 to trip 
because it sensed a fault on the Dacus Black line.  
When PCB-10 closed, a load shift made the 
Dacus Black line see a fault and initiate a trip of 
PCB's 7 & 8. The 21GX-1 relay had sensed a 
fault because following preventative maintenance 
on the Dacus Black line, a "potential device 
ground switch" was not returned to the "normal" 
or "ungrounded " position.  

9-20-88 2 CLC Load Center IX When clearing Load Center iX for breaker in- No effect on Emergency Start 
1XA Sthy Supply Breaker spiection, the IXA standby supply breaker failed capability.  

to close. Replaced it with the spare breaker and 
closed 1XA from the control room.  

11-24-92 2 CLC ACB-6 While attempting to tie Keowee Unit 2 to the No effect on unit operation.  
ACB-8 overhead after a successful Emergency Start 

Test of both units, feeder breakers for loadcenter 
2X, ACB-6 and ACB-8, would not close 
manually, which left Keowee Unit-2 without 
power. Problem believed to be due to 
inadequate DC voltage available to close the 
breakers with the newly installed anti-pump 
circuitry. Time Delays were installed to 
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

7-24-86 2 CO2DEX No Failure Received #2 Keowee Emergency Lockout due Human Error.  
to C02 actuation caused by electricians at Unit 2 unavailable for generation.  
Oconee performing NSM on Keowee Unit I 
C02 switches. Event occurred when the wires 
were lifted for unit one but when testing the 
switch, the Unit 2 switch was depressed.  

1-31-87 1 FUF ACB-5 Oconee was performing a test on PCB 8 and 9 No effect on Emergency Start 
CLT Trip Circuit Fuse when ACB-5 tripped. Would not reclose. Problem capability.  

determined to be due to a blown fuse in ACB-5 
trip circuit.  

7-17-92 2 FUF ACB-8 Keowee Operator found blown fuse in ACB-8 No effect on Emergency Start 
Close Circuit "lB" Positive closing circuit during a time when Unit 1 was out capability.  
10 amp Fuse (OT10) of service and Unit 2 was lined up to feed CT4 

and the standby busses with Unit 2 auxiliaries 
being fed through ACB-6. This made Unit 2 
technically inoperable.  

10-20-92 1 FUF ACB-5 While testing the ACB5/ACB7 swapover No effect on Emergency Start 
Control Circuit Fuse (+) function, ACB 5 failed to close when ACB 7 capability.  

was tripped. Found positive leg fuse in control 
circuit blown.  

4-5-93 2 FUF Voltage Regulator Unit 2 started for system generation but Field EMERG. START FAILURE.  
Field Flash Breaker Flash Breaker failed to close. Problem was due Unit 2 unavailable for Emergency 
DC Control Power Fuse to a blown fuse in the DC control circuitry for Start.  
(NON-15) the breaker. Fuse was replaced and the unit 

tested successfully.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

4-30-87 2 FVT #2 Generator Cooling Water Unit 2 taken out of service to repair Generator No effect on unit operation. This 
Vacuum Line Float Valve Cooling Water Discharge Vacuum Valve. Valve float valve is located in the 

was making noise because the float had a hole in discharge line of the cooler and 
it. Removed, welded, and replaced float. operates to prevent the water from 

being siphoned from the cooler 
during shutdown periods.  

11-17-87 1 FVT #1 Generator Cooling Water Unit 1 Key Inhibited to repair the Generator #1 No effect on unit operation. This 
Vacuum Line Float Valve Cooling Water discharge vacuum line float valve. float valve is located in the 

Replaced broken float. discharge line of the cooler and 
operates to prevent the water from 
being siphoned from the cooler 
during shutdown periods.  

9-13-88 1 FVT Governor Oil Pressure Tank Keowee having trouble with unit 1 Governor Oil Unit I out of service for dispatcher 
Float Valve Pumps. Problem found to be due to a bad and Emergency Start to replace 

pressure tank float valve. Replaced float valve #1 Governor Control Pressure Tank 
and system functioned satisfactorily. Float Valve.  

7-5-85 1 GOV Governor Control System Unit I started for operability verification after No effect on Emergency Start.  
START DEX 33XY Switch Linkage weekly maintenance but failed to reach rated This portion of circuitry bypassed 

(See KEE-1 I 1-1A) speed. Oconee adjusted gate limit out to 70 % during ES.  
and the unit was able to reach rated speed.The 
problem was determined to be due to the linkage 
on the 33XY switch binding.  

5-11-88 1 GPR Turbine Bearing Oil System Had oil fire in DC Turbine Oil Pump. Replaced Received Alarm Lockout when 
DC Oil Pump Motor DC Bearing Oil Pump Motor, motor was deenergized but it did 

not affect Unit I's Emergency 
Start capability.  

7-8-93 2 GPR AC Turbine Bearing Oil Pump Found DC Turbine Bearing Oil Pump running. No effect on Emergency Start 
AC pump was not running. AC pump removed capability.  
by worl.request. Motor had shorted windings.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

3-6-85 1 GPS Governor Oil System Found Governor Oil Pump IC running unloaded, No effect on unit operation.  
RYD 88GT Timer but didn't receive a statalarm on excessive 

running. The problem was due to a bad 88GT 
Timer. Replaced the timer.  

2-21-84 1 GPS Governor Oil Pump IC Found Governor Oil Pump IC running unloaded. No effect on unit operation.  
Upon inspection, the pump had a worn unloader 
assembly. Replaced the pilot valve seat, the snap 
action plunger, the pilot valve bushing, the pilot 
valve plunger, and the unloader switch.  

2-21-84 1 GPS Governor Oil Pump 1B Found Governor Oil Pump IB loading and No effect on unit operation.  
unloading too soon. Upon inspection, the pump 
had a wom unloader assembly. Replaced the 
pilot valve seat, the pilot valve spring, the snap 
action plunger, the pilot valve bushing, the pilot 
valve plunger, and the unloader switch.  

4-11-84 1 GPS Governor Oil Pump 1B Governor Oil Pump IB failed to load and unload No effect on unit operation.  
properly. Replaced no components but did adjust 
unloader valve and pressure switch and relieved 
all friction in valves.  

4-11-84 1 GPS Governor Oil Pump IC Governor Oil Pump IC failed to load and unload No effect on unit operation.  
properly. Replaced no components but did adjust 
unloader valve and pressure switch and relieved 
all friction in valves.  

8-23-88 2 GPS Governor 2C Oil Pump Governor Oil Pump 2C placed in lag position No effect on Emergency Start 
Pump Bearing because it has a bad bearing. Bearing replaced capability.  

and unit returned to service.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

10-27-87 1 GPS AC Turbine Sump Pump Received alarm on #1 Turbine Water Sump High No effect on unit operation. AC 
Flow Switch Contacts Level and DC sump pump started but the AC backup sump pumps installed on 

pump did not. AC Sump Pump breaker not 11/2/87.  
tripped. Reset AC pump breaker but pump still 
would not start. Technician adjusted the Flow 
Switch Contacts and the pump worked fine.  

11-19-85 2HGR #2 Generator Unit 2 was generating to the grid when itEMR.UNFLRE 
received a Normal Lockout due to a Generator Unt2wsuvalbefrE rg 
Field Ground. The problem was due to theStrfo18hustoepite 
electrical connection between two generator gnrtr 
rotor field poles having burned out. The root 
cause of the burned out connection was 
believed to be due to vibration.  

12-2-92 2 HGS #2 Generator Unit 2 started for operability test. The unit EMERG. START FAILURE.  

Y Phase FI' Circuit tripped by emergency lockout on #2 generator Human Error.  
ground fault overcurrent (59GN2). Found Unit 2 unavailable for Emergency 
nicked wire (53) between 290-lX and 290-4X Start.  
with a nick in the insulation from a screw used to 
attach the cover plate of the Voltage Regulator.  
Problem was caused by I & E technicians as 
they were completing a Configuration Control 
Inspection of Safety Related cabinet wiring.  

10-28-93 2 HUMAN Turbine Guide Bearing Oil System During performance of the PM on the unit 2 Because the broken joint is on the 

ERROR Oil Cooler Turbine Guide Bearing Oil Cooler, the soldered down stream side of the cooler, 
joint on the down stream side of the cooler came there is no concern for unit 
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE -UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-7-84 2 LHE Voltage Regulator Unit 2 started for system generation but received EMERG. START FAILURE.  
(No Component Failure) a Normal Lockout. The voltage regulator would This is being counted as an ES 

not come on in auto (unit would run in manual). failure due to the fact that the Base 
The cause of the problem was determined to be Adjust was set for only 12.8 kV 
due to the Base Adjuster having a preset position instead of the 13.8kVrequired to 
(S3-S4) which gave a low no-load machine supply Oconee's emergency loads.  
voltage (12.8kV instead of rated 13.8kV) which 
did not match the Volts Adjust setting of 13.8kV 
setting when the voltage reg. came on in auto.  
The mismatch caused a time delay greater than 
the Volts-Hertz time delay relay setting which 
shut down the unit. The Base Adjust was reset 
to 13.8kV and the unit started several times 

successfully.  

3-27-86 2 LHE Lightning Arrestors At ,1300 on 3-26-86 maintenance personnel were Human Error.  
changing lightning arrestors on unit 2. Due to a Although this is technically an 
stripped bolt on the insulator, the capacitor was Emergency Start failure, the unit 
not re-installed on the X-phase. Oconee decided had not been returned to service 
to leave it off until another capacitor could be since the maintenance action had 
ordered from Westinghouse. At 0016 on 3-27-86, been performed.  
Unit 2 was started by Oconee to Op. test the unit 
but anEmergency Lockout was received due to 
a Gen. Ground Fault Overvoltage (59GN2 
Relay). The reason for this relay action was due 
to the fact that the x-phase capacitor was 
removed and when the unit started, it caused a 
capacitor imbalance whichgave the 59GN 
target. The Y and Z phase capacitors were 
removed and the unit tested sat.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-10-84 2 NLODEX Voltage Regulator Logic On 5-10-84 Oconee attempted 2 automatic starts No effect on Emergency Start 
Relay 94RA for system generation but each time a unit Normal capability. Relay 94RA is bypassed 

Lockout was received. After the 2nd start attempt on ES.  
the unit was started in manual from Oconee 
successfully. The problem was determined to be 
due to a bad relay. Relay 94RA (manual to auto 
transfer relay) was replaced. On 5-14-84 the 
Volts/Hertz relay was reset from 124 volts AC to 
127.8 volts on pickup and 118.3 volts on 
dropout.Unit 2 was out of the auto mode for the 
entire period. This problem seems to be related 
to the problem on 5-7-84.  

8-1-88 2 NLODEX Genarator Cooling Water Unit 2 tripped while generating to the grid due to AUTO RUN FAILURE.  
Flow Indicator Switch Generator Cooling Water Alarm lockout. No effect on Emergency Start 
(No Failure) Operator readjusted cooling water flow which capability.  

seemed to correct the problem.  

8-18-88 2 NLODEX Generator Cooling Water Unit 2 tripped while generating to the grid due to AUTO RUN FAILURE.  
Alarm Circuit Generator Cooling Alarm lockout. Jumpered out No effect on Emergency Start 
Timer, 63GCAT 63CT Timer contacts and restarted unit. Replaced capability.  

63CT Timer because it had a bad coil.  

9-29-92 2 R6D ACB-2 During the performance of post-mod. testing, it Keowee Unit 2 overhead 
27T2X Relay was discovered that ACB-2 did not close immned- emergency power path inoperable.  
(MG-6 Relay) iately after opening ACB- 1 as the procedure 

required. Investigation revealed that relay 27T2X 
(West. MG-6 relay) did not have the proper gap 
as specified by the manufacturer. The plastic 
armature stop nut broke apart while the gap was 
being adjusted. Stop nut was replaced and the 
proper contact gap was set. This relay was un
affected by the modification.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT -CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-22-89 2 R6D Voltage Regulator Started Unit 2 for system generation. After the AUTO START FAILURE.  
unit paralled the operator could not get the VARs No effect on Emergency Start 
to come up. Received a #2 incomplete start capability since ACB-2 had closed.  
statalarm and the unit tripped. A subsequent start 
was successful. Reason for failure is unknown 
however, the sequence of events indicates that the 
Voltage Regulator never came on. Possibly due to 
the 9(XIC relay problem.  

10-17-90 2 R6D Voltage Regulator Unit 2 started and paralleled but the Voltage AUTO START FAILURE.  
9MG-6 Relay) Regulator did not come on. Sprayed 9tXoC Voltage regulator failing to come on Relay contacts with contact cleaner and the would not have prevented the unit 

Voltage Regulator functioned properly on from perforning an Emergency 
subsequent test starts. Start since the Base Adjuster is set 

sufficiently to carry the emergency 
Oconee loads.  

10-18-90 2 R6D Voltage Regulator Started Unit 2 for system generation but the AUTO START FAILURE.  
(MG-6) Voltage Regulator did not come on. Found a dirty Voltage regulator failing to come on 

90XIC contact. Cleaned the contact and the would not have prevented the unit 
Voltage Regulator functioned properly on from performing an Emergency 
subsequent test starts. Start since the Base Adjuster is set 

sufficiently to carry the emergency 
Oconee loads.  

9-6-92 2 R6D Voltage Regulator Started Unit 2 for system generation but the AUTO START FAILURE.  
9OXIC Relay Contacts Voltage Regulator failed to come on. The Voltage regulator failing to come on 

problem appeared to be due to dirty 9OXIC would not have prevented the unit 
contacts (Westinghouse MG-6 relay). The from performing an Emergency 
contacts were cleaned and the unit started Start since the Base Adjuster is set 
successfully. sufficiently to carry the emergency 

Oconee loads.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-6-84 2 RVT Governor Pressure Tank The first indication of a problem was a Unit 2 No effect on unit operation.  
Safety Valve Governor trouble alarm. Oil pump 2C was found 

running, sucking air. The Pressure Tank oil level 
was up past the high level alarm and the safety 
valve was popping off. The problem was due to 
the safety valve having a cracked seat. The 
valve was replaced.  

3-16-87 2 RVT Governor Oil Pump 2A Governor Oil Pump 2A running unloaded. No effect on unit operation.  
Problem due to pump bypassing through relief 
valve. Adjusted pump relief valve to relieve at 
365 psi.  

6-19-84 2 RVT Governor Pressure Tank While performing an NSM on Keowee's Fire Human Error.  
Safety Relief Valve Protection System, SSD personnell accidently No effect on Emergency Start 

hit, the Unit 2 Governor Pressure Tank Safety capability.  
Relief valve which caused the valve to have a 
small air leak. A new valve was ordered since 
there were no replacements in stock.  

10-22-92 1 RYD ACB-1 Unit I had just been shut down and a cabinet The overhead Emergency Power 
Timer 52-1TD (contact 4A) inspection team was performing a cabinet path was OOS for the time required 

inspection in Cabinet ILC 1 at Keowee when to replace the broken lug. Had this 
they discovered a broken lug on Emergency lug been completely broken off such 
Start Timer 52-1TD (contact 4A) which trips that there was no continuity for that 
ACB-1 on receipt of an ES signal. Unit 1 was out conductor, the unit would not be 
of service for 2.5 hours to replace the broken lug. able to provide Emergency Power 

via the overhead path.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 

DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

7-4-84 2 RYD Voltage Regulator Unit 2 started for system generation but received No effect on Emergency Start 

(No Component Failure) a Normal Lockout due to Regulator problems. capability. This problem is similar 
The Voltage Regulator went into automatic to earlier events concerning the Unit 

before the generator was up to rated speed (ie. 2 Voltage Regulator on 5-7-84 and 

rated volts at less#than rated frequency). This 5-10-84. It seems like the problem 

caused the V/Hz relay to operate which in time could have been corrected the first 
tripped the lockout after a time delay. Also the time by the Westinghouse Rep. had 

governor is slow around 115 RPM and needs to he increased the V-Hz Time Delay.  

be checked. The V-Hz relay setting was increased 
from 127.5 VAC to 128.5 VAC and the Time 
Delay was increased to 16 seconds.  

10-4-91 2 RYD - Voltage Regulator Unit 2 started for system generation. Unit shut AUTO START FAILURE.  

7aBX Relay down by incomplete start. The problem was This wouldnot have prevented an 

believed to be due to dirty contacts on the 7BX Emergency Start had it been 

switch. Cleaned contacts and unit 2 was started required since the 7BX relay is 

satisfactorily. bypassed by ES circuitry.  

4-12-93 2 RYD Voltage Regulator Unit 2 Keowee Alarm lockout due to Field EMERG. START FAILURE.  

#2 Field Flash Breaker Flash Breaker failure during startup for system Unit 2 unavailable for Emergency 

Closing Coil generation. Closing coil had burned. Replaced Start.  
closing coil and plunger assembly.  

rrm f d to 1.5 Vl ade Toe Ui 2 ue f 

99SY Relay 995Y rDelay ingae on Replaconds.lyadtetd Sat 
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9-6-1 2RT VolageReguato StrtUni t 2 o Alarm ocouneto Field EMERG. START FAILURE.  

Field Breaker ~Breaker failed to close. Problem was due to the Ui nvial o mrec 

99SY Relay 99SY relay being open. Replaced relay and tested Sat 
unit satisfactorily. The 99SY relay is an auxiliary 
relay off of the Shutdown Solenoid Auxiliary 
Relay circuit. the 99SX relay energizes the 
governor and the 99SY relay to close the Field 
Breaker.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION.  

11-5-92 2 RYT 63TA/2X-C2 Unit 2 was generating to the grid. A unit 2 Trip EMERG. RUN FAILURE.  
was received, followed by the closure of #2 Human Error.  
Governor Main Valve. The trip was initiated Unit 2 was out of operation and the 
when a wire lug was broken on 63TA/2X-C2 Overhead path was out of service 
relay during a wiring inspection in cabinet 2LC2. while the lug was being replaced.  

11-20-86 1 / 2 RYT 230 KV Switchyard Auxiliary Keowee main step-up transformer "locked out" Loss of Keowees overhead 
Tripping Relay and PCB's 8 and 9 tripped open, which isolated emergency power path.  
94T/K relay (GE relay) Oconee's overhead emergency power path, as a 

result of relay actuation (94T/K) caused by 
vibration due to drilling and grinding on a panel 
at Keowee for installation of events recorder per 
NSM-931. The 94T/K relay is known to be 
mechanically senative.  

6-15-85 1 SST Generator Air Brake System Oconee received a #1 Generator Air Brake No effect on unit operation.  
Speed Switch, 14/2 faiilure alarm. The unit was not running at the 

time. The problem was determined to be due to 
mercury speed switch, 14/2 not working 
properly. The switch was replaced.  

4-23-86 2 SUPPLY Voltage Regulator At 1540 Oconee started Unit 2 to check EMERG. START FAILURE.  
BREAKER #2 Supply Breaker operability, but ACB-2 failed to close. Started the Unt2uailbeoEmrnc 

DEX unit from Keowee and observed that the Supply Sat 
Breaker did not close.Upon inspection, the 
breaker did not appear to be jacked all the way in.  
The breaker had moved back in its slot enough to 
break contact. The breaker was jacked in and 
tested satisfactorily.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

4-24-86 2 SUPPLY Voltage Regulator At 0649 Oconee attempted to start Unit 2 for EMERG. START FAILURE.  
BREAKER #2 Supply Breaker system generation, but the Supply Breaker did Unit 2 unavailable for Emergency 

DEX (latch release plunger) not close. The unit was then started from Start.  
Keowee. The Field breaker closed but the 
Supply Breaker failed to close. The next start 
attempt from Keowee was successful but the 
following attempt from Oconee was not. The 
problem was determined to be due to a corroded 
latch release plunger in the Generator Supply 
Breaker. This latch release plunger prevented 
the breaker from operating as expected.  

9-16-93 1 SUPPLY Voltage Regulator Keowee unit 1 failed to emergency start EMERG. START FAILURE.  
BREAKER #1 Field Supply Breaker per PT/OA/0620/16 due to the Field Loss of a required Emergency 

DEX Breaker Mechanism Supply and Field flashing breakers failing to Power Source. This is a valid 
Cotter Pin close. The supply breaker did not close due to a Emergency start failure and it 

'trip free' operation caused by a missing cotter occurred during an ES test.  
pin in the pin that connects the close solenoid 
armature to the breaker toggle mechanism. As 
a result, the closing coil remained energized 
because the auxiliary contacts did not function 
to energize the y-relay to drop out the x-relay 
which de-energizes the close coil.  

5-30-85 1/2 SWO Keowee Emergency Start Key inhibited Unit 2. Unit 1 Emergency started Per the U2 Ro Logs, Emergency 
Circuitry, Channel A for test. Unit 1 operated as designed but the Start capability was still available.  

Emergency Start Switch would not reset ( Unit I 
was shut down because of the KA relay had 
been cleared). Start testing postponed until 
problem with Start switch can be resolved. The 
problem was found to be due to two broken 
wires and one loose connection.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

8-28-85 THF CT-3 (Unit 3 S/U Trans.) Oconee Unit 3 was in a refueling outage with its Both Keowee units Emerg. started 
auxiliary power being supplied by startup trans- and the standby transformer CT-4 
former CT-3 when the transformers Fault Press- was energized within 30 sec. after 
ure Relay actuated. This initiated a lockout initiation of the event.  
which cleared and de-energized the transformer 
and the Unit 3 Main Feeder Buses resulting in a 
LOOP for Unit 3. It was evident that a fault 
pressure condition did exist in the transformer, 
but the root cause of the fault pressure condition 
could not be determined from tests or inspections.  

5-4-93 1 VOLT ADJ Voltage Regulator Keowee unit 1 Voltage Regulator 00S. Unit 1 EMERG. RUN FAILURE.  
DEX Volts-Hertz Limiter Card was shut down while generating to the grid due Unit 1 unavailable for emergency 

to VARs going in the hole. The unit did not start.  
respond to the Voltage Adjust or the Base 
Adjust controls. Entered 72 Hr. LCO.  

5-28-86 1 X RELAY Voltage Regulator Oconee started Unit 1 for system generation but EMERG. START FAILURE.  
.Field Breaker the Field Breaker did not close. The unit was Unit 1 unavailable for Emergency 

started and ran in local / manual satisfactorily. Start.  
Oconee performed an operability test on unit 1 
and it worked fine. No problem was identified.  

2-6-88 1 X RELAY Voltage Regulator Started Unit 1 for system generation. The unit EMERG. START FAILURE.  
Field Breaker rolled off but excitation did not close. Aborted Whenever the generator excitation 

start on #1. Started Unit 1 again and everything doesn't close in, the unit will not 
worked okay. start in any mode.  

3- 15-88 1 X RELAY Voltage Regulator Started Unit 1 for system generation but the EMERG. START FAILURE.  
Field Breaker Excitation Breakers failed to close. Aborted start. Whenever the generator excitation 

Started, paralleled, placed Unit 1 on LFC. Unit doesn't close in, the unit will not 
started fine this start. start in any mode.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE 1NIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-23-88 1 X RELAY Voltage Regulator When doing retest on Unit I the unit came on but EMERG. START FAILURE.  
Field Breaker the excitation supply did not close. The unit shut Whenever the generator excitation 

down due to an incomplete sequence. Did another doesn't close in, the unit will not 
start and the unit worked okay. start in any mode.  

9-28-88 1 X RELAY Voltage Regulator Started Unit 1 for weekly PM. Unit would not AUTO START FAILURE.  
start up. Shut down unit. Started unit and No effect on Emergency Start 
paralled. Shut down unit. Started Unit I but it did capability.  
not parallel. Shut unit down. Unit I started, 
paralled, and on LFC. Reason for failed start 
attempts unknown.  

6-3-91 2 X RELAY Voltage Regulator Unit 2 started for system generation but the AUTO START FAILURE.  
Voltage Regulator failed to come on. Attempted The Voltage Regulator failing to 
a 2nd start and the regulator worked fine. come on in auto would not have 

prevented an Emergency Start had 
it been required.  

11-20-84 2 X RELAY #2 Supply Breaker Oconee started Unit 2 for operability test to take EMERG. START FAILURE.  
X Relay Coil Unit I out of service for annual PMG inspection Unit 2 was not available for 

but the #2 Supply Breaker failed to close. The Emergency Start during this 
breaker was removed and inspected but the cause occurrence.  
of the problem was not found. Unit 2 was run 
several times successfully with no re-occurrence 
of the problem.  

12-4-84 2 X RELAY #2 Supply Breaker Oconee attempted an auto start of Unit 2 but the EMERG. START FAILURE.  
X Relay Coil Supply Breaker failed to close. Replaced X-relay Unit 2 was not available for 

coil and adjusted mechanical linkage to relay. Emergency Start during this 
Tested breaker successfully 15 times. occurrence.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

7-28-87 1 X RELAY #1 Supply Breaker With both units shut down, the Keowee operator Unit 1 unavailable for Emergency 
X Relay discovered that the unit 1 Supply Breaker closing Start.  

coil was burning. Replaced closing coil and 
41 AX relay (x relay).  

2-9-89 1 X RELAY #1 Field Supply Breaker Oconee started Unit I to test.the Overhead Path, EMERG. START FAILURE.  
X Relay but the Supply Breaker did not close. Problem Unit I unavailable for Emergency 

was determined to be due to the X Relay sticking. Start.  
Replaced relay and the worked fine.  

2-12-90 1 X RELAY #1 Field Breaker Started Unit 1 for system generation but EMERG. START FAILURE.  
X Relay excitation breakers did not close. Problem was Failure of the generator excitation 

found to be due to X Relay coil sticking. to close in would have prevented an 
Replaced X Relay unit tested satisfactorily. Emergency Start had it been 

required.  

12-26-90 1 X RELAY Voltage Regulator Started Unit I for system generation but EMERG. START FAILURE.  
Field Breaker Generator Excitation Breakers did not close in. Failure of the generator excitation 
(X-Relay) A 2nd start attempt was successful. This is one to close in would have prevented an 

of a series of phantom Unit 1 start failures Emergency Start had it been 
which resulted in the replacement of all required.  
excitation breaker X relays.  

1-16-91 1 X RELAY Voltage Regulator Started Unit 1 for weekly preventative EMERG. START FAILURE.  
Field Breaker maintenance but Generator Excitation Breakers Failure of the generator excitation 
(X-Relay) did not close in. A 2nd start attempt was to close in would have prevented an 

successful. This is one of a series of phantom Emergency Start had it been 
Unit 1 start failures which resulted in the required.  
replacement of all excitation breaker X relays.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

1-21-91 1 X RELAY Voltage Regulator Oconee started Unit I for test but Generator EMERG. START FAILURE.  
Field Breaker Excitation Breakers did not close in. A 2nd start Failure of the generator excitation 
(X-Relay) attempt was successful. This is one of a series to close in would have prevented an 

of phantom Unit 1 start failures which resulted Emergency Start had it been 
in the replacement of all excitation breaker required.  
X relays.  

2-1-91 1 X RELAY Voltage Regulator Started Unit 1 for system generation but EMERG. START FAILURE.  
Field Breaker Generator Excitation Breakers did not close in. Failure of the generator excitation 
(X-Relay) A 2nd start attempt was successful. This is one to close in would have prevented an 

of a series of phantom Unit 1 start failures Emergency Start had it been 
which resulted in the replacement of all required.  
excitation breaker X relays.  

3-31-91 1 X RELAY Voltage Regulator Started Unit I for system generation but EMERG. START FAILURE.  
Field Breaker Generator Excitation Breakers did not close in. Failure of the generator excitation 
(X-Relay) A 2nd start attempt was successful. This is one to close in would have prevented an 

of a series of phantom Unit 1 start failures Emergency Start had it been 
which resulted in the replacement of all required.  
excitation breaker X relays.  

4-7-91 1 X RELAY Voltage Regulator Started Unit I for system generation. The Field EMERG. START FAILURE.  
Field Breaker Supply Breaker did not close in. A 2nd start Failure of the generator excitation 
(X-Relay) attempt was successful. Supply Breaker was to close in would have prevented an 

replaced with spare breaker and both tested Emergency Start had it been 
satisfactorily. Cause of problem unknown. required.  
This is one of a series of phantom Unit 1 start 
failures which resulted in the replacement of 
all excitation breaker X relays.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-31-91 1 X RELAY Voltage Regulator Unit I started for system generation. Unit rolled EMERG. START FAILURE.  
Field Breaker off but the Supply, Field, and Field Flashing Failure of the generator excitation 
(X-Relay) Breakers failed to close. This is one of a series to close in would have prevented an 

of phantom Unit 1 start failures which Emergency Start had it been 
resulted in the replacement of all excitation required.  
breaker X relays.  

6-7-91 1 X RELAY Voltage Regulator Started Unit I for system generation but EMERG. START FAILURE.  
Field Breaker excitation didn't close in. Immediately attempted Failure of the generator excitation 
(X-Relay) another start and unit started and closed in to close in would have prevented an 

satisfactorily. This is one of a series of Emergency Start had it been 
phantom Unit 1 start failures which resulted required.  
in the replacement of all excitation breaker X 
relays.  

6-11-91 1 X RELAY #1 Field Supply Breaker Oconee started Unit I for PT. The Field Supply EMERG. START FAILURE.  
X Relay Breaker failed to close. The problem was found Unit I unavailable for Emergency 

to be due to the X Relay not resetting after the Start.  
last shutdown. Relay was reset and Unit I ran 
satisfactorily.  

1-29-92 1 X RELAY Voltage Regulator Started Unit 1 for system generation but the EMERG. START FAILURE.  
Field Supply Breaker generator excitation did not close in. Checked Unit 1 was not available for 
(X -Relay) circuitry with no problems found. Restarted unit Emergency Start during this 

and everything worked as designed. Keowee occurrence.  
operators to check that X-Coil has reset after 
each Unit 1 and Unit 2 shutdown. This is one of 
a series of phantom Unit 1 start failures 
which resulted in the replacement of all 
excitation breaker X relays.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

2-13-92 1 X RELAY Voltage Regulator After a normal shutdown of Unit I for system Unit I was not available for 
Field Breaker generation on 2/13/92, it was discovered that Emergency Start until the relay 
X-Relay the Unit I Field Flashing Breaker X-Relay had was reset (approx. 14 min).  

not reset as designed. This made Unit I 
inoperable. Checking the X-Relay within 14 
minutes after the occurrence revealed that the 
X-Relay coil had reset on its own. Unit I was 
operability tested satisfactorily.  

2-20-92 1 X RELAY Voltage Regulator After a normal shutdown of Unit I for system Unit I was not available for 
Field Breaker generation on 2/20/92, it was discovered that Emergency Start during this 
X-Relay the Unit I Field Flashing Breaker X-Relay had occurrence.  

not reset as designed. This made Unit 1 
inoperable. Unit I was taken out of service to 
troubleshoot problem with X-Relay failing to 
reset. The Field Breaker was removed and 
cleaned and some burrs were removed from the 
X-Relay cylinder. Unit 1 was operability tested 
satisfactorily.  

3-1-92 1 X RELAY ACB-5 After Oconee had completed the performance No effect on Emergency Start 
X-Relay of a Switchyard test and had closed PCB's 8 & capability.  

9, ACB-5 failed to close automatically. Problem 
determined to be due to X-Relay failure of 
ACB-5.  

3-17-92 1 X RELAY Voltage Regulator Replaced X-Relay on Unit I Field Breaker per Unit I was unavailable for 
Field Breaker X-Relay procedure MP/O/A/2001/3 and per Gary Edens Emergency Start for the time 

request. Relay installed failed during functional required to complete this Work 
test. Failed relay was replaced by another relay Request.  
and functionally tested satisfactorily.  
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Table C.1-1: Keowee PRA Component Failures Sorted By Type Code 

TYPE EFFECT ON UNIT 
DATE UNIT CODE COMPONENT EVENT DESCRIPTION OPERATION 

5-1-92 1 X RELAY Voltage Regulator After a normal shutdown of Unit I for system Unit I was not available for 
Field Breaker generation on 5/1/92, it was discovered that Emergency Start until the relay 
X-Relay the Unit 1 Field Flashing Breaker X-Relay had was reset (approx. 30 mi).  

not reset as designed. This made Unit 1 
inoperable. Checking the X-Relay within 30 
minutes after the occurrence revealed that the 
X-Relay coil had reset on its own. Unit I was 
operability tested satisfactorily.  

6-12-92 1 X RELAY Voltage Regulator After a normal shutdown of Unit I for system Unit I was not available for 
Field Breaker generation on 6/12/92, it was discovered that Emergency Start until the relay 
X-Relay the Unit I Field Flashing Breaker X-Relay had was reset (50 min).  

not reset as designed. This made Unit I 
inoperable. The relay was manually reset and 
Unit 1 was operability tested satisfactorily.  

10-19-92 2 X RELAY ACB-8 Oconee LOOP Event - Following the Keowee Unit 2 running with no auxiliary 
(X-Relay) Operator tripping ACB- 1 and relay operation in power available.  

the Oconee 230 KV switchyard causing a Main 
Transformer lockout, ACB-8 failed to close to 
re-energize 2X. It is believed that ACB-8 failed 
to close due to a stuck x-relay.  
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Table C.1-2: Keowee PRA Denominator Assignment Codes 

Denominator Denominator 

Code Value Description 

ARI 5285 hrs Failure mode has the opportunity to occur during a Normal or 

Emergency Run of Keowee Unit 1 

AR2 4428 hrs Failure mode has the opportunity to occur during a Normal or 

Emergency Run of Keowee Unit 2 

ASI 3390 demands. Failure mode has the opportunity to occur during a Normal or 

Emergency Start of Keowee Unit 1 

AS2 3098 demands Failure mode has the opportunity to occur during a Normal or 

Emergency Start of Keowee Unit 2 

AVI 85,755 hrs Failure mode has the opportunity to occur any time Unit I is 

available 

AV2 85,657 hrs Failure mode has the opportunity to occur any time Unit 2 is 

available 

CON 87,600 hrs Failure mode has the opportunity to occur continuously during 

_____________ _____________the 10 year period of studyW 

ES 113 demands Failure mode has the opportunity to occur only during an 

______________Emergency Start of the Keowee Units 

Bi-MTH 61 demands Failure mode has the opportunity to occur only every 8 weeks 

______________(corresponding to a unit swap cycle) 

QTR 40 demands Failure mode has the opportunity to occur only during a 

quarterly test 

x days x days Component was exposed for x days during the 10 year period 

D x demands Component was demanded x times during the 10 year period 

" H x hrs Com onent was exposed for x hours during the 10 year period



Denom. Denom.  
Basic Event Description Tree Code Value Totals 
FKIWLIl AVO Cooling Water Control Valve 1WL-ll Fails To Open On Demand FZ ASI 3390 
FK2WL11 AVO Cooling Water Control Valve 2WL- 11 Fails To Open On Demand FZ AS2 3098 6488 

FKlWLI1 AVT Cooling Water Control Valve IWL-11 Transfers Closed FZ ARI 5285 
FK2WLl 1 AVT Cooling Water Control Valve 2WL- 11 Transfers Closed FZ AR2 4428 9713 

XDICKC1 BCF Battery Charger KCl Fails XZ AVI 85755 
XD2CKC2 BCF Battery Charger KC2 Fails XZ AV2 85657 171412 

DDC1FLT BDF SY-DCl IsFaulted DZ CON 87600 
DDC2FLT BDF SY-DC2 Is Faulted DZ CON 87600 
DDCDYAX BDF 125 Vdc Switchyard DC Panelboard DYA Is Faulted DZ CON 87600 
DDCDYBX BDF 125 Vdc Switchyard DC Panelboard DYB Is Faulted DZ CON 87600 
DDCDYCX BDF 125 Vdc Switchyard DC Panelboard DYC Is Faulted DZ CON 87600 
DDCDYEX BDF 125 Vdc Switchyard DC Panelboard DYE Is Faulted DZ CON 87600 
DDCDYFX BDF 125 Vdc Switchyard DC Panelboard DYF Is Faulted' DZ CON 87600 
DDCDYGX BDF 125 Vdc Switchyard DC Panelboard DYG Is Faulted DZ CON 87600 
XDIDARX BDF DC Distribution Center IDA Faulted during Run XZ AVI 85755 
XD2DARX BDF DC Distribution Center 2DA Faulted During Run XZ AV2 85657 872212 

KKIOVER BHF Fault Occurs On The Overhead Power Path SZ CON 87600 
KKlUNDR BHF Fault Occurs On The Underground Power Path SZ CON 87600 
PACXITC BHF 4160 Vac Switchgear ITC Fails XZ CON 87600 
SPC14KV BHF 13.8 kV Bus Faulted SZ CON 87600 350400 

XAIXAMC BLF 600 Vac MCC IXA Fault XZ AVI 85755 
XAIXXXX BLF 600 Vac Switchgear IX Fault XZ AV1 85755 
XA2XAMC BLF 600 Vac MCC-2XA Fault XZ AV2 85657 
XA2XXXX BLF 600 Vac Switchgear 2X Fault XZ AV2 85657 342824 

DDClBAT BYF Battery SY-1 Fails During Discharge DZ 20H 20 
DDC2BAT BYF Battery SY-2 Fails During Discharge. DZ 20H 20 
XD1KBAT BYF Keowce Battery No. 1 Fails During Discharge. XZ 10H 10 
XD2KBAT BYF Keowee Battery No. 2 Fails during Discharge XZ 10H 10 60 

Table C. 1-3: Denominator Totals For Keowee-Specific Failure Rates (Page 1 of 30)



Denom. Denom.  
Basic Event Description Tree Code Value Totals 

PACITC4 C4T 4160 Vac Breaker ITC-4 Transfers Open XZ CON 87600 
PACTC01 C4T 4160 Vac Breaker ITC- 1 Transfers Open XZ CON 87600 
PACTC14 C4T 4160 Vac Breaker ITC-14 Transfers Open XZ CON 87600 262800 

ABO04EC CDT DC Circuit Breaker IDA-4EC Transfers Position AZ AVI 85755 
ADIB4AL CDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open AZ AVI 85755 
ADIC3CC CDT Breaker 3CC In 125V dc Distribution Center IDA Transfers Position AZ AVI 85755 
ADIC3CL CDT Breaker 3CL In 125V de Distribution Center IDA Transfers Position AZ AVI 85755 
ADISCLR CDT Breaker 3CL In 125V dc Distribution Center I DA Transfers Position (Rec) AZ (alt. name) 0 
AD2B2AL CDT Breaker 2AL In 125V de Distribution Center 2DA Transfers Open AZ AV2 85657 
AD2B3CC CDT Breaker 3CC In 125V de Distribution Center 2DA Transfers Position AZ AV2 85657 
AD2C3CC CDT Breaker 3CC In 125V de Distribution Center 2DA Transfers Position SZ AV2 85657 
AD2C3CL CDT Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position AZ AV2 85657 
BKlDA5B CDT DC Circuit Breaker IDA-5B Transfers Position BZ AVI 85755 
BK2DAIB CDT DC Circuit Breaker 2DA-1B Transfers Position BZ AV2 85657 
DDCllBX CDT 125 Vdc Battery Breaker SY-DCI-lB Transfers Open DZ CON 87600 
DDCI ICX CDT 125 Vdc Breaker SY-DCl-IC Transfers Open DZ CON 87600 
DDCllDC CDT 125 Vdc Breaker SY-DCl-lDC Transfers Open DZ CON 87600 
DDCllDL CDT 125 Vdc Breaker SY-DC1-lDL Transfers Open DZ CON 87600 
DDCl IDR CDT 125 Vdc Breaker SY-DC1-lDR Transfers Open DZ CON 87600 
DDC21BX CDT 125 Vdc Battery Breaker SY-DC2-lB Transfers Open DZ CON 87600 
DDC21CX CDT 125 Vdc Breaker SY-DC2-lC Transfers Open DZ CON 87600 
DDC21DC CDT 125 Vdc Breaker SY-DC2-IDC Transfers Open DZ CON 87600 
DDC21DL CDT 125 Vdc Breaker SY-DC2-lDL Transfers Open DZ CON 87600 
DDC21DR CDT 125 Vdc Breaker SY-DC2-lDR Transfers Open DZ CON 87600 
EDIlD3D CDT Breaker 3D In 125V dc Distribution Center IDA Transfers Open EZ AVI 85755 
EDI3BR2 CDT Breaker 3BR In 125V dc Distribution Center IDA Transfers Open EZ AVI 85755 
ED22D3D CDT Breaker 2D In 125V dc Distribution Center 2DA Transfers Open EZ AV2 85657 
ED23BR2 CDT Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open EZ AV2 85657 
LDCYC13 CDT Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open LZ CON 87600 
LDCYC14 CDT Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open LZ CON 87600 
LDCYGl2 CDT Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open LZ CON 87600 
LDCYG18 CDT Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Operi LZ CON 87600 

Table C.1-3: Denominator Totals For Keowee-Specific Failure Rates (Pag of 30) 
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I IDenom. Denom.  
Basic Event IDescription Tree Code Value Totals 

PKlDA5C CDT 125 Vdc Circuit Breaker 1DA-5C Transfers Position PZ AVL 85755 
PK2DAIC CDT 125 Vdc Circuit Breaker 2DA-1C Transfers Position PZ AV2 85657 

SDCDA12 CDT 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open SZ CON 87600 

SDCDA15 CDT 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs Open SZ CON 87600 
SDCDA17 CDT 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open SZ CON 87600 
SDCDBO1 CDT 125 Vdc Swyd Control Power Pnlbd DYB Bkr I Xfrs Open SZ CON 87600 
SDCDB13 CDT 125 Vdc Swyd Control Power Pnlbd DYB Bkr 13 Xfrs Open SZ CON 87600 
SDCDC12 CDT 125 Vdc Swyd Control Power Pnlbd DYC Bkr 12 Xfrs Open SZ CON 87600 
SDCDEl2 CDT 125 Vdc Swyd Control Power Pnlbd DYE Bkr 12 Xfrs Open SZ CON 87600 

SDCDE15 CDT 125 Vdc Swyd Control Power Pnlbd DYE Bkr 15 Xfrs Open SZ CON 87600 
SDCDE17 CDT 125 Vdc Swyd Control Power Pnlbd DYE Bkr 17 Xfrs Open SZ CON 87600 
SDCDF01 CDT 125 Vdc Swyd Control Power Pnlbd DYF Bkr 1 Xfrs Open SZ CON 87600 
SDCDF13 CDT 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open SZ CON 87600 

SDCDG16 CDT 125 Vdc Swyd Control Power Pnlbd DYG Bkr 16 Xfrs Open SZ CON 87600 
SDCDYA8 CDT 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs Open SZ. CON 87600 

SDCDYA9 CDT 125 Vdc Swyd Control Power Pnlbd DYA Bkr 9 Xfrs Open SZ CON 87600 
SDCDYB4 CDT 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs Open SZ CON 87600 
SDCDYB6 CDT 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xfrs Open SZ CON 87600 

SDCDYB8 CDT 125 Vdc Swyd Control Power Pnlbd DYB Bkr 8 Xfrs Open SZ CON 87600 
SDCDYE8 CDT 125 Vdc Swyd Control Power Pnlbd DYE Bkr 8 Xfrs Open. SZ CON 87600 

SDCDYE9 CDT 125 Vdc Swyd Control Power Pnlbd DYE Bkr 9 Xfrs Open SZ CON 87600 
SDCDYF4 CDT 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xfrs Open SZ CON 87600 

SDCDYF6 CDT 125 Vdc Swyd Control Power Pnlbd DYF Bkr 6 Xfrs Open SZ CON 87600 
SDCDYF8 CDT 125 Vdc Swyd Control Power Pnlbd DYF Bkr 8 Xfrs Open SZ CON 87600 
XA1A2BT CDT 600 Vac Breaker 1XA-2BT Transfers Position XZ AVI 85755 
XA2A2BT CDT 600 Vac Breaker 2XA-2BT Transfers Position XZ AV2 85657 

XD1O4CC CDT Breaker 1DA-4CC Transfers Open YZ AVI 85755 

XD1O4CR CDT Breaker IDA-4CR Transfers Open YZ AVI 85755 

XDIBKlA CDT Battery No. 1 Breaker IA Transfers Position run time dependent XZ AVI 85755 

XDIDA1C CDT 125 Vdc Breaker IC (from charger KC1) Transfers Position XZ AVI 85755 

XDIDA3B CDT 125 Vdc Breaker IDA-3BR Transfers Open BOZ AVI 85755 

XDIDA4A CDT DC Circuit Breaker 1DA-4AR Transfers Position BFZ AVI 85755 

XDITIE1 CDT Keowee 125V dc Dist Cntr IDA Tie Breaker 1 Transfers Position XZ 20H 20 

XD202CC CDT Breaker 2DA-2CC Transfers Open YZ AV2 85657 
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Denom. Denom.  
Basic Event Description Tree Code I Value Totals 
XD204CC CDT Breaker 2DA-4CC Transfers Open YZ AV2 85657 
XD2BKlA CDT Battery No. 2 Breaker 1A Transfers Position XZ AV2 85657 
XD2DA2A CDT DC Circuit Breaker 2DA-2AR Transfers Position BFZ AV2 85657 
XD2DA3B CDT 125 Vdc Circuit Breaker 2DA-3BR Transfers Position BOZ AV2 85657 
XD2DA5C CDT 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open XZ AV2 85657 
XD2TIE2 CDT Keowee 125V de Dist Cntr 2DA Tie Breaker 2 Transfers Position XZ 20H 20 
YO1DIA2 CDT DC Circuit Breaker IDIA-2 Transfers Position YZ CON 87600 
YO1DIB2 CDT DC Circuit Breaker IDIB-2 Transfers Position YZ CON 87600 
YO2DIA2 CDT Breaker 2DIA-2 Transfers Position YZ CON 87600 
YO2DIB2 CDT Breaker 2DIB-2 Transfers Position YZ CON 87600 
YO3DIA2 CDT Breaker 3DIA-2 Transfers Open YZ CON 87600 
YO3DIB2 CDT Breaker 3DIB-2 Transfers Open YZ CON 87600 6250420 

SPCB008 (close failure not modeled but experience considered) 239D 239 
SPCB009 CHC SWYD PCB-9 Fails To Close On Demand SZ 166D 166 
SPCB012 (close failure not modeled but experience considered) 297D 297 
SPCB015 (close failure not modeled but experience considered) 0 0 
SPCB017 (close failure not modeled but experience considered) 336D 336 
SPCBO21 (close failure not modeled but experience considered) 179D 179 
SPCB024 (close failure not modeled but experience considered) 214D 214 
SPCBO26 (close failure not modeled but experience considered) 237D 237 
SPCBO28 (close failure not modeled but experience considered) 157D 157 
SPCBO30 (close failure not modeled but experience considered) 204D 204 
SPCBO33 (close failure not modeled but experience considered) 234D 234 2263 

SPCBOO8 CHO SWYD PCB-8 Fails to Trip SZ 239D 239 
SPCBOO9 CHO SWYD PCB-9 Fails To Trip SZ 166D 166 
SPCB012 CHO SWYD PCB-12 Fails To Trip SZ 297D 297 
SPCB015 CHO SWYD PCB-15 Fails To Trip On Demand SZ 0 0 
SPCB017 CHO SWYD PCB-17 Fails To Trip On Demand SZ 336D 336 
SPCBO21 CHO SWYD PCB-21 Fails To Trip On Demand SZ 179D 179 
SPCBO24 CHO SWYD PCB-24 Fails To Trip On Demand SZ 214D 214 

SPCBO26 CHO SWYD PCB-26 Fails To Trip On Demand SZ 237D 237 
SPCB028 CHO SWYD PCB-28 Fails To Trip On Demand SZ 157D 157 
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SPCBO30 (open failure not modeled but experience considered) 204D 204 

SPCBO33 CHO SWYD PCB-33 Fails To Open On Demand SZ 234D 234 2263 

SPCB008 (transfer failure not modeled but experience considered) 1571 days 49584 

SYPCBO9 CHT Switchyard Power Circuit Breaker 9 Transfers Open SZ 1537 days 48768 

SPCB012 (transfer failure not modeled but experience considered) 2087 days 61968 

SPCB015 (transfer failure not modeled but experience considered) 1576 days 49704 

SPCB017 (transfer failure not modeled but experience considered) 2123 days 62832 

SPCBO21 (transfer failure not modeled but experience considered) 1766 days 54264 

SPCBO24 (transfer failure not modeled but experience considered) 2111 days 62544 

SPCBO26 (transfer failure not modeled but experience considered) 2123 days 62832 

SPCBO28 (transfer failure not modeled but experience considered) 1766 days 54264 

SYPCB30 CHT Switchyard Power Circuit Breaker 30 Transfers Open SZ 1766 days 54264 

SPCBO33 (transfer failure not modeled but experience considered) 1772 days 54408 615432 

BKlXA1C CLT 600 V Circuit Breaker IXA-IC Transfers Position BZ AVI 85755 

BK2XAIC CLT 600 V Circuit Breaker 2XA-1C Transfers Position BZ AV2 85657 

OKlXAlD CLT Low Voltage Circuit Breaker lXA-ID Transfers Position OZ AVI 85755 

OKlXA2E CLT Low Voltage Circuit Breaker IXA-2E Transfers Position OZ AVI 85755 

OKIXA4D CLT Low Voltage Circuit Breaker IXA-4D Transfers Position OZ AVI 85755 

OK2XAID CLT Low Voltage Circuit Breaker 2XA-1D Transfers Position OZ AV2 85657 

OK2XA2E CLT Low Voltage Circuit Breaker 2XA-2E Transfers Position OZ AV2 85657 

OK2XA4D CLT Low Voltage Circuit Breaker 2XA-4D Transfers Position OZ AV2 85657 

PKlXA2C CLT 600 V Circuit Breaker 1XA-2C Transfers Position PZ AVI 85755 

PK2XA2C CLT Low Voltage Circuit Breaker 2XA-2C Transfers Position PZ AV2 85657 

XAIX2AX CLT 600 Vac Bkr 2X-2D Transfers Position XZ AVI 85755 

XAIX2CC CLT 600 Vac Breaker lX-2C.Transfers Position XZ AVI 85755 

XAIXA1A CLT 600 Vac Bkr 2XA-4A Transfers Position XZ AVI 85755 

XA2X2BX CLT 600 Vac Breaker 2X-2B Transfers Position XZ AV2 85657 

XA2X2DX CLT 600 Vac Bkr IX-2A Transfers Position XZ AV2 85657 

XA2X4AX CLT 600 Vac Bkr IXA-lA Transfers Position XZ AV2 85657 1371296 

BKlGBO1 CVC Check Valve 1GBO-1 Fails to Close on Demand BZ 520D 520 

BK2GBO1 CVC Check Valve 2GBO-1 Fails to Close on Demand BZ 520D 520 1040 

Table C. 1-3: Denominator Totals For Keowee-Specific Failure Rates (Page 5 of 30)



Denom. Denom.  
Basic Event Description Tree Code Value Totals 

BKlGBO1 CVO Check Valve IGBO-1 Fails To Open On Demand BZ 520D 520 

BKlGBO3 CVO Check Valve IGBO-3 Fails To Open On Demand BZ 520D 520 

BK2GBO1 CVO Check Valve 2GBO-1 Fails To Open On Demand BZ 520D 520 
BK2GBO3 CVO Check Valve 2GBO-3 Fails To Open On Demand BZ 520D 520 
OK10011 CVO Check Valve 100-11 Fails to Open OZ 14292D 14292 

OK10014 CVO Check Valve 100-14 Fails to Open OZ 14292D 14292 

OK10017 CVO Check Valve 10G-17 Fails to Open OZ 14292D 14292 

OK20011 CVO Check Valve 20G-11 Fails to Open 0Z 14276D 14292 

OK20014 CVO Check Valve 20G-14 Fails to Open OZ 14276D 14292 

OK20017 CVO Check Valve 200-17 Fails to Open OZ 14276D 14292 87832 

BKIGBOl CVT Check Valve 1GBO-1 Transfers Closed BZ AVI 85755 

BKlGBO3 CVT Check Valve 1GBO-3 Transfers Closed BZ 87H 87 
BK2GBO1 CVT Check Valve 2GBO-1 Transfers Closed BZ AV2 85657 

BK2GBO3 CVT Check Valve 2GBO-3 Transfers Closed BZ 87H 87 

OKl0011 CVT Check Valve 10G-11 Transfers Closed OZ 714H 714 

OK10014 CVT Check Valve 100-14 Transfers Closed OZ 714H 714 

OK10017 CVT Check Valve 1OG-17 Transfers Closed OZ 714H 714 

OK20011 CVT Check Valve 20G-11 Transfers Closed OZ 714H 714 

OK20014 CVT Check Valve 20G-14 Transfers Closed OZ 714H 714 

OK20017 CVT Check Valve 200-17 Transfers Closed 0Z 714H 714 

PKlTSO2 CVT Check Valve ITS-2 Fails to Open or Transfers Closed PZ 10950H 10950 

PK1TSO4 CVT Check Valve ITS-4 Fails to Open or Transfers Closed PZ 2H 2 
PK2TSO2 CVT Check Valve 2TS-2 Fails to Open or Transfers Closed PZ 10950H 10950 

PK2TSO4 CVT Check Valve 2TS-4 Fails to Open or Transfers Closed PZ 2H 2 197774 

SDCAIDD DIF Control Power From DYA To PCB 9 Isolating Diode Fails SZ CON 87600 

SDCEIDD DIF Control Power From DYE To PCB-9 Isolating Diode Fails SZ CON 87600 175200 

FKlFLO1 FRF Filter 1WLFL-1 Becomes Clogged FZ AVI 85755 

FKIFLO2 FRF Filter 1WLFL-2 Becomes Clogged FZ AVl 85755 

FK2FLO1 FRF Filter 2WLFL- 1 Becomes Clogged FZ AV2 85657 

FK2FLO2 FRF iFilter 2WLFL-2 Becomes Clogged FZ AV2 85657 342824 
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BKIGBOl FTC Filter lGBOFL-1 Becomes Clogged BZ AVI 85755 
BK2GBOI FTC Filter 2GBOFL-1 Becomes Clogged BZ AV2 85657 171412 

AB510Al FUF One Or More Control Power Fuses For X, Y And CC Fail AZ AV1 85755 

AB610Al FUF One Or More Control Power Fuses For X, Y And CC Fail AZ AV2 85657 
AB610AF FUF One Or More Control Power Fuses For Relay 27X/2X Fail AZ AV2 85657 
AB710Al FUF One Or More Control Power Fuses For X, Y And CC Fail AZ AVI 85755 
AB710AF FUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail AZ AVl 85755 
AB810Al FUF One Or More Control Power Fuses For X, Y And CC Fail AZ AV2 85657 
EKIF30A FUF Keowee Unit I Excitation Cabinet Fan Fuses Fail EZ AVI 85755 
EK2F30A FUF Keowee Unit 2 Excitation Cabinet Fan Fuses Fail EZ AV2 85657 
YKlD4CR FUF Fuse IDA-4CR Fails YZ AVl 85755 
YK2D2CC FUF Fuse 2DA-2CC Fails YZ AV2 85657 857060 

OK10007 FVT Float Valve 1OG-7 Transfers Closed OZ AVl 85755 

OK20007 FVT Float Valve 20G-7 Transfers Closed OZ AV2 85657 171412 

BKlGBDC GPR Unit 1 DC Turbine GBO Pump Fails To Run BZ 87H 87 
BKIGOAC GPR Unit 1 AC Turbine GBO Pump Fails To Run BZ AVl 85755 

BK2GBDC GPR Unit 2 DC Turbine GBO Pump Fails To Run BZ 87H 87 
BK2GOAC GPR Unit 2 AC Turbine GBO Pump Fails To Run BZ AV2 85657 
OK1001A GPR OG Pump lA Fails to Run OZ 357H 357 

OKl001B GPR OG Pump lB Fails to Run OZ 357H 357 
OKl001C GPR OG Pump lC Fails to Run OZ 357H 357 
OK2002A GPR OG Pump 2A Fails to Run OZ 357H 357 

OK2002B GPR OG Pump 2B Fails to Run OZ 357H 357 

OK2002C GPR OG Pump 2C Fails to Run OZ 357H 357 
PKlTSAC GPR AC Sump Pump ITSPU-1 Fails To Start Or Run PZ 10950H 10950 

PKlTSDC GPR DC Sump Pump ITSPU-2 Fails To Start Or Run PZ 2H 2 
PK2TSAC GPR AC Sump Pump 2TSPU-1 Fails To Start Or Run PZ 10950H 10950 
PK2TSDC GPR DC Sump Pump 2TSPU-2 Fails To Start Or Run PZ 2H 2 195632 

BKIGBDC GPS Unit I DC Turbine GBO Pump Fails To Start On Demand BZ 520D 520 
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BKlGOAC GPS Unit 1 AC Turbine GBO Pump Fails To Start BZ 520D 520 

BK2GBDC GPS Unit 2 DC Turbine GBO Pump Fails To Start On Demand BZ 520D 520 

BK2GOAC GPS Unit 2 AC Turbine GBO Pump Fails To Start BZ 520D 520 

OK1001A GPS OG Pump IA Fails to Start OZ 14292D 14292 

OK1001B GPS OG Pump 1B Fails to Start OZ 14292D 14292 

OK1001C GPS OG Pump IC Fails to Start OZ 14292D 14292 

OK2002A GPS OG Pump 2A Fails to Start OZ 14276D 14276 

OK2002B GPS OG Pump 2B Fails to Start OZ 14276D 14276 

OK2002C GPS OG Pump 2C Fails to Start OZ 14276D 14276 87784 

GKl0001 HGR Keowee Unit 1 Generator Fault While the Unit Runs GZ ARI 5285 

GK20001 HGR Keowee Unit 2 Generator Fault While the Unit Runs GZ ARI 5285 10570 

GK10001 HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure GZ ASI 3390 

GK20002 HGS Keowee Unit 2 Generator Fault Causes Unit Start Failure GZ AS2 3098 6488 

FKlTRHX HXF Turbine Packing Box Heat Exchanger lTRHX-1 Fails FPZ AVI 85755 

FK2TRHX HXF Turbine Packing Box Heat Exchanger 2TRHX-1I Fails FPZ AV2 85657 

GKlGACl HXF Generator Air Cooler 1GAHW-1 Fails GZ ARI 5285 

GKIGAC2 HXF Generator Air Cooler 1GAHW-2 Fails GZ ARI 5285 

GKlGAC3 HXF Generator Air Cooler 1GAHW-3 Fails GZ ARI 5285 

GKIGAC4 HXF Generator Air Cooler IGAHW-4 Fails GZ ARI 5285 

GKIGAC5 HXF Generator Air Cooler 1GAHW-5 Fails GZ AR1 5285 

GKlGAC6 HXF Generator Air Cooler IGAHW-6 Fails GZ ARI 5285 

GKlHPO1 HXF Generator Thrust Bearing Cooler 1HPOHX-1 Fails GZ ARt 5285 

GKlHPO2 HXF Generator Thrust Bearing Cooler 1IPOHX-2 Fails GZ ARI 5285 

GKIHP03 HXF Generator Thrust Bearing Cooler 1HPOHX-3 Fails GZ ARI 5285 

GKlHPO4 HXF Generator Thrust Bearing Cooler 1HPOHX-4 Fails GZ ARI 5285 

GKlHPO5 HXF Generator Thrust Bearing Cooler 1HPOHX-5 Fails GZ ARI 5285 

GKlHPO6 HXF Generator Thrust Bearing Cooler 1HPOHX-6 Fails GZ ARI 5285 

GKlHPO7 HXF Generator Thrust Bearing Cooler lHPOHX-7 Fails GZ ARI 5285 

GKlHPO8 HXF Generator Thrust Bearing Cooler 1HPOHX-8 Fails GZ ARI 5285 

GK2GAC1 HXF Generator Air Cooler 2GAHW-1 Fails GZ AR2 4428 

GK2GAC2 HXF Generator Air Cooler 2GAHW-2 Fails GZ AR2 4428 
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GK2GAC3 HXF Generator Air Cooler 2GAHW-3 Fails GZ AR2 4428 

GK2GAC4 HXF Generator Air Cooler 2GAHW-4 Fails GZ AR2 4428 

GK2GAC5 HXF Generator Air Cooler 2GAHW-5 Fails GZ AR2 4428 

GK2GAC6 HXF Generator Air Cooler 2GAHW-6 Fails GZ AR2 4428 

GK2HPO1 HXF Generator Thrust Bearing Cooler 2HPOHX-1 Fails GZ AR2 4428 

GK2HPO2 HXF Generator Thrust Bearing Cooler 2HPOHX-2 Fails GZ AR2 4428 

GK2HPO3 HXF Generator Thrust Bearing Cooler 2HPOHX-3 Fails GZ AR2 4428 

GK2HPO4 HXF Generator Thrust Bearing Cooler 2HPOHX-4 Fails GZ AR2 4428 

GK2HPO5 HXF Generator Thrust Bearing Cooler 2HPOHX-5 Fails GZ AR2 4428 

GK2HPO6 HXF Generator Thrust Bearing Cooler 2HPOHX-6 Fails GZ AR2 4428 

GK2HPO7 HXF Generator Thrust Bearing Cooler 2HPOHX-7 Fails GZ AR2 4428 

GK2HPO8 HXF Generator Thrust Bearing Cooler 2HPOHX-8 Fails GZ AR2 4428 307394 

GKlGACl HXL Heat Exchanger IGACI Leaks GZ AVI 85755 

GKlGAC2 HXL Heat Exchanger IGAC2 Leaks GZ AVl 85755 

GKlGAC3 HXL. Heat Exchanger IGAC3 Leaks GZ AVI 85755 

GKIGAC4 HXL Heat Exchanger IGAC4 Leaks GZ AVI 85755 

GKlGAC5 HXL Heat Exchanger IGAC5 Leaks GZ AVI 85755 

GKlGAC6 HXL Heat Exchanger 1GAC6 Leaks GZ AVI 85755 

GK2GACl HXL Heat Exchanger 2GAC 1 Leaks GZ AV2 85657 

GK2GAC2 HXL Heat Exchanger 2GAC2 Leaks GZ AV2 85657 

GK2GAC3 HXL Heat Exchanger 2GAC3 Leaks GZ AV2 85657 

GK2GAC4 HXL Heat Exchanger 2GAC4 Leaks GZ AV2 85657 

GK2GAC5 HXL Heat Exchanger 2GAC5 Leaks GZ AV2 85657 

GK2GAC6 HXL Heat Exchanger 2GAC6 Leaks GZ AV2 85657 1028472 

BKl63TA LSD Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand BZ ID I 

BK263TA LSD Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand BZ, ID 1 *not used* 

BK163TA LST Turbine No. I Bearing Oil Level Switch 63TA Spurious Operation BFZ AVI 85755 

BK263TA LST Turbine No. 2 Bearing Oil Level Switch 63TA Spurious Operation BFZ AV2 85657 

PK163SA LST Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails PZ 10950H 10950 

PK163SB LST Unit I DC Turbine Sump Pump Float Switch 63SB Transfers PZ 2 2 

PK263SA LST Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails PZ 10950H 10950 
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PK263SB LST Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers PZ 2H 2 
YK163BH LST Keowee 1 Gen Thrst Brng Oil Lvi Hi Sw 63BL/H Sprsly Clsd , -113-3 YZ AVI 85755 
YK163BL LST Keowee 1 Gen Thrst Brng Oil Lvi Lo Sw 63BL/L Spuriously Operates -113- YZ AVI 85755 
YK163TB LST Keowee 1 Turb Guide Bmg Lo LvI Sensor Sw Spuriously Closes KEE-1 13-4 YZ AVI 85755 
YK263BH LST Keowee 2 Gen Thrst Brng Oil Lvi Hi Sw 63BL/H Sprsly Clsd YZ AV2 85657 
YK263BL LST Keowee 2 Gen Thrst Bmg Oil Lvi Lo Sw 63BL/L Sprsly Opn YZ 9 AV2 85657 
YK263TB LST Keowee 2 Turb Guide Bmg Lo Lvl Sensor Sw Sprsly Closes YZ AV2 85657 707552 

AB2PUSH PBT Trip Pushbutton On ACB2 Spurious Operation AZ AR2 4428 
AB3PUSH PBT Trip Pushbutton On ACB3 Spurious Operation AZ AVI 85755 
AB4PUSH PBT Trip Pushbutton On ACB-4 Spurious Operation AZ AV2 85657 
AB5PUSH PBT Trip Pushbutton On ACB5 Spurious Operation AZ AVI 85755 
AB6PUSH PBT Trip Pushbutton On ACB6 Spurious Operation AZ AV2 85657 
AB7PUSH PBT Trip Pushbutton On ACB7 Spurious Operation AZ AVI 85755 
AB8PUSH PBT Trip Pushbutton On ACB8 Spurious Operation AZ AV2 85657 518664 

OK10001 PSC Pressure Switch lOGPS-1 Fails to Close (Normal Control Signal) OZ 14292D 14292 
OK10002 PSC Pressure Switch lOGPS-2 Fails to Close OZ 14292D 14292 
OK 10003 PSC Pressure Switch lOGPS-3 Fails to Close OZ 14292D 14292 
OK10004 PSC Pressure Switch lOGPS-4 Fails to Close OZ 9D 9 
OK20001 PSC Pressure Switch 20GPS-l Fails to Close (Normal Control Signal) OZ 14276D 14276 
OK20002 PSC Pressure Switch 20GPS-2 Fails to Close OZ 14276D 14276 
OK20003 PSC Pressure Switch 20GPS-3 Fails to Close OZ 14276D 14276 
OK20004 PSC Pressure Switch 20GPS-4 Fails to Close OZ 9D 9 85722 

ABlPSO2 PST Air Circuit Breaker 1 Accumulator Pressure Switch PS2 Fails Low AZ AVI 85755 
ABlPSWT PST Air Circuit Breaker I Accumulator Pressure Switch Fails Low SZ AVI 85755 
AB2PSO2 PST Air Circuit Breaker 2 Accumulator Pressure Switch PS2 Fails Low AZ AV2 85657 
AB2PSWT PST Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low SZ AV2 85657 
AB3PSO2 PST Air Circuit Breaker 3 Accumulator Pressure Switch PS2 Fails Low AZ AVI 85755 
AB3PSWT PST Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low SZ AVI 85755 
AB4PSO2 PST Air Circuit Breaker 4 Accumulator Pressure Switch PS2 Indicates Low Pressure AZ AV2 85657 
AB4PSWT PST Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air Pressure SZ AV2 85657 
GKI063F PST Keowee 1 Gen C02 Sys Press Switch 63F Spurious Operation GZ AVI 85755 

Table C.1-3: Denominator Totals For Keowee-Specific Failure Rates (Page 10 of 30)



Denom. Denom.  
Basic Event Description Tree Code Value Totals 
GK2063F PST Keowee 2 Gen C02 Sys Press Switch 63F Spurious Operation GZ AV2 85657 857060 

AAl271P R6D Transformer lX Undervoltage Relay 27/IX Fails To Pick Up AZ QTR 40 

AAl27CP R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Pick Up AZ QTR 40 

AA127X2 R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out AZ QTR 40 

AA2272P R6D Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up AZ QTR 40 

AA2272X R6D Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out AZ QTR 40 

AA227CP R6D Transformer CX Undervoltage Relay 27/CX2 Fails To Pick Up AZ QTR 40 

AA227T2 R6D Transformer 2X Undervoltage Relay (27T/2X) Fails To Drop Out AZ QTR 40 
AB IR52Z R6D Air Circuit Breaker I Relay 52Z Fails To Operate AZ ASI 3390 
AB252Y2 R6D Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand AZ AS 1 3390 
AB2R52X R6D Air Circuit Breaker 2 Relay 52X Fails To Operate AZ AS2 3098 
AB2R52Z R6D Air Circuit Breaker 2 Relay 52Z Fails To Operate AZ AS2 3098 
AB352Y2 R6D Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand AZ Bi-MTH 61 
AB3R52X R6D Air Circuit Breaker 3 Relay 52X Fails To Operate AZ Bi-MTH 61 
AB3R52Z R6D Air Circuit Breaker 3 Relay 52Z Fails To Operate AZ Bi-MTH 61 
AB452Y2 R6D Air Circuit Breaker 4 Relay 52Y Failed To Drop Out Following Last Demand AZ Bi-MTH 61 
AB4R52X R6D Air Circuit Breaker 4 Relay 52X Fails To Operate AZ Bi-MTH 61 
EK141AX R6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch EZ AS1 3390 
EK241AX R6D Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch EZ AS2 3098 
KA127TI R6D Xfrmr IX UV Relay 27T/lX Fails To Pick-up KZ QTR 40 20089 

AAl271X R6T Transformer IX Undervoltage Relay 27/1X Spuriously De-energizes AZ CON 87600 
AA127C1 R6T Transformer CX Undervoltage Relay 27/CX1 Spuriously De-energizes AZ CON 87600 
AA2272X R6T Transformer 2X Undervoltage Relay 27/2X Spuriously De-energizes AZ CON 87600 
AA227C2 R6T Transformer CX Undervoltage Relay 27/CX2 Spuriously De-energizes AZ CON 87600 
AB252Y2 R6T Air Circuit Breaker 2 Y-relay Spurious Operation AZ AV2 85657 
AB2R52Z R6T Air Circuit Breaker 2 Relay 52Z Spurious Operation AZ AV2 85657 
AB352Y2 R6T Air Circuit Breaker 3 Y-relay Spurious Operation AZ AVI 85755 
AB3R52Z R6T Air Circuit Breaker 3 Relay 52Z Spurious Operation AZ AVI 85755 
AB452Y2 R6T Air Circuit Breaker 4 Y-relay Spurious Operation AZ AV2 85657 
AB4R52Z R6T Air Circuit Breaker 4 Relay 52Z Spurious Operation AZ AV2 85657 
EK141AX R6T Keowee Unit 1 Relay 41/AX Spuriously Resets EZ AVI 85755 
EKlR9CI R6T Keowee Unit 1 Relay 90X1C Spurious Operation EZ AVI 85755 
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EK241AX R6T Keowee Unit 2 Relay 41/AX Spuriously Resets EZ AV2 85657 
EK2R9C2 R6T Keowee Unit 2 Relay 90XIC Spurious Operation EZ AV2 85657 
KA127TI R6T Xfrmr IX UV Relay 27T/1X Spuriously De-energizes KZ AVL 85755 
KA227T2 R6T Xfmr 2X UV Relay 27T/2x Spuriously De-energizes KZ AV2 85657 1378774 

OK10003 RVT Safety Relief Valve 1OG-3 Spurious Operation OZ AVl 85755 
OK10013 RVT Relief Valve 1OG-13 Spurious Operation OZ 714H 714 
OK10016 RVT Relief Valve 1OG-16 Transfers Open OZ 714H 714 
OK10019 RVT Relief Valve IOG-19 Spurious Operation OZ 714H 714 
OKlAGO4 RVT Safety Relief Valve IAG-4 Spurious Operation OZ 714H 714 
OK20003 RVT Safety Relief Valve 20G-3 Spurious Operation OZ 714H 714 
OK20013 RVT Relief Valve 20G-13 Spurious Operation OZ 714H 714 
OK20016 RVT Relief Valve 20G-16 Transfers Open OZ 714H 714 
OK20019 RVT Relief Valve 20G-19 Spurious Operation OZ 714H 714 
OK2AGO4 RVT Safety Relief Valve 2AG-4 Spurious Operation OZ AV2 85657 177124 

AA127X1 RYD Auxiliary Relay 27X/IX Fails To Operate On Demand AZ QTR 40 
AA127XC RYD Auxiliary Relay 27/CX1 Fails To Operate On'Demand AZ QTR 40 
AA227C2 RYD Auxiliary Relay 27X/CX2 Fails To Operate On Demand AZ QTR 40 
AA227X2 RYD Auxiliary Relay 27X/2X Fails To Operate On Demand AZ QTR 40 
AB0086T RYD Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand AZ 1OD 10 
AB0624C RYD Time Delay Relay 62-4c Fails To Operate On Demand AZ 0 0 
ABO86El RYD Emergency Lock Out Relay 86E-1 Fails To Operate On Demand AZ 1OD 10 
ABO86TG RYD General Keowee Main Tx Lock Out Sensing Relay Fails To Operate AZ 0 0 
AB552CC RYD Air Circuit Breaker 5 Close Coil CC Fails On Demand AZ Bi-MTH 61 
AB583S5 RYD Time Delay Relay 83S5 Fails To Pick Up AZ Bi-MTH 61 
AB5R52X RYD Air Circuit Breaker 5 Relay 52X Fails To Operate AZ 6D 6 
AB5R52Y RYD Air Circuit Breaker 5 Relay 52Y Failed To Drop Out At Last Demand AZ 6D 6 
AB652CC RYD Air Circuit Breaker 6 Close Coil CC Fails On Demand AZ Bi-MTH 61 
AB652TC RYD Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate AZ Bi-MTH 61 
AB6R52X RYD Air Circuit Breaker 6 Relay 52X Fails To Operate AZ 6D 6 
AB6R52Y RYD Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand AZ 6D 6 
AB752CC RYD Air Circuit Breaker 7 Close Coil CC Fails On Demand AZ Bi-MTH 61 
AB752TC RYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand AZ Bi-MTH 61 
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AB7R52X RYD Air Circuit Breaker 7 Relay 52X Fails To Operate 

AB7R52Y RYD Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 

AB852CC RYD Air Circuit Breaker 8 Close Coil CC Fails On Demand 

AB86E1A RYD Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand 

AB86EIG RYD Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate AZ 0 0 

AB883S8 RYD Time Delay Relay 83S8 Fails To Pick Up AZ Bi-MTH 61 

AB8R52X RYD Air Circuit Breaker 8 Relay 52X Fails To Operate AZ 6D 6 

AB8R52Y RYD Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand AZ 6D 6 

AK1141X RYD Auxiliary Relay 14GOV/1X Fails To Pick-up.  

AKl21TD RYD Time Delay Relay 2-1TD Fails To Pick-up AZ 0 0 

AKl52TD RYD Time Delay Relay 52-LTD Fails To Pick-up 

AKl52XG RYD Relay 52XG/1 Fails To Pick Up When The Unit Is Started AZ 0 0 

AKGVX RYD Relay 14GOV/IX Fails To Pick-up AZ 0 0 

AK2142X RYD Auxiliary Relay 14GOV/2X Fails To Pick-up 

AK222TD RYD Time Delay Relay 2-2TD Fails To Pick-up 

AK252TD RYD Time Delay Relay 52-2TD Fails To Operate AZ ES 1I1 

AK252WO RYD KU2 Relay 52W Fails To Pick-up AZ AS2 3098 

AK252XG RYD Auxiliary Relay 52XG/2 Fails To Pick-up A 

AK2GV2X RYD. Relay 14GOV/2X Fails To Pick-up AZ 0 0 

BKl088X RYD Keowee 1 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out BZ ID 1 

BKI 14DX RYD Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize BZ ASI 3390 

BKl14T2 RYD Keowee 1 Rotation Sensing Timer 14T2 Fails to De-energize BZ ASI 3390 

BK1631X RYD Keowee 1 Relay 63TA/IX Fails to De-energize BZ ID I 

BK1632X RYD Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand BZ ID 

BKl88AX RYD Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out BZ 520D 520 

BK2088X RYD Keowee 2 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out BZ ID 1 

BK214DX RYD Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize BZ AS2 3098 

BK214T2 RYD Keowee 2 Rotation Sensing Timer 14T2 Fails to De-energize BZ AS2 3098 

BK263 IX RYD Keowee 2 Relay 63TA/lX Fails to De-energize BZ ID 1 

BK2632X RYD Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand BZ ID 1 

BK288AX RYD Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out BZ 520D 520 

EKl31TD RYD Keowee Unit I Field Flashing Breaker Time Delay Relay 31fTD Fails To Operate EZ ASI 3390 

EKl415Y RYD KHU1 Generator Supply Breaker Y-relay Failed To Drop-out At Last Operation EZ ASI 3390 

EK141CF RYD Keowee Unit I Field Flashing Breaker Close Coil Fails To Operate On Demand EZ ASI 3390 
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EKl88SV RYD Keowee Unit 1 Fan Control Relay 88SV Fails On Demand EZ ASI 3390 

EK199SX RYD Auxiliary Relay 99SX1 Fails To Pick-up EZ ASI 3390 

EK199SY RYD Keowee Unit 1 Relay 99SY Fails To Pick-up EZ ASI 3390 

EKlF31X RYD Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To.Pick-up On Demand EZ AS1: 1993 418 

EKlF41C RYD Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand EZ ASI 3390 

EKlR31T RYD Keowee Unit 1 Field Flashing BreakerTrip Coil 31/T Fails To Operate EZ AS1 3390 

EK1R31Y RYD KHU1 Gen Field Flashing Breaker Y-relay Failed To Drop Out At Last Operation EZ ASI: 1993 418 

EKIR41X RYD Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand EZ AS1: 1993 418 

EKIR41Y RYD KHUI Generator Field Breaker Y-relay Failed To Drop-out At Last Operation EZ AS1: 1993 418 

EKIS41C RYD Keowee Unit 1 Supply Breaker Close Coil Fails To Operate On Demand EZ AS1 3390 

EKlS41X RYD Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up On Demand EZ AS1: 1993 418 

EKIVHSV RYD Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker EZ ASI 3390 

EK231TD RYD Keowee Unit 2 Field Flashing Breaker Time Delay Relay 3 1/TD Fails To Operate EZ AS2 3098 

EK2415Y RYD KHU2 Gen Supply Breaker Y-relay Failed To Drop-out At Last Operation EZ AS2: 1993 224 

EK241CF RYD Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand EZ AS2 3098 

EK288SV RYD Keowee Unit 2 Fan Control Relay 88SV Fails On Demand EZ AS2 3098 

EK299SX RYD Auxiliary Relay 995X2 Fails To Pick-up EZ AS2 3098 

EK299SY RYD Keowee Unit 2 Relay 99SY Fails To Pick-up -EZ A2 3098 

EK2F31X RYD Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand EZ AS2: 1993 224 

EK2F41C RYD Keowee Unit 2 Field Breaker Close Coil Fails To Operate On Demand EZ AS2 3098 

EK2R3 1T RYD Keowee Unit 2 Field Flashing Breaker Trip Coil 3 l/T Fails To Operate EZ AS2 3098 

EK2R31Y RYD KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation EZ AS2: 1993 224 

EK2R41X RYD Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand EZ AS2: 1993 224 

EK2R41Y RYD KHU2 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation EZ AS2: 1993 224 

EK2S41C RYD Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand EZ AS2 3098 

EK2S41X RYD Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand EZ AS2:1993 224 

EK2VHSV RYD Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker EZ AS2 3098 

EUICIRO RYD ONS I ESG Chan. I Ro Relay Fails To Pick Up OEE-120 YZ 0.OOE+00 0 

EU1C2RO RYD ONSI ESG Chan. 2 Ro Relay Fails to Pick Up YZ 0.OOE+00 0 

EU2ClRO RYD ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 YZ 0.OOE+00 0 

EU2C2RO RYD ONS2 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-220-1 YZ 0.OOE+00 0 

EU3C1RO RYD ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 YZ 0.OOE+00 0 

EU3C2RO RYD ONS3 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-320-1 YZ 0.OOE+00 0 

L27BRXI RYD Snsng Rly 27B/RXlI Fails to Drop Out on Undervoltage OEE-76-3, -4 LZ QTR 40 
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L27BRX2 RYD Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 LZ QTR 40 

L27BRY I RYD Snsng Rly 27B/RY1 Fails to Drop Out on Undervoltage OEE-76-3, -4 LZ QTR 40 

L27BRY2 RYD Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage OEE-76-3, -8 LZ QTR 40 

L27BRZl RYD Snsng Rly 27B/RZl Fails to Drop Out on Undervoltage OEE-76-3, -4 LZ QTR 40 

L27BRZ2 RYD Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage OEE-76-3, -8 LZ QTR 40 

L27BYXI RYD Snsng Rly 27B/YX1 Fails to Drop Out on Undervoltage OEE-76-3, -4 LZ QTR 40 

L27BYX2 RYD Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 LZ QTR 40 

L27BYY1 RYD Snsng Rly 27B/YY1 Fails to Drop Out on Undervoltage OEE-76-3, -4 LZ QTR 40 

L27BYY2 RYD Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage OEE-76-3, -8 LZ QTR 40 

L27BYZI RYD Snsng Rly 27B/YZl Fails to Drop Out on Undervoltage OEE-76-3, -4 LZ QTR 40 

L27BYZ2 RYD Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage OEE-76-3, -8 LZ QTR 40 

L27XPX1 RYD Ch 1 Phase X UV Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XPX2 RYD Ch 2 Phase X UV Aux. Relay Fails To Pick Up OEE-76-8 LZ. QTR 40 

L27XPY1 RYD Ch 1 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-4 LZ QTR 40 

L27XPY2 RYD Ch 2 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-8 LZ QTR 40 

L27XPZl RYD Ch 1 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XPZ2 RYD Ch 2 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-8 LZ QTR 40 

L27XRX1 RYD Red Bus Phase X1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XRX2 RYD Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 LZ QTR 40 

L27XRY1 RYD Red Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XRY2 RYD Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 LZ QTR 40 

L27XRZl RYD Red Bus Phase ZI Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XRZ2 RYD Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 LZ QTR 40 

L27XSTA RYD Keowee Start Relay 27X/STA Fails To Pick Up LSZ QTR 40 

L27XSTB RYD Keowee Start Relay 27X/STB Fails To Pick Up LSZ QTR 40 

L27XYX1 RYD Yellow Bus Phase XI Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XYX2 RYD Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 LZ QTR 40 

L27XYY1 RYD Yellow Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XYY2 RYD Yellow Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 LZ QTR 40 

L27XYZ1 RYD Yellow Bus Phase ZI Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 LZ QTR 40 

L27XYZ2 RYD Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 LZ QTR 40 

L81BRXI RYD Sensing Relay 81BL/RXI Fails to Drop Out on Underfrequency LZ QTR 40 

L81BRX2 RYD Sensing Relay 81BL/RX2 Fails to Drop Out on Underfrequency LZ QTR 40 

L81BRYI RYD Sensing Relay 8lBL/RY1 Fails to Drop Out on Underfrequency LZ QTR 40 
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L81BRY2 RYD Sensing Relay 81BL/RY2 Fails to Drop Out on Underfrequency LZ QTR 40 
L81BRZl RYD Sensing Relay 81BL/RZI Fails to Drop Out on Underfrequency LZ QTR 40 
L81BRZ2 RYD Sensing Relay 81BL/RZ2 Fails to Drop Out on Underfrequency LZ QTR 40 
L81BYX1 RYD Sensing Relay 81BL/YX1 Fails to Drop Out on Underfrequency LZ QTR 40 
L81BYX2 RYD Sensing Relay 81BL/YX2 Fails to Drop Out on Underfrequency LZ QTR 40 
L81BYY1 RYD Sensing Relay 81BL/YYI Fails to Drop Out on Underfrequency LZ QTR 40 
L81BYY2 RYD Sensing Relay 81BL/YY2 Fails to Drop Out on Underfrequency LZ QTR 40 
L81BYZl RYD Sensing Relay 81BL/YZl Fails to Drop Out on Underfrequency LZ QTR 40 
L81BYZ2 RYD Sensing Relay 81BL/YZ2 Fails to Drop Out On Underfrequency LZ QTR 40 
L81XPXI RYD Ch I Phase X Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XPX2 RYD Ch 2 Phase X Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XPY1 RYD Ch 1 Phase Y Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L8lXPY2 RYD Ch 2 Phase Y Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XPZl RYD Ch I Phase Z Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XPZ2 RYD Ch 2 Phase Z Underfrequency Aux. Rly Fails to Pick up LZ QTR 40 
L81XRXI RYD Red Bus Phase XI Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XRX2 RYD Red Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XRY1 RYD Red Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XRY2 RYD Red Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XRZI RYD Red Bus Phase ZI Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XRZ2 RYD Red Bus Phase Z2 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XYX1 RYD Yellow Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XYX2 RYD Yellow Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XYY1 RYD Yellow Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XYY2 RYD Yellow Bus Phase Y2 Underfreq'uency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XYZl RYD Yellow Bus Phase Zl Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
L81XYZ2 RYD Yellow Bus Phase Z2 Underfrequency Aux. Rly Fails to Pick Up LZ QTR 40 
LC94FIA RYD EGTPS Underfrequency Relay 94/FIA Fails to Pick Up LZ QTR 40 
LC94FlB RYD EGTPS Underfrequency Relay 94/F lB Fails to Pick Up LZ QTR 40 
LC94FID RYD EGTPS Underfrequency Relay 94/FID Fails to Pick Up LZ QTR 40 
LC94F2A RYD EGTPS Underfrequency Relay 94/F2A Fails to Pick Up LZ QTR 40 
LC94F2B RYD EGTPS Underfrequency Relay 94/F2B Fails to Pick Up LZ QTR 40 
LC94F2C RYD EGTPS Underfrequency Relay 94/F2C Fails to Pick Up LZ QTR 40 
LC94F2D RYD EGTPS Underfrequency Relay 94/F2D Fails to Pick Up LZ QTR 40 

Table C.1-3: Denominator Totals For Keowee-Specific Failure Rates (Page 16 of 30)



Denom. Denom.  
Basic Event Description Tree Code Value Totals 

LC94VIA RYD EGTPS Undervoltage Relay 94/VIA Fails to Pick Up LZ QTR 40 
LC94VIB RYD EGTPS Undervoltage Relay 94/VlB Fails To Pick Up OEE-76-4 LZ QTR 40 
LC94VID RYD EGTPS Undervoltage Relay 94/VID Fails to Pick Up OEE-76-4 LZ QTR 40 
LC94V2A RYD EGTPS Undervoltage Relay 94/V2A Fails to Pick Up LZ QTR 40 
LC94V2B RYD EGTPS Undervoltage Relay 94/V2B Fails To Pick Up LZ QTR 40 
LC94V2C RYD EGTPS Undervoltage Relay 94/V2C Fails to Pick Up LZ QTR 40 
OK199KI RYD Keowee 1 Relay 99Kl Fails To Operate On Demand OZ 9D 9 
OK199K2 RYD Keowee 1 Relay 99K2 Fails To Operate On Demand OZ 9D 9 
OK299K1 RYD Keowee 2 Relay 99K1 Fails To Operate On Demand OZ 9D 9 
OK299K2 RYD Relay 99K2 Fails To Operate On Demand OZ 9D 9 
S 127EXI RYD Unit 1 Startup Bus UV Aux Relay 27EXI Fails to Pick Up SZ 0 0 
S 127EXV RYD Unit 1 Startup Bus UV Aux Relay 27EX Fails to Pick Up SZ 0 0 
S227EX1 RYD Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up SZ 0 0 
S227EXV RYD Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up SZ 0 0 
S27XSCI RYD Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up SZ QTR 40 
S27XSC2 RYD Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up SZ QTR 40 
S27XTD1 RYD Channel 1 Swyd Isolated Time Delay Rly, 27XTD/SC1, Fails SZ QTR 40 
S27XTD2 RYD Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails SZ QTR 40 
S327EX1 RYD Unit 3 Staridby Bus UV Aux Relay 27EXI Fails to Pick Up SZ. ID 1 
S327EXV RYD Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up SZ 6D 6 
YKl99SD RYD Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up YZ ASI 3390 
YKl99SN RYD KI Emergency Load Solenoid 99SN Fails To Pick Up/Drop Out YZ AS 1*2 6780 
YK199SX RYD Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up YZ AS1 3390 
YKlES1A RYD Keowee I Emergency Start Aux Relay IESRX/IA Fails To Pick Up OEE-120 YZ ES Ill 
YKlESIB RYD Keowee 1 Emergency Start Aux Relay IESRX/IB Fails To Pick Up OEE-120-1 YZ ES 111 
YKlES2A RYD Keowee 1 Emergency Start Aux Relay 1ESRX/2A Fails To Pick Up OEE-120 YZ ES Ill 
YKlES2B RYD Keowee I Emergency Start Aux Relay 1ESRX/2B Fails To Pick Up OEE-120-1 YZ ES 111 
YKlMR4A RYD Keowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 YZ ASI 3390 
YKlMR4B RYD Keowee 1 Start Master Relay 4B Fails To Pick Up KEE- 1l3 FZ ASI 3390 
YK299SD RYD Keowee 2 Shutdown Solenoid 99SD Fails To Pick Up YZ AS2 3098 
YK299SN RYD Keowee 2 Emergency Load Solenoid 99SN Fails To Operate YZ AS2*2 6196 
YK299SX RYD Keowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up YZ AS2 3098 
YK2ESIA RYD Keowee 2 Emergency Start Aux Relay 2ESRX/1A Fails To Pick Up OEE-120 YZ ES 111 
YK2ESIB RYD Keowee 2 Emergency Start Aux Relay 2ESRX/IB Fails to Pick Up OEE-120-1 YZ ES 111 
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YK2ES2A RYD Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 YZ ES 111 
YK2ES2B RYD Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick Up OEE-120-1 YZ ES 111 
YK2MR4A RYD Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-213 YZ AS2 3098 
YK2MR4B RYD Keowee 2 Start Master Relay 4B Fails to Pick Up KEE-213 FZ AS2 3098 
YOIXXKA RYD ONSI Ch A Keowee Emergency Start Relay KA Fails to Pick Up OEE-120 YZ ES 111 
YOlXXKB RYD Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 YZ ES Ill 
YO2CR2A RYD ONS2 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 YZ ES 111 
YO2CR2B RYD ONS2 Keowee Emergency Start Relay CR2B Fails to Pick Up OEE-220-1 YZ ES 111 
YO3CR3A RYD ONS3 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up OEE-320 YZ ES 111 
YO3CR3B RYD ONS3 Keowee Emer Start Relay CR3B Fails to Pick Up OEE-320-1 YZ ES 111 126969 

AAl27RI RYT Auxiliary Relay 27X/CX1 Spurious Operation AZ CON 87600 
AA127XI RYT Auxiliary Relay 27X/1X Spurious Operation AZ CON 87600 
AA186CX RYT Transformer CX Differential Lock Out Relay 86CX Spurious Operation AZ CON 87600 
AAl86SI RYT Switchgear IX Lockout Relay 86S/tX Spurious Operation AZ CON 87600 
AAl87CX RYT Transformer CX Differential Relay 87CX Spurious Operation AZ CON 87600 
AA227R2 RYT Auxiliary Relay 27X/CX2 Spurious Operation AZ CON 87600 
AA227X2 RYT Auxiliary Relay 27X/2X Spurious Operation AZ CON 87600 
AA286S2 RYT Switchgear 2X Lockout Relay 86S/2X Spurious Operation AZ CON 87600 
AB22BVI RYT Backup Undervoltage Relay 2BVI Spurious Operation AZ AR2 4428 
AB251G2 RYT Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation AZ AR2 4428 
AB2R462 RYT Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious Operation AZ AR2 4428 
AB51431 RYT Auxiliary Relay 143X/1 Spuriously Energizes AZ AVl 85755 
AB552TC RYT Air Circuit Breaker 5 Trip Coil 52TC Spurious Operation AZ AVI 85755 
AB552Y2 RYT Air Circuit Breaker 5 Y-relay Spurious Operation AZ AV2: 1993 8541 
AB652TC RYT Air Circuit Breaker 6 Trip Coil 52TC Spurious Operation AZ AVI 85755 
AB652Y2 RYT Air Circuit Breaker 6 Y-relay Spurious Operation AZ AV2: 1993 8541 
AB752TC RYT Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation AZ AVI 85755 
AB752Y2 RYT Air Circuit Breaker 7 Y-relay Spurious Operation AZ AVI: 1993 8564.6 
AB81432 RYT Auxiliary Relay 143X/2 Spuriously Energizes AZ AV2 85657 
AB852TC RYT Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation AZ AV2 85657 
AB852Y2 RYT Air Circuit Breaker 8 Y-relay Spurious Operation AZ AV2: 1993 8541 
AK152TD RYT Time Delay Relay 52-1TD Spurious Operation AZ AVI 85755 
AK152XG RYT Relay 52XG/1 Spuriously Drops Out While The Unit Is Running' AZ 0 0 
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AKlAX34 RYT Relay 52AX/34 Spuriously Drops-out AZ 0 0 

AKlX34X RYT Relay 52AX/34X Spuriously Drops-out AZ 0 0 

AK252TD RYT Time Delay Relay 52-2TD Spurious Operation AZ AV2 85657 

BK1088X RYT Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation BFZ AVI 85755 

BK1l4DX RYT Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out BZ ARI 5285 

BKl14T2 RYT Keowee 1 Rotation Sensing Timer 14T2 Spurious Operation BZ ARI 5285 

BK1631X RYT Keowee 1 GBO Level Relay 63TA/tX Spurious Operation BFZ AVI 85755 

BK1632X RYT Keowee 1 Turb. Brg. Low Oil Level Aux. Rly 63TA/2X Spurious Operation BZ AVI 85755 

BKl88AX RYT Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized BZ AVI 85755 

BK2088X RYT Keowee 2 Turbine Guide Bearing Oil Relay 88X Spurious Operation BFZ AV2 85657 

BK214DX RYT Keowee 2 Rotation Sensing Aux. Relay 14DX Spurious Operation BZ AR2 4428 

BK214T2 RYT Keowee Rotation Sensing Timer 14T2 Fails to Remain De-energized BZ AR2 4428 

BK2631X RYT Keowee 2 GBO LevelRelay 63TA/IX Spurious Operation BFZ AV2 85657 

BK2632X RYT Keowee 2 Turb. Bmg. Low Oil Level Aux. Relay 63TA/2X Spurious Operation BZ AV2 85657 

BK288AX RYT Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized BZ AV2 85657 

EKl31TD RYT Keowee Unit 1 Field Flashing Breaker Time Delay Relay 3 1/TD Spurious Operation EZ AVl 85755 

EKl415Y RYT KHU1 Generator Supply Breaker Y-relay Spurious Operation EZ AVI: 1993 8564.6 

EKl86E2 RYT Keowee Unit 1 Lockout Auxiliary Relay 86EX-2 Is Picked-up EZ AVI 85755 

EK186EX RYT Keowee Unit 1 Gen Lockout Auxiliary Relay 86EX-I Spurious Actuation EZ AVI 85755 

EKl86X2 RYT Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-I Spurious Actuation EZ 0 0 

EK188SV RYT Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run EZ AVI 85755 

EKl901A RYT Keowee Unit 1 Relay 9OXIA Spurious Operation EZ AVI 85755 

EK199SY RYT Keowee Unit 1 Relay 99SY Drops Out EZ ARI 5285 

EK1R31Y RYT KHU1 Generator Field Flashing Breaker Y-relay SpuriousOperation EZ AVl: 1993 8564.6 

EKIR41Y RYT Keowee Unit 1 Generator Field Breaker Y-relay Spurious Operation EZ AVI: 1993 8564.6 

EKlR9Al RYT Keowee Unit 1 Relay 9OX1A/TD Spurious Operation EZ AVI 85755 

EK23 1TD RYT Keowee Unit 2 Field Flashing Breaker Time Delay Relay 3 IiTD Spurious Operation EZ AV2 85657 

EK2415Y RYT KHU2 Generator Supply Breaker Y-relay Spurious Operation EZ AV2: 1993 8541 

EK286E2 RYT Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up EZ AV2 85657 

EK286EX RYT Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-I Spurious Actuation EZ AV2 85657 

EK286X2 RYT Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-I Spurious Actuation EZ 0 0 

EK288SV RYT Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run EZ AV2 85657 

EK2901A RYT Keowee Unit 2 Relay 9OX A Spurious Operation EZ AV2 85657 

EK299SY RYT Keowee Unit 2 Relay 99SY Drops Out EZ AR2 4428 
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EK2R3 1Y RYT KHfU2 Generator Field Flashing Breaker Y-relay Spurious Operation EZ AV2: 1993 8541 

EK2R41Y RYT KHU2 Generator Field Breaker Y-relay Spurious Operation EZ AV2: 1993 8541 

EK2R9A2 RYT Keowee Unit 2 Relay 90X1AITD Spurious Operation EZ AV2 85657 

GK I12TD RYT Time Delay Relay 12XTD/1 Spuriously Picks-up GZ 0 0 

GK112XI RYT Relay 12X/1 Spuriously Picks-up GZ 0 0 

GK13SUI RYT Keowee Unit I Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation GZ CON 87600 

GKl40GI RYT Keowee Unit 1 Loss Of Generator Field Relay 40GI Spurious Actuation GZ ARI 5285 

GK159GN RYT Keowee Unit 1 Generator Ground Fault Relay 59GN 1 Spurious Actuation GZ ARt 5285 

GKl62TD RYT Keowee Unit 1 Generator Backup Trip Timer 62-lTD Spurious Operation GZ ARI 5285 

GK163FX RYT Keowee Unit 1 Generator Fire Relay 63FX Spurious Actuation GZ AVI 85755 

GK186El RYT Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up GZ AVI 85755 

GKl87G1 RYT Keowee Unit 1 Generator Differential Relay 87G-1 Spurious Actuation GZ ARI 5285 

GKl87GB RYT Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation GZ ARI 5285 

GKl87TE RYT Keowee Unit 1 Exitation Transformer Differential Relay 87T-lE Spur. Actuation GZ ARI 5285 

GK212TD RYT Time Delay Relay 12XTD/2 Spuriously Picks-up GZ 0 0 

GK212X2 RYT Relay 12X/2 Spuriously Picks-up GZ 0 0 

GK23SUI RYT Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation GZ CON 

GK240GI RYT Keowee Unit 2 Loss Of Generator Field Relay 40GI Spurious Actuation GZ AR2 4428 

GK259GN RYT Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation GZ AR2 4428 

GK262TD RYT Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation GZ AR2 4428 

GK263FX RYT Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation GZ AV2 85657 

GK286E2 RYT Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up GZ AV2 85657 

GK287G2 RYT Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation GZ AR2 4428 

GK287GB RYT Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation GZ AR2 4428 

GK287TE RYT Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation GZ AR2 4428 

OK199KI RYT Keowee Unit 1 Relay 99K1 Spurious Operation OZ AVI 85755 

OK299K1 RYT Keowee Unit 2 Relay 99Kl Spurious Operation Oz AV2 85657 

S127E1V RYT Unit 1 Startup Bus Undervoltage Relay 27El Fails SZ 0 0 

S 127EUV RYT Unit 1 Startup Bus Undervoltage Relay 27E Fails SZ CON 87600 

S227E1V RYT Unit 2 Startup Bus Undervoltage Relay 27El Fails SZ 0 0 

S227EUV RYT Unit 2 Startup Bus Undervoltage Relay 27E Fails SZ CON 87600 

S327E1V RYT Unit 3 Startup Bus Undervoltage Trip Relay 27El Fails SZ lyr 8760 

S327EUV RYT Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails SZ CON 87600 

SB18UXI RYT Auxiliary Relay 8UX-I Spurious Operation SZ AVI 85755 
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SB28UX2 RYT Auxiliary Relay 8UX-2 Spurious Operation SZ AV2 85657 
SB38UX3 RYT Auxiliary Relay 8UX-3 Spurious Operation SZ AVI 85755 
SB48UX4 RYT Auxiliary Relay 8UX-4 Spurious Operation SZ AV2 85657 
SKl94GB RYT Keowee Unit 1 94GB Auxiliary Relay Spurious Operation SZ CON 87600 
SK294GB RYT Keowee Unit 2 94GB Auxiliary Relay Spurious Operation SZ CON 87600 
SPC51TN RYT Main Step Up Transformer Neutral Ground Relay 5 ITN Spurious Operation SZ CON 87600 
SPC62AB RYT ACB Back-up Trip Timer 62AB Spurious Operation SZ CON 87600 
SPC631X RYT Auxiliary Relay 63HIX Spurious Operation SZ CON 87600 
SPC871X RYT Transformer IX Differential Relay 87T-lX Spurious Operation SZ AVI 85755 
SPC872X RYT Transformer 2X Differential Relay 87T-2X Spurious Operation SZ AV2 85657 
SPC87T1 RYT Main Step Up Transformer Differential Relay 87T Spurious Operation SZ CON 87600 
SPC94TK RYT Auxiliary Relay 94T/K Spurious Operation SZ CON 87600 
SPCD87L RYT Line Differential Relay 87L Spurious Operation SZ CON 87600 
SPCR86T RYT Lock Out Relay 86T Spurious Operation SZ CON 87600 
SY30R94 RYT PCB 30 Relay 94 Spuriously Picks Up SZ CON 87600 
SY51TN2 RYT 230kV Neutral Ground Relay Spuriously Picks Up SZ CON 87600 
SY51TN4 RYT 4.16kV Neutral Ground Relay Spuriously Picks Up SZ CON 87600 
SY51TN6 RYT 6.9kV Neutral Ground Relay 5 1TN Spuriously Picks Up SZ CON 87600 
SY62X1F RYT Breaker Failure Relay 62X1 Spuriously Picks Up SZ CON 87600 
SY62X2F RYT Breaker Failure Relay 62X2 Spuriously Picks Up SZ CON 87600 
SY62XXF RYT Breaker Failure Relay 62X Spuriously Picks Up SZ CON 87600 
SY86BUI RYT CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up SZ CON 87600 
SY86CT3 RYT Transformer CT3 Lockout Relay Spuriously Picks Up SZ CON 87600 
SY86YA9 RYT Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up SZ CON 87600 
SY86YJ3 RYT Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up SZ CON 87600 
SY87BYX RYT Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up SZ CON 87600 
SY87BYY RYT Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up SZ CON 87600 
SY87BYZ RYT Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up SZ CON 87600 
SY87LXX RYT Differential Auxiliary Relay 87LX Spuriously Picks Up SZ CON 87600 
SY94L1X RYT Protective Relay 94L Spuriously Picks Up SZ CON 87600 
SYE1362 RYT E13 Bkr Failure Relay 62B Spuriously Picks Up SZ CON 87600 
SYE2362 RYT E23 Bkr Failure Relay 62B Spuriously Picks Up SZ CON 87600 
SYP2862 RYT PCB 28 Breaker Failure Relay 62B Spuriously Picks Up SZ CON 87600 
SYP3062 RYT PCB 30 Breaker Failure Relay 62B Spuriously Picks Up SZ CON 87600 
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SYP86TX RYT PCB 30 LOR 86TX Spuriously Picks Up SZ CON 87600 
SYPL86T RYT PCB 30 LOR 86T Spuriously Picks Up SZ CON 87600 
SYPL87L RYT Differential Relay 87L Spuriously Picks Up SZ CON .87600 
SYR86BY RYT Yellow Bus Lockout Relay 86BY Spuriously Picks Up SZ CON 87600 
SYS63FP RYT Fault Pressure Relay 63FP Spuriously Picks Up SZ CON 87600 
SYSX50B RYT Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up SZ CON 87600 
SYX87TB RYT Differential Relay 87B Spuriously Picks Up SZ CON 87600 
SYXX87T RYT Differential Relay 87T Spuriously Picks Up SZ CON 87600 
U5086EF RYT Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF SZ CON 87600 
U5186EF RYT Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF SZ CON 87600 
U51TNC4 RYT CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 SZ CON 87600 
U62BSK1 RYT SKI Breaker Failure Relay 62BXSKI Spuriously Picks Up SZ CON 87600 
U62BSK2 RYT SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up .SZ CON 87600 
U86CT4X RYT Auxiliary Lockout Relay 86CT4X Spuriously Picks Up SZ CON 87600 
U86TCT4 RYT CT4 Lockout Relay 86T/CT4 Spuriously Picks Up SZ CON 87600 
U87TCT4 RYT Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF SZ CON 87600 
UXX86EF RYT Lockout Relay 86EF Spuriously Picks Up SZ CON 87600 
YK14AMR RYT Keowee 1 Master Relay 4A Spuriously Drops Out YZ ARI 5285 
YKl4BMR RYT Keowee 1 Master Relay 4B Spuriously Drops Out YZ ARI 5285 
YKl63BH RYT Keowee 1 Gen Thrst Bmg Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up ,-113- YZ AV1 85755 
YKl63BL RYT Keowee 1 Gen Thrst Bmg Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks Up , -113- YZ AVl 85755 
YKl63TB RYT Keowee 1 Turb Gd Bmg Oil Lvl Lo Rly 63TB/1X Sprsly Picks Up ,-113-4 YZ AVl 85755 
YK199SD RYT Keowee 1 Shutdown Solenoid Spuriously Drops Out YZ ARI 5285 
YK199SN RYT Emergency Load Solenoid 99SN Spuriously Drops Out YZ ARI 5285 
YKl99SX RYT Shutdown Auxiliary Relay 99SX Spuriously Drops Out BYZ ARI 5285 
YK24AMR RYT Keowee 2 Master Relay 4A Spuriously Drops Out YZ AR2 4428 
YK24BMR RYT Keowee 2 Master Relay 4B Spuriously Drops Out YZ AR2 4428 
YK263BH RYT Keowee 2 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up YZ AV2 85657 
YK263BL RYT Keowee 2 Gen Thrst Bmg Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks Up YZ AV2 85657 
YK263TB RYT Keowee 2 Turb Gd Bmg Oil Lvl Lo Rly 63TB/IX Sprsly Picks Up YZ AV2 85657 
YK299SD RYT Keowee 2 Shutdown Solenoid Spuriously Drops Out YZ AR2 4428 
YK299SN RYT Emergency Load Solenoid 99SN Spuriously Drops Out YZ AR2 4428 
YK299SX RYT Shutdown Auxiliary Relay 99SX Spuriously Drops Out AZ AR2 4428 9354504 
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BK114/2 SSD Keowee 1 Speed Switch 14/2 Fails On Demand BZ AS1 3390 
BK214/2 SSD Keowee 2 Speed Switch 14/2 Fails On Demand BZ AS2 3098 
YK1l4X3 SSD Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm YZ ASI 3390 
YKISS13 SSD Keowee 1 Speed Switch 13 Fails to Close at 122 rpm YZ AS1 3390 
YK214X3 SSD KHU#2 Speed Switch 14-3 Fails to Open at 65 rpm YZ AS2 3098 
YK2SS13 SSD Keowee 2 Speed Switch 13 Fails to Close at 122 rpm YZ AS2 3098 19464 

AK2120S SST Turbine Overspeed Switch Indicates Overspeed AZ AV2 85657 
BK114/2 SST Keowee 1 Speed Switch 14/2 Spuriously Transfers Closed BZ ARI 5285 
BK214/2 SST Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed BZ AR2 4428 

GK1I0121 SST Speed Switch 12/1 Falsely Indicates High Speed GZ ARI 5285 
GK20121 SST Speed Switch 12/2 Falsely Indicates High Speed GZ AR2 4428 

YKlSS12 SST Keowee I Overspeed Switch 12 Spuriously Picks Up YZ ARI 5285 
YK2SS 12 SST Keowee 2 Overspeed Switch 12 Spuriously Picks Up YZ AR2 4428 114796 

AB 152TC SVO Air Circuit Breaker I Trip Coil Fails To Operate AZ ASI 3390 
AB252CC SVO Air Circuit Breaker 2 Close Coil Fails To Operate AZ AS2 3098 
AB252TC SVO Air Circuit Breaker 2 Trip Coil Fails To Operate AZ AS2 3098 
AB352CC SVO Air Circuit Breaker 3 Close Coil Fails To Operate AZ Bi-MTH 61 
AB352TC SVO Air Circuit Breaker 3 Trip Coil Fails To Operate AZ Bi-MTH 61 
AB452CC SVO Air Circuit Breaker 4 Close Coil Fails To Operate AZ Bi-MTH 61 9769 

AB252TC SVT Air Circuit Breaker 2 Trip Coil Spurious Operation AZ AV2 85657 
AB352TC SVT Air Circuit Breaker 3 Trip Coil Spurious Operation AZ AV1 85755 
AB452TC SVT Air Circuit Breaker 4 Trip Coil Spurious Operation AZ AV2 85657 257069 

AB4CLSE SWC Air Circuit Breaker 4 Close Switch Fails To Close On Demand AZ MTH 61 
YOIS1AF SWC Control Switch SIA Fails To Close On Demand YZ 0.OOE+00 0 
YOISIBF SWC Control Switch SIB Fails To Close On Demand YZ 0.00E+00 0 
YO2SSWA SWC Control Switch 2SSW'A' Fails To Close On Demand YZ 0.OOE+00 0 
YO2SSWB SWC Control Switch 2SSW'B' Fails To Close On Demand YZ 0.OOE+00 0 
YO3S1AF SWC Control Switch SIA Fails To Close On Demand YZ 0.OOE+00 0 
YO3SIBF SWC Control Switch SIB Fails To Close On Demand YZ 0.OOE+00 0 
YO3SSWA SWC Control Switch 3SSW'A' Fails To Close On Demand YZ 0.0E+00 0 
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YO3SSWB SWC Control Switch 3SSW'B' Fails To Close On Demand YZ O.OOE+00 0 61 

AB21521 SWT Control Switch 152-2 Spurious Operation AZ AVI 85755 
AB2KEYI SWT Air Circuit Breaker 2 Key Interlock Switch Transfers Open AZ AV2 85657 
AB31523 SWT Control Switch 152-3 Spurious Operation AZ AVI 85755 
AB41523 SWT Control Switch 152-4 Spurious Operation AZ AV2 85657 
AB4KEYI SWT Air Circuit Breaker 4 Key Interlock Switch Transfers Open AZ AV2 85657 
AB4LORE SWT Air Circuit Breaker 4 Local/Remote Switch Contact Transfers Position AZ AV2 85657 
AB51431 SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual AZ AVI 85755 
AB5KEYI SWT Air Circuit Breaker 5 Key Interlock Switch Transfers Open AZ AVI 85755 
AB61432 SWT Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual AZ AV2 85657 
AB6KEYI SWT Air Circuit Breaker 6 Key Interlock Switch Transfers Open AZ AV2 85657 
AB7KEYI SWT Air Circuit Breaker 7 Key Interlock Switch Transfers Open AZ AVI 85755 
AB8KEYI SWT Air Circuit Breaker 8 Key Interlock Switch Transfers Open AZ AV2 85657 
BK 188A SWT Keowee 1 AC GBO Pump Control Switch S188A Spurious Operation BZ AVI 85755 
BKI 188D SWT Unit 1 DC GBO Pump Control Switch S 188D Spurious Operation BZ 2H 2 
BK2188A SWT Unit 2 AC GBO Pump Control Switch S 188A Spurious Operation BZ AVI 85755 
BK2188D SWT Unit 2 DC GBO Pump Control Switch S 188D Spurious Operation BZ 2H 2 
EK14152 SWT KHUI Generator Supply Breaker Trip Control.Switch 141-52/T Spurious Operation EZ AVI 85755 
EKl415T SWT Spurious Operation Of The KHUI Supply Breaker Trip Switch EZ 0 0 
EKlS141 SWT KHUI Field Breaker Trip Control Switch 141/T Spurious Operation EZ 0 0 
EKIS31T SWT KHUI Field Flashing Breaker Trip Control Switch 131ff Spurious Operation EZ AVI 85755 
EKlS41T SWT Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position EZ AVI 85755 
EK24152 SWT KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation EZ AV2 85657 
EK2415T SWT Spurious Operation Of The KHU2 Supply Breaker Trip Switch EZ 0 0 
EK2S141 SWT KHU2 Field Breaker Trip Control Switch Spurious Operation EZ 0 0 
EK2S3IT SWT KHU2 Field Flashing Breaker Trip Control Switch 13 1/T Spurious Operation EZ AV2 85657 
EK2S41T SWT Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position EZ AV2 85657 
FK1l20G SWT Unit 1 Control Switch S120G Spurious Operation FZ CON 87600 
FK212OG SWT Unit 2 Control Switch S 120G Spurious Operation FZ CON 87600 
GKl3SUI SWT Keowee Unit 1 Startup Inhibit Switch 3SUI Spurious Operation GZ CON 87600 
GK23SUI SWT Keowee Unit 2 Startup Inhibit Swtich 3SUI Spurious Operation GZ CON 87600 
OKl88GA SWT Keowee 1 Governor Oil Control Switch 188GA Spurious Operation OZ 714H 714 
OK188GB SWT Keowee 1 Control Switch 188GB Spurious Operation OZ 714H 714 
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OKl88GC SWT Keowee I Control Switch 188GC Spurious Operation OZ 714H 714 

OK288GA SWT Keowee 2 Governor Oil Control Switch 188GA Spurious Operation OZ 714H 714 

OK288GB SWT Keowee 2 Control Switch 188GB Spurious Operation OZ 714H 714 

OK288GC SWT Keowee 2 Control Switch 188GC Spurious Operation OZ 714H 714 

SPCGLAS SWT Break Glass Switch Spurious Operation SZ CON 87600 
YK13SUI SWT KHU#1 Startup Inhibit Sw 3SUI Xfrs to Inhibit .- 113 YZ ARI 5285 
YK23SUI SWT KHU#2 Startup Inhbt Sw 3SUI Sprsly Xfrs to Inhibit -213 YZ AR2 4428 2166121 

EKIEXCI TGF Keowee Unit 1 Gen Excitation Transformer Is Failed EZ 0 0 
EKlEXC2 TGF Keowee Unit I Generator Excitation Transformer Fails EZ AVI 85755 
EK2EXC1 TGF Keowee Unit 2 Generator Excitation Transformer Is Failed EZ 0 0 
EK2EXC2 TGF Keowee Unit 2 Generator Excitation Transformer Fails EZ AV2 85657 171412 

SKXFMR1 THF Keowee Transformer 1 Fails XZ CON 87600 
SXFRCT3 THF Transformer CT3 Faulted SZ CON 87600 
UACXCT4 THF Transformer CT4 Failed SZ CON 87600 262800 

OK 10003 TKF Unit 1 Governor Oil Pressure Tank Fails OZ AVI 85755 
OKIAGO1 TKF Air Receiver Tank 1AGTK-1 Fails OZ AVI 85755 
OK20003 TKF Unit 2 Governor Oil Pressure Tank Fails OZ AV2 85657 
OK2AGO1 TKF Air Receiver Tank 2AGTK-1 Fails OZ AV2 85657 342824 

EKIFANI TLF Keowee Unit 1 Generator Excitation Fan Power Transformer Fails EZ ARI 5285 
EK2FANI TLF Keowee Unit 2 Generator Excitation Fan Power Transformer Fails EZ AR2 4428 
XA1TRIX TLF Keowee Transformer IX Fails XZ CON 87600 
XAIXCXX TLF 4160/600 Vac Transformer CX Fails XZ CON 87600 
XA2TR2X TLF Keowee Transformer 2X Fails XZ CON 87600 272513 

BKlGBO2 VVT Manual Valve 1GBO-2 Transfers Position BZ AVI 85755 
BKlGBO4 VVT Manual Valve IGBO-4 Transfers Position BZ AVI 85755 
BKIGBO5 VVT Manual Valve IGBO-5 Transfers Position BZ AVI 85755 
BKlGBO6 VVT Manual Valve 1GBO-6 Transfers Position BZ AVI 85755 
BKlGBO8 VVT Manual Valve IGBO-8 Transfers Position BZ AVI 85755 
BKIGBO9 VVT Manual Valve 1GBO-9 Transfers Position BZ AVI 85755 
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BK2GBO2 VVT Manual Valve 2GBO-2 Transfers Position BZ AV2 85657 
BK2GBO4 VVT Manual Valve 2GBO-4 Transfers Position BZ AV2 85657 
BK2GBO5 VVT Manual Valve 2GBO-5 Transfers Position BZ AV2 85657 
BK2GBO6 VVT Manual Valve 2GBO-6 Transfers Position BZ AV2 85657 
BK2GBO8 VVT Manual Valve 2GBO-8 Transfers Position BZ AV2 85657 
BK2GBO9 VVT Manual Valve 2GBO-9 Transfers Position BZ AV2 85657 
FKOWLO1 VVT Locked-Open Manual Valve OWL-I Transfers Position FZ AVI 85755 
FKlWLO3 VVT Manual Valve 1WL-3 Transfers Position FZ AVI 85755 
FKlWLO4 VVT Manual Valve lWL-4 Transfers Position FZ AVI 85755 
FKIWLO5 VVT Manual Valve 1WL-5 Transfers Position FZ AVI 85755 
FKlWLO6 VVT Manual Valve 1WL-6 Transfers Position FZ AVI 85755 
FKlWLO7 VVT Manual Valve 1WL-7 Transfers Position FZ AVI 85755 
FKlWLO8 VVT Manual Valve IWL-8 Transfers Position FZ AVI 85755 
FKlWLO9 VVT Manual Valve lWL-9 Transfers Position FZ AVI 85755 
FKlWLl2 VVT Manual Valve IWL-12 Transfers Position FZ AVI 85755 
FKlWLl5 VVT Manual Valve IWL-15 Transfers Position FZ AVl 85755 
FKlWL42 VVT Manual Valve 1WL-42 Transfers Position FZ AVI 85755 
FKlWL43 VVT Manual Valve 1WL-43 Transfers Position FZ AVI 85755 
FK2WLO3 VVT Manual Valve 2WL-3 Transfers Position FZ AV2 85657 
FK2WLO4 VVT Manual Valve 2WL-4 Transfers Position FZ AV2 85657 
FK2WLO5 VVT Manual Valve 2WL-5 Transfers Position FZ AV2 85657 
FK2WLO6 VVT Manual Valve 2WL-6 Transfers Position FZ AV2 85657 
FK2WLO7 VVT Manual Valve 2WL-7 Transfers Position FZ AV2 85657 
FK2WLO8 VVT Manual Valve 2WL-8 Transfers Position FZ AV2 85657 
FK2WLO9 VVT Manual Valve 2WL-9 Transfers Position FZ AV2 85657 
FK2WL12 VVT Manual Valve 2WL-12 Transfers Position FZ AV2 85657 
FK2WL15 VVT Manual Valve 2WL-15 Transfers Position FZ AV2 85657 
FK2WL42 VVT Manual Valve 2WL-42 Transfers Position FZ AV2 85657 
FK2WL43 VVT Manual Valve 2WL-43 Transfers Position FZ AV2 85657 
GKlHPO6 VVT Genrator Bearing Oil Leak Because Manual Valve I1HPO-6 Transfers Position GZ AVI 85755 
GKlWL16 VVT Manual Valve 1WL-16 Transfers Position GZ AVI 85755 
GKlWL17 VVT Manual Valve IWL-17 Transfers Position GZ AVI 85755 
GKlWL18 VVT Manual Valve lWL18 Transfers Position GZ AVI 85755 
GKlWL19 VVT Manual Valve lWLl9 Transfers Position GZ AVI 85755 
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GKlWL20 VVT Manual Valve lWL-20 Transfers Position GZ AVI 85755 
GKlWL21 VVT Manual Valve 1WL-21 Transfers Position GZ AVI 85755 
GKlWL22 VVT Manual Valve lWL22 Transfers Position GZ AVI 85755 
GKlWL23 VVT Manual Valve IWL23 Transfers Position GZ AVI 85755 
GKlWL24 VVT Manual Valve 1WL-24 Transfers Position GZ AVI 85755 
GKlWL25 VVT Manual Valve 1WL-25 Transfers Position GZ AVI 85755 
GKlWL26 VVT Manual Valve lWL26 Transfers Position GZ AVI 85755 
GKlWL27 VVT Manual Valve 1WL27 Transfers Position GZ AVI 85755 
GKlWL28 VVT Manual Valve 1WL-28 Transfers Position GZ AVl 85755 
GKlWL29 VVT Manual Valve lWL-29 Transfers Position GZ AVI 85755 
GKlWL30 VVT Manual Valve 1WL30 Transfers Position GZ AVI 85755 

GKlWL31 VVT Manual Valve 1WL31 Transfers Position GZ AVI 85755 
GKlWL32 VVT Manual Valve 1WL-32 Transfers Position GZ AVl 85755 

GKIWL33 VVT Manual Valve 1WL-33 Transfers Position GZ AVI 85755 
GKIWL34 VVT Manual Valve lWL34 Transfers Position GZ AVI 85755 
GKlWL35 VVT Manual Valve lWL35 Transfers Position GZ AVI 85755 
GKlWL36 VVT Manual Valve 1WL-36 Transfers Position GZ AVI 85755 
GKlWL37 VVT Manual Valve 1WL-37 Transfers Position GZ AVI 85755 
GKlWL38 VVT Manual Valve lWL38 Transfers Position GZ AVI 85755 
GKlWL39 VVT Manual Valve 1WL39 Transfers Position GZ AVI 85755 
GKlWL41 VVT Keowe e1 Manual Valve 1WL-41 Transfers Position to Block Discharge Path GZ AVI 85755 
GKlWL44 VVT Manual Valve lWL-44 Transfers Position GZ AVI 85755 
GKlWL45 VVT Manual Valve 1WL-45 Transfers Position GZ AVI 85755 
GKlWL46 VVT Manual Valve lWL-46 Transfers Position GZ AVI 85755 
GKlWL47 VVT Manual Valve lWL-47 Transfers Position GZ AVI 85755 
GKlWL48 VVT Manual Valve lWL-48 Transfers Position GZ AVI 85755 
GKlWL49 VVT Manual Valve lWL-49 Transfers Position GZ AVI 85755 
GKlWL50 VVT Manual Valve IWL-50 Transfers Position GZ AVI 85755 
GKIWL51 VVT Manual Valve lWL-51 Transfers Position GZ AVI 85755 
GKIWL52 VVT Manual Valve lWL-52 Transfers Position GZ AVI 85755 
GKlWL53 VVT Manual Valve 1WL-53 Transfers Position GZ AVI 85755 
GKlWL54 VVT Manual Valve lWL-54 Transfers Position GZ AVI 85755 
GKlWL55 VVT Manual Valve 1WL-55 Transfers Position GZ AVI 85755 
GKlWL56 VVT Manual Valve lWL-56 Transfers Position GZ AVI 85755 
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GKlWL57 VVT Manual Valve 1WL-57 Transfers Position GZ AVI 85755 
GKlWL58 VVT Manual Valve IWL-58 Transfers Position GZ AVI 85755 
GKlWL59 VVT Manual Valve 1WL-59 Transfers Position GZ AVI 85755 
GKlWL60 VVT Manual Valve 1WL-60 Transfers Position GZ AVI 85755 
GKlWL61 VVT Manual Valve 1WL-61 Transfers Position GZ AVI 85755 
GKlWL62 VVT Manual Valve 1WL-62 Transfers Position GZ AVI 85755 
GKlWL63 VVT Manual Valve 1WL-63 Transfers Position GZ AVI 85755 
GKIWL64 VVT Manual Valve lWL-64 Transfers Position GZ AVI 85755 
GKIWL65 VVT Manual Valve lWL-65 Transfers Position GZ AVI 85755 
GKlWL66 VVT Manual Valve lWL-66 Transfers Position GZ AVI 85755 
GKlWL67 VVT Manual Valve IWL-67 Transfers Position GZ AVI 85755 
GKlWL68 VVT Manual Valve IWL-68 Transfers Position GZ AVI 85755 
GKlWL69 VVT Manual Valve lWL-69 Transfers Position GZ AVl 85755 
GKlWL70 VVT Manual Valve lWL-70 Transfers Position GZ AVI 85755 
GKIWL71 VVT Manual Valve lWL-71 Transfers Position GZ AVl 85755 
GKIWL72 VVT - Manual Valve lWL-72 Transfers Position GZ AVl 85755 
GKlWL73 VVT Manual Valve lWL-73 Transfers Position GZ AVl 85755 
GKIWL74 VVT Manual Valve IWL-74 Transfers Position GZ AVI 85755 
GKlWL75 VVT Manual Valve 1WL-75 Transfers Position GZ AVl 85755 
GKlWL76 VVT Manual Valve 1WL76 Transfers Position and Blocks Discharge Path GZ AVl 85755 
GKlWL78 VVT Manual Valve lWL78 Transfers Position and Blocks Discharge Path GZ AVI 85755 
GK2HPO6 VVT Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position GZ AV2 85657 
GK2WL16 VVT Manual Valve 2WL-16 Transfers Position GZ AV2 85657 
GK2WL17 VVT Manual Valve 2WL-17 Transfers Position GZ AV2 85657 
GK2WLl8 VVT Manual Valve 2WL18 Transfers Position GZ AV2 85657 
GK2WL19 VVT Manual Valve 2WL19 Transfers Position GZ AV2 85657 
GK2WL20 VVT Manual Valve 2WL-20 Transfers Position GZ AV2 85657 
GK2WL21 VVT Manual Valve 2WL-21 Transfers Position GZ AV2 85657 
GK2WL22 VVT Manual Valve 2WL22 Transfers Position GZ AV2 85657 
GK2WL23 VVT Manual Valve 2WL23 Transfers Position GZ AV2 85657 
GK2WL24 VVT Manual Valve 2WL-24 Transfers Position GZ AV2 85657 
GK2WL25 VVT Manual Valve 2WL-25 Transfers Position GZ AV2 85657 
GK2WL26 VVT Manual Valve 2WL26 Transfers Position GZ AV2 85657 
GK2WL27 VVT Manual Valve 2WL27 Transfers Position GZ AV2 85657 
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Denom. Denom.  
Basic Event Description Tree Code - Value Totals 
GK2WL28 VVT Manual Valve 2WL-28 Transfers Position GZ AV2 85657 
GK2WL29 VVT Manual Valve 2WL-29 Transfers Position GZ AV2 85657 
GK2WL30 VVT Manual Valve 2WL30 Transfers Position GZ AV2 85657 
GK2WL31 VVT Manual Valve 2WL31 Transfers Position GZ AV2 85657 
GK2WL32 VVT Manual Valve 2WL-32 Transfers Position GZ AV2 85657 
GK2WL33 VVT Manual Valve 2WL-33 Transfers Position GZ AV2 85657 
GK2WL34 VVT Manual Valve 2WL34 Transfers Position GZ AV2 85657 
GK2WL35 VVT Manual Valve 2WL35 Transfers Position GZ AV2 85657 
GK2WL36 VVT Manual Valve 2WL-36 Transfers Position GZ AV2 85657 
GK2WL37 VVT Manual Valve 2WL-37 Transfers Position GZ AV2 85657 
GK2WL38 VVT Manual Valve 2WL38 Transfers Position GZ AV2 85657 
GK2WL39 VVT Manual Valve 2WL39 Transfers Position GZ AV2 85657 
GK2WL41 VVT Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path GZ AV2 85657 
GK2WL44 VVT Manual Valve 2WL-44 Transfers Position GZ AV2 85657 
GK2WL45 VVT Manual Valve 2WL-45 Transfers Position GZ AV2 85657 
GK2WL46 VVT Manual Valve 2WL-46 Transfers Position GZ AV2 85657 
GK2WL47 VVT Manual Valve 2WL-47 Transfers Position GZ AV2 85657 
GK2WL48 VVT Manual Valve 2WL-48 Transfers Position GZ AV2 85657 
GK2WL49 VVT Manual Valve 2WL-49 Transfers Position GZ AV2 85657 
GK2WL50 VVT Manual Valve 2WL-50 Transfers Position GZ AV2 85657 
GK2WL51 VVT Manual Valve 2WL-51 Transfers Position GZ AV2 85657 
GK2WL52 VVT Manual Valve 2WL-52 Transfers Position GZ AV2 85657 
GK2WL53 VVT Manual Valve 2WL-53 Transfers Position GZ AV2 85657 
GK2WL54 VVT Manual Valve 2WL-54 Transfers Position GZ AV2 85657 
GK2WL55 VVT Manual Valve 2WL-55 Transfers Position GZ AV2 85657 
GK2WL56 VVT Manual Valve 2WL-56 Transfers Position GZ AV2 85657 
GK2WL57 VVT Manual Valve 2WL-57 Transfers Position GZ AV2 85657 
GK2WL58 VVT Manual Valve 2WL-58 Transfers Position GZ AV2 85657 
GK2WL59 VVT Manual Valve 2WL-59 Transfers Position GZ AV2 85657 
GK2WL60 VVT Manual Valve 2WL-60 Transfers Position GZ AV2 85657 
GK2WL61 VVT Manual Valve 2WL-61 Transfers Position GZ AV2 85657 
GK2WL62 VVT Manual Valve 2WL-62 Transfers Position GZ AV2 85657 
GK2WL63 VVT Manual Valve 2WL-63 Transfers Position GZ AV2 85657 
GK2WL64 VVT Manual Valve 2WL-64 Transfers Position GZ AV2 85657 
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Denom. Denom.  
Basic Event Description Tree Code Value Totals 
GK2WL65 VVT Manual Valve 2WL-65 Transfers Position GZ AV2 85657 
GK2WL66 VVT Manual Valve 2WL-66 Transfers Position GZ AV2 85657 
GK2WL67 VVT Manual Valve 2WL-67 Transfers Position GZ AV2 85657 
GK2WL68 VVT Manual Valve 2WL-68 Transfers Position GZ AV2 85657 
GK2WL69 VVT Manual Valve 2WL-69 Transfers Position GZ AV2 85657 
GK2WL70 VVT Manual Valve 2WL-70 Transfers Position GZ AV2 85657 
GK2WL71 VVT Manual Valve 2WL-71 Transfers Position GZ AV2 85657 
GK2WL72 VVT Manual Valve 2WL-72 Transfers Position GZ AV2 85657 
GK2WL73 VVT Manual Valve 2WL-73 Transfers Position GZ AV2 85657 
GK2WL74 VVT Manual Valve 2WL-74 Transfers Position GZ AV2 85657 
GK2WL75 VVT Manual Valve 2WL-75 Transfers Position GZ AV2 85657 
GK2WL76 VVT Manual Valve 2WL76 Transfers Position and Blocks Discharge Path GZ AV2 85657 
GK2WL78 VVT Manual Valve 2WL78 Transfers Position and Blocks Discharge Path GZ AV2 85657 
OK10009 VVT Manual Valve 100-9 Transfers Closed OZ AV1 85755 
OKl0012 VVT Manual Globe Valve 10G-12 Transfers Closed OZ AVl 85755 
OK10015 VVT Manual Globe Valve 100-15 Transfers Closed OZ AVI 85755 
OK10018 VVT Manual Globe Valve 10G-18 Transfers Closed OZ AVI 85755 
OKlAGO5 VVT Manual Valve IAG-5 Transfers Position OZ AVI 85755 
OK20009 VVT Manual Valve 20 G-9 Transfers Closed OZ AV2 85657 
OK20012 VVT Manual Globe Valve 20G-12 Transfers Closed OZ AV2 85657 
OK20015 VVT Manual Globe Valve 200-15 Transfers Closed OZ AV2 85657 
OK20018 VVT Manual Globe Valve 20G-18 Transfers Closed OZ AV2 85657 
OK2AG05 VVT Manual Valve 2AG-5 Transfers Position OZ AV2 85657 
PKlTSO1 VVT Manual Valve ITS-I Transfers Position PZ AVI 85755 
PKlTSO3 VVT Manual Valve ITS-3 Transfers Position PZ AVI 85755 
PK2TSO1 VVT Manual Valve 2TS-1 Transfers Position PZ AV2 85657 
PK2TSO3 VVT Manual Valve 2TS-3 Transfers Position PZ AV2 85657 14484363 
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Table C.1-4: Keowee PRA Basic Event Factor Assignment Rules 

Rule No. Failure Symptoms Effect on Keowee Calc. Method Exposure Time 

1. Statalarm in Control Fails the unit run Mission time for 24 hrs for both Unit 1 

Room when Keowee is (Failures that fail the Keowee to run and Unit 2 

in the Standby Mode unit to start should not 

be included in the 

models) 

2. Indicated Either by Fails the Unit Start Half the Time Between 6 hrs for both Unit 1 

Computer Printout or Rounds and Unit 2 

by Rounds 

3. Indicated either by Fails the unit start or Mission time for 24 hrs for both Unit 1 

computer printout or by run but applied to run Keowee to run and Unit 2 

rounds failure basic event 

4. Indicated either by Fails the unit run but Half the time between 30 hrs for both Unit I 

computer printout or by not a start rounds plus the mission and Unit 2 

rounds time for Keowee to run 

5. Fails a unit start Fails the unit to start Half the time between 84 hrs for Unit 1, 

normal starts 12 hrs for Unit 2, 

6. Fails a unit run Fails the unit to run but Half the time between 108 hrs for Unit 1, 

does not fail a start normal starts plus the 36 hrs for Unit 2 

unit mission time 

7. Fails a monthly Fails the unit to start Half the time between 360 hrs for both Unit 1 

surveillance test monthly surveillance and Unit 2 

tests 

8. Fails a unit start Fails the unit to Half the time between 360 hrs for Unit 1 

following a unit swap emergency start unit swaps 

9. Fails a unit run Fails the unit to run but Half the time between 372 hrs for Unit I 

following a unit swap does not fail an unit swaps plus half the 

I emergency start unit mission time
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Table C.1-4: Keowee PRA Basic Event Factor Assignment Rules 

Rule No. Failure Symptoms Effect on Keowee Cale. Method ExposureTime 

10. Fails a unit run Fails the unit to run but Half the time between 384 hrs for Unit I 

following a unit swap does not fail an unit swaps plus the unit 

emergency start mission time 

11. Fails a quarterly Fails the unit to start Half the time between 1092 hrs for both Unit 

surveillance test quarterly surveillance I and Unit 2 

tests 

12. Fails a yearly Fails the unit to start Half the time between 4380 hrs for both Unit 

surveillance test yearly surveillance tests I and Unit 2



Table C.1-5: Keowee Type Code Data Bases 

ype_ Generic Error No. of Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate Factor Source Failures Denominator Failure Rate Failure Rate Error Factor 

Air Operated Fails to Open on Davis-Besse 
Valve Demand AVO 2.20E-03 /d 2.8 IPE 0 6488 3.51E-05 2.8E-04 2.8 

Air Operated Davis-Besse 
Valve Transfers Closed AVT 2.70E-06 /hr 10 IPE 0 9713 2.34E-05 2.3E-06 10.0 

Fails to Maintain Davis-Besse 
Battery Charger Output BCF 1.10E-05 /hr 4.9 IPE 6 171412 3.50E-05 2.9E-05 1.9 

Davis-Besse 
Electric Bus (DC) Fails BDF 6.10E-07 /hr 5.2 IPE 0 872212 2.61E-07 3.2E-07 5.2 

Electric Bus (4 Kv Davis-Besse 
or Higher AC) Fails BHF 5.30E-07 /hr 5.1 IPE 0 350400 6.49E-07 4.OE-07 5.1 

Electric Bus (600 Davis-Besse 
Vac or Lower) Fails BLF 3.60E-07 /hr 6.4 IPE 0 342824 6.64E-07 2.7E-07 6.4 

Fails to Provide 
Battery Output BYF 1.18E-03 /d 7.8 Composite 0 60 3.79E-03 9.3E-04 7.8 

Circuit Breaker (4 Fails to Remain Davis-Besse 
or 6.9 Kv AC) Closed C4T 1.90E-06 /hr 5.7 IPE 0 262800 8.66E-07 9.4E-07 5.7 

Circuit Breaker Davis-Besse 
(DC) Spurious Operation CDT 1.90E-06 /hr 5.7 IPE 0 6250420 3.64E-08 7.5E-08 5.7 

Circuit Breaker Fails to Close on 
(PCB) Demand CHC 7.20E-05 /d 10 IEEE 500, p. 115 1 2263 4.42E-04 2.6E-04 3.7 

Human Error Error of Commision CHE N/A N/A N/A N/A N/A N/A N/A N/A 

Circuit Breaker Fails to Open on 
(PCB) Demand CHO 4.OOE-05 /d 10 IEEE 500, p. 115 0 2263 1.01E-04 2.6E-05 10.0 

Circuit Breaker 0 
(PCB) Spurious Operation CHT 3.OOE-07 /hr 10 IEEE 500, p. 115 2 615432 3.25E-06 1.9E-06 2.8 

Circuit Breaker Davis-Besse 
(Low Voltage AC) Spurious Operation CLT 1.90E-06 /hr 5.7 IPE 1 1371296 7.29E-07 9.1E-07 3.3 
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Table C.1-5: Keowee Type Code Data Bases 

ly. Generic Error No. of Plant-Specific Bayesian-Updated 
Component Failure Mode Cod Failure Rate Factor Source Failures Denominator Failure Rate Failure Rate Error Factor 

Common Cause COM N/A N/A N/A N/A N/A N/A N/A N/A 

Fails to Close on Davis-Besse 
Check Valve Demand CVC 9.70E-04 /d 5.2 IPE 0 1040 2.19E-04 3.5E-04 5.2 

Fails to Open on Davis-13esse 
Check Valve Demand CVO 1.90E-04 /d 8.9 IPE 0 87832 2.59E-06 2.3E-06 8.9 

Davis-Besse 
Check Valve Fails to Remain Open CVT 4.50E-07 /hr 20 IPE 0 197774 1.15E-06 1.3E-07 20.0 

Undeveloped 
Event DEX N/A N/A N/A. N/A N/A N/A N/A N/A 

Dynamic Human 
Human Error Error DHE N/A N/A N/A N/A N/A N/A N/A N/A 

Diode Fails to Operate DIF 1.22E-06 /hr 10 . IEEE 500 1 175200 5.71E-06 3.8E-06 3.7 
Unavailable Due to 
Maintenance or 

Battery Testing DYM N/A N/A N/A N/A N/A N/A N/A N/A 

Filter or Strainer Plugs/fails to Deliver Davis-Besse 
(Raw Water) Flow FRF 1.20E-05 /hr 6.6 IPE 0 342824 6.64E-07 9.8E-07 6.6 

Filter or Strainer Plugs/fails to Deliver Davis-Besse 
(Oil) Flow FTC 1.20E-05 /hr 6.6 IPE 0 171412 1.33E-06 1.8E-06 6.6 

Fails to Remain . Davis-Besse 
Electrical Fuse Closed FUF 6.30E-07 /hr 9.4 IPE 4 857060 4.67E-06 3.6E-06 2.1 

Float Valve Fails to Remain Open FVT Unavailable /hr N/A N/A 1 171412 5.83E-06 N/A N/A 

Davis-Besse 
Pump Fails to Run GPR 2.40E-05 /hr 3.2 IPE 2 195632 1.02E-05 1.4E-05 2.3 

Fails to Start on Davis-Besse 
Pump Demand GPS 3.10E-03 /d 3.2 IPE 7 87784 7.97E-05 9.7E-05 1.7 

Pa e2of5



Table C.1-5: Keowee Type Code Data Bases 

Tye.. Generic Error No. of Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate . Factor Source Failures Denominator Failure Rate Failure Rate Error Factor 

Hydro-Electric 
Generator Fails to Run HGR N/A /hr N/A N/A 1 10570 9.46E-05 N/A N/A 

Hydro-Electric 
Generator Fails to Start HGS N/A /d N/A N/A 1 6488 1.54E-04 N/A N/A 

Davis-Besse 
Heat Exchanger Fails to Transfer Heat HXF 3.40E-06 /hr 8.2 IPE 0 307394 7.40E-07 6.4E-07 8.2 

Heat Exchanger External Leak HXL 3.00E-07 /hr 10 EGG-SRE-8875 0 1028472 2.21E-07 1.0E-07 10 
Out of Service for 
Maintenance or 

Keowee Station Testing HYM N/A N/A N/A N/A N/A N/A N/A N/A 

Latent (Pre-initiator) 
Human Error Human Error LHE N/A N/A N/A N/A N/A N/A N/A N/A 

Fails to Operate on Davis-Besse 
Switch ( Level) Demand LSD 1.60E-03 /d 4.3 IPE 0 Inadequate Info. N/A N/A 

Davis-Besse 
Switch ( Level) Spurious Operation LST 2.30E-06 /hr 8 IPE 0 707552 3.22E-07 3.1E-07 8.0 

Switch ( Push 
Button) Spurious Operation PBT 1.00E-06 /hr 10 EGG-SRE-8875 0 518664 4.39E-07 2.4E-07 10.0 

Fails to Close on Davis-Besse 
Switch (Pressure) Demand PSC 2.60E-04 /d 8.1 IPE 0 85722 2.65E-06 2.9E-06 8.1 

Davis-Besse 
Switch (Pressure) Spurious Operation PST 8.50E-07 /hr 4.6 IPE 0 857060 2.65E-07 4.3E-07 4.6 

Fails to Operate on 
Relay (MG6) Demand R6D N/A /d N/A N/A 5 20089 2.49E-04 N/A N/A 

Relay (MG6) Spurious Operation R6T N/A /hr N/A N/A 0 1378774 1.65E-07 N/A N/A 
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Table C.1-5: Keowee Type Code Data Bases 

Type Generic Error No. of Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate Facto Source Failures Denominator Failure Rate Failure Rate Error Factor 

Human Error Failure to Recover RHE N/A N/A N/A N/A N/A N/A N/A N/A 

Davis-Besse 
Relief Valve Spurious Operation RVT 1.70E-06 /hr 4.2 IPE 3 177124 1.69E-05 5.6E-06 2.2 

Fails to Operate on Davis-Besse 
Relay Demand RYD 1.90E-04 /d 9 IPE 4 126969 3.15E-05 3.3E-05 2.1 

Davis-Besse 
Relay Spurious Operation RYT 1.00E-06 /hr 5 IPE 3 9354504 3.21E-07 3.6E-07 2.3 

Davis-Besse 
Switch (Speed) Fails on Demand SSD 2.50E-04 /d 6.4 IPE 0 19464 1.17E-05 1.SE-05 6.4 

Switch (Speed) Spurious Operation SST 1.OOE-06 /hr 10 EGG-SRE-8875 1 114796 8.71E-06 4.2E-06 3.7 

Fails to Open on Davis-Besse 
Solenoid Valve Demand SVO 2.80E-03 /d 7.5 IPE 0 9769 2.33E-05 2.9E-05 7.5 

Davis-Besse 
Solenoid Valve Spurious Operation SVT 4.10E-07 /hr 3 IPE 0 257069 8.85E-07 3.9E-07 3.0 

Fails to Close on 
Switch Demand SWC 1.OOE-05 /d 5 EGG-SRE-8875 0 61 3.73E-03 1.OE-05 5.0 

Switch Spurious Operation SWT 1.OOE-06 /hr 10 EGG-SRE-8875 0 2166121 1.05E-07 7.OE-08 10.0 

Transformer(Excit Fails to Maintain Davis-Besse 
ation) Power TGF 2.OOE-06 /hr 7 IPE 0 171412 1.33E-06 9.8E-07 7.0 

Transformer (High Fails to Maintain Davis-Besse 
Voltage) Power THF 2.OOE-06 /hr 7 IPE 1 262800 3.81E-06 3.1E-06 3.4 

Unavailable Due to 
Transformer (High Maintenance or 
Voltage) Testing THM N/A N/A N/A N/A N/A N/A N/A N/A 

Fails to Maintain Davis-Besse 
Tank Pressure TKF 7.50E-07 /hr 6.3 IPE 0 342824 6.64E-07 4.6E-07 6.3 
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Table C.1-5: Keowee Type Code Data Bases 

Iype Generic Error No, o Plant-Specific Bayesian-Updated 
Component Failure Mode Code Failure Rate Factor Source Failures Denominator Failure Rate Failure Rate Error Factor 

Transformer (Low Fails to Maintain Davis-Besse 
Voltage) Power TLF 2.OOE-06 /hr 7 IPE 0 272513 8.35E-07 7.5E-07 7.0 

Unavailable Due to 
Maintenance or 

System Train Testing TRM N/A N/A N/A N/A N/A N/A N/A N/A 

Davis-Besse 
Manual Valve Transfers Position VVT 8.OOE-08 /hr 7.3 IPE 0 14484363 1.57E-08 1.7E-08 7.3 
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Table C.1-6: Keowee PRA Train And Component Maintenance / Testing Events 

Calculation 
(Unavailable Hrs.  

Basic Event Description Unavailable Hrs.1 Source / Period Hrs.) Unavailability 

BKlGODCTRM Unit 1 DC Turbine GBO Pump Train In 5 hrs. / pump / yr. Keowee Station (2 x 5)/ 8760 1.14E-03 
Maintenance. for Annual Maint. Personnel 

BK2GODCTRM Unit 2 DC Turbine GBO Pump Train In 5 hrs. / pump / yr. Keowee Station (2 x 5) /8760 1.14E-03 
Maintenance. for Annual Maint. Personnel 

DDCIALXBWM Switchyard Battery Number 1 Is In Maintenance Or (72.0 - 120.0) hrs. / Keowee Battery Maint. 100 / 8760 1.14E-02 
Test. Battery / yr. for Personnel 

Annual Maint.  

OKlOGICTRM OG Pump IC Train In Maintenance Or Testing. 10 hrs. / pump / yr. Keowee Station (3 x 10) / 8760 3.42E-03 
for Annual Maint. Personnel 

OK2OG2CTRM OG Pump 2C Train In Maintenance Or Testing. 10 hrs. / pump / yr. Keowee Station (3 x 10) / 8760 3.42E-03 
for Annual Maint. Personnel 

PKlTSDCTRM Turbine No. 1 DC Pump Train In Maintenance Or 3 hrs. / pump / yr. Keowee Station (2 x 3) / 8760 6.85E-04 
Testing. for Annual Maint. Personnel 

PK2TSDCTRM Turbine No. 2 DC Pump Train In Maintenance Or 3 hrs. / pump / yr. Keowee Station (2 x 3) / 8760 6.85E-04 
Testing. for Annual Maint. Personnel 

SXFRCT3THM Transformer CT3 Is In Maintenance. Oconee PRA 1.74E-04 
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Table C.1-6: Keowee PRA Train And Component Maintenance / Testing Events 

Calculation 
(Unavailable Hrs.  

Basic Event Description Unavailable Hrs. Source / Period Hrs.) Unavailability 

SXFRCT4THM Transformer CT4 Is In Maintenance. 24.0 hrs. / 3 yr. PM Oconee Swyd. Maint. 8 / 8760 9.13E-04 
or 8.0 hrs / yr. Personnel 

XAIXCXXTHM Transformer CX Is In Maintenance. 12.0 hrs. / 3 yr. PM Oconee Swyd. Maint. 4 / 8760 4.57E-04 
or 4.0 hrs / yr. Personnel 

XDIDALTBYM Normal Power To Dist. Center IDA Is In Test and 48 hrs. / Battery / yr. Keowee Station 48/8760 5.48E-03 
Maintenance (Keowee Battery Maintenance). for Annual Maint. Personnel 

XD2DALTBYM Normal Power To Dist. Center 2DA Is In Test and 48 hrs. / Battery / yr. Keowee Station 48 / 8760 5.48E-03 
Maintenance (Keowee Battery Maintenance). for Annual Maint. Personnel 

1Unavailability is placed on one train or component but includes maintenance unavailability for all trains or components.  

Page 2 of 2



Table C.1-7: Keowee PRA Undeveloped Events 

Failure Appendix 

Basic Event Description Probability Reference 

AB1ACCUDEX Air Circuit Breaker I Accumulator Air Pressure Low 3.5 1E-05 A.4 

ABlFALTDEX Fault Occurs at ACB-1 When The Breaker Trips 0.OOE+00 A.4 

ABlMECHDEX Air Circuit Breaker 1 Fails To Open Due To Mechanical 1.5 1E-04 A.4 

Failure 

AB2ACCUDEX Air Circuit Breaker 2 Accumulator Air Pressure Low 3.5 1E-05 A.4 

AB2MCH2DEX Air Circuit Breaker 2 Fails To Close Due To Mechanical 3.02E-04 A.4 

Failure 

AB2MECHDEX Air Circuit Breaker 2 Fails To Open Due To Mechanical 1.51E-04 A.4 

Failure 

AB3ACCUDEX Air Circuit Breaker 3 Accumulator Air Pressure Low 3.51E-05 A.4 

AB3MCH2DEX Air Circuit Breaker 3 Fails To Close Due To Mechanical 3.02E-04 A.4 

Failure 

AB3MECHDEX Air Circuit Breaker 3 Fails To Open Due To Mechanical 1.5 1E-04 A.4 

Failure 

AB4ACCUDEX Air Circuit Breaker 4 Accumulator Air Pressure Low 3.5 1E-05 A.4 

AB4MCH2DEX Air Circuit Breaker 4 Fails To Close Due To Mechanical 3.02E-04 A.4 

Failure 

AB5MCH2DEX Air Circuit Breaker 5 Fails To Close Due To Mechanical 7.04E-03 A.4 

Failure 

AB6MCH2DEX Air Circuit Breaker 6 Fails To Close Due To Mechanical 7.04E-03 AA 

Failure 

AB6MECHDEX Air Circuit Breaker 6 Fails To Open Due To Mechanical 8.0 IE-04 A.4 

Failure 

AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical 7.04E-03 A.4 

Failure 

AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical 8.0 IE-04 A.4 

Failure 

AB8MCH2DEX Air Circuit Breaker 8 Fails To Close Due To Mechanical 7.04E-03 A.4 

Failure 

ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB 2.OOE-03 A.4 

Accumulators 

AKI 14GVDEX KUI Magnetic Speed Switch System Fails 1.OOE-04 , A.4 

AK214GVDEX KU2 Magnetic Speed Switch System Fails 1.00E-04 A.4 

AK2GATEDEX Wicket Gate Limit Switch Indicates Gate Position Is Below 2.11 E-05 A.4 

No-load Setting 

DIDIAXXDEX Loss Of Power On 125 V dc Panelboard IDIA 6.50E-06 A.5 

D1DIBXXDEX Loss Of Power On 125 V dc Panelboard 1DIB 6.50E-06 A.5 
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Table C.1-7: Keowee PRA Undeveloped Events 

Failure Appendix 

Basic Event Description Probability Reference 

D2DIAXXDEX Loss Of Power On 125 V dc Panelboard 2DIA 6.50E-06 A.5 

D2DIBXXDEX Loss of Power on 125 V dc Panelboard 2DIB 6.50E-06 A.5 

D3DIAXXDEX Loss Of Power On 125 V dc Panelboard 3DIA 6.50E-06 A.5 

D3DIBXXDEX Loss Of Power On 125 Vdc Panelboard 3DIB 6.50E-06 A.5 

EKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output 1.24E-03 A.6 

Within Acceptable Range 

EKlBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit 6.17E-04 A.6 

Voltage 

EKIDIODDEX Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-04 A.6 

EKlFLDMDEX Keowee Unit 1 Field Breaker Fails To Close Due To 7.71E-05 A.6 

Mechanical Failure 

EK1FLSMDEX Keowee Unit 1 Field Flashing Breaker Fails To Close Due 7.71E-05 A.6 

To Mechanical Failure 

EK1SPYMDEX Keowee Unit 1 Supply Breaker Fails To Close Due To 4.62E-04 A.6 

Mehanical Failure 

EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output 2.47E-03 A.6 

Too High/Low 

EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output 1.24E-03 A.6 

Within Acceptable Range 

EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit 6.17E-04 A.6 

Voltage 

EK2DIODDEX Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-04 A.6 

EK2FLDMDEX Keowee Unit 2 Field Breaker Fails To Close Due To 7.7 1E-05 A.6 

Mechanical Failure 

EK2FLSMDEX Keowee Unit 2 Field Flashing Breaker Fails To Close Due 7.71E-05 A.6 

To Mechanical Failure 

EK2SPYMDEX Keowee Unit 2 Supply Breaker Fails To Close Due To 4.62E-04 A.6 

Mehanical Failure 

EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output 2.47E-03 A.6 

Too High/Low 

GKlFIREDEX Spurious Actuation of Unit 1 Gen. C02 Fire Supression 3.19E-05 A.7 

System 

GK2FIREDEX Spurious Actuation of Unit 2 Gen. C02 Fire Supression 7.OOE-05 A.7 

.System 

Kl2COMIDEX Grid Degradation Occurs And Causes Failure Of Both 1.OOE-06 A.1 

Keowee Units 
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Table C.1-7: Keowee PRA Undeveloped Events 

Failure Appendix 
Basic Event Description Probability Reference 
KB4CONNDEX Air Circuit Breaker 4 Connects Unit 2 To The Underground 1.1 OE-07 A.1 

Path _ 

KKlBOTHDEX Keowee Units I And 2 Are Supplying The Grid 0.OOE+00 A.1 

KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.OOE+00 A.1 

KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 6.OOE-02 A. 1 

OFACTORDEX Overload Susceptibility Factor 1.00E+00 A.9 

PKIPACKDEX Turbine No. 1 Packing Fails 3.1OE-05 A.13 

PK2PACKDEX Turbine No. 2 Packing Fails 3.1OE-05 A.13 

WKlGVCDDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates During 3.50E-05 A.10 
a Cold Start 

WKlGVHTDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates 3.50E-04 A.10 
. During Hot Start 

WKlGVRNDEX Keowee Unit I Gov. Fails to Position Wicket Gates With 5.60E-04 A. 10 
Unit Running 

WKlSPDIDEX Potentially Damaging Overspeed Condition Occures At 1.00E+00 A.10 
Load Rejection 

WKlSPD2DEX Keowee Unit 1 Governor Failure Creates Overspeed 5.60E-05 A.10 

Condition 

WK1TBCDDEX Keowee Unit 1 Turbine Fails During a Cold Start 3.50E-05 A.10 

WKlTBHTDEX Keowee Unit 1 Turbine Fails During a Hot Start 3.50E-04 A.10 

WKlTBRNDEX Keowee Unit I Turbine Fails With the Unit Running 5.60E-04 A.10 

WK2GVCDDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates During 3.501E-05 A. 10 
Cold Start 

WK2GVHTDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates During 3.50E-04 A.10 
Hot Start 

WK2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With 5.60E-04 A.10 
Unit Running 

WK2SPD2DEX Keowee Unit 2 Governor Failure Creates Overspeed 5.60E-05 A.10 
Condition .  

WK2TBCDDEX Keowee Unit 2 Turbine Fails During a Cold Start 3.50E-05 A. 10 

WK2TBHTDEX Keowee Unit 2 Turbine Fails During a Hot Start 3.50E-04 A.10 
WK2TBRNDEX Keowee Unit 2 Turbine Fails With the Unit Running 5.60E-04 A. 10 
YK186N1DEX Keowee 1 Normal Lockout Actuates 9.89E-03 A.5 
YK286N2DEX Keowee Unit 2 Normal Lockout Activates 7.4 1E-03 A.5 
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* C.2 CO MNCAS SESSMENTl 

C.2.1 INTRODUCTION 

Common cause failure mechanisms are an important aspect of a probabilistic safety study 

that have been recognized in many PRA studies to be major contributors to plant risk and 

system unavailability. A common cause failure event is an event resulting in multiple 

failures of a specified set of (usually similar) components due to a shared cause. This 

section describes the process used to assess the impact of potential common cause failure 

events on Keowee reliability.  

In recent years, the NRC and nuclear utilities have spent a great deal of effort collecting 

data and developing modeling techniques for the treatment of common cause events.  

This research has lead to the development of suggested procedures and appropriate 

methods and techniques to perform a common cause failure analysis. These procedures 

provide a framework to evaluate potential events and use industry data to calculate 

common cause event probabilities. When adequate data is available, these methods and 

values are preferred over the use of generic common cause parameters. Using these 

methods, actual Keowee operating data and industry data were used to the greatest extent 

possible to quantify potential Keowee common cause events.  

C.2.2 ASSESSMENT PROCESS 

C.2.2.1 OVERVIEW 

The assessment process used is based heavily on the guidance of NUREG/CR-4780 

(Reference 1) that suggests a procedural framework to perform a common cause 

assessment. However, a number of enhancements and simplifications were made to 

tailor this process to the Keowee project. NUREG/CR-5801 (Reference 3) provides 

some of the basis for these enhancements. Figure C.2-1 provides a graphical 

representation of the process used to assess common cause events for the Keowee study.  

The assessment process began with a general familiarization of the system design and 

operation. The next step of problem definition and logic model development was 

important in the determination of the level of common cause event modeling and 
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development of preliminary common cause basic events. These steps were performed 

concurrently with other Keowee analysis tasks at the beginning of the project.  

In parallel with logic model development activities for the Keowee systems, a thorough 

review of the Keowee Operating History was performed along with a qualitative 

common cause failure analysis. Industry experience was also examined by reviewing 

EPRI Report TR-100382 (Reference 4) which provides information on actual events in 

recent years. These activities were used in conjunction with the system logic models to 

define appropriate common cause basic events and to develop a database of plant specific 

events for estimating parameters of the common cause probability models.  

The qualitative analysis attempted to identify potential common cause failure 

mechanisms and the coupling mechanisms which could lead to the failure of redundant 

components and systems. Functional, spatial, and human coupling mechanisms were 

considered for the Keowee systems. Keowee defensive strategies were examined for 

their ability to detect and prevent root cause failure mechanisms.  

Due to the limited scope of the Keowee study, a formal quantitative screening was not 

necessary. It is recognized however that common cause basic events that are less than 

1E-06 will not be significant contributors to Keowee unavailability. A peer review was 

performed to assess the appropriateness of the preliminary common cause basic events 

before final quantification.  

The CCDAT program was used to automate the data classification and screening process, 

and the parameter estimation process (Reference 5). This program was used to classify 

and screen Keowee specific operating events and applicable industry data into a Keowee 

specific alignment database. Using the Keowee database, a final quantification of the 

applicable common cause basic events was performed for the Multiple Greek Letter 

(MGL) quantification model. Some events were quantified using other data sources such 

as Reference 10, or were quantified using generic common cause MGL parameters. The 

MGL parameters were used to calculate common cause multipliers for each basic event.  

These common cause basic event probabilities were computed by calculating an 

independent failure probability for a single component or train of equipment and 

multiplying it with the common cause multiplier. The basic event probabilities were then 

input into the Keowee system logic model for the final model solution.  
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The results of the final system solution were evaluated and a sensitivity analysis of 

various model parameters performed. Common cause event probabilities were adjusted 

accordingly when parameters such as component failure rates, operating configurations, 

or test and maintenance frequencies were changed for sensitivity analysis.  

The results of this assessment are discussed in section C.2.5 and in section 7.0 of the 

overall study results.  

C.2.2.2 OPERATING HISTORY REVIEW 

A detailed review of the Keowee operating data was performed for the years 1980 

1993. This data period is 4 years longer than the data period for other Keowee 

component failure data. This period was chosen to capture possibly rare common cause 

events that might not be included in the 10 year data period. The information reviewed 

included Licensee Event Reports, Plant Problem Investigation Reports (PIPs, PIRs, 

IIRs), and Keowee operator log entries. The Oconee IPE documentation files also 

provided additional information on events occurring during the period 1980 - 1987.  

Table C.2-1 contains a list of events identified during this review with potential common 

cause implications. Four events were classified as actual failure events and used later in 

the data analysis. The other events were screened from the data analysis because they 

were not actual failures (only postulated failures in LERs), did not actually fail or 

degrade multiple components, or because the problem was no longer relevant.  

Two of the LER events reported potential common mode failures that require special 

treatment because they entail special combinations of independent failures under specific 

operating conditions. The common cause mechanism arises from the potential to have 

both of the Keowee units connected to the same path unsynchronized, and subsequently 

damage both generators. These events were explicitly modeled in the high level tree 

accounting for each of the operating conditions and independent failures necessary to 

trigger the event.  

Industry data was also reviewed for pertinent information on emergency power systems 

and components that may be similar to those at Keowee. Reference 4 provides a listing 

and description of common cause events in recent years including events involving diesel 

generators and circuit breakers. None of the diesel generator events were judged to be 

applicable to the Keowee analysis. The data on circuit breakers was judged to be 
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applicable and was used for Keowee basic event quantification (See section C.2.2.5.1 on 

Data Classification and Analysis).  

References 8 and 9 were also reviewed for insights on common cause events in the 

industry. The focus of these reports is on the effectiveness of various defensive strategies 

to prevent common cause failures. Since their focus was not on event quantification, the 

events compiled in these reports were not suitable for further data analysis. The reports' 

conclusions do, however, provide additional background information for assessing 

certain Keowee defensive strategies.  

C.2.2.3 QUALITATIVE ANALYSIS 

C.2.2.3.1 Qualitative Procedure 

A qualitative analysis examines the root causes of component failures, the degree of 

similarity and dependence between redundant components, and the defensive 

mechanisms that can prevent multiple failures. This examination determines 

qualitatively the perceived coupling strength, operational impact, effectiveness of 

defensive strategies, for particular components and specific failure modes. A Keowee 

qualitative analysis was performed to provide part of the basis for the selection of 

common cause component groups as well as to provide insight into possible 

improvements in common cause defensive tactics. An overview of this is provided 

below. A more detailed description of the qualitative analysis procedure and results is 

contained in the project files.  

The method used to perform this analysis is a 5 step process based in large part on a 

generic cause approach (Reference 1 & 2). This approach calls for the identification of a 

wide range of postulated causes of CCF events that are systematically reviewed and 

screened according to their importance and relevance to the Keowee systems. In 

addition, each component/failure mode combination is reviewed for the effectiveness of 

defensive mechanisms to detect and prevent multiple failures. An outline of this 

modified qualitative analysis procedure is provided below.  

Step I - Identifying important root causes of component failures and defining the 
groups of components that are susceptible to each root cause of failure.  
Table C.2-2 provides a list of generic root cause considered for 
mechanical and electrical systems and components. Table C.2-3 provides 
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a list of component groups for which these generic root causes were 

qualitatively evaluated.  

Step 2 - Perform a screening on each root cause and component group 
combination and eliminate those combinations that are unlikely to lead to 

system failures or are determined to be unimportant when compared to 

other failures for the system.  

Step 3 - Perform a screening on each harsh environment-related combination to 

determine if there is a root cause event that can trigger the scenario.  

Step 4 - Determine the component minimal cut sets that are involved in each root 

cause and component group combination retained for analysis and 

eliminate scenarios that are not credible or not relevant.  

Step 5 - Review effectiveness of defensive'tactics in detecting or preventing CCF 
events and eliminate scenarios that are unlikely due to strong defensive 

measures.  

The defensive measures considered in this analysis were barriers, 

personnel training, quality control, preventive maintenance, surveillance 
testing and inspection, procedural and administrative controls, design 

margins, and diversity. NUREG/CR-5460 (Reference 7) was used as a 

reference for the applicability and effectiveness of CCF defensive tactics 
to various common cause failure modes. References 8 and 9 provide 
additional insights on the effectiveness of certain defensive strategies to 

prevent common cause failures.  

C.2.2.3.1 Qualitative Results 

The qualitative analysis has two results that are passed on to the system modeling and 

common cause quantification stages. First, combinations of components and failure 

modes that were not screened out were considered for common cause basic events.  

Second, in the quantification of basic events, the relative strength of coupling 

mechanisms and defensive mechanisms was used to calculate or select MGL parameters.  

Table C.2-4 denotes which events were considered "strongly defended" in the 

quantification process.  

In general, most of the Keowee defensive strategies are considered to be similar to other 

nuclear facilities in their effectiveness at detecting and preventing common cause 

failures. However, the areas of periodic testing and design margin are thought to be 
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substantially better than an average plant for many failure modes. Recent improvements 

in administrative controls, procedure development, and personnel training are believed to 

have adequately addressed previous deficiencies in these areas. Therefore, defensive 

strategies such as procedural and administrative controls and personnel training are now 

considered to be similar in effectiveness as the same strategies at other nuclear facilities.  

Typically one of the Keowee units is started at least once per day for system generation.  

Unit operation in this mode provides a full functional check of most of the Keowee 

systems and components. This has a defensive effect similar to frequent testing and 

staggered testing. As both units rotate duties of system generation, the length of 

exposure to common cause errors on both units is very small.  

Another important Keowee defense is design margin. Because Keowee was designed for 

system generation loads, many components are "over-designed" for handling emergency 

loads. For example, the Keowee generator is rated at 87.5 MVA, however, emergency 

loads are limited to 30 MVA on the overhead path (CT3) and to 22.4 MVA on the 

underground path (CT4). It would be expected that emergency operation would also be 

less demanding on generator cooling and other cooling systems.  

C.2.2.4 COMMON CAUSE MODELING 

One of the important steps in this assessment was choosing an appropriate level to model 

common cause events. In a typical plant level PRA analysis, there are several different 

safety functions to be accomplished and many front-line and support systems needed to 

mitigate an accident. These common cause events are typically treated on a "system 

level" or by major components. For example, a diesel generator fault tree might be 

modeled with a CCF to start, CCF to run, and a CCF of cooling water valves to open.  

Individual diesel sub-systems and sub-components are not all treated individually for 

common cause. All common cause failure events for a given component found in 

historical data are usually lumped together to estimate the "system level" common cause 

failure probability.  

It would be perfectly valid to model Keowee similarly on a "system level" also. In this 

case, the term "system level" is meant to imply that the entire Keowee plant could be 

modeled as a two train system. Common cause failure of Keowee was treated this way in 

the Oconee IPE (Reference 6). One drawback to this approach is that insights are 
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primarily based on a few events in the historical data and do not reflect potential 

vulnerabilities to other common cause failure modes. To overcome this limitation, 

common cause modeling can be moved "down" to the sub-system and component level.  

Modeling at this level requires additional effort to determine the appropriate basic events, 

collect data, and quantify values.  

Because of the perceived importance of common cause failure modes on Keowee 

reliability, the Keowee project team decided to perform a component level assessment to 

gain as much insight as possible into potential Keowee common cause events. Modeling 

of common cause events at this level permits the examination of coupling and defensive 

mechanisms and allows credit for operator recovery of certain common cause failure 

modes. One drawback of component level modeling is the limited availability of generic 

or plant specific common cause failure data.  

Another modeling concern identified during the selection of common cause basic events 

was the potential for important "single unit" common cause failures. These failures 

affect redundant components on only one unit. The governor oil pumps, turbine sump 

pumps, and auxiliary power breakers were identified as systems with potential "single 

unit" common cause failures.  

Also, the auxiliary power breakers have the potential for common cause failure of ACBs 

5 & 6, or ACBs 7 & 8. Either of these combinations of breaker failures will not fail unit 

operation by themselves. However, a-common cause failure of ACBs 7 & 8 would be 

important in sequences involving loss of power to the main transformer, because these 

breakers are needed for the underground 4160V power supply. The same is true for 

ACBs 5 & 6 if the underground power supply is unavailable, and auxiliary power is 

needed from the overhead path. These special combinations of common cause breakers 

were modeled for the Auxiliary Power System.  

Common cause component failures which affect the switchyard or either power path 

were also considered. No important dependencies or coupling mechanisms were found 

between the overhead and underground paths. However, several common cause events 

that would only affect the switchyard and overhead path were included in the model.  

During the review process another common cause event was identified for the Standby 

Bus Undervoltage Relays. Common cause events SUl27UVCOM, SU227UVCOM, and 
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SU327UVCOM were added to represent common cause relay failures which could cause 

failure of the overhead path to the Standby Bus.  

C.2.2.5 QUANTIFICATION OF COMMON CAUSE BASIC EVENTS 

A list of common cause basic events was developed using the component groups 

identified in the qualitative analysis, the review of Keowee operating history, and the 

system fault trees developed for the Keowee systems. Each component which survived 

the qualitative screening analysis was assigned to at least one basic event. Potential 

events which did not survive the screening were considered unimportant relative to those 

which passed. The operating history review and fault tree review provided a reference to 

see that events considered were reasonable and consistent with the rest of the Keowee 

reliability model.  

Multiple events were modeled for systems if different combinations of failures within the 

group could affect both units or only a single unit. Separate basic events were also 

modeled for component start and run failures if they were applicable. Table C.2-4 

provides a listing of all common cause basic events used in the Keowee model and the 

results of the event quantification.  

The Multiple Greek Letter (MGL) quantification model was chosen based on widespread 

familiarity among PRA analysts and the availability of "generic beta factors" in the 

literature. Wherever possible, Keowee specific, and industry data were used to quantify 

an event. For those events in which no common cause data was available, generic 

common cause parameters were applied according to the perceived strength of coupling 

mechanisms and the effectiveness of Keowee defensive tactics. Treatment of these 

events is discussed in section C.2.2.5.2.  

The Keowee event FKOFISHCOM, however, required a quantification method different 

from the MGL model. The treatment of this event is described in section C.2.2.5.3.  

The MGL parameters generated were used to compute a common cause multiplier for 

each common cause basic event based on the redundancy of the component group and the 

number of failures of interest for that event. A summary of the equations for calculating 

the common cause multiplier is given in Table C.2-5.  

C.2-8



The common cause basic event probability is obtained by multiplying the independent 

failure probability of a single component (or single train of equipment) with the common 

cause multiplier. The independent failure probability was generally taken as the sum of 

all random failures from the system fault trees that failed the function provided by the 

component group. This probability was usually determined by solving the system fault 

tree at an intermediate gate that specifically represented failure of the component or 

system of interest.  

Some of the events in Table C.2-4 are referred to as "combination events." These basic 

events represent a failure of multiple subsystems or multiple groups of sub-components 

which have different levels of redundancy or different MGL parameters for each sub

group. In these cases, the event probability is the summation of the probability of each 

sub-group. For example, common cause failure of the Keowee Start Signal 

(YOSTARTCOM) represents the common cause failure potential of three different sets of 

relays. Each set of relays has different levels of redundancy. Generic MGL parameters 

were applied according to the different levels of redundancy for each set of relays. The 

individual probabilities are added to provide the combined probability of common cause 

failure of the start signal. This treatment is preferred over having three separate basic 

events that all have the exact same effect on the units. Other similar events were treated 

likewise.  

C.2.2.5.1 Data Classification and Analysis 

Finding common cause data for the Keowee systems was difficult since most industry 

research efforts have focused on nuclear plant components such as pumps, valves, and 

diesel generators.  

The EPRI database (Reference 4) was found to contain information on circuit breakers 

that was generally applicable to the Keowee generator breakers, field breakers, field 

supply breakers, and the auxiliary power breakers. The CCDAT program (Reference 5) 

was used to align this data into a Keowee specific database for each of these breaker 

groups. Keowee breaker failure events from Table C.2-1 were also classified and input 

into these databases.  

Each industry event was thoroughly reviewed for its applicability to the particular set of 

Keowee breakers. Careful consideration was given to the root causes, coupling 

mechanisms, system design, and operating conditions in these'events in determining their 
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full or partial applicability to Keowee. Reference 3 provides some guidance in the 

selection of cause and coupling applicability factors, and mapping parameters. Credit 

was taken in the event applicability factors for the ability of Keowee defensive tactics to 

prevent the particular failure mode or decouple redundant equipment. The assessments 

performed for each of these events and the subsequent parameter estimates were 

documented in the project files.  

Data from the EPRI ALWR program was found for air operated valves and batteries 

(Reference 10). Since there were no Keowee events involving AOVs or batteries and the 

descriptions for the event data were not readily available, the beta factors computed in 

Reference 10 were used without modification for common cause failure of the Keowee 

AOVs and batteries.  

C.2.2.5.2 Quantification Using Generic Common Cause Parameters 

Because of the unavailability of common cause data for many of the Keowee 

components, it was necessary to estimate these common cause values using engineering 

judgment. Table C.2-6 provides a list of suggested generic MGL parameters from 

Reference 3. These values are considered to be conservative but reasonable estimates.  

Some additional credit was taken for Keowee defensive measures that were thought to 

prevent common cause failures either by preventing the failure mode or by decoupling 

the root cause between the components. Credit was taken only when the defense is 

thought to be significantly better than that for similar generic components. If a common 

cause basic event was moderately or strongly defended, the generic beta factor applied 

was reduced by a factor of 2. This factor is based on Reference 3 (Section 5.5.1.3.1) 

which provides some guidance for accounting for qualitative differences between a 

generic plant and a target plant. Table C.2-7 provides a list of modified generic MGL 

parameters used for basic events that are considered to be "well defended." 

For "combination events" that are described in section C.2.2.5, individual MGL 

parameters and component failure rates were computed for each sub-component. Each 

sub-component failure probability was multiplied by its corresponding common cause 

multiplier. All of the sub-component common cause probabilities were then combined to 

determine an overall group common cause failure probability.  
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*C.2.2.5.3 Treatment of Event FKOFISHCOM 

The Keowee event FKOFISHCOM represents the failure of the generator cooling water 

(WL) system due to debris clogging the inlet strainers to both units. These strainers are 

connected to a common intake header that brings cooling water in from the Unit 1 Spiral 

Case. The introduction of foreign material, trash, or biological fouling into the common 

header could lead to the failure of both strainers when unit operation is demanded.  

An event of this type occurred at Keowee on February 2, 1981. With both units 

generating to the grid, a school of shad (small fish) was drawn into the intake and into 

the cooling water header. Unit 1 tripped off-line on low cooling water flow. Unit 2 also 

had low cooling water flow but had not tripped when "on-call" operators arrived from 

off-site to clear the strainers. An inspection found that the cooling water inlet screen in 

the Unit 1 spiral case was damaged.  

From a functional standpoint this failure event more closely resembles a "single failure" 

that affects both units rather than the coupled failure of redundant components.  

Therefore, it is more appropriate to quantify this event as a basic failure rate instead of 

deriving a set of MGL parameters. The mean failure rate is given as the number of 

failures divided by the estimated number of station hours. Station hours are used instead 

of unit run hours since the intake header is shared between units. The event probability 

for FKOFISHCOM is equal to the basic failure rate (per hour) times the 24 hour mission 

time.  

C.2.3 RECOVERY OF COMMON CAUSE FAILURES 

The top common cause events were reviewed for potential operator recoveries. Repair of 

damaged equipment was not considered likely due to the time required for technicians to 

respond and complete repairs. However, other actions that could be performed by the 

Keowee operator, Keowee "on-call" operator, or Oconee operators were considered.  

Three potential recovery actions were identified for application to Keowee common 

cause cut sets.  

Event FKOFISHRHE is the recovery of Keowee generator cooling by operators clearing 

the WL inlet strainer of debris to restore cooling water flow. This event was applied to 

the cut set involving the event FKOFISHCOM.  
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Event YOSTARTRHE is the recovery of a Keowee start circuitry failure by operators 

using manual start circuitry to start and load the Keowee units. A manual (normal) start 

can be performed at Keowee and is proceduralized. This recovery event was applied to 

cut sets involving the events YOSTARTCOM and LOEGTPSCOM.  

Another potential recovery is the restoration of auxiliary AC power by Keowee operators 

manually closing failed breakers (ABOSWGRRHE). Since most potential common cause 

failures are expected to affect only the control circuitry for these breakers, the possibility 

exists for operators to circumvent these failures by manually closing the needed breakers.  

Because this action is not proceduralized and may require the presence of an "on-call" 

operator, only minimal credit was taken for restoring auxiliary power following a 

breaker(s) failing to close.  

The quantification of recovery event values is discussed further in section 5.5 and 

Appendix C.3.  

C.2.4 ANALYSIS REVIEW 

The common cause modeling and event quantification were reviewed by the entire 

Keowee project team prior to final Keowee system model integration and solution. The 

analysis was also reviewed by an independent outside consultant with previous 

experience in common cause analysis. As a result of this review, improvements were 

made in the data analysis for the excitation breakers and in the common cause modeling 

of the emergency start circuitry, and an event was added to model common cause failure 

of the switchyard DC power system.  

C.2.5 RESULTS 

The results of the event quantification are presented in Table C.2-4. The impact of these 

events on the Keowee model (which considers operator recoveries) is presented in Table 

C.2-8. This table presents a comparison of the Fussell-Vesely (FV) importance factors 

for common cause events and event rankings based on importance. The FV factors 

represent the contribution fraction of each basic event to the total failure probability of 

Keowee. The common cause ranking shows the order of importance of the common 

cause events. The overall ranking shows where each common cause event ranked in an 
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importance listing of all Keowee basic events. These rankings show that common cause 

failures play an important role in Keowee unreliability.  

C.2.5.1 COMMON CAUSE CONTRIBUTION TO KEOWEE UNRELIABILITY 

Collectively, the common cause run failure probability equals 7.23E-04 or 9.8% of the 

total Keowee failure probability. The dominant contributors to common cause run 

failure were failure of auxiliary power breakers to close, clogging of the WL inlet 

strainers, and failure of the governors to run.  

The collective common cause start failure probability equals 1.46E-04 or 2.0% of the 

total Keowee failure probability. The dominate contributors to common cause start 

failure were failure of voltage regulators, excitation breakers, and batteries.  

The modeling of special common mode failures involving the failure of the generators 

due to unsynchronized connection of both generators was shown to be an unimportant 

contributor to Keowee unreliability. The total failure probability of these failure modes 

was 3.6E-06 or 0.05 percent of the total failure probability.  

C.2.5.2 SENSITIVITY STUDY 

As a sensitivity study, the overall common cause results were compared with a "system 

level" analysis of Keowee common cause failure to start and to run. Actual operating 

data was used for the unit start and run probabilities (See Figure 7.2-2 and Table 7.2-6).  

For one case, a generic "Beta-factor" of 0.1 was used for start and a value of 0.05 used 

for run failures. For another case, a Keowee specific "Beta-factor" was calculated using 

Keowee failure data. The system common cause failure probabilities calculated using 

these different "Beta-factors" were compared to the total probabilities for all the 

component-level failure events. A case for recovered and unrecovered component-level 

events was also examined.  

This comparison showed that the "component level" common cause modeling results 

were relatively close to the "system level" analysis results. Therefore, this level of 

modeling provides a reasonable estimate of overall common cause failure potential and 

accurately reflects actual operating experience seen at Keowee. See Figure 5.4-1 for a 

summary of these results.  
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The sensitivity case that examined the removal of credit for operator recovery showed 

that the common cause run failure probability increased from 7.23E-04 to 3.36E-03. For 

common cause start failure, the probability only increased from 1.46E-04 to 1.50E-04.  

C.2.6 INSIGHTS 

Common cause failures are important contributors to overall Keowee unreliability 

making up 11.7% of the total Keowee failure probability. The most probable common 

cause failures are Keowee run failures involving auxiliary AC power or loss of cooling 

water. Operator recovery of these run failures has an important impact on the overall 

reliability of Keowee.  

The use of at least one Keowee unit for daily system generation provides a strong defense 

against most common cause failure modes. Unit operation in this manner provides a full 

functional check of the most important systems needed for emergency operation. The 

additional design margin provided for higher system generating loads is another 

important defense mechanism for the generator and cooling water systems.  
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Table C.2-1 

Common Cause Failure Operating History Review 
(Page 1 of 2) 

Date PIP/PIR/LER Description Database Applicability 

2-2-81 KH Log Damaged inlet screen allowed fish (shad) to clog Keowee Common Cause Run Failure 

generator cooling water inlet strainers.  

7-24-86 ONS & KH KH#2 Gen. Lockout on C02 release in generator due to Screened - error was immediately alarmed and quickly 
Log test error by maintenance technician (hit test button for recovered. KH#1 was still available but w/o C02 fire 

wrong unit) protection. Event counted under unavailability hours, but 
points out potential human coupling. Also the test 

switches in question were located in ONS C.R.  

6-19-89 2-089-0099 T.S. violation due to defective procedure - Outage test Screened - This failure mode is applicable only to the 

269/89-11 proc. disabled both Keowee power paths. (Could be a standby bus, and is outside of Keowee system boundary, 
place for procedural/human coupling) however, should review this again for OPRA update.  

3-27-90 KH Log & Unit 2 failed to start for sys generation. Found 70B cam Screened - No actual multiple failures occurred.  

WR.58732B switch not resetting to preset position causing 70BX Available voltage output on emerg. start is unknown. A 
relay to drop out. Technicians didn't record the position potential CCF could occur if voltage is set too low for 
where cam stopped which determines the output voltage. equip to run but too high for EPSL to switch to alternate 

unit. Operator recovery is to swap power sources.  

1-8-91 4-091-0003 Single failure could cause open U/G feeder breaker to Screened - since there were no actual failures.  

269/91-01 close thus tying both units together out of synch. Strong defense presently provided by admin controls.  
[Synchronization failures explicitly modeled in high level tree] 

6-11-91 4-091-0063 Breaker failed to close due to X-relay - mech binding Potential Common Cause Start Failure 

(due to frame to coil misalignment) prevented relay from A small probability exists that multiple failures could 

dropping out. Both Units had suspect relays in field, field have occurred at the same time. It is assumed that the 

supply, field flash, and aux. power bkrs. A previously previously removed X-relay that failed was removed from 

removed X-relay failed test due to same cause. service due to some other reason.  

8-27-92 0-092-0409 Keowee Hydro declared inop - potential single failure Screened - since there were no actual demand failures.  

269/92-11 identified during design review. (failure of aux contacts (Note: There were 2 aux. contact failures during 1976, 
in ACB could cause both units to align to overhead path but these did not affect any start demands.) 

I out of synch) This is not an actual failure event. [Synchronization failures explicitly modeled in high level tree]



Table C.2-1 

Common Cause Failure Operating History Review 
(Page 2 of 2) 

Date PIP/PIR/LER Description Database Applicability 

10-12-92 4-092-0538 Design review determined a single fault in the ACBs Screened - since no actual failures occurred.  

269/92-16 which would cause the protective relaying to lockout Strong defense presently provided by admin controls.  

both the overhead and underground paths. Note: This is 
not an actual failure.  

10-19-92 0-092-0563 Swyd event caused LOOP to ONS#2. KHl&2 started Failures of ACB-8 appears to be independent of other 

270/92-04 and loaded. KO tripped ACB 1 which normal lost Aux ACB failures. Failure of ACB-5 & -7 appears to be a 
Pwr. MST locked out. Alt bkrs failed to auto-close. CCF due to low voltage problem described below in LER 

After MST reset, ACB 5 failed to auto-close. Later, 269/92-18. If one bkr fails due to this problem, then a 
unexpected trip of KH#2 and restart failed. "latch trip" makes the other bkr unavailable. This event 

will be combined with event below.  

12-2-92 0-092-0684 ACB-6 & -8 failed to close. DC voltage inadequate to Common Cause Start Failure on Field & Supply Breakers 
269/92-18 assure bkr operation. Modified to ensure that close coil Common Cause Run Failure on Auxiliary Power Breakers 

remains energized longer to assure bkr operation. ACB-5 (The 10/19/92 failures of ACB-5 & -7 were due to same low 

& -7, field bkr, and field supply bkr also susceptible. voltage problem.) 

1-1 1-93 0-093-0041 Eng. Review determined that Unit running at max output Screened - since no actual failures and that operating the 

269/93-01 (with lake level differential high) could overspeed on a units under these extreme conditions is very unusual. The 
load rejection (such as emergency start) and trip field probability of a coincident emergency start is also very 
breakers. This isn't an actual failure but units have been low. Adequate time should be available to recover the 
run near these conditions. units for most sequences except for med. or large LOCA.  

However, recovery actions are not proceduralized 
C Administrative Controls now in place restrict generator 
ouput based onlake levels to preclude this failure mode.



Table C.2-2 

Generic Root Causes Examined for Qualitative Analysis 

Mechanical Systems Electrical Systems 

Manufacturer or Design Deficiency Manufacturer or Design Deficiency 
- output too low (pressure, level, flow,..) - inferior QC/defective materials 
- component fails to start/actuate - Unanticipated Interaction / Deficiency 
- component fails to run - component fails to start/run 

Maintenance Error Maintenance Error 
- improper adjustment/alignment - improper adjustment/miscalibration 
- improper lubrication/wrong part/etc. - improper lubrication/wrong part/etc.  
- inadequate repair/restoration - inadequate repair/restoration 

Procedure Error/Deficiency Procedure Error/Deficiency 
- Error in procedure - Error in procedure 
- Inadequate procedure - Inadequate procedure 
- failure to follow procedure - failure to follow procedure 
- component out of position - component out of position 

- wrong component/unit - wrong component/unit 

Installation Error Installation Error 
- pipe break/leak - damaged wires or components 
- damage to components - mech. installation (not as designed) 
- mechanical binding - electrical installation (not as designed) 
- flow blockage/checkvalves backwards - breach of environmental barrier 
- breach of environmental barrier - poor housekeeping (trash, debris, etc.) 
- sensing line blocked 

Harsh Environment Harsh Environment 
- corrosion - corrosion / dust 
- excess moisture or humidity - excess moisture or humidity 
- temperature too high/low - temperature too high/low 
- internal biofouling - internal biofouling 
- water/contaiminates in lube oil - water/contaiminates in air supply 
- chemical exp. from cleaning/painting - chemical exp. from cleaning/painting



Table C.2-3 - List of Common Cause Component Groups 

Component Group Name Including The Following Systems & Equipment 

CCF of Generator Cooling Water System WL valves and piping WL strainers 
Intake from Spiral Case 
Control Circuitry and instrumentation 

Breaker Mechanical Components 
CCF of Generator Breakers .Control Circuitry 

Air System 
Protective Circuitry 
Disconnects and Buswork 

CCF of DC Power Batteries and Chargers 
Circuit Breakers 
Control Circuitry 
Terminals and Connections 
Breaker Mechanical Components 

CCF of Aux Power System Control Circuitry 
IX, 2X, & CX transformers 
Buswork, cabling, connections 
XS, XA Loadcenters 
Internal windings and components 

CCF of Keowee Generators Generator High Pressure Oil System components 
Generator Air Cooling System components 
Generator Protective Circuitry (lockouts) 
Breaker Mechanical Components 

CCF of Excitation Breakers Control Circuitry 
Turbine and Wicket Gates 

CCF of Turbine Guide Bearing 
Guide Bearing Oil System 
Turbine Sump Pump System 
Control & Protective Circuitry 
Woodward Governor 
Shutdown/Emerg. Load Solenoids 
Governor Oil and Air Systems 
Speed Switches 
Control Circuitry and Master Relays 

CCF of Voltage Regulators Base Adjust 
Voltage Error Circuitry 
Relays and Controls 
Wiring and Connections 

CCF of Emergency Start Signal Relays & Contacts 
CCF__ofEmergencyStartSignalWiring and Connections 

CCF of Switchyard Isolation Signal Relays & Contacts 
Wiring and Connections 

Intake Structure - Headgate/Screens 
CCF of Keowee Dam Internal Structures Penst 

Penstock 
Spiral Cases 
Draft Tubes



Table C.2-4 
(Page 1 of 3) 

List of Common Cause Basic Events 

Event Name Description Strong Combination MGL Parameter Multiplier Independent* Basic Event 
EeDefense N Event T Source Failure Prob. Probability 

ABOSWGRCOM CCF of All Keowee Auxiliary Power Breakers CCDAT 0.084 7.96E-03 6.69E-04 

AB23BKRCOMt CCF of Keowee Generator Breakers ACB-2 & -3 CCDAT 0.095 1.17E-03 1.12E-04 

AB24BKRCOM CCF of Unit 2 Generator Breakers ACB-2 & -4 / CCDAT 0.095 1. 17E-03 1. 12E-04 

ACBXFERCOM ACB-2 and ACB-3 Transfer Open App. C.2 Table C.2-6 0.05 2.55E-05 1.28E-06 

AK1OFRQCOMt CCF of KUI Overfrequency Relays to Reset App. C.2 Table C.2-6 0.1 3.30E-05 3.30E-06 

AK20FRQCOMt CCF of KU2 Overfrequency Relays to Reset App. C.2 Table C.2-6 0.1 3.30E-05 3.30E-06 

BKGBOILCOM CCF of Turbine Guide Bearing Oil System App. C.2 Table C.2-6 0.02 9.70E-05 1.94E-06 

DDCBATITCOM CCF of Swyd Batteries SY-1 and SY-2 ALWR Util. Req. Doc 0.029 9.30E-04 2.70E-05 

E12EXCTCOM CCF of Excitation Breakers Field Bkr. CCDAT 0.033 2.19E-04 5.31 E-05 

V F. Supply Bkr. CCDAT 0.033 8.17E-04 

/ F. Flashing Close App. C.2 Table C.2-7 0.05 2.03E-04 

/ F. Flashing Open App. C.2 Table C.2-7 0.05 1.76E-04 

EKOORUNCOM CCF of Voltage Regulators to Continue App. C.2 Table C.2-6 0.05 2.47E-03 1.24E-04 

EKSTARTCOM CCF of Voltage Regulators on Start App. C.2 Table C.2-6 0.1 6.17E-04 6.17E-05 

FKOFISHCOM Common Mode Failure of Strainers Due to Debris Explicitly Calculated N/A N/A 2.55E-03 

FKVALVECOM CCF of WL Cooling Water Control Valves ALWR Util. Req. Doc .088 2.80E-04 2.46E-05 

GKOCOOLCOM CCF of Keowee Generator Air Cooling App. C.2 Table C.2-7 0.03 1.54E-05 4.61E-07 

GKOLOCKCOM Common Cause Actuation of Gen. Lockouts App. C.2 Table C.2-6 0.05 8.11 E-05 4.06E-06 

GKHPOILCOM CCF of Generator Thrust Bearings J App. C.2 Table C.2-7 0.03 1.54E-05 4.61E-07



Table C.2-4 
(Page 2 of 3) 

List of Common Cause Basic Events 

Event Name Description Strong Combination MGL Parameter Multiplier Independent* Basic Event 
I Defense Event Source Failure Prob. Probability 

LOEGTPSCOM CCF of Swyd UV and UF Detection Circuitry (3 sets of at least App. C.2 Table C.2-6 0.018 9.90E-05 1.78E-06 
4 or more relays) 

OKOPRUNCOM CCF of Both Governor Oil Systems Fail to Run / Pump fails (start) App. C.2 Table C.2-7 0.01 1.46E-03 1.46E-05 

V Pump fails (run) App. C.2 Table C.2-7 0.005 1.40E-05 

OKlPRUNCOM CCF of Unit 1 Governor Oil Pumps Fail to Run App. C.2 Table C.2-7 0.008 1.40E-05 1.12E-07 

OKlPSTRCOM CCF of Unit 1 Governor Oil Pumps Fail to Start / App. C.2 Table C.2-7 0.014 1.46E-03 2.04E-05 

OK2PRUNCOM CCF of Unit 2 Governor Oil Pumps Fail to Run / App. C.2 Table C.2-7 0.008 1.40E-05 1.12E-07 

OK2PSTRCOM CCF of Unit 2 Governor Oil Pumps Fail to Start App. C.2 Table C.2-7 0.014 1.46E-03 2.04E-05 

PKOSUMPCOM CCF of Both Turbine Sump Pump Systems Pumps/Valves App. C.2 Table C.2-7 0.005 3.47E-04 2.44E-06 

/ Suction Line App. C.2 Table C.2-7 0.03 2.35E-05 

PKlACDCCOM CCF of Keowee 1 AC & DC Sump Pumps / Pumps/Valves App. C.2 Table C.2-7 0.012 3.47E-04 2.77E-05 

Suction Line (multiplier is assumed) 1.0 1.61E-05 

PK2ACDCCOM CCF of Keowee 2 AC & DC Sump Pumps / Pumps/Valves App. C.2 Table C.2-7 0.012 3.47E-04 2.77E-05 

Suction Line (multiplier is assumed) 1.0 1.61E-05 

SU127UVCOM CCF of Oconee Unit 1 Standby Bus UV Relays App. C.2 Table C.2-7 0.05 2.37E-03 1.18E-04 

SU227UVCOM CCF of Oconee Unit 2 Standby Bus UV Relays App. C.2 Table C.2-7 0.05 2.37E-03 1.18E-04 

SU327UVCOM CCF of Oconee Unit 3 Standby Bus UV Relays App. C.2 Table C.2-7 0.05 2.37E-03 1.18E-04 

WKOORUNCOM CCF of Keowee Governors to Run / App. C.2 Table C.2-7 0.03 6.97E-04 2.09E-05 

WKCSTRTCOM CCF of Keowee Governors to Cold Start / App. C.2 Table C.2-7 0.05 2.24E-04 1.12E-05 

WKHSTRTCOM I CCF of Keowee Governors to Hot Start / App. C.2 Table C.2-7 0.05 7.OOE-05 3.50E-06 

0 0 *



Table C.2-4 
(Page 3 of 3) 

List of Common Cause Basic Events 

Event Name Description Strong Combination MGL Parameter Multiplier Independent* Basic Event 
I Defense Event Source Failure Prob. Probability 

XAOSWGRCOM CCF of Transformers IX, 2X, & CX App. C.2 Table C.2-6 0.05 2.45E-05 1.22E-06 

XAlBKRSCOM CCF of IX Aux Power Breakers ACB-5 & -7 CCDAT 0.039 7.96E-03 3.10E-04 

XA2BKRSCOM CCF of 2X Aux Power Breakers ACB-6 & -8 CCDAT 0.039 7.96E-03 3.1OE-04 

XA56BKRCOM CCF of Aux Power Breakers ACB-5 & -6 CCDAT 0.039 7.96E-03 3.10E-04 

XA78BKRCOM CCF of Aux Power Breakers ACB-7 & -8 CCDAT 0.039 7.96E-03 3.10E-04 

XDOBATTCOM CCF of Keowee Station Batteries (Start) ALWR Util. Req. Doc 0.029 9.30E-04 2.70E-05 

XDOCHRGCOM CCF of Keowee Battery Chargers (Run) App. C.2 Table C.2-6 0.05 6.96E-04 3.48E-05 

YOSTARTCOM CCF of Emergency Start Signal 27X relays App. C.2 Table C.2-6 0.1 3.30E-05 7.26E-06 

KA/KB relays App. C.2 Table C.2-6 0.1 3.30E-05 

ESRX relays App. C.2 Table C.2-6 0.02 3.30E-05 

* Note: Probability based on bayesian updated independent component failure rates.  

t Note: These events only apply to a sensitivity case and are not included in the base case solution.



Table C.2-5 

Summay of MGL Model Equations for Event Ouantification 

Size of Number of Common Cause 
CCF Group Failures Multipliers 

2 1 113 
2 1 

3 1 1-4 
2 1/2p(1-y) 

4 1 1

2 1/31(1-y) 
3 1/313y(1-5) 

4 13ye 

Note that the "number of failures" column in this table refers to a set of specific0 

components. For example, if the common cause group included three valves, A, 

B, and C, then the common cause multiplier of two of the three valves would be 

applied separately to each possible combination (i.e., AB, AC, and BC).  
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Table C.2-6 

Generic MGL Parameters 

Failure to Operate or Failure to Continue or 
Actuate on Demand Spurious Actuation 

System Size y 8 5 1 8 

2 0.10 - - 0.05 -

3 0.10 0.27 - 0.05 0.27 

4 0.11 0.42 0.40 0.06 0.42 0.40 

Note: Higher order MGL parameters will be given a value of 1.0 

Table C.2-7 

Modified Generic MGL Parameters (w/Strong Keowee Defenses) 

Failure to Operate or Failure to Continue or 
Actuate on Demand Spurious Actuation 

System Size 5 -Y p 1 

2 0.05 - - 0.03 -

3 0.05 0.27 - 0.03 0.27 

4 0.06 0.42 0.40 0.03 0.42 0.40 

Note: Higher order MGL parameters will be given a value of 1.0 
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Table C.2-8 

Keowee Common Cause Event Results 

CCF Run Failure Start Failure Recovery Non-Recovery Run Failure Start Failure Importance Overall CCF 
Event Name Prob. Prob. Event Factor Contribution Contribution (Fussell-veseiy) Rank Rank 

ABOSWGRCOM 6.69E-04 ABOSWGRRHE 0.5 3.22E-04 0.0432 5 1 
FKOFISHCOM 2.55E-03 FKOFISHRHE 0.063 1.54E-04 0.0207 7 2 
EKOORUNCOM 1.24E-04 1.19E-04 0.0160 10 3 
EKSTARTCOM 6.17E-05 5.58E-05 0.0075 14 4 
E12EXCTCOM 5.3 1E-05 4.80E-05 0.0064 19 5 
XDOCHRGCOM 3.48E-05 3.35E-05 0.0045 22 6 
XDOBATTCOM 2.70E-05 2.59E-05 0.0035 29 7 
FKVALVECOM 2.46E-05 2.37E-05 0.0032 31 8 
WKOORUNCOM 2.09E-05 2.01E-05 0.0027 34 9 
OKOPRUNCOM 1.46E-05 1.41E-05 0.0019 38 10 
WKCSTRTCOM 1. 12E-05 1.01E-05 0.0014 52 11 
XA78BKRCOM 3.10E-04 ABOSWGRRH4E 0.5 9.62E-06 0.0013 53 12 
XAlBKRSCOM 3.10E-04 ABOSWGRRHE 0.5 8.66E-06 (1) 0.0012 54 13 
XA2BKRSCOM 3.10E-04 ABOSWGRRHE 0.5 4.05E-06 (1) 0.0005 75 14 
GKOLOCKCOM 4.06E-06 3.90E-06 0.0005 79 15 
YOSTARTCOM 7.26E-06 YOSTARTRHE 0.5 3.63E-06 0.0005 80 16 
AB24BKRCOM 1.12E-04 2.37E-06 (1) 0.0003 89 17 
PKOSUMPCOM 2.44E-06 2.35E-06 0.0003 90 18 
BKGBOILCOM 1.94E-06 1.87E-06 0.0003 96 19 
PKlACDCCOM 2.77E-05 1.37E-06 (1) 0.0002 136 20 
ACBXFERCOM 1.28E-06 __1.23E-06 0.0002 141 21 
XAOSWGRCOM 1.22E-06 1.18E-06 0.0002 143 22 
OKlPSTRCOM 2.04E-05 9.99E-07 (1) 0.0001 150 23 
PK2ACDCCOM 2.77E-05 5.00E-07 (1) 0.0001 197 24 
GKHPOILCOM 4.61E-07 4.40E-07 0.0001 210 25 
GKOCOOLCOM 4.61E-07 4.40E-07 0.0001 211 26 

Total (recovered)I 7.23E-04 1.46E-04 
Total (unrecovered) 3.36E-03 1.50E-04 

Note 1: These events only affect a single Keowee Unit 
but their contribution is still counted in the totals.  

All other modeled common cause events contributed less than 0.01%.
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C.3 HUMAN RELIABILITY ANALYSIS 

C.3.1 PURPOSE 

This appendix is intended to provide a broad overview of the Keowee human reliability 

analysis and to provide a reference source for the results of that analysis. In the interest 

of simplification, some details have been omitted from the sections in this Appendix.  

More detailed documentation of the Keowee Reliability Analysis is contained in a 

notebook called The Keowee Human Reliability Analysis Tier 2 Document.  

C.3.2 SCOPE 

The results of the Keowee Reliability Analysis are produced by constructing and solving 

fault tree models. A fault tree is a logic diagram which shows the equipment failures 

needed to make a system fail. Fault trees for individual Keowee systems were linked to 

produce results representing Keowee failures. The fault tree results are lists of events 

(called sequences or cut sets) which represent ways that Keowee can fail. Each event in 

a sequence has a probability, so that the total probability of Keowee failure can be 

estimated.  

Some of the events used in the Keowee system fault trees model human failures which 

must occur for sequences to result in Keowee failure.  

Human reliability events for the Keowee system fault trees were identified by Keowee 

system modelers who considered the particular features of the systems they were 

modeling, the past history associated with those systems, and human reliability aspects 

associated with the procedures governing use of those systems. The identified human 

reliability events were an input to the human reliability analysis.  

Scope of the human reliability analysis includes producing a list of quantified, 

documented human reliability events to be used in the Keowee system fault trees for 

quantification, or to be used to "recover" the sequences produced by the Keowee fault 

tree model.  
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C.3.3 PROCESS 

The Keowee human reliability analysis was performed consistent with the process 
contained in EPRI TR-10171 1, SHARP 1- A Revised Systematic Human Action 
Reliability Procedure (Reference 1). The methods used were intended to be consistent 
with the spirit and purpose of the SHARP 1 steps.  

This process used in performing the Keowee PRA human reliability analysis included the 
steps of: 1) An initial walkdown of Keowee for human reliability and other concerns, 2) 
a review of Keowee and industry operational events, 3) a review of Keowee procedures, 
4) event identification and integration into plant model, 5) event quantification, 6) 
recovery analysis and 7) an internal review of the human reliability analysis.  

C.3.3.1 INITIAL WALKDOWN 

The initial walkdown of Keowee was performed on February 1st, 1994. This was after 
several meetings to discuss the Keowee Reliability Analysis, but before the systems 
analysis or the human reliability analysis were past the planning stage. The walkdown 
was performed by the whole Keowee Reliability Analysis team. Keowee systems experts 
from Oconee assisted in the walkdown.  

Keowee operators were briefly interviewed during the walkdown. Items discussed 
included procedure use and staffing.  

Features- of interest for human reliability at Keowee were noted during the walkdown.  
These included a newly installed emergency start indicator light, battery supplied 
emergency lights and telephones installed for communication between Keowee and 
Oconee. The Keowee control panels were photographed, as were other important pieces 
of Keowee equipment. The Keowee remote section panel at Oconee was also 
photographed.  

This walkdown proved useful in establishing contact with Keowee personnel and in 
familiarizing Keowee Reliability Analysis project engineers with the station. The 
photographs taken were useful in answering questions about Keowee details that arose 
during the analysis.  
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C.3.3.2 REVIEW OF PAST HISTORY 

The Keowee past history review for human reliability concerns consisted of a review of 

problem investigation reports (PIPs) and licensee event reports (LERs) associated with 

Keowee, a review of Keowee operating logs and a review of Keowee training 

documentation.  

In addition to Keowee past history, industry past history was also reviewed for human 

reliability concerns. This review consisted of an identification of important industry 

events involving a degradation of emergency power. The event histories reviewed were 

selected from volumes of NUREG/CR-4674, Precursors to Potential Severe Core 

Damage Accidents (Reference 2). These event histories were reviewed by the human 

reliability analyst and routed to other Keowee Reliability Analysis Group members for 

review of human reliability and other concerns.  

The result of the past history review was the identification of some potential human 

reliability concerns for modeling in the Keowee PRA. One concern discovered was that 

the Keowee voltage regulator base adjustment could be mis-set prior to generator 

operation. The automatic feature of the regulator may not correct a large error of this 

type. As a result of this concern, human error events were included in the Keowee fault 

tree.  

Another concern identified was that, prior to the October 1992 loss of power event, the 

condition of procedures at Keowee and Oconee did not have adequate defense against 

certain mistakes. (This last concern had already been identified and corrected at Keowee 

and Oconee). As a result of this concern, a sensitivity study was performed on the pre

1992 condition of Keowee. This is described in section 7.5.  

C.3.3.3 REVIEW OF KEOWEE PROCEDURES / EVENT SCREENING 

The SHARP 1 process suggests both a quantitative and qualitative screening for human 

reliability events. Irrelevant actions are eliminated qualitatively. The quantitative 

screening is used to reduce the number of modeled actions. The intent of the SHARP 1 

screening is to insure that human error potential of procedures is reviewed 

methodologically and that no important potential errors are overlooked.  

C.3-3



The spirit of the screening suggested by SHARP was followed by performing a review of 

procedures and documenting relevant human reliability insights. This review was 

tabulated and routed to systems engineers so that important human reliability events 
found in procedures could be included in the system models. This review has been 

documented in the Keowee Human Reliability Analysis Tier 2 notebook.  

One suggestion for the quantitative screening in the SHARP 1 manual is to set human 

error values to 1.0 for the initial fault tree soution. This insures that no dependencies 

among human reliability events are overlooked. This suggestion was followed in the 

initial solution of the Keowee fault tree. No unanticipated dependencies in human 

reliability actions were found in the review of the resulting cut sets.  

C.3.3.4 EVENT IDENTIFICATION AND INTEGRATION 

System fault tree models were developed concurrently with the review of Keowee and 

industry operating history and concurrently with the review of procedures. During this 

phase, the Keowee Reliability Analysis team held meetings to insure that modeling 

assumptions were well understood and properly applied and that human reliability events 

were modeled appropriately.  

Communication between systems analysts and the human reliability analyst led to the 

refinement of both the system models and human reliability event definitions. For 

example, some human actions originally modeled as distinct events were combined 

because they affected the same component.  

Preliminary drafts of the initial human reliability event quantifications and of the systems 

models were available and were reviewed prior to the solution of the integrated model so 

that any problems with these models, or with their integration, could be discovered at 

that time.  

C.3.3.5 INTERVIEWS 

Numerous interviews and phone conversations were conducted during the process of the 
Keowee Human Reliability Analysis. Personnel contacted included: 

* a Keowee "on call" operator, 
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* the Oconee Systems Analyst for Keowee Electrical Systems, 

* the Oconee Systems Analyst for Keowee Mechanical Systems, 

* and the Oconee Switchyard Coordinator 

In addition to these interviews, meetings of the Keowee Reliability Assessment group 

were held periodically. Suggestions for the human reliability analysis were frequently 

made at these meetings.  

The Keowee PRA, including the human reliability analysis, was reviewed by an outside 

consultant retained for that purpose.  

The results of input from these various sources were incorporated into this analysis.  

C.3.3.6 QUANTIFICATION 

Human reliability event quantification is a process of assigning probability numbers to 

specific human actions. The following paragraphs describe how this was accomplished 

for the Keowee human reliability analysis.  

C.3.3.6.1 Types of Events Considered 

A sequence from a fault tree solution usually contains an event known as an initiating 

event (or initiator) which along with the other sequence events is required for the 

analyzed risk. For the Keowee Reliability Analysis, this initiator is a loss of offsite 

power at Oconee for which emergency power from Keowee is needed.  

The types of human reliability events normally found in a reliability (or risk) analysis are 

characterized as to whether they are assumed to occur prior to the initiator or after the 

initiator. For the Keowee PRA these are: 

Latent Human Errors (designated by LHE in the last three letters of the 

event name), which are pre-initiator events.  

RHE events. These are post-initiator human reliability errors associated 

with actions for which the correct response is not proceduralized.  
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DHE events. These are post-initiator human reliability errors associated 

with actions for which the correct response is proceduralized.  

LHE events involve the disabling of equipment due to faulty post maintenance 

alignment. An example of a latent human error (LHE) is the event for the manual / auto 

switch for bus IX left in manual (event name AB51431LHE, see Enclosure C.3-1).  

DHE and RHE events involve actions taken to correct an abnormal situation. An 

example of a DHE event is the closing of breaker ACB-2 from the Keowee control room 

when it fails to close automatically (event ABEOPRCSDHE see Enclosure C.3-2). An 

example of an RHE event is the failure to recover Keowee auxiliary power breakers by 

manual control when they cannot be operated from the Keowee control room (event 

ABOSWGRRHE see Enclosure C.3-2).  

A fourth type of event was characterized and quantified to model the condition of 

Keowee prior to recent upgrades. This type of event, called an error of commission, is a

type of post initiator event. In an error of commission, an operator takes an incorrect 

step due to misdiagnosis or poor procedures, and causes a failure of the Keowee unit.  

For the Keowee Reliability Analysis, this type event has the letters CHE in the last three 

places of the event name. An example of this type of event is the resetting of Keowee 

emergency start signals prior to clearing Keowee normal lockouts (event 

YKEMSTRCHE see Enclosure C.3-3).  

C.3.3.6.2 Considerations at Keowee 

Quantification methods for human reliability analyses focus on the conditions of the 

plant being modeled. Some techniques focus heavily on timing considerations, while 

other techniques focus on particular features of the procedures and crew setup. The 

methods chosen for the Keowee Reliability Analysis focus on the procedures and crew 

setup. Therefore, features which were important to the event quantification done for the 

Keowee PRA were staffing levels, training and procedures.  

Timing of human reliability actions was also considered. Timing considerations played a 

role with respect to reasonableness of crediting recovery actions and the availability of 

personnel to accomplish specific types of recoveries. For example, no credit was taken 

for recovery of iniital human failures by additional personnel who may arrive later in an 
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event. Timing considerations are not judged to be important enough to justify the use of 

a "time reliability model" with this analysis (see sections C.3.3.6.3 through C.3.3.6.5 for 

further elaboration of quantification details).  

C.3.3.6.2.1 Staffing 

There are at least three people at Keowee in addition to a desk security guard during 

normal working hours. These are the station supervisor and two operators. After normal 

working hours and on weekends there is one operator. This operator is a roving watch.  

The roving watch does not have the expertise to trouble shoot Keowee equipment 

problems. To provide this function there are special operators called Keowee on call 

technical specialists who have this expertise. Two on call technical specialists and the 

station manager will have a beeper at all times. It is an immediate action for the roving 

watch to contact one of the on call technical specialists if Keowee should get an 

emergency start due to a loss of power at Oconee. The on call technical specialist can 

respond at Keowee within one hour of being notified.  

During an event at Keowee, the Keowee roving watch could call for help from non

licensed operators (NLOs) at Oconee. These NLOs could be expected to respond within 

10 minutes of the request.  

There are also Keowee control features (including alarms) at Oconee; however, 

operations of Keowee would normally be expected to occur at Keowee. In order to 

operate Keowee breakers at Oconee, the Keowee operator must transfer to Oconee 

control.  

C.3.3.6.2.2 Procedures and Training 

There is a set of Keowee specific procedures at Keowee, with some duplicates at Oconee.  

The procedures can be classified as maintenance procedures (with a designation 

including the letters IP, MP or OP), abnormal condition procedures (APs) and alarm 

response procedures (SAs).  

Some features of Keowee procedures affect human error potential. Keowee maintenance 

procedures require double verification for the removal and restoration of most major 

equipment. Maintenance procedures, which change the state of equipment that could 
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render a Keowee unit inoperable, also require an operability verification upon completion 

of the work. Safety tags at Keowee are governed by the same procedures that govern 

these at Oconee. Tags must be cleared prior to the restoration of equipment.  

Keowee is designed to supply AC power to Oconee automatically in an emergency 

without operator intervention. Abnormal conditon procedures and alarm response 

procedures are used if operator action at Keowee becomes necessary.  

The abnormal condition procedure referred to in this analysis is Keowee Emergency Start 

(procedure number AP/O/A/2000/002). This procedure is trained on by Keowee 

personnel and all Oconee personnel. This procedure directs actions at Keowee. It 

includes steps to verify the expected conditions. If conditions are not as expected and the 

auxiliary buses are de energized, it contains steps to restore power to these buses. This 

procedure also contains enclosures for manually starting either Keowee unit.  

Steps in the Keowee alarm response procedures do not have blank spaces for initialed 

steps as do the other Keowee procedures.  

The description of how these features affected individual human reliability events is 

found in the summary descriptions of these events in Enclosures C.3-1 through C.3-3.  

C.3.3.6.3 Quantification of Latent Human Errors 

Latent human errors involve the improper post maintenance restoration of equipment.  

C.3.3.6.3.1 Latent Human Error Quantification Methodology 

The Keowee human reliability modeling was done at a more detailed level than previous 

human reliability efforts at Duke. Latent human errors were modeled at the level of 

major components such as air circuit breakers. In some cases, latent human errors were 

modeled at a level of sub-components such as control switches, disconnects or valves.  

Event trees were developed to quantify latent human errors based on values found in 

NUREG/CR-1278 (THERP, Reference 3). These are included in this appendix as Figure 

C.3-1, Figure C.3-2 and Figure C.3-3.  
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Figure C.3-1 is the event tree for components which are functionally tested. Figure C.3

2 is the same event tree with no credit for a functional test. Figure C.3-3 is the Figure 

C.3-1 event tree with branch values set lower (due to credit for tagging procedures or key 

control).  

The bordered section below describes the quantification for the latent human error event 

tree.  

The branch values for these event trees were quantified as follows (refer to Figure C.3

1): 

PM This event indicates that maintenance was done. It is set to one 

(pre-initiator maintenance is assumed).  

PROC. U? This event asks whether a procedure which should be used for the 

maintenance is used. The value for this is based on Table 20-6 in 

the THERP document (Reference 3) "Failure to Use a Written 

Procedure Under Normal Operating Conditions." That event has a 

value of 1.OE-02. This is multiplied by 2 to account for a higher 

task load (for a resulting value of 2.OE-02). The task load number 

is arrived at using table 20-16 of the THERP document 

("moderately high" task load, step by step procedures).  

RESTORE? This event asks whether the equipment is restored when the 

procedure is used. The value for this comes from Table 20-7 in 

the THERP document "Long List". The value for this (3.OE-03) is 

multiplied by 2 for task load (see PROC U? above).  

MISTAKE? This event models the failure to restore equipment if a procedure is 

available and should be used, but is not. The up branch probability 

is based on the value in THERP Table 20-7. This value has been 

multiplied by 2 for task load.  

I. VERIF. This event asks whether a mistake, made while following a 

maintenance procedure, was captured due to independent 
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verification. The value is taken from THERP Table 20-22 (item 

1). This is multiplied by 2 for task load.  

OP. TEST This event asks whether a mistake, made during maintenance, was 

captured during an operability test. The value for this event (0.05) 

is not based on THERP. However, this value is conservative 

compared to the value found in the RMIEMP document 

(NUREG/CR-4772, a value of 0.01is found on page 4-6). A 
higher value for OP. TEST is used for the case where no 

procedure was used for the initial maintenance.  

A value of 0.1 is used to credit the daily rounds sheet. This value is found in 

NUREG/CR-4772 (Reference 6) on page 4-6.  

For items which are tagged (Figure C.3-3), the value for the RESTORE? and 

MISTAKE? events were divided by the error factor (the error factor was 5 in both.cases).  

Air circuit breaker components are tagged and controlled by keys during maintenance.  

However, for a "generic" latent human error which prevents these breakers from opening 

and closing, no additional credit is taken for red tags or key control. This is because the 

breaker maintenance may involve work on components which are not specifically tagged.  

Note: Credit is taken for tags for the more specific LHE event of the neutral ground 

disconnects left open (see enclosure C.3-1 for events GKINGDCLHE and 

GK2NGDCLHE). Credit for tags is also taken for the LHE for CT-4 disconnects (event 
SXFRCT4LHE).  

The latent human error events were classified as follows: 

1) Post maintenance errors for components which are not functionally tested 

and not checked on the daily rounds sheet.  

2) Post maintenance errors for components which are not functionally tested 

but which are checked on the daily rounds sheet.  
3) Post maintenance errors for components which are functionally tested.  
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4) Post maintenance errors for components which are functionally tested and 

which have a red tags associated with maintenance.  

The following values are assigned to the types of errors above: 

1) 3.2E-03 - Based on Figure C.3-2 

2) 3.2E-04 - Based on Figure C.3-2, X 0.1 

3) 2.6E-04 - Based on Figure C.3-1 

4) 5.2E-05 - Based on Figure C.3-3 

C.3.3.6.3.2 Latent Human Error Quantification Results 

Summary descriptions of the latent human error events and the quantification results are 

found in Enclosure C.3-1.  

Data sheets were filled out for all Latent Human Error events. These are the same data 

sheets used for other types of events. A sample data sheet (filled out) is included as 

Figure C.3-4.  

C.3.3.6.4 Quantification of DHE and RHE Events 

C.3.3.6.4.1 DHE and RHE Event Quantification Methodology 

DHE and RHE events involve operator response to abnormal conditions.  

Methodologies for evaluating these events fall into the general categories of time 

reliability models and cause based models. A time reliability model would include a 

correlation which could be used, with such data as available time and required time, to 

produce a human error probability. A cause based model would include a correlation 

which would use such parameters as type ofprocedure and staffing level to produce a 

human error probability.  

A shortcoming commonly found in human reliability models for post initiator events is 

that the correlations do not address the "action phase" of a modeled event. Since these 

models only look at the thought process of an event, any error associated with the actions 

of the event is not explicitly accounted for.  
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Previous PRAs at Duke were done using a version of the EPRI Human Cognitive 

Reliability (HCR) model. This is a time reliability model. For this analysis, it was 

decided to use a more recent, cause based, correlation. The correlation used was the 

decision tree model of EPRI TR-100259 (Reference 4).  

The EPRI TR- 100259 decision tree model has the advantages that it forces a detailed 

review of procedures associated with the event and that it uses "performance shaping 

factors" to arrive at event probabilities. Performance shaping factors are factors such as 

procedure structure and training levels that can influence human behavior. The lack of 

explicit modeling of this sort of factor was noted by expert reviewers as a drawback of 

the HCR model.  

Because the decision tree model relies on features associated with procedures, it cannot 

be applied to non-proceduralized actions. For the Keowee Reliability Analysis, any non

proceduralized events are quantified using engineering judgment.  

The failure probability values obtained from the decision tree approach does not account 

for the "action phase" of the events. Failure associated with the "action phase" is 

accounted for by adding a value of 0.05 to the human error probabilities for those events 

which involved a series of actions outside of the control rooms. The value of 0.05 is 

judged to be conservative compared to values obtained from other sources (THERP and 

the HCR model).  

C.3.3.6.4.2 DHE and RHE Event Quantification Results 

Summary descriptions of the DHE and RHE events and the quantification results are 

found in Enclosure C.3-2 

A sample data sheet filled out for an RHE event is included as Figure C.3-4 in this 

appendix. Such sheets were filled out for all explicitly modeled human reliability events.  

C.3.3.6.5 Quantification of Errors of Commission 

Errors of commission are caused by erroneous decision making, a poor understanding of 

the rules and procedures or inadequate problem solving, which result in inappropriate 

C.3-12



actions being taken. This type of error is not normally included in reliability (or risk) 

analysis because of the difficulty in identifying such errors. This has been noted by some 

as a deficiency of most past PRA efforts (in the industry).  

Errors of commission were considered for the Keowee Reliability Analysis because 

errors of this type were identified during the review of operating history.  

Techniques. for identifying and quantifying errors of commission for risk and reliability 

analysis are relatively new. These techniques involve a detailed review of procedures to 

discover opportunities for errors of commission. During the review of Keowee (and 

relevant Oconee) procedures, no obvious procedure deficiencies, which could lead to 

errors of commission, were discovered. However, the review of operating history 

indicated that errors of commission had occurred in the past.  

The two errors of commission identified both occurred during the October 19, 1992 loss 

of offsite power event at Oconee Unit 2 (LER 270/92-04). One error was the tripping of 

ACB- 1 (the output breaker from the overhead aligned unit) by the Keowee operator.  

This happened because the operator failed to realize that an emergency start had 

occurred. Another error was the premature resetting of Keowee emergency start signals 

by operators at Oconee. Because Keowee had a normal lockout, this caused Keowee 

Unit 2 to trip. These errors have led to design and procedural changes that would make 

them unlikely in the future.  

Because of corrections made for past commission errors, and because no obvious 

problems were noted in the review of procedures, errors of commission were not 

modeled for the current configuration of Keowee. Instead, the past errors of commission 

were assigned values for a sensitivity study on the effects of changes made since October 

1992.  

C.3.3.6.5.1 Error of Commission Quantification Methodology 

The quantification method used for evaluating errors of commission for the Keowee 

Reliability Analysis project is found in a report entitled INTENT: A Method For 

Estimating Human Error Probabilities for Errors of Intention (EGG-SRE-9178, 

Reference 5). This method involves classifying the errors and using performance 

shaping factors to evaluate the probability values based on an assumed distribution.  
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C.3.3.6.5.2 Error of Commission Quantification Results 

Summary descriptions of the identified errors of commission and the quantification 

results are found in Enclosure C.3-3.  

C.3.3.7 APPLICATION OF DHE AND RHE EVENTS 

Once the Keowee fault tree was solved, some of the resulting sequences could still be 

"recovered" with credit for operator action. The DHE and RHE events used were 

identified at a meeting of the Keowee Reliability Analysis project team. These DHE and 

RHE events were then quantified using the method described in section C.3.3.5.5 above.  

Recovery rules were developed for applying the recoveries to individual sequences.  

These recovery rules are described in Enclosure C.3-4.  

As a "reality check" the DHE and RHE events were discussed with a Keowee on call 

operator. Recovery methods were also reviewed when the draft of this report was 

reviewed by Keowee and Oconee plant personnel.  

C.3.3.8 INTERNAL REVIEW OF HUMAN RELIABILITY ANALYSIS 

C.3.3.8.1 Review of DHE and RHE Events 

The initial list of recovered Keowee PRA sequences was reviewed by a Keowee on call 

operator. The purpose of this review was to insure that all DHE and RHE events 

identified by the Keowee Reliability Analysis project team were realistic responses to the 

conditions in the sequences. The review also verified that the situation in the sequence of 

events would be noticeable and that there were no circumstances in the sequence of 

events which would prevent a timely response.  

The operator review of modeled DHE and RHE events resulted in a slight change in the 

definition of one DHE event.  
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C.3.3.8.2 Sensitivity Studies 

A sensitivity study was performed to judge the effects on Keowee reliability of changes 

made to procedures since October 1992. These changes had effects on some latent 

human errors and recoveries. For the pre-October 1992, case errors of commission were 

also modeled.  

The review of procedures for this sensitivity study indicated that , for the most part, 

procedures were little changed prior to October 1992. However, some values were 

changed for the pre-October 1992 case.  

Some latent human error events had values increased for the pre-October 1992 case, 

these were: 

EKlBASELHE and EK2BASELHE 

These events model the base adjust for the Keowee voltage 

regulators being set incorrectly. Prior to October 1992, this failure 

was more likely (due to a lack of written setpoint guidance).  

PTITSDCLHE and PT2TSDCLHE 

These are latent human errors for the turbine wheel pit sump 

pump. During the procedure review, it was not verified that a 

maintenance procedure for these pumps existed prior to 

October 1992. The value for these events was raised accordingly.  

This conservative approach did not significantly change the 

results.  

Some DHE and RHE events had values increased for the pre-October 1992 case, these 

were: 

ABEOPRCDHE 

This is the action to close the overhead breaker for the overhead 

aligned unit at Keowee. Prior to October 1992, there was no 

procedural guidance for this action.  
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FKOFLOODHE 

This is the event for the guide bearing oil strainer clogged. In 

the past there was no specific guidance in procedures to swap 

these strainers.  

XD1KlBlXDHE and XD2KB2XDHE 

These events model a failure to align the standby battery chargers.  

In the past procedures to do this were not as clear.  

Some errors of commission were included in the modeling for the pre-October 1992 case 

these were: 

ACBTRIPCHE 

This event models the error of inadvertently tripping a Keowee 

output breaker. The lack of procedural guidance prior to October

1992 made this sort of event more likely.  

YKEMSTRCHE 

This event is an incorrect resetting of Keowee emergency start 

signals. Prior to October 1992, the lack of procedural guidance 

made this event more likely.  

The results of the sensitivity study for pre-1992 conditions can be found in section 7.5.  

C.3.3.8.3 Review of Draft Report 

The Keowee human reliability analysis was reviewed at a preliminary stage by members 

of the Keowee PRA team and by an outside consultant. The draft results of this report 

were also reviewed by Keowee personnel.  

These reviews resulted in slight changes to the model for evaluating latent human errors 

and to a change in the way the model for evaluating DHE and RHE events was applied.  
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C.3.4 IMPLICIT MODELING / COMMON CAUSE HUMAN ERRORS 

Human reliability actions are often accounted for implicitly in reliability and risk 

modeling. This can be the result of modeling of failure data which includes human 

actions or this can be the result of human actions accounted for in the way fault tree 

sequences are recovered.  

In the Keowee PRA analysis human reliability actions are implicitly considered in the 

common cause analysis. For this reason, common cause latent human error events have 

not been explicitly modeled.  

Dependencies (which may lead to common cause failure) of DHE and RHE events have 

been considered in the modeling and recovery process. For example, the events to 

recover the standby battery chargers (XDIBlXDHE and XD2B2XDHE) rely on similar 

procedures and components. In the initial sequence solution, these events were set to one 

to insure that they would not appear together in the same sequence.  

Human reliability actions are also implicitly considered in the modeling of some 

initiating events such as the loss of offsite power at Oconee. This is not a direct 

consideration with regard to the Keowee Reliability Analysis results because the loss of 

power initiating event is not explicitly considered.  

C.3.5 INSIGHTS AND RECOMMENDATIONS 

Based on sensitivity studies performed, it was concluded that human reliability actions do 

not greatly affect the overall result of the Keowee reliability analysis. Nevertheless, 

some observations of features which could be improved were made during this review.  

The following observations and recommendations are made: 

Observation 

Alarm response procedures at Keowee do not include "place keeping aides".  

These procedures are considered "information only".  
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Recommendation 

The response procedure for cooling water low flow alarms (1(2)SA2-28) provides 

an important response to the common cause clogging of Keowee cooling water 

strainers. This procedure should be changed to include sign off spaces ("place 

keeping aides") .  

Observation 

There is no guidance for local operation of Keowee auxiliary power breakers 

(ACB-5 or ACB-7, or ACB-6 or ACB-8) in the Keowee Emergency Start 

procedure (AP/O/A/2000/02). Operation of these breakers locally can overcome 

breaker control system failures.  

Recommendation 

Guidance for local operation of Keowee auxiliary power breakers (ACB-5 or 

ACB-7, or ACB-6 or ACB-8) should be placed in the Keowee Emergency Start 

procedure (AP/O/A/2000/02).  

Observation 

The procedure which includes maintenance on Keowee generator air coolers 

(MP/O/A/2005/1) does not include valve numbers or initialed steps for generator 

air cooler valves.  

Recommendation 

Procedure MP/O/A/2005/1 should include valve numbers and initialed steps 

(including independent verification for restoration) for generator air cooler 

valves.  

C.3.6 RESULTS 

The result of the Keowee human reliability analysis is the list of events shown in Table 
C.3-1. These events were used in Keowee Reliability Analysis to calculate the overall 
probability of Keowee failure. These events are also described in more detail in 
Enclosures C.3-1, C.3-2 and C.3-3.  
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Enclosure C.3-1 

LATENT HUMAN ERROR SUMMARY DESCRIPTIONS 

The following list includes summary descriptions of the Latent Human Error (LHE) 

events in the Keowee human reliability analysis. The considerations used for 

quantification of these events include whether the components changed were 

independently verified, functionally tested, or checked on the Shift Turnover and Rounds 

Sheet (procedure OP/O/A/2000/043).  

AB20PENLHEAB2CLOSLHE 

These events are failures of the Keowee overhead path breaker (for the overhead aligned 

unit) to open (AB20PENLHE) or close (AB2CLOSLHE) due to a latent human error.  

This breaker is air operated.  

The removal and restoration of this breaker is done per procedure OP/O/A/2000/006.  

During this procedure, the interconnecting air valve for the breaker air supply is 

repositioned, and the breaker disconnect is red tagged. For some maintenance, air would 

be vented from the breaker per a separate procedure specific to the maintenance event.  

An operability verification is performed upon restoration.  

The latent human error disabling this breaker considers that procedure steps are double 

verified, and that there is a post maintenance operability (functional) test of the breaker.  

The possibility of the functional test failing to detect the condition is considered in the 

analysis of this event. This concern may be more valid for the air operated circuit 

breakers because during the test the breaker air compressors are operating, but during a 

black start they will not be.  

These events are assigned a value of 2.6E-04 based on Figure C.3-1.  
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AB4CLOSLHE 

This event is a failure of the Keowee underground path breaker (for the overhead aligned 

unit) to close due to a latent human error. This breaker is air operated.  

The removal and restoration of this breaker is done per procedure OP/O/A/2000/008.  

During this procedure, the interconnecting air valve for the breaker air supply is 

repositioned, and the breaker disconnect is red tagged. For some maintenance, air would 

be vented from the breaker per a separate procedure specific to the maintenance event.  

An operability verification is performed upon restoration.  

The latent human error disabling this breaker considers that procedure steps are double 

verified, and that there is a post maintenance functional test of the breaker.  

This event is assigned a value of 2.6E-04 based on Figure C.3-1.  

AB51431LHE, AB61432LHE 

These events are leaving the auto/manual transfer switch for buses 1X or 2X in manual.  

When in auto, these switches would cause the buses to automatically transfer to their 

alternate power source if the source feeding them were de-energized.  

These switches are transferred during maintenance procedures on the auxiliary power 

breakers and during procedure OP/O/A/2000/049 the Auxiliary Power Transfer Test. In 

these procedures, these switches are double verified for changes of position.  

The position of these switches is a check off item on the Keowee shift turnover and 

rounds sheet (OP/0/A/2000/043).  

This event is evaluated using Figure C.3-2 with an extra factor of 0.1 credit taken for the 

rounds sheet. The value used is 3.2E-04.  
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AB5CLOSLHE. AB6CLOSLHE, AB7CLOSLHE, AB60PENLHE, AB70PENLHE 

These events are failures of auxiliary power breakers ACB-5, ACB-6, and ACB-7 due to 

latent human errors. These are not air operated breakers.  

ACB-5 is removed for maintenance and restored per OP/0/A/2000/009. ACB-6 is 

removed and restored per OP/0/A/2000/010. ACB-7 is removed and restored per 

OP/0/A/2000/1 1.  

When one of the underground auxiliary breakers is removed from service, the overhead 

auxiliary breaker for that unit is placed in service. Likewise, when an overhead auxiliary 

breaker is removed from service, the underground auxiliary breaker for that unit is placed 

in service.  

When these breakers are restored to service, they are closed. Thus, these breakers are 

functionally tested for closing. However, there is no step in the restoration procedures to 

cycle these breakers. Therefore, the events for the breakers failing to close 

(AB5CLOSLHE, AB6CLOSLHE, AB7CLOSLHE) are evaluated with Figure C.3-1 

which credits a functional test, and assigned a value of 2.6E-04. The events for the 

breakers failing to open (AB60PENLHE, AB70PENLHE) are evaluated with Figure 

C.3-2 which does not credit a functional test. These events are assigned a value of 3.2E

03.  

BKlGBDCLHE, BK2GBDCLHE 

These events model a failure of DC turbine guide bearing oil pumps due to a latent 

human error. BKlGBDCLHE corresponds to the Unit 1 pump and BK2GBDCLHE 

corresponds to the Unit 2 pump.  

These pumps are removed from service and restored per OP/l/A/2000/30 and 

OP/2/A/2000/30 (for Unit 1 and 2 respectively). These procedures include independent 

verification. The pumps are tested for indication of operation from the control panel, but 

since this does not check flow, it is not counted as a functional test. Therefore, these 

events are evaluated with Figure C.3-2 and assigned a value of 3.2E-03.  
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EKlBASELHE, EK2BASELHE 

These events model a failure to correctly set the voltage regulator base adjust (for Units 1 

and 2 respectively). These actions were represented by one failure of this nature in the 

Keowee operating history. There is no established maintenance procedure for making 

the base voltage adjustment. In the event that the base adjust had to be set, a special 

procedure would have to be written to do this. It is assumed that this procedure would 

include independent verification.  

The voltage regulator has an automatic feature which would function even in the event 

that these settings were not correct. Therefore, incorrect settings may go undetected. No 

credit is taken for discovery of this error during an operational test. These events are 

assigned a value of 3.2E-03 based on Figure C.3-2 

EK1FLDCLHE, EK1FLSCLHE, EKlFLSOLHE, EKlSPYCLHE, EK2FLDCLHE, 

EK2FLSCLHE, EK2FLSOLHE, EK2SPYCLHE 

These events are associated with the Keowee generator field and field flashing breakers.  

Events EKlFLDCLHE and EK2FLDCLHE are the failures of the Unit 1 and Unit 2 

(respectively) field breakers to close due to a latent human error. Events EKlFLSCLHE, 

and EK2FLSCLHE are the failures of the Unit 1 and Unit 2 (respectively) field flashing 

breakers to close due to a latent human error. Events EKlFLSOLHE and 

EK2FLSOLHE model the situation where a field flashing breaker could fail to re-open 

due to some situation caused by a latent human error. Lastly, events EKlSPYCLHE and 

EK2SPYCLHE are failures of the Unit 1 and Unit 2 field supply breakers to close due to 

latent human error.  

There is assumed to be independent verification for post maintenance restoration of these 

breakers. Operator interviews also indicated that the generators would be verified 

operable after any maintenance that removed these breakers from service. Therefore, an 

operability test is assumed.  

These events are assigned a value of 2.6E-04 based on Figure C.3-1.  

C.3-23



FK1 120GLHE, FK2120GLHE 

These events represent the control switch for turbine generator cooling water valves 

(switch S-120G, the "TG CW" switch) not being in the AUTO position (for Units 1 and 2 

respectively).  

Credit is taken for independent verification of these switches. Credit is taken for a 

functional test for the Unit 2 switch because Unit 2 (the overhead aligned unit) is 

assumed to be tested frequently by paralleling to the grid. No credit is taken for a 

functional test for the Unit 1 switch.  

These switches are located in the Keowee control room on control boards CB-2 and CB

9 (for Unit I and 2 respectively). These control boards are checked on the Keowee 

rounds sheet. However, since this control switch is not a separate item on the sheet, no 

credit is taken for this check.  

Event FKl 120GLHE (for the underground unit) is assigned a value of 3.2E-03 based on 

Figure C.3-2. Event FK2120GLHE (for the overhead unit) are assigned a value of 2.6E

04 based on Figure C.3-1.  

GKlBRGVLHE, GK2BRGVLHE 

These events are post maintenance failures of the turbine thrust bearing oil heat 

exchanger cooling water valves due to human error. These valves are repositioned 

during maintenance on the thrust bearing heat exchangers.  

The thrust bearing heat exchangers are removed and restored to service per procedures 

OP/1/A/2000/0047 and OP/2/A/2000/0047 for Units 1 and 2 respectively. There is a 

flow test in these procedures. This is considered an operability test.  

These events are assigned a value of 2.6E-04 based on Figure C.3-1.  
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GKlCOOLLHE, GK2COOLLHE 

These events are post maintenance failures of the generator air cooler heat exchanger 

cooling water valves due to human error. These valves are repositioned during 

maintenance on the generator air cooler heat exchangers.  

The generator air cooler heat exchangers are removed and restored to service per 

procedure MPIO/A/2(05/001. This procedure includes "QA Inspector" initial blocks 

which were counted in this analysis for independent verification credit. This procedure 

includes a step to run the generator at full load (if possible) while observing temperature.  

This is counted as a functional test.  

These events are assigned a value of 2.6E-04 based on Figure C.3-2.  

GK1NGDCLHE, GK2NGDCLHE 

These events are a post maintenance failure to close the neutral ground disconnects (for 

Units 1 and 2 respectively) due to human error.  

These disconnects are opened and tagged per the procedures to remove the generators 

from service (OP/0/A/2000/13 and OP/0/A/2000/14 for Units 1 and 2 respectively).  

These procedures include independent verification and a post-maintenance operability 

verification.  

During quantification of this event, credit is taken for the tag clearing being another level 

of verification.  

These events are assigned a value of 5.2E-05 based on Figure C.3-3.  

OK1001BLHE, OK1001CLHE. OK2001BLHE, OK2001CLHE 

These events are post maintenance failures of the B and C governor oil pumps (for Units 

1 and 2).  

These pumps are removed from service and restored to service per procedures 

OP/0/A/2000/027 and OP/0/A/2000/028 (for Units 1 and 2 respectively). These 
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procedures include independent verification, but do not include a post maintenance 

operability verification.  

These events are assigned a value of 3.2E-03 based on Figure C.3-2.  

PK1TSDCLHE, PK2TSDCLHE 

These events are a failure of the DC turbine wheel pit sump pumps (for Unit 1 and 2 

respectively) following maintenance due to human error.  

These pumps are removed for maintenance and restored per procedure OP/1/A/2000/034.  

The procedure includes independent verification steps, but does not include an 

operability test. If the breaker for one of these pumps is left open, this condition will be 

alarmed. However, it is assumed that the pumps could be rendered inoperable in some 

other way.  

These events are assigned a value of 3.2E-03 based on Figure C.3-2.  

SXFRCT4LHE 

This event models a latent human error on transformer CT-4. This could happen if the 

transformer 4160 V disconnects were left open, or were not fully closed after testing.  

The transformer 4160 V disconnects are opened during testing about once every three 

years. There is no post-maintenance test of the disconnects which would insure that they 

would carry load, however, every 18 months another test is performed that does 

functionally test the disconnects.  

The disconnect enclosure is kept locked. The disconnects would be controlled by tags 

during transformer maintenance and testing. Every eight hours, a continuity test is 

performed per the Oconee rounds sheet that tests continuity through the disconnects, 

however, this test does not test the ability of the disconnects to carry load.  

The quantification of this LHE event is a special case. Figure C.3-3 (credit for tags or 

key control) is modified by removing credit for functional testing. This gives a value of 

6.4E-04 for the event. Credit (0.1) for the check on the rounds sheet is then taken. It is 
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judged that the rounds sheet check would reveal most disconnect problems. The resulting 

event value is 6.4E-05.  

WK1GVDCLHE, WK2GVDCLHE 

These events model a failure of the Keowee governor due to a latent human error.  

WK1GVDCLHE corresponds to the Keowee Unit 1 governor. WK2GVDCLHE 

corresponds to the Keowee Unit 2 governor.  

Work is performed on the governor permanent magnets which are removed from service 

and restored per procedures OP/O/A/2000/35 AND OP/O/A/2000/36 (for Unit 1 and 2 

respectively). These procedures include independent verification and a functional test.  

Therefore, events WKlGVDCLHE and WK2GVDCLHE were quantified using Figure 

C.3-1 and were assigned a value of 2.6E-04.  
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Enclosure C.3-2 

DHE AND RHE EVENT SUMMARY DESCRIPTIONS 

The following list includes summary descriptions of the DHE and RHE events in the 

Keowee human reliability analysis. Each event is assumed to occur after a loss of offsite 

power to Oconee and some failure of Keowee systems.  

For proceduralized (DHE) events, the decision tree method of EPRI-TR-100259 is used.  

The quantification depends on features of the procedures such as the presence of initialed 

steps ("place keeping aids").  

Some actions are judged to involve a significant failure probability associated with the 

"action phase". The EPRI decision tree approach does not address this phase of the 

events. For these events, a value of 0.05 is added to account for the failures associated 

with the action phase. This value is judged to be conservative based on a review of 

THERP numbers for valve manipulation errors (see Reference 3, Table 14-1).  

The EPRI-TR-100259 event tree method allows credit for "revisitation" of procedure 

steps based on the structure of the procedure or credit for extra crew. Keowee 

procedures are not set up for revisiting steps. Initially, there is assumed to be one 

operator on a roving watch at Keowee. Because of considerations like these, 
"revisitation" was not credited in this analysis.  

ABOSWGRRHE 

This event is a failure to recover power to one or both of the Keowee auxiliary buses via 

manual breaker manipulation outside of the Keowee control room.  

This action would be taken following a breaker control problem which resulted in a 

failure of automatic breaker closure and a failure of breaker closure from the Keowee 

control room.  
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Based on past LERs and past communication with Keowee, there is assumed to be one 

hour available before loss of governor oil causes the Wicket gates to the Keowee turbines 

to fail as is. This failure is assumed to result in a failure of Keowee turbines.  

The action to manually close the auxiliary bus breakers is not included in the Keowee 

emergency start procedure (AP/0/A/2000/002). However, the emergency start procedure 

has operators attempt to close the auxiliary bus breakers from the Keowee control room 

and then contact the Keowee on call operator. Based on interviews, the Keowee on call 

operator could arrive at Keowee in one hour.  

The attempt to perform this action may be delayed due to troubleshooting of the breaker 

closure circuits.  

This event is quantified in a published precursor report (Reference 2, Vol. 18 P. B-82) 

at 0.43.  

Based on the above information, a value of 0.5 is conservatively assigned to this action.  

This value is near the high end of human error estimates. This estimate is consistent with 
a time reliability quantification of the event where there is as much time available as 

required. This estimate is assumed to include the probability of any hardware failures 

and failures of the "action phase".  

The data sheet for this event is included as Figure C.3-4.  

ABEOPRCDHE 

This event is a failure to close the overhead aligned breaker to the overhead unit 
(assumed to be ACB-2) from the Keowee control room if this breaker fails to close 
automatically.  

This event is proceduralized in the Keowee emergency start procedure, 

AP/0/A/2000/002. This procedure is trained on by Keowee personnel and all Oconee 
operating personnel. This procedure focuses on the restoration of power to Keowee 
auxiliary buses.  
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This action would be taken after other attempts to restore power to the 2X bus had failed, 

and stat. alarm ISAl-20 (600 V swgr. 2X pwr. supply trouble) was locked in.  

In order to perform this action, the Keowee operators would check that the main 

transformer was not locked out and that switchyard breakers PCB-8 and 9 were opened.  

The check of the main transformer lockout (86T) would be done on the back of the 

control board in the Keowee control room, while the check of switchyard breakers would 

require communication with Oconee.  

This event is quantified using the method in EPRI TR-100259. For the quantification, 

the Keowee emergency start procedure is assumed to be practiced. Based on this, and on 

other details of the procedure, a value of 9.0E-03 is assigned to this event. Because this 

action can be accomplished from the Keowee control room, the "action phase" of the 

event is not judged to be a significant contributor. Failures of hardware required for 

successful accomplishment of this event are explicitly accounted for in the Keowee fault 

trees.  

ABPOPRCDHE 

This event is a failure to close the underground aligned breaker to the overhead unit 

(assumed to be ACB-4) from the Oconee control room if this is the only way to restore 

power to the Oconee main feeder buses.  

This event is proceduralized in the Oconee loss of power procedure, AP/1/A/1700/1 1.  

This procedure is trained on by all Oconee operating personnel. Step 5.3 in the loss of 

power procedure refers operators to section 501 which includes the step to close the 

Keowee underground breakers. Accomplishment of this step requires recognition that 

transformer CT-4 is not energized, and requires a transfer of breaker control from 

Keowee to Oconee.  

This event is quantified using the method in EPRI TR-100259. For the quantification, 

the Oconee loss of power procedure are assumed to be practiced. Based on this, and on 

other details of the procedure, a value of 9.OE-03 is assigned to this event. Because this 

action can be accomplished from the Oconee control room, the "action phase" of the 

event is not judged to be a significant contributor. The probabilities of failures of 
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hardware required for successful accomplishment of this event are estimated to be 

negligible compared to the value assigned.  

The need to perform the action modeled in this event should be obvious. However, given 

that this step in the procedure is missed, it is judged to be unlikely to be found by 

"revisitation". Therefore, the basic human error rate is not modified with recovery credit.  

EKOBASEDHE 

This event is a failure to recover a miss-setting of the Keowee voltage regulator base 

adjust. This is done by placing the regulator in manual control and setting the base 

adjust.  

Since no credit is taken for the Keowee voltage regulator automatic adjust feature in the 

Keowee Reliability Analysis, it is assumed that the failure of the base adjust would cause 

a noticeable problem with the Keowee unit output voltage. The unit output voltage is 

verified in the first immediate action of procedure AP/O/A/2000/002, the Keowee 

emergency start procedure. However, if correct voltage is not obtained, this procedure 

does not direct an operator response.  

The condition is also assumed to cause a "Generator Regulator Trip" stat. alarm at 

Keowee. The stat. alarm procedures at Keowee do not include sign-off blocks. The stat.  

alarm procedure directs the operator to put the regulator in manual and perform a manual 

startup of the Keowee unit. The emergency start AP includes instructions for manual 

unit start.  

This event is quantified using the method in EPRI TR-100259. However, credit is not 

taken for training or practice on the procedures (based on reliance on a stat. alarm 

procedure). Multiple procedures are assumed to be in use. No credit was taken for 
"place keeping aids." Based on these considerations, and on other details of the 

procedures, a value of 1.90E-02 was assigned to this event. Because this action can be 

accomplished from the Keowee control room, the "action phase" of the event is not 

judged to be a significant contributor. The probabilities of failures of hardware required 

for successful accomplishment of this event are estimated to be negligible compared to 

the value assigned.  
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FKOFISHDHE 

This event is a failure to recover simultaneous plugging of the main Keowee raw water 

strainers for both units (strainers 1WL FLOW and 2WL FLOW).  

The clogging of the strainers is assumed to cause stat. alarms 1SA2-28 and 2SA2-28.  

These are cooler water flow alarms (for Units 1 and 2 respectively). The response 

procedures for these alarms direct the swapping of strainers. As with other alarm 

response procedures, these procedures do not include "place keeping aids". For this 

action, it was assumed that the debris clogging would necessitate multiple strainer swaps 

and strainer cleaning.  

This action, concurrent with an emergency start and a loss of power at Oconee, could be 

too much for a single Keowee operator to do. The successful recovery of one Keowee 

unit would constitute success, however, the same problem on the other unit may be a 

distraction. An interview with a Keowee operator indicated that non-licensed operators 

(NLOs) from Oconee could get to Keowee in 10 minutes when required. The interview 

also indicated that the Keowee operator considered there would be ample time available 

for this action, and that this action would be reliable.  

This event is quantified using the method in EPRI TR-100259. However, credit is not 

taken for training or practice on the procedures. Multiple procedures are assumed to be 

in use. No credit is taken for place keeping aids. Because this action included a series of 

steps outside of the control room, the action phase is judged to be significant. A value of 

0.05 was added to the human error probability to account for this. Based on these 

considerations, a value of 6.3E-02 is assigned to this event. The probabilities of failures 

of hardware required for successful accomplishment of this action are estimated to be 

negligible compared to the value assigned.  

FKOFLOODHE 

This event is a failure to recover clogging of strainers for the guide bearing and packing 

boxes. This event assumes that this clogging does not take place for both units at the 

same time.  
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The clogging of the strainers is assumed to cause stat. alarms 1SA2-7 or 2SA2-7, or 

1 SA2-8 or 2SA2-8. These are guide bearing high temperature and packing box high 

temperature alarms (for Units 1 and 2 respectively). When the response procedures for 

these alarms were reviewed, they did not include guidance to swap these strainers, 

however, this oversight was being corrected. This action was evaluated as if these 

procedures did include guidance to swap strainers. As with other alarm response 

procedures, these procedures do not include "place keeping aids".  

This event is quantified using the method in EPRI TR-100259. However, credit is not 

taken for training or practice on the procedures. Multiple procedures are assumed to be 

in use. No credit is taken for place keeping aids. Because this action included a series of 

steps outside of the control room, the action phase was judged to be significant. A value 

of 0.05 is added to the human error probability to account for this. Based on these 

considerations, a value of 6.3E-02 is assigned to this event. The probabilities of failures 

of hardware required for successful accomplishment of this action are estimated to be 

negligible compared to the value assigned.  

FKOGBHXDHE 

This event is a failure to recover a miss-positioning of valves for the heat exchanger for 

the Keowee turbine guide bearing.  

The isolation of the heat exchanger is assumed to cause alarms 1SA2-7 or 2SA2-7 (for 

Unit 1 or Unit 2). These are guide bearing high temperature alarms. The response 

procedures for these alarms include guidance to unisolate the heat exchangers associated 

with the guide bearings. As with other alarm response procedures, these procedures do 

not include "place keeping aids". For this action, it is assumed that the debris clogging 

will necessitate multiple strainer swaps and strainer cleaning.  

The heat exchanger which would be affected by this strainer clogging is isolated six to 

eight months of the year. This indicates that the heat load from the guide bearing is very 

small. However, during an emergency start, both Keowee generators would be lightly 

loaded. The light load on the generators would lead to more wobble of the turbines and 

would put more load on the bearing.  
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This event is quantified using the method in EPRI TR-100259. However, credit is not 

taken for training or practice on the procedures. Multiple procedures are assumed to be 

in use. No credit is taken for place keeping aids. Because this action included a series of 

steps outside of the control room, the action phase is judged to be significant. A value of 

0.05 is added to the human error probability to account for this. Based on these 

considerations, a value of 6.3E-02 is assigned to this event. The probabilities of failures 

of hardware required for successful accomplishment of this action are estimated to be 

negligible compared to the value assigned.  

GKOBRGVRHE 

This event is a failure to reopen thrust bearing oil cooler flow path cooling water valves 

if they are left closed following maintenance.  

The isolation of these valves is assumed to cause alarms 1SA2-22 or 2SA2-22 (for Unit 1 

or Unit 2). These are thrust bearing high temperature alarms. The response procedures 

for these alarms include guidance to check the piping to the coolers, but do not 

specifically mention isolation valves.  

There is assumed to be ample time to complete this action. However, during an 

emergency start, both Keowee generators would be lightly loaded. The light load on the 

generators would lead to more wobble of the turbines and would put more load on the 

bearings.  

This event is quantified at 0.10. It is about as likely as other actions based on 

temperature alarm responses which are quantified at 6.3E-02. The 0.10 value is assumed 

to include any contribution of hardware failures or the action phase of the event.  

XDOKBATRHE 

This event is a failure to cross connect DC (1DA and 2DA) distribution centers after a 

failure of one of the Keowee batteries.  

This action is not proceduralized. An interview with a Keowee on call operator indicated 

that this action would be unlikely. Performance of this action would violate a philosophy 

of unit separation.  
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This action is assigned a value of 1.0 (failure is assumed). It is retained in the Keowee 

Reliability Analysis for a sensitivity study.  

XD 1KB lXDHE, XD2KB 1XDHE 

These recoveries are failures to line up the standby battery charger in one hour given the 

failure of the Keowee Unit 1 or Unit 2 battery charger.  

The actions considered would be taken in response to alarms 1SAl-44 or 2SAl-44, 

which are the battery trouble alarms for Unit 1 and Unit 2 respectively. These alarm 

response procedures direct the operator to align the standby battery charger, but do not 

include the necessary steps. Instead, the alarm respoonse procedures refer to procedures 

OP/0/A/2000/021 and OP/0/A/2000/22 (procedures for battery charger number 1 and 

number 2 respectively) include an enclosure which is designed to enable a lone Keowee 

operator to complete the alignment.  

This event is quantified using the method in EPRI TR-100259. Multiple procedures are 

assumed to be in use. No credit is taken for place keeping aids (due to the alarm 

response procedure). Because this action includes a series of steps outside of the control 

room, the action phase is judged to be significant. A value of 0.05 is added to the human 

error probability to account for this. Based on these considerations, a value of 6.OE-02 

could be assigned to these events, however, a conservative value of 9.3E-02 is assigned 

based on a previous quantification. The probabilities of failures of hardware required for 

successful accomplishment are estimated to be negligible compared to the value 

assigned.  

YOSTARTRHE 

This event is a failure to perform a normal start of at least one Keowee unit after a 

failure of the emergency start signals to both Keowee units.  

Due to the failure of emergency start signals, emergency start indication would also fail.  

Because there is no cue for the operator response, this action is assumed to not to be 

proceduralized. The Keowee operator would have to be notified of this condition by 

operators at Oconee.  
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Due to the frequent starting of Keowee, operators would have a recent indication that at 

least one unit was capable of normal starting. However, this action may be delayed by 

trouble shooting of the emergency start circuit and efforts to restore power to Oconee 

from other sources.  

Based on the above information, a value of 0.5 is assigned to this action. This value, 

based on engineering judgment is near the high end of human error estimates. This 

estimate is assumed to include the probability of any hardware failures and failures of the 

"action phase." 
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Enclosure C.3-3 

COMMISSION HUMAN ERROR SUMMARY DESCRIPTIONS 

The following list includes summary descriptions of the errors of commission (CHE) 

events in the Keowee human reliability analysis. Both of the events listed were assumed 

to occur after a loss of offsite power to Oconee. These events result in some failure of 

Keowee systems due to human error. These events are not included in the base case of 

the Keowee Reliability Analysis model but are used for a sensitivity study on pre

October 1992 conditions.  

ACBTRIPCHE 

This event is a tripping of Keowee units by the Keowee operator following an emergency 

start. This could happen if the operator failed to realize an emergency start signal had 

occurred and wanted to keep the units from running "unloaded".  

This event almost occurred in October 1992 following a loss of offsite power at Oconee 

(LER 270/92-04), when the operator tripped one of the unit output breakers. Since that 

time, an additional indication has been installed, and procedures have been implemented 

to avoid a reoccurrence of this event.  

This event is evaluated with a method found in EGG-SRE-9178 (entitled INTENT: A 

Method for Estimating Human Error Probabilities for Errors of Intention, Reference 5).  

This method requires the categorization of events as one of 20 categories. Once events 

are categorized, the event probability is set between upper and lower bounds for the 

category based on the evaluation of performance shaping factors.  

This event is categorized as #12, "symptoms noticed but incorrect interpretation". The 

resulting value for this action is estimated to be 2.8E-02.  
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YKEMSTRCHE 

This event is a resetting of Keowee emergency start signals at Oconee before the normal 

lockouts on Keowee are cleared. This would cause the Keowee unit to trip.  

This event occurred in October 1992 following a loss of offsite power at Oconee (LER 

270/92-04). Since that time, additional procedure precautions have been added to avoid 

a reoccurrence of this event.  

This event is evaluated with a method found in EGG-SRE-9178 (entitled INTENT: A 

Method for Estimating Human Error Probabilities for Errors of Intention, Reference 5).  

This method requires the categorization of events as one of 20 categories. Once events 

are categorized, the event probability is set between upper and lower bounds for the 

category based on the evaluation of performance shaping factors.  

This event is categorized as #13, "correct action taken during wrong plant evolution".  

The resulting value for this action is estimated to be 5.7E-03.  
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Enclosure C.3-4 

The table on the next two pages shows how DHE and RHE events were applied to 
Keowee sequences. The first column contains the DHE or RHE events. These are 
in bold letters. The second through sixth columns have events related to the DHE 
or RHE event.  

If an event in column two through six does not have a minus sign in front of it, the 
DHE or RHE event applies to this event. If there were two such events in these 
columns, the DHE or RHE would apply to that combination of events.  

Thus, the first event, EKOBASEDHE, applies to EK1BASELHE. Since it also 
appears in the second row with EK2BASELHE, it applies to this event.  

If a DHE or RHE event is not to be applied to a sequence containing a particular 
event, that event is in columns two through six with a minus sign.  
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Recovery Rule Table 

Recovery Applies But Not to...........  
Event to......  

EKOBASEDHE EK1BASELHE -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDIE -XD2KB2XDHE 

EKOBASEDHE EK2BASELHE -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

FKOFISHDHE FKOISHCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

FKOFISHDHE FK2FLO1FRF -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

FKOFISHDHE FK2FL01FRF -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

FKOFLOODHE FK2FL03FRF -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

FKOFLOODHE FK2FLO3FRF -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

PKOBROVHE GK2BRGVLHE -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

GKOBRGVRHE GK2BRGVLHE -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

YOSTARTRHE YOSTARTCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

YOSTARTRHE LOEGTPSCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

ABOSWGRRHE XA1BKRSCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

ABOSWGRRHE XA2BKRSCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

ABOSWGRRHE XA56BKRCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

0 BSGRE X56KCM -BOPC0 AEPCDE -DK1DH0X2BXH
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Recovery Rule Table 

Recovery Applies But Not to...........  
Event to......  

ABOSWGRRHE XA78BKRCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

ABOSWGRRHE ABOSWGRCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

XDOKBATRHE XD2KBATBYF -XD1DALTDHE -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

XDOKBATRHE XD1KBATBYF -XD2DALTDHE -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

YOSTARTRHE YOSTARTCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE 

YOSTARTRHE LOEGTPSCOM -ABPOPRCDHE -ABEOPRCDHE -XD1KB1XDHE -XD2KB2XDHE
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Table C.3-1 

Keowee Human Reliability Events 

Event Description Value 

AB2CLOSLHE Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 
AB20PENLHE Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 
AB4CLOSLHE Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 
AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-04 

AB5CLOSLHE Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2.60E-04 
AB50PENLHE Air Circuit Breaker 5 Fails To Open Due To A Latent Human Error 3.20E-03 
AB61432LHE Manual/Auto Control Switch 143/2 Left In Manual 3.20E-04 

AB6CLOSLHE Air Circuit Breaker 6 Fails To Close Due To A Latent Human Error 2.60E-04 
AB60PENLHE Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 
AB7CLOSLHE Air Circuit Breaker 7 Fails To Close Due To A Latent Human rror 2.60E-04 
AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 
BKlGBDCLHE Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
BK2GBDCLHE Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
EK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-03 
EKlFLDCLHE Keowee Unit 1 Field Breaker Fails to Close Due to Latent Human Error 2.60E-04 
EKlFLSCLHE Keowee Unit 1 Field Flashing Breaker Fails to Close Due to Latent Human Error 2.60E-04 
EKlFLSOLHE Keowee Unit 1 Field Flashing Breaker Fails to Open Due to Latent Human Error 2.60E-04 
EK1SPYCLHE Keowee Unit 1 Supply Breaker Fails to Close Due to Latent Human Error 2.60E-04
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Table C.3-1 

Keowee Human Reliability Events 

Event Description Value 

EK2BASELHE Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-03 
EK2FLDCLHE Keowee Unit 2 Field Breaker Fails to Close Due to Latent Human Error 2.60E-04 
EK2FLSCLHE Keowee Unit 2 Field Flashing Breaker Fails to Close Due to Latent Human Error 2.60E-04 
EK2FLSOLHE Keowee Unit 2 Field Flashing Breaker Fails to Open Due to Latent Human Error 2.60E-04 
EK2SPYCLHE Keowee Unit 2 Supply Breaker Fails to Close Due to Latent Human Error 2.60E-04 
FKl1l20GLHE Control Switch S120G Not in "Auto" Position 3.20E-03 
FK2120GLHE Control Switch S120G Not in "Auto" Position 2.60E-04 

GKlBRGVLHE KHU1 BNG Oil Cooling Path Valves Misaligned 2.60E-04 
GKlCOOLLHE KHU1 Generator Air Cooler WL Flow Path Valves Mispositioned 2.60E-04 
GKINGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
GK2BRGVLHE KHU2 BNG OIL Cooling Path Valves Misaligned 2.60E-04 
GK2COOLLHE KHU2 Generator Air Cooler WL Flow Path Valves Mispositioned 2.60E-04 
GK2NGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
OK1001BLHE Latent Human Error Fails OG Pump lB 3.20E-03 
OK1001CLHE Latent Human Error Fails OG Pump IC 3.20E-03 
OK2002BLHE Latent Human Error Fails OG Pump 2B 3.20E-03 
OK2002CLHE Latent Human Error Fails OG Pump 2C 3.20E-03 
PK1TSDCLHE Latent Human Error Fails Turbine No. 1 DC Sump Pump 3.20E-03
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Table C.3-1 

Keowee Human Reliability Events 

Event Description Value 

PK2TSDCLHE Latent Human Error Fails Turbine No. 2 DC Sump Pump 3.20E-03 
SXFRCT4LHE Latent Human Error Fails Transformer CT-4 6.4E-05 

WK1GVDCLHE Latent Human Error Fails Keowee 1 Governor During a Cold Start 2.60E-04 
WK2GVDCLHE Latent Human Error Fails Keowee 2 Governor During a Cold Start 2.60E-04 
ABOSWGRRHE Recovery of Keowee Aux. Power Breakers by Manual Control 5.OE-01 
ABEOPRCDHE Operators Faill To Close Air Circuit Breaker 2 9.OOE-03 
ABPOPRCDHE Operators Fail To Close Air Circuit Breaker 4 9.OOE-03 
EKOBASEDHE Recovery of Keowee Base Adjust LHE. 1.9E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 
FKOFLOODHE Recovery of Turbine Guide Bearing or Packing WL Filter Clogging 6.3E-02 

FKOGBHXDHE Recovery of Turbine Guide Bearing HX WL Valves 6.3E-02 
GKOBRGVRHE Recovery of Keowee Generator Thrust Bearing Oil Cooling Flow Path WL Valves L.OE-01 
XDOKBATDHE Cross Connect of Keowee DC Distribution Centers l.OE00 
XD1KBlXDHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.3E-02 
XD2KB2XDHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.3E-02 
YOSTARTRHE Recovery of Keowee Auto-Start Failures 5.OE-01 
ACBTRIPCHE Operators Trip Keowee Output Breakers 2.80E-02
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Table C.3-1 

Keowee Human Reliability Events 

Event Description Value 

YKEMSTRCHE Operator Incorrectly Resets Keowee Emergency Start 5.66E-03



Figure C.3-1: Keowee Latent Human Errror Credit for Functional Test SEQ.PROB. CLASS 

PM PROC. U ? RESTORE? MISTAKE ? 1. VERIF. OP. TEST 

9.74E-01 N/A 

4.70E-03 N/A 

6.OOE-03 

1.12E-03 N/A 

.20 

1.0 _5.00E-02_5.88E-05 LHE 

1.80E-03 N/A 

[ .10 2.OOE-04 LHE 
2.00E-02 

.90 1.80E-02 N/A



Figure C.3-2: Keowee Latent Human Error No Credit for Functional Test SEQ.PROB. CLASS 

PM PROC. U ? RESTORE? MISTAKE ? I. VERIF. OP. TEST 

9.74E-01 N/A 

4.70E-03 N/A 

6.00E-03 

0.00E+00 N/A 

.20 

1.0 1.0 1.18E-03 LHE 

0.00E+00 N/A 

1.0 2.00E-03 LHE 
2.00E-02 1 

90 1.80E-02 N/A



Figure C.3-3: Keowee Latent Human Error Credit for-Functional Tst. & Key Control SEQ.PROB. CLASS 

PM PROC. U ? RESTORE? MISTAKE ? I. VERIF. OP. TEST 

9.79E-01 N/A 

9.41 E-04 N/A 

1.20E-03 

2.23E-04 N/A 

.20 

1.0 5.00E-02 1.18E-05 LHE 

3.60E-04 N/A 

.10 4.OOE-05 LHE 
2.00E-02 

.98 1.98E-02 N/A
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Keoee uma Reiabliy EentDat ShetRev. # 0 0 
Event Name: ABOSWGRRHE Probability: 5.OE-01 Importance: 1.63E-02 

Time Critical 'Y- see additional notes 
Event Definition: Recovery of Keowee Aux. Power Breakers by Manual Control Error Fact. 5 

Assumed to be done after other attempts to resotre aux. power have failed.  

Indication/Si nal: Alarm for loss of power on 1X and 2X auxiliary buses. (SA1 19, SAl 20) 

Procedure Number: AP/O/A/2000/002 Step 5.6 is to notify Possible From Control Room? N 
Oconee and call the on call tech. See Comments.  

Conflict: "troubleshooting" situation, bypass of breaker interlocks by manual operation.  

Stress: High workload at Keowee and Oconee 

Confusion The attempt to close this breaker should be straight foreward.  

Level of Review: Not a factor.  

Quantification Method: Engineering Judgment 

Note: A Graphical Representation is Attached. An example Sequence and Summary 

Description is also attached. For recoveries, see the recovery rule section.  

"Action Phase" Quantificatior Not quantified separately.  

Date: 8/31/94 

Expert: L. Kachnik Expert Qualifications: HRA Analyst 
Results: Since this action is not proceduralized, the usual approach cannot be attempted.  

Sam Burton has said that the Keowee on call tech. will be at Keowee in an hour.  

The on call tech. will have to be contacted sooner than this.  

Basis: In the past it has been estimated (based on governor oil) that Keowee will last one hour with no aux.  

power. 0.5 is what the HCR model would produce for about as much time available as required.  

Other Sources For Timing Estimates: NUREG/CR-4674 vol.18 p.B-96 for timing of Keowee failure 

Hardware Failure Quantification: Hardware failures are the local breaker switch (accounted for in the model) 

the alarm system, and the communication system with the on call operator- assumed negligible compared to the value used.  

This requires contact with the on call technician. Control room operation will have already been attempted.  

There is a proceduralized attempt to close breakers from the K-Control room, but this event is for local closing.  

Operators at Keowee and Oconee are all trained on this AP- From Sam Burton. Further quantification notes (if any) on attached sheet.  

Se vt Stud 

LJK\ABOSWGR.XLS



Figure C.3-4 Sample Data Sheet Page 2 of 3 

OE M _iar - vn De--cr-- -to o- ABWSWGRH!Rev.  

ABOSWGRRHE 

This event is a failure to recover power to one or both of the Keowee auxiliary buses via 

manual breaker manipulation outside of the Keowee control room.  

This action would be taken following a breaker control problem which resulted in a 

failure of automatic breaker closure and a failure of breaker closure from the Keowee 

control room.  

Based on past LERs and past communication with Keowee, there is assumed to be one 

hour available before loss of governor oil causes the Wicket gates to the Keowee turbines 

to fail as is. This failure is assumed to result in a failure of Keowee turbines.  

The action to manually close the auxiliary bus breakers is not included in the Keowee 

emergency start procedure (AP/0/A/2000/002). However, the emergency start procedure 

has operators attempt to close the auxiliary bus breakers from the Keowee control room 

and then contact the Keowee on call operator. Based on interviews, it was assumed that 

the Keowee on call operator could arrive at Keowee in one hour.  

The attempt to perform this action may be delayed due to troubleshooting of the breaker 

closure circuits.  

This recovery event was quantified in a published precursor report (NUREG/CR-4674 
Vol. 18 P. B-82) at 0.43.  

Based on the above information, a value of 0.5 was conservatively assigned to this 
action. This value, based on engineering judgment, is near the high end of human error 
estimates. This estimate was assumed to include the probability of any hardware failures 
and failures of the "action phase".
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Rev. # L 
AP/O/A/2000/002 Keowee Hydro Starion. Emergency Start 

Kick IN Recognition Contact of Manual closing 
tep 5.6 SAl 19, SAl 20 on call of breaker 
other attempts alarms activated operator 
nsuccessfull) 

Success 

Failure 

Failure 
Failure 

- KK2UNITHYM A Single Keowee Unit Is Unavailable Due To Maintenance 3.80E-02 1.09E-04 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 2.27E-04 
ABOSWGRRHE Failure To Recover Keowee Auxiliary Power Breakers 5.OOE-01 

There is assumed to.be about an hour available from the start of the event untill the Keowee 
wicket gate hydraulic accumulators bleed down to the point where the unit will fail.  

The "on call" operator should be contacted before this time. Manual operation of the breakers should 
be an obvious recovery since attempts to close breakers from the Keowee control room have failed.  
However, other attempts to recover from the breaker failure (such as troubleshooting the closing circuit) 
may interfere with this action.  

0.5 assigned to this action is about what the HCR model would produce for a situation of about as 
much time available as required. This would place the action near the top of quantified human reliability 
actions. NUREG/CR-4674 Vol.18 P. B82 assigned 0.43 to this recovery.
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Table D-1 

Keowee PRA Basic Event Data (Base Case) 
Bayesian Updated With Recoveries 

NAME FACTOR . DESC PROB 

1 AA1271PR6D 1 Transformer IX Undervoltage Relay 27/IX Fails To Pick Up 2.49E-04 
2 AA1271XR6T 30 Transformer 1X Undervolte Relay 37/li Spuriously De-energizes 1.09E-05 
3 AA127C1R6T 24 Transformer CX Undervoltage Relay 27/CXl Spuriously De-energizes 8.71E-06 
4 AA127CPR6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Pick Up 2.49E-04 
.5 AA127R1RYT 24 Auxiliary Relay 27X/CXl Spurious Operation 8.64E-06 
6 AA127XlRYD 1 Auxiliary Relay 27X/1X Fails To Operate On Demand 3 .30E-05 
7 AA127XlRYT 384 Auxiliary Relay 27X/lX Spurious Operation 1.38E-04 
8 AA127X2R6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Drop Out 2.49E-04 
9 AA127XCRYD 1 Auxiliary Relay 27/CXl Fails To Operate On Demand 3.30E-CS 

10 AA186CXRYT 24 Transformer CX Differential Lock Out Relay 86CX Spurious operation 8. 64E-06 
11 AA186S1RYT 24 Switchgear 1X Lockout Relay 86S/lX Spurious Operation 8. 64E-06 
12 AA187CXRYT 24 Transformer CX Differential Relay 87CX Spurious Operation 8.64E-06 
13 AA2272PR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up 2.49E-04 
14 AA2272XR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out 2.49E-04 
15 AA2272XR6T 24 Transformer 2X Undervoltage Relay 27/2X Spuriously Dc-energizes 8.71E-06 
16 AA227C2R6T 30 Transformer CX Undervoltage Relay 27/CX2 Spuriously Dc-energizes 1.09E-05 
17 AA227C2RYD 1 Auxiliary Relay 27X/CX2 Fails To Operate On Demand 3 30E-05 
18 AA227CPR6D 1 Transformer CX Undervoltage Relay27/CX2 Fails To Pick Up 2.49E-04 
19 AA227R2RYT 384 Auxiliary Relay 27X/CX2 Spurious Operation 1.38E-04 
20 AA227T2R6D 1 Transformer 01 Undervoltage Relay (27T/2X) Fails To Drop Our 2.49E-04 
21 AA227X2RYD 1 Auxiliary Relay 27X/2X Fails To Operate On Demand 3. 30E-05 
22 AA227X2RYT 24 Auxiliary Relay 27X/2X Spurious operation 8.64E-06 
23 AA286S2RYT 24 Switchgear 2X Lockout Relay 86S/2X Spurious operation 8. 64E-06 
24 ABOO4ECCDT 30 DC Circuit Breaker lDA-4EC Transfers Position 2.25E-06 
25 ABOO86TRYD 1 Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand 3 .30E-05 
26 ABO624CRYD 1 Time Delay Relay 62-4c Fails To Operate On Demand 3.3CE-O5 
27 ABO86E1RYD 1 Emergency Lock Out Relay 86E-1 Fails To Operate On Demand 3.30E-05 
28 ABO86TGRYD 1 General Keowee Main Tx Lock Out Sensing Relay Fails To Operate 3.30E-OS 
29 ABOSWGRCOM 6.69E-04 Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 
30 ABOSWGRRHE 5.-OE-01 Recovery of Keowee Aux Power Breakers by Manual Control 5.0OO--l 
31 AB152TCSVO 1 Air Circuit Breaker 1 Trip Coil Fails To Operate 2.9CR-CS 
32 ABlACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 3.5SE-CS 
33 AB1FALTDEX 0.0 Fault Occurs at ACB-l When The BReaker Trips C. CC+CO 
34 AB1MECHDEX 1.51E-4 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 1.51E-04 
35 AB10PENLHE 2.60E-4 Air Circuit Breaker 1 Fails To Open Due To A Latent Human Error 2.60E-04 
36 AB1PSO2PST 12 Air Circuit Breaker 1 Accumulator Pressure Switch PS2 Fails Low :.16E-06 
37 ABTPSWTPST 24 Air Circuit Breaker 1 Accumulator PressureSwitch Fails Low 1.3E-04 
38 AB1RS2ZR6D 1 Air Circuit Breaker 1 Relay 52Z Fails To Operate 2 .49E-04
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39 AB21521SWT 30 Control Switch 152-2 Spurious Operation 2 l0E-06 
40 AB22BV1RYT 24 Backup Undervoltage Relay 2BVl Spurious Operation 8.64E-06 
41 AB23BKRCOM 1.12e-04 Common Cause Failure Of Air Circuit Breakers 2 And 3 To Close 1.12E-04 
42 AB24BKRCOM 1.12E-04 Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 
43 AB251G2RYT 24 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation 2.64E-06 
44 AB252CCSVO 1 Air Circuit Breaker 2 Close Coil Fails To operate 2. 90E-05 
45 AB252TCSVO 1 Air Circuit Breaker 2 Trip Coil Fails To Operate 2.90E-05 
46 AB252TCSVT 36 Air Circuit Breaker 2 Trip Coil Spurious Operation 1.40E-05 
47 AB252Y2R6D 1 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
48 AB252Y2R6T 12 Air Circuit Breaker 2 Y-relay Spurious Operation 4 .36E-06 
49 AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 3.51E-05 
50 AB2CLOSLHE 2.60E-4 Air Circuit Breaker 2 Fails To Close Due To A Lateit Human Error 2.60E-04 
51 AB2KEYISWT 12 Air Circuit Breaker 2 Key Interlock Switch Transfers Open 8.40E-07 
52 AB2MCH2DEX 3.02E-4 Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-04 
53 AB2MECHDEX 1.51E-4 Air Circuit Breaker 2 Fails Tb Open Due To Mechanical Failure 1.51E-04 
54 AB2OPENLHE 2.60E-4 Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 
55 AB2PSO2PST 12 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 Fails Low 5.16E-06 
56 AB2PSWTPST 24 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 1.03E-05 
57 AB2PUSHPBT 36 Trip Pushbutton On ACB2 Spurious Operation 8. 64E-06 
58 AB2R462RYT 24 Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious operation 8.64E-06 
59 AB2R52XR6D 1 Air Circuit Breaker 2 Relay 52X Fails To Operate 2 .49E-04 
60 AB2R52ZR6D 1 Air Circuit Breaker 2 Relay 527 Fails To Operate 2. 49E-04 
61 AB2R52ZR6T 36 Air Circuit Breaker 2 Relay 52Z Spurious Operation 1.31E-05 
62 AB31523SWT 24 Control Switch 152-3 Spurious Operation 1.68E-06 
63 AB352CCSVO 1 Air Circuit Breaker 3 Close Coil Fails To Operate 2.90E-05 
64 AB352TCSVO 1 Air Circuit Breaker 3 Trip Coil Fails To operate 2.90E-05 
65 AB352TCSVT 24 Air Circuit Breaker 3 Trip Coil Spurious Operation 9.36E-06 
66 AB352Y2R6D 1 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
67 AB352Y2R6T 360 Air Circuit Breaker 3 Y-relay Spurious operation 1.31E-04 
68 AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 3.51E-05 
69 AB3CLOSLHE 2.60e-04 Air Circuit Breaker 3 Fails To Close Due To Latent Human Error 2.60E-04 
70 AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical Failure 3.02E-04 
71 AB3MECHDEX 1.51E-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical Failure 1.51E-04 
72 AB3PSO2PST 372 Air Circuit Breaker 3 Accumulator Pressure Switch P82 Fails Low I.60E-04 
73 AB3PSWTPST 24 Air Circuit Breaker 3 Accumulator Pressure Switch.Fails Low 1.03E-05 
74 AB3PUSHPBT 24 Trip Pushbutton On ACB3 Spurious Operation 5.76E-06 
75 AB3R52XR6D 1 Air Circuit Breaker 3 Relay 52X Fils To Operate 2. 49E-04 
76 AB3R52ZR6D 1 Air Circuit Breaker 3 Relay 522 Fails To Operate 2.49E-04 
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77 AB3R52ZR6T 24 Air Circuit Breaker 3 Relay 52Z Spurious operation 8.71E-06 
78 AB41523SWT 24 Control Switch 152-4 Spurious Operation 1.68E-06 
79 AB452CCSVO 1 Air Circuit Breaker 4 Close Coil Fails To Operate 2.90E-05 
80 AB452TCSVT 24 Air Circuit Breaker 4 Trip Coil Spurious operation 9 .36E-06 
81 AB452Y2R6D 1 Air Circuit Breaker 4 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
82 AB452Y2R6T 372 Air Circuit Breaker 4 Y-relay Spurious Operation 1.35E-04 
83 AB4ACCUDEX 3.51E-CS Air Circuit Breaker 4 Accumulator Air Pressure Low 3.51E-05 
84 AB4CLOSLHE 2.60E-4 Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 
85 AB4CLSESWC 1 Air Circuit Breaker 4 Close Switch Fails To Close On Demand l.0CE-05 
86 AB4KEYISWT 372 Air Circuit Breaker 4 Key Interlock Switch Transfers Open 2.60E-05 
87 AB4LORESWT 372 Air Circuit Breaker 4 Locdl.'Remote Switch Contact Transfers Position 2.60E-05 
88 AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fail To Close Due To Mechanical Failure 3.02E-04 
89 AB4PSO2PST 372 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 Indicates Low Pressure 1.60E-04 
90 AB4PSWTPST 12 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air Pressure 5.16E-06 
91 AB4PUSHPBT 24 Trip Pushbutton On ACD-4 Spiricus Operation 5.76E-06 
92 AB4R52XR6D 1 Air Circuit Breaker 4 Relay Fails To Operate 2. 49E-04 
93 AB4RS2ZR6T 24 Air Circuit Breaker 4 Relay Z Spurious Operation 8.71E-06 
94 ABS10A1FUF 6 One Or More Control Power Fuses For UF Y And CC Fail 2. 16E-0 
95 AB51431LHE 3.20E-4 Manual/Auto Control Switch 143/1 Let In Manual 3.20E-04 
96 ABS1431RYT 360 Auxiliary Relay 143X/1 Spuriously Energi es 1.30E-04 
97 ABS1431SWT 360 Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 2.52E-05 
98 ABS52CCRYD 1 Air Circuit Breaker S Close Coil CC Fail On Demand 3.30R-O5 
99 AB552TCRYT 384 Air Circuit Breaker 5 Trip Coil S2TC Spurious Operation 1.38E-04 

100 AB552Y2RYT 360 Air Circuit Breaker 5 Y-relay Spurious Operation 1.30E-04 
101 AB583SSRYD 1 Time Delay Relay 83S5 Fails To Pick Up 3.3CR-OS 
102 AB5CLOSLHE 2.60E-4 Air Circuit Breaker S Fails To Close Due To A Latent Human Error 2.60E-04 
103 AB5KEYISWT 360 Air Circuit Breaker 5 Key Interlock Switch Transfers open 2.52E-OS 
104 ABSMCH2DEX 7.04E-03 Air Circuit Breaker 5 Fails To Close Due To Mechanical Failure 7.04E-03 
105 AB5PUSHPBT 384 Trip Pushbutton On ACBS Spurious Operation 9.22E-05 
106 AB5R52XRYD 1 Air Circuit Breaker 5 Relav 52X Fails To Operate 3.3CR-OS 
107 AB5R52YRYD 1 Air Circuit Breaker S Relay S2Y Failed To Drop Out At Last Demand 3.3CR-CS 
108 AB610A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2U.16F-CS 
109 AB610AFFUF 6 One Or More Control Power Fuses For Relay 27X/2X Fail 2. 16E-05 
110 AB61432LHE 3.20E-4 Manual/Auto Control Switch 143/2 Left In Manual 3 .2OE-04 
111 AB61432SWT 360 Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 2.525-CS 
112 AB6521CCRYD 1 Air Circuit Breaker 6 Close Coil CC Fails On Demand 3.3CR-CS 
113 AB652TCRYD 1 Air Circuit Breaker 6 Trip Coil S2TC FailsFails To Operate 3.3CR-CS 
114 AB652TCRYT 24 Air Circuit Breaker 6 Trip Coil 52TC Spurious Operation 8.64E-06
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115 AB652Y2RYT 360 Air Circuit Breaker 6 Y-relay Spurious Operation 1.30E-04 
116 AB6CLOSLHE 2.60E-4 Air Circuit Breaker 6 Fails To Close Due To A Latent Human Error 2.60E-04 
117 AB6KEYISWT 360 Air Circuit Breaker 6 Key Interlock Switch Transfers. Open 2.52E-05 
118 AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 
119 AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 
120 AB60PENLHE 3.20E-3 Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 
121 AB6PUSHPBT 24 Trip Pushbutton On ACB6 Spurious Operation 5.76E-06 
122 AB6R52XRYD 1 Air Circuit Breaker 6 Relay 52X Fails To Operate 3 .30E-05 
123 AB6R52YRYD 1 Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
124 AB710A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
125 AB710AFFUF 6 One Or More Air Circuit Breaker 7 Control Power Fuses Fail 2.16E-05 
126 AB752CCRYD 1 Air Circuit Breaker 7 Close Coil CC Fails On Demand 3.30E-05 
127 AB752TCRYD 1 Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.30E-05 
128 AB752TCRYT 24 Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation 8.64E-06 
129 AB752Y2RYT 360 Air Circuit Breaker 7 Y-relay Spurious Operation 1 .30E-04 
130 AB7CLOSLHE 2.60E-4 Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-04 
131 AB7KEYISWT 360 Air Circuit Breaker 7 Key Interlock Switch Transfers Open 2.52E-05 
132 AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 
133 AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 
134 AB70PENLHE 3.20E-3 Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 
135 AB7PUSHPBT 30 Trip Pushbutton On ACB7 Spurious Operation 7 .20E-06 
136 AB7R52XRYD 1 Air Circuit Breaker 7 Relay 52X Fails To Operate 3 .30E-05 
137 AB7R52YRYD 1 Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
138 AB810A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2. 16E-05 
139 AB81432RYT 360 Auxiliary Relay 143X/2 Spuriously Energizes 1.30E-04 
140 AB852CCRYD 1 Air Circuit Breaker 8 Close Coil CC Fails On Demand 3.30E-05 
141 AB852TCRYT 384, Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 1.38E-04 
142 AB852Y2RYT 360 Air Circuit Breaker 8 Y-relay Spurious Operation 1.30E-04 
143 AB86E1ARYD 1 Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand 3.30E-05 
144 AB86E1GRYD 1 Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate 3.30E-05 
145 AB883S8RYD 1 Time Delay Relay 83S8 Fails To Rick Up 3.30E-05 
146 AB8KEYISWT 360 Air Circuit Breaker 8 Key Interlock Switch Transfers Open 2.52E-05.  
147 AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical Failure 7.04E-03 
148 AB8PUSHPBT 384 Trip Pushbutton On ACB8 Spurious Operation 9.22E-05 
149 AB8R52XRYD 1 Air Circuit Breaker 8 Relay 52X Fails To Operate 3 .30E-05 
150 AB8R52YRYD 1 Air Circuit .Breaker 8 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
151 ABEOPRCDHE 9.OE-03 Operators Fail To Close Air Circuit Breaker 2 9.OOE-03 
152 ABEOPRCRHE 9.OE-03 Operators Fail To Close Air Circuit Breaker 2 9.OOE-03
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153 ABPOPRCRHE 9.0E-03 Operators Fail To Close Air Circuit Breaker 4 9. 00E-03 
154 ACB4MOD 1 NSM-ON-52966 Is Not In Service 1.00E+00 
155 ACBAIRPDEX 2.00E-03 ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 
156 ACBTRIPCHE 0.0 Operators Trip Generator Output ACBs 0. 00E+00 
157 ACBXFERCOM 1.28E-06 Common Cause Failure That Results In ACBs 2 & 3 Transfering Open 1.28E-06 
158 AD1B4ALCDT 30 Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 2.25E-06 
159 AD1C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center IDA Transfers Position 1.80E-06 
160 AD1C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position 1.80E-06 
161 AD1SCLRCDT 12 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position (Rec) 9.00E-07 
162 AD2B2ALCDT 30 Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 2.25E-06 
163 AD2B3CCCDT 12 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 9.00E-07 
164 AD2C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
165 AD2C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
166 AK1141XRYD 1 Auxiliary Relay 14GOV/1X Fails To Pick-up 3.30E-05 
167 AK114GVDEX 1.00e-04 KUl Magnetic Speed Switch System Fails 1.00E-04 
168 AK121TDRYD 1 Time Delay Relay 2-lTD Fails To Pick-up 3.30E-05 
169 AK152TDRYD 1 Time Delay Relay 52-1TD Fails To Pick-up 3.30E-05 
170 AK152TDRYT 4380 Time Delay Relay 52-lTD Spurious Operation 1.58E-03 
171 AK152XGRYD 1 Relay 52XG/1 Fails To Pick Up When The Unit Is Started 3.30E-05 
172 AK152.XGRYT 2 Relay 52XG/1 Spuriously Drops Out While The Unit Is Running 7.20E-07 
173 AK1AX34RYT 6 Relay 52AX/34 Spuriously Drops-out 2.16E-06 
174 AK1GV1XRYD 1 Relay 14GOV/1X Fails To Pick-up 3.30E-05 
175 AKIOFRQCOM 3.30E-06 KU1 CCF Of 2/3 -Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
176 AK1X34XRYT 6 Relay 52AX/34X Spuriously Drops-out 2.16E-06 
177 AK212OSSST 36 Turbine Overspeed Switch Indicates Overspeed 1.51E-04 
178 AK2142XRYD 1 Auxiliary Relay 14GOV/2X Fails To Pick-up 3. 30E-05 
179 AK214GVDEX 1.OOe-4 KU2 Magnetic Speed Switch System Fails 1.00E-04 
180 AK222TDRYD 1 Time Delay Relay 2-2TD Fails To Pick-up 3.30E-05 
181 AK252TDRYD 1 Time Delay Relay 52-2TD Fails To Operate 3.30E-05 
182 AK252TDRYT 4380 Time Delay Relay 52-2TD Spurious Operation 1.58E-03 
183 AK252WORYD 1 KU2 Relay 52W Fails To Pick-up 3.30E-05 
184 AK252XGRYD 1 Auxiliary Relay 52XG/2 Fails To Pick-up 3.30E-05 
185 AK2GATEDEX 2.11E-5 Wicket Gate Limit Switch Indicates Gate Position Is Below No-load Setting 2.11E-05 
186 AK2GV2XRYD 1 Relay 14GOV/2X Fails To Pick-up 3. 30E-05 
187 AK20FRQCOM 3.30E-06 KU2 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
188 BK1088XRYD 1 Keowee 1 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 3.30E-05 
189 BK1088XRYT 24 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
190 BK114/255D 1 Keowee 1 Speed Switch 14/2 Fails on Demand 1.80E-05
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191 BK114/2SST 24 Keowee 1 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
192 BK114DXRYD 1 Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
193 BK114DXRYT 24 Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out 8.64E-06 
194 BK114T2RYD 1 Keowee 1 Rotation Sensing Timer 14T2 Fails to De-energize 3.30E-05 
195 BK114T2RYT 24 Keowee 1 Rotation Sensing Timer 14T2 Spurious Operation 8.64E-06 
196 BK1188ASWT 24 Keowee 1 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
197 BK1188DSWT 108 Unit 1 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
198 BK1631XRYD 1 Keowee 1 Relay 63TA/1X Fails to De-energize 3 .30E-05 
199 BK1631XRYT 24 Keowee 1 GBO Level Relay 63TA/1X Spurious Operation 8.64E-06 
200 BK1632XRYD 1 Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-05 
201 BK1632XRYT 24 Keowee 1 Turb. Brng. Low Oil Level Aux. Ply 63TA/2X Spurious Operation 8.64E-06 
202 BK163TALSD 1 Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
203 BK163TALST 24 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
204 BK188AXRYD 1 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
205 BK188AXRYT 24 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized 8.64E-06 
206 BK1DA5BCDT 24 DC Circuit Breaker IDA-5B Transfers Position 1.80E-06 
207 BKIGBDCGPR 12 Unit 1 DC Turbine GBO Pump Fails To Run 1.68E-04 
208 BK1GBDCGPS 1 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 9.70E-05 
209 BK1GBDCLHE 3.2E-3 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
210 BK1GBO1CVC 1 Check Valve 1GBO-1 Fails to Close on Demand 3.50E-04 
211 BK1GBO1CVO 1 Check Valve 1GBO-1 Fails To Open On Demand 2 .30E-06 
212 BK1GBO1CVT 24 Check Valve 1GBO-1 Transfers Closed 3.12E-06 
213 BK1GBO1FTC 24 Filter 1GBOFL-1 Becomes Clogged 4.32E-05 
214 BK1GBO2VVT 24 Manual Valve 1GBO-2 Transfers Position 4.08E-07 
215 BK1GBO3CVO 1 Check Valve 1GBO-3 Fails To Open On Demand 2 .30E-06 
216 BK1GBO3CVT 12 Check Valve 1GBO-3 Transfers Closed 1.56E-06 
217 BK1GBO4VVT 108 Manual Valve 1GBO-4 Transfers Position 1.84E-06 
218 BK1GBO5VVT 24 Manual Valve 1GBO-5 Transfers Position 4.08E-07 
219 BK1GBO6VVT 24 Manual Valve 1GBO-6 Transfers Position 4. 08E-07 
220 BK1GBO8VVT 24 Manual Valve 1GBO-8 Transfers Position 4 .08E-07 
221 BK1GBO9VVT 24 Manual Valve 1GBO-9 Transfers Position 4.08E-07 
222 BK1GOACGPR 24 Unit 1 AC Turbine GBO Pump Fails To Run 3 .36E-04 
223 BK1GOACGPS 1 Unit 1 AC Turbine GBO Pump Fails To Start 9.70E-05 
224 BK1GODCTRM 1.14E-3 Unit 1 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
225 BK1XA1CCLT 24 600 V Circuit Breaker 1XA-1C Transfers Position 2.18E-05 
226 BK2088XRYD 1 Keowee 2 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 3.30E-05 
227 BK2088XRYT 24 Keowee 2 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
228 BK214/2SSD 1 Keowee 2 Speed Switch 14/2 Fails On Demand 1.80E-05
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229 BK214/2SST 24 Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
230 BK214DXRYD 1 Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
231 BK214DXRYT 24 Keowee 2 Rotation Sensingi Aux. Relay 14DX Spurious Operation 8.64E-06 
232 BK214T2RYD 1 Keowee 2 Rotation Sensing Timer 14T2 Fails to De-energize 3.30E-05 
233 BK214T2RYT 24 Keowee Rotation Sensing Timer 14T2 Fails to Remain De-energized 8.64E-06 
234 BK2188ASWT 24 Unit 2 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
235 BK2188DSWT 108 Unit 2 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
236 BK2631XRYD 1 Keowee 2 Relay 63TA/1X Fails to De-energize 3 .30E-05 
237 BK2631XRYT 24 Keowee 2 OBO Level Relay 63TA/1X Spurious Operation 8.64E-06 
238 BK2632XRYD 1 Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/'2X Fails To Operate On Demand 3.30E-05 
239 BK2632XRYT 24 Keowee 2 Turb. Brng. Low Oil Level Au.. Relay 63TA/2X Spurious Operation 8.64E-06 
240 BK263TALSD 1 Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
241 BK263TALST 24 Turbine No. 2 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
242 BK288AXRYD 1 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
243 BK288AXRYT 24 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized 8.64E-06 
244 BK2DA1BCDT 24 DC Circuit Breaker 2DA-lB Transfers Position 1.80E-06 
245 BK2GBDCGPR 12 Unit 2 DC Turbine GBO Pump Fails To Run 1.68E-04 
246 BK2GBDCGPS 1 Unit 2 DC Turbine GBO Pump Fails To Start On Demand 9.70E-05 
247 BK2GBDCLHE 3.2E-3 Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
248 BK2GBO1CVC 1 Check Valve 2GBO-1 Fails to Close on Demand 3. 50E-04 
249 BK2GBO1CVO 1 Check Valve 2GBO-1 Fails To Open On Demand 2 .30E-06 
250 BK2GBO1CVT 24 Check Valve 2GBO-1 Transfers Closed 3.12E-06 
251 BK2GBO1FTC 24 Filter 2GBOFL-1 Becomes Clogged 4.32E-05 
252 BK2GBO2VVT 24 Manual Valve 2GBO-2 Transfers Position 4.08E-07 
253 BK2GBO3CVO 1 Check Valve 2GBO-3 Fails To Open On Demand 2.30E-06 
254 BK2GBO3CVT 12 Check Valve 2GBO-3 Transfers Closed 1.56E-06 
255 BK2GBO4VVT 108 Manual Valve 2GBO-4 Transfers Position 1.84E-06 
256 BK2GBO5VVT 24 Manual Valve 2GBO-5 Transfers Position 4.08E-07 
257 BK2GBO6VVT 24 Manual Valve 2GBO-6 Transfers Position 4.08E-07 
258 BK2GBO8VVT 24 Manual Valve 2GBO-8 Transfers Position 4.08E-07 
259 BK2GBO9VVT 24 Manual Valve 2GBO-9 Transfers Position 4.08E-07 
260 BK2GOACGPR 24 Unit 2 AC Turbine GBO Pump Fails To Run 3.36E-04 
261 BK2GOACGPS 1 Unit 2 AC Turbine GBO Pump Fails To Start 9.70E-05 
262 BK2GODCTRM 1.14E-3 Unit 2 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
263 BK2XA1CCLT 24 600 V Circuit Breaker 2XA-1C Transfers Position 2.18E-05 
264 BKGBOILCOM 1.94E-06 Common Cause Failure Of Turbine Guide Bearing Oil System 1.94E-06 
265 D1DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc.Panelboard IDIA OEE-120, 0-705 6.50E-06 
266 D1DIBXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard lDIB OEE-120-1, 0-705 6.SOE-06
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267 D2DIAXXDEX 6.50E-06 Loss Of Power On 125 V de Panelboard 2DIA 6.50E-06 
268 D2DIBXXDEX 6.50E-06 Loss of Power on 125 V de Panelboard 2DIB 6.50E-06 
269 D3DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 3DIA 6.50E-06 
270 D3DIBXXDEX 6.50E-06 Loss Of Power On 125 Vdc Panelboard 3DIB 6.50E-06 
271 DDC11BXCDT 24 125 Vdc Battery Breaker SY-DCl-1B Transfers Open 1.80E-06 
272 DDC11CXCDT 24 125 Vdc Breaker SY-DC1-1C Transfers Open 1.80E-06 
273 DDC11DCCDT 24 125 Vdc Breaker SY-DC1-1DC Transfers Open 1.80E-06 
274 DDC11DLCDT 24 125 Vdc Breaker SY-DC1-lDL Transfers Open 1.80E-06 
275 DDC11DRCDT 24 125 Vdc Breaker SY-DCl-1DR Transfers Open 1.80E-06 
276 DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Test or Maintenance 1.14E-02 
277 DDC1BATBYF 1 Battery SY-1 Fails During Discharge 9.30E-04 
278 DDC1FLTBDF 24 SY-DC1 Is Faulted 7. 68E-06 
279 DDC21BXCDT 24 125 Vdc Battery Breaker SY-DC2-1B Transfers Open 1.80E-06 
280 DDC21CXCDT 24 125 Vdc Breaker SY-DC2-1C Transfers Open- 1.80E-06 
281 DDC21DCCDT 24 125 Vdc Breaker SY-DC2-1DC Transfers Open 1.80E-06 
282 DDC21DLCDT 24 125 Vdc Breaker SY-DC2-1DL Transfers Open 1.80E-06 
283 DDC21DRCDT 24 125 Vdc Breaker SY-DC2-1DP. Transfers Open 1.80E-06 
284 DDC2BATBYF 1 Battery SY-2 Fails During Discharge 9.30E-04 
285 DDC2FLTBDF 24 SY-DC2 Is Faulted 7.68E-06 
286 DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 2.70E-05 
287 DDCDYAXBDF 24 125 Vdc Switchvard DC Panelboard DYA Is Faulted 7.68E-06 
288 DDCDYBXBDF 24 125 Vdc Switchyard DC Panelboard DYB Is Faulted 7.68E-06 
289 DDCDYCXBDF 24 125 Vdc Switchyard DC Panelboard DYC Is Faulted 7.68E-06 
290 DDCDYEXBDF 24 125 Vdc Switchyard DC Panelboard DYE Is Faulted 7.68E-06 
291 DDCDYFXBDF 24 125 Vdc Switchyard DC Panelboard DYF Is Faulted 7.68E-06 
292 DDCDYGXBDF 24 125 Vdc Switchyard DC Panelboard DYG Is Faulted 7.68E-06 
293 E12EXCTCOM 5.31E-05 Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 
294 ED11D3DCDT 84 Breaker 3D In 125V dc Distribution Center 1DA Transfers Open 6.30E-06 
295. ED13BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 1DA Transfers Open 1.80E-06 
296 ED22D3DCDT 24 Breaker 2D In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 
297 ED23BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 
298 EKOORUNCOM 1.24E-4 Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-04 
299 EKOBASERHE 1.9E-02 Recovery of Keowee Base Adjust LHE 1.90E-02 
300 EK131TDRYD 1 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
301 EK131TDRYT 84 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 3.02E-05 
302 EK14152SWT 84 KHU1 Generator Supply Breaker Trip Control Switch 141-52/T Spurious Operation 5.88E-06 
303 EK1415TSWT 24 Spurious Operation Of The KHU1 Supply Breaker Trip Switch 1.68E-06 
304 EKl415YRYD 1 KHU1 Generator Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05
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305 EK1415YRYT 84 KHU1 Generator Supply Breaker Y-relay Spurious Operation 3.02E-05 306 EK141AXR6D 1 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 307 EK141AXR6T 24 Keowee Unit 1 Relay 41/AX Spuriously Resets 8.71E-06 308 EK141CFRYD 1 Keowee Unit 1 Field Flashing Breaker Close Coil Fails To Operate On Demand 3.30E-05 309 EK186E2RYT 6 Keowee Unit 1 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 310 EK186EXRYT 84 Keowee Unit 1 Gen Lockout Auxiliary Relay 86EX-1 Spurious Actuation 3.02E-05 311 EK186X2RYT 24 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 312 EK188SVRYD 1 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 3.30E-05 313 EK188SVRYT 108 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 3.89E-05 314 EK1901ARYT 84 Keowee Unit 1 Relay 90X1A Spurious Operation 3.02E-05 315 EK199SXRYD 1 Auxiliary Relay 99SX1 Fails To-Pick-up 3 .30E-05 316 EK199SYRYD 1 Keowee Unit 1 Relay 99SY Fails To Pick-up 3.30E-05 317 EK199SYRYT 24 Keowee Unit 1 Relay 99SY Drops Out 8.64E-06 318 EK1BAS32DEX 1.24E-3 KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 319 EK1BASEDEX 6.17E-4 Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 320 EK1BASELHE 3.20E-3 Keowee Unit 1 Base Adjust Is' Set Incorrectly 3.20E-03 321 EK1DIODDEX 2.88E-4 Keowee Unit 1 Exciter Fan Supply Diode Bridqe Fails 2.88E-04 322 EK1EXC1TGF 84 Keowee Unit 1 Gen Excitation Transformer Is Failed 8.23E-05 323 EK1EXC2TGF 24 Keowee Unit 1 Generator Excitation Transformer Fails 2.35E-0: 
324 EK1F30AFUF 24 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 8.64E-05 325 EK1F31XRYD 1 Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 326 EK1F41CRYD 1 Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 327 EK1FAN1TLF 24 Keowee Unit 1 Generator Excitation Fan Power Transformer Fails 1.80E-05 328 EK1FLDCLHE 2.60E-4 Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 329 EK1FLDMDEX 7.71E-5 Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 330 EK1FLSCLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human Error 2 .60E-04 331 EK1FLSMDEX 7.71E-5 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 332 EK1FLSOLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 333 EK1R31TRYD 1 Keowee Unit 1 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 334 EK1R31YRYD 1 KHU1 Gen Field Flashing Breaker Y-relay Failed To Drop Out At Last Operation 3.30E-05 335 EK1R31YRYT 84 KHU1 Generator Field Flashing Breaker Y-relay Spurious Operation 3.02E-05 336 EK1R41XRYD 1 Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 337 EK1R41YRYD 1 KHU1 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 338 EK1R41YRYT 84 Keowee Unit 1 Generator Field Breaker Y-relay Spurious, Operation 3.02E-05 339 EK1R9A1RYT 84 Keowee Unit 1 Relay 90XlA/TD Spurious Operation 3.02E-05 340 EKlR9ClR6T 84 Keowee Unit 1 Relay 90X1C Spurious Operation 3.05E-05 341 EKlS14lSWT 84 KHU1 Field Breaker Trip Control Switch 141/T Spurious Operation 5.88E-06 342 EK1S31TSWT 84 KHU1 Field Flashing Breaker Trip Control Svitch 131/T Spurious Operation 5.88E-06
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343 EK1S41CRYD 1 Keowee Unit 1 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 
344 EKlS41TSWT 24 Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
345 EK1S41XRYD 1 Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.30E-05 
346 EK1SPYCLHE 2.60E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
347 EK1SPYMDEX 4.62E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
348 EK1VHSVRYD 1 Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
349 EK1VREGDEX 2.47E-3 KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
350 EK231TDRYD 1 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
351 EK231TDRYT 12 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 
352 EK24152SWT 12 KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation 8.40E-07 
353 EK2415TSWT 24 Spurious Operation Of The KHU2 Supply Breaker Trip Switch 1.68E-06 
354 EK2415YRYD 1 KHU2 Gen Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
355 EK2415YRYT 12 KHU2 Generator Supply Breaker Y-r.elay Spurious Operation 4.32E-06 
356 EK241AXR6D 1 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 
357 EK241AXR6T 24-Keowee Unit 2 Relay 41/AX Spuriously Resets 8.71E-06 
358 EK241CFRYD 1 Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand 3.30E-05 
359 EK286E2RYT 6 Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 
360 EK286EXRYT 12 Keowee Unit 2 Generator Lockout' Auiliary Relay 86EX-1 Spurious Actiation 4.32E-06 
361 EK286X2RYT 24 Keowee Unit 2 Generator Lockout Auxiliarv Relay 86EX-1 Spurious Actuation 8.64E-06 
362 EK288SVRYD 1 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 3.30E-05 
363 EK288SVRYT 36 -Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 
364 EK2901ARYT 12 Keowee Unit 2 Relay 90X1A Spurious Operation 4 .32E-06 
365 EK299SXRYD 1 Auxiliary Relay 99SX2 Fails To Pick-up 3.30E-05 
366 EK299SYRYD 1 Keowee Unit 2 Relay 99SY Fails To Pick-up 3.30E-05 
367 EK299SYRYT 24 Keowee Unit 2 Relay 99SY Drops Out 8.64E-06 
368 EK2BAS2DEX 1.24E-3 KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable Range l..24E-03 
369 EK2BASEDEX 6.17E-4 Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 
370 EK2BASELHE 3.20E-3 Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-03 
371 EK2DIODDEX 2.88E-4 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
372 EK2EXC1TGF 12 Keowee Unit 2 Generator Excitation Transformer Is Failed 1.18E-05 
373 EK2EXC2TGF 24 Keowee Unit 2 Generator Excitation Transformer Fails 2 .35E-05 
374 EK2F30AFUF 24 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 8.64E-05 
375 EK2F31XRYD 1 Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
376 EK2F41CRYD 1 Keowee Unit 2 Field Breaker Close Coil. Fails To Operate On Demand 3.30E-05 
377 EK2FAN1TLF 24 Keowee Unit 2 Generator Excitation Fan Power Transformer Fails 1.80E-05 
378 EK2FLDCLHE 2.60E-4 Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
379 EK2FLDMDEX 7.71E-5 Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
380 EK2FLSCLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To .Close Due To Latent Human Error 2.60E-04 

S S
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381 EK2FLSMDEX 7.71E-5 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
382 EK2FLSOLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 
383 EK2R31TRYD 1 Keowee Unit 2 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 
384 EK2R31YRYD 1 KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation 3.30E-05 
385 EK2R31YRYT 12 KHU2 Generator Field Flashing Breaker Y-relav Spurious Operation 4.32E-06 
386.EK2R41XRYD 1 Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 
387 EK2R41YRYD 1 KHU2 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
388 EK2R41YRYT 12 KHU2 Generator Field Breaker Y-relay Spurious Operation 4.32E-06 
389 EK2R9A2RYT 12 Keowee Unit 2 Relay 90X1A/TD Spurious Operation 4.32E-06 
390 EK2R9C2R6T 12 Keowee Unit 2 Relay 90XlC Spurious Operation 4.36E-06 
391 EK2S141SWT 12 KHU2 Field Breaker Trip Control Switch Spurious Operation 8.40E-07 
392 EK2S31TSWT 12 KHU2 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 
393 EK2S41CRYD 1 Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-CS 
394 EK2S41TSWT 24 Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
395 EK2S41XRYD 1 Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.3OE-05 
396 EK2SPYCLHE 2.60E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
397 EK2SPYMDEX 4.62E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
398 EK2VHSVRYD 1 Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
399 EK2VREGDEX 2.47E-3 KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
400 EKSTARTCOM 6.17E-5 Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-05 
401 ESCONDNOT 1 An Engineered Safeguards Condition Does Not Exist 1.00CE+00 
402 EU1C1RORYD 1 ONS1 ESG Chan. 1 Ro Relay Fails To Pick Up OEE-120 1.00E+00 
403 EU1C2RORYD 1 ONS1 ESG Chan. -2 Ro Relay Fails to Pick Up 1.00E+00 
404 EU2C1RORYD 1 ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 1.00E+00 
405 EU2C2RORYD 1 ONS2 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-220-1 1.00E+00 
406 EU3C1RORYD 1 ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 1.0E+00 
407 EU3C2RORYD 1 ONS3 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-320-1 1.00E+00 
408 FKOFISHCOM 2.55E-3 Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-03 
409 FKOFISHDHE 6.3E-02 Recovery of Main WL Strainer Clogging 6.30E-02 
410 FKOFLOODHE 6.3E-02 Recovery of Trubine Guide Bearing or Packing WL Filter Clogging 6.30E-02 
411 FKOWLC1VVT 24 Locked-Open Manual Valve OWL-1 Transfers Position 4.08E-07 
412 FK1120GLHE 3.2E-3 Unit 1 Control Switch S120G Left in OFF Position 3 .20E-03 
413 FK1120GSWT 108 Unit 1 Control Switch S1200 Spurious Operation 7.56E-06 
414 FK1FL01FRF 24 Filter 1WLFL-1 Becomes Clogged 2.35E-05 
415 FK1FLO2FRF 24 Filter 1WLFL-2 Becomes Cloqed 2.35E-05 
416 FK1TRHXHXF 24 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 1.54E-05 
417 FK1WLO3VVT 24 Manual Valve 1WL-3 Transfers Position 4. 08E-07 
418 FK1WL04VT 24 Manual Valve 1WL-4 Transfers Position 4.08E-07
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419 FK1WL05VVT 24 Manual Valve 1WL-5 Transfers Position 4. 08E-07 
420 FK1WL06VVT 24 Manual Valve 1WL-6 Transfers Position 4.08E-07 
421 FK1WL07VVT 24 Manual Valve 1WL-7 Transfers Position 4.08E-07 
422 FK1WL08VVT 24 Manual Valve 1WL-8 Transfers Position 4.08E-07 
423 FKlWL09VVT 24 Manual Valve 1WL-9 Transfers Position 4. 08E-07 
424 FKlWL11AVO 1 Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.80E-04 
425 FKIWL11AVT 24 Cooling Water Control Valve 1WL-11 Transfers Closed 5.52E-05 
426 FK1WL12VVT 108 Manual Valve 1WL-12 Transfers Position 1.84E-06 
427 FKlWL15VVT 108 Manual Valve 1WL-15 Transfers Position 1.84E-06 
428 FKlWL42VVT 108 Manual Valve 1WL-42 Transfers Position 1.84E-06 
429 FKlWL43VVT 108 Manual Valve 1WL-43 Transfers Position 1.84E-06 
430 FK2120GLHE 2.6E-4 Unit 2 Control Switch S120G Left in OFF Position 2.60E-04 
431 FK2120GSWT 36 Unit 2 Control Switch S120G Spurious Operation 2.52E-06 
432 FK2FL01FRF 24 Filter 2WLFL-1 Becomes Clogrged 2.35E-05 
433 FK2FLO2FRF 24 Filter 2WLFL-2 Becomes Clogged 2.35E-05 
434 FK2TRHXHXF 24 Turbine Packing Box Heat Exchanger 2TRHX-1 Fails 1.54E-05 
435 FK2WL03VVT 24 Manual Valve 2WL-3 Transfers Position 4.08E-07 
436 FK2WLO4VVT 24 Manual Valve 2WL-4 Transfers Position 4.08E-07 
437 FK2WL05VVT 24 Manual Valve 2WL-5 Transfers Position 4.08E-07 
438 FK2WLO6VVT 24 Manual Valve 2WL-6 Transfers Position 4.08E-07 
439 FK2WLO7VVT 24 Manual Valve 2WL-7 Transfers Position 4.08E-07 
440 FK2WLO8VVT 24 Manual Valve 2WL-8 Transfers Position 4.08E-07 
441 FK2WLO9VVT 24 Manual Valve 2WL-9 Transfers Position 4..08E-07 
442 FK2WL11AVO 1 Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 
443 FK2WL11AVT 24 Cooling Water Control Valve 2WL-11 Transfers Closed 5.52E-05 
444 FK2WL12VVT 36 Manual Valve 2WL-12 Transfers Position 6.12E-07 
445 FK2WL15VVT 36 Manual Valve 2WL-15 Transfers Position 6.12E-07 
446 FK2WL42VVT 36 Manual Valve 2WL-42 Transfers Position 6.12E-07 
447 FK2WL43VVT 36 Manual Valve 2WL-43 Transfers Position 6.12E-07 
448 FKVALVECOM 2.46E-5 Common Cause Failure Of Cooling Water Control Valves 2.46E-05 
449 GKOBRGVRHE 1.00E-01 Failure To Recover Generator Thrust Bearing Cooling 1.00E-01 
450 GKOCOOLCOM 4.61E-07 Common Cause Failure of Generator Air Cooling .4.61E-07 
451 GKOLOCKCOM 4.06E-06 Common Cause Actuation of Generator Lockouts 4.06E-06 
452 GK10001HGR 24 Keowee Unit 1 Generator Fault While' the Unit Runs 2.27E-03 
453 GK1000iHGS 1 Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 
454 GK1063FPST 24 Keowee 1 Gen C02 Sys Press Switch 63F Spurious Operation 1.03E-05 
455 GK112TDRYT 24 Time Delay Relay 12XTD/1 Spuriously Picks-up 8.64E-06 
456 GK112X1RYT 24 Relay 12X/1 Spuriously Picks-up . 8.64E-06 
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457 GK13SUIRYT 24 Keowee Unit 1 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
458 GK13SUISWT 24 Keowee Unit 1 Startup Inhibit Switch 3SUI Spurious Operation 1.68E-06 
459 GK140G1RYT 24 Keowee Unit 1 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E- 06 
460 GK159GNRYT 24 Keowee Unit 1 Generator Ground Fault Relay 59GN1 Spurious Actuation 8.64E-06 
461 GK162TDRYT 24 Keowee Unit 1 Generator Backup Trip Timer 62-lTD Spurious Operation 8.64E-06 
462 GK163FXRYT 24 Keowee Unit 1 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 
463 GK186E1RYT 24 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 8.64E-06 
464 GK187G1RYT 24 Keowee Unit 1 Generator Differential Relay 87G-1 Spurious Actuation 8.64E-06 
465 GK187GBRYT 24 Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
466 GK187TERYT 24 Keowee Unit 1 Exitation Transformer Differential Relay 87T-lE Spur. Actuation 8.64E-06 
467 GK1BRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
468 GK1COOLLHE 2.60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
469 GK1FIREDEX 3.19E-05 Spurious Actuation of Unit 1 Gen. CO2 Fire Supression System 3.19E-05 
470 GK1GAC1HXF 24 Generator Air Co'oler 1GAHW-1 Fails 1.54E-05 
471 GK1GAC1HXL 108 Heat Exchanger 1GAC1 Leaks - 1.08E-05 
472 GK1GAC2HXF 24 Generator Air Cooler 1GAHW-2 Fails 1.54E-05 
473 GK1GAC2HXL 108 Heat Exchanger 1GAC2 Leaks 1.08E-05 
474 GK1GAC3HXF 24 Generator Air Cooler 1GAHW-3 Fails 1.54E-05 
475 GK1GAC3HXL 108 Heat Exchanger 1GAC3 Leaks 1.08E-05 
476 GK1GAC4HXF 24 Generator Air Cooler 1GAHW-4 Fails 1.54E-05 
477 GK1GAC4HXL 108 Heat Exchanger 1GAC4 Leaks 1.08E-05 
478 GK1GAC5HXF 24 Generator Air Cooler 1GAHW-5 Fails 1.54E-05 
479 GK1GACSHXL 108 Heat Exchanger 1GAC5 Leaks 1.08E-05 
480 GK1GAC6HXF 24 Generator Air Cooler 1GAHW-6 Fails 1.54E-05 
481 GK1GAC6HXL 108 Heat Exchanger 1GAC6 Leaks 1.08E-05 
482 GK1HPO1HXF 24 Generator Thrust Bearing Cooler 1HPOHX-1 Fails 1.54E-05 
483 GK1HPO2HXF 24 Generator Thrust Bearing Cooler 1HPOHX-2 Fails 1.54E-05 
484 GK1HPO3HXF 24 Generator Thrust Bearing Cooler 1HPOHX-3 Fails 1.54E-05 
485 GK1HPO4HXF 24 Generator Thrust Bearing Cooler 1HPOHX-4 Fails 1.54E-05 
486 GK1HPO5HXF 24 Generator Thrust Bearing Cooler 1HPOHX-5 Fails 1.54E-05 
487 GK1HPO6HXF 24 Generator Thrust Bearing Cooler 1HPOHX-6 Fails 1.54E-05 
488 GK1HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 1HPO-6 Transfers Position 4.08E-07 
489 GK1HPO7HXF 24 Generator Thrust Bearing Cooler 1HPOHX-7 Fails 1.54E-05 
490 GK1HPO8HXF 24 Generator Thrust Bearing Cooler 1HPOHX-8 Fails 1.54E-05 
491 GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
492 GK10121SST 24 Speed Switch 12/1 Falsely Indicates High Speed 1.01E-04 
493 GK1WL16VVT 384 Manual Valve 1WL-16 Transfers Position 6. 53E-06 
494 GKlWL17VVT 384 Manual Valve 1WL-17 Transfers Position 6.53E-06
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495 GKlWL18VVT 108 Manual Valve 1WL18 Transfers Position 1.84E-06 
496 GK1WL19VVT 108 Manual Valve 1WL19 Transfers Position 1.84E-06 
497 CK1WL20VVT 384 Manual Valve 1WL-20 Transfers Position 6.53E-06 
498 GK1WL21VVT 384 Manual Valve 1WL-21 Transfers Position 6.53E-06 
499 GK1WL22VVT 108 Manual Valve 1WL22 Transfers Position 1.84E-06 
500 GK1WL23VVT 108 Manual Valve 1WL23 Transfers Position 1.84E-06 
501 GK1WL24VVT 384 Manual Valve 1WL-24 Transfers-Position 6.53E-06 
502 GK1WL25VVT 384 Manual Valve 1WL-25 Transfers Position 6.53E-06 
503 GK1WL26VVT 108 Manual Valve 1WL26 Transfers Position 1.84E-06 
504 GK1WL27VVT 108 Manual Valve 1WL27 Transfers Position 1.84E-06 
505 GK1WL28VVT 384 Manual Valve 1WL-28 Transfers Position 6.53E-06 
506 GK1WL29VVT 384 Manual Valve 1WL-29 Transfers Position 6.53E-06 
507 GK1WL30VVT 108 Manual Valve 1WL30 Transfers Position 1.84E-06 
508 GK1WL31VVT 108 Manual Valve 1WL31 Transfers Position 1.84E-06 
509 GK1WL32VVT 384 Manual Valve 1WL-32 Transfers Position 6.53E-06 
510 GK1WL33VVT 384 Manual Valve 1WL-33 Transfers Position 6.53E-06 
511 GKlWL34VVT 108 Manual Valve 1WL34 Transfers Position 1.84E-06 
512 GK1WL35VVT 108 Manual Valve 1WL35 Transfers Position 1.84E-06 
513 GK1WL36VVT 384 Manual Valve 1WL-36 Transfers Position 6.53E-06 
514 GK1WL37VVT 384 Manual Valve 1WL-37 Transfers Position 6.53E-06 
515 GK1WL38VVT 108 Manual Valve 1WL38 Transfers Position 1.84E-06 
516 GK1WL39VVT 108 Manual Valve 1WL39 Transfers Position 1.84E-06 
517 GK1WL41VVT 384 Keowee 1 Manual Valve 1WL-41 Transfers Position to Block Discharge Path 6.53E-06 
518 GK1WL44VVT 384 Manual Valve 1WL-44 Transfers Position 6.53E-06 
519 GK1WL45VVT 384 Manual Valve 1WL-45 Transfers Position 6.53E-06 
520 GKlWL46VVT 108 Manual Valve 1WL-46 Transfers Position 1.84E-06 
521 GKlWL47VVT 108 Manual Valve 1WL-47 Transfers Position 1.84E-06 
522 GK1WL48VVT 384 Manual Valve 1WL-48 Transfers Position 6.53E-06 
523 GK1WL49VVT 384 Manual Valve 1WL-49 Transfers Position 6.53E-06 
524 GK1WL50VVT 108 Manual Valve 1WL-50 Transfers Position 1.84E-06 
525 GK1WL51VVT 108 Manual Valve 1WL-51 Transfers Position 1.84E-06 
526 GK1WL52VVT 384 Manual Valve 1WL-52 Transfers Position 6.53E-06 
527 GK1WL53VVT 384 Manual Valve 1WL-53 Transfers Position 6.53E-06 
528 GK1WL54VVT 108 Manual Valve 1WL-54 Transfers Position 1.84E-06 
529 GK1WL55VVT 108 Manual Valve 1WL-55 Transfers Position 1.84E-06 
530 GKlWL56VVT 384 Manual Valve 1WL-56 Transfers Position 6.53E-06 
531 GK1WL57VVT 384 Manual Valve 1WL-57 Transfers Position 6.53E-06 
532 GK1WL58VVT 108 Manual Valve 1WL-58 Transfers Position 1.84E-06
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533 GK1WL59VVT 108 Manual Valve 1WL-59 Transfers Position 1.84E-06 
534 GK1WL60VVT 384 Manual Valve 1WL-60 Transfers Position 6.153E-06 
535 GKlWL61VVT 384 Manual Valve 1WL-61 Transfers Position 6.53E-06 
536 GKlWL62VVT 108 Manual Valve 1WL-62 Transfers Position 1.84E-06 
537 GK1WL63VVT 108 Manual Valve 1WL-63 Transfers Position 1.84E-06 
538 GKlWL64VVT 384 Manual Valve 1WL-64 Transfers Position 6.53E-06 
539 GK1WL65VVT 384 Manual Valve 1WL-65 Transfers Position 6.53E-06 
540 GK1WL66VVT 108 Manual Valve 1WL-66 Transfers Position 1.84E-06 
541 GK1WL67VVT 108 Manual Valve 1WL-67 Transfers Position 1.84E-06 
542 GKlWL68VVT 384 Manual Valve lWL-68 Transfers Position 6.53E-06 
543 GK1WL69VVT 384 Manual Valve 1WL-69 Transfers Position 6.53E-06 
544 GK1WL70VVT 108 Manual Valve 1WL-70 Transfers Position 1.84E-06 
545 GK1WL71VVT 108 Manual Valve 1WL-71 Transfers Position 1.84E-06 
546 GK1WL72VVT 384 Manual Valve 1WL-72 Transfers Position 6.53E-06 
547 GK1WL73VVT 384 Manual Valve 1WL-73 Transfers Position 6.53E-06 
548 GK1WL74VVT 108 Manual Valve 1WL-74 Transfers Position 1.84E-06 
549 GK1WL75VVT 108 Manual Valve 1WL-75 Transfers Position 1.84E-06 
550 GK1WL76VVT 384 Manual Valve 1WL76 Transfers Position and Blocks Discharge Path 6.53E-06 
551 GKlWL78VVT 384 Manual Valve 1WL78 Transfers Position and Blocks Discharge Path 6.53E-06 
552 GK20001HGR 24 Keowee Unit 2 Generator Fault While the Unit Runs 2.27E-03 
553 GK20002HGS 1 Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04 
554 GK2063FPST 24 Keowee 2 Gen CO2 Sys Press Switch 63F Spurious Operation 1.03E-05 
555 GK212TDRYT 24 Time Delay Relay 12XTD/2 Spuriously Picks-up 8.64E-06 
556 GK212X2RYT 24 Relay 12X/2 Spuriously Picks-up 8.64E-06 
557 GK23SUIRYT 24 Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
558 GK23SUISWT 24 Keowee Unit 2 Startup Inhibit Swtich 3SUI Spurious Operation 1.68E-06 
559 GK240G1RYT 24 Keowee.Unit 2 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 
560 GK259GNRYT 24 Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation 8.64E-06 
561 GK262TDRYT 24 Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation 8.64E-06 
562 GK263FXRYT 24 Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 
563 GK286E2RYT 24 Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up 8.64E-06 
564 GK287G2RYT 24 Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation 8.64E-06 
565 GK287GBRYT 24 Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
566 GK287TERYT 24 Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation 8.64E-06 
567 GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
568 GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
569 GK2FIREDEX 7.00E-05 Spurious Actuation of Unit 2 Gen. CO2 Fire Supression System 7.00E-05 
570 GK2GAC1HXF 24 Generator Air Cooler 2GAHW-1 Fails 1.54E-05
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571 GK2GAC1HXL 36 Heat Exchanger 2GAC1 Leaks 3.60E-06 
572 GK2GAC2HXF 24 Generator Air Cooler 2GAHW-2 Fails 1.E54E-05 
573 GK2GAC2HXL 36 Heat Exchanger 2GAC2 Leaks 3. 60E-06 
574 GK2GAC3HXF 24 Generator Air Cooler 2GAHW-3 Fails 1.54E-05 

575 GK2GAC3HXL 36 Heat Exchanger 2GAC3 Leaks 3. 60E-06 
576 GK2GAC4HXF 24 Generator Air Cooler 2GAHW-4 Fails 1.54E-05 

577 GK2GAC4HXL 36 Heat Exchanger 2GAC4 Leaks 3.60E-06 
578 GK2GACSHXF 24 Generator Air Cooler 2GAHW-5 Fails 1.54E-05 

579 GK2GAC5HXL 36 Heat Exchanger 2GAC5 Leaks 3.60E-06 

580 GK2GAC6HXF 24 Generator Air Cooler 2GAHW-6 Fails 1.54E-05 
581 GK2GAC6HXL 36 Heat Exchanger 2GAC6 Leaks 3.60E-06 

582 GK2HPO1HXF 24 Generator Thrust Bearing Cooler 2HPOHX-1 Fails 1.54E-05 

583 GK2HPO2HXF 24 Generator Thrust Bearing Cooler 2HPOHX-2 Fails 1. 54E-05 
584 GK2HPO3HXF 24 Generator Thrust Bearing Cooler 2HPOHX-3 Fails 1.54E-05 

585 GK2HPO4HXF 24 Generator Thrust Bearing Cooler 2HPCHX-4 Fails 1.54E-05 

586 GK2HPO5HXF 24 Generator Thrust Bearing Cooler 2HPOHX- 5 Fails .1.54E-05 

587 GK2HPO6HXF 24 Generator Thrust Bearing Cooler 2HPOHX-6 Fails 1.54E-05 
588 GK2HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position 4.08E-07 
589 GK2HPO7HXF 24 Generator Thrust Bearing Cooler 2HPOHX-7 Fails 1.54E-05 

590 GK2HPO8HXF 24 Generator Thrust Bearing Cooler 2HPOHX-8 Fails 1.54E-05 

591 GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect Following Maintenance 5.20E-05 
592 GK20121SST 24 Speed Switch 12/2 Falsely Indicates High Speed 1.01E-04 

593 GK2WL16VVT 36 Manual Valve 2WL-16 Transfers Position 6.12E-07 

594 GK2WL17VVT 36 Manual Valve 2WL-17 Transfers Position 6.12E-07 

595 GK2WL18VVT. 36 Manual Valve 2WL18 Transfers Position 6.12E-07 

596 GK2WL19VVT 36 Manual Valve 2WL19 Transfers Position 6.12E-07 

597 GK2WL20VVT 36 Manual Valve 2WL-20 Transfers Position 6. 12E-07 

598 GK2WL21VVT 36 Manual Valve 2WL-21 Transfers Position 6.12E-07 

599 GK2WL22VVT 36 Manual Valve 2WL22 Transfers Position 6.12E-07 

600 GK2WL23VVT 36 Manual Valve 2WL23 Transfers Position 6.12E-07 

601 GK2WL24VVT 36 Manual Valve 2WL-24 Transfers Position 6.12E-07 

602 GK2WL25VVT 36 Manual Valve 2WL-25 Transfers Position 6.12E-07 

603 GK2WL26VVT 36 Manual Valve 2WL26 Transfers Position 6.12E-07 

604 GK2WL27VVT 36 Manual Valve 2WL27 Transfers Position 6.12E-07 

605 GK2WL28VVT 36 Manual Valve 2WL-28 Transfers Position 6.12E-07 

606 GK2WL29VVT 36 Manual Valve 2WL-29 Transfers Position 6.12E-07 

607 GK2WL30VVT 36 Manual Valve 2WL30 Transfers Position 6.12E-07 

608'GK2WL31VVT 36 Manual Valve 2WL31 Transfers Position 6.12E-07
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609 GK2WL32VVT 36 Manual Valve 2WL-32 Transfers Position 6.12E-07 
610 GK2WL33VVT 36 Manual Valve 2WL-33 Transfers Position 6. 12E-07 
611 GK2WL34VVT 36 Manual Valve 2WL34 Transfers Position 6. 12E-07 
612 GK2WL35VVT 36 Manual Valve 2WL35 Transfers Position 6.12E-07 

613 GK2WL36VVT 36 Manual Valve 2WL-36 Transfers Position 6. 12E-07 

614 GK2WL37VVT 36 Manual Valve 2WL-37 Transfers Position 6.12E-07 
615 GK2WL38VVT 36 Manual Valve 2WL38 Transfers Position 6.12E-07 

616 GK2WL39VVT 36 Manual Valve 2WL39 Transfers Position 6.12E-07 

617 GK2WL41VVT 36 Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path 6.12E-07 
618 GK2WL44VVT 36 Manual Valve 2WL-44 Transfers Position 6.12E-07 

619 GK2WL45VVT 36 Manual Valve 2WL-45 Transfers Position 6.12E-07 

620 GK2WL46VVT 36 Manual Valve 2WL-46 Transfers Position 6.12E-07 

621 GK2WL47VVT 36 Manual Valve 2WL-47 Transfers Position 6.12E-07 

622 GK2WL48VVT 36 Manual Valve 2WL-48 Transfers Position 6.12E-07 
623 GK2WL49VVT 36 Manual Valve 2WL-49 Transfers Position 6.12E-07 

624 GK2WL50VVT 36 Manual Valve 2WL-50 Transfers Position 6.12E-07 

625 GK2WL51VVT 36 Manual Valve 2WL-51 Transfers Position 6.12E-07 

626 GK2WL52VVT 36 Manual Valve 2WL-52 Transfers Position 6.12E-07 
627 GK2WL53VVT 36 Manual Valve 2WL-53 Transfers Position 6.12E-07 
628 GK2WL54VVIT 36 Manual Valve 2WL-54 Transfers Position 6.12E-07 

629 GK2WL55VVT 36 Manual Valve 2WL-55 Transfers Position 6.12E-07 

630 GK2WL56VVT 36 Manual Valve 2WL-56 Transfers Position 6.12E-07 

631 GK2WL57VVT 36 Manual Valve 2WL-57 Transfers Position 6.12E-07 

632 GK2WL58VVT 36 Manual Valve 2WL-58 Transfers Position 6.12E-07 

633 GK2WL59VVT 36 Manual Valve 2WL-59 Transfers Position 6.12E-07 

634 GK2WL60VVT 36 Manual Valve 2WL-60 Transfers Position 6.12E-07 

635 GK2WL61VVT 36 Manual Valve 2WL-61 Transfers Position 6.12E-07 

636 GK2WL62VVT 36 Manual Valve 2WL-62 Transfers Position 6.12E-07 

637 GK2WL63VVT 36 Manual Valve 2WL-63 Transfers Position 6.12E-07 

638 GK2WL64VVT 36 Manual Valve 2WL-64 Transfers Position 6.12E-07 

639 GK2WL65VT 36 Manual Valve 2WL-65 Transfers Position 6. 12E-07 
640 GK2WL66VVT 36 Manual Valve 2WL-66 Transfers Position 6.12E-07 

641 GK2WL67VVT 36 Manual Valve 2WL-67 Transfers Position 6.12E-07 

642 GK2WL68VVT 36 Manual Valve 2WL-68 Transfers Position 6.12E-07 

643 GK2WL69VVT 36 Manual Valve 2WL-69 Transfers Position 6.12E-07 

644 GK2WL70VVT 36 Manual Valve 2WL-70 Transfers Position 6.12E-07 

645 GK2WL71VVT 36 Manual Valve 2WL-71 Transfers Position 6.12E-07 
646 OrK2WL72uT 36 Manual Valve 2WL-72 Transfers Position 6.12E-07
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647 GK2WL73VVT 36 Manual Valve 2WL-73 Transfers Position 6. 12E-07 
648 GK2WL74VVT 36 Manual Valve 2WL-74 Transfers Position 6.12E-07 
649 GK2WL75VVT 36 Manual Valve 2WL-75 Transfers Position 6.12E-07 
650 GK2WL76VVT 36 Manual Valve 2WL76 Transfers Position and Blocks Discharge Path 6.12E-07 
651 GK2WL78VVT 36 Manual Valve 2WL78 Transfers Position and Blocks Discharge Path 6.12E-07 
652 GKHPOILCOM 4.61E-07 Common Cause Failure of Generator Thrust Bearings 4.61E-07 
653 K12COM1DEX 1.00E-06 Grid Degradation Occurs And Causes Failure Of Both Keowee Units 1.00E-06 
654 KA127T1R6D 1 Xfrmr 1X UV Relay 27T/1X Fails To Pick-up 2.49E-04 
655 KA127T1R6T 360 Xfrmr 1X UV Relay 27T/1X Spuriously De-energizes 1.31E-04 
656 KA227T2R6T 360 Xfmr 2X UV Relay 27T/2x Spuriously De-energizes 1.31E-04 
657 KB4CONNDEX 1.1E-7 Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 1.10E-07 
6658 KK1BOTHDEX 0.0 Keowee Units 1 And 2 Are Supplying The Grid 0.00E+00 
659 KK1BOTHHYM 5.23E-3 Both Keowee Units Unavailable Due To Common Maintenance 5.23E-03 
660 KK10VERBHF 24 Fault Occurs On The Overhead Power Path 9.60E-06 
661 KK1RUNSDEX 0.0 Keowee Unit 1 Only Is Supplving The Grid 0.00E+00 
662 KK1UNDRBHF 24 Fault Occurs On The Underground Power Path 9.60E-06 
663 KK2RUNSDEX 0.06 Keowee Unit 2 Only Is Supplying The Grid 6.00E-02 
664 KK2UNITHYM 3.80E-2 The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-02 
665 KU2CREDIT 0 Take No Credit For Keowee Unit 2 Suppling Auxiliary ac PowerTo Unit 1 0.00E+00 
666 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV And UF Detection Circuits 1.78E-06 
667 L27BRX1RYD 1 Snsng Rly 27B/RX1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
668 L27BRX2RYD 1 Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
669 L27BRY1RYD 1 Snsng Rly 27B/RY1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
670 L27BRY2RYD 1 Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
671 L27BRZ1RYD 1 Snsng Rlv 27B/RZ1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
672 L27BRZ2RYD 1 Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
673 L27BYX1RYD 1 Snsng Rly 27B/YX1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
674 L27BYX2RYD 1 Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
675 L27BYY1RYD 1 Snsng Rly 27B/YY1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
676 L27BYY2RYD 1 Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
677 L27BYZ1RYD 1 Snsng Rly 27B/YZ1 Fails to Drop out on Undervoltage OEE-76-3, .-4 3.30E-05 
678 L27BYZ2RYD 1 Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
679 L27XPX1RYD 1 Ch 1 Phase X UV Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
680 L27XPX2RYD 1 Ch 2 Phase X UV Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 
681 L27XPY1RYD 1 Ch 1 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-4 3.30E-05 
682 L27XPY2RYD 1 Ch 2 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 
683 L27XPZ1RYD 1 Ch 1 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
684 L27XPZ2RYD 1 Ch 2 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 

0 0 *
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685 L27XRX1RYD 1 Red Bus Phase Xl Undervoltage Au:. Relay Fails To Pick Up OEE-76-4 3.30E-05 
686 L27XRX2RYD 1 Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 
687 L27XRY1RYD 1 Red Bus Phase Yl Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
688 L27XRY2RYD 1 Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 
689 L27XRZlRYD 1 Red Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
690 L27XRZ2RYD 1 Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 
691 L27XSTARYD 1 Keowee Start Relay 27X/STA Fails To Pick Up 3 .30E-05 
692 L27XSTBRYD 1 Keowee Start Relay 27X/STB Fails To Pick Up 3.30E-05 
693 L27XYX1RYD 1 Yellow Bus Phase X1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
694 L27XYX2RYD 1 Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 
695 L27XYY1RYD 1 Yellow Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
696 L27XYY2RYD 1 Yellow Bus Phase Y 2 nrdervoltage Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 
697 L27XYZ1RYD 1 Yellow Bus Phase Z1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
698 L27XYZ2RYD 1 Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 
699 L81BRX1RYD 1 Sensing Relay 81BL/RX1 Fails to Drop Out on Underfrequency 3.30E-05 
700 L81BRX2RYD 1 Sensing Relay 81BL/RX2 Fails to Drop Out on Underfrequency 3.30E-05 
701 L81BRY1RYD 1 Sensing Relay 81BL/RY1 Fails to Drop Out on Underfrequency 3.30E-05 
702 L81BRY2RYD 1 Sensing Relay 81BL/RY2 Fails to Drop Out on Underfrequency 3.30E-05 

703 L81BRZ1RYD 1 Sensing Relay 81BL/RZ1 Fails to Drop Out on Underfrequency 3.30E-05 

704 L81BRZ2RYD 1 Sensing Relay 81BL/RZ2 Fails to Drop Out on Underfrequency 3.30E-05 

705 L81BYX1RYD 1 Sensing Relay 81BL/YX1 Fails to Drop Out on Underfrequency 3.30E-05 

706 L81BYX2RYD 1 Sensing Relay 81BL/YX2 Fails to Drop Out on Undertrequency 3.30E-05 

707 L81BYY1RYD 1 Sensing Relay 81BL/YY1 Fails to Drop Out on Underfrequency 3.30E-05 

708 L81BYY2RYD 1 Sensing Relay 81BL/YY2 Fails to Drop Out on Underfrequency 3.30E-05 

709 L81BYZ1RYD 1 Sensing Relay 81BL/YZ1 Fails to Drop Out on Underfrequency 3.30E-05 
710 L81BYZ2RYD 1 Sensing Relay 81BL/YZ2 Fails to Drop Out On Underfrequency 3.30E-05 
711 L81XPX1RYD 1 Ch 1 Phase X Underfrequency Aux. Rly Fails to Pick tip 3.30E-05 
712 L81XPX2RYD 1 Ch 2 Phase X Underfrequency Aux. R1y Fails to Pick Up 3.30E-05 
713 L81XPY1RYD 1 Ch 1 Phase Y Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
714 L81XPY2RYD 1 Ch 2 Phase Y Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
715 L81XPZ1RYD 1 Ch 1 Phase Z Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
716 L81XPZ2RYD 1 Ch 2 Phase Z Underfrequency Aux. RIy Fails to Pick up 3.30E-05 
717 L81XRX1RYD 1 Red Bus Phase X1 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
718 L81XRX2RYD 1 Red Bus.Phase X2' Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
719 L81XRY1RYD 1 Red Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
720 L81XRY2RYD 1 Red Bus Phase Y2 Undertrequency Aux. Rly Fails to Pick Up 3.30E-05 
721 L81XRZ1RYD 1 Red'Bus Phase Z1 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
722 L81XRZ2RYD 1 Red Bus Phase Z2 Underfrequency Aux. Ply Fails to Pick UP 3.30E-05
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723 L81XYXlRYD 1 Yellow Bus Phase XI Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
724 L81XYX2RYD 1 Yellow Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
725 L81XYY1RYD 1 Yellow Bus Phase Y1 nderfrequency Aux. Rly Fails to Pick Up 3.30E-05 
726 L81XYY2RYD 1 Yellow Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
727 L81XYZlRYD 1 Yellow Bus Phase Zl Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
728 L81XYZ2RYD 1 Yellow Bus Phase Z2 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
729 LC94F1ARYD 1 EGTPS Underfrequency Relay 94/F1A Fails to Pick Up 3.30E-05 
730 LC94F1BRYD 1 EGTPS Underfrequency Relay 94/FlB Fails to Pick Up 3.30E-05 
731 LC94F1DRYD 1 EGTPS Underfrequency Relay 94/FlD Fails to Pick Up 3.30E-05 
732 LC94F2ARYD 1 EGTPS Underfrequency Relay 94/F2A Fails to Pick Up 3 .30E-05 
733 LC94F2BRYD 1 EGTPS Underfrequency Relay 94/F28 Fails to Pick Up 3.30E-05 
734 LC94F2CRYD 1 ECTPS Underfrequency Relay 94/F2C Fails to Pick Up 3 .30E-05 
735 LC94F2DRYD 1 EGTPS Underfrequency Relay 94/F2D Fails to Pick Up 3.30E-05 
736 LC94V1ARYD 1 EGTPS Undervoltage Relay 94!VlA Fails to Pick Up 3.30E-05 
737 LC94V1BRYD 1 EGTPS Undervoltage Relay 94/VlB Fails To Pick Up OEE-76-4 3.30E-05 
738 LC94V1DRYD 1 EGTPS Undervoltage Relay 94/VlD Fails to Pick Up OEE-76-4 3.30E-05 
739 LC94V2ARYD 1 EGTPS Undervoltage Relay 94/V2A Fails to Pick Up 3.30E-05 
740 LC94V2BRYD 1 EGTPS Undervoltage Relay 94/V2B Fails To Pick Up 3 .30E-05 
741 LC94V2CRYD 1 EGTPS Undervoltage Relay 94/V2C Fails to Pick Up 3.30E-05 
742 LDCYC13CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open OEE-76-4 / 0-802 1.80E-06 
743 LDCYC14CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open 088-76-4 / 0-802 1.80E-06 
744 LDCYG12CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers open 1.80E-06 
745 LDCYG18CDT 24 Switchyard 125 Vdc Pane'board DYG Breaker 18 Transfers Open 1.80E-06 
746 OFACTORDEX 1.0 overload Susceptibility Factor 1.00E+00 
747 OKOPRUNCOM 1.46E-05 Common Cause Failure Of Both Governor Oil Systems To Run 1.46E-05 
748 OK10001PSC 15 Pressure Switch lOGPS-l Fails to Close (Normal Control Signal) 4.35E-05 
749 OK10002PSC 8 Pressure Switch lOGPS-2 Fails to Close 2.32E-05 
750 OK10003PSC 4 Pressure Switch 10GPS-3 Fails to Close 1.16E-05 
751 OK10003RVT 24 Safety Relief Valve lOG-3 Spurious Operation 1.34E-04 
752 OK10003TKF 24 Unit 1 Governor oil Pressure Tank Fails 1.10E-05 
753 OK10004PSC 1 Pressure Switch 10GPS-4 Fails to Close 2. 90E-06 
754 OK10007FVT 24 Float Valve lOG-7 Transfers Closed 1.40E-04 
755 OK10009VVT 24 Manual Valve 100-9 Transfers Closed 4.08E-07 
756 OK10011CVO 15 Check Valve lOG-11 Fails to open 3.45E-05 
757 OK10011CVT 0.75 Check Valve 10G-11 Transfers Closed 9.75E-08 
758 OK10012VVT 30 Manual Globe Valve IOG-12 Transfers Closed 5.108-07 
759 OK10013RVT 0.75 Relief Valve IOG-13 Spurious Operation 4.20E-06 
760 OK10014CVO 8 Check Valve POG-14 Fails to Openc 1.84-05
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761 OK10014CVT 0.5 Check Valve 10G-14 Transfers Closed 6.50E-08 
762 OK10015VVT 192 Manual Globe Valve 10G-15 Transfers Closed 3.26E-06 
763 OK10016RVT 0.5 Relief Valve 10G-16 Transfers Open 2.80E-06 
764 OK10017CVO 4 Check Valve 10G-17 Fails to Open 9. 20E-06 
765 OK10017CVT 0.25 Check Valve lOG-17 Transfers Closed 3.25E-08 
766 OK10018VVT 108 Manual Globe Valve lOG-18 Transfers Closed 1.84E-06 
767 OK10019RVT 0.25 Relief Valve 100-19 Spurious Operation 1.40E-06 
76.8 OK1001AGPR 0.375 OG Pump 1A Fails to Run 5.25E-06 
769 OK1001AGPS 15 OG Pump 1A Fails to Start 1.45E-03 
770 OK1001BGPR 0.25 OG Pump 1B Fails to Run 3.50E-06 
771 OK1001BGPS 8 OG Pump 1B Fails to Start 7.76E-04 
772 OK1001BLHE 3.2E-3 Latent Human Error Fails OG Pump 1B 3.20E-03 
773 OK1001CGPR 0.125 OG Pump lC Fails to Run 1.75E-06 
774 OK1001CGPS 4 OG Pump 1C Fails to Start 3.88E-04 
775 OK101CLHE 3.2E-3 Latent Human Error Fails OG Pump 1C 3.20E-03 
776 OK188GASWT 30 Keowee 1 Governor Oil Control Switch 188GA Spurious Operation 2.10E-06 
777 OK188GBSWT 192 Keowee 1 Control Switch 188GB Spurious Operation 1.34E-05 
778 OK188GCSWT 108 Keowee 1 Control Switch 188CC Spurious Operation 7.56E-06 
779 OK199K1RYD 1 Keowee 1 Relay 99K1 Fails To Operate On Demand 3.30E-05 
780 OK199K1RYT 24 Keowee Unit 1 Relay 99K1 Spurious Operation 8.64E-06 
781 OK199K2RYD 1 Keowee 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 
782 OK1AGO1TKF 24 Air Receiver Tank 1AGTK-1 Fails 1.10E-05 
783 OK1AGO4RVT 24 Safety Relief Valve 1AG-4 Spurious Operation 1.34E-04 
784 OK1AGO5VVT 24 Manual Valve 1AG-5 Transfers Position 4.08E-07 
785 OK10G1CTRM 3.42E-3 OG Pump 1C Train In Maintenance Or Testing 3.42E-03 
786 OK1PRUNCOM 1.12E-07 Common Cause Failure of Unit 1 OG Pumps to Run 1.12E-07 
787 OK1PSTRCOM 2.04E-05 Common Cause Failure of Unit 1 O0 Pumps to Start 2.04E-05 
788 OK1XA1DCLT 30 Low Voltage Circuit Breaker 1XA-1D Transfers Position 2.73E-05 
789 OK1XA2ECLT 30 Low Voltage Circuit Breaker 1XA-2E Transfers Position 2.73E-05 
790 OK1XA4DCLT 30 Low Voltage Circuit Breaker 1XA-4D Transfers Position 2.73E-05 
791 OK20001PSC 15 Pressure Switch 20GPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
792 OK20002PSC 8 Pressure Switch 20GPS-2 Fails to Close 2.32E-05 
793 OK20003PSC 4 Pressure Switch 20GPS-3 Fails to Close 1.16E-05 
794 OK20003RVT 24 Safety Relief Valve 20G-3 Spurious Operation 1.34E-04 
795 OK20003TKF 24 Unit 2 Governor Oil Pressure Tank Fails 1.10E-05 
796 OK20004PSC 1 Pressure Switch 20GPS-4 Fails to Close 2.90E-06 
797 OK20007FVT 24 Float Valve 20G-7 Transfers Closed 1.40E-04 
798 OK20009VVT 24 Manual Valve 200-9 Transfers Closed 4.08E-07
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799 OK20011CVO 15 Check Valve 20G-11 Fails to-Open 3. 45E-05 
800 OK20011CVT 0.75 Check Valve 20G-11 Transfers Closed 9.75E-08 
801 OK20012VVT 30 Manual Globe Valve 200-12 Transfers Closed 5.10E-07 
802 OK20013RVT 0.75 Relief Valve 200-13 Spurious Operation 4.20E-06 
803 OK20014CVO 8 Check Valve 20G-14 Fails to Open 1.84E-05 
804 OK20014CVT 0.5 Check Valve 20G-14 Transfers Closed 6.50E-08 
805 OK20015VVT 192 Manual Globe Valve 200-15 Transfers Closed 3.26E-06 
806 OK20016RVT 0.5 Relief Valve 20G-16 Transfers Open 2.80E-06 
807 OK20017CVO 4 Check Valve 20G-17 Fails to Open 9.20E-06 
808 OK20017CVT 0.25 Check Valve 20G-17 Transfers Closed 3.25E-08 
809 OK20018VVT 108 Manual Globe Valve 20G-18 Transfers Closed 1.84E-06 
810 OK20019RVT 0.25 Relief Valve 20G-19 Spurious Operation 1.40E-06 
811 OK2002AGPR 0.375 OG Pump 2A Fails to Run 5.25E-06 
812 OK2002AGPS 15 OG Pump 2A Fails to Start 1.45E-03 
813 OK2002BGPR 0.25 OG Pump 2B Fails to Run 3.50E-06 
814 OK2002BGPS 8 OG Pump 2B Fails to Start 7.76E-04 
815 OK2002BLHE 3.2E-3 Latent Human Error Fails OG Pump 2B 3 .20E-03 
816 OK2002CGPR 0.125 OG Pump 2C Fails to Run 1.75E-06 
817 OK2002CGPS 4 OG Pump 2C Fails to Start 3.88E-04 
818 OK2002CLHE 3.2E-3 Latent Human Error Fails OG Pump 2C 3. 20E-03 
819 OK288GASWT 30 Keowee 2 Governor Oil Control Switch 188GA Spurious Operation 2.10E-06 
820 OK288GBSWT 192 Keowee 2 Control Switch 188GB Spurious Operation 1.34E-05 
821 OK288GCSWT 108 Keowee 2 Control Switch 188GC Spurious Operation 7.56E-06 
822 OK299K1RYD 1 Keowee 2 Relay 99K1 Fails To Operate On Demand 3 .30E-05 
823 OK299K1RYT 24 Keowee Unit 2 Relay 99K1 Spurious Operation 8. 64E-06 
824 OK299K2RYD 1 Relay 99K2 Fails To Operate On Demand 3 .30E-05 
825 OK2AGO4RVT 24 Safety Relief Valve 2AG-4 Spurious Operation 1.34E-04 
826 OK2AG05VVT 24 Manual Valve 2AG-5 Transfers Position 4. 08E-07 
827 OK2AGO1TKF 24,Air Receiver Tank 2AGTK-1 Fails 1.10E-05 
828 OK20G2CTRM 3.42E-3 OG Pump 2C Train In Maintenance Or Testing 3.42E-03 
829 OK2PRUNCOM 1.12E-07 Common Cause Failure of Unit 2 OG Pumps to Run 1.12E-07 
830 OK2PSTRCOM 2.04E-05 Common Cause Failure of Unit 2 OG Pumps to Start 2.04E-05 
831 OK2XA1DCLT 30 Low Voltage Circuit Breaker 2XA-1D Transfers Position 2. 73E-05 
832 OK2XA2ECLT 30 Low Voltage Circuit Breaker 2XA-2E Transfers Position 2.73E-05 
833 OK2XA4DCLT 30 Low Voltage Circuit Breaker 2XA-4D Transfers Position 2.73E-05 
834 OMOD 0 Startup Bus UV Sensing Mod Is In Service 0.OOE+00 
835 PAC1TC4C4T 24 4160 Vac Breaker 1TC-4 Transfers Open 2 26E-05 
836 PACTC01C4T 24 4160 Vac Breaker 1TC-1 Transfers Open 2.26E-05 

0 0 *
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837 PACTC14C4T 24 4160 Vac Breaker 1TC-14 Transfers Open 2.26E-05 
838 PACX1TCBHF 24 4160 Vac Switchgear ITC Fails 9.60E-06 
839 PKOSUMPCOM 2.44E-06 Common Cause Failure Of Turbine Sump Pump System 2.44E-06 

840 PK163SALST 30 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 

841 PK163SBLST 15 Unit 1 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
842 PK1ACDCCOM 2.77E-05 Common Cause Failure of Unit 1 Turbine Sump Pump System 2.77E-05 
843 PK1DASCCDT 24 125 Vdc Circuit Breaker 1DA-5C Transfers Position 1.80E-06 

844 PK1PACKDEX 3.1E-5 Turbine No. 1 Packing Fails 3. lOE-05 
845 PK1TSO1VVT 30 Manual Valve 1TS-1 Transfers Position 5.10E-07 

846 PK1TSO2CVT 30 Check Valve 1TS-2 Fails to Open or Transfers Closed 3.90E-06 

847 PK1TSO3VVT 108 Manual Valve 1TS-3 Transfers Position 1.84E-06 
848 PK1TSO4CVT 15 Check Valve 1TS-4 Fails to Open or Transfers Closed 1.95E-06 

849 PK1TSACGPR 30 AC Sump Pump 1TSPU-1 Fails To Start Or Run 4.20E-04 
850 PK1TSDCGPR 15 DC Sump Pump 1TSPU-2 Fails To Start Or Run 2. 10E-04 
851 PK1TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 1 DC Sump Pump 3 .20E-03 
852 PK1TSDCTRM 6.85E-4 Turbine No. 1 DC Pump Train In Maintenance Or Testing 6.85E-04 

853 PK1XA2CCLT 30 600 V Circuit Breaker lXA-2C Transfers Position 2.73E-05 
854 PK263SALST 30 Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 

855 PK263SBLST 15 Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
856 PK2ACDCCOM 2.77E-05 Common Cause Failure of Unit 2 Turbine Sump Pump System 2.77E-05 
857 PK2DA1CCDT 24 125 Vdc Circuit Breaker 2DA-1C Transfers Position 1.80E-06 
858 PK2PACKDEX 3.1E-5 Turbine No. 2 Packing Fails 3.10E-05 

859 PK2TS01VVT 30 Manual Valve 2TS-1 Transfers Position 5.10E-07 

860 PK2TSO2CVT 30 Check Valve 2TS-2 Fails to Open or Transfers Closed 3. 90E-06 
861 PK2TSO3VVT 108 Manual Valve 2TS-3 Transfers Position 1.84E-06 

862 PK2TSO4CVT 15 Check Valve 2TS-4 Fails to Open or Transfers Closed 1.95E-06 

863 PK2TSACGPR 30 AC Sump Pump 2TSPU-1 Fails To Start Or Run 4. 20E-04 
864 PK2TSDCGPR 15 DC Sump Pump 2TSPU-2 Fails To Start Or Run 2. 1OE-04 
865 PK2TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 2 DC Sump Pump 3.20E-03 
866 PK2TSDCTRM 6.85E-4 Turbine No. 2 DC Pump Train In Maintenance Or Testing 6. 85E-04 

867 PK2XA2CCLT 30 Low Voltage Circuit Breaker 2XA-2C Transfers Position 2.73E-05 
868 PMFB1 5.60E-03 Loss of Power on Main Feeder Bus 1 5.60E-03 
869 PMFB2 5.60E-03 Loss of Power on Main Feeder Bus 2 5. 60E-03 
870 S127E1VRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
871 S127EUVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
872 S127EX1RYD 1 Unit 1 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
873 S127EXVRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX Fails~ to Pick Up 3 .30E-05 
874 5227lVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03
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875 S227EUVRYT 9 Unit 2 Startup Bus Undervoltace Relay 27E Fails 2 .33E-03 
876 S227EX1RYD 1 Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
877 S227EXVRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3 .30E-05 
878 S27XSC1RYD 1 Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up 3.30E-05 
879 S27XSC2RYD 1 Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up 3.30E-05 
880 S27XTD1RYD 1 Channel 1 Swyd Isolated Time Delay Ply, 27XTD/SC1, Fails 3.30E-05 
881 S27XTD2RYD 1 Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails 3.30E-05 
882 S327E1VRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 2.33E-03 
883 S327EUVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 2 .33E-03 
884 S327EX1RYD 1 Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
885 S327EXVRYD 1 Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up 3.30E-05 
886 SB18UX1RYT 24 Auxiliary Relay 8UX-1 Spurious Operation 8.64E-06 
887 SB28UX2RYT 24 Auxiliary Relay 8UX-2 Spurious Operation 8. 64E-06 
888 SB38UX3RYT 24 Auxiliary Relay 8UX-3 Spurious Operation 8.64E-06 
889 SB48UX4RYT 24 Auxiliary Relay 8UX-4 Spurious Operation 8.64E-06 
890 SDCAIDDDIF 24 Control Power From DYA To PCB 9 Isolating Diode Fails 9.12E-05 
891 SDCDA12CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open 1.80E-06 
892 SDCDA15CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs Open 1.80E-06 
893 SDCDA17CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open 1.80E-06 
894 SDCDB01CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 1 Xfrs Open 1.80E-06 
895 SDCDB13CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 13 Xfrs Open 1.80E-06 
896 SDCDC12CDT 24 125 Vdc Swyd Control Power Pnlbd DYC Bkr 12 Xfrs Open 1.80E-06 
897 SDCDE12CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 12 Xfrs Open 1.80E-06 
898 SDCDE15CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 15 Xfrs Open 1.80E-06 
899 SDCDE17CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 17 Xfrs Open 1.80E-06 
900 SDCDF01CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 1 Xfrs Open 1.80E-06 
901 SDCDF13CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open 1.80E-06 
902 SDCDG16CDT 24 125 Vdc Swyd Control Power Pnlbd DYG Bkr 16 Xfrs Open 1.80E-06 
903 SDCDYA8CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs Open OEE-38 1.80E-06 
904 SDCDYA9CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 9 Xfrs Open 1.80E-06 
905 SDCDYB4CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs Open 1.80E-06 
906 SDCDYB6CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xtrs Open 1.80E-06 
907 SDCDYB8CDT 24 125 Vdc Swyd Control. Power Pnlbd DYB Bkr 8 Xfrs Open 1.80E-06 
908 SDCDYE8CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 8 Xfrs Open 1. 80E-06 
909 SDCDYE9CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 9 Xftrs Open 1.80E-06 
910 SDCDYF4CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xfrs Open 1.80E-06 
911 SDCDYF6CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 61 Xfrs Open 1.80E-06 
912 SDCDYF8CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 8 Xfrs Open 1.80E-06
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913 SDCEIDDDIF 24 Control Power From DYE To PCB-9 Isolating Diode Fails 9.12E-05 

914 SK194GBRYT 24 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 8. 64E-06 
915 SK294GBRYT 24 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 8.64E-06 

916 SKXFMR1THF 24 Keowee Transformer 1 Fails 7.44E-05 

917 SPC14KVBHF 24 13.8 kV Bus Faulted 9.60E-06 
918 SPC51TNRYT 24 Main Step Up Transformer Neutral Ground Relay 51TN Spurious Operation 8.64E-06 
919 SPC62ABRYT 24 ACB Back-up Trip Timer 62AB Spurious Operation 8. 64E-06 
920 SPC631XRYT 24 Auxiliary Relay 63H1X Spurious Operation 8. 64E-06 
921 SPC871XRYT 72 Transformer IX Differential Relay 87T-1X Spurious Operation 2.59E-05 
922 SPC872XRYT 72 Transformer 2X Differential Relay 87T-2X Spurious Operation 2.59E-05 
923 SPC87T1RYT 72 Main Step Up Transformer Differential Relay 87T Spurious Operation 2.59E-05 
924 SPC94TKRYT 24 Auxiliary Relay 94T/K Spurious Operation 8. 64E-06 
925 SPCB008CHO 1 SWYD PCB-8 Fails to Trip 2. 60E-05 
926 SPCBOO9CHC 1 SWYD PCB-9 Fails To Close On Demand 2. 60E-04 
927 SPCB0O9CHO 1 SWYD PCB-9 Fails To Trip 2.60E-05 
928 SPCB012CHO 1 SWYD PCB-12 Fails To Trip 2.60E-05 
929 SPCB015CHO 1 SWYD PCB-15 Fails To Trip On Demand 2.60E-05 
930 SPCB017CHO 1 SWYD PCB-17 Fails To Trip On Demand 2. 60E-05 
931 SPCBO21CHO 1 SWYD PCB-21 Fails To Trip On Demand 2.60E-05 
932 SPCBO24CHO 1 SWYD PCB-24 Fails To Trip On Demand 2.60E-05 
933 SPCBO26CHO 1 SWYD PCB-26 Fails To Trip On Demand 2. 60E-05 

934 SPCBO28CHO 1 SWYD PCB-28 Fails To Trip On Demand 2. 60E-05 
935 SPCBO33CHO 1 SWYD PCB-33 Fails To Open On Demand 2.60E-05 

936 SPCD87LRYT 24 Line Differential Relay 87L Spurious Operation 8.64E-06 
937 SPCGLASSWT 24 Break Glass Switch Spurious Operation 1.68E-06 
938 SPCR86TRYT 24 Lock Out Relay 86T Spurious Operation 8. 64E-06 
939 SU127tUVCOM 1.18E-04 Common Cause Failure of Unit 1 SU Bus Undervoltage Relays 1.18E-04 
940 SU227UVCOM 1.18E-04 Common Cause Failure of Unit 2 SU Bus Undervoltage Relays 1.18E-04 
941 SU327UVCOM 1.18E-04 Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1.18E-04 
942 SXFRCT3THF 24 Transformer CT3 Faulted 7.44E-05 
943 SXFRCT3THM 1.74E-04 Transformer CT3 Is In Maintenance 1.74E-04 
944 SXFRCT4LHE 6.40E-05 Latent Human Error on CT4 Maintenance 6. 40E-05 
945 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 9. 13E-04 
946 SY30R94RYT 24 PCB 30 Relay 94 Spuriously Picks Up 8.64E-06 
947 SY51TN2RYT 24 230kV Neutral Ground Relay Spuriously Picks Up 8. 64E-06 
948 SY51TN4RYT 24 4.16kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 
949 SYS1TN6RYT 24 6.9kV Neutral Ground Relay 51TN Spuriously>-Picks Up 8.64E-06 

950 SY6 1vFRYT 24 Breaker Failure Relay 62X1 Spuriously Picks Up 8.64E-06
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951 SY62X2FRYT 24 Breaker Failure Relay 62X2 Spuriously Picks. Up 8.64E-06 
952 SY62XXFRYT 24 Breaker Failure Relay 62X Spuriously Picks Up 8. 64E-06 
953 SY86BUIRYT 24 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 8.64E-06 
954 SY86CT3RYT 24 Transformer CT3 Lockout Relay Spuriously Picks Up 8.64E-06 
955 SY86YA9RYT 24 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 8.64E-06 
956 SY86YJ3RYT 24 Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up 8.64E-06 
957 SY87BYXRYT 24 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up 8.64E-06 
958 SY87BYYRYT 24 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up 8.64E-06 
959 SY87BYZRYT 24 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up 8.64E-06 
960 SY87LXXRYT 24 Differential Auxiliary Relay 87LX Spuriously Picks Up 8. 64E-06 
961 SY94L1XRYT 24 Protective Relay 94L Spuriously Picks Up 8. 64E-06 
962 SYE1362RYT 24 E13 Bkr Failure Relay 62B Spuriously Picks Up 8. 64E-06 
963 SYE2362RYT 24 E23 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06 
964 SYP2862RYT 24 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 8.64E-06 
965 SYP3062RYT 24 PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 8. 64E-06 
966 SYP86TXRYT 24 PCB 30 LOR 86TX Spuriously Picks Up 8.64E-06 
967 SYPCB09CHT 24 Switchyard Power Circuit Breaker 9 Transfers Open 4.56E-05 
968 SYPCB30CHT 24 Switchyard Power Circuit Breaker 30 Transfers Open 4.56E-05 
969 SYPL86TRYT 24 PCB 30 LOR 86T Spuriously Picks Up 8. 64E-06 
970 SYPL87LRYT 24 Differential Relay 87L Spuriously Picks Up 8. 64E-06 
971 SYR86BYRYT 24 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 8.64E-06 
972 SYS63FPRYT 24 Fault Pressure Relay 63FP Spuriously Picks Up 8.64E-06 
973 SYSX50BRYT 24 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 8.64E-06 
974 SYX87TBRYT 24 Differential Relay 87B Spuriously Picks Up 8. 64E-06 
975 SYXX87TRYT 24 Differential Relay 97T Spuriously Picks Up 8.64E-06 
976 U5086EFRYT 24 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 8.64E-06 
977 US186EFRYT 24 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 8.64E-06 
978 U51TNC4RYT 24 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 8.64E-06 
979 U62BSK1RYT 24 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 8. 64E-06 
980 U62BSK2RYT 24 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 8. 64E-06 
981 U86CT4XRYT 24 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 8. 64E-06 
982 U86TCT4RYT 24 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 8.64E-06 
983 U87TCT4RYT 24 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 8.64E-06 
984 UACXCT4THF 24 Transformer CT4 Failed 7.44E-05 
985 UXX86EFRYT 24 Lockout Relay 86EF Spuriously Picks Up 8.64E-06 
986 WK0ORUNCOM 2.09E-05 Common Cause Failure of Keowee Governors to Run 2. 09E-05 
987 WK1GVCDDEX 3.5E-05 Keowee Unit 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 
988 WK1GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 1. Governor During Cold Start 2.60E-04 

0 0 S
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989 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
990 WK1GVRNDEX 5.6E-4 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
991 WK1SPD1DEX 1.0 Potentially Damaging Overspeed Condition Occures At Load Rejection 1.00E+00 
992 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 
993 WK1TBCDDEX 3.5E-5 Keowee Unit 1 Turbine Fails During a Cold Start 3 .50E-05 
994 WK1TBHTDEX 3.5E-4 Keowee Unit 1 Turbine Fails During a Hot Start 3.50E-04 
995 WK1TBRNDEX 5.6e-4 Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 
996 WK2GVCDDEX 3.5E-05 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Cold Start 3.50E-05 
997 WK2GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 2 Governor During Cold Start 2.60E-04 
998 WK2GVHTDEX 3.5E-04 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
999 WK2GVRNDEX 5.6E-4 Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 

1000 WK2SPD2DEX 5.6E-05 Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05 
1001 WK2TBCDDEX 3.5E-5 Keowee Unit 2 Turbine Fails During a Cold Start 3.50E-05 
1002 WK2TBHTDEX 3.5E-4 Keowee Unit 2 Turbine Fails-During a Hot Start 3. 50E-04 
1003 WK2TBRNDEX 5.6E-4 Keowee Unit 2 Turbine Fails With the Unit Running 5. 60E-04 
1004 WKCSTRTCOM 1.12E-05 Common Cause Failure of Keowee Governors to Cold Start 1.12E-05 
1005 WKHSTRTCOM 3.50E-6 Common Cause Failure of Keowee Governors to Hot Start 3.50E-06 
1006 XAOSWGRCOM 1.22E-06 Common Cause Failure Of Transformers lX, 2X, And CX 1.22E-06 
1007 XA1A2BTCDT 24 600 Vac Breaker 1XA-2BT Transfers Position K-704 1.80E-06 
1008 XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 
1009 XA1TR1XTLF 24 Keowee Transformer IX Fails 1.80E-05 
1010 XA1X2AXCLT 24 600 Vac Bkr 2X-2D Transfers Position 2.18E-05 
1011 XA1X2CCCLT 24 600 Vac Breaker 1X-2C Transfers Position 2.18E-05 
1012 XA1XA1ACLT 24 600 Vac Bkr 2XA-4A Transfers Position 2.18E-05 
1013 XA1XAALBLM 2.74E-03 MCC iXA Is Connected to Its Alternate Source of Power 2.74E-03 
1014 XA1XAMCBLF 24 600 Vac MCC 1XA Fault 6.48E-06 
1015 XA1XCXXTHM 4.57E-4.4160/600 Vac Transformer CX Is in Maintenance 4.57E-04 
1016 XA1XCXXTLF 24 4160/600 Vac Transformer CX Fails 1.80E-05 
1017 XA1XXXXBLF 24 600 Vac Switchgear 1X Fault 6.48E-06 
1018 XA2A2BTCDT 24 600 Vac Breaker 2XA-2BT Transfers Position 1.80E-06 
1019 XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 3.10E-04 
1020 XA2TR2XTLF 24 Keowee Transformer 2X Fails 1.80E-05 
1021 XA2X2BXCLT 24 600 Vac Breaker 2X-2B Transfers Position 2.18E-05 
1022 XA2X2DXCLT 24 600 Vac Bkr 1X-2A Transfers Position 2.18E-05 
1023 XA2X4AXCLT 24 600 Vac Bkr 1XA-1A Transfers Position 2.18E-05 
1024 XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 2.74E-03 
1025 XA2XAMCBLF 24 600 Vac MCC-2XA Fault . 6.48E-06 
1026 XA2XXXXBLF 24 600 Vac Switchgear 2X Fault 6.48E-06
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1027 XA56BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 3. OE-04 
1028 XA78BKRCOM 3.1OE-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 3.lOE-04 
1029 XDOBATTCOM 2.70E-05 Common Cause Failure Of Keowee I&C Power Batteries 2. 70E-05 
1030 XDOCHRGCOM 3.48E-05 Common Cause Failure Of Keowee Battery Chargers 3.48E-05 
1031 XDOKBATRHE 1.00E+00 Failure To Recover DC Power By Cross Connecting The Distribution Centers 1.OOE+00 
1032 XD104CCCDT 24 Breaker 1DA-4CC Transfers Open 1.80E-06 
1033 XD104CRCDT 6 Breaker 1DA-4CR Transfers Open 4.50E-07 
1034 XD1BK1ACDT 24 Battery No. 1 Breaker 1A Transfers Position run time dependent 1.80E-06 
1035 XD1CKC1BCF 24 Battery Charger KC1 Fails 6.96E-04 
1036 XD1DA1CCDT 24 125 Vdc Breaker 1C (from charger KC1) Transfers Position 1.80E-06 
1037 XD1DA3BCDT 24 125 Vdc Breaker 1DA-3BR Transfers Open 1. 80E-06 
1038 XD1DA4ACDT 24 DC Circuit Breaker 1DA-4AR Transfers Position 1.80E-06 
1039 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance . 5.48E-03 
1040 XD1DARXBDF 24 DC Distribution Center 1DA Faulted during Run 7.68E-06 
1041 XD1KB1XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.OOE+00 
1042 XD1KB1XRHE 9.3e-02 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.30E-02 
1043 XD1KBATBYF 1 Keowee Battery No. 1 Fails During Discharge 9.30E-04 
1044 XD1TIE1CDT 24 Keowee 125V dc Dist Cntr 1DA Tie Breaker 1 Transfers Position 1.80E-06 
1045 XD202CCCDT 6 Breaker 2DA-2CC Transfers Open 4. 50E-07 
1046 XD204CCCDT 24 Breaker 2DA-4CC Transfers Open K-704 1.80E-06 
1047 XD2BK1ACDT 24 Battery No. 2 Breaker 1A Transfers Position 1.80E-06 
1048 XD2CKC2BCF 24 Battery Charger KC2 Fails 6. 96E-04 
1049 XD2DA2ACDT 24 DC Circuit Breaker 2DA-2AR Transfers Position 1.80E-06 
1050 XD2DA3BCDT 24 125 Vdc Circuit Breaker 2DA-3BR Transfers Position 1.80E-06 
1051 XD2DA5CCDT 24 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open 1.80E-06 
1052 XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 
1053 XD2DARXBDF 24 DC Distribution Center 2DA Faulted During Run 7.68E-06 
1054 XD2KB2XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.OOE+00 
1055 XD2KB2XRHE 9.3E-02 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.30E-02 
1056 XD2KBATBYF 1 Keowee Battery No. 2 Fails during Discharge 9 .30E-04 
1057 XD2TIE2CDT 24 Keowee 125V dc Dist Cntr 2DA Tie Breaker 2 Transfers Position 1.80E-06 
1058 YOSTARTCOM 7.26E-06 Common Cause Failure Of Emergency Start Signal 7.26E-06.  
1059 YOSTARTRHE 1.OOE+00 Operators Fail To Manually Start Keowee 1.00E+00 
1060 YK114X3SSD 1 Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm KEE-111 1.80E-05 
1061 YK13SUISWT 24 KHU#l Startup Inhibit Sw 3SUI Xfrs to Inhibit KEE-111, -113 1.68E-06 
1062 YK14AMRRYT 24 Keowee 1 Master Relay 4A Spuriously Drops Out 8.64E-06 
1063 YK14BMRRYT 24 Keowee 1 Master Relay 4B Spurious.1y Drops Out 8.64E-06 
1064 YK163BHLST 24 Keowee 1 Gen Thrst Brng Oil Lvi Hi Sw 63BL/H Sprsly Clsd KEE-111, -113-3 7.44E-06
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1065 YK163BHRYT 24 Keowee 1 Gen Thrst Brng Oil Lvi Hi Rly 63BL/HX Sprsly Picks Up KEE-111,-113- 8.64E-06 
1066 YK163BLLST 24 Keowee 1 Gen Thrst Brng Oil Lvi La Sw 63BL/L Spuriously Operates KEE-lll,-ll3- 7.44E-06 
1067 YK163BLRYT 24 Keowee 1 Gen Thrst Brng Oil Lvi La Rly 63BL/LXTD Sprsly Pcks Up KEE-ill, -113- 8.64E-06 
1068 YK163TBLST 24 Keowee I Turb Guide Brng La Lvi Sensor Sw Spuriously Closes KEE-113-4 7.44E-06 
1069 YK163TBRYT 24 Keowee 1 Turb Gd Brng Oil Lvl.Lo Riy 63TB/1X Sprsiy Picks Up KEE-ll1,-113-4 8.64E-06 
1070 YK186N1DEX 9.89E-03 Keowee 1 Normal Lockout Actuates 9.89E-03 
1071 YK199SDRYD 1 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 3 .30E-05 
1072 YK199SDRYT 24 Keowee 1 Shutdown Solenoid Spuriously Drops Out 8. 64E-06 
1073 YK199SNRYD 1 Ki Emergency Load Solenoid 99SN Fails To Pick Up/Drop Out 3.30E-05 
1074 YK199SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8.64E-06 
1075 YK199SXRYD 1 Leowee 1 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up LEE-ill 3.30E-05 
1076 YK199SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out 8.64E-06 
1077 YK1D4CRFUF 6 Fuse 1DA-4CR Fails 2.16E-05 
1078 YK1ES1ARYD 1 Keowee 1 Emergency Start Aux Relay iESRX/lA Fails To Pick Up OEE-120 3.30E-05 
1079 YK1ES1BRYD 1 Keowee 1 Emergency Start'Aux Relay iESRX/lB Fails To Pick Up OEE-120-1 3.30E-05 
1080 YK1ES2ARYD 1 Leowee 1 Emergency Start Aux Relay lESRX/2A Fails To Pick Up OEE-120 3.30E-05 
1081 YK1ES2BRYD 1 Keowee 1 Emergency Start Aux&Relay lESRX/2B Fails To Pick lip OEE-120-1 3.30E-05 
1082 YKlMR4ARYD 1 Leowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 3.30E-05 
1083 YK1MR4BRYD 1 Keowee 1 Start Master Relay 4B Fails To Pick Up KEE-113 3.30E-05 
1084 YKlSS12SST 24 Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-ill 1.O1E-04 
1085 YK1SS13SSD 1 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm KEE- .80E-05 
1086 YK214X3SSD 1 KHUW2 Speed Switch 14-3 Fails to open at 65 rpm KEE-211 1.80E-05 
1087 YK23SUISWT 24 KHU#2 Startup Inhbt Sw 35U1 Sprsiy Xfrs to Inhibit KEE-211, -213 1.68E-06 
1088 YK24AMRRYT 24 Leowee Master Relay 4A Spuriously Drops Out 8. 64E-06 
1089 YK24BMRRYT 24 Leowee 2 Master Relay 4B Spuriously Drops Out 8. 64E-06 
1090 YK263BHLST 24 Leowee 2 Gen Thrst Brng Oil Lvi Hi Sw 63BL/H Sprsiy Clsd 7.44E-06 
1091 YK263BHRYT 24 Leowee 2 Gem Thrst 8mg Oil Lvi Hi Riy 63BL/HX Sprsiy Picks tp KEE-211 8.64E-06 
1092 YK263BLLST 24 Leowee 2 Gen Thrst Brng Oil Lvi Lo Sw 63BL/L Sprsiy Opn 7.44E-06 
1093 YK263BLRYT 24 Leowee 2 Gem Thrst Ding Oil Lvi Lo Rly 63BL/LXTD Sprsiy Pcks Up KEE-211 8.64E-06 
1094 YK263TBLST 24 Leowee 2 Turb Guide Brng Lo Lvi Sensor Sw Sprsiy Closes 7.44E-06 
1095 YK263TBRYT 24 Leowee 2 Turb Gd Brng Oil Lvi Lo Rly 63TD/lX Sprsly Picks Up KEE-211 8.64E-06 
1096 YK286N2DEX 7.41E-03 Leowee Unit 2 Normal Lockout Activates 7 .41E-03 
1097 YK299SDRYD 1 Leowee 2 Shutdown Solenoid 99SD Fails To Pick Up 3 .30E-05 
1098 YK299SDRYT 24 Leowee 2 Shutdown Solenoid Spuriously Drops Out 8.64E-06 
1099 YK299SNRYD 1 Keowee 2 Emergency Load Solenoid 99SH Fai]s To operate 3.30E-05 
1100 YK299SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8.64E-06 
1101 YK299SXRYD 1 Leowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-211 3.30E-05 
1102 YK299SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out s 8.64E-06
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1103 YK2D2CCFUF 6 Fuse 2DA-2CC Fails 2 16E-05 
1104 YK2ES1ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/lA Fails To Pick Up OEE-120 3.3OE-05 
1105 YK2ES1BRYD 1 Keowee 2 Emergency Starr AuX Relay 2ESRX/lB Fails to Pick Up OEE-120-1 3 30E-05 
1106 YK2ES2ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 3.30E-05 
1107 YK2ES2BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick Up OEE-120-1 3.30E-05 
1108 YK2MR4ARYD I Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-2l3 3.3OE-05 
1109 YK2MR4BRYD 1 Keowee 2 Start Master Relay 4B Fails to Pick Up KEE-213 3.3OE-05 
1110 YK2SS12SST 24 Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 1.O1E-04 
1111 YK2SS13SSD 1 Keowee 2 Speed Switch 13 Fails to Close at 122 rpm KEE-211 1.80E-05 
1112 YKEMSRTCHE 0 Operator Incorrectly Resets Keowee Emergency Start Signals 0. O0E+00 
1113 YO1DIA2CDT 30 DC Circuit Breaker lDIA-2 Transfers Position 2 .25E-06 
1114 YO1DIB2CDT 30 DC Circult Breaker 1DIB-2 Transfers Position 2 .25E-06 
1115 YO1MFBMA 1 ONSl MED Monitor Channel A Keowee Start Signal Fails 1.OOE+00 
1116 YO1MFBMB 1 ONSi MFB Monitor Channel B Keowee Start Signal Fails 1.OOE 00 
1117 YO1OPSARHE 1 Operator fails to operate Keowee start switch SlA 1. OOE±00 
1118 YO1OPSBRHE 1 operator fails to operate Keowee start switch SIB 1. OOE+00 
1119 YO1S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.0OE-05 
1120 YO1S1BFSWC 1 Control Switch SIB Fails To Close On Demand 1.OOE-05 
1121 YOlXXKARYD 1 ONSl Ch A Keowee Emergency Start Relay KA Fails-to Pick Up OEE-120 3.30E-05 
1122 YOlXXKBRYD 1 Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 3.30E-05 
1123 YO2CR2ARYD 1 ONS? Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 3.30E-05 
1124 YO2CR2BRYD 1 DM52 Keowee Emergency Start Relay CR2B Fails to Pick Up OEE-220-1 3.30E-05 
1125 YO2DIA2CDT 30 Breaker 2DIA-2 Transfers Position 2.25E-06 
1126 YO2DIB2CDT 30 Breaker 2DIB-2 Transfers Position 2.25E-06 
1127 YO2MFBMA 1 0NS2 MFB Monitor CH A Keowee Start Sig Fails 1.OOE+00 
1128 YO2MFBMB 1 ONS2 MFB Monitor Ch B Keowee Start Sig Fails 1. OOE±00 
1129 YO2SSWARHE 1 operator Fails to Operate Keowee Start Switch 255WA 1. OOE+00 
1130 YO2SSWASWC 1 Control Switch 2SSWA Fails To Close On Demand 1.OOE-05 
1131 YO2SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 255MB 1.OOE+00 
1132 YO2SSWBSWC 1 Control Switch 2S5WB Fails To Close On Demand 1.OOE-05 
1133 YO3CR3ARYD 1 0N53 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up OEE-320 3.30E-05 
1134 YO3CR3BRYD 1 0N53 Keowee Emer Start Relay CR3B Fails to Pick Up OEE-320-1 3.30E-05 
1135 YO3DIA2CDT 30 Breaker 3DIA-2 Transfers Open OEE-320, 0-2705 2.25E-06 
1136 YO3DIB2CDT 30 Breaker 3DIB-2 Transfers Open OEE-320-l, 0-2705 2.25E-06 
1137 YO3MFBMA 3.96E-03 0NS3 MFB Monitor Ch A Keowee Start Sig Fails 3.96E-03 
1138 YO3MFBMB 3.96E-03 0NS3 MFB Monitor Ch B Keowee Start Sig Fails 3 .96E-03 
1139 YO30PFARHE 1 operator fails to operate Keowee Start Switch 3S1A 1.OOE+00 
1140 Y03OPFBRHE 1 Operator Fails to Operate Keowee Start Switch3S1B 1.0OE+00 

10Kowe0
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1141 YO3SlAFSWC 1 Control Switch SlA Fails To Close On Demand 1.005-05 
1142 YO3S1BFSWC 1 Control Switch S1B Fails To Close On Demand 1. 0E-05 
1143 YO3SSWARHE 1 Operator fails to operate Keowee Start Switch 3SSW'A' 1. E+00 
1144 YO3SSWASWC 1 Control Switch 3SSW'A' Fails To Close On Demand 1.OCE-05 
1145 YO3SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 3SSW'B' 1. 00500 
1146 Y3SSWBSWC 1 Control Switch 3SSW'B Fails To Close On Demand 1.00E-05
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1 AA1271PR6D 1 Transformer 1X Undervoltage Relay 27/iX Fails To Pick Up 2.49E-04 
2 AA1271XR6T 30 Transformer lX Undervoltage Relay 27/1X Spuriously De-energizes 1.09E-05 
3 AA127C1R6T 24 Transformer CX Undervoltage Relay 27/CX1 Spuriously De-energizes 8.71E-06 
4 AA127CPR6D 1 Transformer CX Undervoltage Relay 27/CX1 Fails To Pick Up 2.49E-04 
5 AA127R1RYT 24 Auxiliary Relay 27X/CX1 Spurious Operation 2.40E-05 
6 AA127X1RYD 1 Auxiliary Relay 27X/1X Fails To Operate On Demand 1. 90E-04 
7 AAl27X1RYT 384 Auxiliary Relay 27X/1X Spurious Operation 3. 84E-04 
8 AA127X2R6D 1 Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 
9 AA127XCRYD 1 Auxiliary Relay 27/CX1 Fails To Operate On Demand 1.90E-04 

10 AA186CXRYT 24 Transformer CX Differential Lock Out Relay 86CX Spurious Operation 2.40E-0.5 
11 AA186S1RYT 24 Switchgear 1X Lockout Relay 86S/1X Spurious Operation 2 .40E-05 
12 AA187CXRYT 24 Transformer CX Differential Relay 87CK Spurious Operation 2.40E-05 
13 AA2272PR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up 2.49E-04 
14 AA2272XR6D 1 Transformer 2X Undervoltage Relay 27/y Fails To Drop Out 2.49E-04 
15 AA2272XR6T 24 Transformer 2X Undervoltage Relay 27/2X Spuriously De-energizes 8.71E-06 
16 AA227C2R6T 30 Transformer CX Undervoltage Relay 27/CX2 Spuriously De-energizes 1.09E-05 
17 AA227C2RYD 1 Auxiliary Relay 27X/CX2 Fails To Operate On Demand 1. 90E-04 
18 AA227CPR6D 1 Transformer CX Undervoltage Relay 27/CX2 Fails To Pick Up 2.49E-04 
19 AA227R2RYT 384 Auxiliary Relay 27X/CX2 Spurious Operation 3.84E-04 
20 AA227T2R6D 1 Transformer #1 Undervoltage Relay (27T/2X) Fails To Drop Out 2.49E-04 
21 AA227X2RYD 1 Auxiliary Relay 27X/2X Fails To Operate On Demand 1.90E-04 
22 AA227X2RYT 24 Auxiliary Relay 27X/2X Spurious Operation 2.40E-05 
23 AA286S2RYT 24 Switchgear 2X Lockout Relay 86S/2X Spurious Operation 2.40E-05 
24 ABO04ECCDT 30 DC Circuit Breaker 1DA-4EC Transfers Position 5.70E-05 
25 ABOO86TRYD 1 Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand 1.90E-04 
26 ABO624CRYD 1 Time Delay Relay 62-4c Fails To Operate On Demand 1.90E-04 
27 AB086EIRYD 1 Emergency Lock Out Relay 86E-1 Fails To Operate On Demand 1.90E-04 
28 ABO86TGRYD 1 General Keowee Main Tx Lock Out Sensing Relay Fails To Operate 1.90E-04 
29 ABOSWGRCOM 8.26E-04 Common Cause Failure Of All Keowee Auxiliary Power Breakers 8.26E-04 
30 ABOSWGRRHE 1.0 Failure To Recover Keowee Aux Power Breakers by Manual Control 1.00E+00 
31 AB152TCSVO 1 Air Circuit Breaker 1 Trip Coil Fails To Operate 2.80E-03 
32 ABlACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 3.51E-05 
33 AB1FALTDEX 0.0 Fault Occurs at ACB-1 When The BReaker Trips 0.00E+00 
34 AB1MECHDEX 1.51E-4 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 1.51E-04 
35 AB1OPENLHE 2.60E-4 Air Circuit Breaker 1 Fails To Open Due To A Latent Human Error 2.60E-04 
36 AB1PSO2PST 12 Air Circuit Breaker 1 Accumulator Pressure Switch PS2 Fails Low 1.02E-05 
37 AB1PSWTPST 24 Air Circuit Breaker 1 Accumulator Pressure .Switch Fails Low 2.04E-05 
38 AB1R52ZR6D 1 Air Circuit Breaker 1 Relay 52Z Fails To Operate 2.49E-04
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39 AB21521SWT 30 Control-Switch 152-2 Spurious Operation 3 .OOE-O5 
40 AB22BV1RYT 24 Backup Undervoltage Relay 2BV1 Spurious Operation 2.40E-05 

41 AB23BKRCOM 3.98e-04 Common Cause Failure Of Air Circuit Breakers 2 And 3 To Close 3.98E-04 
42 AB24BKRCOM 3.98E-04 Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 3.98E-04 
43 AB251G2RYT 24 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation 2.40E-05 

44 AB252CCSVO 1 Air Circuit Breaker 2 Close Coil Fails To Operate 2.80E-03 

45 AB252TCSVO 1 Air Circuit Breaker 2 Trip Coil Fails To Operate 2 .80E-03 

46 AB252TCSVT 36 Air Circuit Breaker 2 Trip Coil .Spurious Operation 1.48E-05 
47 AB252Y2R6D 1 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
48 AB252Y2R6T 12 Air Circuit Breaker 2 Y-relay Spurious Operation 4 .36E-06 
49 AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 3.51E-05 

50 AB2CLOSLHE 2.60E-4 Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 
51 AB2KEYISWT 12 Air Circuit Breaker 2 Key Interlock Switch Transfers Open 1.20E-05 
52 AB2MCH2DEX 3.02E-4 Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-04 
53 AB2MECHDEX 1.51E-4 Air Circuit Breaker 2 Fails To Open Due To Mechanical Failure 1.51E-04 

54 AB20PENLHE 2.60E-4 Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 
55 AB2PSO2PST 12 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 Fails Low 1.02E-05 
56 AB2PSWTPST 24 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 2.04E-05 

57 AB2PJSHPBT 36 Trip Pushbutton On ACB2 Spurious Operation 3.60E-05 

58 AB2R462RYT 24 Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious Operation 2.40E-05 

59 AB2RS2XR6D 1 Air Circuit Breaker 2 Relay 52X Fails To Operate 2.49E-04 

60 AB2R52ZR6D 1 Air Circuit Breaker 2 Relay 52Z Fails To Operate 2.49E-04 

61 AB2RS2ZR6T 36 Air Circuit Breaker 2 Relay 52Z Spurious Operation 1.31E-05 

62 AB31523SWT 24 Control Switch 152-3 Spurious Operation 2.40E-05 

63 AB352CCSVO 1 Air Circuit Breaker 3 Close Coil Fails To Operate 2.80E-03 
64 AB352TCSVO 1 Air Circuit Breaker 3 Trip Coil Fails To Operate 2.80E-03 
65 AB352TCSVT 24 Air Circuit Breaker 3 Trip Coil Spurious Operation 9.84E-06 

66 AB352Y2R6D 1 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
67 AB352Y2R6T 360 Air Circuit Breaker 3 Y-relay Spurious Operation 1.31E-04 

68 AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 3.51E-05 

69 AB3CLOSLHE 2.60e-04 Air*Circuit Breaker 3 Fails To Close Due To Latent Human Error 2.60E-04 
70 AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical Failure 3.02E-04 
71 AB3MECHDEX 1.51E-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical Failure 1.51E-04 

72 AB3PSO2PST 372 Air Circuit Breaker 3 Accumulator Pressure Switch PS2 Fails Low - 3.16E-04 

73 AB3PSWTPST 24 Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low 2-.04E-05 

74 AB3PUSHPBT 24 Trip Pushbutton On ACB3 Spurious Operation 2.40E-05 

75 AB3RS2XR6D 1 Air Circuit Breaker 3 Relay 52X Fails To Operate 2.49E-04 
76 AB3R52ZR6D 1 Air Circuit Breaker 3 Relay 52Z Fails To Operate 2.49E-04
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77 AB3R52ZR6T 24 Air Circuit Breaker 3 Relay 52Z Spurious Operation 8.71E-06 
78 AB41523SWT 24 Control Switch 152-4 Spurious Operation 2 .40E-05 
79 AB452CCSVO 1 Air Circuit Breaker 4 Close Coil Fails To Operate 2.80E-03 
80 AB452TCSVT 24 Air Circuit Breaker 4 Trip Coil Spurious Operation 9.84E-06 
81 AB452Y2R6D 1 Air Circuit Breaker 4 Relay 52Y Failed To Drop Our Following Last Demand 2.49E-04 
82 AB452Y2R6T 372 Air Circuit Breaker 4 Y-relay Spurious operation 1.35E-04 
83 AB4ACCUDEX 3.51E-05 Air Circuit Breaker 4 Accumulator Air Pressure Low 3.511-05 
84 AB4CLOSLHE 2.60E-4 Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 
85 AB4CLSESWC 1 Air Circuit Breaker 4 Close Switch Fails To Close On Demand l.00E-05 
86 AB4KEYISWT 372 Air Circuit Breaker 4 Key Interlock Switch Transfers Open 3.72E-04 
87 AB4LORESWT 372 Air Circuit Breaker 4 Local/Remote Switch Contact Transfers Position 3.72E-04 
88 AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical Failure 3.02E-04 
89 AB4PSO2PST 372 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 Indicates Low Pressure 3.16E-04 
90 AB4PSWTPST 12 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air Pressure l.02E-05 
91 AB4PUSHPBT 24 Trip Pushbutton On ACB-4 Spurious Operation 2.405-05 
92 AB4R52XR6D 1 Air Circuit Breaker 4 Relay 52>: Fails To Operate 2 .49E-04 
93 AB4R52ZR6T 24 Air Circuit Breaker 4 Relay 5.Z Spurious Operation 8.71E-06 
94 ABSIA1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 3. 78E-06 
95 AB51431LHE 3.20E-4 Manual/Auto Control Switch 143/1 Left In Manual 3 .20E-04 
96 AB51431RYT 360 Auxiliary Relay 143X/I Spuriously Eneroizes 3. 60E-04 
97 AB51431SWT 360 Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 3.60E-04 
98 ABS52CCRYD 1 Air Circuit Breaker 5 Close Coil CC Fails On*Demand 1.90E-04 
99 AB552TCRYT 384 Air Circuit Breaker 5 Trip Coil 52TC Spurious Operation 3.84E-04 

100 AB552Y2RYT 360 Air Circuit Breaker 5 Y-relay Spurious Operation 3.60E-04 
101 AB583S5RYD 1 Time Delay Relay 83S5 Fails To Pick Up 1.90E-04 
102 ABSCLOSLHE 2.60E-4 Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2.60E-04 
103 AB5KEYISWT 360 Air Circuit Breaker 5 Key Interlock Switch Transfers Open 3.60E-04 
104 AB5MCH2DEX 7.04E-03 Air Circuit Breaker 5 Fal To Close Due To Mechanical Failure 7.04E-03 
105 AB5PUSHPBT 384 Trip Pushbutton On ACB5 Spuious Operation 3 .84E-04 
106 AB5R52XRYD 1 Air Circuit Breaker 5 Relay 5 Fails To Operate 1. 90E-04 
107 AB5RS2YRYD 1 Air Circuit Breaker 5 Relay 5Y Failed To Drop Out At Last Demand 1.90E-04 
108 AB610A1FUF 6 One Or More Control Power Fi e For X, Y And CC Fail 3.78E-06 
109 AB610AFFUF 6 One Or More Control Power Fuse For Relay 27X/2X Fail 3.78E-06 
110 AB61432LHE 3.20E-4 Manual/Auto Control Switch 13 Left In Manual 3.20E-04 
111 AB61432SWT 360 Manual/Auto Control Switch 143/ Spuiiously Transfers Into Manual 3.60E-04 
112 AB652CCRYD 1 Air Circuit Breaker 6 Close Coil CC Fais On Demand 1. 90E-04 
113 AB652TCRYD 1 Air Circuit Breaker 6 Trip Coil 52TC Fails'Fails To Operate .90E-04 
114 AB652TCRYT 24 Air Circuit Breaker 6 Trip Coil 5.2TC Spurious Operation 2.40E-05 
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115 AB652Y2RYT 360 Air Circuit Breaker 6 Y-relay Spurious Operation 3. 60E-04 
116 AB6CLOSLHE 2.60E-4 Air Circuit Breaker .6 Fails To Close Due To A Latent Human Error 2.60E-04 
117 AB6KEYISWT 360 Air Circuit Breaker 6 Key Interlock Switch Transfers Open 3.60E-04 
118 AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 
119 AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 
120 AB60PENLHE 3.20E-3 Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 
121 AB6PUSHPBT 24 Trip Pushbutton On ACB6 Spurious Operation 2.40E-05 
122 AB6R52XRYD 1 Air Circuit Breaker 6 Relay 52X Fails To Operate 1. 90E-04 
123 AB6R52YRYD 1 Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand 1.90E-04 
124 AB710A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 3.78E-06 
125 AB710AFFUF 6 One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.78E-06 
126 AB752CCRYD 1 Air Circuit Breaker 7 Close Coil CC Fails On Demand 1.90E-04 
127 AB752TCRYD 1 Air Circuit Breaker 7 Trip Coil TC,Fails On Demand 1 .90E-04 
128 AB752TCRYT 24 Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation 2.40E-05 
129 AB752Y2RYT 360 Air Circuit Breaker 7 Y-relay Spurious Operation 3. 60E-04 
130 AB7CLOSLHE 2.60E-4 Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error, 2.60E-04 
131 AB7KEYISWT 360 Air Circuit Breaker 7 Key Interlock Switch Transfers Open . 3.60E-04 
132 AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due.To Mechanical Failure 7.04E-03 
133 AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 
134 AB70PENLHE 3.20E-3 Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 
135 AB7PUSHPBT 30 Trip Pushbutton On ACB7 Spurious Operation 3.O0E-05 
136 AB7R52XRYD 1 Air Circuit Breaker 7 Relay 52X Fails To Operate 1. 90E-04 
137 AB7R52YRYD 1 Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 1.90E-04 
138 ABB10A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 3.78E-06 
139 AB81432RYT 360 Auxiliary Relay 143X/2 Spuriously Energizes 3. 60E-04 
140 AB852CCRYD 1 Air Circuit Breaker 8 Close Coil CC Fails On Demand 1 .90E-04 
141 AB852TCRYT 384 Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 3.84E-04 
142 AB852Y2RYT 360 Air Circuit Breaker 8 Y-relay Spurious Operation 3. 60E-04 
143 AB86E1ARYD 1 Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand 1.90E-04 
144 AB86E1GRYD 1 Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate 1.90E-04 
14S AB883S8RYD 1 Time Delay Relay 83S8 Fails To Pick Up 1. 90E-04 
146 AB8KEYISWT 360 Air Circuit Breaker 8 Key Interlock Switch Transfers Open 3.60E-04 
147 AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical Failure 7. 04E-03 
148 AB8PUSHPBT 384 Trip Pushbutton On ACB8 Spurious Operation 3 .84E-04 
149 AB8R52XRYD 1 Air Circuit Breaker 8 Relay 52X Fails To Operate 1.90E-04 
150 AB8R52YRYD 1 Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand 1.90E-04 
151 ABEOPRCDHE 1.0 Operators Fail To Close Air Circuit Breaker 2 1.00E+00 
152 ABEOPRCRHE 1 Operators Fail To Close Air Circuit Breaker 2 . 1. 00E+00
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153 ABPOPRCRHE 1.0 Operators Fail To Close Air Circuit Breaker 4 1.00E+00 
154 ACB4MOD 1 NSM-ON-52966 Is Not In Service 1.00E+00 
155 ACBAIRPDEX 2.00E-03 ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 
156 ACBTRIPCHE 0.0 Operators Trip Generator Output ACBs 0.00E+00 
157 ACBXFERCOM 3.33E-06 Common Cause Failure That Results In ACBs 2 & 3 Transfering Open 3.33E-06 
158 AD1B4ALCDT 30 Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 5.70E-05 
159 AD1C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 1DA Transfers Position 4.56E-05 
160 AD1C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position 4.56E-05 
161 AD1SCLRCDT 12 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position (Rec) 2.28E-05 
162 AD2B2ALCDT 30 Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 5.70E-05 
163 AD2B3CCCDT 12 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 2.28E-05 
164 AD2C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 4.56E-05 
165 AD2C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position 4.56E-05 
166 AK1141XRYD 1 Auxiliary Relay 14GOV/1X Fails To Pick-up 1.909-04 
167 AK114GVDEX 1.00e-04 KU1 Magnetic Speed Switch System Fails 1.00E-04 
168 AK121TDRYD 1 Time Delay Relay 2-lTD Fails To Pick-up 1.90E-04 
169 AK152TDRYD 1 Time Delay Relay 52-lTD Fails To Pick-up 1.90E-04 
170 AK152TDRYT 4380 Time Delay Relay 52-lTD Spurious Operation 4.38E-03 
171 AK152XGRYD 1 Relay 52XG/1 Fails To Pick Up When The Unit Is Started 1.90E-04 
172 AK152XGRYT 2 Relay 52XG/l Spuriously Drops Out While The Unit Is Running 2.00E-06 
173 AK1AX34RYT 6 Relay 52AX/34 Spuriously Drops-out 6.00E-06 
174 AK1GV1XRYD 1 Relay 14GOV/1X Fails To Pick-up 1.90E-04 
175 AKIOFRQCOM 1.90E-05 KU1 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 1.90E-05 
176 AK1X34XRYT 6 Relay 52AX/34X Spuriously Drops-out 6.0CE-06 
177 AK212OSSST 36 Turbine Overspeed Switch Indicates Overspeed 3.60E-05 
178 AK2142XRYD 1 Auxiliary Relay 14GOV/2X Fails To Pick-up 1.90E-04 
179 AK214GVDEX 1.00e-4 KU2 Magnetic Speed Switch System Fails 1.OE-04 
180 AK222TDRYD 1 Time Delay Relay 2-2TD Fails To Pick-up 1.90E-04 
181 AK252TDRYD 1 Time Delay Relay 52-2TD Fails To Operate 1.90E-04 
182 AK252TDRYT 4380 Time Delay Relay 52-2TD Spurious Operation 4.38E-03 
183 AK252WORYD 1 KU2 Relay 52W Fails To Pick-up 1.90E-04 
184 AK252XGRYD 1 Auxiliary Relay 52XG/2 Fails To Pick-up 1.90E-04 
185 AK2GATEDEX 2.11E-5 Wicket Gate Limit Switch Indicates Gate Position Is Below No-load Setting 2.11E-05 
186 AK2GV2XRYD 1 Relay 14GOV/2X Fails To Pick-up 1.90E-04 
187 AK20FRQCOM 1.90E-05 KU2 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 1.90E-05 
188 BK1088XRYD 1 Keowee 1 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 1.90E-04 
189 BK1088XRYT 24 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 2.40E-OS 
190 BK114/2SSD 1 Keowee 1 Speed Switch 14/2 Fails On.Demand . 2.50E-04 

0 0
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191 BK114/2SST 24 Keowee 1 Speed Switch 1.4/2 Spuriously Transfers Closed 2.40E-05 
192 BK114DXRYD 1 Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize 1.90E-04 
193 BK114DXRYT 24 Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out 2.40E-05 
194 BK114T2RYD 1 Keowee 1 Rotation Sensing Timer 14T2 Fails to De-energize 1.90E-04 
195 BK114T2RYT 24 Keowee 1 Rotation Sensing Timer 14T2 Spurious Operation 2.40E-05 
196 BK1188ASWT 24 Keowee 1 AC GBO Pump Control Switch S188A Spurious Operation 2.40E-05 
197 BK1188DSWT 108 Unit 1 DC GBO Pump Control Switch S188D Spurious Operation 1.08E-04 
198 BK1631XRYD 1 Keowee 1 Relay 63TA/1X Fails to De-energize 1.90E-04 
199 BK1631XRYT 24 Keowee 1 CBO Level Relay 63TA/1X Spurious Operation 2 .40E-05 
200 BK1632XRYD 1 Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 1.90E-04 
201 BK1632XRYT 24 Keowee 1 Turb. Brng. Low Oil Level Aux. Rly 63TA/2X Spurious Operation 2.40E-05 
202 BK163TALSD 1 Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
203 BK163TALST 24 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious Operation 5.52E-05 
204 BK188AXRYD 1 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 1.90E-04 
205 BK188AXRYT 24 Unit 1 AC Bearing Oil Pump Auk. Relay 88AX Fails to Remain De-energized 2.40E-05 
206 BK1DASBCDT 24 DC Circuit Breaker 1DA-5B Transfers Position 4.56E-05 
207 BK1GBDCGPR 12 Unit 1 DC Turbine GBO Pump Fails To Run 2.88E-04 
208 BK1GBDCGPS 1 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 3.10E-03 
209 BK1GBDCLHE 3.2E-3 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
210 BK1GBO1CVC 1 Check Valve 1GBO-1 Fails to Close on Demand 9.70E-04 
211 BK1GBO1CVO 1 Check Valve 1GBO-1 Fails To Open On Demand 1.90E-04 
212 BKlGBO1CVT 24 Check Valve 1GBO-1 Transfers Closed 1.08E-05 
213 BK1GBO1FTC 24 Filter 1GBOFL-1 Becomes Clogged 2.88E-04 
214 BK1GBO2VVT 24 Manual Valve 1GBO-2 Transfers Position 1.92E-06 
215 BK1GBO3CVO 1 Check Valve 1GBO-3 Fails To Open On Demand 1.90E-04 
216 BK1GBO3CVT 12 Check Valve 1GBO-3 Transfers Closed 5.40E-06 
217 BK1GBO4VVT 108 Manual Valve 1GBO-4 Transfers Position 8.64E-06 
218 BK1GBO5VVT 24 Manual Valve 1GBO-5 Transfers Position 1.92E-06 
219 BK1GBO6VVT 24 Manual Valve 1GBO-6 Transfers Position 1.92E-06 
220 BK1GBO8VVT 24 Manual Valve 1GBO-8 Transfers Position 1.92E-06 
221 BK1GBO9VVT 24 Manual Valve 1GBO-9 Transfers Position 1.92E-06 
222 BK1GOACGPR 24 Unit 1 AC Turbine GBO Pump Fails To Run 5.76E-04 
223 BK1GOACGPS 1 Unit 1 AC Turbine GBO Pump Fails To Start 3.10E-03 
224 BKlGODCTRM 1.14E-3 Unit 1 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
225 BK1XA1CCLT 24 600 V Circuit Breaker 1XA-1C Transfers Position 4.56E-05 
226 BK2088XRYD 1 Keowee 2 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 1.90E-04 
227 BK2088XRYT 24 Keowee 2 Turbine Guide Bearing Oil Relay 88X Spurious Operation 2.40E-05 
228 BK214/2SSD 1 Keowee 2 Speed Switch 14/2 Fails On Demand 2.50E-04
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229 BK214/2SST 24 Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed 2.40E-05 
230 BK214DXRYD 1 Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize 1.90E-04 
231 BK214DXRYT 24 Keowee 2 Rotation Sensing Aux. Relay 14DX Spurious Operation 2.40E-05 
232 BK214T2RYD 1 Keowee 2 Rotation Sensing Timer 14T2 Fails to De-energize 1.90E-04 
233 BK214T2RYT 24 Keowee Rotation Sensing Timer 14T2 Fails to Remain De-energized 2.40E-05 
234 BK2188ASWT 24 Unit 2 AC GBO Pump Control Switch S188A Spurious Operation 2.40E-05 
235 BK2188DSWT 108 Unit 2 DC GBO Pump Control Switch S188D Spurious Operation 1.08E-04 
236 BK26 31XRYD 1 Keowee 2 Relay 63TA/1X Fails to De-energize 1. 90E-04 
237 BK2631XRYT 24 Keowee 2 GBO Level Relay 63TA/1X Spurious Operation .2 .40E-05 
238 BK2632XRYD 1 Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 1.90E-04 
239 BK2632XRYT 24 Keowee 2 Turb. Brng. Low Oil Level Aux. Relay 63TA/2X Spurious Operation 2.40E-05 
240 BK263TALSD 1 Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
241 BK263TALST 24 Turbine No. 2 Bearing oil Level Switch 63TA Spurious Operation 5.52E-05 
242 BK288AXRYD 1 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 1.90E-04 
243 BK288AXRYT 24 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized 2.40E-05 
244 BK2DA1BCDT 24 DC Circuit Breaker 2DA-1B Transfers Position 4. 56E-05 
245 BK2GBDCGPR 12 Unit 2 DC Turbine GBO Pump Fails To Run 2.88E-04 
246 BK2GBDCGPS 1 Unit 2 DC Turbine GBO Pump Fails To Start On Demand 3.10E-03 
247 BK2GBDCLHE 3.2E-3 Latent Human Error Fails Unit 2 DC Guide Bearing-Oil Pump Discharge Path 3.20E-03 
248 BK2GBO1CVC 1 Check Valve 2GBO-1 Fails to Close on Demand 9.70E-04 
249 BK2GBO1CVO 1 Check Valve 2GBO-1 Fails To Open On Demand 1.90E-04 
250 BK2GBO1CVT 24 Check Valve 2GBO-1 Transfers Closed 1.08E-05 
251 BK2GBO1FTC 24 Filter 2GBOFL-1 Becomes Clogged 2.88E-04 
252 BK2GBO2VVT 24 Manual Valve 2GBO-2 Transfers Position 1.92E-06 
253 BK2GBO3CVO 1 Check Valve 2GBO-3 Fails To Open On Demand 1.90E-04 
254 BK2GBO3CVT 12 Check Valve 2GBO-3 Transfers Closed 5.40E-06 
255 BK2GBO4VVT 108 Manual Valve 2GBO-4 Transfers Position 8.64E-06 
256 BK2GBO5VVT 24 Manual Valve 2GBO-5 Transfers Position 1.92E-06 
257 BK2GBO6VVT 24 Manual Valve 2GBO-6 Transfers Position 1.92E-06 
258 BK2GBO8VVT 24 Manual Valve 2GBO-8 Transfers Position 1.92E-06 
259 BK2GBO9VVT 24 Manual Valve 2GBO-9 Transfers Position 1.92E-06 
260 BK2GOACGPR 24 Unit 2 AC Turbine GBO Pump Fails To Run 5.76E-04 
261 BK2GOACGPS 1 Unit 2 AC Turbine GBO Pump Fails To Start 3.10E-03 
262 BK2GODCTRM 1.14E-3 Unit 2 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
263 BK2XA1CCLT 24 600 V Circuit Breaker 2XA-IC Transfers Position 4.56E-05 
264 BKGBOILCOM 6.20E-05 Common Cause Failure Of Turbine Guide Bearing Oil System 6.20E-05 
265 D1DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard IDIA OEE-120, 0-705 6.50E-06 
266 D1DIBXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIB 05E-120-1. 0-705 6.505-06
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267 D2DIAXXDEX 6.50E-06 Loss Of Power on 125 V dc Panelboard 2DIA 6.50E-06 
268 D2DIBXXDEX 6.50E-06 Loss of Power on 125 V dc Panelboard 2DIB 6.50E-06 
269 D3DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 3DIA 6. 50E-06 
270 D3DIBXXDEX 6.50E-06 Loss Of Power On 125 Vdc Panelboard 3DIB 6. 50E-06 
271 DDC11BXCDT 24 125 Vdc Battery Breaker SY-DC1-1B Transfers Open 4.56E-05 
272 DDC11CXCDT 24 125 Vdc Breaker SY-DC1-1C Transfers Open 4.56E-05 
273 DDC11DCCDT 24 125 Vdc Breaker SY-DC1-lDC Transfers Open 4.56E-05 
274 DDC11DLCDT 24 125 Vdc Breaker SY-DC1-lDL.Transfers Open 4.56E-05 
275 DDC11DRCDT 24 125 Vdc Breaker SY-DC1-1DR Transfers Open 4.56E-05 
276 DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Test or Maintenance 1.14E-02 
277 DDCIBATBYF 1 Battery SY-1 Fails During Discharge 1.18E-03 
278 DDC1FLTBDF 24 SY-DCl Is Faulted 1.46E-05 
279 DDC21BXCDT 24 125 Vdc Battery Breaker SY-DC2-iB Transfers Open 4.56E-05 
280 DDC21CXCDT 24 125 Vdc Breaker SY-DC2-1C Transfers Open 4.56E-05 
281 DDC21DCCDT 24 125 Vdc Breaker SY-DC2-1DC Transfers Open 4.56E-05 
282 DDC21DLCDT 24 125 Vdc Breaker SY-DC2-1DL Transfers Open 4.56E-05 
283 DDC21DRCDT 24 125 Vdc Breaker SY-DC2-1DR Transfers Open 4. 56E-05 
284 DDC2BATBYF 1 Battery SY-2 Fails During Discharge 1.18E-03 
285 DDC2FLTBDF 24 SY-DC2 Is Faulted 1.46E-05 
286 DDCBATTCOM 3.42E-05 Common Cause Failure of Switchyard Batteries 3.42E-05 
287 DDCDYAXBDF 24 125 Vdc Switchyard DC Panelboard DYA Is Faulted 1.46E-05 
288 DDCDYBXBDF 24 125 Vdc Switchvard DC Panelboard DYB Is Faulted 1.46E-05 
289 DDCDYCXBDF 24 125 Vdc Switchyard DC Panelboard DYC Is Faulted 1.46E-05 
290 DDCDYEXBDF 24 125 Vdc Switchyard DC Panelboard DYE Is Faulted 1.46E-05 
291 DDCDYFXBDF 24 125 Vdc Switchyard DC Panelboard DYF Is Faulted 1.46E-05 
292 DDCDYGXBDF 24 125 Vdc Switchyard DC Panelboard DYG Is Faulted 1.46E-05 
293 E12EXCTCOM 1.41E-04 Units 1 & 2 Excit Fail-Due To Common Cause Failure Of The Breakers 1.41E-04 
294 ED11D3DCDT 84 Breaker 3D In 125V dc Distribution Center IDA Transfers Open 1.60E-04 
295 ED13BR2CDT 24 Breaker 3BR In 125V dc Distribution Center IDA Transfers Open 4.56E-05 
296 ED22D3DCDT 24 Breaker 2D In 125V dc Distribution Center 2DA Transfers Open . 4.56E-05 
297 ED23BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open 4.56E-05 
298 EKOORUNCOM 1.24E-4 Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-04 
299 EKOBASERHE 1.0 Failure To Recover From Keowee Base Adjust LHE 1.00E+00 
300 EK131TDRYD 1 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 1.90E-04 
301 EK131TDRYT 84 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 8.40E-05 
302 EK14152SWT 84 KHU1 Generator Supply Breaker Trip Control Switch 141-52/T Spurious Operation 8.40E-05 
303 EK1415TSWT 24 Spurious Operation Of The KHU1 Supply Breaker Trip Switch 2.40E-05 
304 EKi4l5YRYD 1 KHUl Generator Supply Breaker Y-r.elay Failed To Drop-out At Last Operation 1.90E-04
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305 EK1415YRYT 84 KHU1 Generator Supply Breaker Y-relay Spurious Operation 8.40E-05 
306 EK141AXR6D 1 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2. 49E-04 
307 EK141AXR6T 24 Keowee Unit 1 Relay 41/AX Spuriously Resets 8.71E-06 
308 EK141CFRYD 1 Keowee Unit 1 Field Flashing Breaker Close Coil Fails To Operate On Demand 1.90E-04 
309 EK186E2RYT 6 Keowee Unit 1 Lockout Auxiliary Relay 86EX-2 Is Picked-up 6.OOE-06 
310 EK186EXRYT 84 Keowee Unit 1 Gen Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.40E-05 
311 EK186X2RYT 24 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 2.40E-05 
312 EK188SVRYD 1 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 1.90E-04 
313 EK188SVRYT 108 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 1.08E-04 
314 EK1901ARYT 84 Keowee Unit 1 Relay 90X1A Spurious Operation 8.40E-05 
315 EK199SXRYD 1 Auxiliary Relay 99SX1 Fails To Pick-up 1.90E-04 
316 EK199SYRYD 1 Keowee Unit 1 Relay 99SY Fails To Pick-up 1.90E-04 
317 EK199SYRYT 24 Keowee Unit 1 Relay 99SY Drops Out 2.40E-05 
318 EK1BAS2DEX 1.24E-3 KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 
319 EK1BASEDEX 6.17E-4 Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 
320 EK1BASELHE 3.20E-3 Keowee Unit 1 Base Adjust Is Set Incorrectly 3 .20E-03 
321 EK1DIODDEX 2.88E-4 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
322 EK1EXC1TGF 84 Keowee Unit 1 Gen Excitation Transformer Is Failed 1.68E-04 
323 EK1EXC2TGF 24 Keowee Unit 1 Generator Excitation Transformer Fails 4.80E-05 
324 EK1F30AFUF 24 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 1.51E-05 
325 EK1F31XRYD 1 Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 1.90E-04 
326 EK1F41CRYD 1 Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand 1.90E-04 
327 EK1FAN1TLF 24 Keowee Unit 1 Generator Excitation Fan Power Transformer Fails 4.80E-05 
328 EK1FLDCLHE 2.60E-4 Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
329 EK1FLDMDEX 7.71E-5 Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
330 EK1FLSCLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
331 EK1FLSMDEX 7.71E-5 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
332 EK1FLSOLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 
333 EK1R31TRYD 1 Keowee Unit 1 Field Flashing Breaker Trip Coil 31/T Fails To Operate 1.90E-04 
334 EK1R31YRYD 1 KHU1 Gen Field Flashing Breaker Y-relav Failed To Drop Out At Last Operation 1.90E-04 
335 EK1R31YRYT 84 KHU1 Generator Field Flashing Breaker Y-relay.Spurious Operation 8.40E-05 
336 EK1R41XRYD 1 Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand 1.90E-04 
337 EK1R41YRYD 1 KHU1 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 1.90E-04 
338 EK1R41YRYT 84 Keowee Unit 1 Generator Field Breaker Y-relay Spurious Operation 8.40E-05 
339 EK1R9A1RYT 84 Keowee Unit 1 Relay 9OX1A/TD Spurious Operation 8.40E-05 
340 EK1R9C1R6T 84 Keowee Unit 1 Relay 90X1C Spurious Operation 3.OSE-O 
341 EK1S141SWT 84 KHU1 Field Breaker Trip Control Switch 141rT Spurious Operation 8.40E-05 
342 EK1S31TSWT 84 KHU1 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-05 

0 0 *
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343 EK1S41CRYD 1 Keowee Unit 1 Supply Breaker Close Coil Fails To Operate On Demand 1.90E-04 
344 EK1S41TSWT 24 Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position 2.40E-05 
345 EK1S41XRYD 1 Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 1.90E-04 
346 EK1SPYCLHE 2.60E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
347 EK1SPYMDEX 4.62E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
348 EK1VHSVRYD 1 Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 1.90E-04 
349 EK1VREGDEX 2.47E-3 KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
350 EK231TDRYD 1 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 1.90E-04 
351 EK231TDRYT 12 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 1.20E-05 
352 EK24152SWT 12 KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation 1.20E-05 
353 EK241STSWT 24 Spurious Operation Of The KHU2 Supply Breaker Trip Switch 2.40E-05 
354 EK2415YRYD 1 KHU2 Gen Supply Breaker Y-relav Failed To Drop-out At Last Operation 1.90E-04 
355 EK2415YRYT 12 KHU2 Generator Supply Breaker Y-relay Spurious Operation 1.20E-05 
356 EK241AXR6D 1 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch . 2.49E-04 
357 EK241AXR6T 24 Keowee Unit 2 Relay 41/AX Spuriously Resets 8.71E-06 
358 EK241CFRYD 1 Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand 1.90E-04 
359 EK286E2RYT 6 Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up 6.00E-06 
360 EK286EXRYT 12 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 1.20E-05 
361 EK286X2RYT 24 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 2.40E-05 
362 EK288SVRYD 1 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 1.90E-04 
363 EK288SVRYT 36 Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run 3.60E-05 
364 EK2901ARYT 12 Keowee Unit 2 Relay 90X1A Spurious Operation 1.20E-05 
365 EK299SXRYD 1 Auxiliary Relay 99SX2 Fails To Pick-up 1.90E-04 
366 EK299SYRYD 1 Keowee Unit 2 Relay 99SY Fails To Pick-up 1.90E-04 
367 EK299SYRYT 24 Keowee Unit 2 Relay 99SY Drops Out 2.40E-05 
368 EK2BAS2DEX 1.24E-3 KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 
369 EK2BASEDEX 6.17E-4 Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 
370 EK2BASELHE 3.20E-3 Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-03 
371 EK2DIODDEX 2.88E-4 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2. 88E-04 
372 EK2EXC1TGF 12 Keowee Unit 2 Generator Excitation Transformer Is Failed 2.40E-05 
373 EK2EXC2TGF 24 Keowee Unit 2 Generator Excitation Transformer Fails 4. 80E-05 
374 EK2F30AFUF 24 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 1.51E-05 
375 EK2F31XRYD 1 Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 1.90E-04 
376 EK2F41CRYD 1 Keowee Unit 2 Field Breaker Close Coil Fails To Operate On Demand 1.90E-04 
377 EK2FAN1TLF 24 Keowee Unit 2 Generator Excitation Fan Power Transformer Fails 4.80E-05 
378 EK2FLDCLHE 2.60E-4 Keowee Unit 2 Field Breaker Fails To Close.Due To Latent Human Error 2.60E-04 
379 EK2FLDMDEX 7.71E-5 Keowee Unit 2 Field Breaker Fails..To Close'Due To Mechanical Failure 7.71E-05 
380 EK2FLSCLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04
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381 EK2FLSMDEX 7.71E-5 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
382 EK2FLSOLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 
383 EK2R31TRYD 1 Keowee Unit 2 Field Flashing Breaker Trip Coil 31/T Fails To Operate 1.90E-04 
384 EK2R31YRYD 1 KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation 1.90E-04 
385 EK2R31YRYT 12 KHU2 Generator Field Flashing Breaker Y-relav Spurious Operation 1.20E-05 
386 EK2R41XRYD 1 Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand 1.90E-04 
387 EK2R41YRYD 1 KHU2 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 1.90E-04 
388 EK2R41YRYT 12 KHU2 Generator Field Breaker Y-relay Spurious Operation 1.20E-05 
389 EK2R9A2RYT 12 Keowee Unit 2 Relay 90XlA/TD Spurious Operation 1.20E-05 
390 EK2R9C2R6T 12 Keowee Unit 2 Relay 90X1C Spurious Operation 4 .36E-06 
391 EK2Sl4lSWT 12 KHU2 Field Breaker Trip Control Switch Spurious Operation 1.20E-05 
392 EK2S31TSWT 12 KHU2 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 1.20E-05 
393 EK2S41CRYD 1 Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand 1.90E-04 
394 EK2S4lTSWT 24 Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position 2.40E-05 
395 EK2S41XRYD 1 Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 1.90E-04 
396 EK2SPYCLHE 2.60E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
397 EK2SPYMDEX 4.62E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
398 EK2VHSVRYD 1 Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 1.90E-04 
399 EK2VREGDEX 2.47E-3 KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
400 EKSTARTCOM 6.17E-5 Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-05 
401 ESCONDNOT 1 An Engineered Safeguards Condition Does Not Exist 1. OOE+00 
402 EU1C1RORYD 1 ONS1 ESG Chan. 1 Ro Relay Fails To Pick Up OEE-120 1.OOE+00 
403 EU1C2RORYD 1 ONS1 ESG Chan. 2 Ro Relay Fails to Pick Up 1.OOE+00 
404 EU2C1RORYD 1 ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 1.00E+00 
405 EU2C2RORYD 1 ONS2 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-220-1 1.OOE+00 
406 EU3C1RORYD 1 ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 1.OOE+00 
407 EU3C2RORYD 1 ONS3 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-320-1 1.OOE+00 
408 FKOFISHCOM 2.55E-3 Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-03 
409 FKOFISHDHE 1.0 Failure To Recover From MainTure WL Strainer Clogging I. OOE+00 
410 FKOFLOODHE 1.0 Failure To Recover From Turbine Guide Bearing or Packing WL Filter Clogging 1.00E+00 
411 FKOWL01VVT 24 Locked-Open Manual Valve OWL-1 Transfers Position 1.92E-06 
412 FK1120GLHE 3.2E-3 Unit 1 Control Switch S120G Left in OFF Position 3 .20E-03 
413 FK1120GSWT 108 Unit 1 Control Switch S120G Spurious Operation 1.08E-04 
414 FK1FL01FRF 24 Filter 1WLFL-1 Becomes Clogged 2.88E-04 
415 FK1FLO2FRF 24 Filter 1WLFL-2 Becomes Clogged 2.88E-04 
416 FK1TRHXHXF 24 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 8.16E-05 
417 FK1WLO3VVT 24 Manual Valve 1WL-3 Transfers Position 1.92E-06 
418 FK1WLO4VVT 24 Manual Valve 1WL-4 Transfers Position 1.92E-06
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419 FKWLOI5VVT 24 Manual Valve 1WL-5 Transfers Position 1.92E-06 
420 FK1WLO6VVT  24 Manual Valve lWL-6 Transfers Position I 92E-06 
421 FK1WLO7VVT 24 Manual Valve 1WL-7 Transfers Position 1.92E-06 
422 FK1WL08VVT 24 Manual Valve lWL-8 Transfers Position 1.92E-06 
423 FK1WL09VVT 24 Manual Valve 1WL-9 Transfers Position 1. 92E-06 
424 FKlWL11AVO 1 Cooling Water Control Valve lWL-ll Fails To Open on Demand 2.20E-03 
425 FKlWL11AVT 24 Cooling Water Control Valve IWL-11 Transfers Closed 6.48E-05 
426 FKlWL12VVT 108 Manual Valve 1WL-12 Transfers Position 8. 64E-06 
427 FK1WL15VVT 108 Manual Valve IWL-15 Transfers Position 8. 64E-06 
428 FK1WL42VVT 108 Manual Valve IWL-42 Transfers Position 8. 64E-06 
429 FK1WL43VVT 108 Manual Valve lWL-43 Transfers Position 8. 64E-06 
430 FK2120GLHE 2.6E-4 Unit 2 Control Switch S120G Left in OFF Position 2.60E-04 
431 FK2120GSWT 36 Unit 2 Control Switch S120G Spurious operation 3. 60E-05 
432 FK2FLO1FRF 24 Filter 2WLFL-l Becomes Clogged 2.88E-04 
433 FK2FLO2FRF 24 Filter 2WLFL-2 Becomes CloggeJ 2.88E-04 
434 FK2TRHXHXF 24 Turbine Parking Box Heat Exchanger 2TRIX-1 Fails 8.16E-05 
435 FK2WL03VVT 24 Manual Valve 2WL-3 Transfers Position 1.92E-06 
436 FK2WLO4VVT 24 Manual Valve 2WL-4 Transfers Position 1. 92E-06 
437 FK2WLO5VVT 24 Manual Valve 2WL-5 Transfers Position 1.92E-06 
438 FK2WL06VVT 24 Manual Valve 2WL-6 Transfers Position 1. 92E-06 
439 FK2WLO7VVT 24 Manual Valve 2WL-7 Transfers Position 1. 92E-06 
440 FK2WLO8VVT 24 Manual Valve 2WL-8 Transfers Position 1.92E-06 
441 FK2WLO9VVT 24 Manual Valve 2WL-9 Transfers Position 1.92E-06 
442 FK2WL11AVO 1 Cooling-Water Control Valve 2WL-11 Fails To Open on Demand 2.20E-03 
443 FK2WL11AVT 24 Cooling Water Control Valve 2WL-11 Transfers Closed 6.48E-05 
444 FK2WL12VVT 36 Manual Valve 2WL-12 TransfersPosition 2.88E-06 
445 FK2WLl5VVT 36 Manual Valve *2WL-l5 Transfers Position 2.88E-06 
446 FK2WL42VVT 36 Manual Valve 2WL-42 Transfers Position 2.88E-06 
447 FK2WL43VVT 36 Manual Valve 2WL-43 Transfers Position 2.885-06 
448 FKVALVECOM 1.94E-4 Common Cause Failure Of Cooling Water Control Valves 1.94E-04 
449 GKOCOOLCOM 2.455-06 Common Cause Failure of Generator Air Cooling 2.45E-06 
450 GKOLOCKCOM 1.32E-05 Common Cause Actuation of Generator Lockouts 1.32E-05 
451 GK10001HGR 24 Keowee Unit 1 Generator Fault While the Unit Runs 2.27E-03 
452 GK10001HGS 1 Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 
453 GK1063FPST 24 Keowee 1 Gen C02 Sys Press Switch 63F Spurious Operation 2.04E-05 
454 GK112TDRYT 24 Time Delay Relay 12YTD/l Spuriously Picks-up 2.40E-05 
455 GK112XlRYT 24 Relay 12X/1 Spuriously Picks-up 2.405-05 
456 GK13SUIRYT 24 Keowee Unit 1 Startup Inhibit Switch Auxiliary Relay i3oUnX Spurious Actuation 2.405-05
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457 GK13SUISWT 24 Keowee Unit 1 Startup Inhibit Switch 3SUI Spurious Operation 2.40E-05 
458 GK140GlRYT 24 Keowee Unit 1 Loss Of Generator Field Relay 40G1 Spurious Actuation 2.40E-05 
459 GK159GNRYT 24 Keowee Unit 1 Generator Ground Fault Relay 59GN1 Spurious Actuation 2.40E-05 
460 GK162TDRYT 24 Keowee Unit 1 Generator Backup Trip Timer 62-lTD Spurious Operation 2.40E-05 
461 GK163FXRYT 24 Keowee Unit 1 Generator Fire Relay 63FX Spurious Actuation 2.40E-05 
462 GK186E1RYT 24 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 2.40E-05 
463 GK187G1RYT 24 Keowee Unit 1 Generator Differential Relay 87G-1 Spurious Actuation 2.40E-05 
464 GK187GBRYT 24 Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation 2.40E-05 
465 GK187TERYT 24 Keowee Unit 1 Exitation Transformer Differential Relay 87T-1E Spur. Actuation 2.40E-05 
466 GK1BRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
467 GK1COOLLHE 2.60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
468 GK1FIREDEX 3.19E-05 Spurious Actuation of Unit 1 Gen. C02 Fire Supression System 3.19E-05 
469 GK1GAC1HXF 24 Generator Air Cooler 1GAHW-1 Fails 8.16E-05 
470 GK1GAC1HXL 108 Heat Exchanger 1GAC1 Leaks 3.24E-05 
471 GK1GAC2HXF 24 Generator Air Cooler 1GAHW-2 Fails 8.16E-05 
472 GK1GAC2HXL 108 Heat Exchanger 1GAC2 Leaks 3.24E-05 
473 GK1GAC3HXF 24 Generator Air Cooler 1GAHW-3 Fails 8.16E-05 
474 GK1GAC3HXL 108 Heat Exchanger 1GAC3 Leaks 3.24E-05 
475 GK1GAC4HXF 24 Generator Air Cooler 1GAHW-4 Fails 8.16E-05 
476 GK1GAC4HXL 108 Heat Exchanger 1GAC4 Leaks 3.24E-05 
477 GK1GAC5HXF 24 Generator Air Cooler 1GAHW-5 Fails 8.16E-05 
478 GK1GAC5HXL 108 Heat Exchanger 1GAC5 Leaks 3.24E-05 
479 GK1GAC6HXF 24 Generator Air Cooler 1GAHW-6 Fails 8.16E-05 
480 GK1GAC6HXL 108 Heat Exchanger 1GAC6 Leaks 3.24E-05 
481 GK1HPO1HXF 24 Generator Thrust Bearing Cooler 1HPOHX-1 Fails 8.16E-05 
482 GK1HPO2HXF 24 Generator Thrust Bearing Cooler 1HPOHX-2 Fails 8.16E-05 
483 GK1HPO3HXF 24 Generator Thrust Bearing Cooler 1HPOHX-3 Fails 8.16E-05 
484 GK1HPO4HXF 24 Generator Thrust Bearing Cooler 1HPOHX-4 Fails 8.16E-05 
485 GK1HPO5HXF 24 Generator Thrust Bearing Cooler 1HPOHX-5 Fails 8.16E-05 
486 GK1HPO6HXF 24 Generator Thrust Bearing Cooler 1HPOHX-6 Fails 8.16E-05 
487 GK1HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 1HPO-6 Transfers Position 1.92E-06 
488-GK1HPO7HXF 24 Generator Thrust Bearing Cooler 1HPOHX-7 Fails 8.16E-05 
489 GK1HPO8HXF 24 Generator Thrust Bearing Cooler 1HPOHX-8 Fails 8.16E-05 
490 GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
491 GK10121SST 24 Speed Switch 12/1 Falsely Indicates High Speed 2.40E-05 
492 GK1WL16VVT 384 Manual Valve 1WL-16.Transfers Position 3.07E-05 
493 GK1WL17VVT 384 Manual Valve lWL-17 Transfers Position 3. 07E-05 
494 GK1WL18VVT 108 Manual Valve 1WL18 Transfers Position 8.64E-06 

0 0
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495 GK1WL19VVT 108 Manual Valve 1WL19 Transfers Position 8.64E-06 
496 GKlWL20VVT 384 Manual Valve 1WL-20 Transfers Position 3.07E-05 
497 GKlWL21VVT 384 Manual Valve 1WL-21 Transfers Position 3.07E-05 
498 GK1WL22VVT 108 Manual Valve 1WL22 Transfers Position 8.64E-06 
499 GK1WL23VVT 108 Manual Valve 1WL23 Transfers Position 8.64E-06 
500 GK1WL24VVT 384 Manual Valve 1WL-24 Transfers Position 3. 07E-05 
501 GKlWL25VVT 384 Manual Valve 1WL-25 Transfers Position 3.07E-05 
502 GK1WL26VVT 108 Manual Valve 1WL26 Transfers Position 8.64E-06 
503 GK1WL27VT 108 Manual Valve 1WL27 Transfers Position 8.64E-06 
504 GK1WL28VVT 384 Manual Valve 1WL-28 Transfers Position 3.07E-05 
505 GKlWL29VVT 384 Manual Valve 1WL-29 Transfers Position 3.07E-05 
506 GK1WL30VVT 108 Manual Valve 1WL30 Transfers Position 8.64E-06 
507 GKlWL31VVT 108 Manual Valve 1WL31 Transfers Position 8.64E-06 
508 GK1WL32VVT 384 Manual Valve 1WL-32 Transfers Position 3.07E-05 
509 GK1WL33VVT - 384 Manual Valve 1WL-33 Transfers Position 3.07E-05 
510 GK1WL34VVT 108 Manual Valve 1WL34 Transfers Position 8.64E-06 
511 GK1WL35VVT 108 Manual Valve 1WL35 Transfers Position 8.64E-06 
512 GK1WL36VVT 384 Manu8l Valve 1WL-36 Transfers Position 3.07E-05 
513 GKlWL37VVT 384 Manual Valve 1WL-37 Transfers Position 3.07E-05 
.514 GK1WL38VVT 108 Manual Valve 1WL38 Transfers Position 8.64E-06 
515 GK1WL39VVT 108 Manual Valve 1WL39 Transfers Position 8.64E-06 
516 GK1WL41VVT 384 Keowee 1 Manual Valve 1WL-41 Transfers Position to Block Discharge Path 3.07E-05 
517 GK1WL44VVT 384 Manual Valve 1WL-44 Transfers Position 3.07E-05 
518 GK1WL45VVT 384 Manual Valve 1WL-45 Transfers Position 3.07E-05 
519 GK1WL46VVT 108 Manual Valve 1WL-46 Transfers Position 8.64E-06 
520 GK1WL47VVT 108 Manual Valve 1WL-47 Transfers Position 8.64E-06 
521 GK1WL48VVT 384 Manual Valve 1WL-48 Transfers Position 3.07E-05 
522 GK1WL49VVT 384 Manual Valve 1WL-49 Transfers Position 3.07E-05 
523 GK1WL50VVT 108 Manual Valve 1WL-50 Transfers Position 8.64E-06 
524 GK1WL51VVT 108 Manual Valve 1WL-51 Transfers Position 8.64E-06 
525 GK1WL52VVT 384 Manual Valve 1WL-52 Transfers Position 3.07E-05 
526 GK1WLS3VVT 384 Manual Valve 1WL-53 Transfers Position 3.07E-05 
527 GK1WL54VVT 108 Manual Valve 1WL-54 Transfers Position 8.64E-06 
528 GK1WLS5VVT 108 Manual Valve 1WL-55 Transfers Position 8.64E-06 
529 GK1WLS6VVT 384 Manual Valve 1WL-56 Transfers Position 3.07E-05 
530 GK1WLS7VVT 384 Manual Valve 1WL-57 Transfers Position 3.07E-05 
531 GK1WL58VVT 108 Manual Valve 1WL-58 Transfers Position 8.64E-06 
532 GK1WL59VVT 108 Manual Valve 1WL-59 Transfers Position 8.64E-06
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533 GK1WL60VVT 384 Manual Valve 1WL-60 Transfers Position 3 .07E-05 
534 GKIWL61VVT 384 Manual Valve 1WL-61 Transfers Position 3.07E-05 
535 GK1WL62VVT 108 Manual Valve 1WL-62 Transfers Position 8. 64E-06 
536 GK1WL63VVT 108 Manual Valve 1WL-63 Transfers Position 8.64E-06 
537 GKlWL64VVT 384 Manual Valve 1WL-64 Transfers Position 3.07E-05 
538 GK1WL65VVT 384 Manual Valve 1WL-65 Transfers Position 3 .07E-05 
539 GKlWL66VVT 108 Manual Valve 1WL-66 Transfers Position 8.64E-06 
540 GK1WL67VVT 108 Manual Valve 1WL-67 Transfers Position 8.64E-06 
541 GK1WL68VVT 384 Manual Valve 1WL-68 Transfers Position 3. 07E-05 
542 GKlWL69VVT 384 Manual Valve 1WL-69 Transfers Position 3.07E-05 
543 GK1WL70VVT 108 Manual Valve 1WL-70 Transfers Position 8. 64E-06 
544 GKlWL71VVT 108 Manual Valve 1WL-71 Transfers Position 8.64E-06 
545 GK1WL72VVT 384 Manual Valve 1WL-72 Transfers Position 3 .07E-05 
546 GKlWL73VVT 384 Manual Valve 1WL-73 Transfers Position 3. 07E-05 
547 GKlWL74VVT 108 Manual Valve 1WL-74 Transfers Position 8. 64E-06 
548 GK1WL75VVT 108 Manual Valve 1WL-75 Transfers Position 8.64E-06 
549 GK1WL76VVT 384 Manual Valve 1WL76 Transfers Position and Blocks Discharge Path 3.07E-05 
550 GK1WL78VVT 384 Manual Valve 1WL78 Transfers Position and Blocks Discharge Path 3.07E-05 
551 GK20001HGR 24 Keowee Unit 2 Generator Fault While the Unit Runs 2.27E-03 
552 GK20002HGS 1 Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04 
553 GK2063FPST 24 Keowee 2 Gen C02 Sys Press Switch 63F Spurious Operation 2.04E-05 
554 GK212TDRYT 24 Time Delay Relay 12XTD/2 Spuriously Picks-up 2.40E-05 
555 GK212X2RYT 24 Relay 12X/2 Spuriously Picks-up 2.40E-05 
556 GK23SUIRYT 24 Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 2.40E-05 
557 GK23SUISWT 24 Keowee Unit 2 Startup Inhibit Swtich 3SUI Spurious Operation 2.40E-05 
558 GK240G1RYT 24 Keowee Unit 2 Loss Of Generator Field Relay 40G1 Spurious Actuation 2.40E-05 
559 GK259GNRYT 24 Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation 2.40E-05 
560 GK262TDRYT 24 Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation 2.40E-05 
561 GK263FXRYT 24 Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation 2.40E-05 
562 GK286E2RYT 24 Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up 2.40E-05 
563 GK287G2RYT 24 Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation 2.40E-05 
564 GK287GBRYT 24 Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation 2.40E-05 
565 GK287TERYT 24 Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation 2.40E-05 
566 GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng.Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
567 GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
568 GK2FIREDEX 7.OOE-05 Spurious Actuation of Unit 2 Gen. C02 Fire Supression System 7.OOE-05 
569 GK2GAC1HXF 24 Generator Air Cooler 2GAHW-1 Fails 8.16E-05 
570 GK2GAC1HXL 36 Heat Exchanger 2GAC1 Leaks 1.08E-05
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571 GK2GAC2HXF 24 Generator Air Cooler 2GAHW-2 Fails 8.16E-05 
572 GK2GAC2HXL 36 Heat Exchanger 2GAC2 Leaks .1.08E-05 
573 GK2GAC3HXF 24 Generator Air Cooler 2GAHW-3 Fails 8.16E-05 
574 GK2GAC3HXL 36 Heat Exchanger 2GAC3 Leaks 1.08E-05 
575 GK2GAC4HXF 24 Generator Air Cooler 2GAHW-4 Fails 8.16E-05 
576 GK2GAC4HXL 36 Heat Exchanger 2GAC4 Leaks 1.08E-05 
577 GK2GAC5HXF 24 Generator Air Cooler 2GAHW-5 Fails 8.16E-05 
578 GK2GACSHXL 36 Heat Exchanger 2GACS Leaks 1.08E-05 
579 GK2GAC6HXF 24 Generator Air Cooler 2GAHW-6 Fails 8.16E-05 
580 GK2GAC6HXL 36 Heat Exchanger 2GAC6 Leaks 1.08E-05 
581 GK2HPO1HXF 24 Generator Thrust Bearing Cooler 2HPOHX-1 Fails 8.16E-05 
582 GK2HPO2HXF 24 Generator Thrust Bearing Cooler 2HPOHX-2 Fails 8.16E-05 
583 GK2HPO3HXF 24 Generator Thrust Bearing Cooler 2HPOHX-3 Fails 8.16E-05 
584 GK2HPO4HXF 24 Generator Thrust Bearing Cooler 2HPOHX-4 Fails 8.16E-05 
585 GK2HPO5HXF 24 Generator Thrust Bearing Cooler 2HPOHX-5 Fails 8.16E-05 
586 GK2HPO6HXF 24 Generator Thrust Bearing Cooler 2HPOHX-6 Fails 8.16E-05 
587 GK2HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position 1.92E-06 
588 GK2HPO7HXF 24 Generator Thrust Bearing Cooler 2HPOHX-7 Fails 8.16E-05 
589 GK2HPO8HXF 24 Generator Thrust Bearing Cooler 2HPOHX-8 Fails 8.16E-05 
590 GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect Following Maintenance 5.20E-05 
591 GK20121SST 24 Speed Switch 12/2 Falsely Indicates High Speed 2. 40E-05 
592 GK2WL16VVT 36 Manual Valve 2WL-16 Transfers Position 2.88E-06 
593 GK2WL17VVT 36 Manual Valve 2WL-17 Transfers Position 2.88E-06 
594 GK2WLl8VVT 36 Manual Valve 2WL18 Transfers Position 2.88E-06 
595 GK2WL19VVT 36 Manual Valve 2WL19 Transfers Position 2.88E-06 
596 GK2WL20VVT 36 Manual Valve 2WL-20 Transfers Position 2.88E-06 
597 GK2WL21VVT 36 Manual Valve 2WL-21 Transfers Position 2.88E-06 
598 GK2WL22VVT 36 Manual Valve 2WL22 Transfers Position 2.88E-06 
599 GK2WL23VVT 36 Manual Valve 2WL23 Transfers Position 2.88E-06 
600 GK2WL24VVT 36 Manual Valve 2WL-24 Transfers Position 2.88E-06 
601 GK2WL25VVT 36 Manual Valve 2WL-25 Transfers Position 2.88E-06 
602 GK2WL26VVT 36 Manual Valve 2WL26 Transfers Position 2.88E-06 
603 GK2WL27VVT 36 Manual Valve 2WL27 Transfers Position 2.88E-06 
604 GK2WL28VVT 36 Manual Valve 2WL-28 Transfers Position 2.88E-06 
605 GK2WL29VVT 36 Manual Valve 2WL-29 Transfers Position 2.88E-06 
606 GK2WL30VVT 36 Manual Valve 2WL30 Transfers Position 2.88E-06 
607 GK2WL31VVT 36 Manual Valve 2WL31 Transfers Position 2.88E-06 
608 GK2WL32VVT 36 Manual Valve 2WL-32 Transfers Position 2.88E-06
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609 GK2WL33VVT 36 Manual Valve 2WL-33 Transfers Position 2.88E-06 
610 GK2WL34VVT 36 Manual Valve 2WL34 Transfers Position 2. 88E-06 
611 GK2WL35VVT 36 -Manual Valve 2WL35 Transfers Position 2. 88E-06 
612 GK2WL36VVT 36 Manual Valve 2WL-36 Transfers Position 2.88E-06 
613 GK2WL37VVT 36 Manual Valve 2WL-37 Transfers Position 2.88E-06 
614 GK2WL38VVT 36 Manual Valve 2WL38 Transfers Position 2.88E-06 
615 GK2WL39VVT 36 Manual Valve 2WL39 Transfers Position 2.88E-06 
616 GK2WL41VVT 36 Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path 2.88E-06 
617 GK2WL44VVT 36 Manual Valve 2WL-44 Transfers Position 2.88E-06 
618 GK2WL45VVT 36 Manual Valve 2WL-45 Transfers Position 2.88E-06 
619 GK2WL46VVT 36 Manual Valve 2WL-46 Transfers Position 2.88E-06 
620 GK2WL47VVT 36 Manual Valve 2WL-47 Transfers Position 2.88E-06 
621 GK2WL48VVT 36 Manual Valve 2WL-48 Transfers Position 2.88E-06 
622 GK2WL49VVT 36 Manual Valve 2WL-49 Transfers Position 2.88E-06 
623 GK2WL50VVT 36 Manual Valve 2WL-50 Transfers Position 2.88E-06 
624 GK2WL51VVT 36 Manual Valve 2WL-51 Transfers Position 2.88E-06 
625 GK2WL52VVT 36 Manual Valve 2WL-52 Transfers Position 2.88E-06 
626 GK2WL53VVT 36 Manual Valve 2WL-53 Transfers Position 2.88E-06 
627 GK2WL54VVT 36 Manual Valve 2WL-54 Transfers Position 2.88E-06 
628 GK2WL55VVT 36 Manual Valve 2WL-55 Transfers Position 2.88E-06 
629 GK2WL56VVT 36 Manual Valve 2WL-56 Transfers Position 2.88E-06 
630 GK2WL57VVT 36 Manual Valve 2WL-57 Transfers Position 2.89E-06 
631 GK2WL58VVT 36 Manual Valve 2WL-58 Transfers Position 2.88E-06 
632 GK2WL59VVT 36 Manual Valve 2WL-59 Transfers Position 2.88E-06 
633 GK2WL60VVT 36 Manual Valve 2WL-60 Transfers Position 2.88E-06 
634 GK2WL61VVT 36 Manual Valve 2WL-61 Transfers Position 2. 88E-06 
635 GK2WL62VT 36 Manual Valve 2WL-62 Transfers Position 2.88E-06 
636 GK2WL63VVT 36 Manual Valve 2WL-63 Transfers Position 2.88E-06 
637 GK2WL64VVT 36 Manual Valve 2WL-64 Transfers Position 2.88E-06 
638 GK2WL65VVT 36 Manual Valve 2WL-65 Transfers Position 2.88E-06 
639 GK2WL66VVT 36 Manual Valve 2WL-66 Transfers Position 2.88E-06 
640 GK2WL67VVT 36 Manual Valve 2WL-67 Transfers Position 2.88E-06 
641 GK2WL68VVT 36 Manual Valve 2WL-68 Transfers Position 2.88E-06 
642 GK2WL69VVT 36 Manual Valve 2WL-69 Transfers Position 2.88E-06 
643 GK2WL70VVT 36 Manual Valve 2WL-70 Transfers Position 2.88E-06 
644 GK2WL71VVT 36 Manual Valve 2WL-71 Transfers Position 2.88E-06 
645 GK2WL72VVT 36 Manual Valve 2WL-72 Transfers Position 2.88E-06 
646 GK2WL73VVT 36 Manual Valve 2WL-73 Transfers Position 2.88E-06 

0 0
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647 GK2WL74VVT 36 Manual Valve 2WL-74 Transfers Position 2.88E-06 
648 GK2WL75VVT 36 Manual Valve 2WL-75 Transfers Position 2.88E-06 
649 GK2WL76VVT 36 Manual Valve 2WL76 Transfers Position and Blocks Discharge Path 2.88E-06 
650 GK2WL78VVT 36 Manual Valve 2WL78 Transfers Position and Blocks Discharge Path 2.88E-06 
651 GKHPOILCOM 2.45E-06 Common Cause Failure of Generator Thrust Bearings 2.455-06 
652 K12COM1DEX 1.00O-06 Grid Degradation Occurs And Causes Failure Of Both Keowee Units l.OOE-06 
653 KA127T1R6D 1 Xfrnr IX UV Relay 27T/lX Fails To Pick-up 2. 49E-04 
654 KA127T1R6T 360 Xfrnr 1X tV Relay 27T/lX Spuriously Be-energizes 1.31E-04 
655 KA227T2R6T 360 Xfmr 2X UV Relay 27T/2x Spuriously Dc-energizes 1.31E-04 
656 KB4CONNDEX 1.1E-7 Air Circuit Breaker 4 Connects Unit 2 To The tnderground Path 1.lOE-07 
657 KK1BOTHDEX 0.0 Keowee Units 1 And 2 Are Supplying The Grid 0.005+00 
658 KK1BOTHHYM 5.235-3 Both Keowee Units Unavailable Due To Common Maintenance 5.23E-03 
659.KK1OVERBHF 24 Fault Occurs On The Overhead Power Path 1.27E-05 
660 KK1RUNSDEX 0.0 Keowee Unit 1 Only Is Supplying The Grid 0. 005±00 
661 KK1UNDRBHF 24 Fault Occurs On The Underground Power Path 1.275-05 
662 KK2RUNSDEX 0.06 Keowee Unit 2 Only Is Supplying The Grid 6.005-02 
663 KK2UNITHYM 3.805-2 The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-02 
664 KU2CREDIT 0 Take No Credit For Keowee Unit 2 Suppling Auxiliary ac PowerTo Unit 1 0.005±00 
665 LOEGTPSCOM 1.035-05 Common Cause Failure of UV And UP Derection Circuits 1.035-05 
666 L27BRX1RYD 1 Snsng Rly 27B/RX1 Pails to Drop Out on Undervoltage 055-76-3, -4 1.90E-04 
667 L27BRX2RYD 1 Snsng Rly 27B/RX2 Pails to Drop Out on Undervoltage 055-76-3, -8 1.90E-04 
668 L27BRY1RYD 1 Snsng Rly 27B/RYl Fails to Drop Out on Undervoltage 055-76-3, -4 1.90E-04 
669 L27BRY2RYD 1 Snsng Rly 27B/RY2 Fails to Drop Out on rndervoltage 055-76-3, -8 1.90E-04 
670 L27BRZ1RYD 1 Snsng Rly 27B/RZ1 Fails to Drop Out on Undervoltage 055-76-3, -4 1.905-04 
671 L27BRZ2RYD 1 Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage 055-76-3, -8 1.90E-04 
672 L27BYX1RYD 1 Snsng Rly 27B/YXl Fails to Drop Out on Undervoltage 055-76-3, -4 1.90E-04 
673 L27BYX2RYD 1 Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage 055-76-3, -8 1.90E-04 
674 L27BYY1RYD 1 Snsng Rly 27B/YY1 Fails to Drop Out on Undervoltage 055-76-3, -4 1.90E-04 
675 L27BYY2RYD 1 Snsng Rly 27B/YY2 Fails to Drop out on Undervoltage 055-76-3, -8 1.90E-04 
676 L27BYZ1RYD 1 Snsng Rly 27B/YZ1 Fails to Drop Out on Undervoltage 055-76-3, -4 1.90E-04 
677 L27BYZ2RYD 1 Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage 055-76-3, -8 1.90E-04 
678 L27XPX1RYD 1 Ch 1 Phase X UV Aux. Relay Fails To Pick Up 055-76-4 1.905-04 
679 L27XPX2RYD 1 Ch 2 Phase X UV Aux. Relay Fails To Pick Up 055-76-8 1.90E-04 
680 L27XPY1RYD 1 Ch 1 Phase Y UV Aux. Relay Fails to Pick Up 055-76-4 1.905-04 
681 L27XPY2RYD 1 Ch 2 Phase Y UV Aux. Relay Fails to Pick Up 055-76-8 1.90E-04 
682 L27XPZ1RYD 1 Ch 1 Phase Z UV Aux. Relay Fails To Pick Up 055-76-4 1.90E-04 
683 L27XPZ2RYD 1 Ch 2 Phase Z UV Aux. Relay Fails To Pick'Up 055-76-8 1.90E-04 
684 L-17XRX.RYD 1 Red Bus Phase Xl Undervoltage Aux. Relay Fails To Pick Up 055-76-4 1.i90-04
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685 L27XRX2RYD 1 Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 1.90E-04 
686 L27XRYlRYD 1 Red Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 1.90E-04 
687 L27XRY2RYD 1 Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 1.90E-04 
688 L27XRZ1RYD 1 Red Bus Phase Z1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 1.90E-04 
689 L27XRZ2RYD 1 Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 1.90E-04 
690 L27XSTARYD 1 Keowee Start Relay 27X/STA Fails To Pick Up 1.90E-04 
691 L27XSTBRYD 1 Keowee Start Relay 27X/STB Fails To Pick Up 1.90E-04 
692 L27XYXlRYD 1 Yellow Bus Phase Xl Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 1.90E-04 
693 L27XYX2RYD 1 Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 1.90E-04 
694 L27XYY1RYD 1 Yellow Bus Phase Yl Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 1.90E-04 
695 L27XYY2RYD 1 Yellow Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 1.90E-04 
696 L27XYZIRYD 1 Yellow Bus Phase Z1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 1.90E-04 
697 L27XYZ2RYD 1 Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 1.90E-04 
698 L81BRX1RYD 1 Sensing Relay 81BL/RX1 Fails to Drop Out on Underfrequency 1.90E-04 
699 L81BRX2RYD 1 Sensing Relay 81BL/RX2 Fails to Drop Out on Underfrequency 1.90E-04 
700 L81BRY1RYD 1 Sensing Relay 81BL/RY1 Fails to Drop Out on Underfrequency 1.90E-04 
701 L81BRY2RYD 1 Sensing Relay 81BL/RY2 Fails to Drop Out on Underfrequency 1.90E-04 
702 L81BRZ1RYD 1 Sensing Relay 81BL/RZ1 Fails to Drop Out on Underfrequency 1.90E-04 
703 L81BRZ2RYD 1 Sensing Relay 81-BL/RZ2 Fails to Drop Out on Underfrequency 1.90E-04 
704 L81BYX1RYD 1 Sensing Relay 81BL/YX1 Fails to Drop Out on Underfrequency 1.90E-04 
705 L81BYX2RYD 1 Sensing Relay 81BL/YX2 Fails to Drop Out on Underfrequency 1.90E-04 
706 L81BYY1RYD 1 Sensing Relay 81BL/YY1 Fails to Drop Out on Underfrequency 1.90E-04 
707 L81BYY2RYD 1 Sensing Relay.81BL/YY2 Fails to Drop Out on Underfrequency 1.90E-04 
708 L81BYZ1RYD 1 Sensing Relay 81BL/YZ1 Fails to Drop Out on Underfrequency 1.90E-04 
709 L81BYZ2RYD 1 Sensing Relay 81BL/YZ2 Fails to Drop Out On Underfrequency 1.90E-04 
710 L81XPX1RYD 1 Ch 1 Phase X Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
711 L81XPX2RYD 1 Ch 2 Phase X Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
712 L81XPY1RYD 1 Ch 1 Phase Y Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
713 L81XPY2RYD 1 Ch 2 Phase Y Undertrequency Aux. Ply Fails to Pick Up 1.90E-04 
714 L81XPZ1RYD 1 Ch 1 Phase Z Underfrequency Aux. Rly Fails to Pick Up 1. 90E-04 
715 L81XPZ2RYD 1 Ch 2 Phase Z Underfrequency Aux. Rly Fails to Pick up 1.90E-04 
716 L81XRX1RYD 1 Red Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
717 L81XRX2RYD 1 Red Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
718 L81XRY1RYD 1 Red Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
719 L81XRY2RYD 1 Red Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
720 L81XRZ1RYD 1 Red Bus Phase Zi Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
721 L81XRZ2RYD 1 Red Bus Phase Z2 Underfrequency Aux. Rly FAils to Pick Up 1.90E-04 
722 L81XYXlRYD 1 Yellow Bus Phase X1 Underfrequency Aux. Rly Fails to Pick Up 1.90E-04
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723 L81XYX2RYD 1 Yellow Bus Phase X2 Underfrequency Aux. Rlv Fails to Pick Up 1.90E-04 
724 L81XYY1RYD 1 Yellow Bus Phase Yl Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
725 L81XYY2RYD 1 Yellow Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
726 L81XYZ1RYD 1 Yellow Bus Phase Z1 Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
727 L81XYZ2RYD 1 Yellow Bus Phase Z? Underfrequency Aux. Rly Fails to Pick Up 1.90E-04 
728 LC94F1ARYD 1 EGTPS Underfrequency Relay 94/FlA Fails to Pick Up 1.90E-04 
729 LC94F1BRYD 1 EGTPS Underfrequencv Relay 94/FlB Fails to Pick Up 1.90E-04 
730 LC94F1DRYD 1 EGTPS Underfrequency Relay 94/FlU Fails to Pick Up 1.90E-04 
731 LC94F2ARYD 1 EGTPS Underfrequency Relay 94/F2A Fails to Pick Up 1. 90E-04 
732 LC94F2BRYD 1 EGTPS Underfrequencv Relay 94/F2B Fails to Pick Up 1.90E-04 
733 LC94F2CRYD 1 EGTPS Underfrequency Relay 94/F2C Fails to Pick Up 1. 90E-04 
734 LC94F2DRYD 1 EGTP Underfrequencv Relay 94/F2t Fails to Pick Up 1.90E-04 
735 LC94V1ARYD 1 EGTPS Undervoltage Relay 94/VlA Fails to Pick Up 1.90E-04 
736 LC94V1BRYD 1 EGTPS Undervoltage Relay 94/ViM Fails To Pick tp 055-76-4 1.90E-04 
737 LC94VlDRYD 1 EGTPS Undervoltage Relay 94/VlD Fails to Pick Up OEE-76-4 1.90E-04 
738 LC94V2ARYD 1 EGTPS Undervoltage Relay 94/V2A Fails to Pick Up 1.90E-04 
739 LC94V2BRYD 1 EGTPS Undervoltace Relay 94/V2B Fails To Pick Up 1.90E-04 
740 LC94V2CRYD 1 EGTPS Undervoltage Relay 94/V2C Fails to Pick Up 1.90E-04 
741 LDCYC13CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open 0EE-76-4 / 0-802 4.565-05 
742 LDCYC14CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open 05E-76-4 / 0-802 4.56E-05 
743 LDCYG12CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 4.56E-05 
744 LtCYG18CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 4.565-05 
745 OFACTORDEX 1.0 overload Susceptibility Factor 1.0OE+00 
746 OKOPRUNCOM 4.655-04 Common Cause Failure Of Both Governor Oil Systems To Run 4.655-04 
747 OK10001PSC 15 Pressure Switch 10GPS-1 Fails to Close (Normal Control Signal) 3.905-03 
748 OK10002PSC 8 Pressure Switch I00PS-2 Fails to Close 2.085-03 
749 OK10003PSC 4 Pressure Switch 1OGPS-3 Fails to Close 1.045-03 
750 OK10003RVT 24 Safety Relief Valve 100-3 Spurious Operation 4.085-05 
751 OK10003TKF 24 Unit 1 Governor Oil Pressure Tank Fails 1.805-05 
752 OK10004PSC 1 Pre'ssure Switch 100PS-4 Fails to Close 2.605-04 
753 OK10007FVT 24 Float Valve 1OG-7 Transfers Closed 4.205-04 
754 OK10009VVT 24 Manual Valve lOG-9 Transfers Closed 1.925-06 
755 OK10011CVO 15 Check Valve lOG-li Fails to Open 2.85E-03 
756 OK10011CVT 0.75 Check Valve lOG-li Transfers Closed 3.375-07 
757 OK10012VVT 30 Manual Globe Valve 1OG-12 Transfers Closed 2.405-06 
758 OK10013RVT 0.75 Relief Valve 100-13 Spurious operation 1.27E-06 
759 OK10014CVO 8 Check Valve 10G-14 Fails to Open ,. 1.52E-03 
760 OK10014CVT 0.5 Check Valve 10s-14 Transfers Closed 2.255-07
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761 OK10015VVT 192 Manual Globe Valve 1OG-15 Transfers Closed 1.54E-05 
762 OK10016RVT 0.5 Relief Valve 1OG-16 Transfers Open 8. 50E-07 
763 OK10017CVO 4 Check Valve 1OG-17 Fails to Open 7.60E-04 
764 OK10017CVT 0.25 Check Valve 100-17 Transfers Closed 1.12E-07 
765 OK10018V VT 108 Manual Globe Valve 10G-18 Transfers Closed 8. 64E-06 
766 OK10019RVT 0.25 Relief Valve 10G-19 Spurious Operation 4 .25E-07 
767 OK1001AGPR 0.375 OG Pump 1A Fails to Run 9.00E-06 768 OK1001AGPS 15 OG Pump 1A Fails to Start . 4.65E-02 
769 OK1001BGPR 0.25 OG Pump 1B Fails to Run 6. OOE-06 
770 OK1001BGPS 8 OG Pump 1B Fails to Start 2.48E-02 
771 OK1001BLHE 3.2E-3 Latent Human Error Fails OG Pump lB 3.20E-03 
772 OK1001CGPR 0.125 OG Pump 1C Fails to Run 3.00E-06 
773 OK1001CGPS 4 OG Pump 1C Fails to Start 1.24E-02 
774 OK1001CLHE 3.2E-3 Latent Human Error Fails OG Pump 1C 3. 20E-03 
775 OK188GASWT 30 Keowee 1 Governor Oil Control Switch 188GA Spurious Operation 3.OOE-05 
776 OK188GBSWT 192 Keowee 1 Control Switch 188GB Spurious Operation 1. 92E-04 
777 OK188GCSWT 108 Keowee 1 Control Switch 188CC Spurious Operation 1.08E-04 
778 OK199K1RYD 1 Keowee 1 Relay 99K1 Fails To Operate On Demand 1. 90E-04 779 OKl99K1RYT 24 Keowee Unit 1 Relay 99K1 Spurious Operation 2.40E-05 
780 OK199K2RYD 1 Keowee 1 Relay 99K2 Fails To Operate On Demand I . 90E-04 
781 OK1AGO1TKF 24 Air Receiver Tank 1AGTK-1 Fails 1.80E-05 
782 OK1AGO4RVT 24 Safety Relief Valve 1AG-4 Spurious Operation 4.08E-05 
783 OK1AGO5VVT 24 Manual Valve lAG-5 Transfers Position 1. 92E-06 
784 OK10G1CTRM 3.42E-3 OG Pump 1C Train In Maintenance Or Testing 3.42E-03 
785 OK1PRUNCOM 1.92E-07 Common Cause Failure of Unit 1 OG Pumps to Run 1. 92E-07 
786 OK1PSTRCOM 6.51E-04 Common Cause Failure of Unit 1 OG Pumps to Start 6.51E-04 
787 OK1XA1DCLT 30 Low Voltage Circuit Breaker 1XA-1D Transfers Position 5.70E-0E 
788 OK1XA2ECLT 30 Low Voltage Circuit Breaker 1XA-2E Transfers Position 5.70E-05 
789 OK1XA4DCLT 30 Low Voltage Circuit Breaker 1XA-4D Transfers Position 5.70E-05 
790 OK20001PSC 15 Pressure Switch 20GPS-1 Fails to Close (Normal Control Signal) 3.90E-03
791 OK20002PSC 8 Pressure Switch 20GPS-2 Fails to Close 2. 08E-03 
792 OK20003PSC 4 Pressure Switch 20GPS-3 Fails to Close 1. 04E-03 
793 OK20003RVT 24 Safety Relief Valve 200-3 Spurious Operation 4.08E-05 
794 OK20003TKF 24 Unit 2 Governor Oil Pressure Tank Fails 1.80E-05 
795 OK20004PSC 1 Pressure Switch 20GPS-4 Fails to Close 2. 60E-04 
796 OK20007FVT 24 Float Valve 20G-7 Transfers Closed 4.20E-04 
797 OK20009VVT 24 Manual Valve 200-9 Transfers Closed 1.92E-06 
798 OK20011CVO 15 Check Valve 200-11 Fails to Open 2.85E-03 

0 0 0
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799 OK20011CVT 0.75 Check Valve 20G-11 Transfers Closed 3.37E-07 
800 OK20012VVT 30 Manual Globe Valve 200-12 Transfers Closed 2.40E-06 
801 OK20013RVT 0.75 Relief Valve 20G-13 Spurious Operation 1.27E-06 
802 OK20014CVO 8 Check Valve 20G-14 Fails to Open 1.52E-03 
803 OK20014CVT 0.5 Check Valve 200-14 Transfers Closed 2.25E-07 
804 OK20015VVT 192 Manual Globe Valve 20G-15 Transfers Closed 1.54E-05 
805 OK20016RVT 0.5 Relief Valve 20G-16 Transfers Open 8.50E-07 
806 OK20017CVO 4 Check Valve 200-17 Fails to Open 7.60E-04 
807 OK20017CVT 0.25 Check Valve 20G-17 Transfers Closed 1.12E-07 
808 OK20018VVT 108 Manual Globe Valve 20G-18 Transfers Closed 8.64E-06 
809 OK20019RVT 0.25 Relief Valve 20G-19 Spurious Operation 4.25E-07 
810 OK2002AGPR 0.375 00 Pump 2A Fails to Run 9.00E-06 
811 OK2002AGPS 15 OG Pump 2A Fails to Start 4.65E-02 
812 OK2002BGPR 0.25 OG Pump 2B Fails to Run 6.00E-06 
813 OK2002BGPS 8 OG Pump 2B Fails to Start. 2.48E-02 
814 OK2002BLHE 3.2E-3 Latent Human Error Fails OG Pump 2B 3.20E-03 
815 OK2002CGPR 0.125 OG Pump 2C Fails to Run 3.00E-06 
816 OK2002CGPS 4 OG Pump 2C Fails to Start 1.24E-02 
817 OK2002CLHE 3.2E-3 Latent Human Error Fails OG Pump 2C 3.20E-03 
818 OK288GASWT 30 Keowee 2 Governor Oil Control Switch 188GA Spurious Operation 3.OOE-05 
819 OK288GBSWT 192 Keowee 2 Control Switch 188GB Spurious Operation 1.92E-04 
820 OK288GCSWT 108 Keowee 2 Control Switch 188GC Spurious Operation 1.08E-04 
821 OK299K1RYD 1 Keowee 2 Relay .99K1 Fails To Operate On Demand 1.90E-04 
822 OK299K1RYT 24 Keowee Unit 2 Relay 99K1 Spurious Operation 2.40E-05 
823 OK299K2RYD 1 Relay 99K2 Fails To Operate On Demand 1.90E-04 
824 OK2AGO4RVT 24 Safety Relief Valve 2AG-4 Spurious Operation 4.08E-05 
825 OK2AG05VVT 24 Manual Valve 2AG-5 Transfers Position 1.92E-06 
826 OK2AGO1TKF 24 Air Receiver Tank 2AGTK-1 Fails 1.80E-05 
827 OK20G2CTRM 3.42E-3 OG Pump 2C Train In Maintenance Or Testing 3.42E-03 
828 OK2PRUNCOM 1.92E-07 Common Cause Failure of Unit 2 OG Pumps to Run 1.92E-07 
829 OK2PSTRCOM 6.51E-04 Common Cause Failure of Unit 2 O Pumps to Start 6.51E-04 
830 OK2XA1DCLT 30 Low Voltage Circuit Breaker 2XA-1D Transfers Position 5.70E-05 
831 OK2XA2ECLT 30 Low Voltage Circuit Breaker 2XA-2E Transfers Position 5.70E-05 
832 OK2XA4DCLT 30 Low Voltage Circuit Breaker 2XA-4D Transfers Position 5.70E-05 
833 OMOD 0 Startup Bus UV Sensing Mod Is In Service 0. OOE+00 
834 PAC1TC4C4T 24 4160 Vac Breaker 1TC-4 Transfers Open 4.56E-05 
835 PACTCO1C4T 24 4160 Vac Breaker 1TC-1 Transfers.Open 4.56E-05 
836 PACTC14C4T 24 4160 Vac Breaker 1TC-14 Transfers-Open 4.56E-05
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837 PACX1TCBHF 24 4160 Vac Switchgear 1TC Fails 1.27E-05 
838 PKOSUMPCOM 1.19E-05 Common Cause Failure Of Turbine Sump Pump System 1.19E-05 
839 PK163SALST 30 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 6.90E-05 
840 PK163SBLST 15 Unit 1 DC Turbine Sump.Pump Float Switch 63SB Transfers 3.45E-05 
841 PK1ACDCCOM 2.96E-04 Common Cause Failure of Unit 1 Turbine Sump Pump System 2.96E-04 
842 PK1DA5CCDT 24 125 Vdc Circuit Breaker 1DA-SC Transfers Position 4.56E-05 
843 PKIPACKDEX 3.1E-5 Turbine No. 1 Packing Fails 3. 1E-05 
844 PK1TS01VVT 30 Manual Valve 1TS-1 Transfers Position 2.40E-06 
845 PK1TSO2CVT 30 Check Valve 1TS-2 Fails to Open or Transfers Closed 1.35E-05 
846 PK1TSO3VVT 108 Manual Valve 1TS-3 Transfers Position 8.64E-06 
847 PK1TSO4CVT 15 Check Valve 1TS-4 Fails to Open or Transfers Closed 6.75E-06 
848 PK1TSACCPR 30 AC Sump Pump 1TSPU-1 Fails To Start Or Run 7.20E-04 
849 PK1TSDCGPR 15 DC Sump Pump 1TSPU-2 Fails To Start Or Run 3.60E-04 
850 PK1TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 1 DC Sump Pump 3.20E-03 
851 PK1TSDCTRM 6.85E-4 Turbine No. 1 DC Pump Train In Maintenance Or Testing 6.85E-04 
852 PK1XA2CCLT 30 600 V Circuit Breaker 1XA-2C Transfers Position 5.70E-05 
853 PK263SALST 30 Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails 6.90E-05 
854 PK263SBLST 15 Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers 3.45E-05 
855 PK2ACDCCOM 2.96E-04 Common Cause Failure of Unit 2 Turbine Sump Pump System 2.96E-04 
856 PK2DA1CCDT 24 125 Vdc Circuit Breaker 2DA-1C Transfers Position 4.56E-05 
857 PK2PACKDEX 3.1E-5 Turbine No. 2 Packing Fails 3.10E-05 
858 PK2TS01VVT 30 Manual Valve 2TS-1 Transfers Position 2.40E-06 
859 PK2TSO2CVT 30 Check Valve 2TS-2 Fails to Open or Transfers Closed 1.35E-05 
860 PK2TSO3VVT 108. Manual Valve 2TS-3 Transfers Position 8.64E-06 
861 PK2TSO4CVT 15 Check Valve 2TS-4 Fails to Open or Transfers Closed 6.75E-06 
862 PK2TSACGPR 30 AC Sump Pump 2TSPU-1 Fails To Start Or Run 7.20E-04 
863 PK2TSDCGPR 15 DC Sump Pump 2TSPU-2 Fails To Start Or Run 3.60E-04 
864 PK2TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 2 DC Sump Pump 3.20E-03 
865 PK2TSDCTRM 6.85E-4 Turbine No. 2 DC Pump Train In Maintenance Or Testing 6.85E-04 
866 PK2XA2CCLT 30 Low Voltage Circuit Breaker 2XA-2C Transfers Position 5.70E-05 
867 PMFB1 5.60E-03 Loss of Power on Main Feeder Bus 1 5.60E-03 
868 PMFB2 5.60E-03 Loss of Power on Main Feeder Bus 2 5.60E-03 
869 S127E1VRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E1 Fails 6.48E-03 
870 S127EUVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E Fails 6.48E-03 
871 Sl27EXlRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 1.90E-04 
872 S127EXVRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX Fails to Pick Up 1.90E-04 
873 S227E1VRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E1 Fails 6.48E-03 
874 S227EUVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E Fails 6.48E-03
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875 S227EXlRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 1.90E-04 
876 S227EXVRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up 1.90E-04 
877 S27XSClRYD 1 Channel 1 Swyd Isolated R1y, 27X/SC1, Fails to Pick Up 1.90E-04 
878 S27XSC2RYD 1 Channel 2 Swvd Isolated Rly, 27X/SC2, Fails.to Pick Up 1.90E-04 
879 S27XTD1RYD 1 Channel 1 Swvd Isolated Time Delay Rly, 27XTD/SC1, Fails 1.90E-04 
880 S27XTD2RYD 1 Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails . 1.90E-04 
881 S327E1VRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 6.48E-03 
882 S327EUVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 6.48E-03 
883 S327EX1RYD 1 Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up 1.90E-04 
884 S327EXVRYD 1 Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up 1.90E-04 
885 SB18UX1RYT 24 Auxiliary Relay 8UX-1 Spurious Operation 2.40E-05 
886 SB28UX2RYT 24 Auxiliary Relay 8UX-2 Spurious Operation 2.40E-05 
887 SB38UX3RYT 24 Auxiliary Relay 8UX-3 Spurious Operation 2.40E-05 
888 SB48UX4RYT 24 Auxiliary Relay 8UX-4 Spurious Operation 2 .40E-05 
889 SDCAIDDDIF 24 Control Power From DYA To PCB 9 Isolating Diode Fails 2. 93E-05 
890 SDCDA12CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open 4.56E-05 
891 SDCDA15CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs Open 4.56E-05 
892 SDCDA17CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open 4.56E-05 
893 SDCDB01CDT 24 125 Vdc Swvd Control Power Pnlbd DYB Bkr 1 Xfrs Open 4. 56E-05 
894 SDCDB13CDT 24 125 Vdc Swvd Control Power Pnlbd DYB Bkr 13 Xfrs Open 4.56E-05 
895 SDCDC12CDT 24 125 Vdc Swvd Control Power Pnlbd DYC Bkr 12 Xfrs Open 4.56E-05 
896 SDCDE12CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 12 Xfrs Open 4.56E-05 
897 SDCDE15CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 15 Xfrs Open 4.56E-05 
898 SDCDE17CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 17 Xfrs Open 4.56E-05 
899 SDCDFO1CDT 24 125 Vdc Swvd Control Power Pnlbd DYF Bkr 1 Xfrs Open 4.56E-05 
900 SDCDF13CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open . 4.56E-05 
901 SDCDG16CDT 24 125 Vdc Swvd Control Power Pnlbd DYG Bkr 16 Xfrs Open 4.56E-05 
902 SDCDYA8CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs Open OEE-38 4.56E-05 
903 SDCDYA9CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 9 Xtrs Open 4.56E-05 
904 SDCDYB4CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs Open 4.56E-05 
905 SDCDYB6CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xfrs Open 4.56E-05 
906 SDCDYB8CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 8 Xfrs Open 4.56E-05 
907 SDCDYE8CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 8 Xfrs Open 4.56E-05 
908 SDCDYE9CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 9 XFrs Open 4.56E-05 
909 SDCDYF4CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xfrs Open 4.56E-05 
910 SDCDYF6CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 6 Xfrs Open 4.56E-05 
911 SDCDYF8CDT 24 125 Vdc Swvd Control Power Pnlbd DYF Bkr '8 Xfrs Open 4.56E-05 
912 SDCEIDDDIF 24 Control Power From DYE To PCB-9. Isolating Diode Fails 2.93E-05
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913 SK194GBRYT 24 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 2 .40E-05 
914 SK294GBRYT 24 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 2. 40E-05 
915 SKXFMR1THF 24 Keowee Transformer 1 Fails 4.80E-05 
916 SPC14KVBHF 24 13.8 kV Bus Faulted 1.27E-05 
917 SPC51TNRYT 24 Main Step Up Transformer Neutral Ground Relay 51TN Spurious Operation 2.40E-05 
918 SPC62ABRYT 24 ACB Back-up Trip Timer 62AB Spurious Operation 2.40E-05 
919 SPC631XRYT 24 Auxiliary Relay 63H1X Spurious Operation 2.40E-05 
920 SPC871XRYT 72 Transformer 1X Differential Relay 87T-1X Spurious Operation 7.20E-05 
921 SPC872XRYT 72 Transformer 2X Differential Relay 87T-2X Spurious Operation 7.20E-05 
922 SPC87T1RYT 72 Main Step Up Transformer Differential Relay 87T Spurious Operation 7.20E-05 
923 SPC94TKRYT 24 Auxiliary Relay 94T/K Spurious Operation 2.40E-05 
924 SPCB008CHO 1 SWYD PCB-8 Fails to Trip 4. OE-05 
925 SPCBOO9CHC 1 SWYD PCB-9 Fails To Close On Demand 7.20E-05 
926 SPCBOO9CHO 1 SWYD PCB-9 Fails To Trip 4.00E-05 
927 SPCB012CHO 1 SWYD PCB-12 Fails To Trip 4.O0E-05 
928 SPCB015CHO 1 SWYD PCB-15 Fails To Trip On Demand 4.00E-05 
929 SPCB017CHO 1 SWYD PCB-17 Fail1s To Trip On Demand 4. O0E-05 
930 SPCBO21CHO 1 SWYD PCB-21 Fails To Trip On Demand 4.0E-05 
931 SPCBC24CHO 1 SWYD PCB-24 Fails To Trip On Demand 4.00E-05 
932 SPCBO26CHO 1 SWYD PCB-26 Fails To Trip On Demand 4. 0OE-05 
933 SPCBO28CHO 1 SWYD PCB-28 Fails To Trip On Demand 4. OCE-05 
934 SPCBO33CHO 1 SWYD PCB-33 Fails To Open On Demand 4.O0E-05 
935 SPCD87LRYT 24 Line Differential Relay 87L Spurious Operation 2 .40E-05 
936 SPCGLASSWT 24 Break Glass Switch Spurious Operation 2 .40E-05 
937 SPCR86TRYT 24 Lock Out Relay 86T Spurious Operation 2.40E-05 
938 SU127UVCOM 3.29E-04 Common Cause Failure of Unit 1 SU Bus Undervoltage Relays 3.29E-04 
939 SU227UVCOM 3.29E-04 Common Cause Failure of Unit 2 SU Bus Undervoltage Relays 3.29E-04 
940 SU327UVCOM 3.29E-04 Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 3.29E-04 
941 SXFRCT3THF . 24 Transformer CT3 Faulted 4.80E-05 
942 SXFRCT3THM 1.74E-04 Transformer CT3 Is In Maintenance 1.74E-04 
943 SXFRCT4LHE 6.40E-05 Latent Human Error on CT4 Maintenance 6.40E-05 
944 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 9.13E-04 
945 SY30R94RYT 24 PCB 30 Relay 94 Spuriously Picks Up 2.40E-05 
946 SY51TN2RYT 24 230kV Neutral Ground Relay Spuriously Picks Up 2.40E-05 
947 SY51TN4RYT 24 4.16kV Neutral Ground Relay Spuriously Picks Up 2.40E-05 
948 S'51TN6RYT 24 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up 2.40E-05 
949 SY62X1FRYT 24 Breaker Failure Relay 62X1 Spuriously PickA Up 2.40E-05 
950 SY62X2FRYT 24 Breaker Failure Relay 62X2 Spuriously Picks Up. 2.40E-05 

0 0 *
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951 SY62XXFRYT 24 Breaker Failure Relay 62X Spuriously Picks Up 2.40E-05 
952 SY86BUIRYT 24 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 2.40E-05 
953 SY86CT3RYT 24 Transformer CT3 Lockout Relay Spuriously Picks Up 2.40E-05 
954 SY86YA9RYT 24 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 2.40E-05 
955 SY86YJ3RYT 24 Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up 2.40E-05 
956 SY87BYXRYT 24 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up 2.40E-05 
957 SY87BYYRYT 24 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up 2.40E-05 
958 SY87BYZRYT 24 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up 2.40E-05 
959 SY87LXXRYT 24 Differential Auxiliary Relay 87LX Spuriously Picks Up 2.40E-05 
960 SY94L1XRYT 24 Protective Relay 94L Spuriously Picks Up 2.40E-05 
961 SYE1362RYT 24 E13 Bkr Failure Relay 62B Spuriously Picks Up 2. 40E-05 
962 SYE2362RYT 24 E23 Bkr Failure Relay 62B Spuriously Picks Up 2. 40E-05 
963 SYP2862RYT 24 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 2. 40E-05 
964 SYP3062RYT 24 PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 2.40E-05 
965 SYP86TXRYT 24 PCB 30 LOR 86TX Spuriously Picks Up 2.40E-05 
966 SYPCBO9CHT 24 Switchyard Power Circuit Breaker 9 Transfers Open 7. 20E-06 
967 SYPCB30CHT 24 Switchyard Power Circuit Breaker 30 Transfers Open 7. 20E-06 
968 SYPL86TRYT 24 PCB 30 LOR 86T Spuriously Picks Up 2.40E-05 
969 SYPL87LRYT 24 Differential Relay 87L Spuriously Picks Up 2.40E-05 
970 SYR86BYRYT 24 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 2.40E-05 
971 SYS63FPRYT 24 Fault Pressure Relay 63FP Spuriously Picks Up 2.40E-05 
972 SYSX50BRYT 24 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 2.40E-05 
973 SYX87TBRYT 24 Differential Relay 87B Spuriously Picks Up 2.40E-05 
974 SYXX87TRYT 24 Differential Relay 87T Spuriously Picks Up 2.40E-05 
975 U5086EFRYT 24 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 2.40E-05 
976 U5186EFRYT 24 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 2.40E-05 
977 U51TNC4RYT 24- CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 2.40E-05 
978 U62BSK1RYT 24 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 2.40E-05 
979 U62BSK2RYT 24 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 2.40E-05 
980 U86CT4XRYT 24 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 2.40E-05 
981 U86TCT4RYT 24 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 2.40E-05 
982 U87TCT4RYT 24 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 2.40E-05 
983.UACXCT4THF 24 Transformer CT4 Failed 4.80E-05 
984 UXX86EFRYT 24 Lockout Relay 86EF Spuriously Picks Up 2.40E-05 
985 WKOORUNCOM 1.96E-05 Common Cause Failure of Keowee Governors to Run 1.96E-05 
986 WK1GVCDDEX 3.E-05 Keowee Unit 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 
987 WK1GVCDLHE 2.6E-4 Latent Human Error Fails Keowee l.Governor'During Cold Start 2.60E-04 
988 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04
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989 WKlGVRNDEX 5.6E-4 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
990 WKlSPD1DEX 1.0 Potentially Damaging Overspeed Condition Occures At Load Rejection 1.00E+00 
991 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 
-992 WK1TBCDDEX 3.5E-5 Keowee Unit 1 Turbine Fails During a Cold Start 3.50E-05 
993 WKlTBHTDEX 3.5E-4 Keowee Unit 1 Turbine Fails During a Hot Start 3. 50E-04 
994 WK1TBRNDEX 5.6e-4 Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 
995 WK2GVCDDEX 3.5E-05 Keowee Unit 2 Gov. Fails to Position Wicket Gates Durinq Cold Start 3.50E-05 
996 WK2GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 2 Governor During Cold Start 2.60E-04 
997 WK2GVHTDEX 3.5E-04 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
998 WK2GVRNDEX 5.6E-4 Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
999 WK2SPD2DEX 5.6E-05 Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05 

1000 WK2TBCDDEX 3.5E-5 Keowee Unit 2 Turbine Fails During a Cold Start 3.50E-05 
1001 WK2TBHTDEX - 3.5E-4 Keowee Unit 2 Turbine Fails During a Hot Start 3. 50E-04 
1002 WK2TBRNDEX 5.6E-4 Keowee Unit 2 Turbine Fails With the Unit Running 5.60E-04 
1003 WKCSTRTCOM 4.66E-04 Common Cause Failure of Keowee Governors to Cold Start 4. 66E-04 
1004 WKHSTRTCOM 3.50E-6 Common Cause Failure of Keowee Governors to Hot Start 3.50E-06 
1005 XAOSWGRCOM 2.83E-06 Common Cause Failure Of Transformers IX, 2X, And CX 2. 83E-06 
1006 XA1A2BTCDT 24 600 Vac Breaker 1XA-2BT Transfers Position K-704 4.56E-05 
1007 XA1BKRSCOM 3.84E-04 CCF of IX Aux Power Breakers ACB-5 & -7 3.84E-04 
1008 XA1TR1XTLF 24 Keowee Transformer 1X Fails 4.80E-05 
1009 XA1X2AXCLT 24 600 Vac Bkr 2X-2D Transfers Position 4.56E-05 
1010 XA1X2CCCLT 24 600 Vac Breaker 1X-2C Transfers Position 4.56E-05 
1011 XA1XA1ACLT 24 600 Vac Bkr 2XA-4A Transfers Position 4.56E-05 
1012 XA1XAALBLM 2.74E-03 MCC IXA Is Connected to Its Alternate Source of Power 2. 74E-03 
1013 XA1XAMCBLF 24 600 -Vac MCC 1XA Fault 8. 64E-06 
1014 XA1XCXXTHM 4.57E-4 4160/600 Vac Transformer CX Is in Maintenance 4.57E-04 
1015 XA1XCXXTLF 24 4160/600 Vac Transformer CX Fails 4.80E-05 
1016 XA1XXXXBLF 24 600 Vac Switchgear 1X Fault 8.64E-06 
1017 XA2A2BTCDT 24 600 Vac Breaker 2KA-2BT Transfers Position 4.56E-05 
1018 XA2BKRSCOM 3.84E-04 CCF of Aux Power Breakers ACB-6 & -8 3.84E-04 
1019 XA2TR2XTLF 24 Keowee Transformer 2X Fails 4.80E -05 
1020 XA2X2BXCLT . 24 600 Vac Breaker 2X-2B Transfers Position 4.56E-05 
1021 XA2X2DXCLT 24 600 Vac Bkr 1X-2A Transfers Position 4.56E-05 
1022 XA2X4AXCLT 24 600 Vac Bkr .1XA-1A Transfers Position 4.56E-05 
1023 XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 2. 74E-03 
1024 XA2XAMCBLF 24 600 Vac MCC-2XA Fault 8. 64E-06 
1025 XA2XXXXBLF 24 600 Vac Switchgear 2X Fault 8.64E-06 
1026 XA56BKRCOM 3.84E-04 Common Cause Failure Of ACB-5 And-ACB-6 To Close 3.84E-04 

0 0 0
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1027 XA78BKRCOM 3.84E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 3. 84E-04 
1028 XDOBATTCOM 3.42E-05 Common Cause Failure Of Keowee I&C Power Batteries 3.42E-05 
1029 XDOCHRGCOM 1.32E-05 Common Cause Failure Of Keowee Battery Chargers 1.32E-05 
1030 XD104CCCDT 24 Breaker 1DA-4CC Transfers Open 4. 56E-05 
1031 XD104CRCDT 6 Breaker 1DA-4CR Transfers Open 1.14E-05 
1032 XD1BK1ACDT 24 Battery No. 1 Breaker 1A Transfers Position run time dependent 4.56E-05 
1033 XD1CKC1BCF 24 Battery Charger KCl Fails 2.64E-04 
1034 XD1DA1CCDT 24 125 Vdc Breaker 1C (from charger KC1) Transfers Position 4.56E-05 
1035 XD1DA3BCDT 24 125 Vdc Breaker 1DA-3BR Transfers Open 4.56E-05 
1036 XD1DA4ACDT 24 DC Circuit Breaker 1DA-4AR Transfers Position 4.56E-05 
1037 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 
1038 XD1DARXBDF 24 DC Distribution Center IDA Faulted during Run 1.46E-05 
1039 XD1KB1XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00OE+00 
1040 XD1KB1XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 
1041 XD1KBATBYF 1 Keowee Battery No. 1 Fails During Discharge 1.18E-03 
1042 XD1TIE1CDT 24 Keowee 125V dc Dist Cntr IDA Tie Breaker 1 Transfers Position 4.56E-05 
1043 XD202CCCDT 6 Breaker 2DA-2CC Transfers Open 1.14E-05 
1044 XD204CCCDT 24 Breaker 2DA-4CC Transfers Open K-704 4.56E-05 
1045 XD2BK1ACDT 24 Battery No. 2 Breaker 1A Transfers Position 4.56E-05 
1046 XD2CKC2BCF 24 Battery Charger KC2 Fails 2.64E-04 
1047 XD2DA2ACDT 24 DC Circuit Breaker 2DA-2AR Transfers Position 4.56E-05 
1048 XD2DA3BCDT 24 125 Vdc Circuit Breaker 2DA-3BR Transfers Position 4.56E-05 
1049 XD2DA5CCDT 24 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open 4.56E-05 
1050 XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 
1051 XD2DARXBDF 24 DC Distribution Center 2DA Faulted During Run 1.46E-05 
1052 XD2KB2XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 
1053 XD2KB2XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 
1054 XD2KBATBYF 1 Keowee Battery No. 2 Fails during Discharge 1.18E-03 
1055 XD2TIE2CDT 24 Keowee 125V dc Dist Cntr 2DA Tie Breaker 2 Transfers Position .4.56E-05 
1056 YOSTARTCOM 4.18E-05 Common Cause Failure Of Emergency Start Signal 4.18E-05 
1057 YK114X3SSD 1 Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm KEE-111 2.50E-04 
1058 YK13SUISWT 24 KHU#1 Startup Inhibit Sw 3SUI Xfrs to Inhibit KEE-111, -113 2.40E-05 
1059 YK14AMRRYT 24 Keowee 1 Master Relay 4A Spuriously Drops Out 2.40E-05 
1060 YK14BMRRYT 24 Keowee 1 Master Relay 4B Spuriously Drops Out 2.40E-05 
1061 YK163BHLST 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 63BL/H Sprsly Clsd KEE-111, -113-3 5.52E-05 
1062 YK163BHRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-111,-113- 2.40E-05 
1063 YK163BLLST 24 Keowee 1 Gen Thrst Brng Oil LvlLo Sw 63BL/L Spuriously Operates KEE-111,-113- 5.52E-05 
1064 YK163BLRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl- Lo Rly 63BL/LXTD Sprsly Pcks Up KEE-111, -113- 2.40E-05
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1065 YK163TBLST 24 Keowee 1 Turb Guide Brng Lo Lvi Sensor Sw Spuriously Closes KEE-113-4 5.:2E-05 
1066 YK163TBRYT 24 Keowee 1 Turb Gd Brng Oil Lvi Lo Riy 63TB/lX Sprsly Picks Up KEE-lll,-113-4 2.40E-05 
1067 YK186N1DEX 9.89E-03 Keowee 1 Normal Lockout Actuates 9.89E-03 
1068 YK199SDRYD 1 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 1.90E-04 
1069 YK199SDRYT 24 Keowee 1 Shutdown Solenoid Spuriously Drops Out 2.40E-05 
1070 YK199SNRYD 1 K1 Emergency Load Solenoid 99SN Fails To Pick Up/Drop Out I.90E-04 
1071 YK199SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 2.40E-05 
1072 YKl99SXRYD 1 Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-111 1.90E-04 
1073 YK199SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out 2. 40E-05 
1074 YK1D4CRFUF 6 Fuse 1DA-4CR Fails 3.78E-06 
1075 YK1ES1ARYD 1 Keowee 1 Emergency Start Aux Relay lESRX/1A Fails To Pick Up OEE-120 1.90E-04 
1076 YK1ES1BRYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/1B Fails To Pick Up OEE-120-1 1.90E-04 
1077 YK1ES2ARYD 1 Keowee 1 Emergency Start Aux Relay lESRX/2A Fails To Pick Up OEE-120 1.90E-04 
1078 YK1ES2BRYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/2B Fails To Pick Up OEE-120-1 I.90E-04 
1079 YK1MR4ARYD 1 Keowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 1.90E-04 
1080 YK1MR4BRYD 1 Keowee 1 Start Master Relay 4B Fails To Pick Up KEE-113 1.90E-04 
1081 YK1SS12SST 24 Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 2.40E-05 
1082 YK1SS13SSD 1 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm KEE-111 2.50O-04 
1083 YK214X3SSD 1 KHU#2 Speed Switch 14-3 Fails to Open at 65 rpm KEE-211 2.50E-04 
1084 YK23SUISWT 24 KHU#2 Startup Inhbt Sw 35UI Sprslv Xfrs to Inhibit KEE-211, -213 2.40E-05 
1085 YK24AMRRYT 24 Keowee 2 Master Relay 4A Spuriously Drops Out 2 .40E-05 
1086 YK24BMRRYT 24 Keowee 2 Master Relay 4B Spuriously Drops Out 2.40E-05 
1087 YK263BHLST 24 Keowee 2 Gen Thrst rng Oil Lvi Hi Sw 63BL/H Sprsly Clsd 5.52E-05 
1088 YK263BHRYT 24 Keowee 2 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-211 2.40E-05 
1089 YK263BLLST 24 Keowee 2 Gen Thrst Brng Oil Lvl Lo Sw 63BL/L Sprsly Opn 5.52E-05 
1090 YK263BLRYT 24 Keowee 2 Gen Thrst rng Oil Lvl Lo Rh 63BL/LXTD Sprsly Pcks Up KEE-211 2.40E-05 
1091 YK263TBLST 24 Keowee 2 Turb Guide Bing Lo Lvl Sensor Sw Sprsly Closes 5.52E-05 
1092 YK263TBRYT 24 Keowee 2 Turb Gd Ding Oil Lvl Lo Rly 63T8/1X Spisly Picks Up KEE-211 2.40E-05 
1093 YK286N2DEX 7.41E-03 Keowee Unit 2 Normal Lockout Activates 7.41E-03 
1094 YK299SDRYD 1 Keowee Shutdown Solenoid 99SD Fails To Pick Up 1.90E-04 
1095 YK299SDRYT 24 Keowee 2 Shutdown Solenoid Spuriously Drops Out 2.40E-05 
1096 YK299SNRYD 1 Keowee 2 Emergency Load Solenoid 995N Fails To Operate 1.90E-04 
1097 YK299SNRYT 24 Emergency Load Solenoid 995N Spuriously Drops out 2.40E-05 
1098 YK299SXRYD 1 Keowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-211 1.90E-04 
1099 YK299SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously-Drops Out s 2.40E-05 
1100 YK2D2CCFUF 6 Fuse 2DA-20C Fails 3.78E-06 
1101 YK2ES1ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/lA Fails To Pick Up OEE-120 1.90E-04 1102 YK2ES1BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/18 Fails to Pick Up 08-1o20-1 1.u90-04 
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1103 YK2ES2ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 1.90E-04 
1104 YK2ES2BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick Up OEE-120-1 1.90E-04 
1105 YK2MR4ARYD 1 Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-2l3 1.90E-04 
1106 YK2MR4BRYD 1 Keowee 2 Start Master Relay 4B Fails to Pick Up KEE-213 1.90E-04 
1107 YK2SS12SST 24 Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 2.40E-05 
1108 YK2SS13SSD 1 Keowee 2 Speed Switch 13 Fails to Close at 122 rpm KEE-211 2.5SE-04 
1109 YKEMSRTCHE 0 Operator Incorrectly Resets Keowee Emergency Start Siqnals 0.OOE+00 
1110 YO1DIA2CDT 30 DC Circuit Breaker 1DIA-2 Transfers Position 5. 70E-05 
1111 YO1DIB2CDT 30 DC Circuit Breaker 1DIB-2 Transfers Position 5.70E-05 
1112 YO1MFBMA 1 ONSi MFB Monitor Channel A Keowee Start Signal Fails 1.OOE+00 
1113 YO1MFBMB 1 ONSl MFB Monitor Channel B Keowee Start-Signal.Fails 1. OOE+00 
1114 YO1OPSARHE 1 Operator fails to operate Keowee start switch SlA 1.OOE+00 
1115 YO1OPSBRHE 1 Operator fails to operate Keowee start switch SiB 1.OOE00 
1116 YO1S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.OOE-05 
1117 YO1S1BFSWC 1 Control Switch S18 Fails To Close On Demand 1.0OE-05 
1118 YOlXXKARYD 1 ONSl Ch A Keowee Emergency Start Relay KA Fails to Pick Up OEE-120 1.90E-04 
1119 YOlXXKBRYD 1 Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 .90E-04 
1120 YO2CR2ARYD 1 0NS2 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 1.90E-04 
1121 YO2CR2BRYD 1 ONS? Keowee Emergency Start Relay CR28 Fails to Pick Up OEE-220-1 I.90E-04 
1122 YO2DIA2CDT 30 Breaker 2DIA-2 Transfers Position 5. 70E-05 
1123 YO2DIB2CDT 30 Breaker 2DIB-2 Transfers Position 5.70E-05 
1124 YO2MFBMA 1 0NS2 MFB Monitor CH A Keowee Start Sig Fails 1.OOE+00 
1125 YO2MFBMB 1 0NS2 MFB Monitor Ch B Keowee Start Sig Fails 1.OOE±00 
1126 YO2SSWARHE 1 Operator Fails to Operate Keowee Start Switch 2SSWA 1.OOE+00 
1127 YO2SSWASWC 1 Control Switch 2SSWA Fails To Close On Demand 1.OOE-05 
1128 YO2SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 289MB 1. OOE+00 
1129 YO2SSWBSWC 1 Control Switch 255MB' Fails To Close On Demand 1. OOE-05 
1130 YO3CR3ARYD 1 0N53 Ch A Keowee Emergency Start Relay CR3A-Fails To Pick Up OEE-320 I.90E-04 
1131 YO3CR3BRYD 1 0NS3 Keowee Emer Start Relay CR38 Fails to Pick Up OEE-320-1 1.90E-04 
1132 YO3DIA2CDT 30 Breaker 3DIA-2 Transfers Open OEE-320, 0-2705 S.70E-05 
1133 YO3DIB2CDT 30 Breaker 3DIB-2 Transfers Open OEE-320-l, 0-2705 5.70E-05 
1134 YO3MFBMA 3.96E-03 0NS3 MFB Monitor Ch A Keowee Start Sig Fails 3. 96E-03 
1135 YO3MFBMB 3.96E-03 0N53 MFB Monitor Ch B Keowee Start Sio Fails 3.96E-03 
1136 YO30PFARHE 1 Operator fails to operate Keowee Start Switch 3S1A 1.OOE±00 
1137 YO30PFBRHE 1 Operator Fails to Operate Keowee Start Switch 3S1B 1. OOE+00 
1138 YO3S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.00E-05 
1139 YO3S1BFSWC 1 Control Switch SIB Fails To CloseOn Demand 1.OOE-05 
1140 Y23SSWARHE 1 Operator fails to operate Keowee Star Switch3SSEAE 1.40E+00
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1141 YO3SSWASWC 1 Control Switch 3SSW'A' Fails To Close On Demand 1.0OE-05 1142 YO3SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 3SSW'B' 1. 00E+00 1143 YO3SSWBSWC 1 Control Switch 3SSW'B' Fails To Close On Demand 1.00E-05 
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1 AA1271PR6D 1 Transformer lx undervoliage Relay 27/1X Fails To Pick Up 2.49E-04 
2 AAl271XR6T 30 Transformer IX tndervoltaqe Relay 27/1X Spuriously Dc-energizes 1.09E-C5 
3 AA127C1R6T 24 Transformer CX Undervoltage Relay 27/CXi Spuriously De-energizes 8.71E-06 
4 AAl27CPR6D 1 Transformer CX Undervoltage Relay 27/CZl Pails To Pick Up 2.49E-04 
5 AA127RlRYT 24 Auxiliary Relay 27X/CXl Spurious Operation 8.64E-06 
6 AA127X1RYD 1 Auxiliary Relay 27X/lX Fails To Operate On Demand 3 30E-05 
7 AA127XlRYT 384 Auxiliary Relay 27X/lX Spurious Operation 1.38E-04 
8 AA127X2R6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Drop Out 2.49E-04 
9 AA127XCRYD 1 Auxiliary Relay 27/CXl Fails To Operate On Demand 3.30E-05 

10 AA186CXRYT 24 Transformer CX Differential Lock Out Relay 86CX Spurious Operation 8.64E-06 
11 AA186S1RYT 24 Switchgear IX Lockout Relay 86S/lX Spurious operation 8.64E-06 
12 AA187CXRYT 24 Transformer CX Differential Relay 87CZ Spurious Operation 8. 64E-06 
13 AA2272PR6D 1 Transformer 2X UndervolLaqe Relay 27/2X Fails To Pick Up 2. 49E-04 
14 AA2272XR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out 2.49E-04 
15 AA2272XR6T 24 Transformer 2X tndervoltage Relay 27/2X Spuriously De-energizes 8.71E-06 
16 AA227C2R6T 30 Transformer CX Undervoltacle R lav 27/CX2 Spuriously De-energizes 1.09E-05 
17 AA227C2RYD 1 Auxiliary Relay 27X/CX2 Fails To Operate On Demand 3.30E-05 
18 AA227CPR6D 1 Transformer CX Undervoltaqe Relay 27/CX2 Fails To Pick Up 2.49E-04 
19 AA227R2RYT 384 Auxiliary Relay 27X/CX2 Spurious Operation 1.385-04 
20 AA227T2R6D 1 Transformer #1 Undervoltaqe Relay (27T/2X) Fails To Drop Out 2.49E-04 
21 AA227X2RYD 1 Auxiliary Relay 27X/2X Fails To Operate On Demand 3.30E-O5 
22 AA227X2RYT 24 Auxiliary Relay 27X/2X Spurious Operation 8.64E-06 
23 AA286S2RYT 24 Switchgear 2X Lockout Relay 6/2 Spurious Operation 8.64-06 
24 ABOO4ECCDT 30 DC Circuit Breaker lDA-4EC Transfers Position 2.255-06 
25 AB86TRYD1 Keowee Main Tx Lock Ou Relay 86T Fails To Operate On Demand 3.3
26 ABC624CRYD 1 Time Delay Relay 62-4c Fails To Operate On Demand 3.30E-05 
27 ABO86E1RYD 1 Rmergency Lock Out Relay 26E-1 Fails To Operate On Demand 3.3CR-OS 
28 ABC86TGRYD 1 General Keowee Main Tx Lock Out Sensing Relay Fails To Operate 3.30E-05 
29 ABOSWGRCOM 6.69R-04 Common Cause Failure Of All Keowee Auxiliary Power Breakers 6. 69E-04 
30 ABOSWGRRHE 5.05-Cl Recovery of Keowee Aux Power Breakers by Manual Control S. OOR-Cl 
31 AB152TCSVO 1 Air Circuit Breaker 1 Trip Coil Fails To Operate 2.90E-CS 
32 ABlACCUDEX 3.515-CS Air Circuit Breaker 1 Accumulator Air Pressure Low 3.51E-05 
33 ABlFALTDEX 0.0 Fault Occurs at ACB-l When The BReaker Trips C. CCR±O 
34 AB1MECHDEX 1.51R-4 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 1.51E-04 
35 AB1OPENLHE 2 60R-4 Air Circuit Breaker 1 Fails To Open Due To A Latent Human Rrror 2.60E-04 
36 AB1PSO2PST 12 Air Circuit Breaker 1 Accumulator Pressure Switch P82 Fails Low 5.16E-06 
37 AB1PSWTPST 24 Air Circuit Breaker 1 Accumulator Pressure Switch Fails Low 1.03E-05 
38 AB1RS2ZR6D 1 Air Circuit Breaker 1 Relay 52Z Fails To Operate 2. 49-04 
39 AB21221SWT 30 Control Switch 152-2 Spurious Operation 2.10R-0
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40 AB22BV1RYT 24 Backup Undervoltage Relay 2BV1 Spurious Operation 8. 64E-06 
41 AB23BKRCOM 1.12e-04 Common Cause Failure Of Air Circuit Breakers 2 And 3 To Close 1.12E-04 
42 AB24BKRCOM 1.12E-04 Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 
43 AB25lG2RYT 24 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation 8.64E-06 
44 AB252CCSVO 1 Air Circuit Breaker 2 Close Coil Fails To Operate 2 .90E-05 
45 AB252TCSVO 1 Air Circuit Breaker 2 Trip Coil Fails To Operate -2.90E-05 
46 AB252TCSVT 36 Air Circuit Breaker 2 Trip Coil Spurious Operation 1.40E-05 
47 AB252Y2R6D 1 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
48 AB252Y2R6T 12 Air Circuit Breaker 2 Y-relay Spurious Operation 4 .36E-06 
49 AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 3.S1E-05 
50 AB2CLOSLHE 2.60E-4 Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 
51 AB2KEYISWT 12 Air Circuit Breaker 2 Key Interlock Switch Transfers Open 8.40E-07 
52 AB2MCH2DEX 3.02E-4 Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-04 
53 AB2MECHDEX 1.51E-4 Air Circuit Breaker 2 Fails To Open Due To Mechanical Failure 1.51E-04 
54 AB20PENLHE 2.60E-4 Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 
55 AB2PS02PST 12 Air Circuit Breaker 2 Accumuldator Pressure Switch PS2 Fails Low 5.16E-06 
56 AB2PSWTPST 24 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 1.03E-05 
57 AB2PUSHPBT 36 Trip Pushbutton On ACB2 Spurious Operation 8.64E-06 
58 AB2R462RYT 24 Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious Operation 8.64E-06 
59 AB2R52XR6D 1 Air Circuit Breaker 2 Relay '2. Fails To Operate 2.49E-04 
60 AB2R52ZR6D 1 Air Circuit Breaker 2 Relay 52Z Fails To Operate 2.49E-04 
61 AB2RS2ZR6T 36 Air Circuit Breaker 2 Relay 52Z Spurious Operation 1.31E-05 
62 AB31523SWT 24 Control Switch 152-3 Spurious Operation 1.68E-06 
63 AB352CCSVO 1 Air Circuit Breaker 3 Close Coil Fails To Operate 2.90E-05 
64 AB352TCSVO 1 Air Circuit Breaker 3 Trip Coil Fails To Operate 2.90E-05 
65 AB352TCSVT 24 Air Circuit Breaker 3 Trip Coil Spurious Operation 9.36E-06 
66 AB352Y2R6D 1 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
67 AB352Y2R6T 360 Air Circuit Breaker 3 Y-relay Spurious Operation 1.31E-04 
68 AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 3.51E-05 
69 AB3CLOSLHE 2.60e-04 Air Circuit Breaker 3 Fails To Close Due To Latent Human Error 2.60E-04 
70 AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical Failure 3.02E-04 
71 AB3MECHDEX 1.51E-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical Failure 1.51E-04 
72 AB3PSO2PST 372 Air Circuit Breaker 3 Accumulator Pressure Switch PS2 Fails Low 1.60E-04 
73 AB3PSWTPST 24 Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low 1.03E-05 
74 AB3PUSHPBT 24 Trip Pushbutton On ACB3 Spurious Operation 5.76E-06 
75 AB3RS2XR6D, 1 Air Circuit Breaker 3 Relay 52X Fails To Operate 2.49E-04 
76 AB3RS2ZR6D 1 Air Circuit Breaker 3 Relay 52Z Fails To Operate 2.49E-04 
77 AB3R52ZR6T 24 Air Circuit Breaker 3 Relay 52Z Spurious Operation 8.71E-06 
78 AB41523SWT 24 Control Switch 152-4 Spurious operation 1.68E-06 
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79 AB452CCSVO 1 Air Circuit Breaker 4 Close Coil Fails To Operate 2 .90E-05 
80 AB452TCSVT 24 Air Circuit Breaker 4 Trip Coil Spurious operation 9 .36E-06 
81 AB452Y2R6D 1 Air Circuit Breaker 4 Relay 52Y Failed To Drop out Following Last Demand 2.49E-04 
82 AB452Y2R6T 372 Air Circuit Breaker 4 Y-relay Spurious operation 1.35E-04 
83 AB4ACCUDEX 3.51E-05 Air Circuit Breaker 4 Accumulator Air Pressure Low 3.51E-05 
84 AB4CLOSLHE 2.60E-4 Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 
85 AB4CLSESWC .1 Air circuit Breaker 4 Close Switch Fails To Close on Demand 1.OCE-OS 
86 AB4KEYISWT 372 Air Circuit Breaker 4 Key Interlock Switch Transfers Open 2.60E-05 
87 AB4LORESWT 372 Air Circuit Breaker 4 Local/Remote Switch Contact Transfers Position 2.60E-05 
88 AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical Failure 3. 02E-04 
89 AB4PSO2PST 372 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 Indicates Low Pressure 1.60E-04 
90 AB4PSWTPST 12 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air Pressure 5.16E-06 
91 AB4PUSHPBT 24 Trip Pushbutton On ACB-4 Spurious Operation 5.76E-06 
92 AB4R52XR6D 1 Air Circuit Breaker 4 Relay 5 Fails To Operate 2.49E-04 
93 AB4R52ZR6T 24 Air Circuit Breaker 4 Relay Spurious Operation 8.71E-06 
94 ABS10A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
95 AB51431LHE 3.20E-4 Manual/Auto Control Swith i43/1 Left In Manual 3.20E-04 
96 AB51431RYT 360 Auxiliary Relay 143X/1 Spuriously Energizes 1.30E-04 
97 ABS1431SWT 360 Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 2.52E-05 
98 AB552CCRYD 1 Air Circuit Breaker 5 Close Coil CC Fails On Demand 3 .30E-05 
99 AB552TCRYT 384 Air Circuit Breaker 5 Trip Coil 52TC Spurious Operation 1.38E-04 
100 AB552Y2RYT 360 Air Circuit Breaker 5 Y-relay Spurious Operation 1.30E-04 
101 AB583S5RYD 1 Time Delay Relay 83SS Fails To Pick Up 3.30E-05 
102 AB5CLOSLHE 2.60E-4 Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2 .60E-04 
103 AB5KEYISWT 360 Air Circuit Breaker 5 Key Interlock Switch Transfers open 2.52E-05 
104 AB5MCH2DEX 7.04E-03 Air Circuit Breaker 5 Fails To Close Due To Mechanical Failure 7. 04E-03 
105 AB5PUSHPBT 384 Trip Pushbutton On ACB5 Spurious Operation 9.22E-05 
10.6 AB5R52XRYD 1 Air Circuit Breaker 5 Relay SIX Fails To Operate 3.30E-05 
107 ABSR52YRYD 1 Air Circuit Breaker 5 Relay 52Y Faild To Drop Out At Last Demand 3.30E-05 
108 AB610A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
109 AB610AFFUF 6 One Or More Control Power Fuses For Relay 27X/2X Fail 2.16E-05 
110 AB61432LHE 3.20E-4 Manual/Auto Control Switch 143/2 Loft In Manual 3.20E-04 
111 AB61432SWT 360 Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 2.72E-05 
112 AB652CCRYD 1 Air Circuit Breaker 6 Close Coii CC Fails On Demand 3 30E-05 
113 AB652TCRYD 1 Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate 3 .30E-05 
114 AB652TCRYT 24 Air Circuit Breaker 6 Trip Coil FlTC Spurious Operation 8.64E-06 
115 AB652Y2RYT 360 Air Circuit Breaker 6 -Y-relay Spurious Operation 1 .30E-04 
116 AB6CLOSLHE 2.60E-4 Air Circuit Breaker 6 Fails To Close Due To A Latent Human Error 2.60E-04 
117 AB6KEYISWT 360 Air Circuit Breaker 6 Key Interlock Switch Transfers Open 2.52E-05
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118 AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7. 04E-03 
119 AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 
120 AB60PENLHE 3.20E-3 Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 
121 AB6PUSHPBT 24 Trip Pushbutton On ACB6 Spurious Operation 5.76E-06 122 AB6R52XRYD 1 Air Circuit Breaker 6 Relay 52X Fails To Operate 3.30E-05 
123 AB6R52YRYD 1 Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
124 AB710AlFUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
125 AB710AFFUF 6 One Or More Air Circuit Breaker 7 Control Power Fuses Fail 2.16E-05 
126 AB752CCRYD 1 Air Circuit Breaker 7 Close Coil CC Fails On Demand 3.30E-05 
127 AB752TCRYD 1 Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.30E-05 
128 AB752TCRYT 24 Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation 8. 64E-06 129 AB752Y2RYT 360 Air Circuit Breaker 7 Y-relay Spurious Operation 1.30E-04 130 AB7CLOSLHE 2.60E-4 Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-04 
131 AB7KEYISWT 360 Air Circuit Breaker 7 Key Interlock Switch Transfers Open 2.52E-05 132 AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7. 04E-03 133 AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8. 01E-04 134 AB70PENLHE 3.20E-3 Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 
135 AB7PUSHPBT 30 Trip Pushbutton On ACB7 Spurious Operation 7.20E-06 
136 AB7R52XRYD 1 Air Circuit Breaker 7 Relay 52X Fails To Operate 3.30E-05 
137 AB7R52YRYD 1 Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
138 AB810A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
139 AB81432RYT 360 Auxiliary Relay 143X/2 Spuriously Energizes 1.30E-04 140 AB852CCRYD 1 Air Circuit Breaker 8 Close Coil CC Fails On Demand 3.30E-05 
141 AB852TCRYT 384 Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 1.38E-04 
142 AB852Y2RYT 360 Air Circuit Breaker 8 Y-relay Spurious Operation 1.30E-04 
143 AB86E1ARYD 1 Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand 3.30E-05 
144 AB86E1GRYD 1 Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate 3.30E-05 
145 AB883S8RYD 1 Time Delay Relay 83S8 Fails To Pick Up 3.30E-05 
146 AB8KEYISWT 360 Air Circuit Breaker 8 Key Interlock Switch Transfers Open 2.52E-05 
147 AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical Failure 7.04E-03 
148 AB8PUSHPBT 384 Trip Pushbutton On ACB8 Spurious Operation 9.22E-05 
149 AB8R52XRYD 1 Air Circuit Breaker 8 Relay 52X Fails To Operate 3.30E-05 
150 AB8R52YRYD 1 Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
151 ABEOPRCDHE 9.0E-03 Operators Fail To Close Air Circuit Breaker 2 9.00E-03 
152 ABEOPRCRHE 1 Operators Fail To Close Air Circuit Breaker 2 1.00E+00 
153 ABPOPRCRHE 9.0E-03 Operators Fail To Close Air Circuit Breaker 4 9.00E-03 
154 ACB4MOD 1 NSM-ON-52966 Is Not In Service 1.O0E+00 
155 ACBAIRPDEX 2.00E-03 ACB Air Supply Fails Causing Low Pressure in All ACB Accumulators 2.00E-03 
156 ACBTRIPCHE 0.0 Operators Trip Generator Output ACBs 0.00E+00
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NAME FACTOR DESC PROB 

157 ACBXFERCOM 1.28E-06 Common Cause Failure That Results In ACBs 2 & 3 Transfering Open 1.28E-06 
158 AD1B4ALCDT 30 Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 2 .25E-06 
159 AD1C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center IDA Transfers Position 1.80E-06 
160 AD1C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position 1.80E-06 
161 AD1SCLRCDT 12 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position (Rec) 9.OOE-07 
162 AD2B2ALCDT 30 Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 2.25E-06 
163 AD2B3CCCDT 12 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 9.OOE-07 
164 AD2C3CCCDT 24 Breaker 3CC In 125V de Distribution Center 2DA Transfers Position 1.80E-06 
165 AD2C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
166 AIRTOP 0.OOOE+00 Loss Of Instrument Air System Pressure 0.00E+00 
167 AK1141XRYD 1 Auxiliary Relay 14GOV/1X Fails To Pick-up 3.30E-05 
168 AK114GVDEX 1.00e-04 KUl Magnetic Speed Switch System Fails 1.00E-04 
169 AK121TDRYD 1 Time Delay Relay 2-1TD Fails To Pick-up 3.30E-05 
170 AK152TDRYD 1 Time Delay Relay 52-lTD Fails To Pick-up 3.30E-05 
171 AK152TDRYT 4380 Time Delay Relay 52-1TD Spurious Operation 1.58E-03 
172 AK152XGRYD 1 Relay 52XG/l Fails To Pick Up When The Unit Is Started 3.30E-05 
173 AK152XGRYT 2 Relay 52XG/1 Spuriously Drops Out While The Unit Is Running 7.20E-07 
174 AK1AX34RYT 6 Relay 52AX/34 Spuriously Drops-out 2.16E-06 
175 AK1GV1XRYD 1 Relay 14GOV/1X Fails To Pick-up 3 .30E-05 
176 AK10FRQCOM 3.30E-06 KU1 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
177 AK1X34XRYT 6 Relay 52AX/34X Spuriously Drops-out 2.16E-06 
178 AK212OSSST 36 Turbine Overspeed Switch Indicates Overspeed 1.51E-04 
179 AK2142XRYD 1 Auxiliary Relay 14GOV/2X Fails To Pick-up 3.30E-05 
180 AK214GVDEX 1.00e-4 KU2 Magnetic Speed Switch System Fails 1.00E-04 
181 AK222TDRYD 1 Time Delay Relay 2-2TD Fails To Pick-up 3.30E-05 
182 AK252TDRYD 1 Time Delay Relay 52-2TD Fails To Operate 3.30E-05 
183 AK252TDRYT 4380 Time Delay Relay 52-2TD Spurious Operation 1.58E-03 
184 AK252WORYD 1 KU2 Relay 52W Fails To Pick-up 3.30E-05 
185 AK252XGRYD 1 Auxiliary Relay 52XG/2 Fails To Pick-up 3.30E-05 
186 AK2GATEDEX 2.11E-5 Wicket Gate Limit Switch Indicates Gate Position Is Below No-load Setting 2.11E-05 
187 AK2GV2XRYD 1 Relay 14GOV/2X Fails To Pick-up 3.30E-05 
188 AK20FRQCOM 3.30E-06 KU2 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
189 BK1088XRYD 1 Keowee 1 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 3.30E-05 
190 BK1088XRYT 24 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
191 BK114/2SSD 1 Keowee 1 Speed Switch 14/2 Fails On Demand 1.80E-05 
192 BK114/2SST 24 Keowee 1 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
193 BK114DXRYD 1 Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
194 BK114DXRYT 24 Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out 8.64E-06 
195 BK114T2RYD 1 Keowee 1 Rotation Sensing Timer 14T2 Fails to De-energize 3.30E-05
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196 BK114T2RYT 24 Keowee 1 Rotation Sensing Timer 14T2 Spurious Operation 8.64E-06 
197 BK1188ASWT 24 Keowee 1 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
198 BK1188DSWT 108 Unit 1 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
199 BK1631XRYD 1 Keowee 1 Relay 63TA/1X Fails to De-energize 3.30E-05 
200 BK1631XRYT 24 Keowee 1 GBO Level Relay 63TA/lX Spurious Operation 8.64E-06 
201 BK1632XRYD 1 Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-05 
202 BK1632XRYT 24 Keowee 1 Turb. Brng. Low Oil Level Aux. Rly 63TA/2X Spurious Operation 8.64E-06 
203 BK163TALSD 1 Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 204 BK163TALST 24 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
205 BK188AXRYD 1 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
206 BK188AXRYT 24 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized 8.64E-06 
207 BK1DA5BCDT 24 DC Circuit Breaker 1DA-5B Transfers Position 1.80E-06 
208 BK1GBDCGPR 12 Unit 1 DC Turbine GBO Pump Fails To Run 1.68E-04 
209 BK1GBDCGPS 1 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 9. 70E-05 
210 BK1GBDCLHE 3.2E-3 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
211 BKlGBO1CVC 1 Check Valve 1GBO-1 Fails to Close on Demand - 3.50E-04 
212 BKlGBO1CVO 1 Check Valve 1GBO-1 Fails To Open On Demand 2.30E-06 
213 BK1GBO1CVT 24 Check Valve 1GBO-1 Transfers Closed 3.12E-06 
214 BK1GBO1FTC 24 Filter 1GBOFL-1 Becomes Clogged 4.32E-05 
215 BK1GBO2VVT 24 Manual Valve 1GBO-2 Transfers Position 4.08E-07 
216 BK1GBO3CVO 1 Check Valve 1GBO-3 Fails To Open On Demand 2.30E-06 
217 BK1GBO3CVT 12 Check Valve 1GBO-3 Transfers Closed 1.56E-06 
218 BKlGBO4VVT 108 Manual Valve 1GBO-4 Transfers Position 1.84E-06 
219 BK1GBO5VVT 24 Manual Valve 1GBO-5 Transfers Position 4.08E-07 
220 BK1GBO6VVT 24 Manual Valve 1GBO-6 Transfers Position 4.08E-07 
221 BK1GBO8VVT 24 Manual Valve 1GBO-8 Transfers Position 4.08E-07 
222 BK1GBO9VVT 24 Manual Valve 1GBO-9 Transfers Position 4.08E-07 
223 BK1GOACGPR 24 Unit 1 AC Turbine GBO Pump Fails To Run 3 .36E-04 
224 BK1GOACGPS 1 Unit 1 AC Turbine GBO Pump Fails To Start 9.70E-05 
225 BK1GODCTRM 1.14E-3 Unit 1 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
226 BK1XA1CCLT 24 600 V Circuit Breaker 1XA-1C Transfers Position 2.18E-05 
227 BK2088XRYD 1 Keowee 2 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 3.30E-05 
228 BK2088XRYT 24 Keowee 2 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
229 BK214/2SSD 1 Keowee 2 Speed Switch 14/2 Fails On Demand 1.80E-05 
230 BK214/2SST 24 Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
231 BK214DXRYD 1 Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize 3 .30E-05 
232 BK214DXRYT 24 Keowee 2 Rotation Sensing Aux. Relay 14DX Spurious Operation 8.64E-06 
233 BK2l14T2RYD 1 Keowee 2 Rotation Sensing Timer 14T2 Fails to De-energize 3 .30E-05 
234 BK214T2RYT 24 Keowee Rotation Sensing Timer 14T2 Fails to Remain De-energized 8.64E-06 
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235 BK2188ASWT 24 Unit 2 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
236 BK2188DSWT 108 Unit 2 DC GBO Pump Control Switch S188D Spurious Operation 7. 56E-06 
237 BK2631XRYD 1 Keowee 2 Relay 63TA/1X Fails to De-enerqize 3.30E-05 
238 BK2631XRYT 24 Keowee 2 GBO Level Relay 63TA/1X Spurious Operation 8.64E-06 
239 BK2632XRYD 1 Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-05 
240 BK2632XRYT 24 Keowee 2 Turb. Brng. Low Oil Level Aux. Relay 63TA/2X Spurious Operation 8.64E-06 
241 BK263TALSD 1 Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
242 BK263TALST 24 Turbine No. 2 Bearing Oil Level Switch 63TA Spurious Operation 7. 44E-06 
243 BK288AXRYD 1 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3 .30E-05 
244 BK288AXRYT 24 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized 8.64E-06 
245 BK2DA1BCDT 24 DC Circuit Breaker 2DA-1B Transfers Position 1.80E-06 
246 BK2GBDCGPR 12 Unit 2 DC Turbine GBO Pump Fails To Run 1.68E-04 
247 BK2GBDCGPS 1 Unit 2 DC Turbine GBO Pump Fails To Start On Demand 9.70E-05 
248 BK2GBDCLHE 3.2E-3 Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
249 BK2GBO1CVC 1 Check Valve 2GBO-1 Fails to Close on Demand 3. 50E-04 
250 BK2GBO1CVO 1 Check Valve 2GBO-1 Fails To Open On Demand 2.30E-06 
251 BK2GBO1CVT 24 Check Valve 2GBO-1 Transfers Closed 3.12E-06 
252 BK2GBO1FTC 24 Filter 2GBOFL-1 Becomes Clogged 4.32E-05 
253 BK2GBO2VVT 24 Manual Valve 2GBO-2 Transfers Position 4.08E-07 
254 BK2GBO3CVO 1 Check Valve 2GBO-3 Fails To Open On Demand 2.30E-06 
255 BK2GBO3CVT 12 Check Valve 2GBO-3 Transfers Closed 1.56E-06 
256 BK2GBO4VVT 108 Manual Valve 2GBO-4 Transfers Position 1.84E-06 
257 BK2GBO5VVT 24 Manual Valve 2GBO-5 Transfers Position 4.08E-07 
258 BK2GBO6VVT 24 Manual Valve 2GBO-6 Transfers Position 4.08E-07 
259 BK2GBO8VVT 24 Manual Valve 2GBO-8 Transfers Position 4.08E-07 
260 BK2GBO9VVT 24 Manual Valve 2GBO-9 Transfers Position 4.08E-07 
261 BK2GOACGPR 24 Unit 2 AC Turbine GBO Pump Fails To Run 3.36E-04 
262 BK2GOACGPS 1 Unit 2 AC Turbine GBO Pump Fails To Start 9.70E-05 
263 BK2GODCTRM 1.14E-3 Unit 2 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
264 BK2XA1CCLT 24 600 V Circuit Breaker 2XA-1C Transfers Position 2.18E-05 
265 BKGBOILCOM 1.94E-06 Common Cause Failure Of Turbine Guide Bearing Oil System 1.94E-06 
266 D1DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIA OEE-120, 0-705 6.50E-06 
267 D1DIBXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIB OEE-120-1, 0-705 6.50E-06 
268 D1DIC 0.000E+00 Loss Of Power On 125 V dc Panelboard 1DIC 0. 00E+00 
269 DIDID 0.000E+00 Loss Of Power On 125 V dc Panelboard 1DID 0.00E+00 
270 D2DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 2DIA 6.50E-06 
271 D2DIBXXDEX 6.50E-06 Loss of Power on 125 V dc Panelboard 2DIB 6.50E-06 
272 D3DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 3DIA 6.50E-06 
273 D3DIBXXDEX 6.50E-06 Loss Of Power On 125 Vdc Panelboard 3DIB 6.50E-06
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274 DAC1F4ACLT 24 600 V ac MCC 1XS1 Breaker F4A Transfers Open 2.18E-05 
275 DAC2F4DCLT 24 600 V ac MCC 1X52 Breaker FD Transfers open 2.18E-05 
276 DAC3F4ACLT 24 600 V ac MCC 3X51 Breaker FA Transfers Open (Charger 3CA) 2.18E-05 
277 DAC3F4DCLT 24 600 V ac MCC 3XS2 Breaker F4D Transfers open 2.18E-05 
278 DDC11BXCDT 24 125 Vdc Battery Breaker SY-OCI-IB Transfers Open 1.80E-06 
279 DDC11CXCDT 24 125 Vdc Breaker SY-DC1-1C Transfers Open 1.80E-06 
280 DDC11DCCDT 24 125 Vdc Breaker SY-OCi-lOC Transfers Open 1.80E-06 
281 DDC11DLCDT 24 125 Vdc Breaker SY-DC1-1DL Transfers Open 1.80E-06 
282 DDC11DRCDT 24 125 Vdc Breaker SY-DC1-1DR Transfers Open 1.80E-06 
283 DDC1A1BCDT 24 125 V dc Distribution Center lOCA Breaker lB Transfers open 1.80E-06 
284 DDC1A2ACDT 24 125 V dc Battery ICA Breaker 2A Transfers Open 1.80E-06 
285 DDC1A3CCDT 24 125 V dc Distribution Center 1DCA Breaker 3C Transfers open 1.80E-06 286 DDC1A3DCDT 24 125 V.dc Distribution Center lOCA Breaker 3D Transfers open 1.805-06 
287 DDC1ALXBYM 1.145-02 Battery SY-1 Is In Test or Maintenance 1.145-02 
288 DDC1B1BCDT 24 125 V dc Distribution Center 1DCB Breaker lB Transfers open 1.80E-06 
289 DDC1B2ACDT 24 125 V dc Battery 1CB Breaker 2A Transfers open 1.805 06 
290 DDC1B3CCDT 24 125 V dc Distribution Center lOCB Breaker 3C Transfers open 1.805-06 
291 DDC1B3DCDT 24 125 V dc Distribution Center 1DCB Breaker 3D Transfers open 1.805-06 
292 DDC1BATBYF 1 Battery SY-1 Fails During Discharge 9.305-04 
293 DDC1DCABDF 24 125 V dc Distribution Center lOCA Fault 7.68E-06 
294 DDC1DCABDM 1 125 V dc Distribution Center lOCA Is In Maintenance 3.945-07 
295 DDClDCABYF 1 125 V dc Battery ICA Fails 9.30E-04 
296 DDC1DCBBDF 24 125 V dc Distribution Center 1DCB Fault 7.68E-06 
297 DDC1DCBBDM 1 125 V dc Distribution Center 1DCB Is In Maincenance 3.945-07 
298 DDC1DCBBYF 1 125 V dc Battery lCB Fails 9.305-04 
299 DDC1FLTBDF 24 SY-DC1 Is Faulted 7.685-06 
300 DDC21BXCDT 24 125 Vdc Battery Breaker SY-DC)-IB Transfers Open 1.805-06 
301 DDC21CXCDT 24 125 Vdc Breaker SY-DC2-1C Transfers Open 1.805-06 
302 DDC21DCCDT 24 125 Vdc Breaker SY-DC2-1DC Transfers Open 1.805-06 
303 DDC21DLCDT 24 125 Vdc Breaker SY-DC2-1DL Transfers Open 1.80E-06 
304 DDC21DRCDT 24 125 Vdc Breaker SY-0C2-1DR Transfers Open 1.805-06 
305 DDC2BATBYF 1 Battery SY-2 Fails During Discharge 9.305-04 
306 DDC2FLTBDF 24 SY-DC2 Is Faulted 7.685-06 
307 DDC3A1BCDT 24 125 V dc Distribution Center 3DCA Breaker lB Transfers open 1.805-06 
308 DDC3A2ACDT 24 125 V dc Battery 3CA Breaker -A Transfers Open 1.805-06 
309 DDC3A3CCDT 24 125 V do Distribution Center 3DCA Breaker 3C Transfers open 1-805-06 310 DDC3A3DCDT 24 125 V dc Distribution Center 3DCA Breaker 3D Transfers open .805-06 311 DDC3B1BCDT 24 125 V dc Distribution Center 3DCB Breaker iB Transfers open .805-06 312 DDC3B2ACDT 24 125 V dc Battery 3CB Breaker 2A Transfers Open 1.805-06 
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313 DDC3B3CCDT 24 125 V dc Distribution Center 3DCB Breaker 3C Transfers Open 1.80E-06 
314 DDC3B3DCDT 24 125 V dc Distribution Center 3DCB Breaker 3D Transfers Open 1.80E-06 
315 DDC3DCABDF 24 125 V dc Distribution Center 3DCA Fault 7.68E-06 
316 DDC3DCABDM 1 125 V dc Distribution Center 3DCA Is In Maintenance 3.94E-07 
317 DDC3DCABYF 1 125 V dc Battery 3CA Fails 9.30E-04 
318 DDC3DCBBDF 24 125 V dc Distribution Center 3DCB Fault 7.68E-06 
319 DDC3DCBBDM 1 125 V dc Distribution Center 3DCB Is In Maintenance 3 .94E-07 
320 DDC3DCBBYF 1 125 V dc Battery 3CB Fails 9.30E-04 
321 DDC3DIABDF 24 125 V dc Power -Panelboard 3DIA Fault 7.68E-06 
322 DDC3DIABDM 1 125 V dc Power Panelboard 3DIA Is In Maintenance 3.94E-07 
323 DDC3DIBBDF 24 125 V dc Power Panelboard 3DIB Fault 7.68E-06 
324 DDC3DIBBDM 1 125 V dc Power Panelboard 3DIB Is In Maintenance 3.94E-07 
325 DDC3DICBDF 24 125 V do Panelboard 3DIC Fa.ult 7.68E-06 
326 DDC3DICBDM 1 125 V dc Panelboard 3DIC Is In Maintenance 3.94E-07 
327 DDC3DIDBDF 24 125 V dc Power Panelboard 3DID Fault 7.68E-06 
328 DDC3DIDBDM 1 125 V dc Power Panelboard 3DIT Is In Maintenance 3.94E-07 
329 DDCADA1DIF 24 Isolating Transfer Diode 3ADA Circuit 1 Failure 9.12E-05 
330 DDCADA2DIF 24 Isolating Transfer Diode 3ADA Circuit 2 Failure 9.12E-05 
331 DDCADB1DIF 24 Isolating Transfer Diode 3ADB Circuit 1 Failure 9.12E-05 
332 DDCADB2DIF 24 Isolating Transfer Diode 3ADB Circuit 2 Failure 9.12E-05 
333 DDCADC1DIF 24 Isolating Transfer Diode 3ADC Circuit 1 Failure 9.12E-05 
334 DDCADC2DIF 24 Isolating Transfer Diode 3ADC Circuit 2 Failure 9.12E-05 
335 DDCADD1DIF 24 Isolating Transfer Diode 3ADD Circuit 1 Failure 9.12E-05 
336 DDCADD2DIF 24 Isolating Transfer Diode 3ADD Circuit 2 Failure 9.12E-05 
337 DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 2.70E-05 
338 DDCBATTDEX 1.0 AC Power Is Not Restored To Battery Chargers 1.00E+00 
339 DDCDYAXBDF 24 125 Vdc Switchyard DC Panelboard DYA Is Faulted 7.68E-06 
340 DDCDYBXBDF 24 125 Vdc Switchyard DC Panelboard DYB Is Faulted 7.68E-06 
341 DDCDYCXBDF 24 125 Vdc Switchyard DC Panelboard DYC Is Faulted 7.68E-06 
342 DDCDYEXBDF 24 125 Vdc Switchyard DC Panelboard DYE Is Faulted 7.68E-06 
343 DDCDYFXBDF 24 125 Vdc Switchyard DC Panelboard DYF Is Faulted 7.68E-06 
344 DDCDYGXBDF 24 125 Vdc Switchyard DC Panelboard DYG Is Faulted 7.68E-06 
345 DDCUN31DIM 6.930E-04 Unit 1 Backup To Unit 3 Isolated At Diode For Ground Detect. 6.93E-04 
346 DDCX1CABCF 24 Battery Charger ICA Fails 6.96E-04 
347 DDCX1CBBCF 24 Battery Charger 1CB Fails 6.96E-04 
348 DDCX3CABCF 24 Battery Charger 3CA Fails 6.96E-04 
349 DDCX3CBBCF 24 Battery Charger 3CB Fails 6.96E-04 
350 E12EXCTCOM 5.31E-05 Units 1 & 2 Excit Fail Due To Common CauseFailure Of The Breakers 5.31E-05 
351 ED11D3DCDT 84 Breaker 3D In 125V dc Distribution Center 1DA Transfers Open 6.30E-06
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352 ED13BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 1DA Transfers Open 1.80E-06 
353 ED22D3DCDT 24 Breaker 2D In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 
354 ED23BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 
355 EKOORUNCOM 1.24E-4 Common Cause Failure Of Both Units Voltage Regulators To Run 1. 24E-04 
356 EKOBASERHE 1.9E-02 Recovery of Keowee Base-Adjust LHE 1.90E-02 
357 EK131TDRYD 1 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
358 EK131TDRYT 84 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 3.02E-05 
359 EK14152SWT 84 KHU1 Generator Supply Breaker Trip Control Switch 141-52/T Spurious Operation 5.88E-06 
360 EK1415TSWT 24 Spurious Operation Of The KHU1 Supply Breaker Trip Switch 1.68E-06 
361 EK1415YRYD 1 KHU1 Generator Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
362 EK1415YRYT 84 KHU1 Generator Supply Breaker Y-relay Spurious Operation 3 .02E-05 
363 EK141AXR6D 1 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 
364 EK141AXR6T 24 Keowee Unit 1 Relay 41/AX Spuriously Resets 8.71E-06 
365 EK141CFRYD 1 Keowee Unit 1 Field Flashing Breaker Close Coil Fails To Operate On Demand 3.30E-05 
366 EK186E2RYT 6 Keowee Unit 1 Lockout.Auxiliary Relay 86EX-2 Is Picked-up 2. 16E-06 
367 EK186EXRYT 84 Keowee Unit 1 Gen Lockout Aux'iliarv Relay 86EX-1 Spurious Actuation 3.02E-05 
368 EK186X2RYT 24 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 
369 EKl88SVRYD 1 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 3.30E-05 
370 EK188SVRYT 108 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 3.89E-05 
371 EK1901ARYT 84 Keowee Unit 1 Relay 90X1A Spurious Operation 3. 02E-05 
372 EK199SXRYD 1 Auxiliary Relay.99SX1 Fails To Pick-up 3 .30E-05 
373 EK199SYRYD 1 Keowee Unit 1 Relay 99SY Fails To Pick-up 3 .30E-05 
374 EK199SYRYT 24 Keowee Unit 1 Relay 99SY Drops Out 8. 64E-06 
375 EK1BAS2DEX 1.24E-3 KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 
376 EKIBASEDEX 6.17E-4 Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6. 17E-04 
377 EK1BASELHE 3.20E-3 Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-03 
378 EKIDIODDEX 2.88E-4 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
379 EK1EXC1TGF 84 Keowee Unit 1 Gen Excitation Transformer Is Failed 8. 23E-05 
380 EK1EXC2TGF 24 Keowee Unit 1 Generator Excitation Trarsformer Fails 2.35E-05 
381 EK1F30AFUF 24 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 8.64E-05 
382 EK1F31XRYD 1 Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
383 EK1F41CRYD 1 Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 
384 EK1FAN1TLF 24 Keowee Unit 1 Generator Excitation Fan Power Transformer Fails 1 .80E-05 
385 EK1FLDCLHE 2.60E-4 Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
386 EKlFLDMDEX 7.71E-5 Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
387 EK1FLSCLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
388 EK1FLSMDEX 7.71E-5 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
389 EK1FLSOLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails,*To Open Due To Latent Human Error 2.60E-04 
390 EK1R31TRYD 1 Keowee Unit 1 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 

* * *
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391 EK1R31YRYD 1 KHUl Gen Field Flashing Breaker Y-relay Failed To Drop Out At Last Operation 3.30E-05 
392 EK1R31YRYT 84 KHU1 Generator Field Flashing Breaker Y-relay Spurious Operation 3.02E-05 
393 EK1R41XRYD 1 Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 
394 EK1R41YRYD 1 KHU1 Generator Field Breaker Y-relav Failed To Drop-out At Last Operation 3.30E-05 
395 EK1R41YRYT 84 Keowee Unit 1 Generator Field Breaker Y-relay Spurious Operation 3.02E-05 
396 EK1R9A1RYT 84 Keowee Unit 1 Relay 90X1A/TD Spurious Operation 3.02E-05 
397 EKlR9C1R6T 84 Keowee Unit 1 Relay 90X1C Spurious Operation 3.05E-05 
398 EK1S141SWT 84 KHU1 Field Breaker Trip Control Switch 141/T Spurious Operation 5.88E-06 
399 EK1S31TSWT 84 KHU1 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 5.88E-06 
400 EK1S41CRYD 1 Keowee Unit 1 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 
401 EK1S41TSWT 24 Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
402 EK1S41XRYD 1 Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.30E-05 
403 EK1SPYCLHE 2.60E-4 Keowee Unit 1 Supply Breaker Fails To-Close Due To Latent Human Error 2.60E-04 
404 EK1SPYMDEX 4.62E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
405 EK1VHSVRYD 1 Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
406 EK1VREGDEX 2.47E-3 KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
407 EK231TDRYD 1 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
408 EK231TDRYT 12 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 
409 EK24152SWT 12 KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation 8.40E-07 
410 EK2415TSWT 24 Spurious Operation Of The KHU2 Supply Breaker Trip Switch 1.68E-06 
411 EK2415YRYD 1 KHU2 Gen Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
412 EK2415YRYT 12 KHU2 Generator Supply Breaker Y-relay Spurious Operation 4.32E-06 
413 EK241AXR6D 1 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2. 49E-04 
414 EK241AXR6T 24 Keowee Unit 2 Relay 41/AX Spuriously Resets 8.71E-06 
415 EK241CFRYD 1 Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand 3.30E-05 
416 EK286E2RYT 6 Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 
417 EK286EXRYT 12 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 4.32E-06 
418 EK286X2RYT 24 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 
419 EK288SVRYD 1 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 3.30E-05 
420 EK288SVRYT 36 Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 
421 EK2901ARYT 12 Keowee Unit 2 Relay 90X1A Spurious Operation 4 .32E-06 
422 EK299SXRYD 1 Auxiliary Relay 99SX2 Fails To Pick-up 3.30E-05 
423 EK299SYRYD 1 Keowee Unit 2 Relay 99SY Fails To Pick-up 3.30E-05 
424 EK299SYRYT 24 Keowee Unit 2 Relay 99SY Drops Out 8. 64E-06 
425 EK2BAS2DEX 1.24E-3 KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 
426 EK2BASEDEX 6.17E-4 Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 
427 EK2BASELHE 3.20E-3 Keowee Unit 2 Base Adjust Is Set Incorrectly 3 .20E-03 
428 EK2DIODDEX 2.88E-4 Keowee Unit 2 Exciter Fan Supply Diode Bri.dge Fails 2.88E-04 
429 EK2EXC1TGF 12 Keowee Unit 2 Generator Excitation Transformer Is Failed 1.18E-05
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430 EK2EXC2TGF 24 Keowee Unit 2 Generator Excitation Transformer Fails 2 .35E-05 
431 EK2F30AFUF 24 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 8.64E-05 
432 EK2F31XRYD 1 Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
433 EK2F41CRYD 1 Keowee Unit 2 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 
434 EK2FAN1TLF 24 Keowee Unit 2 Generator Excitation Fan Power Transformer Fails 1.80E-05 
435 EK2FLDCLHE 2.60E-4 Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
436 EK2FLDMDEX 7.71E-5 Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
437 EK2FLSCLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
438 EK2FLSMDEX 7.71E-5 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
439 EK2FLSOLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 440 EK2R31TRYD 1 Keowee Unit 2 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 
441 EK2R31YRYD 1 KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation 3.30E-05 
442 EK2R31YRYT 12 KHU2 Generator Field Flashing Breaker Y-relay Spurious Operation 4.32E-06 443 EK2R41XRYD 1 Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 
444 EK2R41YRYD 1 KHU2 Generator Field Breaker Y-relav Failed To Drop-out At Last Operation 3.30E-05 
445 EK2R41YRYT 12 KHU2 Generator Field Breaker.Y-relay Spurious Operation 4 .32E-06 446 EK2R9A2RYT 12 Keowee Unit 2 Relay 90X1A/TD Spurious Operation 4 .32E-06 
447 EK2R9C2R6T 12 Keowee Unit 2 Relay 90X1C Spurious Operation 4 .36E-06 
448 EK2S141SWT 12 KHU2 Field Breaker Trip Control Switch Spurious Operation 8.40E-07 
449 EK2S3lTSWT 12 KHU2 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 
450 EK2S41CRYD 1 Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 
451 EK2S41TSWT 24 Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
452 EK2S41XRYD 1 Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.30E-05 
453 EK2SPYCLHE 2.60E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
454 EK2SPYMDEX 4.62E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
455 EK2VHSVRYD 1 Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
456 EK2VREGDEX 2.47E-3 KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
457 EKSTARTCOM 6.17E-5 Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-05 
458 ESCONDNOT 1 An Engineered Safeguards Condition Does Not Exist 1.00E+00 
459 EU1C1RORYD 1 ONS1 ESG Chan. 1 Ro Relay Fails To Pick Up OEE-120 1.0OE+00 
460 EU1C2RORYD 1 ONS1 ESG Chan. 2 Ro Relay Fails to Pick Up 1.00E+00 
461 EU2C1RORYD 1 ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 1.OOE+00 
462 EU2C2RORYD 1 ONS2 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-220-1 1.00E+00 
463 EU3C1RORYD 1 ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 1.OOE+00 
464 EU3C2RORYD 1 ONS3 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-320-1 1.00E+00 
465 FAC3XAACLT 46 208 V ac MCC 3XAA Breaker R5C Transfers Open (3LPSW-137) 1.00E-03 
466 FAC3XS3DEX 1.00OOE+00 Loss Of Power On 3XS3 Does Not Also Fail Power On 3XC 1.00 E+00 
467 FACCR1ECLT 24 208 V ac MCC 3XC Breaker R1E Transfers Opea (3C-391) -2.18E-05 
468 FACGA7CCLT 24 208 V ac MCC 3XGA Breaker F7C Transfers Open (3C-156) 2.18E-05 

S 0 0
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469 FACGB3ACLT 9 208 V ac MCC 3XGB Breaker R3A Transfers Open (3C-124) 5.90E-03 
470 FACX3XCDEX 1.000E±00 Power Loss On 3XAA Does Mot Also Fail Power On 3XC 1. 00E+00 
471 FCW0088VVT 46 Manual Valve CCW-82 Transfers Closed 1.88E-05 
472 FCW0089VVT 46 Manual Valve CCW-89 Transfers Closed 1.89E-05 
473 FCWO304CVO 1 Check Valve CCW-304 Fails To Open 2.30E-06 
474 FCW0304CVT 24 Check Valve CCW-304 Transfers Closed After Opening 3.12E-06 
475 FCW03R6RYD 1 Relay 3R6 Fails To Close 3.30E-05 
476 FCWS34CCLT 46 208 V ac MCC 3XS3 Breaker 4C Transfers Open (TDEFWP Oil Cooler Pump) l.OOE-03 
477 FCWTBOCGPR 24 Oil Cooler Pump Fails To Run For The Required Time 3.36E-04 
478 FCWTBOCGPS 1 Oil Cooler Pump Fails To Start On Demand 9.70E-05 
479 FCX0010AVT 24 Air-Operated Valve 3C-10 Transfers Closed 5.52E-05 
480 FCX0013VVT 24 Manual Valve 3C-13 Transfers Closed 4.08E-07 
481 FCX0016VVT 24 Manual Valve 3C-16 Transfers Closed 4.08E-07 
482 FCX0072VVT 24 Manual Valve 3C-72 Transfers Closed 4.08E-07 
483 FCXOO75VVT 24 Manual Valve 3C-75 Transfers Closed 4.08E-07 
484 FCX0106VVT 24 Manual Valve 3C-106 TransfereClosed 4.08E-07 
485 FCX0113VVT 24 Manual Valve 3C-113 Transfers Closed 4. 08E-07 
486 FCX0120VVT 24 Manual Valve 3C-120 Transfers Closed 4.08E-07 
487 FCX0124MVO 1 Motor-Operated Valve 3C-124 Fails To Open On Demand 4. OOE-03 
488 FCX0127VVT 9 Manual Valve 3C-127 Transfers Closed 1.10E-04 
489 FCX0128AVO 1 Air-operated Valve 3C-128 Fails To Open On Demand 2 8OE-04 
490 FCX0130VVT 9 Manual Valve 3C-130 Transfers Closed 1.10E-04 
491 FCX0131VVT 9 Manual Valve 3C-131 Transfers Closed 1.10E-04 
492 FCXOl6MVC 1 Motor-Operated Valve,3C-l56 Fails to Close On Demand 4. (OE-03 
493 FCX0156MVT 36 Motor-Operated Valve 3C-156 Transfers Closed 4.68E-06 
494 FCX0157VVT 46 Locked Open Manual Valve 3C-157 Transfers Closed 1.88E-05 
495 FCXO391MVO 1 Motor-Operated Valve 3C-391 Fails To Open On Demand 4. OOE-03 
496 FCXC187AVT 36 Air-Operated Valve C-187 Transfers Open 8.28E-05 
497 FCXLS17LTF 36 Hotwell Level Transmitter Controlling C-187 Fails Low 1.80E-04 
498 FCXLS28LTF 24 Hotwell Level Transmitter Controlling Hotwell Pumps Fails 1.20E-04 
499 FCXR151RYT 24 Relay R-151 Fails Energized 8.64E-06 
500 FEFO232CVO 1 Check Valve 3FDW-232 Fails To Open On Demand 2.30E-06 
501 FEFO232CVT 24 Check Valve 3FDW-232 Transfers Closed 3.12E-06 
502 FEFO233CVO 1 Check Valve 3FDW-233 Fails To Open On Demand 2.30E-06 
503 FEFO233CVT 24 Check Valve 3FDW-233 Transfers Closed 3.12E-06 
504 FEFO309VVT 9 Locked Open Manual Valve 3FDW-309 Transfers Closed 1.l0E-04 
505 FEF0340V6T 9 Locked Open Manual Valve 3FDW-310 Transfers Closed 1.10E-04 
506 FEF0311CVO 1 Check Valve 3FDW-311 Fails To Open On Demand 2.30E-06 
507 FEF0311CVT 24 Check Valve 3FDW-311 Transfers Closed 3.A12f-06
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508 FEFO312CVO 1 Check Valve 3FDW-312 Fails To Open on Demand 2.30E-06 
509 FEFO312CVT 24 Check Valve 3FDW-31D Transfers Closed 3.12E-06 
510 FEFO31SAVC 1 Air-operated Valve 3FDW-311 Fails To Close To Throttle Flow 2.005-03 
511 FEF0315AVO 1 Air-Operated Valve 3FDW-315 Fails To Open On Demand 2.80E-04 
512 FEF0315AVT 24 Air-Operated Valve 3FDW-315 Transfers Closed 5.52E-05 
513 FEFO316AVC 1 Air-Operated Valve 3FDW-316 Fails To Close To Throttle Flow 2.OOE-03 
514 FEFO316AVO 1 Air-Operated Valve 3FDW-316 Fails To Open 2.80E-04 
515 FEFO316AVT 24 Air-operated Valve 3FDW-316 Transfers Closed 5.52E-05 
516 FEFO317CVO 1 Check Valve3FDW-317 Fails To Open On Demand 2.30E-06 
517 FEFO317CVT 24 Check Valve 3FDW-317 Transfers Closed 3.12E-06 
518 FEFO318CVO 1 Check Valve 3FDW-318 Fails To Open On Demand 2.305-06 
519 FEFO318CVT 24 Check Valve 3FDW-318 Transfers Closed 3.12E-06 
520 FEFO345CVO 1 Check Valve 3FDW-345 Fails To Open On Demand 2.30E-06 
521 FEFO345CVT 24 Check Valve 3FDW-345 Transfers Closed 3.125-06 
522 FEFO346CVO 1 Check Valve 3FDW-346 Fails To Open On Demand 2.305-06 
523 FEFO346CVT 24 Check Valve 3FDW-346 Transfers Closed 3.12E-06 
524 FEFO347MVT 46 Motor-Operated Valve 3FDW-347 Transfers Closed 1.445-04 
525 FEFO368MVT 36 Motor-Operated Valve 3FDW-36S Transfers Closed 4.685-D6 
526 FEFO369MVT 36 Motor-Operated Valve 3FDW-369 Transfers Closed 4.605-06 
527 FEFO382PST 9 Pressure Switch 3PS-382 Fails 2.795-03 
528 FEFO383PST 9 Pressure Switch 3PS-323 Fails 2.795-03 
529 FEFO384PST 9 Pressure Switch 3PS-384 Fails 2.79E-03 
530 FEFO385PST 9 Pressure Switch 3PS-385 Fails 2.795-03 
531 FEFO386PST 9 Pressure Switch 3PS-386 Fails 2.79E-03 
532 FEFO387PST 9 Pressure Switch 3PS-387 Fails 2.79E-03 
533 FEFO388PST 9 Pressure Switch 3PS-388 Fails 2.795-03 
534 FEFO389PST 9 Pressure Switch 3PS-389 Fails 2.79E-03 
535 FEFO403PST 9 Pressure Switch 3P5-403 Fails 2.79E-03 
536 FEFO407PST 9 Pressure Switch 3PS-407 Fails 2.79E-03 
537 FEFO415PST 9 Pressure Switch 3PS-415 Fails 2.79E-03 
538 FEFO419PST 9 Pressure Switch 3PS-419 Fails 2.795-03 
539 FEFO442CVO 1 Check Valve 3FDW-442 Fails To Open On Demand 2.30E-06 
540 FEFO442CVT 24 Check Valve 3FDW-442 Transfers Closed 3.125-06 
541 FEF1516COM 1.400E-04 Common Cause Failure Of Air-operated Valves FDW-315 and 316 To open 1.40E-04 
542 FEFEFW2DHE 5.0005-03 Operators Fail To Throttle EFW Pump Flow 5.005-03 
543 FEFMFLBDEX 3.0005-01 Percentage Of Condensate/FEW Piping At Or Below Hotwell 51ev 3.005-01 
544 FEFMFLBRHE 1.0005+00 Operators Fail To Isolate A MFLB Before The USTs Drain To The Hotwell 1.005+00 
545 FEFRCIRDHE 1.0005-03 Operators Fail To Align Recirculation FromHotwell To Upper Surge Tanks 1.005-03 
546 FEFSICHDHE 5OOE.-02 Operators Fail To Switch TDEFW Pump Suction To Hotwell 5.005-02 

0 0 0
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547 FEFTDFPLHE 3.000E-03 Turbine-Driven EFW Pump Fails Due To Latent Human Error 3. 00E-03 
548 FEFTDFPTPR 24 Turbine-Driven EFW Pump Fails To Run For The Required Time 6.00E-02 
549 FEFTDFPTPS 1 Turbine-Driven EFW Pump Fails To Start On Demand 1.40E-03 
550 FEFTDFPTRM 9.400E-03 Turbine-Driven EFW Pump Is In Maintenance 9.40E-03 
551 FEFTDP2TPS 1 Turbine-Driven EFW Pump Fails To Restart On Demand 1.40E-03 
552 FEFTRNALHE 3.OOOE-03 EFW System Header 3A Fails Due To Latent Human Error 3. 00E-03 
553 FEFTRNATRM 2.700E-04 EFW System Header 3A Is In Maintenance 2.70E-04 
554 FEFTRNBLHE 3.OOOE-03 EFW System Header 3B Fails Due To Latent Human Error 3. 00E-03 
555 FEFTRNBTRM 2.700E-04 EFW System Train 3B Is In Maintenance 2.70E-04 
556 FEFWUSTLHE 1.000E-04 Insufficient Inventory In UST For EFW Pump Suction 1.00E-04 
557 FEFWUSTTKF 24 Upper Surge Tanks Fail 1.10E-05 
558 FHS0033VVT 24 Manual Valve 3HPSW-33 Transfers Closed 4.08E-07 
559 FHS0194AVO 1 Air-Operated Valve HPSW-184 Fails To Open 2.80E-04 
560 FHS0184AVT 24 Air-Operated Valve HPSW-184 Transfers Closed After Opening 5.52E-05 
561 FHSO189VVT 46 Manual Valve 3HPSW-189 Transfers Closed 1.88E-05 
562 FHS(191RGO 1 Regulating Valve 3HPSW-191 Fails To Open On Demand 1. 60E-03 
563 FHS0191RGT 24 Regulating Valve 3HPSW-191 Transfers Closed 1.92E-05 
564 FHS0192VVT 46 Manual Valve 3HPSW-192 Transfers Closed 1.88E-05 
565 FHS0193CVO 1 Check Valve 3HPSW-193 Fails To Open On Demand 2. 30E-06 
566 FHS0193CVT 24 Check Valve 3HPSW-193 Transfers Closed 3.12E-06 
567 FHSO248VVT 46 Manual Valve 3HPSW-248 Transfers Closed 1.88E-05 
568 FKOFISHCOM 2.55E-3 Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-03 
569 FKOFISHDHE 6.3E-02 Recovery of Main WL Strainer Clogging 6 .30E-02 
570 FKOFLOODHE 6.3E-02 Recovery of Trubine Guide Bearing or Packing WL Filter Clogging 6.30E-02 
571 FKOWL01VVT 24 Locked-Open Manual Valve OWL-1 Transfers Position 4. 08E-07 
572 FK1120GLHE 3.2E-3 Unit 1 Control Switch S120G Left in OFF Position 3. 20E-03 
573 FK1120GSWT 108 Unit 1 Control Switch S120G Spurious Operation 7. 56E-06 
574 FK1FL01FRF 24 Filter 1WLFL-1 Becomes Clogged 2.35E-05 
575 FK1FLO2FRF 24 Filter 1WLFL-2 Becomes Clogged 2.35E-05 
576 FK1FLO3FRF 24 Filter 1WLFL-3 Becomes Clogged 2.35E-05 
577 FK1TRHXHXF 24 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 1.54E-05 
578 FK1WLO3VVT 24 Manual Valve 1WL-3 Transfers Position 4.08E-07 
579 FKlWL04VVT 24 Manual Valve 1WL-4 Transfers Position 4.08E-07 
580 FK1WL05VVT 24 Manual Valve 1WL-5 Transfers Position 4.08E-07 
581 FK1WLO6VVT 24 Manual Valve 1WL-6 Transfers Position 4.08E-07 
582 FK1WLO7VVT 24 Manual Valve 1WL-7 Transfers Position 4.08E-07 
583 FK1WL08VVT 24 Manual Valve 1WL-8 Transfers Position 4. 08E-07 
584 FK1WL09VVT 24 Manual Valve 1WL-9 Transfers Position 4. 08E-07 
585 FKlWL11AVO 1 Cooling Water Control Valve 1WL-li Fails'To Open On Demand 2.80E-04
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586 FKlWL11AVT 24 Cooling Water Control Valve 1WL-11 Transfers Closed 5.52E-05 
587 FK1WL12VVT 108 Manual Valve 1WL-12 Transfers Position 1.84E-06 
588 FKlWL15VVT 108 Manual Valve 1WL-15 Transfers Position 1.84E-06 
589 FK1WL42VVT 108 Manual Valve 1WL-42 Transfers Position 1.84E-06 
590 FKlWL43VVT 108 Manual Valve 1WL-43 Transfers Position 1.84E-06 
591 FK2120GLHE 2.6E-4 Unit 2 Control Switch S120G Left in OFF Position 2.60E-04 
592 FK2120GSWT 36 Unit 2 Control Switch S120G Spurious Operation 2. 52E-06 
593 FK2FL01FRF 24 Filter 2WLFL-1 Becomes Clogged 2.35E-05 
594 FK2FLO2FRF 24 Filter 2WLFL-2 Becomes Clogged 2.35E-05 
595 FK2FLO3FRF 24 Filter 2WLFL-3 Becomes Clogged 2.35E-05 
596 FK2TRHXHXF 24 Turbine Packing Box Heat Exchanger 2TRHX-1 Pails 1.54E-05 
597 FK2WLO3VVT 24 Manual Valve 2WL-3 Transfers Position 4.08E-07 
598 FK2WLO4VVT 24 Manual Valve 2WL-4 Transfers Position 4.08E-07 
599 FK2WL05VVT 24 Manual Valve 2WL-5 Transfers Position 4.08E-07 
600 FK2WL06VVT 24 Manual Valve 2WL-6 Transfers Position 4.08E-07 
601 FK2WLO7VVT 24 Manual Valve 2WL-7 Transfers Position 4.08E-07 
602 FK2WL08VVT 24 Manual Valve 2WL-8 Transfers Position 4.08E-07 
603 FK2WLO9VVT 24 Manual Valve 2WL-9 Transfers Position 4.08E-07 
604 FK2WL11AVO 1 Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 
605 FK2WL11AVT 24 Cooling Water Control Valve 2WL-11 Transfers Closed 5.52E-05 
606 FK2WL12VVT 36 Manual Valve 2WL-12 Transfers Position 6.12E-07 
607 FK2WL15VVT 36 Manual Valve 2WL-15 Transfers Position 6.12E-07 
608 FK2WL42VVT 36 Manual Valve 2WL-42 Transfers Position 6.12E-07 
609 FK2WL43VVT 36 Manual Valve 2WL-43 Transfers Position 6.12E-07 
610 FKVALVECOM 2.46E-5 Common Cause Failure Of Cooling Water Control Valves 2.46E-05 
611 FLII 5.800E-03 Large, Isolable Condenser Inlet Turbine Building Flood 5.80E-03 
612 FLS0136VVT 46 Manual Valve 3LPSW-136 Transfers Closed 1.88E705 
613 FLS0137MVO 1 Motor-Operated Valve 3LPSW-137 Fails To Open On Demand 4.00E-03 
614 FLS0137MVT 24 Motor-Operated Valve 3LPSW-137 Transfers Closed After Opening 3.12E-06 
615 FLSO138AVO 1 Air-Operated Valve 3LPSW-138 Fails To Open On Demand 2.80E-04 
616 FLS0138AVT 24 Air-Operated Valve 3LPSW-138 Transfers Closed After Opening 5.52E-05 
617 FLSO687CVO 1 Check Valve 3LPSW-687 Fails To Open On Demand 2.30E-06 
618 FLSO687CVT 24 Check Valve 3LPSW-687 Transfers Closed 3.12E-06 
619 FMII 8.800E-03 Medium, Isolable Condenser Inlet Turbine Bldg Flood 8-.80E-03 
620 FMN 6.200E-04 Medium, Non-Isolable Turbine Building Flood 6.20E-04 
621 FMS0082MVT 46 Motor-Operated Valve 3MS-82 Transfers Closed 1.44E-04 
622 FMS0083CVO 1 Check Valve 3MS-83 Fails To Open On Demand 2.30E-06 
623 FMS0083CVT 24 Check Valve 3MS-83 Transfers Closed 3.12E-06 
624 FMS0084MVT 46 Motor-Operated Valve 3MS-84 Transfers Closed 1.44E-04 
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625 FMSO085CVO 1 Check Valve 3MS-85 Fails To Open On Demand 2.30E-06 
626 FMS0085CVT 24 Check Valve 3MS-85 Transfers Closed 3.12E-06 
627 FMSOo86VVT 46 Locked Open Manual Valve 3MS-86 Transfers Closed 1.88E-05 
628 FMS0087AVT 46 Air-Operated Valve 3MS-87 Transfers Closed 2.54E-03 
629 FMSO89VVT 46 Manual Valve 3MS-89 Transfers Closed 1.88E-05 
630 FMS0090VVT 46 Manual Valve 3MS-90 Transfers Closed 1.88E-05 
631 FMS0091CVO 1 Check Valve 3MS-91 Fails To Open On Demand 2.30E-06 
632 FMS0091CVT 24 Check Valve 3MS-91 Transfers Closed 3.12E-06 
633 FMS0093AVO 1 Air-Operated Valve 3MS-93 Fails To Open On Demand 2.80E-04 
634 FMS0093AVT 24 Air-Operated Valve 3MS-93 Transfers Closed 5.52E-05 
635 FMS0093LLD 1 Limit Switch On Air-Operated Valve 3MS-93 Fails 5.50E-07 
636 FMSO93BAVO 1 Air-Operated Valve 3MS-93 Fails To Reopen On Demand 2. 80E-04 
637 GKOBRGVRHE 1.00E+00 Failure To Recover Thrust Bearing Cooling 1. 00E+00 
638 GKOCOOLCOM 4.61E-07 Common Cause Failure of Generator Air Cooling 4. 61E-07 
639 GKOLOCKCOM 4.06E-06 Common Cause Actuation of Generator Lockouts 4.06E-06 
640 GK10001HGR 24 Keowee Unit 1 Generator Fault While the Unit Runs 2.27E-03 
641 GK10001HGS 1 Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 
642 GK1063FPST 24 Keowee 1 Gen C02 Sys Press Switch 63F Spurious Operation 1.03E-05 
643 GK112TDRYT 24 Time Delay Relay 12XTD/1 Spuriously Picks-up 8.64E-06 
644 GK112X1RYT 24 Relay 12X/1 Spuriously Picks-up 8.64E-06 
645 GK13SUIRYT 24 Keowee Unit 1 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
646 GK13SUISWT 24 Keowee Unit 1 Startup Inhibit Switch 3SUI Spurious Operation 1.68E-06 
647 GK140G1RYT 24 Keowee Unit 1 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 
648 GK159GNRYT 24 Keowee Unit 1 Generator Ground Fault Relay 59GN1 Spurious Actuation 8.64E-06 
649 GK162TDRYT 24 Keowee Unit 1 Generator Backup Trip Timer 62-lTD Spurious Operation 8.64E-06 
650 GK163FXRYT 24 Keowee Unit 1 Generator Fire Relay 63FX.Spurious Actuation 8.64E-06 
651 GK186E1RYT 24 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 8.64E-06 
652 GK187G1RYT 24 Keowee Unit 1 Generator Differential Relay 87G-1 Spurious Actuation 8.64E-06 
653 GK187GBRYT 24 Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
654 GK187TERYT 24 Keowee Unit 1 Exitation Transformer Differential Relay 87T-1E Spur. Actuation 8.64E-06 
655 GK1BRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
656 GKlCOOLLHE 2.60E-04 Keowee 1.Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
657 GK1FIREDEX 3.19E-05 Spurious Actuation of Unit 1 Gen. C02 Fire Supression System 3.19E-05 
658 GK1GAC1HXF 24 Generator Air Cooler 1GAHW-1 Fails 1.54E-05 
659 GK1GAC1HXL 108 Heat Exchanger 1GACI Leaks 1.08E-05 
660 GK1GAC2HXF 24 Generator Air Cooler 1GAHW-2 Fails 1.54E-05 
661 GK1GAC2HXL 108 Heat Exchanger 1GAC2 Leaks 1.08E-05 
662 GK1GAC3HXF 24 Generator Air Cooler 1GAHW-3 Fails 1.54E-05 
663 GK1GAC3HXL 108 Heat Exchanger 1GAC3 Leaks 1.08E-05
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664 GK1GAC4HXF 24 Generator Air Cooler 1GAHW-4 Fails 1.54E-05 
665 GK1GAC4HXL 108 Heat Exchanger 1GAC4 Leaks 1.08E-05 
666 GK1GAC5HXF 24 Generator Air Cooler 1GAHW-5 Fails 1.54E-05 
667 GK1GAC5HXL 108 Heat Exchanger IGACS Leaks 1.08E-05 
668 GK1GAC6HXF 24 Generator Air Cooler 1GAHW-6 Fails 1.54E-05 
669 GK1GAC6HXL 108 Heat Exchanger 1GAC6 Leaks 1.08E-05 
670 GK1HPO1HXF 24 Generator Thrust Bearing Cooler 1HPOHX-1 Fails 1.54E-05 
671 GKlHPO2HXF 24 Generator Thrust Bearing Cooler 1HPOHX-2 Fails 1.54E-05 
672 GK1HPO3HXF 24 Generator Thrust Bearing Cooler 1HPOHX-3 Fails 1.54E-05 
673 GK1HPO4HXF 24 Generator Thrust Bearing Cooler lHPOHX-4 Fails 1.54E-05 
674 GK1HPO5HXF 24 Generator Thrust Bearing Cooler 1HPOHX-5 Fails 1.54E-05 
675 GK1HPO6HXF 24 Generator Thrust Bearing Cooler 1HPOHX-6 Fails 1.54E-05 
676 GK1HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 1HPO-6 Transfers Position 4.08E-07 
677 GK1HPO7HXF 24 Generator Thrust Bearing Cooler 1HPOHX-7 Fails 1.54E-05 
678 GK1HPO8HXF 24 Generator Thrust Bearing Cooler 1HPOHX-8 Fails 1.154E-05 
679 GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
680 GKI0121SST 24 Speed Switch 12/1 Falsely Indicates High Speed 1.01E-04 
681 GKlWL16VVT 384 Manual Valve 1WL-16 Transfers Position 6.53E-06 
682 GK1WL17VVT 384 Manual Valve 1WL-17 Transfers Position 6.53E-06 
683 GKlWL18VVT 108 Manual Valve 1WL18 Transfers Position 1.84E-06 
684 GK1WL19VVT 108 Manual Valve 1WL19 Transfers Position 1.84E-06 
685 GKlWL20VVT 384 Manual Valve 1WL-20 Transfers Position 6.53E-06 
686 GK1WL21VVT 384 Manual Valve 1WL-21 Transfers Position 6.53E-06 
687 GKlWL22VVT 108 Manual Valve 1WL22 Transfers Position 1.84E-06 
688 GK1WL23VVT 108 Manual Valve 1WL23 Transfers Position 1.84E-06 
689 GK1WL24VVT 384 Manual Valve 1WL-24 Transfers Position 6.53E-06 
690 GKlWL25VVT 384 Manual Valve 1WL-25 Transfers Position 6.53E-06 
691 GK1WL26VVT 108 Manual Valve 1WL26 Transfers Position 1.84E-06 
692 GKlWL27VVT 108 Manual Valve 1WL27 Transfers Position 1.84E-06 
693 GK1WL28VVT 384 Manual Valve 1WL-28 Transfers Position 6.53E-06 
694 GK1WL29VVT 384 Manual Valve 1WL-29 Transfers Position 6.53E-06 
695 GKlWL30VVT 108 Manual Valve 1WL30 Transfers Position 1.84E-06 
696 GKlWL31VVT 108 Manual Valve 1WL31 Transfers Position 1.84E-06 
697 GKlWL32VVT 384 Manual Valve 1WL-32 Transfers Position 6.53E-06 
698 GKlWL33VVT 384 Manual Valve 1WL-33 Transfers Position 6.53E-06 
699 GK1WL34VVT 108 Manual Valve 1WL34 Transfers Position 1.84E-06 
700 GK1WL35VVT 108 Manual Valve 1WL35 Transfers Position 1.84E-06 
701 GK1WL36VVT 384 Manual Valve 1WL-36 Transfers Position 6.53E-06 
702 GK1WL37VVT 384 Manual Valve 1WL-37 Transfers Position 6.53E-06 
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703 GK1WL38VVT 108 Manual Valve 1WL38 Transfers Position 1.84E-06 
704 GK1WL39VVT 108 Manual Valve 1WL39 Transfers Position 1.84E-06 
705 GK1WL41VVT 384 Keowee 1 Manual Valve 1WL-41 Transfers Position to Block Discharge Path 6.53E-06 
706 GK1WL44VVT 384 Manual Valve 1WL-44 Transfers Position 6.53E-06 
707 GK1WL45VVT 384 Manual Valve 1WL-45 Transfers Position 6.53E-06 
708 GK1WL46VVT 108 Manual Valve 1WL-46 Transfers Position 1.84E-06 
709 GK1WL47VVT 108 Manual Valve 1WL-47 Transfers Position 1.84E-06 
710 CK1WL48VVT 384 Manual Valve 1WL-48 Transfers Position 6.53E-06 
711 GK1WL49VVT 384 Manual Valve 1WL-49 Transfers Position 6.53E-06 
712 GKlWL50VVT 108 Manual Valve 1WL-50 Transfers Position 1.84E-06 
713 GK1WLSlVVT 108 Manual Valve 1WL-51 Transfers Position 1.84E-06 
714 GK1WL52VVT 384 Manual Valve 1WL-52 Transfers Position 6.53E-06 
715 GK1WL53VVT 384 Manual Valve 1WL-53 Transfers Position 6.53E-06 
716 GK1WL54VVT 108 Manual Valve 1WL-54 Transfers Position 1.84E-06 
717 GK1WL55VVT 108 Manual Valve 1WL-55 Transfers Position 1.84E-06 
718 GKlWL56VVT 384 Manual Valve 1WL-56 Transfers Position 6.53E-06 
719 GK1WL57VVT 384 Manual Valve 1WL-57 Transfers Position 6.53E-06 
720 GK1WL58VVT 108 Manual Valve 1WL-58 Transfers Position 1.84E-06 
721 GK1WL59VVT 108 Manual Valve 1WL-59 Transfers Position 1.84E-06 
722 GK1WL60VVT 384 Manual Valve 1WL-60 Transfers Position 6.53E-06 
723 GK1WL61VVT 384 Manual Valve 1WL-61 Transfers Position 6.53E-06 
724 GKlWL62VVT 108 Manual Valve 1WL-62 Transfers Position 1.84E-06 
725 GK1WL63VVT 108 Manual Valve 1WL-63 Transfers Position 1.84E-06 
726 GK1WL64VVT 384 Manual Valve 1WL-64 Transfers Position 6.53E-06 
727 GK1WL65VVT 384 Manual Valve 1WL-65 Transfers Position 6.53E-06 
728 GK1WL66VVT 108 Manual Valve 1WL-66 Transfers Position 1.84E-06 
729 GK1WL67VVT 108 Manual Valve 1WL-67 Transfers Position 1.84E-06 
730 GK1WL68VVT 384 Manual Valve 1WL-68 Transfers Position 6.53E-06 
731 GK1WL69VVT 384 Manual Valve 1WL-69 Transfers Position 6.53E-06 
732 GK1WL70VVT 108 Manual Valve 1WL-70 Transfers Position 1.84E-06 
733 GKlWL7lVVT 108 Manual Valve 1WL-71 Transfers Position 1.84E-06 
734 GKlWL72VVT 384 Manual Valve 1WL-72 Transfers Position 6.53E-06 
735 GK1WL73VVT 384 Manual Valve 1WL-73 Transfers Position 6.53E-06 
736 GK1WL74VVT 108 Manual Valve 1WL-74 Transfers Position 1.84E-06 
737 GK1WL75VVT 108 Manual Valve 1WL-75 Transfers Position 1.84E-06 
738 GK1WL76VVT 384 Manual Valve 1WL76 Transfers Position and Blocks Discharge Path 6.53E-06 
739 GK1WL78VVT 384 Manual Valve 1WL78 Transfers Position and Blocks Discharge Path 6.53E-06 
740 GK20001HGR 24 Keowee Unit 2 Generator Fault While the Unit Runs 2.27E-03 
741 GK20002HGS 1 Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04
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742 GK2063FPST 24 Keowee 2 Gen C02 Sys Press Switch 63F Spurious Operation 1.03E-05 743 GK212TDRYT 24 Time Delay Relay 12XTD/2 Spuriously Picks-up 8.64E-06 744 GK212X2RYT 24 Relay 12X/2 Spuriously Picks-up 8.64E-06 745 GK23SUIRYT 24 Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
746 GK23SUISWT 24 Keowee Unit 2 Startup Inhibit Swtich 3SU1 Spurious Operation 1.68E-06 
747 GK240G1RYT 24 Keowee Unit 2 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 748 GK259GNRYT 24 Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation 8.64E-06 749 GK262TDRYT 24 Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation 8.64E-06 750 GK263FXRYT 24 Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 751 GK286E2RYT 24 Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up 8.64E-06 752 GK287G2RYT 24 Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation 8.64E-06 753 GK287GBRYT 24 Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 754 GK287TERYT 24 Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation 8.64E-06 755 GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 756 GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlys Mispositioned After Maintenance 2.60E-04 757 GK2FIREDEX 7.00E-05 Spurious Actuation of Unit 2 Gen. CO2 Fire Supression System 7.00E-05 758 GK2GAC1HXF 24 Generator Air Cooler 2GAHW-1 Fails 1.54E-05 759 GK2GAC1HXL 36 Heat Exchanger 2GAC1 Leaks 3.60E-06 
760 GK2GAC2HXF 24 Generator Air Cooler 2GAHW-2 Fails 1.54E-05 761 GK2GAC2HXL 36 Heat Exchanger 2GAC2 Leaks 3.60E-06 
762 GK2GAC3HXF 24 Generator Air Cooler 2GAHW-3 Fails 1.54E-05 763 GK2GAC3HXL 36 Heat Exchanger 2GAC3 Leaks 3.60E-06 
764 GK2GAC4HXF 24 Generator Air Cooler 2GAHW-4 Fails 1.54E-05 765 GK2GAC4HXL 36 Heat Exchanger 2GAC4 Leaks 3.60E-06 
766 GK2GAC5HXF 24 Generator Air Cooler 2GAHW-5 Fails 1.54E-05 767 GK2GAC5HXL 36 Heat Exchanger 2GAC5 Leaks . 3.60E-06 
768 GK2GAC6HXF 24 Generator Air Cooler 2GAHW-6 Fails 1.54E-05 
769 GK2GAC6HXL 36 Heat Exchanger 2GAC6 Leaks 3.60E-06 
770 GK2HPO1HXF 24 Generator Thrust Bearing Cooler 2HPOHX-1 Fails 1.54E-05 
771 GK2HPO2HXF 24 Generator Thrust Bearing Cooler 2HPOHX-2 Fails 1.54E-05 
772 GK2HPO3HXF 24 Generator Thrust Bearing Cooler 2HPOHX-3 Fails 1.54E-05 
773 GK2HPO4HXF 24 Generator Thrust Bearing Cooler 2HPOHX-4 Fails 1.54E-05 
774 GK2HPO5HXF 24 Generator Thrust Bearing Cooler 2HPOHK-5 Fails 1.54E-05 
775 GK2HPO6HXF 24 Generator Thrust Bearing Cooler 2HPOHX-6 Fails 1.54E-05 776 GK2HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position 4.08E-07 
777 GK2HPO7HXF 24 Generator Thrust Bearing Cooler 2HPOHX-7 Fails 1.54E-05 778 GK2HPOSHXF 24 Generator Thrust Bearing Cooler 2HPOHX-8 Fails 1.54E-05 779 GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect Following Maintenance 5.20E-05 
780 GK20121SST 24 Speed Switch 12/2 Falsely Indicates High Speed 1.01E-04
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781 GK2WL16VVT 36 Manual Valve 2WL-16 Transfers Position 6.12E-07 
782 GK2WL17VVT 36 Manual Valve 2WL-17 Transfers Position 6.12E-07 
783 GK2WL18VVT 36 Manual Valve 2WL18 Transfers Position 6.12E-07 
784 GK2WL19VVT 36 Manual Valve 2WL19 Transfers Position 6.12E-07 
785 GK2WL20VVT 36 Manual Valve 2WL-20 Transfers Position 6. 12E-07 
786 GK2WL21VVT 36 Manual Valve 2WL-21 Transfers Position 6.12E-07 
787 GK2WL22VVT 36 Manual Valve 2WL22 Transfers Position 6.12E-07 
788 GK2WL23VVT 36 Manual Valve 2WL23 Transfers Position 6.12E-07 
789 GK2WL24VVT 36 Manual Valve 2WL-24 Transfers Position 6. 12E-07 
790 GK2WL25VVT 36 Manual Valve 2WL-25 Transfers Position 6.12E-07 
791 GPK2WL26VVT 36 Manual Valve 2WL26 Transfers Position 6.12E-07 
792 GK2WL27VVT 36 Manual Valve 2WL27 Transfers Position 6.12E-07 
793 GK2WL28VVT 36 Manual Valve 2WL-28 Transfers Position 6.12E-07 
794 GK2WL29VVT 36 Manual Valve 2WL-29 Transfers Position 6.12E-07 
795 GK2WL30VVT 36 Manual Valve 2WL30 Transfers Position 6.12E-07 
796 GK2WL31VVT 36 Manual Valve 2WL31 Transfers. Position 6.12E-07 
797 GK2WL32VVT 36 Manual Valve 2WL-32 Transfers Position 6.12E-07 
798 GK2WL33VVT 36 Manual Valve 2WL-33 Transfers Position 6.12E-07 
799 GK2WL34VVT 36 Manual Valve 2WL34 Transfers Position 6.12E-07 
800 GK2WL35VVT 36 Manual Valve 2WL35 Transfers Position 6.12E-07 
801 GK2WL36VVT 36 Manual Valve 2WL-36 Transfers Position 6.12E-07 
802 GK2WL37VVT 36 Manual Valve 2WL-37 Transfers Position 6.12E-07 
803 GK2WL38VVT 36 Manual Valve 2WL38 Transfers Position 6.12E-07 
804 GK2WL39VVT 36 Manual Valve 2WL39 Transfers Position 6.12E-07 
805 GK2WL41VVT 36 Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path 6.12E-07 
806 GK2WL44VVT 36 Manual Valve 2WL-44 Transfers Position 6.12E-07 
807 GK2WL45VVT 36 Manual Valve 2WL-45 Transfers Position 6.12E-07 
808 GK2WL46VVT 36 Manual Valve 2WL-46 Transfers Position 6.12E-07 
809 GK2WL47VVT 36 Manual Valve 2WL-47 Transfers Position 6.12E-07 
810 GK2WL48VVT 36 Manual Valve 2WL-48 Transfers Position 6.12E-07 
811 GK2WL49VVT 36 Manual Valve 2WL-49 Transfers Position 6.12E-07 
812 GK2WL50VVT 36 Manual Valve 2WL-50 Transfers Position 6.12E-07 
813 GK2WL51VVT 36 Manual Valve 2WL-51 Transfers Position 6.12E-07 
814 GK2WL52VVT 36 Manual Valve 2WL-52 Transfers Position 6.12E-07 
815 GK2WL53VVT 36 Manual Valve 2WL-53 Transfers Position 6.12E-07 
816 GK2WL54VVT 36 Manual Valve 2WL-54 Transfers Position 6.12E-07 
817 GK2WL55VVT 36 Manual Valve 2WL-55 Transfers Position 6.12E-07 
818 GK2WL56VVT 36 Manual Valve 2WL-56 Transfers Position - 6.12E-07 
819 GK2WL57VVT 36 Manual Valve 2WL-57 Transfers Position 6.12E-07
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820 GK2WL58VVT 36 Manual Valve 2WL-58 Transfers Position 6.12E-07 
821 GK2WL59VVT 36 Manual Valve 2WL-59 Transfers Position 6.12E-07 
822 GK2WL60VVT 36 Manual Valve 2WL-60 Transfers Position 6.12E-07 
823 GK2WL61VVT 36 Manual Valve 2WL-61 Transfers Position 6.12E-07 
824 GK2WL62VVT 36 Manual Valve 2WL-62 Transfers Position 6.12E-07 
825 GK2WL63VVT 36 Manual Valve 2WL-63 Transfers Position 6.12E-07 
826 GK2WL64VVT 36 Manual Valve 2WL-64 Transfers Position 6.12E-07 827 GK2WL65VVT 36 Manual Valve 2WL-65 Transfers Position 6.12E-07 
828 GK2WL66VVT 36 Manual Valve 2WL-66 Transfers Position 6.12E-07 
829 GK2WL67VVT 36 Manual Valve 2WL-67 Transfers Position 6.12E-07 
830 GK2WL68VVT 36 Manual Valve 2WL-68 Transfers Position 6.12E-07 
831 GK2WL69VVT 36 Manual Valve 2WL-69 Transfers Position 6.12E-07 
832 GK2WL70VVT 36 Manual Valve 2WL-70 Transfers Position 6.12E-07 
833 GK2WL71VVT 36 Manual Valve 2WL-71 Transfers Position 6.12E-07 834 GK2WL72VVT - 36 Manual Valve 2WL-72 Transfers Position 6.12E-07 
835 GK2WL73VVT 36 Manual Valve 2WL-73 Transfers Position 6.12E-07 836 GK2WL74VVT 36 Manual Valve 2WL-74 Transfers Position 6.12E-07 
837 GK2WL75VVT 36 Manual Valve 2WL-75 Transfers Position 6.12E-07 
838 GK2WL76VVT 36 Manual Valve 2WL76 Transfers Position and Blocks Discharge Path 6.12E-07 
839 GK2WL78VVT 36 Manual Valve 2WL78 Transfers Position and Blocks Discharge Path 6.12E-07 
840 GKHPOILCOM 4.61E-07 Common Cause Failure of Generator Thrust Bearings 4.61E-07 
841 K12COM1DEX 1.00E-06 Grid Degradation Occurs And Causes Failure Of Both Keowee Units 1.00E-06 
842 KA127T1R6D 1 Xfrmr 1X UV Relay 27T/1X Fails To Pick-up 2.49E-04 
843 KA127T1R6T 360 Xfrmr lX UV Relay 27T/1X Spuriously De-energizes 1.31E-04 
844 KA227T2R6T 360 Xfmr 2X UV Relay 27T/2x Spuricusly De-energizes 1.31E-04 
845 KB4CONNDEX 1.1E-7 Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 1.10E-07 
846 KK1BOTHDEX 0.0 Keowee Units 1 And 2 Are Supplying The Grid o.00E+00 
847 KK1BOTHHYM 5.23E-3 Both Keowee Units Unavailable Due To Common Maintenance 5.23E-03 
848 KKlOVERBHF 24 Fault Occurs On The Overhead Power Path 9.60E-06 
849 KK1RUNSDEX 0.0 Keowee Unit 1 Only Is Supplying The Grid 0.00E+00 
850 KK1UNDRBHF 24 Fault Occurs On The Underground Power Path 9.60E-06 
851 KK2RUNSDEX 0.06 Keowee Unit 2 Only Is Supplying The Grid 6.00E-02 
852 KK2UNITHYM 3.80E-2 The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-02 
853 KU2CREDIT 0 Take No Credit For Keowee Unit 2 Suppling Auxiliary ac PowerTo Unit 1 0.00E+00 
854 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV And UF Detection Circuits 1.78E-06 
855 L27BRXlRYD 1 Snsng Rly 27B/RX1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
856 L27BRX2RYD 1 Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
857 L27BRY1RYD 1 Snsng Rly 27B/RY1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
858 L27BRY2RYD 1 Snsng Rly 27B/RY2 Fails to Drop Out on Undervolage OEE-76-3, -8 3.30E-05 
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859 L27BRZ1RYD 1 Snsng Rly 27B/RZl Fails to Drop OuL on Indervoltage 08E-76-3, -4 3.30E-05 
860 L27BRZ2RYD 1 Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage 088-76-3, -8 3.30E-05 
861 L27BYX1RYD 1 Snsng Rly 27B/YXl Fails to Drop Out on Undervoltage 088-76-3, -4 3.30E-05 
862 L27BYX2RYD 1 Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage 088-76-3, -8 3.30E-05 
863 L27BYY1RYD 1 Snsng Rly 27B/YYl Fails to Drop Ouc on Undervoltage OEE-76-3, -4 3.30E-05 
864 L27BYY2RYD 1 Snsng Ri' 27B/YY2 Fails to Drop Out on Undervoltage 088-76-3, -8 3.30E-05 
865 L27BYZ1RYD 1 Snsng Rly 27B/YZl Fails to Drop Out on Undervoltaqe 0EE-76-3, -4 3.30E-05 
866 L27BYZ2RYD 1 Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage 088-76-3, -8 3.30E-05 
867 L27XPX1RYD 1 Ch 1 Phase X UV Aux. Relay Fails to Pick Up 088-76-4 3.308-05 
868 L27XPX2RYD 1 Ch 2 Phase X UV Aux. Relay Fails To Pick Up 088-76-8 3.308-05 
869 L27XPY1RYD 1 Oh 1 Phase Y UV Aux. Relay Fails to Pick Up 088-76-4 3.308-05 
870 L27XPY2RYD 1 Oh 2 Phase Y UV Aux. Relay Fails to Pick tp 0EE-76-8 3.30E-05 
871 L27XPZ1RYD 1 Oh 1 Phase Z UV Aux. Relay Fails To Pick Up 08E-76-4 3.308-05 
872 L27XPZ2RYD 1 Oh 2 Phase Z UV Aux. Relay Fails To Pick Up 088-76-8 3.30E-05 
873 L27XRX1RYD 1 Red Bus Phase Xl Undervo1taqe Aux. Relay Fails To Pick Up 088-76-4 3.308-05 
874 L27XRX2RYD 1 Red Bus Phase X2 Undervoltaqe Aux. Relay Fails To Pick [p 08E-76-8 3.30E-05 
875 L27XRY1RYD 1 Red Bus Phase Yl Undervoltage Aux. Relay Fails To Pick Up 0EE-76-4 3.30E-05 
876 L27XRY2RYD 1 Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick tp 0EE-76-8 3.30E-05 
877 L27XRZ1RYD 1 Red Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up 0EE-76-4 3.30E-05 
878 L27XRZ2RYD 1 Red Bus Phase Z LTndervo1tare Aux. Relay Fails To Pick Up 0EE-76-8 3.30E-05 
879 L27XSTARYD 1 Keowee Start Relay 27X/STA Fails To Pick ip 3.308-05 
880 L27XSTBRYD 1 Keowee Start Relay /STE Fails To Pick Up 3.308-05 
881 L27XYX1RYD 1 Yellow Bus Phase Xl Undervoltace Aux. Relay Fails To Pick Up 088-76-4 3.30O-05 
882 L27XYX2RYD 1 Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up 088-76-8 3.308-05 
883 L27XYY1RYD 1 Yellow Bus Phase Yl Undervoltage Aux. Relay Fails To Pick Up 088-76-4 3.308-05 
884 L27XYY2RYD 1 Yellow Bus Phase Y2 Undervo1tage Aux. Relav Fails to Pick Up 088-76-8 3.30E-05 
885 L27XYZ1RYD 1 Yellow Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up 088-76-4 3.30E-05 
886 L27XYZ2RYD 1 Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up 088-76-8 3.30E-05 
887 L81BRX1RYD 1 Sensing Relay 81BL/RXl Fails to Drop Out on Underfrequency 3.308-05 
888 L81BRX2RYD 1 Sensing Relay 81BL/RX2 Fails to Drop Out on Underfrequency 3.308-05 
889 L81BRY1RYD 1 Sensing Relay 81BL/RY1 Fails to Drop Out on Underfrequency 3.308-05 
890 L81BRY2RYD 1 Sensing Relay 81RL/RY2 Fails to Drop Out on Underfrequency 3.308-05 
891 L81BRZ1RYD 1 Sensing Relay 81BL/RZ1 Fails to Drop Out on Underfrequency 3.308-05 
892 L81BRZ2RYD 1 Sensing Relay 81BL/RZ2 Fails to Drop Out on Underfrequency 3.308-05 
893 L81BYX1RYD 1 Sensing Relay 8lBL/YX1 Fails to Drop Out on Underfrequency 3.30E-05 
894 L81BYX2RYD 1 Sensing Relay 8lBL/YZ2 Fails to Drop Out on Underfrequency 3.308-05 
895 L81BYYIRYD 1 Sensing Relay 8BL/YY Fails to Drop Out on Underfrequency 3.30-05 
896 L81BYY2RYD 1 Sensing Relay 8BL/YY2 Fails to Drop Out on Undertrequency 3.E30-705 
897 L81BYZlRYD 1 Sensing Relay 8BL/YZ Fails to Drop Out on Undertrequency 3.30-05
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898 L81BYZ2RYD 1 Sensing Relay 8lBL/YZ2 Fails to Drop Out On Underfrequencv 3 .30E-05 
899 L81XPX1RYD 1 Ch 1 Phase X Underfrequency Aux. Ply Fails to Pick Up 3.3CE-O5 
900 L81XPX2RYD 1 Ch 2 Phase X Underfrequency Aux. Ply Fails to Pick Up 3. 30E-05 
901 L81XPY1RYD 1 Ch 1 Phase Y Underfrequency Aux. Ply Fails to Pick Up 3 .30E-05 
902 L81XPY2RYD 1 Ch 2 Phase Y Underfrequency Aux. Rly Fails to Pick Up 3.3CE-O5 
903 L81XPZ1RYD 1 Ch 1 Phase Z Underfrequency Aux. Ply Fails to Pick Up 3. 30E-05 
904 L81XPZ2RYD 1 Ch 2 Phase Z Underfrequency Aux. Rly Fails to Pick up 3 .30E-05 
905 L81XRX1RYD 1 Red Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up 3 .30E-05 
906 L81XRX2RYD 1 Red Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 3 .30R-05 
907 L81XRY1RYD 1 Red Bus Phase Yl Underfrequency Aux. Ply Fails to Pick Up 3 ;30E-05 
908 L81XRY2RYD 1 Red Bus Phase Y2 Underfrequency Aux. Ply Fails to Pick Up 3.3CE-OS 
909 L81XRZ1RYD 1 Red Bus Phase Zl Underfrequency Aux. Ply Fails to Pick Up 3.3CR-OS 
910 L81XRZ2RYD 1 Red Bus Phase Z2 Underfrequency A Ply Fails to Pick Up 3 .3OE05 
911 L81XYX1RYD 1 Yellow Bus Phase XI Underfrequency Aux Ply Fails to Pick Up 3.3CO-OS 
912 L81XYX2RYD 1 Yellow Bus Phase X2 Underfrequency Aux. Ply Fails to Pick tp 3.3CR-OS 
913 L81XYY1RYD 1 Yellow Bus Phase Yl Underfreqoency Aux. Ply Fails to Pick Up 3.3CR-OS 
914 L81XYY2RYD 1 Yellow Bus Phase Y2 Underfrequency Aux. Ply Fails to Pick Up 3.3CR-OS 
915 L81XYZ1RYD 1 Yellow Bus Phase Zl Underfrequency Aux. Ply Fails to Pick Up 3.3CR-OS 
916 L81XYZ2RYD 1 Yellow Bus Phase Z2 Underfrequency Aux. Ply Fails to Pick Up 3.3CR-OS 
917 LC94F1ARYD 1 RGTPS Underfrequency Relay 94/FlA Fails to Pick Up 3.3CR-OS 
918 LC94F1BRYD 1 RGTPS Underfrequency Relay 94,FlB Fails to Pick Up 3.3CR-OS 
919 LC94F1DRYD 1 RGTPS Underfrequency Relay 94/FlD Fails to Pick Up 3 3CR-OS 
920 LC94F2ARYD 1 RGTPS Underfrequency Relay 94/F2A Fails to Pick Up 3.3CR-OS 
921 LC94F2BRYD 1 RGTPS Underfrequency Relay 94/F2B Fails to Pick Up 3.30R-OS 
922 LC94F2CRYD 1 RGTPS Underfrequency Relay 94/F2C Fails to Pick Up 3.3CR-OS 
923 LC94F2DRYD 1 RGTPS Underfrequency Relay 94/F2D Fails to Pick Up 3.3CR-CS 
924 LC94V1ARYD 1 RGTPS Undervoltage Relay 94/VlA Fails to Pick Up 3.3CR-OS 
925 LC94V1BRYD 1 ROTPS Undervoltage Relay 94/VlB Fails To Pick Up OEE-76-4 3.3CR-OS 
926 LC94V1DRYD 1 RGTPS Undervoltage Relay 94/Vlt Fails to Pick Up OEE-76-4 3.3CR-OS 
927 LC94V2ARYD 1 RGTPS Undervoltage Relay 94/V2A Fails to Pick Up 3.3CR-CS 
928 LC94V2BRYD 1 ROTPS Undervoltage Relay 94/V2B Fails To Pick Up 3.3CR-OS 
929 LC94V2CRYD 1 RGTPS Undervoltaqe Relay 94/V2C Fails to Pick tp 3.3CR-CS 
930 LDCYC13CDT 24 Switchyard 12S Vdc Panelhoard DYC Breaker 13 Transfers Open ORR-76-4 / 0-802 1.80E-06 
931 LDCYC14CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open ORR-76-4 / 0-802 1.8CR-OS 
932 LDCYG12CDT 24 Switchyard 11S Vdc Panelboard DYG Breaker 12 Transfers Open 1.80E-06 
933 LDCYG18CDT 24 Switchyard 12S.Vdc Panelboard DYG Breaker 18 Transfers open 1.8CR-OS 
934 NAC01BLCLT 46 SSF 600 V ac MCC 3XSF Breaker F01BL Transfers Open (3CCW-287) 1. OOE-03 
935 NACO1BRCLT 46 SSF 600 V ac MCC 3XSF Breaker FO1BP Transfe rs open (3CCW-268) 1. OOE-03 
936 NACO21lADEX 4 .270R-04 Loss Of Power On Unit 2 600 V ac Load Center 2XllA 4 .27R-04 

1 esigRla 1L/Z0FistoD0
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937 NAC385BCLT 36 600 V ac LC 3X8 Breaker 1B Transfers Open (Feed To 3XSF) 3.28E-05 
938 NAC3X12CLC 1 8SF 208 V ac MCC 3XSF-1 Breaker )A Fails To Close (3SF-97) 4. OOE-04 
939 NAC3X12CLT 24 8SF 208 V ac MCC 3XSF-l Breaker 2A Transfers Open (3SF-97) 2.18E-O5 
940 NAC3X1ACLT 36 8SF 208 V ac MCC 3XSF Breaker IA Transfers Open (From Xfmr. 3XSF) 3.2eE-05 
941 NAC3X1DCLT 46 SSF 208 V ac MCC 3XSFl Breaker 10 Transfers Open (CCW-269) 1. OOE-03 
942 NAC3X1ZBLF 36 8SF 208 V ac MCC 3XSF-l BUS Fails 9.72E-06 
943 NAC3X2ACLC 1 8SF 600 V ac MCC 3XSF Breaker 2A Fails To Close (3SF-82 4. OOE-04 
944 NAC3X2ACLT 24 8SF 600 V ac MCC 3X8F Breaker 2A Transfers Open (3SF-82) 2.188-08 
945 NAC3X2BCLT 36 8SF 208 V ac MCC 3XSF Breaker 2BL Transfers Open (To 3XSF-l) 3.28E-05 
946 NAC3X2CCLC 1 8SF 600 V ac MCC 3XSF Breaker 2C Fails To Close (3HP-398) 4. OOE-04 
947 NAC3X2CCLT 24 8SF 600 V ac MCC 3XSF Breaker )C Transfers Open (3HP-398) 2.18E-05 
948 NAC3X2VBLF 36 8SF 208 V ac MCC 3XSF Bus Fails 9.72E-06 
949 NAC3X3ACLC 1 8SF 600 V ac MCC 3XSF Breaker 3A Fails To Close (From OXSF) 4. OOE-04 
950 NAC3X3ACLT 24 600 V ac SSF MCC 3XSF Breaker 3A Transfers Open (From OXSF) 2.18E-O5 
951 NAC3X4ACLT 36 8SF 600 V ac MCC 3XSF Breaker 4A Transfers Open (To Xfmr. 3XSF) 3.288-05 
952 NAC3X4CCLC .1 8SF 600 V ac MCC 3XSF Breaker 4C Fails To Close (RCM Pump) 4. OOE-04 
953 NAC3X4CCLT 24 8SF 600 V ac MCC 3XSF Breaker 4C Transfers Open (RCM Pump) 2.18E-05 
954 NAC3X5ACLT 36 8SF 600 V ac MCC 3X8F Breaker 5A Transfers Open (From 3X8) 3.28E-05 
955 NAC3XSFBLF 36 600 V ac 8SF MCC 3XSF Bus Fails 9.72E-06 
956 NAC3XSFBLM 1 600 V ac 8SF MCC 3XSF Bus Is In Maintenance 3.94E-07 
957 NAC3XSFTLF 36 8SF Transformer 3X8F Fails 2.708-05 
9S8 NACDJ01HXF 16 Diesel Jacket Heat Exchanger 1 Fails 2.468-04 
959 NACDJO2HXF 16 Diesel Jacket Heat Exchanger 2 Fails 2.468-04 
960 NACDJPUGPR 24 Diesel Service Water Pump Fails To Run 3.368-04 
961 NACDJPUGPS 1 Diesel Service Water Pump Fails To Start 9.708-05 
962 NACFO4BCLT 46 600 V ac 8SF MCC XSF Breaker F04B Transfers Open 1.008-03 
963 NACFO7CCLC 1 8SF 600 V ac MCC XSF Breaker F07C Fails To Close (DSW Pump) 4 .008-04 
964 NACFO7CCLT 24 8SF 600 V ac MCC XSF Breaker F07C Transfers Open (DSW Pump) 2.188-05 
965 NACLC38DEX 4.2708-04 Loss Of Power On 600 V ac LC 3K8 4.278-04 
966 NACMFB2DEX 4.8308-03 Loss of Power On Unit 2 Main Feeder Bus 4.83E-03 
967 NACO5BLCLT 36 600 V ac 8SF MCC XSF Breaker FOSOL Transfers Open 3.288-05 
968 NACOTS1BHF 36 8SF 4160 V ac Switchgear OTS1 Bus Fails 1.448-05 
969 NACOTS1BHM 1 4160 V ac 8SF Switchgear OTS1 Is In Maintenance 1.398-05 
970 NACOTS1C4T 36 4160 V ac Switchgear OTS1 Breaker 1 Transfers Open )MFB U2) 3.388-OS 
971 NACOTS1T4F 36 8SF Transformer OTS1 Fails 3.608-06 
972 NACOTS2C4C 1 4160 V ac 8SF Switchgear OTS1 Breaker 2 Fails To Close (8SF ASW Pump) 3.008-04 
973 NACOTS2C4T 24 4160 V ac 8SF Switchgear OTSl Breaker 2 Transfers Open (8SF ASW Pump) 2.268-05 
974 NACOTS3C4T 36 8SF 4160 V ac Switchqear OTS Breaker 3 Transfers Open (To Xfmr. OXSF) 3.38E-05 
975 NACOTS4C4C 1 4160 V ac Switchgear OTS Breaker. 4 Fails To Close (From Diesel) 3.00E-04
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976 NACOTS4C4T 24 4160 V ac Switchgear OTS1 Breaker 4 Transfers Open (From Diesel) 2.26E-05 977 NACOX4BCLT 36 600 V ac SSF LC OXSF Breaker 4B Transfers Open (From Xfmr. OXSF) 3.28E-05 
978 NACOX4CCLT 24 SSF 600 V ac LC OXSF Breaker 4C Transfers Open (To XSF) 2.18E-05 979 NACOX5CCLT 24 SSF 600 V ac LC OXSF Breaker C Transfers Open (Feed To 3XSF) 2.18E-05 
980 NACOXSFBLF 36 SSF 600 V ac LC OXSF Bus Fails 9.72E-06 
981 NACSFDGDGM 3.500E-02 SSF Diesel Generator Is In Maintenance 3.50E-02 982 NACSFDGDGR 24 SSF Diesel Generator Fails To Run 7.20E-02 983 NACSFDGDGS 1 SSF Diesel Generator Fails To Start 1.20E-02 984 NACSFDGLHE 3.OOOE-03 SSF Diesel Generator Is Left Unavailable After Test Or Maintenance 3.00E-03 985 NACXS6ACLC 1 SSF 600 V ac MCC XSF Breaker 6A Fails To Close (From OXSF) 4. 00E-04 986 NACXS6ACLT 24 SSF 600 V ac MCC XSF Breaker 6A Transfers Open (From OXSF) 2.18E-05 987 NACXS8ACLT 36 600 V ac SSF MCC XSF Breaker 8A Transfers Open (From 2X11A) 3.28E-05 988 NACXSFZBLF 36 600 V ac SSF MCC XSF Bus Fails 9.72E-06 989 NACXSFZBLM 1 600 V ac SSF MCC XSF Bus In Maintenance 3. 94E-07 990 NCW0125VVT 15 Manual Valve CCW-125 Transfers Closed 2 .23E-03 991 NCW0266VVT 16 Manual Valve CCW-266 Transfers Closed 6.53E-06 992 NCWO268MVO 1 MOV 3CCW-268 Fails To Open On Demand 4. OOE-03 993 NCWO268MVT 24 MOV 3CCW-268 Transfers Closed After Opening 3.12E-06 994 NCWO269MVO 1 MOV CCW-269 Fails To Open 4. OOE-03 995 NCW0274CVO 1 Check Valve CCW-274 Fails To Open 2 .30E-06 996 NCW0276VVT 24 Manual Valve CCW-276 Transfers Closed 4.08E-07 997 NCWO277AVT 24 Flow Control Valve CCW-277 Transfers Closed 5.52E-05 998 NCWO278VVT 24 Manual Valve CCW-278 Transfers Closed 4. 08E-07 999 NCW0279VVT 24 Manual Valve CCW-279 Transfers Closed 4. 08E-07 

1000 NCWO280AVT 24 Flow Control Valve CCW-280 Transfers Closed 5.52E-05 1001 NCWO281VVT 24 Manual Valve CCW-281 Transfers Closed 4.08E-07 1002 NCW0282VVT 24 Manual Valve CCW-282 Transfers Closed 4.08E-07 1003 NCWO283VVT 16 Manual Valve CCW-283 Transfers Closed 6.53E-06 1004 NCW0284CV0 1 Check Valve CCW-284 Fails To Open 2 .30E-06 1005 NCWO284CVT 24 Check Valve CCW-284 Transfers Closed After Opening 3.12E-06 1006 NCWO285VVT 16 Manual Valve CCW-285 Transfers Closed 6.53E-06 1007 NCWO287MVO 1 MOV 3CCW-287 Fails To Open On Demand -4.OOE-03 1008 NCWO287MVT 24 MOV 3CCW-287 Transfers Closed After Opening 3.12E-06 1009 NCWO289CVO 1 Check Valve CCW-289 Fails To Open 2.30E-06 
1010 NCWO289CVT 24 Check Valve CCW-289 Transfers Closed 3.12E-06 
1011 NCWO292VVT 46 Manual Valve CCW-292 Transfers Closed 1.88E-05 1012 NCW0343VVT 46 Manual Valve CCW-343 Transfers Closed 1.88E-05 
1013 NCW0384VVT 24 Manual Valve CCW-384 Transfers Closed After Opening 4.08E-07 
1014 NCWFLO1FLF 36 SSF HVAC Service Water Filter Fl-1 Clogs 7.20E-05 

0** 0
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1015 NCWPMP1GPR 24 HVAC Service Water Pump 1 Fails To Run 3 .36E-04 
1016 NCWPMP2GPR 24 HVAC Service Water Pump 2 Fails To Run 3.36E-04 
1017 NCWPMP2GPS 1 HVAC Service Water Pump 2 Fails To Start 9.70E-05 
1018 NCWSUBPDHE 1.000E-02 Operators Fail To Refill CCW Inlet Line With Portable Pump 1.00O-02 
1019 NDCDCSFBYF 1 Battery DCSF Fails 9.30E-04 
1020 NDCSF3BCDT 36 Battery DCSF Breaker 3B Transfers Open (To Dist. Center) 2.70E-06 
1021 NDCSF4ACDT 36 125 V dc SSF Dist. Center DCSF Breaker 4A Transfers Open (Feed From CSF) 2.70E-06 
1022 NDCSF4BCDT 16 125 V dc Distribution Center DCSF Breaker 4B Transfers Open 2.88E-05 
1023 NDCSF5CCDT 36 SSF 125 V dc Dist. Center DCSF Breaker 5CR Transfers Open (To OTS1) 2.70E-06 
1024 NDCSF5LCDT 36 SSF 125 V dc Dist. Center DCSF Breaker 5CL Transfers Open (To OXSF) 2.70E-06 
1025 NDCSFZZBDF 36 125 V dc 8SF Distribution Center DCSF Bus Fails 1.15E-05 
1026 NDCSFZZBDM 1 125 V dc SSF Distribution Center DCSF Is In Maintenance 3.945-07 
1027 NHP3399MVO 1 Motor-Operated Valve 3HP-398 Fails To Open 4.005-03 
1028 NHP3398MVT 24 Motor-Operated Valve 3HP-398 Transfers Closed After Opening 3.12E-06 
1029 NHP3399CVO 1 Check Valve 3HP-399 Fails To Open 2.305-06 
1030 NHP3399CVT 24 Check Valve 3HP-399 Transfers Closed 3.125-06 
1031 NHP3400CVO 1 Check Valve 3HP-400 Fails To open 2.30E-06 
1032 NHP3400CVT 24 Check Valve 3HP-400 Transfers Closed 3.125-06 
1033 NHP3401CVO 1 Check Valve 3HP-401 Fails To Open 2.305-06 
1034 NHP3401CVT 24 Check Valve 3HP-401 Transfers Closed 3.125-06 
1035 NHP3402CVO 1 Check Valve 3HP-402 Fails To open 2.305-06 
1036 NHP3402CVT 24 Check Valve 3HP-402 Transfers Closed 3.125-06 
1037 NHP3404RVT 24 Relief Valve 3HP-404 Transfers Open 1.345-04 
1038 NMFO232CVO 1 Check Valve 3FDW-232 Fails To Open On Demand 2.305-06 
1039 NMF0233CVO 1 Check Valve 3FDW-233 Fails To Open On Demand 2.305-06 
1040 NMFO346CVO 1 Check Valve FDW-346 Fails To Open 2.305-06 
1041 NMFO346CVT 24 Check Valve 3FDW-346 Transfers Closed 3.125-06 
1042 NMF0347MVO 1 MOV 3FDW-347 Fails To Open After Being Throttled 4.005-03 
1043 NMFO442CVO 1 Check Valve 3FDW-442 Fails To Open 2.305-06 
1044 NMFO442CVT 24 Chick Valve 3FDW-442 Transfers Closed 3.125-06 
1045 NSFOASWDHE 1.0005-01 Operators Fail To Align The SSF ASW System For Operation 1.005-01 
1046 NSFORCMDHE 1.0005-01 Operators Fail To Align The SSF RCM System For Operation 1.005-01 
1047 NSF3082MVO 1 Motor-Operated Valve 3SF-82 Fails To Open 4.005-03 
1048 NSF3082MVT 24 Motor-operated Valve 3SF-82 Transfers Closed After opening 3.125-06 
1049 NSF3097MVO 1 Motor-Operated Valve 3SF-97 Fails To Open 4.005-03 
1050 NSF3097MVT 24 Motor-Operated Valve 3SF-97 Transfers Closed After opening 3.125-06 
1051 NSF3101VVT 46 Manual Valve 3SF-101 Transfers Closed 1.88E-O5 
1052 NSF3F01FLF 46 8SF Unit 3 RCM Filter SSF-SFl Clogs 2.215-03 
1053 NSF3FL2FLF 46 Unit 3 8SF Reactor Coolant Makeup Y Strainer Clogs 2 21-03
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1054 NSF3PU1DPR 24 Unit 3 SSF RCM Pump Fails To Run 5. 90E-04 
1055 NSF3PU1DPS 1 Unit 3 SSF RCM Pump Fails To Start 1.90E-03 
1056 NSF3PU1TRM 1.000E-04 SSF Unit 3 RCM Pump Train Is In Maintenance 1.00E-04 
1057 NSFAHUOFLF 24 HVAC Air Handling Unit Filter Fails 4.80E-05 
1058 NSFAHUCHXF 24 HVAC Air Handling Unit Cooling Coils Fail 1.54E-05 
1059 NSFAHUFFNR 24 HVAC Air Handling Unit Fan Fails To Run 2.40E-04 
1060 NSFASWZLHE 3.000E-03 SSF ASW System Left Unavailable After Test Or Maintenance 3.00E-03 
1061 NSFCONICMR 24 Train 1 Refrigerant Compressor Fails To Run 2.40E-03 
1062 NSFCON1HXF 24 Train 1 Refrigerant Condenser Fails 1.54E-05 
1063 NSFCON2CMR 24 Train 2 Refrigerant Compressor Fails To Run 2.40E-03 
1064 NSFCON2CMS 1 Train 2 Refrigerant Compressor Fails To Start 1.OOE-02 
1065 NSFCON2HXF 24 Train 2 Refrigerant Condenser Fails 1.54E-05 
1066 NSFPU02GPR 24 SSF ASW Pump Fails To Run 3.36E-04 
1067 NSFPU02GPS 1 SSF ASW Pump Fails To Start On Demand 9.70E-05 
1068 NSFPUO2TRM 6.70E-03 SSF ASW Pump Train Is In Maintenance 6.70E-03 
1069 NSFRCMULHE 3.000E-03 SSF RCM System Is Left Unavailable After Test Or Maintenance 3.00E-03 
1070 NSFSSFOREC 1 SSF Module 1.00E+00 
1071 NSFSSF6REC 1 SSF Module 1.00E+00 
1072 NSFTIMEDHE 1.00E-02 Operators Fail To Deploy To The Standby Shutdown Facility In Time 1.00E-02 
1073 OFACTORDEX 1.0 Overload Susceptibility Factor 1. 00E+00 1074 OKOPRUNCOM 1.46E-05 Common Cause Failure of Both Governor Oil Systems To Run 1.46E-05 
1075 OK10001PSC 15 Pressure Switch 10GPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
1076 OK10002PSC 8 Pressure Switch 10GPS-2 Fails to Close 2.32E-05 
1077 OK10003PSC 4 Pressure Switch 10GPS-3 Fails to Close 1.16E-05 
1078 OK10003RVT 24 Safety Relief Valve 1OG-3 Spurious Operation 1.34E-04 
1079 OK10003TKF 24 Unit 1 Governor Oil Pressure Tank Fails 1.10E-05 
1080 OK10004PSC 1 Pressure Switch 1OGPS-4 Fails to Close 2.90E-06 
1081 OK10007FVT 24 Float Valve 1OG-7 Transfers Closed 1.40E-04 
1082 OK10009VVT 24 Manual Valve 1OG-9 Transfers Closed 4.08E-07 
1083 OK10011CVO 15 Check Valve lOG-11 Fails to Open 3.45E-05 
1084 OK10011CVT 0.75 Check Valve 1OG-11 Transfers Closed 9.75E-08 
1085 OK10012VVT 30 Manual Globe Valve 10G-12 Transfers Closed 5.10E-07 
1086 OK10013RVT 0.75 Relief Valve 1OG-13 Spurious Operation 4.20E-06 
1087 OK10014CVO 8 Check Valve 1OG-14 Fails to Open 1.84E-05 
1088 OK10014CVT 0.5 Check Valve 1OG-14 Transfers Closed 6.50E-08 
1089 OK10015VVT 192 Manual Globe Valve lOG-15 Transfers Closed 3.26E-06 
1090 OK10016RVT 0.5 Relief Valve 1OG-16 Transfers Open 2.80E-06 
1091 OK10017CVO 4 Check Valve 1OG-17 Fails to Open . 9.20E-06 
1092 OK10017CVT 0.25 Check Valve 1OG-17 Transfers Closed 3.25E-08
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1093 OK10018VVT 108 Manual Globe Valve 10G-18 Transfers Closed 1.84E-06 
1094 OK10019RVT 0.25 Relief Valve 1OG-19 Spurious Operation 1.40E-06 
1095 OK1001AGPR 0.375 OG Pump 1A Fails to Run 5.25E-06 
1096 OK1001AGPS 15 OG Pump 1A Fails to Start 1.45E-03 
1097 OK1001BGPR 0.25 OG Pump 1B Fails to Run 3.50E-06 
1098 OK1001BGPS 8 OG Pump lB Fails to Start 7.76E-04 
1099 OK1001BLHE 3.2E-3 Latent Human Error Fails OG Pump lB 3.20E-03 
1100 OK1001CGPR 0.125 OG Pump IC Fails to Run 1.75E-06 
1101 OK1001CGPS 4 OG Pump 1C Fails to Start 3.88E-04 
1102 OK1001CLHE 3.2E-3 Latent Human Error Fails OG Pump IC 3.20E-03 
1103 OK188GASWT 30 Keowee 1 Governor Oil Control Switch 188GA Spurious Operation 2.10E-06 
1104 OK188GBSWT 192 Keowee 1 Control Switch 188GB Spurious Operation 1.34E-05 
1105 OK188GCSWT 108 Keowee 1 Control Switch 188GC Spurious Operation 7. 56E-06 
1106 OK199K1RYD 1 Keowee 1 Relay 99K1 Fails To Operate On Demand 3.30E-05 
1107 OK199KlRYT 24 Keowee Unit 1 Relay 99K1 Spurious Operation 8.64E-06 
1108 OK199K2RYD 1 Keowee 1 Relay 99K2 Fails To Operate On Demand 3 .30E-05 
1109 OK1AG01TKF 24 Air Receiver Tank 1AGTK-1 Fails 1.10E-05 
1110 OK1AGO4RVT 24 Safety Relief Valve 1AG-4 Spurious Operation 1.34E-04 
1111 OKlAG05VVT 24 Manual Valve 1AG-5 Transfers Position 4.08E-07 
1112 OK1OG1CTRM 3.42E-3 OG Pump IC Train In Maintenance Or Testing 3.42E-03 
1113 OKIPRUNCOM 1.12E-07 Common Cause Failure of Unit 1 OG Pumps to Run 1.12E-07 
1114 OK1PSTRCOM 2.04E-05 Common Cause Failure of Unit 1 OG Pumps to Start 2. 04E-05 
1115 OK1XA1DCLT 30 Low Voltage Circuit Breaker 1XA-1D Transfers Position 2. 73E-05 
1116 OK1XA2ECLT 30 Low Voltage Circuit Breaker 1XA-2E Transfers Position 2 .73E-05 
1117 OK1XA4DCLT 30 Low Voltage Circuit Breaker 1XA-4D Transfers Position 2.73E-05 
1118 OK20001PSC 15 Pressure Switch 20GPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
1119 OK20002PSC 8 Pressure Switch 20GPS-2 Fails to Close 2.32E-05 
1120 OK20003PSC 4 Pressure Switch 20GPS-3 Fails to Close 1.16E-05 
1121 OK20003RVT 24 Safety Relief Valve 20G-3 Spurious Operation 1.34E-04 
1122 OK20003TKF 24 Unit 2 Governor Oil Pressure Tank Fails 1.10E-05 
1123 OK20004PSC 1 Pressure Switch 200PS-4 Fails to Close 2.90E-06 
1124 OK20007FVT 24 Float Valve 20G-7 Transfers Closed 1.40E-04 
1125 OK20009VVT 24 Manual Valve 20G-9 Transfers Closed 4.08E-07 
1126 OK20011CVO 15 Check Valve 20G-11 Fails to Open 3.45E-05.  
1127 OK20011CVT 0.75 Check Valve 20G-11 Transfers Closed 9.75E-08 
1128 OK20012VVT 30 Manual Globe Valve 20G-12 Transfers Closed 5.10E-07 
1129 OK20013RVT 0.75 Relief Valve 200-13 Spurious Operation 4.20E-06 
1130 OK20014CVO 8 Check Valve 20G-14 Fails to Open 1.84E-05 
1131 OK20014CVT 0.5 Check Valve 200-14 Transfers Closed 6. 50E-08
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1132 OK20015VVT 192 Manual Globe Valve 200-5 Transfers Closed 3 .26E-06 
1133 OK20016RVT 0.5 Relief Valve 20G-16 Transfers Open 2-80E-06 
1134 OK20017CVO 4 Check Valve 20G-17 Fails to Open 9.20E-06 
1135 OK20017CVT 0.25 Check Valve 20G-17 Transfers Closed 3.25E-08 
1136 OK20018VVT 108 Manual Globe Valve 20G-18 Transfers Closed 1.84E-06 
1137 OK20019RVT 0.25 Relief Valve 20G-19 Spurious Operation 1. 40E-06 
1138 OK2002AGPR 0.375 OG Pump 2A Fails to Run 5. 25E-06 1139 OK2002AGPS 15 OG Pump 2A Fails to Start 1.45E-03 1140 OK2002BGPR 0.25 OG Pump 2B Fails to Run 3.50E-06 1141 OK2002BGPS 8 OG Pump 2B Fails to Start 7.76E-04 1142 OK2002BLHE 3.2E-3 Latent Human Error Fails OG Pump 2B 3.20E-03 1143 OK2002CGPR 0.125 OG Pump 2C Fails to Run 1.75E-06 1144 OK2002CGPS 4 OG Pump 2C Fails to Start 3.88E-04 
1145 OK2002CLHE 3.2E-3 Latent Human Error Fails OG Pump 2C 3.20E-03 1146 OK288GASWT 30 Keowee 2 Governor Oil Control Switch 188GA Spurious Operation 2. 10E-06 1147 OK288GBSWT 192 Keowee 2 Control Switch 1988B Spurious Operation 1. 34E-05 1148 OK288GCSWT 108 Keowee 2 Control Switch 188CC Spurious Operation 7. 56E-06 
1149 OK299K1RYD 1 Keowee 2 Relay 99K1 Fails To Operate On Demand 3.30E-05 1150 OK299K1RYT 24 Keowee Unit 2 Relay 99K1 Spurious Operation 8.64E-06 1151 OK299K2RYD 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 
1152 OK2AGO4RVT 24 Safety Relief Valve 2AG-4 Spurious Operation 1.34E-04 1153 OK2AG05VVT 24 Manual Valve 2AG-5 Transfers Position 4.08E-07 
1154 OK2AGO1TKF 24 Air Receiver Tank 2AGTK-1 Fails 1.10E-05 
1155 OK2OG2CTRM 3.42E-3 OG Pump 2C Train In Maintenance Or Testing 3.42E-03 
1156 OK2PRUNCOM 1.12E-07 Common Cause Failure of Unit 2 OG Pumps to Run 1.12E-07 
1157 OK2PSTRCOM 2.04E-05 Common Cause Failure of Unit 2 OG Pumps to Start 2. 04E-05 
1158 OK2XA1DCLT 30 Low Voltage Circuit Breaker 2XA-1D Transfers Position 2.73E-05 
1159 OK2XA2ECLT 30 Low Voltage Circuit Breaker 2XA-2E Transfers Position 2. 73E-05 1160 OK2XA4DCLT 30 Low Voltage circuit Breaker 2XA-4D Transfers Position 2. 73E-05 1161 OMOD 1 Startup Bus UV Sensing Mod Is In Service 1.OOE+00 
1162 P2C3XAA 0.000E+00 Loss Of Power From 208 V ac Motor Control Center 3XAA 0.OOE+00 1163 P2C3XC 0.OOOE+00 Loss Of Power From 208 V ac Motor Control Center 3XC 0. 00E+00 
1164 P2C3XGA 0.OOOE+00 Loss Of Power From 208 V ac Motor Control Center 3XGA 0. 00E+00 
1165 P2C3XGB 0.OOOE+00 Loss Of Power From 208 V ac Motor Control Center 3XCB 0. OOE+00 
1166 P2C3XS3 0.000E-OO+00 Loss Of Power From 208 V ac Motor Control Center 3XS3 0. 00E+00 
1167 PACOTSWDEX 1.OOE-01 Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.OOE-01 
1168 PAC1TC4C4T 24 4160 Vac Breaker 1TC-4 Transfers Open 2.26E-OS 
1169 PACE1CSMOD 3.800E-03 Breaker El Closing Circuit Fails 3.8 0E-03 
1170 PACE1E2COM 8.900E-05 Common Cause Failure of Breakers El And E2 To Close 8.90E-05 

0 0 *
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1171 PACE2CSMOD 3.800E-03 Breaker E2 Closing Circuit Fails 3.80E-03 
1172 PACLEE1REC 1.0e-02 Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.00E-02 
1173 PACLEE2REC 5.0e-02 Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.00E-02 

.1174 PACLEESCTR 24 Lee Steam Station Combustion Turbines Fail To Run For The Required Time 2.23E-03 
1175 PACLINEDEX 7.800E-03 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.80E-03 
1176 PACMFB1BHF 24 Main Feeder Bus 1 Local Bus Fault 9.60E-06 
1177 PACMFB1BHM 1 Main Feeder Bus 1 Is In Maintenance 1.39E-05 
1178 PACMFB2BHF 24 Main Feeder Bus 2 Local Bus Fault 9. 60E-06 
1179 PACMFB2BHM 1 Main Feeder Bus 2 Is In Maintenance 1.39E-05 
1180 PACN1N2COM 3.OOOE-05 Common Cause Failure Of Breakers N1 And N2 To Open 3.00E-05 
1181 PACN1N2REC 5.Oe-02 Operators Fail To Open Breakers N1 and N2 Within 40 Minutes 5.00E-02 
1182 PACS1CSMOD 2.833E-03 S1 Closing Circuit Components Fail 2.83E-03 
1183 PACS1S2COM 8.900E-05 Common Cause Failure Of Breakers S1 And S2 To Close 8.90E-05 
1184 PACS1S2REC 5.0e-02 Operators Fail To Close Breakers S1 and S2 Within 40 Minutes 5.00E-02 
1185 PACS2CSMOD 2.833E-03 S2 Closing Circuit Components Fail 2.83E-03 
1186 PACSBY1BHF 24 Standby Bus 1 Fails 9.60E-06 
1187 PACSBY2BHF 24 Standby Bus 2 Fails 9. 60E-06 
1188 PACSK12COM 8.900E-05 Common Cause Failure of Breakers SK1 And SK2 To Close 8.90E-05 
1189 PACSK12REC 5.Oe-02 Operators Fail To Close Breakers SK1 and SK2 Within 40 Minutes 5. OOE-02 
1190 PACSK1CMOD 1.303E-03 Breaker SK1 Closing Circuit Component Failure 1 .30E-03 
1191 PACSK2CMOD 1.303E-03 Breaker SK2 Closing Circuit Component Failure 1.30E-03 
1192 PACSTRTBHF 24 Startup Bus Fails 9.60E-06 
1193 PACTC01C4T 24 4160 Vac Breaker 1TC-1 Transfers Open 2.26E-05 
1194 PACTC14C4T 24 4160 Vac Breaker 1TC-14 Transfers Open 2.26E-05 
1195 PACX1TCBHF 24 4160 Vac Switchgear 1TC Fails 9.60E-06 
1196 PACXCTSTHF 24 Transformer CTS Fails 7.44E-05 
1197 PACXEO1C4C 1 Breaker El Fails To Close 3.00E-04 
1198 PACXEO2C4C 1 Breaker E2 Fails To Close 3.00E-04 
1199 PACXN01C40 1 4160 V ac Breaker 1 Fails To Open 3.00E-04 
1200 PACXNO2C40 1 4160 V ac Breaker N2 Fails To Open 3. OOE-04 
1201 PACXS01C4C 1 Breaker S1 Fails To Close 3.00E-04 
1202 PACXSO2C4C 1 Breaker S2 Fails To Close 3.00E-04 
1203 PACXSB1BHM 1.020E-03 Standby Bus 1 Is In Maintenance 1.02E-03 
1204 PACXSB2BHM 1.020E-03 Standby Bus 2 Is In Maintenance 1.02E-03 
1205 PACXSK1C4C 1 4160 V ac Breaker SK1 Fails To Close 3.00E-04 
1206 PACXSK2C4C 1 4160 V ac Breaker SK2 Fails To Close 3.00E-04 
1207 PACXSL1C4T 24 4160 V ac Standby Breaker SL1 Transfers Open 2 .26E-05 
1208 PACXSL2C4T 24 4160 V ac Standby Breaker SL2 Transfers Open 2.26E-05 
1209 PDC1C25CDT 24 Breaker 1DIC-25 Transfers Open 1.80E-06
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1210 PDC1D27CDT 24 Breaker 1DID-27 Transfers Open 1.80E-06 
1211 PDCAO26CDT 24 Breaker 3DIA-26 Transfers Open 1.80E-06 
1212 PDCC027CDT 24 Breaker 3DIC-27 Transfers Open 1.80E-06 
1213 PKOSUMPCOM 2.44E-06 Common Cause Failure Of Turbine Sump Pump System 2.44E-06 
1214 PKl63SALST 30 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 
1215 PK163SBLST 15 Unit 1 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
1216 PK1ACDCCOM 2.77E-05 Common Cause Failure of Unit 1 Turbine Sump Pump System 2.77E-05 
1217 PK1DA5CCDT 24 125 Vdc Circuit Breaker 1DA-5C Transfers Position 1.80E-06 
1218 PK1PACKDEX 3.1E-5 Turbine No. 1 Packing Fails 3.10E-05 
1219 PKlTS01VVT 30 Manual Valve 1TS-1 Transfers Position 5.10E-07 
1220 PK1TS02CVT 30 Check Valve 1TS-2 Fails to Open or Transfers Closed 3.90E-06 
1221 PK1TS03VVT 108 Manual Valve 1TS-3 Transfers Position 1.84E-06 
1222 PK1TS04CVT 15 Check Valve 1TS-4 Fails to Open or Transfers Closed 1.95E-06 
1223 PK1TSACGPR 30 AC Sump Pump 1TSPU-1 Fails To Start Or Run 4.20E-04 
1224 PK1TSDCGPR 15 DC Sump Pump 1TSPU-2 Fails To Start Or Run 2. 10E-04 
1225 PK1TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 1 DC Sump Pump 3.20E-03 
1226 PK1TSDCTRM 6.85E-4 Turbine No. 1 DC Pump Train In Maintenance Or Testing 6.85E-04 
1227 PK1XA2CCLT 30 600 V Circuit Breaker 1XA-2C Transfers Position 2.73E-05 
1228 PK263SALST 30 Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 
1229 PK263SBLST 15 Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers 4. 65E-06 
1230 PK2ACDCCOM 2.77E-05 Common Cause Failure of Unit 2 Turbine Sump Pump System 2.77E-05 
1231 PK2DA1CCDT 24 125 Vdc Circuit Breaker 2DA-1C Transfers Position 1.90E-06 
1232 PK2PACKDEX 3.1E-5 Turbine No. 2 Packing Fails 3.10E-05 
1233 PK2TS01VVT 30 Manual Valve 2TS-1 Transfers Position 5.10E-07 
1234 PK2TSO2CVT 30 Check Valve 2TS-2 Fails to Open or Transfers Closed 3.90E-06 
1235 PK2TSO3VVT 108 Manual Valve 2TS-3 Transfers Position 1.84E-06 
1236 PK2TSO4CVT 15 Check Valve 2TS-4 Fails to Open or Transfers Closed 1.95E-06 
1237 PK2TSACGPR 30 AC Sump Pump 2TSPU-1 Fails To Start Or Run 4.20E-04 
1238 PK2TSDCGPR 15 DC Sump Pump 2TSPU-2 Fails To Start Or Run 2.10E-04 
1239 PK2TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 2 DC Sump Pump 3. 20E-03 
1240 PK2TSDCTRM 6.85E-4 Turbine No. 2 DC Pump Train In Maintenance Or Testing 6.85E-04 
1241 PK2XA2CCLT 30 Low Voltage Circuit Breaker 2XA-2C Transfers Position 2.73E-05.  
1242 S127E1VRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
1243 S127EUVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
1244 S127EXlRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
1245 S127EXVRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 
1246 S227ElVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
1247 S227EUVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
1248 S227EX1RYD 1 Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3 .30E-05
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1249 S227EXVRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 
1250 S27XSC1RYD 1 Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up 3.30E-05 
1251 S27XSC2RYD 1 Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up 3.30E-05 
1252 S27XTD1RYD 1 Channel 1 Swyd Isolated Time Delay Rly, 27XTD/SC1, Fails 3 .30E-05 
1253 S27XTD2RYD 1 Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails 3 .30E-05 
1254 S327E1VRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 2 .33E-03 
1255 S327EUVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 2.33E-03 
1256 S327EX1RYD 1 Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up 3 .30E-05 
1257 S327EXVRYD 1 Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up 3 .30E-05 
1258 SB18UXlRYT 24 Auxiliary Relay 8UX-1 Spurious Operation 8.64E-06 
1259 SB28UX2RYT 24 Auxiliary Relay 8UX-2 Spurious Operation 8.64E-06 
1260 SB38UX3RYT 24 Auxiliary Relay 8UX-3 Spurious Operation 8.64E-06 
1261 SB48UX4RYT 24 Auxiliary Relay 8UX-4 Spurious Operation 8. 64E-06 
1262 SDCAIDDDIF 24 Control Power From DYA To PCB 9 Isolating Diode Fails 9.12E-05 
1263 SDCDA12CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open 1. 80E-06 
1264 SDCDA15CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs Open 1.80E-06 
1265 SDCDA17CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open 1.80E-06 
1266 SDCDB01CDT 24 125 Vdc Swvd Control Power Pnlbd DYB Bkr 1 Xfrs Open 1.80E-06 
1267 SDCDB13CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 13 Xtrs Open 1.80E-06 
1268 SDCDC12CDT 24 125 Vdc Swyd Control Power Pnlbd DYC Bkr 12 Xfrs Open 1.80E-06 
1269 SDCDE12CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 12 Xfrs Open 1.80E-06 
1270 SDCDE15CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 15 Xfrs Open 1.80E-06 
1271 SDCDE17CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 17 Xfrs Open 1.80E-06 
1272 SDCDFC1CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 1 Xfrs Open 1.80E-06 
1273 SDCDF13CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open 1.80E-06 
1274 SDCDG16CDT 24 125 Vdc Swyd Control Power Pnlbd DYG Bkr 16 Xfrs Open 1.80E-06 
1275 SDCDYA8CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs Open OEE-38 1.80E-06 
1276 SDCDYA9CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 9 Xfrs Open 1.80E-06 
1277 SDCDYB4CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs Open 1.80E-06 
1278 SDCDYB6CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xfrs Open 1.80E-06 
1279 SDCDYB8CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 8 Xfrs Open 1.80E-06 
1280 SDCDYE8CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 8 Xfrs Open 1.80E-06 
1281 SDCDYE9CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 9 Xfrs Open 1.80E-06 
1282 SDCDYF4CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xtrs Open 1.80E-06 
1283 SDCDYF6CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 6 Xfrs Open 1.80E-06 
1284 SDCDYF8CDT 24 125 Vdc Swvd Control Power Pnlbd DYF Bkr 8 Xfrs Open 1.80E-06 
1285 SDCEIDDDIF 24 Control Power From DYE To PCB-9 Isolating Diode Fails 9. 12E-05 
1286 SK194GBRYT 24 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 8. 64E-06 
1287 SK294GBRYT 24 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 8.64E-06
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1288 SKXFMR1THF 24 Keowee Transformer 1 Fails 7.44E-05 
1299 SPC14KVBHF 24 13.8 kV Bus Faulted 9.60E-06 1290 SPC51TNRYT 24 Main Step Lip Transformer Neutral Ground Relay 51TN Spurious Operation 8.64E-06 1291 SPC62ABRYT 24 ACB Back-up Trip Timer 62AB Spurious Operation 8.64E-06 1292 SPC631XRYT 24 Auxiliary Relay 63H1X Spurious Operation 8. 64E-06 1293 SPC871XRYT 72 Transformer IX Differential Relay 87T-1X Spurious Operation 2.59E-05 1294 SPC872XRYT 72 Transformer 2X Differential Relay 87T-2X Spurious Operation 2.59E-05 1295 SPCS7T1RYT 72 Main Step Up Transformer Differential Relay 87T Spurious Operation 2.59E-05 1296 SPC94TKRYT 24 Auxiliary Relay 94T/K Spurious Operation 8.64E-06 1297 SPCB008CHO 1 SWYD PCB-8 Fails to Trip 2.60E-05 1298 SPCB0O9CHc 1 SWYD PCB-9 Fails To Close On Demand 2.60E-04 1299 SPCB009CHO 1 SWYD PCB-9 Fails To Trip 2.60E-05 1300 SPCB012CHO 1 SWYD PCB-12 Fails To Trip 2.60E-05 1301 SPCB015CHO 1 SWYD PCB-15 Fails To Trip On Demand 2.60E-05 1302 SPCB017CHO 1 SWYD PCB-17 Fails To Trip On Demand 2.60E-05 1303 SPCBO21CHO 1 SWYD PCB-21 Fails To Trip OnthDemand 2.60E-05 1304 SPCBO24CHO 1 SWYD PCB-24 Fails To Trip On Drriand 2.60E-05 1305 SPCBO26CHO 1 SWYD PCB-26 Fails To Trip On Demand 2.60E-05 1306 SPCBO28CHO 1 SWYD PCB-28 Fails To Trip On Demand 2.60E-05 
1307 SPCBO33CHO 1 SWYD PCB-33 Fails To Open On Demand 2.60E-05 
1308 SPCD87LRYT 24 Line Differential Relay 87L Spurious Operation 8.64E-06 1309 SPCGLASSWT 24 Break Glass Switch Spurious Operation 1.68E-06 
1310 SPCR86TRYT 24 Lock Out Relay 86T Spurious Operation 8.64E-06 1311 SU127UVCOM 1.18E-04 Common Cause Failure of Unit 1 SU Bus Undervoltage Relays 1.18E-04 
1312 SU227UVCOM 1.18E-04 Common Cause Failure of Unit 2 SU Bus Undervoltage Relays 1.18E-04 
1313 SU327UVCOM 1.18E-04 Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1.18E-04 1314 SXFRCT3THF 24 Transformer CT3 Faulted 7.44E-05 1315 SXFRCT3THM 1.74E-04 Transformer CT3 Is In Maintenance 1.74E-04 
1316 SXFRCT4LHE 6.40E-05 Latent Human Error on CT4 Maintenance 6.40E-05 1317 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 9.13E-04 
1318 SY30R94RYT 24 PCB 30 Relay 94 Spuriously Picks Up 8.64E-06 
1319 SY51TN2RYT 24 230kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 1320 SY51TN4RYT 24 4.16kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 
1321 SY51TN6RYT 24 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up 8.64E-06 
1322 SY62X1FRYT 24 Breaker Failure Relay 62X1 Spuriously Picks Up 8.64E-06 
1323 SY62X2FRYT 24 Breaker Failure Relay 62X2 Spuriously Picks Up 8.64E-06 
1324 SY62XXFRYT 24 Breaker Failure Relay 62X Spuriously Picks Up 8. 64E-06 
1325 SY86BUIRYT 24 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 8. 64E-06 1326 SY86CT3RYT 24 Transformer CT3 Lockout Relay Spuriously Picks Up 8.64E-06 

0 0 0
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1327 SY86YA9RYT 24 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 8.64E-06 
1328 SY86YJ3RYT 24 Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up 8.64E-06 
1329. SY87BYXRYT 24 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up 8.64E-06 
1330 SY87BYYRYT 24 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up 8.64E-06 
1331 SY87BYZRYT 24 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up 8.64E-06 
1332 SY87LXXRYT 24 Differential Auxiliary Relay 87LX Spuriously Picks Up 8.64E-06 
1333 SY94L1XRYT 24 Protective Relay 94L Spuriously Picks Up 8.64E-06 
1334 SYE1362RYT 24 E13 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06 
1335 SYE2362RYT 24 E23 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06 
1336 SYP2862RYT 24 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 8.64E-06 
1337 SYP3062RYT 24 PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 8.64E-06 
1338 SYP86TXRYT 24 PCB 30 LOR 86TX Spuriously Picks Up 8.64E-06 
1339 SYPCB09CHT 24 Switchyard Power Circuit Breaker 9 Transfers Open 4. 56E-05 
1340 SYPCB30CHT 24 Switchyard Power Circuit Breaker 30 Transfers Open 4. 56E-05 
1341 SYPL86TRYT 24 PCB 30 LOR 86T Spuriously Picks Up 8.64E-06 
1342 SYPL87LRYT 24 Differential Relay 87L Spuriously Picks Up 8.64E-06 
1343 SYR86BYRYT 24 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 8.64E-06 
1344 SYS63FPRYT 24 Fault Pressure Relay 63FP Spuriously Picks Up 8.64E-06 
1345 SYSX50BRYT 24 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 8.64E-06 
1346 SYX87TBRYT 24 Differential Relay 87B Spuriously Picks Up 8. 64E-06 
1347 SYXX87TRYT 24 Differential Relay 87T Spuriously Picks Up 8.64E-06 
1348 T1O 4.OOOE-03 Large Feedwater Line Break Initiator 4.OOE-03 
1349 T5FEEDF 2.730E-02 Failure Of Electrical Grid Or Main Feeders Initiating Event 2. 73E-02 
1350 T5SUBF 4.86E-02 Loss Of The Oconee Station Switchyards Initiating Event 4. 86E-02 
1351 T5WEATH 1.440E-02 Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.44E-02 
1352 TACOFFIREC 6.70E-01 Offsite power not recov. given start failures and no SSHR 6. 70E-01 
1353 TACOFF2REC 2.20E-01 Offsite power not recov. given start failures with SSHR 2. 20E-01 
1354 TACOFF3REC 6.50E-02 Offsite power not recov. given 1 run failures with SSHR 6. 50E-02 
1355 TACOFF4REC 5.10E-02 Offsite power not recov. given 2 run failures with SSHR 5.10E-02 
1356 TACOFF5REC 1.40E-01 Offsite power not recov. given 1 run failures and no SSHR 1.40E-01 
1357 TACOFF6REC 7.30E-02 Offsite power not recov. given 2 run failures and no SSHR 7 .30E-02 
1358 US086EFRYT 24 Overcurrent Relay 50 Spuri-ously Actuates Lockout Rly 86EF 8.64E-06 
1359 U5186EFRYT 24 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 8.64E-06 
1360 US1TNC4RYT 24 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 8.64E-06 
1361 U62BSK1RYT 24 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 8.64E-06 
1362 U62BSK2RYT 24 SK2 Breaker Failure Relax 62BXSK2 Spuriously Picks Up 8. 64E-06 
1363 U86CT4XRYT 24 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 8. 64E-06 
1364 U86TCT4RYT 24 CT4 Lockout Relay 86T/CT4 Spuriously Picks ,Up 8. 64E-06 
1365 U87TCT4RYT 24 Spurious Op of CT4 Differential Elv 87T Actuates LOR 86EF 8.64E-06
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1366 UACXCT4THF 24 Transformer CT4 Failed 7.44E-05 
1367 UXX86EFRYT 24 Lockout Relay 86EF Spuriously Picks Up 8.64E-06 
1368 W100 0.OOOE+00 No Flow From Low Pressure Service Water Header 3A -0.OOE+00 
1369 WH3 0.OOOE+00 All High Pressure Service Water Supplies Fail 0. OOE+00 
1370 WKOORUNCOM 2.09E-05 Common Cause Failure of Keowee Governors to Run 2. 09E-05 
1371 WK1GVCDDEX 3.5E-05 Keowee Unit 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 
1372 WKlGVCDLHE 2.6E-4 Latent Human Error Fails Keowee 1 Governor During Cold Start 2. 60E-04 
1373 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
1374 WK1GVRNDEX 5.6E-4 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running - 5.60E-04 
1375 WK1SPD1DEX 1.0 Potentially Damaging Overspeed Condition Occures At Load Rejection 1.0.0E+00 
1376 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 
1377 WK1TBCDDEX 3.5E-5 Keowee Unit 1 Turbine Fails Durinq'a Cold Start 3. 50E-05 
1378 WK1TBHTDEX 3.5E-4 Keowee Unit 1 Turbine Fails During a Hot Start 3. 50E-04 
1379 WK1TBRNDEX 5.6e-4 Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 
1380 WK2GVCDDEX 3.5E-05 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Cold Start 3.50E-05 
1381 WK2GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 2 Governor During Cold Start 2. 60E-04 
1382 WK2GVHTDEX 3.5E-04 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Hot Start. 3. 50E-04 
1383 WK2GVRNDEX 5.6E-4 Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
1384 WK2SPD2DEX 5.6E-05 Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05 
1385 WK2TBCDDEX 3.5E-5 Keowee Unit 2 Turbine Fails During a Cold Start 3.50E-05 
1386 WK2TBHTDEX 3.5E-4 Keowee Unit 2 Turbine Fails During a Hot Start 3 .50E-04 
1387 WK2TBRNDEX 5.6E-4 Keowee Unit 2 Turbine Fails With the Unit Running 5. 60E-04 
1388 WKCSTRTCOM 1.12E-05 Common Cause Failure of Keowee Governors to Cold Start 1.12E-05 
1389 WKHSTRTCOM 3.50E-6 Common Cause Failure of Keowee Governors to Hot Start 3.50E-06 
1390 XAOSWGRCOM 1.22E-06 Common Cause Failure Of Transformers 1X, 2X, And CX 1. 22E-06 
1391 XA1A2BTCDT 24 600 Vac Breaker 1XA-2BT Transfers Position K-704 1.80E-06 
1392 XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 
1393 XA1TR1XTLF 24 Keowee Transformer 1X Fails 1.80E-05 
1394 XA1X2AXCLT 24 600 Vac Bkr 2X-2D Transfers Position 2.18E-05 
1395 XA1X2CCCLT 24 600 Vac Breaker 1X-2C Transfers Position 2.18E-05 
1396 XA1XA1ACLT 24 600 Vac Bkr 2XA-4A Transfers Position 2.18E-05 
1397 XAIXAALBLM- 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 2. 74E-03 
1398 XA1XAMCBLF 24 600 Vac MCC 1XA Fault 6.48E-06 
1399 XA1XCXXTHM 4.57E-4 4160/600 Vac Transformer CX Is in Maintenance 4.57E-04 
1400 XA1XCXXTLF 24 4160/600 Vac Transformer CX Fails 1.80E-05 
1401 XA1XXXXBLF 24 600 Vac Switchgear 1X Fault 6.48E-06 
1402 XA2A2BTCDT 24 600 Vac Breaker 2XA-2BT Transfers Position 1.80E-06 
1403 XA2BKRSCOM 3.1OE-04 CCF of Aux Power Breakers ACB-6 & -8 3. 1OE-04 
1404 XA2TR2XTLF 24 Keowee Transformer 2X Fails 1.80E-05 

09 0
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1405 XA2X2BXCLT 24 600 Vac Breaker 2X-2B Transfers Position 2.18E-05.  
1406 XA2X2DXCLT 24 600 Vac Bkr 1X-2A Transfers Position 2.18E-05 
1407 XA2X4AXCLT 24 600 Vac Bkr 1XA-1A Transfers Position 2.18E-05 
1408 XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 2. 74E-03 
1409 XA2XAMCBLF 24 600.Vac MCC-2XA Fault 6.48E-06 
1410 XA2XXXXBLF 24 600 Vac Switchgear 2X Fault 6.48E-06 
1411 XA56BKRCOM 3.1OE-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 3.10E-04 
1412 XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 3.10E-04 
1413 XCWFLIIDEX 4.330E-03 Fraction Of FLII From Condensate Cooler Flow Path 4.33E-03 
1414 XCWFMIIDEX 8.670E-03 Fraction Of FMII From Condensate Cooler Flow Path 8.67E-03 
1415 XCWFMNXDEX 1.170E-01 Fraction Of FMN From Condensate Cooler Flow Path 1.17E-01 
1416 XDOBATTCOM 2.70E-05 Common Cause Failure Of Keowee I&C Power Batteries 2.70E-05 
1417 XDOCHRGCOM 3.48E-05 Common Cause Failure Of Keowee Battery Chargers 3.48E-05 
1418 XDOKBATRHE 1.00E+00 Failure To Recover DC Supply From The Other Unit 1.00E+00 
1419 XD104CCCDT 24 Breaker 1DA-4CC Transfers Open 1.80E-06 
1420 XD104CRCDT 6 Breaker 1DA-4CR Transfers Opeh 4.50E-07 
1421 XD1BK1ACDT 24 Battery No. 1 Breaker 1A Transfers Position run time dependent 1.80E-06 
1422 XD1CKC1BCF 24 Battery Charger KC1 Fails 6.96E-04 
1423 XD1DA1CCDT 24 125 Vdc Breaker 1C (from charger KC1) Transfers Position 1.80E-06 
1424 XD1DA3BCDT 24 125 Vdc Breaker 1DA-3BR Transfers Open 1.80E-06 
1425 XD1DA4ACDT 24 DC Circuit Breaker 1DA-4AR Transfers Position 1.80E-06 
1426 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 
1427 XD1DARXBDF 24 DC Distribution Center 1DA Faulted during Run 7.68E-06 
1428 XD1KB1XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1. OOE+00 
1429 XD1KB1XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 
1430 XD1KBATBYF 1 Keowee Battery No. 1 Fails During Discharge 9.30E-04 
1431 XD1TIE1CDT 24 Keowee 125V dc Dist Cntr 1DA Tie Breaker 1 Transfers Position 1.80E-06 
1432 XD202CCCDT 6 Breaker 2DA-2CC Transfers Open 4.50E-07 
1433 XD204CCCDT 24 Breaker 2DA-4CC Transfers Open K-704 1.80E-06 
1434 XD2BK1ACDT 24 Battery No. 2 Breaker 1A Transfers Position 1.80E-06 
1435 XD2CKC2BCF 24 Battery Charger KC2 Fails 6.96E-04 
1436 XD2DA2ACDT 24 DC Circuit Breaker 2DA-2AR Transfers Position 1.80E-06 
1437 XD2DA3BCDT 24 125 Vdc Circuit Breaker 2DA-3BR Transfers Position 1.80E-06 
1438 XD2DASCCDT 24 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open 1.80E-06 
1439 XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 
1440 XD2DARXBDF 24 DC Distribution Center 2DA Faulted During Run 7.68E-06 
1441 XD2KB2XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.OOE+00 
1442 XD2KB2XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.OOE+00 
1443 XD2KBATBYF 1 Keowee Battery No. 2 Fails during. ischarge 9.30E-04
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1444 XD2TIE2CDT 24 Keowee 125V dc Dist Cntr 'DA Tie Breaker 2 Transfers Position 1.80E-06 
1445 YOSTARTCOM 7.26E-06 Common Cause Failure Of Emercency start Sional 7.26E-06 
1446 YOSTARTRHE 1.00E±Q0 Operators Fail To Manually Start Keowee 1.00E+00 
1447 YK114X3SSD 1 Keowee 1 Speed Switch 14-3 Fails to open at 65 rpm KEE-111 1.80E-05 
1448 YK13SUISWT -4 KHU#1 Startup Inhibit Sw 3S01 Xfrs to Inhibit KEE-lil, -113 1.68E-06 
1449 YK14AMRRYT 24 Keowee 1 Master Belay 4A Spuriously Drops Out 8.64E-06 
1450 YK14BMRRYT 24 Keowee 1 Master Relay 4B Spuriously Drops Out 8.64E-06 
1451 YK163BHLST 24 Keowee 1 Gen Thrst Bri'g Oil Lvi Hi Sw 63BL/H Sprsly Clsd KEE-lil, -113-3 7.44E-06 
1452 YK163BHRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Bly 63BL/HX.Sprsly Picks Up KEE-111,-113- 8.64E-06 
1453 YK163BLLST 24 Keowee 1 Gen Thrst Brng Oil Lvi Lo Sw 63BL/L Spuriously Operates KEE-11l,-113- 7.44E-06 
1454 YK163BLRYT 24 Keowee 1 Gen Thrst Brng Oil Lvi Lo Riy 63BL/LXTD Sprsly Pcks Up KEE-ill, -113- 8.64E-06 
1455 YK163TBLST 24 Keowee 1 Turb Guide rng to Lvi Sensor Sw Spuriously Closes KEE-113-4 7.44E-06 
1456 YK163TBRYT 24 Keowee 1 Turb Gd Rng Oil Lvi to Ply 63TB/IX Sprsly Picks Up KEE-1l1,-113-4 8.64E-06 
1457 YK186N1DEX 9.89E-03 Keowee iNormal Lockout Actuates 9.89E-03 
1458 YK199SDRYD 1 Keowee 1 Shutdown Solenoid 99SD Fails To Pick up 3.30E-05 
1459 YK199SDRYT 24 Keowee 1 Shutdown Solenoid Sptriouslv Drops Out 8. 64E-06 
1460 YK199SNRYD 1 KI Emergency Load Solenoid 99SN F-il To Pick Up/Drop Out 3.30E-05 
1461 YK199SNRYT 24 Emergency Load Solenoid 995N Spuriousl Drops Out 8.64E-06 
1462 YK199SXRYD 1 Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-111 3.30E-05 
1463 YK199SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out 8.64E-06 
1464 YK1D4CRFUF 6 Fuse 1DA-4CR Fails 2.16E-05 
1465 YK1ES1ARYD 1 Keowee 1 Emergency Start Aux Relay 1ESR\/lA Fails To Pick Up OEE-120 3.30E-05 
1466 YK1ES1BRYD 1 Keowee 1 Emergency Start Aux Relay 1FSPY/1B Fails To Pick Up OEE-120-1 3.30E-05 
1467 YK1ES2ARYD 1 Keowee 1 Emergency Start Aux Relay lESPX/2A Fails To Pick Up OEE-120 3.30E-05 
1468 YK1ES2BRYD 1 Keowee 1 Emergency Start Aux Relay lESRX/2B Fails To Pick Up 055-120-1 3.30E-05 
1469 YK1MR4ARYD 1 Keowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 3.30E-05 
1470 YK1MR4BRYD 1 Keowee 1 Start Master Relay 4B Fails To Pick Up KEE-113 3.30E-05 
1471 YK1SS12SST 24 Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 1.O1E-04 
1472 YK1SS13SSD 1 Keowee 1 Speed Switch 13 Fails to close at 122 rpm KEE-111 1.80E-05 
1473 YK214X3SSD 1 KHU42 Speed Switch 14-3 Fails to Open at 65 rpm KEE-211 1.80E-05 
1474 YK23SUISWT 24 KHU#2 Startup Inhhr Sw 3SU1 Sprsly Xfrs to Inhibit KES-211, -213 1.68E-06 
1475 YK24AMRRYT 24 Keowee 2 Master Relay 4A Spuriously Drops Out 8.645-06 
1476 YK24BMRRYT 24 Keowee 2 Master Relay 4B Spuriously Drops Out 8 64E-06 
1477 YK263BHLST 24 Keowee 2 Gen Thrst Ding Oil Lvi Hi Sw 63BL/H Sprsly Clsd 7.44E-06 
1478 YK263BHRYT 24 Keowee 2 Gen Thrst Ding Oil Lvi Hi Bly 63BL/HX Sprsly Picks Up KEE-211 8.64E-06 
1479 YK263BLLST 24 Keowee 2 Gen Thrst Ding Oil Lvi Lo Sw 63BL/L Sprsly Opn 7.44E-06 
1480 YK263BLRYT 24 Keowee 2 Gen Thrst Rng Oil Lvi to Rly 63BL/LXTD Sprsly Pcks Up KEE-211 8.64E-06 
1481 YK263TBLST 24 Keowee 2 Turh Guide Ding to Lvi Sensor Sw Sprsly Closes 7.44E-06 
1482 YK263TBRYT 24 Keowee 2 Tur Gd Brng Oil Lv to ly 63TB/X Sprsly Picks Up KEE-211 8.64E-06
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1483 YK286N2DEX 7.41E-03 Keowee Unit 2 Normal Lockout Activates 7. 41E-03 
1484 YK299SDRYD 1 Keowee 2 Shutdown Solenoid 99SD Fails To Pick Up 3.30E-05 
1485 YK299SDRYT 24 Keowee 2 Shutdown Solenoid Spuriously Drops Out 8.64E-06 
1486 YK299SNRYD 1 Keowee 2 Emergency Load Solenoid 99SN Fails To Operate 3 .30E-05 
1487 YK299SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8. 64E-06 
1488 YK299SXRYD 1 Keowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-211 3.30E-05 
1489 YK299SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out s 8. 64E-06 
1490 YK2D2CCFUF 6 Fuse 2DA-2CC Fails 2.16E-05 
1491 YK2ES1ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/lA Fails To Pick Up OEE-120 3.30E-05 
1492 YK2ES1BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESPX/lB Fails to Pick Up OEE-120-1 3.30E-05 
1493 YK2ES2ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 3.30E-05 
1494 YK2ES2BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick tp OEE-120-1 3.30E-05 
1495 YK2MR4ARYD 1 Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-213 3.30E-05 
1496 YK2MR4BRYD 1 Keowee 2 Start Master Relay 4B Fails to Pick Up KEE-213 3.30E-05 
1497 YK2SS12SST 24 Keowee 2 Overspeed Switch 12*Spuriously Picks Up KEE-211 1.01E-04 
1498 YK2SS13SSD 1 Keowee 2 Speed Switch 13 Fails to Close at 122 rpm KEE-211 l.80E-05 
1499 YKEMSRTCHE 0 Operator Incorrectly Resets Keowee Emergency Start Signals 0. OOE±00 
1500 YO1DIA2CDT 30 DC Circuit Breaker lDIA-2 Transfers Position 2. 25E-06 
1501 YO1DIB2CDT 30 DC Circuit Breaker lDIB-2 Transfers Position 2. 25E-06 
1502 YO1MFBMA 1 ONSl MFB Monitor Channel A Keowee Start Signal Fails 1.0OE+00 
1503 YO1MFBMB 1 ONSI MFB Monitor Channel B Keowee Start Signal Fails 1.00E+00 
1504 YO1OPSARHE 1 operator fails to operate Keowee start switch SlA 1. 005±00 
1505 YO1OPSBRHE 1 Operator fails to operate Keowee start switch S1B 1. OOE±00 
1506 YO1S1AFSWC 1 Control SwitchSlA Fails To Close On Demand 1.OGE-OS 
1507 YO1S1BFSWC 1 Control Switch SIB Fails To Close On Demand 1.OQE-OS 
1508 YO1XXKARYD 1 ONSl Ch A Keowee Emergency Start Relay KA Fails to Pick Up OEE-120 3.30E-05 
1509 YO1XXKBRYD 1 Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 3.30E-05 
1510 YO2CR2ARYD 1 0NS2 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 3.30E-05 
1511 YO2CR2BRYD 1 0N52 Keowee Emergency Start Relay CP2B Fails to Pick Up OEE-220-1 3.30E-05 
1512 YO2DIA2CDT 30 Breaker 2DIA-2 Transfers Position 2.25E-06 
1513 YO2DIB2CDT 30 Breaker 2DIB-2 Transfers Position 2.25E-06 
1514 YO2MFBMA 1 0NS2 MFB Monitor CH A Keowee Start Sig Fails 1.OOE±00 
1515 YO2MFBMB 1 0N52 MFB Monitor Ch B Keowee Start Sig Fails 1.OOE±00 
1516 YO2SSWARHE 1 Operator Fails to Operate Keowee Start Switch 2SSMA 1.0OE+00 
1517 YO2SSWASWC 1 Control Switch 255MM Fails To Close On Demand 1. OOE-05 
1518 YO2SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 2SSMB' 1.OQE--C 
1519 YO2SSWBSWC 1 Control Switch 2SSWB' Fails To Close On Demand 1.005-05 
1520 YO3CR3ARYD 1 0N53 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up OEE-320 3.30E-05 
115 21 Y13CR3BRYD 1 N3 Keowee Emer Start Relay CR38 Fails to Pick Up OEE-320-1 3.30E-05
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1522 YO3DIA2CDT 30 Breaker 3DIA-2 Transfers Open OEE-320, 0-2705 2.25E-06 
1523 YO3DIB2CDT 30 Breaker 3DIB-2 Transfers Open OEE-320-1, 0-2705 2.25E-06 
1524 YO3MFBMA 3.96E-03 ONS3 MFB Monitor Ch A Keowee Start Sig Fails 3.96E-03 
1525 YO3MFBMB 3.96E-03 ONS3 MFB Monitor Ch B Keowee Start Sig Fails 3 .96E-03 
1526 YO30PFARHE 1 Operator fails to operate Keowee Start Switch 3S1A 1. OOE+00 
1527 YO30PFBRHE 1 Operator Fails to Operate Keowee Start Switch 3S1B 1.00E+00 
1528 YO3S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.00E-05 
1529 YO3S1BFSWC 1 Control Switch SIB Fails To Close On Demand 1.00E-05 
1530 YO3SSWARHE 1 Operator fails to operate Keowee Start Switch 3SSW'A' 1.00 E+00 
1531 YO3SSWASWC 1 Control Switch 3SSW'A' Fails To Close On Demand 1.O0E-05 
1532 YO3SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 3SSW'B' 1.00E+00 
1533 YO3SSWBSWC 1 Control Switch 3SSW'B' Fails To Close On Demand 1.00E-05 

e a S



APPENDIX E 
SENSITIVITY STUDIES



TABLE OF CONTENTS 

Section Pane 

E.0 SENSTIVITY STUDIES E-1 

E. 1 GENERIC VERSUS BAYESIAN UPDATED DATA E-1 

E.2 GRID-CYCLED VERSUS STANDBY UNIT RELIABILITY E-1 

E.3 RECOVERED VERSUS UNRECOVERED RESULTS E-1 

E.4 HUMAN ERROR SENSITIVITY STUDIES E-2 

E.4.1 LATENT HUMAN ERRORS E-2 

E.4.2 HUMAN ERROR PROBABILITIES PRIOR TO THE 1992 E-2 

LOSS OF OFFSITE POWER 

E.5 INFREQUENTLY TESTED/DEMANDED COMPONENTS E-2 

CHALLENGED DURING EMERGENCY STARTS 

E.6 MG-6 RELAY FAILURE RATE E-6 

E.7 UNCERTAINTY ANALYSIS E-7 

E.8 ONE VERSUS TWO UNITS GENERATING TO THE GRID E-8 

E.8.1 DATA CHANGES E-8 

E.8.2 NSM-ON-52966 E-8 

E-ii



LIST OF TABLES 

Table Title 

E-1 Keowee PRA Basic Event Data: Current Operating Configuration 

Bayesian Update/Unrecovered 

E-2 Exposure Time Changes For Extending To A Quarterly Unit Swap 

E-3 Infrequently Tested/Demanded Keowee Components 

E-4 Sensitivity Study Results -- Infrequently Tested/Demanded Components 

E-5 Uncertainty Analysis Summary 

E-6 Keowee PRA Basic Event Data: Two Unit Generation - Bayesian 

Update/Unrecovered 

E-7 Keowee PRA Basic Event Data: Two Unit Generation - Bayesian 

Update/Recovered 

E-iii



LIST OF FIGURES 

Figure No. Title 

E-1 Probability Distribution For Model Top Gate KEOWTOP 

E-2 Cumulative Probability For Model Top Gate KEOWTOP 

E-iv



E.0 SENSITIVITY STUDIES 

This Appendix provides the detailed information as necessary for the Keowee PRA 

sensitivity studies.  

E.1 GENERIC VERSUS BAYESIAN UPDATED DATA 

This study provides an evaluation of the sensitivity of the Keowee results to the plant

specific data used in the Bayesian-update process. The results are discussed in Section 

7.5. The data file for the generic data, which does not include credit for recoveries, is 

included in Appendix D, Table D-2. This data assumes the current operating 

configuration. Common cause events were also modified by substituting generic 

component failure rates in place of the Bayesian-updated failure rates used to calculate the 

component independent failure rates. The common cause multipliers remained the same.  

E.2 GRID-CYCLED VERSUS STANDBY UNIT RELIABILITY 

The reliabilities of the grid-cycled unit and the standby unit are expected to be different.  

Evaluating this difference is important in understanding the overall Keowee reliability 

results. The comparisons for this sensitivity study are made using the results of reliability 

calculations for Keowee Unit 1 (7-day exposure) and Keowee Unit 2 (1-day exposure) for 

the current operating mode with no credit for recoveries. This data is included as Table 

E- 1.  

E.3 RECOVERED VERSUS UNRECOVERED RESULTS 

The unrecovered result is an intermediate result in the process of obtaining the base case 

solution. This is the result following step 1 of the process described in Section 4.6.2.  

Comparison of this result to that of the base case provides information on the 

improvement in reliability obtained by considering operator actions. The unrecovered data 

file is included as Table E-1. The data with all recoveries included and quantified is 

included in Appendix D, Table D- 1.  
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E.4 HUMAN ERROR SENSITIVITY STUDIES 

E.4.1 LATENT HUMAN ERRORS 

The importance of the Latent Human Errors (LHEs) in the calculated failure probability is 

evaluated by setting these failure probabilities to 0.0 in the recovered Bayesian updated 

data and comparing the result to the base case analysis. The recovered Bayesian updated 

data is included in Appendix D, Table D-1.  

E.4.2 HUMAN ERROR PROBABILITIES PRIOR TO THE 1992 LOSS OF OFFSITE 

POWER 

Human error rates based on the conditions prior to the event are established and 

substituted into the base case data. The revised human error probabilities are presented in 

Table 4.8-1.  

E.5 INFREQUENTLY TESTED/DEMANDED COMPONENTS CHALLENGED 

DURING EMERGENCY STARTS 

The objectives of this study are to: 

1. Determine the effect on unit and station failure probabilities of swapping 

unit alignment on a quarterly basis instead of on a monthly basis.  

2. Investigate the sensitivity of the model to an order-of-magnitude increase 

in the demand failure probability for all components which are not 

frequently tested but are challenged during emergency operation 

(assuming a black start). (The effect of components that have not been 

challenged to run for a while is already included in the model by means of 

the longer exposure times. For example, many of the manual valves on the 

unit aligned to the underground path in the generator model have exposure 

times of 384 hours, since their failure may not be revealed until that unit is 

placed in service.) 
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3. Investigate the sensitivity of the model to an order-of-magnitude increase 

in the demand failure probability for all components which are demanded 

to operate during emergency operation (assuming a black start).  

The study is comprised of the following steps.  

Objective 1: 

1. Identify the basic events with exposure times derived from the length of time since the 

last unit start or run.  

2. Increase. the identified exposure times as follows, to correspond with extending to a 

quarterly swap of the units: 

360 hrs to 3 * 360 hrs = 1080 hrs 

372 hrs to (3* 360 + 12) hrs = 1092 hrs 

384 hrs to (3 * 360 + 24) hrs = 1104 hrs 

3. Generate cut sets for the emergency start gate KU2STARTF, run gate KU2RUN, and 

top gate KEOWTOP.  

4. Add recoveries to the KEOWTOP cut sets.  

5. Compare the new gate failure probabilities with the base case.  

Objective 2: 

1. Identify the components that are challenged during emergency operation with black 

start which are tested less frequently than every week.  

2. Increase the failure probabilities corresponding to the identified components by an 

order of magnitude.  

3. Generate cut sets for the emergency start gate KU2STARTF, run gate KU2RUN, and 

top gate KEOWTOP.  
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4. Add recoveries to the KEOWTOP cut sets.  

5. Compare the new gate failure probabilities with the base case.  

Objective 3: 

1. Identify the components that are challenged during emergency operation (with black 

start).  

2. Increase the failure probabilities corresponding to the identified components by an 

order of magnitude.  

3. Generate cut sets for the emergency start gate KU2STARTF, run gate KU2RUN, and 

top gate KEOWTOP.  

4. Add recoveries to the KEOWTOP cut sets.  

5. Compare the new gate failure probabilities with the base case.  

Results 

Objective 1: 

The results show that Keowee reliability is negligibly affected by increasing the unit swap 

interval from a monthly to a quarterly basis: the sum of the recovered cut sets for model 

top gate KEOWTOP is increased by about 0.5%. .  

Table E-2 lists the events of interest for this part of the sensitivity study.  

Objective 2: 

The following components are demanded during emergency operation with black start, but 

not during normal operation, and are tested less frequently than every week: 

* Emergency Start Relays 

* Emergency Start Aux. Relays 
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Keowee Start Relays 27X/STA, 27X/STB 

* EGTPS undervoltage and underfrequency relays 

* Switchyard isolated relays 
* PCBs 9, 12, 15, 17, 21, 24, 26, 28, 30, and 33 

* Relays and control switch associated with the operation of ACBs 3, 4, 5, 6, 

7, and 8 

* Solenoid-operated valves associated with the operation of ACBs 3 and 4 

* Undervoltage Relays for transformers IX, 2X and CX 

* Pressure switch and relays associated with Governor Oil "emergency" 

pressure sensing 

* Relays and level switch associated with Turbine Guide Bearing Oil Level 

* Switchyard batteries SY-1, SY-2 

Failures modes associated with the above equipment are represented by 166 basic events, 

which constitute 15% of the approximately 1135 basic events (excluding recovery events) 

in the model.  

This case was solved at a truncation limit of 1E-7, since attempting to solve at the usual 

1E-8 produced too many cut sets for CAFTA's Cut Set Editor, and the Recovery 

program, to handle. The results are compared to the base case solution truncated to the 

same value.  

The results show that the start failure probability of a unit is roughly doubled, the 

unit run failure probability is negligibly impacted, and the station failure 

probability is moderately impacted.  

Testing programs are in place for all of the components within the scope of this study.  

Table E-3 lists the relevant events for this part of the sensitivity study.  

Objective 3: 

To put the results of objective 2 into perspective, this additional sensitivity study was 

performed. As expected, the results show that Keowee reliability is impacted more when 

the failure rates are increased for all equipment challenged during emergency operation 

following a blackout start.  
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In this case, the failure probability for KEOWTOP is increased by approximately 30%, 
versus 15% for the previous case where failure probabilities for "infrequently challenged 

components" are increased by an order of magnitude.  

Table E-4 summarizes the sensitivity study results.  

E.6 MG-6 RELAY FAILURE RATE 

Over the ten year period of data consideration, 1984-1994, there have been 5 MG6 relay 

demand failures. These failures occurred over the years 1989-1992. Assuming that all of 

these failures had occurred over a period of one year would increase the plant-specific 

failure rate by a factor of ten.  

The objective of this study is to determine the sensitivity of the model's results to an order

of-magnitude increase in the plant-specific failure rate of MG6 relays.  

The study is comprised of the following steps.  

1. Increase the plant-specific failure rate for MG6 relays by a factor of 10.  

2. Generate cut sets for the model's top gate, KEOWTOP, using the modified type code 

database.  

3. Add recoveries to the KEOWTOP cut sets.  

4. Compare with the base case results.  

Results 

Increasing the plant-specific failure rate for MG6 relays by an order of magnitude causes 

the failure probability for KEOWTOP to increase by about 4%, from 7.35E-3 to 7.67E-3.  
Thus an order-of-magnitude increase in the plant-specific failure rate for MG6 relays has 

only a small impact on the reliability of Keowee.  
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E.7 UNCERTAINTY ANALYSIS 

The objective of this study is to determine the probability distribution for the KRA top 

gate KEOWTOP.  

1. Add error factor and distribution type information to the type code and basic event 

databases. A categorization method is employed as follows: 

a) Component failure type codes for which generic failure rates are available are 

assigned the error factor calculated by the Bayesian-update spreadsheet.  

b) Basic events representing scheduled maintenance are assigned an error factor of 3.  

c) Human errors are assigned error factors of 5 or 10, depending on their failure 

probability value as follows: 

Failure Probability Error Factor 

< 0.001 10 

0.001 - 0.01 5 

(Events ABOSWGRREC and YOSTARTREC are assigned error factors of 2 due to 

their relatively high failure probability of 0.5) 

d) Due to higher uncertainty, common-cause events, developed events, and plant

specific type code failure rates are assigned an error factor of 10.  

2. Load the base case cut sets (Bayesian-updated, recoveries added) into CAFTA.  

3. Use the CAFTA Uncbrtainty Analysis utility to evaluate the cut sets.  

Error factors are assigned to the type codes. If a basic event does not derive its value 

from a type code (namely, developed events, human error events and common cause 

events), then the error factor is assigned to the basic event. No error factors are assigned 

to the number of demands or exposure time.  

Results 

The point estimate value (considering no uncertainty) for the gate KEOWTOP is 7.35E-3.  

Using a 5000 sample simulation, the estimated mean value was 7.32E-3.  
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The fifth and 95th percentiles have an estimated value of 2.93E-3 and 1.53E-2, 

respectively. The overall error factor for KEOWTOP is about 2.3.  

Table E-5 provides the basic event and type code input values for this study. Figure E-1 

provides a graphical representation of the probability distribution estimation for model top 

gate KEOWTOP. Figure E-2 shows the corresponding cumulative probability for 

KEOWTOP.  

E.8 ONE VERSUS TWO UNITS GENERATING TO THE GRID 

As a result of the recent system design basis engineering studies identifying postulated 

failures, only one Keowee unit is currently being used for grid generation. Because the 

use of two units on the grid is an anticipated mode of operation in the future, it is desirable 

to evaluate the reliability of Keowee in this configuration. This sensitivity study addresses 

this issue. The sensitivity of the Keowee failure probability to the fraction of time that the 

two units generate simultaneously is also investigated. This fraction is set to 0.30 in the 

study.  

E.8.1 DATA CHANGES 

In the base case analysis the exposure times on the standby unit are longer than those on 

the grid-cycled unit. As a result, the standby unit is calculated to have a slightly higher 

failure rate. This sensitivity study is performed by modifying the data base to reflect the 

change in operating modes, and the implementation of NSM-ON-52966. These changes 

include the basic events reflecting the probability that unit 1 is generating to the grid and 

revising the exposure times on the unit 1 components to reflect the daily operation of the 

unit.  

This study is performed only with the Bayesian-updated data. The data bases used in this 

sensitivity study are included as Tables E-6 and E-7.  

E.8.2 NSM-ON-52966 

In order for Keowee to again use two units when generating to the grid, certain single 

failures identified in engineering studies must be corrected. These single failures are being 

addressed through the implementation of NSM-ON-52966. The Keowee reliability model 
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has been developed with the implementation of this NSM as a consideration. An event is 

included in the model to turn on and off those parts of the model affected by this NSM.  

The results of the sensitivity study where two units are allowed to generate to the grid 

assumes that the NSM is in service, as this is an expected requirement to return to this 

mode of operation. The implementation of the NSM is specified by setting event 

ACB4MOD to 0. The free is solved with the new data to obtain the failure probability.  

This NSM addresses three major issues related to the ability of Keowee to provide 

emergency power to Oconee. These issues and the resolution implemented in the NSM 

are briefly described here.  

Part 1 

This part of the modification addresses the single failure concern relative to the differential 

protective relay zone overlap when a fault within one of the overhead generator breakers 

(ACB-1 or ACB-2) is postulated to occur.  

When a fault occurs on the overhead breaker on the unit designated as the underground 

supply, it can lead to the loss of both units as an emergency supply for Oconee. When the 

fault occurs, the protective relaying for the generator of the affected breaker will lock-out 

the generator, failing the underground power source. The protective relaying for the 

overhead transformer also senses the fault at the breaker. This results in a lock-out of the 

overhead transformer, failing the overhead power path but not the generator.  

The NSM mitigates this failure mode by sensing the generator lock-out in combination 

with the overhead transformer lock-out and automatically transferring the available 

generator (originally designated to the overhead path) to the available underground power 

path. This transfer restores an emergency power supply to Oconee. Appropriate control 

logic and breaker interlocks are included to accomplish the transfer.  

Part 2 

The NSM also addresses concerns related to the potential for an over-frequency condition 

to exist when Keowee is connected to Oconee. Over-frequency could result during 

automatic load rejections or as a result of governor failures. The potential exists for the 
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Oconee equipment to be damaged if connected to the Keowee supply when an over

frequency condition is occurring at Keowee.  

Protection from the over-frequency due to load rejection is accomplished by the addition 
of over-frequency relays and time delays. The control logic acts to trip and block the 
Keowee generator output breakers and the SK breakers at Oconee during the period of 
vulnerability.  

Protection from the governor failure (run-away governor) is accomplished through the 

addition of magnetic speed switches and auxiliary relays. The system detects a failed 

governor by sensing the speed of the governor fly-ball motor and acts to trip the generator 

breakers, after a time delay, if an overspeed is indicated.  

Part 3 

This portion of the NSM modifies existing control logic to address the concerns identified, 

in PIP-0-094-0808. The concern relates to systems interactions following a decrease in air 

pressure in any of the generator breakers. A loss of air pressure on an underground ACB 
would result in lock-out of the overhead transformer, actuation of the 86T relay via the 

94GB relay. Although this is not a single failure concern in that the underground path is 

still available, some concern has been expressed over the apparent lack of independence of 

the power paths.  

This concern is addressed by blocking the actuation of the 94GB when an emergency start 

signal is present and removing the logic which provides actuation of the 94GB due to loss 
of air or dc power on the underground generator breaker.  
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(Page 1 of 31) 
Table E- 1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

1 AA1271PR6D 1 Transformer 1X Undervoltage Relay 27/1X Fails To Pick Up 2.49E-04 
2 AA1271XR6T 30 Transformer 1X Undervoltage Relay 27/1X Spuriously De-energizes 1.09E-05 
3 AA127ClR6T 24 Transformer CX Undervoltage Relay 27/CX1 Spuriously De-energizes 8.71E-06 
4 AA127CPR6D 1 Transformer CX Undervoltage Relay 27/CX1 Fails To Pick Up 2.49E-04 
5 AA127RlRYT 24 Auxiliary Relay 27X/CX1 Spurious Operation 8.64E-06 
6 AA127X1RYD 1 Auxiliary Relay 27X/lX Fails To Operate ,On Demand 3 .30E-05 
7 AA127X1RYT 384 Auxiliary Relay 27X/lX Spurious Operation 1.38E-04 
8 AA127X2R6D 1 Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 
9 AA127XCRYD 1 Auxiliary Relay 27/CX1 Fails To Operate On Demand 3 .30E-05 

10 AA186CXRYT 24 Transformer CX Differential Lock Out Relay 86CX Spurious Operation 8.64E-06 
11 AA186S1RYT 24 Switchgear lX Lockout Relay 86S/1X Spurious Operation 8. 64E-06 
12 AA187CXRYT 24 Transformer CX Differential Relay 87CX Spurious Operation 8.64E-06 
13 AA2272PR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up 2.49E-04 
14 AA2272XR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out 2.49E-04 
15 AA2272XR6T 24 Transformer 2X Undervoltage Relay 27/2X Spuriously De-energizes 8.71E-06 
16 AA227C2R6T 30 Transformer CX Undervoltage Relay 27/CX2 Spuriously De-energizes 1.09E-05 
1.7 AA227C2RYD 1 Auxiliary Relay 27X/CX2 Fails To Operate On Demand 3 .30E-05 
18 AA227CPR6D 1 Transformer CX Undervoltage Relay 27/CX2 Fails To Pick Up 2.49E-04 
19 AA227R2RYT 384 Auxiliary Relay 27X/CX2 Spurious Operation 1.38E-04 
20 AA227T2R6D 1 Transformer 41 Undervoltage Relay (27T/2X) Fails To Drop Out 2.49E-04 
21 AA227X2RYD 1 Auxiliary Relay 27X/2X Fails To Operate On Demand 3.30E-05 
22 AA227X2RYT 24 Auxiliary Relay 27X/2X Spurious Operation 8.64E-06 
23 AA286S2RYT 24 Switchgear 2X Lockout Relay 86S/2X Spurious Operation 8.64E-06 
24 ABOO4ECCDT 30 DC Circuit Breaker 1DA-4EC Transfers Position 2.25E-06 
25 ABOO86TRYD 1 Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand 3.30E-05 
26 ABO624CRYD 1 Time Delay Relay 62-4c Fails To Operate On Demand 3.30E-05 
27 AB086E1RYD 1 Emergency Lock Out Relay 86E-1 Fails To Operate On Demand 3.30E-05 
28 ABO86TGRYD 1 General Keowee Main Tx Lock Out Sensing Relay Fails To Operate 3.30E-05 
29 ABOSWGRCOM 6.69E-04 Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 
30 ABOSWGRRHE 1.0 Failure To Recover Keowee Aux Power Breakers by Manual Control 1.OOE+00 
31.AB152TCSVO 1 Air Circuit Breaker 1 Trip Coil Fails To Operate 2.90E-05 
32 AB1ACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 3. 51E-05 
33 AB1FALTDEX 0.0 Fault Occurs at ACB-1 When The BReaker Trips 0.OOE+00 
34 AB1MECHDEX 1.51E-4 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 1.51E-04 
35 AB1OPENLHE 2.60E-4 Air Circuit Breaker 1 Fails To Open Due To ALatent Human Error 2.60E-04 
36 AB1PSO2PST 12 Air Circuit Breaker 1 Accumulator Pressure Switch PS2 Fails Low 5.16E-06 
37 AB1PSWTPST 24 Air Circuit Breaker 1 Accumulator Pressure Switch Fails Low 1.03E-05



(Page 2 of 31) 
Table E-I 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

38 AB1R52ZR6D 1 Air Circuit Breaker 1 Relay 52Z Faiis To Operate 2.49E-04 
39 AB21521SWT 30 Control Switch 152-2 Spurious Operation 2. IOE-06 
40 AB22BV1RYT 24 Backup Undervoltage Relay 2BVl Spurious Operation 8.64E-06 
41 AB23BKRCOM 1.12e-04 Common Cause Failure Of Air Circuit Breakers 2 And 3 To Close 1.12E-04 
42 AB24BKRCOM 1.12E-04 Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 
43 AB251G2RYT 24 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation 8.64E-06 
44 AB252CCSVO 1 Air Circuit Breaker 2 Close Coil Fails To Operate 2.90E-05 
45 AB252TCSVO 1 Air Circuit Breaker 2 Trip Coil Fails To Operate 2. 90E-05 
46 AB252TCSVT 36 Air Circuit Breaker 2 Trip Coil Spurious Operation 1.40E-05 
47 AB252Y2R6D 1 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
48 AB2S2Y2R6T 12 Air Circuit Breaker 2 Y-relay Spurious Operation 4. 36E-06 
49 AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 3.51E-05 
50 AB2CLOSLHE 2.60E-4 Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 
51 AB2KEYISWT 12 Air Circuit Breaker 2 Key Interlock Switch Transfers Open 8.40E-07 
52 AB2MCH2DEX 3.02E-4 Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-04 
53 AB2MECHDEX 1.51E-4 Air Circuit Breaker 2 Fails To Open Due To Mechanical Failure 1.51E-04 
54 AB20PENLHE 2.60E-4 Air Circuit Breaker 2 Fails To open Due To A Latent Human Error 2.60E-04 
55 AB2PS02PST 12 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 Fails Low 5.16E-06 
56 AB2PSWTPST 24 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 1.03E-05 
57 AB2PUSHPBT 36 Trip Pushbutton On ACB? Spurious Operation 8.64E-06 
58 AB2R462RYT 24 Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious Operation 8.64E-06 
59 AB2R52XR6D 1 Air Circuit Breaker 2 Relay 52X Fails To Operate 2.49E-04 
60 AB2R52ZR6D 1 Air Circuit Breaker 2 Relay 52Z Fails To Operate 2.49E-04 
61 AB2R52ZR6T 36 Air Circuit Breaker 2 Relay 52Z Spurious Operation 1.31E-05 
62 AB31523SWT 24 Control Switch 152-3 Spurious operation 1.68E-06 
63 AB352CCSVO 1 Air Circuit Breaker 3 Close Coil Fails To Operate 2.90E-05 
64 AB352TCSVO 1 Air Circuit Breaker 3 Trip Coil Fails To Operate 2.90E-05 
65 AB352TCSVT 24 Air Circuit Breaker 3 Trip Coil Spurious operation 9 .36E-06 
66 AB352Y2R6D 1 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
67 AB352Y2R6T 360 Air Circuit Breaker 3 Y-relay Spurious Operation 1.31E-04 
68 AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 3.51E-05 
69 AB3CLOSLHE 2.60e-04 Air Circuit Breaker 3 Fails To Close Due To Latent Human Error 2.60E-04 
70 AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical Failure 3.02E-04 
71 AB3MECHDEX 1.51E-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical Failure 1.51E-04 
72 AB3PSO2PST 372 Air Circuit Breaker 3 Accumulator Pressure Syitch PS2 Fails Low 1.60E-04 
73 AB3PSWTPST 24 Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low .03E-05 
74 AB3PUSHPBT 24 Trip Pushbutton On ACB3 Spurious Operation 576-06 
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Table E-1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

75 AB3RS2XR6D 1 Air Circuit Breaker 3 Relay 52X Fails To Operate 2.49E-04 
76 AB3R52ZR6D 1 Air Circuit Breaker 3 Relay 52Z Fails To Operate 2.49E-04 
77 AB3R52ZR6T 24 Air Circuit Breaker 3 Relay 52Z Spurious Operation 8.71E-06 
78 AB41523SWT 24 Control Switch 152-4 Spurious-Operation 1.68E-06 
79 AB452CCSVO 1 Air Circuit Breaker 4 Close Coil Fails To Operate 2. 90E-05 
80 AB452TCSVT 24 Air Circuit Breaker 4 Trip Coil Spurious operation 9. 36E-06 
81 AB452Y2R6D 1 Air Circuit Breaker 4 Relay 52Y Faild To Drop Out Following Last Demand 2.49E-04 
82 AB452Y2R6T 372 Air Circuit Breaker 4 Y-relay Spurious operation 1.35E-04 
83 AB4ACCUDEX 3.51E-05 Air Circuit Breaker 4 Accumulator Air Pressure Low 3.51E-05 
84 AB4CLOSLHE 2.60E-4 Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 
85 AB4CLSESWC 1 Air Circuit Breaker 4 Close Switch Fails To Close On Demand 1.005-05 
86 AB4KEYISWT 372 Air Circuit Breaker 4 Key Interlock Switch Transfers open 2.60E-05 
87 AB4LORESWT 372 Air Circuit Breaker 4 Local/Remote Switch Contact Transfers Position 2.60E-05 
88 AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical Failure 3.02E-04 
89 AB4PSO2PST 372 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 Indicates Low Pressure 1.60E-04 
90 AB4PSWTPST 12 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air. Pressure 5.16E-06 
91 AB4PUSHPBT 24 Trip Pushbutton On ACB-4 Spurious Operation 5.76E-06 
92 AB4R52XR6D 1 Air Circuit Breaker 4 Relay '2X Fails To Operate 2.49E-04 
93 AB4R52ZR6T 24 Air Circuit Breaker 4 Relay 52Z Spurious Operation 8.71E-06 
94 AB510A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
95 AB51431LHE 3.20E-4 Manual/Auto Control Switch 143/1 Left In Manual 3.20E-04 
96 AB51431RYT 360 Auxiliary Relay 143X/1 Spuriously Energizes 1.30E-04 
97 AB51431SWT 360 Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 2.52E-05 
98 AB552CCRYD 1 Air Circuit Breaker 5 Close Coil CC Fails On Demand 3.30E-05 
99 AB552TCRYT 384 Air Circuit Breaker 5 Trip Coil 52TC Spurious Operation 1.38E-04 

100 AB552Y2RYT 360 Air Circuit Breaker S Y-relay Spurious operation 1.30E-04 
101 AB583S5RYD 1 Time Delay Relay 83S5 Fails To Pick Up 3.30E-05 
102 ABSCLOSLHE 2.605-4 Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2.605-04 
103 AB5KEYISWT 360 Air Circuit Breaker 5 Key Interlcck Switch Transfers Open 2.525-05 
104 AB5MCH2DEX 7.045-03 Air Circuit Breaker 5 Fails To Close Due To Mechanical Failure 7.045-03 
105 AB5PUSHPBT 384 Trip Pushbutton On ACB5 Spurious Operation 9.225-05 
106 AB5R52XRYD 1 Air Circuit Breaker 5 Relay 52X Fails To Operate 3.305-05 
107 AB5R52YRYD 1 Air Circuit Breaker 5 Relay 52Y Failed To Drop Out At Last Demand 3.305-05 
108 AB610A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.165-05 
109 AB610AFFUF 6 One Or More Control Power Fuses For Relay 27i/1X Fail 2.165-05 
110 AB61432LHE 3.205-4 Manual/Auto Control Switch 143/2 Left In Manual 3.205-04 
111 AB614322T 360 Manual/Auto Control Switch 143/2 Spuriosly Transfers Into Manual 2.52E-05
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Table E-1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

112 AB652CCRYD 1 Air Circuit Breaker 6 Close Coil CC Fails On Demand 3.30E-05 
113 AB652TCRYD 1 Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate 3.30E-05 
114 AB652TCRYT 24 Air Circuit Breaker 6 Trip Coil 52TC Spurious Operation 8.64E-06 
115 AB652Y2RYT 360 Air Circuit Breaker 6 Y-relay Spurious Operation 1.30E-04 
116 AB6CLOSLHE 2.60E-4 Air Circuit Breaker 6 Fails To Close Due To A Latent Human Error 2.60E-04 
117 AB6KEYISWT 360 Air Circuit Breaker 6 Key Interlock Switch Transfers Open 2.52E-05 
118 AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 
119 AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 
120 AB60PENLHE 3.20E-3 Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 
121 AB6PUSHPBT 24 Trip Pushbutton On ACB6 Spurious Operation 5.76E-06 
122 AB6R52XRYD 1 Air Circuit Breaker 6 Relay 52X Fails To Operate 3 .30E-05 
123 AB6R52YRYD 1 Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
124 AB710A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
125 AB710AFFUF 6 One Or More Air Circuit Breaker 7 Control Power Fuses Fail 2.16E-05 
126 AB752CCRYD 1 Air Circuit Breaker 7 Close Coil CC Fails On Demand 3.30E-05 
127 AB752TCRYD 1 Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3 .30E-05 
128 AB752TCRYT 24 Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation 8.64E-06 
129 AB752Y2RYT . 360 Air Circuit Breaker 7 Y-relay Spurious Operation 1.30E-04 
130 AB7CLOSLHE 2.60E-4 Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-04 
131 AB7KEYISWT 360 Air Circuit Breaker 7 Key Interlock Switch Transfers Open 2.52E-05 
132 AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 
133 AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 
134 AB70PENLHE 3.20E-3 Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 
135 AB7PUSHPBT 30 Trip Pushbutton On ACB7 Spurious Operation 7.20E-06 
136 AB7R52XRYD 1 Air Circuit Breaker 7 Relay 52X Fails To Operate 3.30E-05 
137 AB7RS2YRYD 1 Air Circuit -Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
138 AB81OAlFUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
139 AB81432RYT 360 Auxiliary Relay 143X/2 Spuriously Energizes 1.30E-04 
140 AB852CCRYD 1 Air Circuit Breaker 8 Close Coil CC Fails On Demand 3.30E-05 
141 AB852TCRYT 384 Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 1.38E-04 
142 AB852Y2RYT 360 Air Circuit Breaker 8 Y-relay Spurious Operation 1.30E-04 
143 AB86E1ARYD 1 Emergency Lock Out Aux. Relay 86E-1a Fails To Operate On Demand 3.30E-05 
.144 AB86E1GRYD 1 Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate 3.30E-05 
145 AB883S8RYD 1 Time Delay Relay 83S8 Fails To Pick Up 3.30E-05 
146 AB8KEYISWT 360 Air Circuit Breaker 8 Key Interlock Switch Transfers Open 2.52E-05 
147 AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical Failure 7.04E-03 
148 AB8PUSHPBT 384 Trip Pushbutton On ACB8 Spurious Operation 9.22E-05 

0 0 0
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Table E-1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 
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149 AB8RS2XRYD 1 Air Circuit Breaker 8 Relay 52X Fails To Operate 3.30E-05 
150 AB8R52YRYD 1 Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
151 ABEOPRCDHE 1.0 Operators Fail To Close Air Circuit Breaker 2 1.OOE+00 
152 ABEOPRCRHE 1 Operators Fail To Close Air Circuit Breaker 2 1.00E+00 
153 ABPOPRCRHE 1.0 Operators Fail To Close Air Circuit Breaker 4 1.00E+00 
154 ACB4MOD 1 NSM-ON-52966 Is Not In Service 1.OOE+00 
155 ACBAIRPDEX 2.00E-03 ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.OOE-03 
156 ACBTRIPCHE 0.0 Operators Trip Generator Output ACBs 0.00E+00 
157 ACBXFERCOM 1.28E-06 Common Cause Failure That Results In ACBs 2 & 3 Transfering Open 1.28E-06 
158 AD1B4ALCDT 30 Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 2.25E-06 
159 AD1C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 1DA Transfers Position 1.80E-06 
160 AD1C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position 1.80E-06 
161 AD1SCLRCDT 12 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position (Rec) 9.00E-07 
162 AD2B2ALCDT 30 Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 2.25E-06 
163 AD2B3CCCDT 12 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 9.00E-07 
164 AD2C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
165 AD2C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
166 AK1141XRYD 1 Auxiliary Relay 14GOV/1X Fails To Pick-up 3.30E-05 
167 AK114GVDEX 1.00e-04 KU1 Magnetic Speed Switch System Fails 1.00E-04 
168 AK121TDRYD 1 Time Delay Relay 2-lTD Fails.To Pick-up 3.30E-05 
169 AK152TDRYD 1 Time Delay Relay 52-1TD Fails To Pick-up 3.30E-05 
170 AK152TDRYT 4380 Time Delay Relay 52-1TD Spurious Operation 1.58E-03 
171 AK152XGRYD 1 Relay 52XG/1 Fails To Pick Up When The Unit Is Started 3.30E-05 
172 AK152XGRYT 2 Relay 52XG/1 Spuriously Drops Out While The Unit Is Running 7.20E-07 
173 AK1AX34RYT 6 Relay 52AX/34 Spuriously Drops-out 2.16E-06 
174 AK1GV1XRYD 1 Relay 14GOV/lX Fails To Pick-up 3.30E-05 
175 AK1OFRQCOM 3.30E-06 KU1 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
176 AK1X34XRYT 6 Relay 52AX/34X Spuriously Drops-out 2.16E-06 
177 AK212OSSST 36 Turbine Overspeed Switch Indicates Overspeed 1.51E-04 
178 AK2142XRYD 1 Aux-iliary Relay 14GOV/2X Fails To Pick-up 3.30E-05 
179 AK214GVDEX 1.00e-4 KU2 Magnetic Speed Switch System Fails 1.00E-04 
180 AK222TDRYD 1 Time Delay Relay 2-2TD Fails To Pick-up 3.30E-05 
181 AK252TDRYD 1 Time Delay Relay 52-2TD Fails To Operate 3.30E-05 
182 AK252TDRYT 4380 Time Delay Relay 52-2TD Spurious Operation 1.58E-03 
183 AK252WORYD 1 KU2 Relay 52W Fails To Pick-up 3.30E-05 
184 AK252XGRYD 1 Auxiliary Relay 52XG/2 Fails To Pick-up 3.30E-05 
185 AK2GATEDEX 2.11E-5 Wicket Gate Limit Switch Indicates Gate Position Is Below No-load Setting 2.11E-05
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186 AK2GV2XRYD 1 Relay l4GOV/2X Fails To Pick-up 3.30E-05 
187 AK20FRQCOM 3.30E-06 KU2 CCF Of 2/3 Overfrequencv Relays To Reset When Frequency Drops 3.30E-06 
188 BK1088XRYD 1 Keowee 1 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out 3.30E-05 
189 BK1088XRYT 24 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
190 BK114/2SSD 1 Keowee 1 Speed Switch 14/2 Fails On Demand 1.8CR-OS 
191 BK114/2SST 24 Keowee 1 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
192 BK114DXRYD 1 Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
193 BK114DXRYT 24 Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out 8.64E-06 
194 BK114T2RYD 1 Keowee 1 Rotation Sensing Timer 14T2 Fails to De-energize 3.30E-05 
195 BK114T2RYT 24 Keowee 1 Rotation Sensing Timer 14T2 Spurious operation 8.64E-06 
196 BK1188ASWT 24 Keowee 1 AC GRO Pump Control Switch S188A Spurious Operation 1.68E-06 
197 BK1188DSWT 108 Unit 1 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
198 BK1631XRYD 1 Keowee 1 Relay 63TA/lX Fails to De-energize 3 .30E-05 
199 BK1631XRYT 24 Keowee 1 GBO Level Relay 63TA/iX Spurious Operation 8. 64E-06 
200 BK1632XRYD 1 Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.3OE-05 
201 BK1632XRYT 24 Keowee 1 Turb. Brng. Low Oil Level Aux. Rly 63TA?2X Spurious Operation 8.64E-06 
202 BK163TALSD 1 Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand 1.60O-03 
203 BK163TALST 24 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
204 BK188AXRYD 1 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
205 BK188AXRYT 24 Unit 1 AC Bearing oil Pump Aux. Relay 88AX Fails to Remain De-energized 8.64E-06 
206 BK1DA5BCDT 24 DC Circuit Breaker lDA-5B Transfers Position 1.80E-06 
207 BK1GBDCGPR 12 Unit 1 DC Turbine GBO Pump Fails To Run 1.68E-04 
208 BK1GBDCGPS 1 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 9 .70E-05 
209 BK1GBDCLHE 3.2E-3 Latent Human Error Fails Unit 1 DC Guide Bearing oil Pump Discharge Path 3.20E-03 
210 BK1GBO1CVC 1 Check Valve 1GBO-1 Fails to Close on Demand 3.50E-04 
211 BK1GBO1CVO 1 Check Valve 1GBO-1 Fails To Open On Demand 2.30E-06 
212 BK1GBO1CVT 24 Check Valve lGBO-l Transfers Closed 3.12E-06 
213 BK1GBOlFTC 24 Filter 1GBOFL-1 Becomes Clogged 4.32E-05 
214 BK1GBO2VVT 24 Manual Valve 1GBO-2 Transfers Position 4. 08E-07 
215 BK1GBO3CVO 1 Check Valve 1GBO-3 Fails To Open On Demand 2.30E-06 
216 BK1GBO3CVT 12 Check Valve 1GBO-3 Transfers Closed 1.56E-06 
217 BK1GBO4VVT 108 Manual Valve 1GBO-4 Transfers Position 1.84E-06 
218 BK1GBO5VVT 24 Manual Valve 1GBO-5 Transfers Position 4.08E-07 
219 BK1GBO6VVT 24 Manual Valve GBO-6 Transfers Position 4. O8E-07 
220 BK1GBO8VVT 24 Manual Valve 1GBO-8 Transfers Position 4.08E-07 
221 BKlGBO9VVT 24 Manual Valve 1GBO-9 Transfers Position 4.08E-07 222 BK1GOACGPR 24 Unit 1 AC Turbine GBO Pump Fails ToiRun. 3l.36s-04
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223 BK1GOACGPS 1 Unit 1 AC Turbine GBO Pump Fails To Start 9.70E-05 
224 BK1GODCTRM 1.14E-3 Unit 1 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
225 BK1XA1CCLT 24 600 V Circuit Breaker iXA-iC Transfers Position 2.18E-05 
226 BK2088XRYD 1 Keowee 2 Turbine Guide Bearinq Oil Relay 88X Fails to Drop Out 
227 BK2088XRYT 24 Keowee 2 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
228 BK214/2SSD 1 Keowee 2 Speed Switch 14/2 Fails On Demand 1.80E-05 
229 BK214/2SST 24 Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
230 BK214DXRYD 1 Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
231 BK214DXRYT 24 Keowee 2 Rotation Sensing Aux. Relay 14DX Spurious Operation 8.64E-06 
232 BK214T2RYD 1 Keowee 2 Rotation Sensing Timer 14T2 Fails to Dc-energize 3.30E-05 
233 BK214T2RYT 24 Keowee Rotation Sensing Timer 14T2 Fails to Remain De-energized 8.64E-06 
234 BK2188ASWT 24 Unit 2 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
235 BK2188DSWT 108 Unit 2 DC OBO Pump Control Switch S188D Spurious Operation 7.56E-06 
236 BK2631XRYD 1 Keowee 2 Relay 63TA/lX Fails to Dc-energize 3.30E-05 
237 BK2631XRYT 24 Keowee 2 GBO Level Relay 63TA/lX Spurious Operation 8 64E-06 
238 BK2632XRYD 1 Keowee 2 Brng. Low oil Level Aux. Relay 63TA/2X Fails T6 Operate On Demand 3.30E-05 
239 BK2632XRYT 24 Keowee 2 Turb. Brng. Low Oil Level Aux. Relay 63TA/2X Spurious Operation 8.64E-06 
240 BK263TALSD 1 Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
241 BK263TALST 24 Turbine No. 2 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
242 BK288AXRYD 1 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
243 BK288AXRYT 24 Unit 2 AC Bearing Oil Pump.Aux. Relay 88AX Fails to Remain Dc-energized 8.64E-06 
244 BK2DA1BCDT 24 DC Circuit Breaker 2DA-lB Transfers Position 1.80E-06 
245 BK2GBDCGPR 12 Unit 2 DC.Turbine GBO Pump Fails To Run 1.68E-04 
246 BK2GBDCGPS 1 Unit 2 DC Turbine GBO Pump Fails To Start On Demand 9. 70E-05 
247 BK2GBDCLHE 3.2E-3 Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
248 BK2GBO1CVC 1 Check Valve 2GB0-l Fails to Close on Demand 3.50O-04 
249 BK2GBOlCVO 1 Check Valve 2GBO-l Fails To Open On Demand 2.30E-06 
250 BK2GBO1CVT 24 Check Valve 2GBO-1 Transfers Closed 3.12E-06 
251 BK2GBO1FTC 24 Filter 2GBOFL-1 Becomes Clogged 4.32E-05 
252 BK2GBO2VVT 24 Manual Valve 2GBO-2 Transfers Position 4.08E-07 
253 BK2GBO3CVO 1 Check Valve 2GBO-3 Fails To Open On Demand 2.30E-06 
254 BK2GBO3CVT . 12 Check Valve 2GBO-3 Transfers Closed 1.56E-06 
255 BK2GBO4VVT 108 Manual Valve 2GBO-4 Transfers Position 1.84E-06 
256 BK2GBO5VVT 24 Manual Valve 2GBO-5 Transfers Position 4.08E-07 
257 BK2GBO6VVT 24 Manual Valve 2GBO-6 Transfers Position 4.08E-07 
258 BK2GBO8VVT 24 Manual Valve 2GBO-8 Transfers Position 4.08E-07 
259 BK2GBO96VT 24 Manual Valve 2GBO-9 Transfers Position 4.08E-07
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260 BK2GOACGPR 24 Unit 2 AC Turbine GBO Pump Fails To Run 3 .36E-04 261 BK2GOACGPS 1 Unit 2 AC Turbine GBO Pump Fails To Start 9 .70E-05 
262 BK2GODCTRM 1.14E-3 Unit 2 DC Turbine GBO Pump Train In Maintenance 1.14E-03 263 BK2XA1CCLT 24 600 V Circuit Breaker 2XA-1C Transfers Position 2.18E-05 264 BKGBOILCOM 1.94E-06 Common Cause Failure Of Turbine Guide Bearing Oil System 1.94E-06 265 D1DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIA OEE-120, 0-705 6.50E-06 266 D1DIBXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIB OEE-120-1, 0-705 6.50E-06.  267 D2DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 2DIA 6.50E-06 
268 D2DIBXXDEX 6.50E-06 Loss of Power on 125 V dc.Panelboard 2DIB 6. 50E-06 269 D3DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 3DIA 6.50E-06 
270 D3DIBXXDEX 6.50E-06 Loss Of Power On 125 Vdc Panelboard 3DIB 6.50E-06 271 DDC11BXCDT . 24 125 Vdc Battery Breaker SY-DCI-IB Transfers Open 1.80E-06 
272 DDC11CXCDT 24 125 Vdc Breaker SY-DC1-1C Transfers Open 1.80E-06 
273 DDC11DCCDT 24 125 Vdc Breaker SY-DCi-1DC Transfers Open 1.80E-06 
274 DDC11DLCDT 24 125 Vdc Breaker SY-DC1-lDL Transfers Open 1.80E-06 
275 DDC11DRCDT 24 125 Vdc Breaker SY-DC1-1DR Transfers Open 1.80E-06 
276 DDC1ALXBYM 1.14E-02 Battery SY-1 Is In Test or Maintenance 1.14E-02 
277 DDC1BATBYF 1 Battery SY-1 Fails During Discharge 9.30E-04 278 DDC1FLTBDF 24 SY-DC1 Is Faulted 7.68E-06 
279 DDC21BXCDT 24 125 Vdc Battery Breaker SY-DC2-1B Transfers Open 1.80E-06 
280 DDC21CXCDT 24 125 Vdc Breaker SY-DC2-1C Transfers Open 1.80E-06 
281 DDC21DCCDT 24 125 Vdc Breaker SY-DC2-1DC Transfers Open 1.80E-06 
282 DDC21DLCDT 24 125 Vdc Breaker SY-DC2-1DL Transfers Open 1.80E-06 
283 DDC21DRCDT 24 125 Vdc Breaker SY-DC2-1DR Transfers Open 1.80E-06 
284 DDC2BATBYF 1 Battery SY-2 Fails During Discharge 9.30E-04 
285 DDC2FLTBDF 24 SY-DC2 Is Faulted 7.68E-06 
286 DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 2.70E-05 
287 DDCDYAXBDF 24 125 Vdc Switchyard DC Panelboard DYA Is Faulted 7.68E-06 
288 DDCDYBXBDF 24 125 Vdc Switchyard DC Panelboard DYB Is Faulted 7.68E-06 289 DDCDYCXBDF 24 125 Vdc Switchyard DC Panelboard DYC Is- Faulted 7.68E-06 
290 DDCDYEXBDF 24 125 Vdc Switchyard DC Panelboard DYE Is Faulted 7.68E-06 
291 DDCDYFXBDF 24 125 Vdc Switchyard DC Panelboard DYF Is Faulted 7.68E-06 292 DDCDYGXBDF 24 125 Vdc Switchyard DC Panelboard DYG Is Faulted 7.68E-06 
293 E12EXCTCOM 5.31E-05 Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 
294 ED11D3DCDT 84 Breaker 3D In 125V dc Distribution Center 1DA Transfers Open 6.30E-06 
295 ED13BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 1DA Transfers Open 1.80E-06 
296 ED22D3DCDT 24 Breaker 2D In 125V dc Distribution Center 2DA Transfers Open 1.80E-06
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297 ED23BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 
298 EK00RUNCOM 1.24E-4 Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-04 
299 EKOBASERHE 1.0 Failure To Recover From Keowee Base Adjust LHE 1.00E+00 
300 EK131TDRYD 1 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
301 EK131TDRYT 84 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 3.02E-05 
302 EK14152SWT 84 KHU1 Generator Supply Breaker Trip Control Switch 141-52/T Spurious Operation 5.88E-06 
303 EK1415TSWT 24 Spurious Operation Of The KHUl Supply Breaker Trip Switch 1.68E-06 
304 EK1415YRYD 1 KHU1 Generator Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
305 EK1415YRYT 84 KHU1 Generator Supply Breaker Y-relay Spurious Operation 3.02E-05 
306 EK141AXR6D 1 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 
307 EK141AXR6T 24 Keowee Unit 1 Relay 41/AX Spuriously Resets 8.71E-06 
308 EK141CFRYD 1 Keowee Unit 1 Field Flashing Breaker Close Coil Fails To Operate On Demand 3.30E-05 
309 EK186E2RYT 6 Keowee Unit 1 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 
310 EK186EXRYT 84 Keowee Unit 1 Gen Lockout Auxiliary Relay 86EX-1 Spurious Actuation 3.02E-05 
311 EK186X2RYT 24 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 
312 EK188SVRYD 1 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 3.30E-05 
313 EK188SVRYT 108 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 3.89E-05 
314 EK1901ARYT 84 Keowee Unit 1 Relay 90X1A Spurious Operation 3.02E-05 
315 EK199SXRYD 1 Auxiliary Relay 99SX1 Fails To Pick-up 3.30E-05 
316 EK199SYRYD 1 Keowee Unit 1 Relay 99SY Fails To Pick-up 3.30E-OS 
317 EK199SYRYT 24 Keowee Unit 1 Relay 99SY Drops Out 8. 64E-06 
318 EK1BAS2DEX 1.24E-3 KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 
319 EK1BASEDEX 6.17E-4 Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage . 6.17E-04 
320 EK1BASELHE 3.20E-3 Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-03 
321 EK1DIODDEX 2.88E-4 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
322 EK1EXC1TGF 84 Keowee Unit 1 Gen Excitation Transformer Is Failed 8.23E-05 
323 EK1EXC2TGF 24 Keowee Unit 1 Generator Excitation Transformer Fails 2.35E-05 
324 EK1F30AFUF 24 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 8.64E-05 
325 EK1F31XRYD 1 Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
326 EK1F41CRYD 1 Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 
327 EK1FAN1TLF 24 Keowee Unit 1 Generator Excitation Fan Power Transformer Fails 1.80E-05 
328 EK1FLDCLHE 2.60E-4 Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
329 EK1FLDMDEX 7.71E-5 Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
330 EK1FLSCLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
331 EK1FLSMDEX 7.71E-5 Keowee Unit 1 Field Flashing Breaker Fails Tp Close Due To Mechanical Failure 7.71E-05 
332 EK1FLSOLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 
333 EK1R31TRYD 1 Keowee Unit 1 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05
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334 EK1R31YRYD 1 KHU1 Gen Field Flashing Breaker Y-relay Failed To Drop Out At Last Operation 3.30E-05 335 EK1R31YRYT 84 KHUl Generator Field Flashing Breaker Y-relay Spurious Operation 3.02E-05 336 EKlR41XRYD 1 Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 337 EK1R41YRYD 1 KHU1 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 338 EKlR41YRYT 84 Keowee Unit 1 Generator Field Breaker Y-relay Spurious Operation 3.02E-05 339 EK1R9A1RYT 84 Keowee Unit 1 Relay 90X1A/TD Spurious Operation 3. 02E-05 340 EK1R9C1R6T 84 Keowee Unit 1 Relay 90X1C Spurious Operation 3.05E-05 341 EK1S141SWT 84 KHU1 Field Breaker Trip Control Switch 141/T Spurious Operation 5.88E-06 342 EK1S31TSWT 84 KHU1 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 5.88E-06 343 EK1S41CRYD 1 Keowee Unit 1 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 344 EK1S41TSWT 24 Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position 1.68E-06 345 EKlS41XRYD 1 Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.30E-05 346 EK1SPYCLHE 2.60E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 347 EK1SPYMDEX 4.62E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 348 EK1VHSVRYD 1 Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 349 EK1VREGDEX 2.47E-3 KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 350 EK231TDRYD 1 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 351 EK231TDRYT 12 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 352 EK24152SWT 12 KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation 8.40E-07 353 EK2415TSWT 24 Spurious Operation Of The KHU2 Supply Breaker Trip Switch 1.68E-06 354 EK2415YRYD 1 KHU2 Gen Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 355 EK2415YRYT 12 KHU2 Generator Supply Breaker Y-relay Spurious Operation 4.32E-06 356 EK241AXR6D 1 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 357 EK241AXR6T 24 Keowee Unit 2 Relay 41/AX Spuriously Resets 8.71E-06 358 EK241CFRYD 1 Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand 3.30E-05 359 EK286E2RYT 6 Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 360 EK286EXRYT 12 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 4.32E-06 361 EK286X2RYT 24 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 362 EK288SVRYD 1 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 3.30E-05 363 EK288SVRYT 36 Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 364 EK2901ARYT 12 Keowee Unit 2 Relay 90X1A Spurious Operation 4. 32E-06 365 EK299SXRYD 1 Auxiliary Relay 99SX2 Fails To Pick-up 3.30E-05 366 EK299SYRYD 1 Keowee Unit 2 Relay 99SY Fails To Pick-up 3.30E-05 367 EK299SYRYT 24 Keowee Unit 2 Relay 99SY Drops Out 8.64E-06 368 EK2BAS2DEX 1.24E-3 KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 369 EK2BASEDEX 6.17E-4 Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 370 EK2BASELHE 3.20E-3 Keowee Unit 2 Base Adjust Is Set Incorrectly 3. 20E-03
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371 EK2DIODDEX 2.88E-4 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
372 EK2EXC1TGF 12 Keowee Unit 2 Generator Excitation Transformer Is Failed 1.18E-05 
373 EK2EXC2TGF 24 Keowee Unit 2 Generator Excitation Transformer Fails 2.35E-05 
374 EK2F30AFUF 24 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 8.64E-05 
375 EK2F31XRYD 1 Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
376 EK2F41CRYD 1 Keowee Unit 2 Field Breaker Close Coil Fails To operate On Demand 3.30E-05 
377 EK2FAN1TLF 24 Keowee Unit 2 Generator Excitation Fan Power Transformer Fails 1.80E-05 
378 EK2FLDCLHE 2.60.E-4 Keowee Unit 2 Field Breaker Fails To Close Due'To Latent Human Error 2.60E-04 
379 EK2FLDMDEX 7.71E-5 Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
380 EK2FLSCLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
381 EK2FLSMDEX 7.71E-5 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
382 EK2FLSOLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 
383 EK2R31TRYD 1 Keowee Unit 2 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 
384 EK2R31YRYD 1 KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation 3.30E-05 
385 EK2R31YRYT 12 KHU2 Generator Field Flashing Breaker Y-relay Spurious Operation 4.32E-06 
386 EK2R41XRYD 1 Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 
387 EK2R41YRYD 1 KHU2 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
388 EK2R41YRYT 12 KHU2 Generator Field Breaker Y-relay Spurious Operation 4.32E-06 
389 EK2R9A2RYT 12 Keowee Unit 2 Relay 90X1A/TD Spurious Operation 4.32E-06 
390 EK2R9C2R6T 12 Keowee Unit 2 Relay 90X1C Spurious Operation 4 .36E-06 
391 EK2S141SWT 12 KHU2 Field Breaker Trip Control Switch Spurious Operation 8.40E-07 
392 EK2S3lTSWT 12 KHU2 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 
393 EK2S41CRYD 1 Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand 3 .30E-05 
394 EK2S41TSWT 24 Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
395 EK2S41XRYD 1 Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.30E-05 
396 EK2SPYCLHE 2.60E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
397 EK2SPYMDEX 4.62E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
398 EK2VHSVRYD 1 Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
399 EK2VREGDEX 2.47E-3 KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
400 EKSTARTCOM 6.17E-5 Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-05 
401 ESCONDNOT 1 An Engineered Safeguards Condition Does Not Exist 1.00E+00 
402 EU1C1RORYD 1 ONS1 ESG Chan. 1 Ro Relay Fails To Pick Up OEE-120 1.00E+00 
403 EU1C2RORYD 1 ONS1 ESG Chan. 2 Ro Relay Fails to Pick Up 1. 00E+00 
404 EU2C1RORYD 1 ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 1.00E+00 
405 EU2C2RORYD 1 ONS2 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-220-1 1.00E+00 
406 EU3C1RORYD 1 ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 1.00E+00 
407 EU3C2RORYD 1 ONS3 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-320-1 1. 00E+00



(Page 12 of 31) 
Table E- 1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

408 FKOFISHCOM 2.55E-3 Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-03 
409 FKOFISHDHE 1.0 Failure To Recover From MainTure WL Strainer Clogging 1. 00+00 
410 FKOFLOODHE 1.0 Failure To Recover From Turbine Guide Bearing or Packing WL Filter Clogging l.OOE+00 
411 FKOWL01VVT 24 Locked-Open Manual Valve OWL-l Transfers Position 4.08E-07 
412 FK1120GLHE 3.2E-3 Unit 1 Control Switch S120G Left in OFF Position 3.20E-03 
413 FK1120GSWT 108 Unit 1 Control Switch S120G Spurious Operation 7.56E-06 
414 FK1FL01FRF 24 Filter 1WLFL-1 Becomes Clogged 2.35E-05 
415 FK1FLO2FRF 24 Filter 1WLFL-2 Becomes Clogged 2.35E-05 
416 FK1TRHXHXF 24-Turbine Packing Box Heat Exchanger lTRHX-l Fails 1.54E-05 
417 FK1WL03VVT 24 Manual Valve 1WL-3 Transfers Position 4. 08E-07 
418 FK1WLO4VVT 24 Manual Valve lWL-4 Transfers Position 4.08E-07 
419 FK1WLO5VVT 24 Manual Valve 1WL-5 Transfers Position 4. 08E-07 
420 FK1WLO6VVT 24 Manual Valve lWL-6 Transfers Position 4.08E-07 
421 FK1WLO7VVT 24 Manual Valve lWL-7 Transfers Position 4.08E-07 
422 FK1WL08VVT 24 Manual Valve lWL-8 Transfers Position 4.08E-07 
423 FK1WLO9VVT 24 Manual Valve 1WL-9 Transfers Position 4 .08E-07 
424 FK1WL11AVO 1 Cooling Water Control Valve 1WL-1 Fails To Open On Demand 2.80E-04 
425 FK1WL11AVT 24 Cooling Water Control Valve IWL-11 Transfers Closed 5.52E-05 
426 FK1WL12VVT 108 Manual Valve 1WL-12 Transfers Position 1.84E-06 
427 FK1WL15VVT 108 Manual Valve 1WL-15 Transfers Position 1.84E-06 
428 FK1WL42VVT 108 Manual Valve 1WL-42 Transfers Position 1.84E-06 
429 FK1WL43VVT 108 Manual Valve 1WL-43 Transfers Position 1.84E-06 
430 FK2120GLHE 2.6E-4 Unit 2 Control Switch S120G Left in OFF Position 2.60E-04 
431 FK2120GSWT 36 Unit 2 Control Switch S120G Spurious Operation 2.52E-06 
432 FK2FL01FRF 24 Filter 2WLFL-1 Becomes Clogged 2.35E-05 
433 FK2FLO2FRF 24 Filter 2WLFL-2 Becomes Clogged 2.35E-05 
434 FK2TRHXHXF 24 Turbine Packing BoxHeat Exchanger 2TRHX-l Fails 1.54E-05 
435 FK2WLO3VVT 24 Manual Valve 2WL-3 Transfers Position 4.08E-07 
436 FK2WLO4VVT 24 Manual Valve 2WL-4 Transfers Position 4.08E-07 
437 FK2WL05VVT 24 Manual Valve 2WL-5 Transfers Position 4.08E-07 
438 FK2WLO6VVT 24 Manual Valve 2WL-6 Transfers Position 4.08E-07 
439 FK2WL07VVT 24 Manual Valve 2WL-7 Transfers Position 4.08E-07 
440 FK2WL08VVT 24 Manual Valve 2WL-8 Transfers Position 4.08E-07 
441 FK2WLO9VVT 24 Manual Valve 2WL-9 Transfers Position 4.08E-07 
442 FK2WL11AVO 1 Cooling Water Control Valve 2WL-11 Fails To Qpen on Demand 2.80E-04 
443 FK2WL11AVT 24 Cooling water Control Valve 2WL-1l Transfers Closed 5.52E-05 
444 FK2WL12VVT 36 Manual Valve 2WL-12 Transfers Position 6.12-07 
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445 FK2WL1SVVT 36 Manual Valve 2WL-15 Transfers Position 6.12E-07 
446 FK2WL42VVT 36 Manual Valve 2WL-42 Transfers Position 6.12E-07 
447 FK2WL43VVT 36 Manual Valve 2WL-43 Transfers Position 6. 12E-07 
448 FKVALVECOM 2.46E-5 Common Cause Failure Of Cooling Water Control Valves 2. 46E-05 
449 GKOCOOLCOM 4.61E-07 Common Cause Failure of Generator Air Cooling 4. 61E-07 
450 GKOLOCKCOM 4.06E-06 Common Cause Actuation of Generator Lockouts 4. 06E-06 
451 GKl0001HGR 24 Keowee Unit 1 Generator Fault While the Unit Runs 2.27E-03 
452 GK10001HGS 1 Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 
453 GK1063FPST 24 Keowee 1 Gen C02 Sys Press Switch 63F Spurious Operation 1.03E-05 
454 GK112TDRYT 24 Time Delay Relay 12XTD/1 Spuriously Picks-up 8.64E-06 
455 GK112XlRYT 24 Relay 12X/1 Spuriously Picks-up 8.64E-06 
456 GK13SUIRYT 24 Keowee Unit 1 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
457 GK13SUISWT 24 Keowee Unit 1 Startup Inhibit Switch 3SUL Spurious Operation 1.68E-06 
458 GK140G1RYT 24 Keowee Unit 1 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 
459 GK159GNRYT 24 Keowee Unit 1 Generator Ground Fault Relay 59GN1 Spurious Actuation 8.64E-06 
460 GK162TDRYT 24 Keowee Unit 1 Generator Backup Trip Timer 62-1TD Spurious Operation 8.64E-06 
461 GK163FXRYT 24 Keowee Unit 1 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 
462 GK186ElRYT 24 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 8.64E-06 
463 GK187G1RYT 24 Keowee Unit 1 Generator Differential Relay 87G-l Spurious Actuation 8.64E-06 
464 GK187GBRYT 24 Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
465 GK187TERYT 24 Keowee Unit 1 Exitation Transformer Differential Relay 87T-1E Spur. Actuation 8.64E-06 
466 GKlBRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
467 GK1COOLLHE 2.60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
468 GK1FIREDEX 3.19E-05 Spurious Actuation of Unit 1 Gen. C02 Fire Supression System 3.19E-05 
469 GK1GAC1HXF 24 Generator Air Cooler 1GAHW-1 Fails 1.54E-05 
470 GK1GAC1HXL 108 Heat Exchanger 1GAC1 Leaks 1.08E-05 
471 GK1GAC2HXF 24 Generator Air Cooler 1GAHW-2 Fails 1.54E-05 
472 GK1GAC2HXL 108 Heat Exchanger 1GAC2 Leaks 1.08E-05 
473 GK1GAC3HXF 24 Generator Air Cooler 1GAHW-3 Fails 1.54E-05 
474 GK1GAC3HXL 108 Heat Exchanger 1GAC3 Leaks 1.08E-05 
475 GK1GAC4HXF 24 Generator Air Cooler lGAHW-4 Fails 1.54E-05 
476 GK1GAC4HXL 108 Heat Exchanger 1GAC4 Leaks 1.08E-05 
477 GK1GACSHXF 24 Generator Air Cooler 1GAHW-5 Fails 1.54E-05 
478 GK1GAC5HXL 108 Heat Exchanger 1GACS Leaks 1.08E-05 
479 GK1GAC6HXF 24 Generator Air Cooler 1GAHW-6 Fails 1.54E-05 
480 GK1GAC6HXL 108 Heat Exchanger 1GAC6 Leaks 1.08E-05 
481 GK1HPO1HXF 24 Generator Thrust Bearing Cooler 1HPOHX-1 Fails 1.54E-05
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482 GK1HPO2HXF 24 Generator Thrust Bearing Cooler 1HPOHX-2 Fails 1.54E-05 483 GK1HPO3HXF 24 Generator Thrust Bearing Cooler 1HPOHX-3 Fails 1.54E-05 484 GK1HPO4HXF 24 Generator Thrust Bearing Cooler 1HPOHX-4 Fails 1.54E-05 485 GK1HPOSHXF 24 Generator Thrust Bearing Cooler 1HPOHX-5 Fails 1.54E-05 486 GK1HPO6HXF 24 Generator Thrust Bearing Cooler lHPOHX-6 Fails 1.54E-05 487 GK1HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 1HPO-6 Transfers Position 4.08E-07 488 GK1HPO7HXF 24 Generator Thrust Bearing Cooler 1HPOHX-7 Fails 1.54E-05 489 GK1HPO8HXF 24 Generator Thrust Bearing Cooler 1HPOHX-8 Fails 1.54E-05 490 GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 491 GK10121SST 24 Speed Switch 12/1 Falsely Indicates High Speed 1.01E-04 492 GK1WL16VVT 384 Manual Valve 1WL-16 Transfers Position 6.53E-06 493 GK1WL17VVT 384 Manual Valve 1WL-17 Transfers Position 6. 53E-06 494 GK1WL18VVT 108 Manual Valve 1WL18 Transfers Position 1.84E-06 495 GK1WL19VVT 108 Manual Valve 1WL19 Transfers Position 1.84E-06 496 GKlWL20VVT 384 Manual Valve 1WL-20 Transfers Position 6.53E-06 497 GK1WL21VVT 384 Manual Valve 1WL-21 Transfers Position 6.53E-06 498 GK1WL22VVT 108 Manual Valve 1WL22 Transfers Position 1.84E-06 499 GK1WL23VVT 108 Manual Valve 1WL23 Transfers Position 1.84E-06 500 GK1WL24VVT 384 Manual Valve 1WL-24 Transfers Position 6.53E-06 501 GK1WL25VVT 384 Manual Valve 1WL-25 Transfers Position 6.53E-06 502 GK1WL26VVT 108 Manual Valve 1WL26 Transfers Position 1.84E-06 503 GK1WL27VVT 108 Manual Valve 1WL27 Transfers Position 1.84E-06 504 GK1WL28VVT 384 Manual Valve 1WL-28 Transfers Position 6.53E-06 505 GK1WL29VVT 384 Manual Valve 1WL-29 Transfers Position 6.53E-06 506 GK1WL30VVT 108 Manual Valve 1WL30 Transfers Position 1.84E-06 507 GK1WL31VVT 108 Manual Valve 1WL31 Transfers Position 1.84E-06.  508 GK1WL32VVT 384 Manual Valve 1WL-32 Transfers Position 6.53E-06 509 GK1WL33VVT 384 Manual Valve 1WL-33 Transfers Position 6.53E-06 510 GK1WL34VVT 108 Manual Valve 1WL34 Transfers Position' 1.84E-06 511 GK1WL35VVT 108 Manual Valve 1WL35 Transfers Position 1.84E-06 512 GK1WL36VVT 384 Manual Valve 1WL-36 Transfers Position 6.53E-06 513 GK1WL37VVT 384 Manual Valve 1WL-37 Transfers Position 6.53E-06 514 GK1WL38VVT 108 Manual Valve 1WL38 Transfers Position 1.84E-06 515 GK1WL39VVT 108 Manual Valve 1WL39 Transfers Position 1.84E-06 516 GK1WL41VVT 384 Keowee 1 Manual Valve 1WL-41 Transfers Posit.on to Block Discharge Path 6.53E-06 517 GK1WL44VVT 384 Manual Valve 1WL-44 Transfers Position 6.53E-06 
518 GK1WL45VVT 384 Manual Valve 1WL-45 Transfers Position 6.53E-06
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519 GKlWL46VVT 108 Manual Valve 1WL-46 Transfers Position 1.84E-06 
520. GKlWL47VVT 108 Manual Valve 1WL-47 Transfers Position 1.84E-06 
521 GK1WL48VVT 384 Manual Valve 1WL-48 Transfers Position 6.53E-06 
522 GKlWL49VVT 384 Manual Valve 1WL-49 Transfers Position 6.53E-06 
523 GK1WL50VVT 108 Manual Valve 1WL-50 Transfers Position 1.84E-06 
524 GKlWL51VVT 108 Manual Valve 1WL-51 Transfers Position 1.84E-06 
525 GK1WL52VVT 384 Manual Valve 1WL-52 Transfers Position 6.53E-06 
526 GK1WL53VVT . 384 Manual Valve 1WL-53 Transfers Position 6.53E-06 
527 GK1WL54VVT 108 Manual Valve 1WL-54 Transfers Position 1.84E-06 
528 GK1WL55VVT 108 Manual Valve 1WL-55 Transfers Position 1.84E-06 
529 GKlWL56VVT 384 Manual Valve 1WL-56 Transfers Position 6.53E-06 
530 GK1WL57VVT 384 Manual Valve 1WL-57 Transfers Position 6.53E-06 
531 GK1WL58VVT 108 Manual Valve 1WL-58 Transfers Position 1.84E-06 
532 GK1WL59VVT 108 Manual Valve 1WL-59 Transfers Position 1.84E-06 
533 GK1WL60VVT 384 Manual Valve 1WL-60 Transfers Position 6.53E-06 
534 GK1WL61VVT 384 Manual Valve 1WL-61 Transfers Position 6.53E-06 
535 GK1WL62VVT 108 Manual Valve 1WL-62 Transfers Position 1.84E-06 
536 GK1WL63VVT 108 Manual Valve lWL-63 Transfers Position 1.84E-06 
537 GK1WL64VVT 384 Manual Valve 1WL-64 Transfers Position 6.53E-06 
538 GK1WL65VVT 384 Manual Valve 1WL-65 Transfers Position 6.53E-06 
539 GK1WL66VVT 108 Manual Valve 1WL-66 Transfers Position 1.84E-06 
540 GK1WL67VVT 108 Manual Valve 1WL-67 Transfers Position 1.84E-06 
541 GK1WL68VVT 384 Manual Valve 1WL-68 Transfers Position 6.53E-06 
542 GK1WL69VVT 384 Manual Valve 1WL-69 Transfers Position 6.53E-06 
543 GKlWL70VVT 108 Manual Valve 1WL-70 Transfers Position 1.84E-06 
544 GK1WL71VVT 108 Manual Valve 1WL-71 Transfers Position 1.84E-06 
545 GKlWL72VVT 384 Manual Valve 1WL-72 Transfers Position 6.53E-06 
546 GK1WL73VVT 384 Manual Valve 1WL-73 Transfers Position 6.53E-06 
547 GK1WL74VVT 108 Manual Valve 1WL-74 Transfers Position 1.84E-06 
548 GK1WL75VVT 108 Manual Valve 1WL-75 Transfers Position 1.84E-06 
549 GK1WL76VVT 384 Manual Valve 1WL76 Transfers Position and Blocks Discharge Path 6.53E-06 
550 GK1WL78VVT 384 Manual Valve 1WL78 Transfers Position and Blocks Discharge Path 6.53E-06 
551 GK20001HGR 24 Keowee Unit 2 Generator Fault While the Unit Runs 2.27E-03 
552 GK20002HGS 1 Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04 
553 GK2063FPST 24 Keowee 2 Gen C02 Sys Press Switch 63F Spuriopis Operation 1.03E-05 
554 GK212TDRYT 24 Time Delay Relay 12XTD/2 Spuriously Picks-up 8.64E-06 
555 GK212X2RYT 24 Relay 12X/2 Spuriously Picks-up 8.64E-06
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556 GK23SUIRYT 24 Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
557 GK23SUISWT 24 Keowee Unit 2 Startup Inhibit swtich 3SUI Spurious Operation 1.68E-06 
558 GK240G1RYT 24 Keowee Unit 2 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 
559 GK259GNRYT 24 Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation 8.64E-06 
560 GK262TDRYT 24 Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation 8.64E-06 
561 GK263FXRYT 24.Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 
562 GK286E2RYT 24 Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up 8.64E-06 
563 GK287G2RYT 24 Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation 8.64E-06 
564 GK287GBRYT 24 Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
565 GK287TERYT 24 Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation 8.64E-06 
566 GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
567 GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
568 GK2FIREDEX 7 00E-05 Spurious Actuation of Unit 2 Gen. CO2-Fire Supression System 7.OOE-05 
569 GK2GAC1HXF 24 Generator Air Cooler 2GAHW-1 Fails 1.54E-05 
570 GK2GAC1HXL 36 Heat Exchanger 2GACl Leaks 3.60E-06 
571 GK2GAC2HXF 24 Generator Air Cooler 2GAHW-2 Fails 1.54E-05 
572 GK2GAC2HXL 36 Heat Exchanger 2GAC2 Leaks 3.60E-06 
573 GK2GAC3HXF 24 Generator Air Cooler 2GAHW-3 Fails 1.54E-05 
574 GK2GAC3HXL 36 Heat Exchanger 2GAC3 Leaks 3.60E-06 
575 GK2GAC4HXF 24 Generator Air Cooler 2GAHM-4 Fails 1.54E-05 
576 GK2GAC4HXL 36 Heat Exchanger 2GAC4 Leaks 3.60E-06 
577 GK2GAC5HXF 24 Generator Air Cooler 2GAHW-5 Fails 1.54E-05 
578 GK2GAC5HXL 36 Heat Exchanger 2GACS Leaks 3.60E-06 
579 GK2GAC6HXF 24 Generator Air Cooler 2GAHW-6 Fails 1.54E-05 
580 GK2GAC6HXL 36 Heat Exchanger 2GAC6 Leaks 3.60E-06 
581 GK2HPO1HXF 24 Generator Thrust Bearing Cooler 2HPOHX-l Fails 1.54E-05 
582 GK2HPO2HXF 24 Generator Thrust Bearing Cooler 2HPOHX-2 Fails 1.54E-05 
583 GK2HPO3HXF 24 Generator Thrust Bearing Cooler 2HPOHX-3 Fails 1.54E-05 
584 GK2HPO4HXF 24 Generator Thrust Bearing Cooler 2HPOHX-4 Fails 1.54E-05 
585 GK2HPO5HXF 24 Generator Thrust Bearing Cooler 2HPOHX-5 Fails 1.54E-05 
586 GK2HPO6HXF 24 Generator Thrust Bearing Cooler 2HPOHX-6 Fails 1.54E-05 
587 GK2HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position 4.08E-07 
588 GK2HPO7HXF 24 Generator Thrust Bearing Cooler 2HPOHX-7 Fails 1.54E-05 
589 GK2HPO8HXF 24 Generator Thrust Bearing Cooler 2HPOHX-8 Fails 1.54E-05 
590 GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect Following Maintenance 5.20E-05 
591 GK20121SST 24 Speed Switch 12/2 Falsely IndicatesHigh Speed 1.01E-04 
592 GK2WL16VVT 36 Manual Valve 2WL-16 Transfers Posit'ion 6. 12E-07 

24 Kowe
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593 GK2WL17VVT 36 Manual Valve 2WL-17 Transfers Position 6.12E-07 
594 GK2WL18VVT 36 Manual Valve 2WL18 Transfers Position 6.12E-07 
595 GK2WL19VVT 36 Manual Valve 2WL19 Transfers Position 6.12E-07 
596 GK2WL20VVT 36 Manual Valve 2WL-20 Transfers Position 6.12E-07 
597 GK2WL21VVT 36 Manual Valve 2WL-21 Transfers Position 6. 12E-07 
598 GK2WL22VVT 36 Manual Valve 2WL22 Transfers Position 6.12E-07 
599 GK2WL23VVT 36 Manual Valve 2WL23 Transfers Position 6.12E-07 
600 GK2WL24VVT 36 Manual Valve 2WL-24 Transfers Position 6.12E-07 
601 GK2WL25VVT 36 Manual Valve 2WL-25 Transfers Position 6.12E-07 
602 GK2WL26VVT 36 Manual-Valve 2WL26 Transfers Position 6..12E-07 
603 GK2WL27VVT 36 Manual Valve 2WL27 Transfers Position 6.12E-07 
604 GK2WL28VVT 36 Manual Valve 2WL-28 Transfers Position 6.12E-07 
605 GK2WL29VVT 36 Manual Valve 2WL-29 Transfers Position 6.12E-07 
606 GK2WL30VVT 36 Manual Valve 2WL30 Transfers Position 6.12E-07 
607 GK2WL31VVT 36 Manual Valve 2WL31 Transfers Position 6.12E-07 
608 GK2WL32VVT 36 Manual Valve 2WL-32 Transfers Position 6.12E-07 
609 GK2WL33VVT 36 Manual Valve 2WL-33 Transfers Position 6.12E-07 
610 GK2WL34VVT 36 Manual Valve 2WL34 Transfers Position 6.12E-07 
611 GK2WL35VVT 36 Manual Valve 2WL35 Transfers Position 6.12E-07 
612 GK2WL36VVT 36 Manual Valve 2WL-36 Transfers Position 6.12E-07 
613 GK2WL37VVT 36 Manual Valve 2WL-37 Transfers Position 6.12E-07 
614 GK2WL38VVT 36 Manual Valve 2WL38 Transfers Position 6.12E-07 
615 GK2WL39VVT 36 Manual Valve 2WL39 Transfers Position 6.12E-07 
616 GK2WL41VVT 36 Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path 6.12E-07 
617 GK2WL44VVT 36 Manual Valve 2WL-44 Transfers Position 6.12E-07 
618 GK2WL45VVT 36 Manual Va-lve 2WL-45 Transfers Position 6.12E-07 
619 CK2WL46VVT 36 Manual Valve 2WL-46 Transfers Position 6.12E-07 
620 GK2WL47VVT 36 Manual Valve 2WL-47 Transfers Position 6.12E-07 
621 GK2WL48VVT 36 Manual Valve 2WL-48 Transfers Position 6.12E-07 
622 GK2WL49VVT 36 Manual Valve 2WL-49 Transfers Position 6.12E-07 
623 GK2WL50VVT 36 Manual Valve 2WL-50 Transfers Position 6.12E-07 
624 GK2WL51VVT 36 Manual Valve 2WL-51 Transfers Position 6.12E-07 
625 GK2WLS2VVT 36 Manual Valve 2WL-52 Transfers Position 6.12E-07 
626 GK2WL53VVT 36 Manual Valve 2WL-53 Transfers Position 6.12E-07 
,627 GK2WL54VVT 36 Manual Valve 2WL-54 Transfers Position 6.12E-07 
628 GK2WL55VVT 36 Manual Valve 2WL-55 Transfers Position 6.12E-07 
629 GK2WL56VVT 36 Manual Valve 2WL-56 Transfers Position 6.12E-07
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630 GK2WL57VVT 36 Manual Valve 2WL-57 Transfers Position 6.12E-07 
631 GK2WL58VVT 36 Manual Valve 2WL-58 Transfers Position 6.12E-07 
632 GK2WL59VVT 36 Manual Valve 2WL-59 Transfers Position 6.12E-07 
633 GK2WL60VVT 36 Manual Valve 2WL-60 Transfers Position 6.12E-07 
634 GK2WL61VVT 36 Manual Valve 2WL-61 Transfers Position 6.12E-07 
635 GK2WL62VVT 36 Manual Valve 2WL-62 Transfers Position 6.12E-07 
636 GK2WL63VVT 36 Manual Valve 2WL-63 Transfers Position 6.12E-07 
637 GK2WL64VVT 36 Manual Valve 2WL-64 Transfers Position 6.12E-07 
638 GK2WL65VVT 36 Manual Valve 2WL-65 Transfers Position 6.12E-07 
639 GK2WL66VVT 36 Manual Valve 2WL-66 Transfers Position 6.12E-07 
640 GK2WL67VVT 36 Manual Valve 2WL-67 Transfers Position 6. 12E-07 
641 GK2WL68VVT 36 Manual Valve 2WL-68 Transfers Position 6.12E-07 
642 GK2WL69VVT 36 Manual Valve 2WL-69 Transfers Position 6.12E-07 
643 GK2WL70VVT 36 Manual Valve 2WL-70 Transfers Position 6.12E-07 
644 GK2WL71VVT 36 Manual Valve 2WL-71 Transfers Position 6. 12E-07 
645 GK2WL72VVT 36 Manual Valve 2WL-72 Transfers Position 6. 12E-07 
646 GK2WL73VVT 36 Manual Valve 2WL-73 Transfers Position 6.12E-07 
647 GK2WL74VVT 36 Manual Valve 2WL-74 Transfers Position 6.12E-07 
648 GK2WL75VVT 36 Manual Valve 2WL-75 Transfers Position 6.12E-07 
649 GK2WL76VVT 36 Manual Valve 2WL76 Transfers Position and Blocks Discharge Path 6.12E-07 
650 GK2WL78VVT 36 Manual Valve 2WL78 Transfers Position and Blocks Discharge Path 6.12E-07 
651 GKHPOILCOM 4.61E-07 Common Cause Failure of Generator Thrust Bearings 4. 61E-07 
652 K12COM1DEX 1.00E-06 Grid Degradation Occurs And Causes Failure Of Both Keowee Units 1.OOE-06 
653 KA127T1R6D 1 Xfrmr 1X UV Relay 27T/1X Fails To Pick-up 2.49E-04 
654 KA127TlR6T 360 Xfrmr 1X UV Relay 27T/1X Spuriously De-energizes 1.31E-04 
655 KA227T2R6T 360 Xfmr 2X UV Relay 27T/2x Spuriously De-energizes 1.31E-04 
656 KB4CONNDEX 1.1E-7 Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 1.10E-07 
657 KK1BOTHDEX 0.0 Keowee Units 1 And 2 Are Supplying The Grid 0.OOE+00 
658 KK1BOTHHYM 5.23E-3 Both Keowee Units Unavailable Due To Common Maintenance 5.23E-03 
659 KK10VERBHF 24 Fault Occurs On The Overhead Power Path 9.60E-06 
660 KK1RUNSDEX 0.0 Keowee Unit 1 Only Is Supplying The Grid 0.00E+00 
661 KK1UNDRBHF 24 Fault Occurs On The Underground Power Path 9.60E-06 
662 KK2RUNSDEX 0.06 Keowee Unit 2 Only Is Supplying The Grid 6. 00E-02 
663 KK2UNITHYM 3.80E-2 The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-02 
664 KU2CREDIT 0 Take "No Credit For Keowee Unit 2 Suppling Au:iliary ac PowerTo Unit 1 0.00E+00 
665 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV And UF Detection Circuits 1.78E-06 
666 L27BRX1RYD 1 Snsng Rly 27B/RX1 Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05



(Page 19 of 31) 
Table E-1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

667 L27BRX2RYD 1 Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage ORE-76-3, -8 3.30E-05 
668 L27BRY1RYD 1 Snsng Rly 27B/RYl Fails to Drop Out on Undervoltage OER-76-3, -4 3.30E-05 
669 L27BRY2RYD 1 Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage ORE-76-3, -8 3.30E-05 
670 L27BRZlRYD 1 Snsng Rly 27B/RZl Fails to Drop Out on Undervoltage ORR-76-3, -4 3.30E-05 
671 L27BRZ2RYD 1 Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage ORR-76-3, -8 3.30E-05 
672 L27BYXlRYD 1 Snsng Rly 27B/YXl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
673 L27BYX2RYD 1 Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage ORE-76-3, -8 3.30E-OS 
674 L27BYY1RYD 1 Snsng Rly 27B/YYl Fails to Drop Out on Undervoltage DER-76-3, -4 3.30E-C5 
675 L27BYY2RYD 1 Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage ORR-76-3, -8 3.30E-05 
676 L27BYZ1RYD 1 Snsng Rly 27B/YZl Fails to Drop Out on Undervoltage ORR-76-3, -4 3.30E-05 
677 L27BYZ2RYD 1 Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-O5 
678 L27XPX1RYD 1 Ch 1 Phase X UV Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
679 L27XPX2RYD 1 Ch 2 Phase X UV Aux. Relay Fails To Pick Up OEE-76-8 3.30E-C5 
680 L27XPY1RYD 1 Ch 1 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-4 3.30E-0S 
681 L27XPY2RYD 1 Ch 2 Phase Y UV Aux. Relay Fails to Pick tp OEE-76-8 3.30R-C5 
682 L27XPZlRYD 1 Ch 1 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
683 L27XPZ2RYD 1 Ch 2 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-8 3.3CE-OS 
684 L27XRX1RYD 1 Red Bus Phase Xl Undervoltage Aux Relay Fails To Pick Up OEE-76-4 3.3CR-OS 
685 L27XRX2RYD 1 Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OER-76-8 3.3CR-OS 
686 L27XRY1RYD 1 Red Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up ORR-76-4 3.30R-05 
687 L27XRY2RYD 1 Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up ORR-76-8 3.3CR-C5 
688 L27XRZ1RYD 1 Red Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up ORR-76-4 3.3CR-CS 
689 L27XRZ2RYD 1 Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up ORR-76-8 3.30E-05 
690 L27XSTARYD 1 Keowee Start Relay 27X/STA Fails To Pick Up 3.3CR-CS 
691 L27XSTBRYD 1 Keowee Start Relay 27X/STB Fails To Pick Up 3.3CR-CS 
692 L27XYX1RYD 1 Yellow Bus Phase Xl Undervoltage Aux. Relay Fails To Pick Up ORR-76-4 3.3CR-CS 
693 L27XYX2RYD 1 Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up ORR-76-8 3.3CR-C5 
694 L27XYY1RYD 1 Yellow Bus Phase Yl Undervoltage Aux. Relay Fails To Pick Up ORR-76-4 3.3CR-CS 
695 L27XYY2RYD 1 Yellow Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up ORR-76-8 3.3CR-CS 
696 L27XYZ1RYD 1 Yellow Bus Phase Z1 Undervoltage Aux. Relay Fails To Pick Up ORR-76-4 3.3CR-CS 
697 L27XYZ2RYD 1 Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up ORR-76-8 3.3CR-CS 
698 L81BRX1RYD 1 Sensing Relay 8lBL/RXl Fails to Drop Out on Underfrequency 3.30R-CS 
699 L81BRX2RYD 1 Sensing Relay 8lBL/RX2 Fails to Drop Out on Underfrequency 3.3CR-CS 
700 L81BRY1RYD 1 Sensing Relay 81BL/RYl Fails to Drop Out on Underfrequency 3.3CR-CS 
701 L81BRY2RYD 1 Sensing Relay 8B/RY2 Fails to Drop Out on Jndertrequency 3a.g3CR
702 L81BRZ1RYD 1 Sensing Relay 8BL/RZ Fails to Drop Out on Underfrequency 3.3CR-CS 
703 L81BRZ2?RYD 1 Sensing Relay 8BL/RZ2 Fails to Drop Out on Underfrequency 3.3CR-CS
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704 L81BYXIRYD 1 Sensing Relay 8lBL/YXl Fails to Drop Out on Underfrequency 3.30E-05 
705 L81BYX2RYD 1 Sensing Relay 8lBL/YX2 Fails to Drop Out on Underfrequency 3.30E-05 
706 L81BYY1RYD 1 Sensing Relay 8lBL/YYl Fails to Drop Out on Underfrequency 3.30E-05 
707 L81BYY2RYD 1 Sensing Relay 8lBL/YY2 Fails to Drop Out on Undertrequency 3.3CE-05 
708 L81BYZ1RYD 1 Sensing Relay 8lBL/Yzl Fails to Drop Out on Underfrequency 3.30E-05 
709 L81BYZ2RYD 1 Sensing Relay 8lBL/YZ2 Fails to Drop Out On Underfrequency 3.3CR-OS 
710 L81XPX1RYD 1 Oh 1 Phase X Underfrequency Aux. Rly Fails to Pick Up 3.30E-OS 
711 L81XPX2RYD 1 Ch 2 Phase X Underfrequency Aux. Rly Fails to Pick Up 3.3CE-OS 
712 L81XPY1RYD 1 Ch 1 Phase Y Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
713 L81XPY2RYD 1 Ch 2 Phase Y Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 
714 L81XPZ1RYD 1 Ch 1 Phase Z Underfrequency Aux. Rly Fails to Pick Up 3 .3CO-05 
715 L81XPZ2RYD 1 Ch 2 Phase Z Underfrequency Aux. Rly Fails to Pick up 3.3OE-OS 
716 L81XRXlRYD 1 Red Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up 3.3OE-05 
717 L81XRX2RYD 1 Red Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
718 L81XRY1RYD 1 Red Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up 3.3OE-C0 
719 L81XRY2RYD 1 Red Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up 3.30E-05 
72.0 L81XRZlRYD 1 Red Bus Phase Z1 Underfrequency Aux. Rly Fails to Pick Up 3.30E-O5 
721 L81XRZ2RYD 1 Red Bus Phase Z2 Underfrequency Aux. Rly Fails to Pick Up 3.3CR-O5 
722 L81XYX1RYD 1 Yellow Bus Phase Xl Undertrequency Aux. Rly Fails to Pick Up 3.3CR-05 
723 L81XYX2RYD 1 Yellow Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 3.30R-O5 
724 L81XYY1RYD 1 Yellow Bus Phase. Y1 Undertrequency Aux. Rly Fails to Pick Up 3.3CR-OS 
725 L81XYY2RYD 1 Yellow Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up 3.30R-OS 
726 L81XYZ1RYD 1 Yellow Bus Phase Zl Underfrequency Aux. Rly Fails to Pick Up 3.3CR-CS 
727 L81XYZ2RYD 1 Yellow Bus Phase Z2 Underfrequency Aux. Rly Fails to Pick Up 3.3CR-CS 
728 LC94F1ARYD 1 RGTPS Underfrequency Relay 94/FlA Fails to Pick Up 3.3CR-CS 
729 LC94F1BRYD 1 RGTPS Underfrequency Relay 94/FlB Fails to Pick Up 3.3CR-CS 
730 LC94F1DRYD 1 RGTPS Underfrequency Relay 94/FlD Fails to Pick Up 3.3CE-CS 
731 LC94F2ARYD 1 RGTPS Underfrequency Relay 94/F2A Fails to Pick Up 3.3CR-CS 
732 LC94F2BRYD 1 RGTPS Underfrequency Relay 94/F2B Fails to Pick Up 3.3CR-OS 
733 LC94F2CRYD 1 ROTPS Underfrequency Relay 94/F2C Fails to Pick Up 3.3CR-CS 
734 LC94F2DRYD 1 RGTPS Undertrequency Relay 94/F20 Fails to Pick Up 3.3CR-CS 
735 LC94V1ARYD 1 EGTPS Undervoltage Relay 94/VlA Fails to Pick Up 3.3CR-CS 
736 LC94V1BRYD 1 RGTPS Undervoltage Relay 94/VlB Fails To Pick Up OEE-76-4 3.3CR-CS 
737 LC94V1DRYD 1 EGTPS Undervoltage Relay 94/VlD Fails to Pick Up OEE-76-4 3.3CR-CS 
738 LC94V2ARYD 1 ROTPS Undervoltage Relay 94/V2A Fails to Pick Up 3.3CR-CS 
739 LC94V2BRYD 1 RGTPS Undervoltage Relay 94/V2B Faiis To Pick Up 3.3CR-CS 740 LC94V2CRYD 1 RGTPS Undervoltage Relay 94/V2F Faals to Pick Up 3.3CR-CS
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741 LDCYC13CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open OEE-76-4 / 0-802 1.80E-06 
742 LDCYC14CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open OEE-76-4 / 0-802 1.80E-06 
743 LDCYG12CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 1.80E-06 
744 LDCYG18CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 1.80E-06 
745 OFACTORDEX 1.0 Overload Susceptibility Factor 1.00E+00 
746 OKOPRUNCOM 1.46E-05 Common Cause Failure Of Both Governor Oil Systems To Run 1.46E-05 
747 OK10001PSC 15 Pressure Switch 10GPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
748 OK10002PSC 8 Pressure Switch 10GPS-2 Fails to Close . 2.32E-05 
749 OK10003PSC 4 Pressure Switch 1OGPS-3 Fails to Close 1.16E-05 
750 OK10003RVT 24 Safety Relief Valve 1OG-3 Spurious Operation 1.34E-04 
751 OK10003TKF 24 Unit 1 Governor Oil Pressure Tank Fails 1.10E-05 
752 OK10004PSC 1 Pressure Switch 10GPS-4 Fails to Close 2.90E-06 
753 OK10007FVT 24 Float Valve 1OG-7 Transfers Closed 1.40E-04 
754 OK10009VVT 24 Manual Valve 100-9 Transfers Closed 4. 08E-07 
755 OK10011CVO 15 Check Valve lOG-11 Fails to Open . 3.45E-05 
756 OK10011CVT 0.75 Check Valve 10G-11 Transfers Closed 9.75E-08 
757 OK10012VVT 30 Manual Globe Valve 1OG-12 Transfers Closed 5.10E-07 
758 OK10013RVT 0.75 Relief Valve lOG-13 Spurious Operation 4.20E-06 
759 OK10014CVO 8 Check Valve 10G-14 Fails to Open 1.84E-05 
760 OK10014CVT 0.5 Check Valve 10G-14 Transfers Closed 6.50E-08 
761 OK10015VVT 192 Manual Globe Valve lOG-15 Transfers Closed 3. 26E-06 
762 OK10016RVT 0.5 Relief Valve 10G-16 Transfers Open 2.80E-06 
763 OK10017CVO 4 Check Valve 10G-17 Fails to Open 9.20E-06 
764 OK10017CVT 0.25 Check Valve 100-17 Transfers Closed 3.25E-08 
765 OK10018VVT 108 Manual Globe Valve 10G-18 Transfers Closed 1.84E-06 
766 OK10019RVT 0.25 Relief Valve 100-19 Spurious Operation 1.40E-06 
767 OK1001AGPR 0.375 OG Pump 1A Fails to Run 5.25E-06 
768 OK1001AGPS 15 OG Pump 1A Fails to Start 1.45E-03 
769 OK1001BGPR 0.25 OG Pump lB Fails to Run 3.50E-06 
770 OK1001BGPS 8 OG Pump lB Fails to Start 7.76E-04 
771 OK1001BLHE 3.2E-3 Latent Human Error Fails OG Pump 1B 3. 20E-03 
772 OK1001CGPR 0.125 OG Pump 1C Fails to Run 1.75E-06 
773 OK1001CGPS 4 OG Pump 1C Fails to Start 3.88E-04 
774 OK1001CLHE 3.2E-3 Latent Human Error Fails OG Pump IC 3.20E-03 
775 OK188GASWT 30 Keowee 1 Governor Oil Control Switch 188GA Spurious Operation 2.1OE-06 
776 OK188GBSWT 192 Keowee 1 Control Switch 188GB Spurious Operation 1.34E-05 
777 OK188GCSWT 108 Keowee 1 Control Switch 188GC Spurious Operation 7.56E-06
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778 OK199K1RYD 1 Keowee 1 Relay 99K1 Fails To Operate On Demand 3.30E-05 
779 OK199KlRYT 24 Keowee Unit 1 Relay 99K1 Spurious Operation 8.64E-06 
780 OK199K2RYD 1 Keowee 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 
781 OK1AGO1TKF 24 Air Receiver Tank 1AGTK-1 Fails 1.10E-05 
782 OKlAGO4RVT 24 Safety Relief Valve 1AG-4 Spurious Operation 1.34E-04 
783 OK1AG05VVT 24 Manual Valve 1AG-5 Transfers Position 4.08E-07 
784 OK1OG1CTRM 3.42E-3 OG Pump 1C Train In Maintenance Or Testing 3.42E-03 
785 OK1PRUNCOM 1.12E-07 Common Cause Failure of Unit 1 OG Pumps to Run 1.12E-07 
786 OK1PSTRCOM 2.04E-05 Common Cause Failure of Unit 1 OG Pumps to Start 2.04E-05 
787 OK1XA1DCLT 30 Low Voltage Circuit Breaker 1XA-ID Transfers Position 2.73E-05 
788 OK1XA2ECLT 30 Low Voltage Circuit Breaker 1XA-2E Transfers Position 2.73E-05 
789 OK1XA4DCLT 30 Low Voltage Circuit Breaker 1XA-4D Transfers Position 2 .73E-05 
790 OK20001PSC 15 Pressure Switch 20GPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
791 OK20002PSC 8 Pressure Switch 20GPS-2 Fails to Close 2.32E-05 
792 OK20003PSC 4 Pressure Switch 20GPS-3 Fails to Close 1.16E-05 
793 OK20003RVT 24 Safety Relief Valve 20G-3 Spurious Operation 1.34E-04 
794 OK20003TKF 24 Unit 2 Governor Oil Pressure Tank Fails 1.10E-05 
795 OK20004PSC 1 Pressure Switch 20GPS-4 Fails to Close 2.90E-06 
796 OK20007FVT 24 Float Valve 20G-7 Transfers Closed 1.40E-04 
797 OK20009VVT 24 Manual Valve 20G-9 Transfers Closed 4.08E-07 
798 OK20011CVO 15 Check Valve 20G-11 Fails to Open 3.45E-05 
799 OK20011CVT 0.75 Check Valve 20G-11 Transfers Closed 9.75E-08 
800 OK20012VVT 30 Manual Globe Valve 20G-12 Transfers Closed 5.10E-07 
801 OK20013RVT 0.75 Relief Valve 20G-13 Spurious Operation 4.20E-06 
802 OK20014CVO 8 Check Valve 20G-14 Fails to Open 1.84E-05 
803 OK20014CVT 0.5 Check Valve 20G-14 Transfers Closed 6.50E-08 
804 OK20015VVT 192 Manual Globe Valve 20G-15 Transfers Closed 3.26E-06 
805 OK20016RVT 0.5 Relief Valve 20G-16 Transfers Open 2.80E-06 
806 OK20017CVO 4 Check Valve 20G-17 Fails to Open 9.20E-06 
807 OK20017CVT 0..25 Check Valve 20G-17 Transfers Closed 3.25E-08 
808 OK20018VVT 108 Manual Globe Valve 20G-18 Transfers Closed 1.84E-06 
809 OK20019RVT 0.25 Relief Valve 200-19 Spurious Operation 1.40E-06 
810 OK2002AGPR 0.375 OG Pump 2A Fails to Run 5.25E-06 
811 OK2002AGPS 15 OG Pump 2A Fails to Start 1.45E-03 
812 OK2002BGPR 0.25 OG Pump 2B Fails to Run 3.50E-06 
813 OK2002BGPS 8 OG Pump 2B Fails to Start 7.76E-04 
814 OK2002BLHE 3.2E-3 Latent Human Error Fails OG Pump 29 3.20E-03 

0 0 *
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815 OK2002CGPR 0.125 OG Pump 2C Fails to Run 1.75E-06 
816 OK2002CGPS 4 OG Pump 2C Fails to Start 3.88E-04 
817 OK2002CLHE 3.2E-3 Latent Human Error Fails OG Pump 2C 3.20E-03 
818 OK288GASWT 30 Keowee 2 Governor Oil Control Switch 188GA Spurious Operation 2.10E-06 
819 OK288GBSWT 192 Keowee 2 Control Switch 188GB Spurious Operation 1.34E-05 
820 OK288GCSWT 108 Keowee 2 Control Switch 188GC Spurious Operation 7.56E-06 
821 OK299K1RYD 1 Keowee 2 Relay 99K1 Fails To Operate On Demand 3.30E-05 
822 OK299K1RYT 24 Keowee Unit 2 Relay 99K1 Spurious Operation 8. 64E-06 
823 OK299K2RYD 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 
824 OK2AGO4RVT 24 Safety Relief Valve 2AG-4 Spurious Operation 1.34E-04 
825 OK2AG05VVT 24 Manual Valve 2AG-5 Transfers Position 4.08E-07 
826 OK2AGO1TKF 24 Air Receiver Tank 2AGTK-1 Fails 1.10E-05 
827 OK2OG2CTRM 3.42E-3 OG Pump 2C Train In Maintenance.Or Testing 3.42E-03 
828 OK2PRUNCOM 1.12E-07 Common Cause Failure of Unit 2 OG Pumps to Run 1.12E-07 
829 OK2PSTRCOM 2.04E-05 Common Cause Failure of Unit 2 OG Pumps to Start 2.04E-05 
830 OK2XA1DCLT 30 Low Voltage Circuit Breaker 2XA-1D Transfers Position 2.73E-05 
831 OK2XA2ECLT 30 Low Voltage Circuit Breaker 2XA-2E Transfers Position 2.73E-05 
832 OK2XA4DCLT 30 Low Voltage Circuit Breaker 2XA-4D Transfers Position 2.73E-05 
833 OMOD 0.0 Startup Bus UV Sensing Mod Is In Service 0.00E+00 
834 PAC1TC4C4T 24 4160 Vac Breaker 1TC-4 Transfers Open 2.26E-05 
835 PACTCO1C4T 24 4160 Vac Breaker 1TC-1 Transfers Open 2.26E-05 
836 PACTC14C4T 24 4160 Vac Breaker 1TC-14 Transfers Open 2.26E-05 
837 PACX1TCBHF 24 4160 Vac Switchgear 1TC Fails 9.60E-06 
838 PKOSUMPCOM 2.44E-06 Common Cause Failure Of Turbine Sump Pump System 2.44E-06 
839 PK163SALST 30 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 
840 PK163SBLST 15 Unit 1 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
841 PKlACDCCOM 2.77E-05 Common Cause Failure of Unit 1 Turbine Sump Pump System 2.77E-05 
842 PK1DA5CCDT 24 125 Vdc Circuit Breaker 1DA-5C Transfers Position 1.80E-06 
843 PK1PACKDEX 3.1E-5 Turbine No. 1 Packing Fails 3.10E-05 
844 PK1TS01VVT 30 Manual Valve 1TS-1 Transfers Position 5.10E-07 
845 PK1TSO2CVT 30 Check Valve 1TS-2 Fails to Open or Transfers Closed 3; 90E-06 
846 PK1TSO3VVT 108 Manual Valve 1TS-3 Transfers Position 1.84E-06 
847 PK1TSO4CVT 15 Check Valve 1TS-4 Fails to Open or Transfers Closed 1.95E-06 
848 PK1TSACGPR 30 AC Sump Pump 1TSPU-1 Fails To Start Or Run 4.20E-04 
849 PK1TSDCGPR 15 DC Sump Pump 1TSPU-2 Fails To Start Or Run 2.10E-04 
850 PK1TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 1 DC Sump Pump 3.20E-03 
851 PK1TSDCTRM 6.85E-4 Turbine No. 1 DC Pump Train In Maintenance Or Testing 6.85E-04
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852 PK1XA2CCLT 30 600 V Circuit Breaker 1XA-2C Transfers Position 2.73E-05 
853 PK263SALST 30 Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 
854 PK263SBLST 15 Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
855 PK2ACDCCOM 2.77E-05 Common Cause Failure of Unit 2 Turbine Sump Pump System 2.77E-05 
856 PK2DA1CCDT 24 125 Vdc Circuit Breaker 2DA-lC Transfers Position 1.80E-06 
857 PK2PACKDEX 3.1E-5 Turbine No. 2 Packing Fails 3.10E-05 
858 PK2TS01VVT 30 Manual Valve 2TS-1 Transfers Position 5.10E-07 
859 PK2TSO2CVT 30 Check Valve 2TS-2 Fails to Open or Transfers Closed 3.90E-06 
860. PK2TSO3VVT 108 Manual Valve 2TS-3 Transfers Position 1.84E-06 
861 PK2TSO4CVT 15 Check Valve 2TS-4 Fails to Open or Transfers Closed 1.95E-06 
862 PK2TSACGPR 30 AC Sump Pump 2TSPU-1 Fails To Start Or Run 4.20E-04 
863 PK2TSDCGPR 15 DC Sump Pump 2TSPU-2 Fails To Start Or Run 2.10E-04 
864 PK2TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 2 DC Sump Pump 3.20E-03 
865 PK2TSDCTRM 6.85E-4 Turbine No. 2 DC Pump Train In Maintenance Or Testing 6.85E-04 
866 PK2XA2CCLT 30 Low Voltage Circuit Breaker 2XA-2C Transfers Position 2.73E-05 
867 PMFB1 5.60E-03 Loss of Power on Main Feeder Bus 1 5.60E-03 
868 PMFB2 5.60E-03 Loss of Power on Main Feeder Bus 2 5.60E-03 
869 S127E1VRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
870 S127EUVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
871 S127EX1RYD 1 Unit 1 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
872 S127EXVRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 
873 S227ElVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
874 S227EUVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
87S S227EX1RYD 1 Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
876 S227EXVRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 
877 S27XSClRYD 1 Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up 3.30E-05 
878 S27XSC2RYD 1 Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up 3.30E-05 
879 S27XTD1RYD 1 Channel 1 Swyd Isolated Time Delay Rly, 27XTD/SC1, Fails 3.30E-05 
880 S27XTD2RYD 1 Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails 3.30E-05 
881 S327E1VRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 2.33E-03 
882 S327EUVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 2.33E-03 
883 S327EX1RYD 1 Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
884 S327EXVRYD 1 Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up 3.30E-05 
885 SB18UXlRYT 24 Auxiliary Relay 8UX-1 Spurious Operation 8.64E-06 
886 SB28UX2RYT 24 Auxiliary Relay 8UX-2 Spurious Operation 8.64E-06 
887 SB38UX3RYT 24 Auxiliary Relay 8UX-3 Spurious Operation 8.64E-06 
888 SB48UX4RYT 24 Auxiliary Relay 8UX-4 Spurious Operation 8.64E-06
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889 SDCAIDDDIF 24 Control Power From DYA To PCB 9 Isolating Diode Fails 9.12E-05 
890 SDCDA12CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open 1.80E-06 
891 SDCDA1SCDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs Open 1.80E-06 
892 SDCDA17CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open 1.80E-06 
893 SDCDB01CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 1 Xfrs Open 1.80E-06 
894 SDCDB13CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 13 Xfrs Open 1.80E-06 
895 SDCDC12CDT 24 125 Vdc Swyd Control Power Pnlbd DYC Bkr 12 Xfrs Open 1.80E-06 
896 SDCDE12CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 12 Xfrs Open 1.80E-06 
897 SDCDE15CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 15 Xfrs Open 1.80E-06 
898 SDCDE17CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 17 Xfrs Open 1.80E-06 
899 SDCDF01CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 1 Xfrs Open 1.80E-06 
900 SDCDF13CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open 1.80E-06 
901 SDCDG16CDT 24 125 Vdc Swyd Control Power Pnlbd DYG Bkr 16 Xfrs Open 1.80E-06 
902 SDCDYA8CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs Open OEE-38 1.80E-06 
903 SDCDYA9CDT 24 125 Vdc Swvd Control Power Pnlbd DYA Bkr 9 Xfrs Open 1.80E-06 
904 SDCDYB4CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs Open 1.80E-06 
905 SDCDYB6CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xfrs Open 1.80E-06 
906 SDCDYB8CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 8 Xfrs Open 1.80E-06 
907 SDCDYE8CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 8 Xfrs Open 1.80E-06 
908 SDCDYE9CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 9 Xfrs Open 1.80E-06 
909 SDCDYF4CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xfrs Open 1.80E-06 
910 SDCDYF6CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 6 Xfrs Open 1.80E-06 
911 SDCDYF8CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 8 Xfrs Open 1.80E-06 
912 SDCEIDDDIF 24 Control Power From DYE To PCB-9 Isolating Diode Fails 9.12E-05 
913 SK194GBRYT 24 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 8.64E-06 
914 SK294GBRYT 24 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 8.64E-06 
915 SKXFMR1THF 24 Keowee Transformer 1 Fails 7.44E-05 
916 SPC14KVBHF 24 13.8 kV Bus Faulted 9.60E-06 
917 SPC51TNRYT 24 Main Step Up Transformer Neutral Ground Relay 51TN Spurious Operation 8.64E-06 
918 SPC62ABRYT 24 ACB Back-up Trip Timer 62AB Spurious Operation 8.64E-06 
919 SPC631XRYT 24 Auxiliary Relay 63H1X Spurious Operation 8.64E-06 
920 SPC871XRYT 72 Transformer 1X Differential Relay 87T-1X Spurious Operation 2.59E-05 
921 SPC872XRYT 72 Transformer 2X Differential Relay 87T-2X Spurious Operation 2.59E-05 
922 SPC87T1RYT 72 Main Step Up Transformer Differential Relay 87T Spurious Operation 2.59E-05 
923 SPC94TKRYT 24 Auxiliary Relay 94T/K Spurious Operation 8.64E-06 
924 SPCB008CHO 1 SWYD PCB-8 Fails to Trip 2.60E-05 
925 SPCBO 9CHC 1 SWYD PCB-9 Fails To Close On Demand 2.60E-04
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926 SPCBOO9CHO 1 SWYD PCB-9 Fails To Trip 2. 60E-05 
927 SPCB012CHO 1 SWYD PCB-12 Fails To Trip 2 .60E-05 
928 SPCB015CHO 1 SWYD PCB-15 Fails To Trip On Demand 2 .60E-05 
929 SPCB017CHO 1 SWYD PCB-17 Fails To Trip On Demand 2.60E-05 
930 SPCBO21CHO 1 SWYD PCB-21 Fails To Trip On Demand 2. 60E-05 
931 SPCBO24CHO 1 SWYD PCB-24 Fails To Trip On Demand 2.60E-05 
932 SPCBO26CHO 1 SWYD PCB-26 Fails To Trip On Demand 2.60E-05 
933 SPCBO28CHO 1 SWYD PCB-28 Fails To Trip On Demand 2.60E-05 
934 SPCBO33CHO 1 SWYD PCB-33 Fails To Open On Demand 2.60E-05 
935 SPCD87LRYT 24 Line Differential Relay 87L Spurious Operation 8.64E-06 
936 SPCGLASSWT 24 Break Glass Switch Spurious Operation 1.68E-06 
937 SPCR86TRYT 24 Lock Out Relay 86T Spurious Operation 8.64E-06 
938 SU127UVCOM 1.18E-04 Common Cause Failure of Unit 1 .SU Bus Undervoltage Relays 1.18E-04 
939 SU227UVCOM 1.18E-04 Common Cause Failure of Unit 2 SU Bus Undervoltage Relays 1.18E-04 
940 SU327UVCOM 1.18E-04 Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1:18E-04 
941 SXFRCT3THF 24 Transformer CT3 Faulted 7.44E-05 
942 SXFRCT3THM 1.74E-04 Transformer CT3 Is In Maintenance 1.74E-04 
943 SXFRCT4LHE 6.4OE-05 Latent Human Error on CT4 Maintenance 6.40E-05 
944 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 9.13E-04 
945 SY30R94RYT 24 PCB 30 Relay 94 Spuriously Picks Up 8.64E-06 
946 SY51TN2RYT 24 230kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 
947 SY51TN4RYT 24 4.16kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 
948 SY51TN6RYT 24 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up 8.64E-06 
949 SY62X1FRYT 24 Breaker Failure Relay 62X1 Spuriously Picks Up 8.64E-06 
950 SY62X2FRYT 24 Breaker Failure Relay 62X2 Spuriously Picks Up 8.64E-06 
951 SY62XXFRYT *24 Breaker Failure Relay 62X Spuriously Picks Up 8.64E-06 
952 SY86BUIRYT 24 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 8.64E-06 
953 SY86CT3RYT 24 Transformer CT3 Lockout Relay Spuriously Picks Up 8.64E-06 
954 SY86YA9RYT 24 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 8.64E-06 
955 SY86YJ3RYT 24 Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up 8.64E-06 
956 SY87BYXRYT 24 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up 8.64E-06 
957 SY87BYYRYT 24 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up 8.64E-06 
958 SY87BYZRYT 24 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up 8.64E-06 
959 SY87LXXRYT 24 Differential Auxiliary Relay 87LX Spuriously Picks Up 8.64E-06 
960 SY94L1XRYT 24 Protective Relay 94L Spuriously Picks Up 8.64E-06 
961 SYE1362RYT 24 E13 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06 
962 SYE2362RYT 24 E23 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06
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963 SYP2862RYT 24 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 8.64E-06 
964 SYP3062RYT 24 -PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 8.64E-06 
965 SYP86TXRYT 24 PCB 30 LOR 86TX Spuriously Picks Up 8. 64E-06 
966 SYPCB09CHT 24 Switchyard Power Circuit Breaker 9 Transfers Open 4.56E-05 
967 SYPCB30CHT 24 Switchyard Power Circuit Breaker 30 Transfers Open 4.56E-05 
968 SYPL86TRYT 24 PCB 30 LOR 86T Spuriously Picks Up 8.64E-06 
969 SYPL87LRYT 24 Differential Relay 87L Spuriously Picks Up 8.64E-06 
970 SYR86BYRYT 24 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 8.64E-06 
971 SYS63FPRYT 24 Fault Pressure Relay 63FP Spuriously Picks Up 8.64E-06 
972 SYSX50BRYT 24 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 8.64E-06 
973 SYX87TBRYT 24 Differential Relay 87B Spuriously Picks Up 8.64E-06 
974 SYXX87TRYT 24 Differential Relay 87T Spuriously Picks Up 8. 64E-06 
975 U5086EFRYT 24 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 8.64E-06 
976 U5186EFRYT 24.Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 8.64E-06 
977 U51TNC4RYT 24 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 8.64E-06 
978 U62BSK1RYT 24 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 8.64E-06 
979 U62BSK2RYT 24 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 8.64E-06 
980 U86CT4XRYT 24 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 8.64E-06 
981 U86TCT4RYT 24 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 8. 64E-06 
982 U87TCT4RYT 24 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 8.64E-06 
983 UACXCT4THF 24 Transformer CT4 Failed 7.44E-05 
984 UXX86EFRYT 24 Lockout Relay 86EF Spuriously Picks Up 8.64E-06 
985 WK00RUNCOM 2.09E-05 Common Cause Failure of Keowee Governors to Run 2.09E-05 
986 WK1GVCDDEX 3.5E-05 Keowee Unit 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 
987 WK1GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 1 Governor During Cold Start 2.60E-04 
988 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
989 WK1GVRNDEX 5.6E-4 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
990 WK1SPD1DEX 1.0 Potentially Damaging Overspeed Condition Occures At Load Rejection 1.00E+00 
991 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 
992 WK1TBCDDEX 3.5E-5 Keowee Unit 1 Turbine Fails During a Cold Start 3.50E-05 
993 WK1TBHTDEX 3.5E-4 Keowee Unit 1 Turbine Fails During a Hot Start 3.50E-04 
994 WK1TBRNDEX 5.6e-4 Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 
995 WK2GVCDDEX 3.5E-05 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Cold Start 3.50E-05 
996 WK2GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 2 Governor During Cold Start 2.60E-04 
997 WK2GVHTDEX 3.SE-04 Keowee Unit 2 Gov. Fails to Position Wicket pates During Hot Start 3.50E-04 
998 WK2GVRNDEX 5.6E-4 Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
999 WK2SPD2DEX 5.6E-05 Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05
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1000 WK2TBCDDEX 3.5E-5 Keowee Unit 2 Turbine Fails During a Cold Start 3. SOE-05 
1001 WK2TBHTDEX 3.5E-4 Keowee Unit 2 Turbine Fails During a Hot Start 3.50E-04 
1002 WK2TBRNDEX 5.6E-4 Keowee Unit 2 Turbine Fails With the Unit Running 5.60E-04 
1003 WKCSTRTCOM 1.12E-05 Common Cause Failure of Keowee Governors to Cold Start 1.12E-05 
1004 WKHSTRTCOM 3.50E-6 Common Cause Failure of Keowee Governors to Hot Start 3.50E-06 
1005 XAOSWGRCOM 1.22E-06 Common Cause Failure Of Transformers 1X, 2X, And CX 1.22E-06 
1006 XA1A2BTCDT 24 600 Vac Breaker 1XA-2BT Transfers Position K-704 1.80E-06 
1007 XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 
1008 XA1TR1XTLF 24 Keowee Transformer lX Fails 1.80E-05 
1009 XA1X2AXCLT 24 600 Vac Bkr 2X-2D Transfers Position 2.18E-05 
1010 XA1X2CCCLT 24 600 Vac Breaker 1X-2C Transfers Position 2.18E-05 
1011 XA1XA1ACLT 24 600 Vac Bkr 2XA-4A Transfers Position 2.18E-05 
1012 XA1XAALBLM 2.74E-03 MCC iXA Is Connected to Its Alternate Source of Power 2 .74E-03 
1013 XA1XAMCBLF 24 600 Vac MCC 1XA Fault 6.48E-06 
1014 XA1XCXXTHM 4.57E-4 4160/600 Vac Transformer CX Is in Maintenance 4.57E-04 
1015 XA1XCXXTLF 24 4160/600 Vac Transformer CX Fails 1.80E-05 
1016 XA1XXXXBLF 24 600 Vac Switchgear 1X Fault 6.48E-06 
1017 XA2A2BTCDT 24 600 Vac Breaker 2XA-2BT Transfers Position 1.80E-06 
1018 XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 3 .1OE-04 
1019 XA2TR2XTLF 24 Keowee Transformer 2X Fails 1.80E-05 
1020 XA2X2BXCLT 24 600 Vac Breaker 2X-2B Transfers Position 2.18E-05 
1021 XA2X2DXCLT 24 600 Vac Bkr 1X-2A Transfers Position 2.18E-05 
1022 XA2X4AXCLT 24 600 Vac Bkr 1XA-1A Transfers Position 2.18E-05 
1023 XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 2.74E-03 
1024 XA2XAMCBLF 24 600 Vac MCC-2XA Fault 6.48E-06 
1025 XA2XXXXBLF 24 600 Vac Switchgear 2X Fault 6.48E-06 
1026 XAS6BKRCOM 3.1OE-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 3.10E-04 
1027 XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 3 .10E-04 
1028 XDOBATTCOM 2.70E-05 Common Cause Failure Of Keowee I&C Power Batteries 2. 70E-05 
1029 XDOCHRGCOM 3.48E-05 Common Cause Failure Of Keowee Battery Chargers 3. 48E-05 
1030 XD104CCCDT 24 Breaker 1DA-4CC Transfers Open 1.80E-06 
1031 XD104CRCDT 6 Breaker 1DA-4CR Transfers Open 4.50E-07 
1032 XD1BK1ACDT 24 Battery No. 1 Breaker 1A Transfers Position run time dependent 1.80E-06 
1033 XD1CKC1BCF 24 Battery Charger KC1 Fails 6.96E-04 
1034 XD1DA1CCDT 24 125 Vdc Breaker 1C (from charger KC1) Transfprs Position 1.80E-06 
1035 XD1DA3BCDT 24 125 Vdc Breaker 1DA-3BR Transfers Open 1.80E-06 
1036 XD1DA4ACDT 24 DC Circuit Breaker 1DA-4AR Transfers Position 1.80E-06 

S 0 0
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1037 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center IDA Is In Test or Maintenance 5.48E-03 
1038 XD1DARXBDF 24 DC Distribution Center IDA Faulted during Run 7.68E-06 
1039 XD1KB1XDHE 1 Keowee Standby Battery Charger SBC Not Lined tp in 1 Hour I.00E±00 
1040 XD1KB1XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.005±00 
1041 XD1KBATBYF 1 Keowee Battery No. 1 Fails During Discharge 9. 30E-04 
1042 XD1TIE1CDT 24 Keowee 125V dc Dist Cntr lDA Tie Breaker 1 Transfers Position 1.80E-06 
1043 XD202CCCDT 6 Breaker 2DA-2CC Transfers Open 4.505-07 
1044 XD204CCCDT 24 Breaker 2DA-4CC Transfers Open K-704 1.80E-06 
1045 XD2BK1ACDT 24 Battery No. 2 Breaker IA Transfers Position 1.80E-06 
1046 XD2CKC2BCF 24 Battery Charger KC2 Fails 6.965-04 
1047 XD2DA2ACDT 24 DC Circuit Breaker 2DA-2AR Transfers Position 1.80E-06 
1048 XD2DA3BCDT 24 125 Vdc Circuit Breaker 2DA-3BR Transfers Position 1.80E-06 
1049 XD2DA5CCDT 24 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open 1.80E-06 
1050 XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 
1051 XD2DARXBDF 24 DC Distribution Center 2DA Faulted During Run 7.68E-06 
1052 XD2KB2XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour l.OOE+00 
1053. XD2KB2XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.OOEi00 
1054 XD2KBATBYF 1 Keowee Battery No. 2 Fails during Discharge 9.30O-04 
1055 XD2TIE2CDT 24 Keowee 125V dc Dist Cntr 2DA Tie Breaker 2 Transfers Position 1.80E-06 
1056 YOSTARTCOM 7.26E-06 Common Cause Failure Of Emergency Start Signal 7.26E-06 
1057 YK114X3SSD 1 Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm KEE-111 1.80E-05 
1058 YK13SUISWT 24 KHU#4 Startup Inhibit Sw 3SU1 Xfrs to Inhibit K5E-lll, -113 1.68E-06 
1059 YK14AMRRYT 24 Keowee 1 Master.Relay 4A Spuriously Drops Out 8.645-06 
1060 YK14BMRRYT 24 Keowee 1 Master Relay 4B Spuriously Drops Out. 8 .64E-06 
1061 YK163BHLST 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 63BL/H Sprsly Clsd K55-111, -113-3 7.44E-06 
1062 YK163BHRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-111,-113- 8.645-06 
1063 YK163BLLST 24 Keowee 1 Gen Thrst Brng Oil Lvl Lo Sw 63BL/L Spuriously Operates KEE-1ll,-113- 7.445-06 
1064 YK163BLRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks Up 555-111, -113- 8.645-06 
1065 YK163TBLST 24 Keowee 1 Turb Guide Brng Lo Lvl Sensor Sw Spuriously Closes K55-113-4 7.445-06 
1066 YK163TBRYT 24 Keowee 1 Turb Gd Brng Oil Lvl Lo Rly 63TB/lX Sprsly Picks Up KEE-lll,-113-4 8.645-06 
1067 YK186N1DEX 9.895-03 Keowee 1 Normal Lockout Actuates 9.895-03 
1068 YK199SDRYD 1 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 3.305-05 
1069 YK199SDRYT 24 Keowee 1 Shutdown Solenoid Spuriously Drops Out 8.64E-06 
1070 YK199SNRYD 1 51 Emergency Load Solenoid 99SN Fails To Pick Up/Drop Out 3.305-05 
1071 YK199SNRYT 24 Emergency Load Solenoid 995N Spuriously Drop Out 8.64E-06 
1072 YK199SXRYD 1 Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up 555-111 3.305-05 
1073 YK199SXRYT 24 Shutdown Auxiliary Relay 99X Spuriously Drops Out 8. 64-06
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1074 YK1D4CRFUF 6 Fuse lDA-4CR Fails 2.16E-05 
1075 YK1ES1ARYD 1 Keowee 1 Emergency Start Aux Relay lESRX/lA Fails To Pick Up OEE-120 3.30E-05 
1076 YK1ES1BRYD 1 Keowee 1 Emergency Start Aux Relay lESRX/lB Fails To Pick Up OEE-120-l 3.30E-05 
1077 YK1ES2ARYD 1 Keowee 1 Emergency Start Aux Relay lESRX/2A Fails To Pick Up OEE-120 3.3OE-05 
1078 YK1ES2BRYD 1 Keowee 1 Emergency Start Aux Relay lESRX/2B Fails To Pick Up OEE-120-1 3.30E-05 
1079 YK1MR4ARYD 1 Keowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 3.30E-05 
1080 YK1MR4BRYD 1 Keowee 1 Start Master Relay 4B Fails To Pick Up KEE-113 3.30E-05 
1081 YK1SS12SST 24 Keowee 1 overspeed Switch 12 Spuriously Picks Up KEE-111 1.01E-04 
1082 YK1SS13SSD 1 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm KEE-111 1.80E-05 
1083 YK214X3SSD 1 KHUJ42 Speed Switch 14-3 Fails to Open at 65 rpm KEE-211 l.80E-05 
1084 YK23SUISWT 24 KHU42 Startup Inhbt Sw 3SUI Sprsly Xtrs to Inhibit KEE-211, -213 1.68E-06 
1085 YK24AMRRYT 24 Keowee 2 Master Relay 4A Spuriously Drops Out 8.64E-06 
1086 YK24BMRRYT 24 Keowee 2 Master Relay 4B Spuriously Drops Out 8. 64E-06 
1087 YK263BHLST 24 Keowee 2 Gen Thrst 8mg Oil Lvl Hi Sw 63BL/H Sprsly Clsd 7.44E-06 
1088 YK263BHRYT 24 Keowee 2 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-211 8.64E-06 
1089 YK263BLLST 24 Keowee 2 Gem Thrst Brng Oil Lvl Lo Sw 63BL/L Sprsly Opn 7.44E-06 
1090 YK263BLRYT 24 Keowee 2 Gem Thrst Brng Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks Up KEE-211 8.64E-06 
1091 YK263TBLST 24 Keowee 2 Turb Guide Brng Lo Lvi Sensor Sw Sprsly Closes 7.44E-06 
1092 YK263TBRYT 24 Keowee 2 Turb Gd Brng Oil Lvl Lo Rly 63TB/1X Sprsly Picks Up KEE-211 8.64E-06 
1093 YK286N2DEX 7.41E-03 Keowee Unit 2 Normal Lockout Activates 7.41E-03 
1094 YK299SDRYD 1 Keowee 2 Shutdown Solenoid 99SD Fails To Pick Up 3 .30E-05 
1095 YK299SDRYT 24 Keowee 2 Shutdown Solenoid Spuriously Drops Out 8. 64E-06 
1096 YK299SNRYD 1 Keowee 2 Emergency Load Solenoid 99SN Fails To operate 3 .30E-05 
1097 YK299SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8.64E-06 
1098 YK299SXRYD 1 Keowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-211 3.30E-05 
1099 YK299SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out s 8.64E-06 
1100 YK2D2CCFUF 6 Fuse 2DA-2CC Fails 2.16E-05 
1101 YK2ES1ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/1A Fails To Pick Up OEE-120 3.30E-05 
1102 YK2ES1BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/1B Fails to Pick Up OEE-120-1 3.30E-05 
1103 YK2ES2ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 3.30E-05 
1104 YK2ES2BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick Up OEE-120-1 3.30E-05 
1105 YK2MR4ARYD 1 Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-213 3.30E-05 
1106 YK2MR4BRYD 1 Keowee 2 Start Master Relay 4B Fails to Pick Up KEE-213 3.30E-05 
1107 YK2SS12SST 24 Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 1.01E-04 
1108 YK2SS13SSD 1 Keowee 2 Speed Switch 13 Fails to Close at l)2 rpm KEE-211 1.80E-05 
1109 YKEMSRTCHE 0 Operator Incorrectly Resets Keowee Emergency Start Signals 0.005+00 
1110 YO1DIA2CDT 30 DC Circuit Breaker lDIA-2 TransfersPosition 2.25E-06 

1 Kewee0
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Table E-1 

Keowee PRA Basic Event Data 
Current Operating Configuration - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

1111 YOlDIB2CDT 30 DC Circuit Breaker IDIB-2 Transfers Position 2 25E-06 
1112 YO1MFBMA 1 ONSI MFB Monitor Channel A Keowee Start Signal Fails 1 005±00 
1113 YO1MFBMB 1 ONSI MFB Monitor Channel B Keowee Start Signal Fails 1.OOE+00 
1114 YO1OPSARHE 1 Operator fails to operate Keowee start switch SlA 1. 00500 
1115 YO1OPSBRHE 1 Operator fails to operate Keowee start switch SiB 1. 00500 
1116 YO1S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.OOE-05 
1117 YO1S1BFSWC 1 Control Switch SIB Fails To Close On Demand 1.OOE-05 
1118 YO1XXKARYD 1 ONSi Ch A Keowee Emergency Start Relay KA Fails to Pick Up OEE-120 3.30E-05 
1119 YO1XXKBRYD 1 Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 3.30E-05 
1120 YO2CR2ARYD 1 0N52 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 3.30E-05 
1121 YO2CR2BRYD 1 0NS2 Keowee Emergency Start Relay CR2B Fails to Pick Up OEE-220-1 3.30E-05 
1122 YO2DIA2CDT 30 Breaker 2DIA-2 Transfers Position 2.25E-06 
1123 YO2DIB2CDT 30 Breaker 2DIB-2 Transfers Position 2.2SE-06 
1124 YO2MFBMA 1 0NS2 MFB Monitor CH A Keowee Start Sig Fails 1.OOE±00 
1125 YO2MFBMB 1 0NS2 MFB Monitor Ch B Keowee Start Sig Fails 1.00E+00 
1126 YO2SSWARHIE 1 Operator Fails to Operate Keowee Start Switch 2SSWA 1.OOE+00 
1127 YO2SSWASWC 1 Control Switch 2SSWA' Fails To Close On Demand 1.0OE-05 
1128 YO2SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 2SSWB 1.onE+00 
1129 YO2SSWBSWC 1 Control Switch 2SSW'B Fails To Close On Demand 1.OCE-OS 
1130 YO3CR3ARYD I 0NS3 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up OEE-320 3.30E-05 
1131 YO3CR3BRYD 1 ONS3 Keowee Emer Start Relay CR3B Fails to Pick Up OEE-320-1 3.30E-05 
1132 YO3DIA2CDT 30 Breaker 3DIA-2 Transfers Open OEE-320, 0-2705 2.25E-06 
1133 YO3DIB2CDT 30 Breaker 3DIB-2 Transfers Open OEE-320-1, 0-270S 2.2SE-06 
1134 YO3MFBMA 3.96E-03 0NS3 MFB Monitor Ch A Keowee Start Sig Falls 3.96E-03 
1135 YO3MFBMB 3.96E-03 0NS3 MFB Monitor Ch B Keowee Start Sig Falls 3.96E-03 
1136 YO30PFARHE 1 Operator fails to operate Keowee Start Switch 3SlA 1. 0E+00 
1137 YO30PFBRHE 1 Operator Fails to Operate Keowee Start Switch 3S1B 1.00E+00 
1138 YO3S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.00E-05 
1139 YO3S1BFSWC 1 Control Switch SiB Fails To Close On Demand 1.OOE-05 
1140 YO3SSWARHE 1 Operator fails to operate Keowee Start Switch 3SSWA 1.0OE+00 
1141 YO3SSWASWC 1 Control Switch 3SSW'A' Fails To Close On Demand 1.00E-05 
1142 Y03SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 3SWB 1.00+00 
1143 Y03SSWBSWC 1 Control Switch 3S1WB Fails To Close On Demand 1.005-05
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Table E-2 

Exposure Time Changes For Extending To A Ouarterly Unit Swap 

Base Case Obj. 1 
Basic Event Exposure Exposure Description 

AAl27X1RYT 384 1104 Auxiliary Relay 27X/lX Spurious Operation 
AA227R2RYT 384 1104 Auxiliary Relay 27X/CX2 Spurious Operation 
AB352Y2R6T 360 1080 Air Circuit Breaker 3 Y-relay Spurious Operation 
AB3PSO2PST 372 1092 Air Circuit Breaker 3 Accumulator Pressure Switch PS2 Fails 

Low 
AB452Y2R6T 372 1092 Air Circuit Breaker 4 Y-relay Spurious Operation 
AB4KEYISWT 372 1092 Air Circuit Breaker 4 Key Interlock Switch Transfers Open 
AB4LORESWT 372 1092 Air Circuit Breaker 4 Local/Remote Switch Contact Transfers 

Position 
AB4PSO2PST 372 1092 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 

Indicates Low Pressure 
AB5143IRYT. 360 1080 Auxiliary Relay 143X/1 Spuriously Energizes 
AB51431SWT 360 1080 Manual/Auto Control Switch 143/1 Spuriously Transfers Into 

Manual 
AB552TCRYT 384 1104 Air Circuit Breaker 5 Trip Coil 52TC Spurious Operation 
AB552Y2RYT 360 1080 Air Circuit Breaker 5 Y-relay Spurious Operation 
AB5KEYISWT 360 1080 Air Circuit Breaker 5 Key Interlock Switch Transfers Open 
AB5PUSHPBT 384 1104 Trip Pushbutton On ACB5 Spurious Operation 
AB61432SWT 360 1080 Manual/Auto Control Switch 143/2 Spuriously Transfers Into 

Manual 
AB652Y2RYT 360 1080 Air Circuit Breaker 6 Y-relay Spurious Operation 
AB6KEYISWT 360 1080 Air Circuit Breaker 6 Key Interlock Switch Transfers Open 
AB752Y2RYT 360 1080 Air Circuit Breaker 7 Y-relay Spurious Operation 
AB7KEYISWT 360 1080 Air Circuit Breaker 7 Key Interlock Switch Transfers Open 
AB81432RYT 360 1080 Auxiliary Relay 143X/2 Spuriously Energizes 
AB852TCRYT 384 1104 Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 
AB852Y2RYT 360 1080 Air Circuit Breaker 8 Y-relay Spurious Operation 
AB8KEYISWT 360 1080 Air Circuit Breaker 8 Key Interlock Switch Transfers Open 
AB8PUSHPBT 384 1104 Trip Pushbutton On ACB8 Spurious Operation 
GKlWL16VVT 384 1104 Manual Valve 1WL-16 Transfers Position 
GKlWL17VVT 384 1104 Manual Valve lWL-17 Transfers Position 
GKlWL20VVT 384 1104 Manual Valve 1WL-20 Transfers Position 
GKlWL21VVT 384 1104 Manual Valve 1WL-21 Transfers Position 
GKlWL24VVT 384 1104 Manual Valve lWL-24 Transfers Position 
GKlWL25VVT 384 1104 Manual Valve 1WL-25 Transfers Position 
GKlWL28VVT 384 1104 Manual Valve lWL-28 Transfers Position
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Table E-2 

Exposure Time Changes For Extending To A Quarterly Unit Swap 

Base Case Obj. 1 
Basic Event Exposure Exposure Description 

GKlWL29VVT 384 1104 Manual Valve 1WL-29 Transfers Position 

GKlWL32VVT 384 1104 Manual Valve 1WL-32 Transfers Position 

GKlWL33VVT 384 1104 Manual Valve 1WL-33 Transfers Position 

GKlWL36VVT 384 1104 Manual Valve 1WL-36 Transfers Position 

GKlWL37VVT 384 1104 Manual Valve 1WL-37 Transfers Position 

GKlWL41VVT 384 1104 Keowee I Manual Valve 1WL-41 Transfers Position to Block 
Discharge Path 

GKlWL44VVT 384 1104 Manual Valve 1WL-44 Transfers Position 

GKlWL45VVT 384 1104 Manual Valve 1WL-45 Transfers Position 

GKlWL48VVT 384 1104 Manual Valve 1WL-48 Transfers Position 

GKlWL49VVT 384 1104 Manual Valve 1WL-49 Transfers Position 

GKlWL52VVT 384 1104 Manual Valve IWL-52 Transfers Position 

GKlWL53VVT 384 1104 Manual Valve 1WL-53 Transfers Position 

GKlWL56VVT 384 1104 Manual Valve 1WL-56 Transfers Position 

GKlWL57VVT 384 1104 Manual Valve 1WL-57 Transfers Position 

GKlWL60VVT 384 1104 Manual Valve lWL-60 Transfers Position 

GKlWL61VVT 384 1104 Manual Valve 1WL-61 Transfers Position 

GKlWL64VVT 384 1104 Manual Valve IWL-64 Transfers Position 

GKlWL65VVT 384 1104 Manual Valve 1WL-65 Transfers Position 

GKlWL68VVT 384 1104 Manual Valve lWL-68 Transfers Position 

GKlWL69VVT 384 1104 Manual Valve lWL-69 Transfers Position 

GKIWL72VVT 384 1104 Manual Valve 1WL-72 Transfers Position 

GKl1WL73VVT 384 1104 Manual Valve 1WL-73 Transfers Position 

GKlWL76VVT 384 1104 Manual Valve IWL76 Transfers Position and Blocks Discharge 
Path 

GKIWL78VVT 384 1104 Manual Valve 1WL78 Transfers Position and Bl6cks Discharge 
Path 

KAl27T1R6T 360 1080 Xfrmr IX UV Relay 27T/1X Spuriously De-energizes 

KA227T2R6T 360 1080 Xfmr 2X UV Relay 27T/2x Spuriously De-energizes
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Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

AA1271PR6D Transformer lX Undervoltage Relay 27/IX Fails To Pick Up Quarterly 
AAl27CPR6D Transformer CX Undervoltage Relay 27/CX1 Fails To Pick Up Quarterly 
AA127X1RYD Auxiliary Relay 27X/IX Fails To Operate On Demand Quarterly 
AAl27X2R6D Transformer CX Undervoltage Relay 27/CXI Fails To Drop Out Quarterly 
AA127XCRYD Auxiliary Relay 27/CXI Fails To Operate On Demand Quarterly 
AA2272PR6D Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up Quarterly 
AA2272XR6D Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out Quarterly 
AA227C2RYD Auxiliary Relay 27X/CX2 Fails To Operate On Demand Quarterly 
AA227CPR6D Transformer CX Undervoltage Relay 27/CX2 Fails To Pick Up Quarterly 
AA227T2R6D Transformer 2X Undervoltage Relay (27T/2X) Fails To Drop Out Quarterly 
AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand Quarterly 
ABOO86TRYD Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand Annually 
ABO86EIRYD Emergency Lock Out Relay 86E-1 Fails To Operate On Demand Annually 
AB352CCSVO Air Circuit Breaker 3 Close Coil Fails To Operate Every other month 
AB352TCSVO Air Circuit Breaker 3 Trip Coil Fails To Operate Every other month 
AB352Y2R6D Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand Every other month 
AB3R52XR6D Air Circuit Breaker 3 Relay 52X Fails To Operate Every other month 
AB3R52ZR6D Air Circuit Breaker 3 Relay 52Z Fails To Operate Every other month 
AB452CCSVO Air Circuit Breaker 4 Close Coil Fails To Operate Every other month 
AB452Y2R6D Air Circuit Breaker 4 Relay 52Y Failed To Drop Out Following Last Demand Every other month 
AB4CLSESWC Air Circuit Breaker 4 Close Switch Fails To Close On Demand Every other month 
AB4R52XR6D Air Circuit Breaker 4 Relay 52X Fails To Operate Every other month 
AB552CCRYD Air Circuit Breaker 5 Close Coil CC Fails On Demand Every other month 
AB583S5RYD Time Delay Relay 83S5 Fails To Pick Up Every other month 
AB5R52XRYD Air Circuit Breaker 5 Relay 52X Fails To Operate Every other month
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Table E-3 

Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

AB5R52YRYD Air Circuit Breaker 5 Relay 52Y Failed To Drop Out At Last Demand Every other month 
AB652CCRYD Air Circuit Breaker 6 Close Coil CC Fails On Demand Every other month 
AB652TCRYD Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate Every other month 
AB6R52XRYD Air Circuit Breaker 6 Relay 52X Fails To Operate Every other month 
AB6R52YRYD Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand Every other month 
AB752CCRYD Air Circuit Breaker 7 Close Coil CC Fails On Demand Every other month 
AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand Every other month 
AB7R52XRYD Air Circuit Breaker 7 Relay 52X Fails To Operate Every other month 
AB7R52YRYD Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand Every other month 
AB852CCRYD Air Circuit Breaker 8 Close Coil CC Fails On Demand Every other month 
AB86EIARYD Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand Annually 
AB883S8RYD Time Delay Relay 83S8 Fails To Pick Up Every other month 
AB8R52XRYD Air Circuit Breaker 8 Relay 52X Fails To Operate Every other month 
AB8R52YRYD Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand Every other month 
AK152TDRYD Time Delay Relay 52-lTD Fails To Pick-up All emergency starts 
AK252TDRYD Time Delay Relay 52-2TD Fails To Operate All emergency starts 
BK1088XRYD Keowee 1 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out Annually 
BK1631XRYD Keowee 1 Relay 63TA/1X Fails to De-energize Annually 
BK1632XRYD Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand Annually 
BKl63TALSD Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand Annually 
BK2088XRYD Keowee 2 Turbine Guide Bearing Oil Relay 88X Fails to Drop Out Annually 
BK2631XRYD Keowee 2 Relay 63TA/1X Fails to De-energize Annually 
BK2632XRYD Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand Annually 
BK263TALSD Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand Annually 
DDC1BATBYF Battery SY-1 Fails During Discharge Semi-annually
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Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

DDC2BATBYF Battery SY-2 Fails During Discharge Semi-annually 
KA127T1R6D Xfrmr IX UV Relay 27T/1X Fails To Pick-up Quarterly 
L27BRX1RYD Snsng Rly 27B/RX1 Fails to Drop Out on Undervoltage Quarterly 
L27BRX2RYD Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage Quarterly 
L27BRY1RYD Snsng Rly 27B/RY1 Fails to Drop Out on Undervoltage Quarterly 
L27BRY2RYD Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage Quarterly 
L27BRZlRYD Snsng Rly 27B/RZl Fails to Drop Out on Undervoltage Quarterly 
L27BRZ2RYD Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage Quarterly 
L27BYX1RYD Snsng Rly 27B/YX1 Fails to Drop Out on Undervoltage Quarterly 
L27BYX2RYD Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage Quarterly 
L27BYY1RYD Snsng Rly 27B/YY I Fails to Drop Out on Undervoltage Quarterly 
L27BYY2RYD Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage Quarterly 
L27BYZIRYD Snsng Rly 27B/YZl Fails to Drop Out on Undervoltage Quarterly 
L27BYZ2RYD Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage Quarterly 
L27XPX1RYD Ch 1 Phase X UV Aux. Relay Fails To Pick Up Quarterly 
L27XPX2RYD Ch 2 Phase X UV Aux. Relay Fails To Pick Up Quarterly 
L27XPY1RYD Ch 1 Phase Y UV Aux. Relay Fails to Pick Up Quarterly 
L27XPY2RYD Ch 2 Phase Y UV Aux. Relay Fails to Pick Up Quarterly 
L27XPZlRYD Ch 1 Phase Z UV Aux. Relay Fails To Pick Up Quarterly 
L27XPZ2RYD Ch 2 Phase Z UV Aux. Relay Fails To Pick Up Quarterly 
L27XRX1RYD Red Bus Phase Xl Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XRX2RYD Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XRY1RYD Red Bus Phase YI Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XRY2RYD Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up Quarterly 
L27XRZlRYD Red Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up Quarterly
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Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

L27XRZ2RYD Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XSTARYD Keowee Start Relay 27X/STA Fails To Pick Up Quarterly 

L27XSTBRYD Keowee Start Relay 27X/STB Fails To Pick Up Quarterly 

L27XYX1RYD Yellow Bus Phase Xl Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XYX2RYD Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XYY1RYD Yellow Bus Phase YI Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XYY2RYD Yellow Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up Quarterly 
L27XYZIRYD Yellow Bus Phase ZI Undervoltage Aux. Relay Fails To Pick Up Quarterly 
L27XYZ2RYD Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up Quarterly 
L81BRX1RYD Sensing Relay 81BL/RX1 Fails to Drop Out on Underfrequency Quarterly 

L81BRX2RYD Sensing Relay 81BL/RX2 Fails to Drop Out on Underfrequency Quarterly 
L81BRYIRYD Sensing Relay 81BL/RY1 Fails to Drop Out on Underfrequency Quarterly 

L81BRY2RYD Sensing Relay 81BL/RY2 Fails to Drop Out on Underfrequency Quarterly 
L81BRZlRYD Sensing Relay 81BL/RZI Fails to Drop Out on Underfrequency Quarterly 
L81BRZ2RYD Sensing Relay 81BL/RZ2 Fails to Drop Out on Underfrequency Quarterly 

L81BYX1RYD Sensing Relay 81BL/YXI Fails to Drop Out on Underfrequency Quarterly 
L81BYX2RYD Sensing Relay 81BL/YX2 Fails to Drop Out on Underfrequency Quarterly 
L81BYY1RYD Sensing Relay 81BL/YYI Fails to Drop Out on Underfrequency Quarterly 
L81BYY2RYD Sensing Relay 81BL/YY2 Fails to Drop Out on Underfrequency Quarterly 

L81BYZIRYD Sensing Relay 81BL/YZl Fails to Drop Out on Underfrequency Quarterly 
L81BYZ2RYD Sensing Relay 81BL/YZ2 Fails to Drop Out On Underfrequency Quarterly 
L81XPXIRYD Ch 1 Phase X Underfrequency Aux. Rly Fails to Pick Up Quarterly 

L81XPX2RYD Ch 2 Phase X Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XPYIRYD Ch 1 Phase Y Underfrequency Aux. Rly Fails to Pick Up Quarterly 

L81XPY2RYD Ch 2 Phase Y Underfrequency Aux. Rly Fails to Pick Up Quarterly
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Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

L81XPZIRYD Ch 1 Phase Z Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XPZ2RYD Ch 2 Phase Z Underfrequency Aux. Rly Fails to Pick up Quarterly 
L81XRXIRYD Red Bus Phase X1 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XRX2RYD Red Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XRYIRYD Red Bus Phase YI Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XRY2RYD Red Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XRZlRYD Red Bus Phase ZI Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XRZ2RYD Red Bus Phase Z2 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XYX1RYD Yellow Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XYX2RYD Yellow Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XYYIRYD Yellow Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XYY2RYD Yellow Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XYZlRYD Yellow Bus Phase ZI Underfrequency Aux. Rly Fails to Pick Up Quarterly 
L81XYZ2RYD Yellow Bus Phase Z2 Underfrequency Aux. Rly Fails to Pick Up Quarterly 
LC94FIARYD EGTPS Underfrequency Relay 94/F1A Fails to Pick Up Quarterly 
LC94FIBRYD EGTPS Underfrequency Relay 94/FLB Fails to Pick Up Quarterly 
LC94FlDRYD EGTPS Underfrequency Relay 94/FID Fails to Pick Up Quarterly 
LC94F2ARYD EGTPS Underfrequency Relay 94/F2A Fails to Pick Up Quarterly 
LC94F2BRYD EGTPS Underfrequency Relay 94/F2B Fails to Pick Up Quarterly 
LC94F2CRYD EGTPS Underfrequency Relay 94/F2C Fails to Pick Up Quarterly 
LC94F2DRYD EGTPS Underfrequency Relay 94/F2D Fails to Pick Up Quarterly 
LC94VIARYD EGTPS Undervoltage Relay 94/VIA Fails to Pick Up Quarterly 
LC94V1BRYD EGTPS Undervoltage Relay 94/VlB Fails To Pick U Quarterly 
LC94VIDRYD EGTPS Undervoltage Relay 94/VID Fails to Pick Up Quarterly 
LC94V2ARYD EGTPS Undervoltage Relay 94/V2A Fails to Pick Up Quarterly 

0 0 0
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Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

LC94V2BRYD EGTPS Undervoltage Relay 94/V2B Fails To Pick Up Quarterly 
LC94V2CRYD EGTPS Undervoltage Relay 94/V2C Fails to Pick Up Quarterly 
OK10004PSC Pressure Switch lOGPS-4 Fails to Close Annually 
OK199KlRYD Keowee 1 Relay 99K1 Fails To Operate On Demand Annually 
OKl99K2RYD Keowee 1 Relay 99K2 Fails To Operate On Demand Annually 
OK20004PSC Pressure Switch 20GPS-4 Fails to Close Annually 
OK299KlRYD Keowee 2 Relay 99K1 Fails To Operate On Demand Annually 
OK299K2RYD Relay 99K2 Fails To Operate On Demand Annually 
S27XSC1RYD Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up Quarterly 
S27XSC2RYD Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up Quarterly 
S27XTDIRYD Channel 1 Swyd Isolated Time Delay Rly, 27XTD/SC1, Fails Quarterly 
S27XTD2RYD Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails Quarterly 
S327EX1RYD Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up Annually 
S327EXVRYD Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up Annually 
SPCBOO8CHO SWYD PCB-8 Fails to Trip All emergency starts 
SPCB009CHC SWYD PCB-9 Fails To Close On Demand All emergency starts 
SPCBOO9CHO SWYD PCB-9 Fails To Trip All emergency starts 
SPCB012CHO SWYD PCB-12 Fails To Trip All emergency starts 
SPCB015CHO SWYD PCB-15 Fails To Trip On Demand All emergency starts 
SPCB017CHO SWYD PCB-17 Fails To Trip On Demand All emergency starts 
SPCBO21CHO SWYD PCB-21 Fails To Trip On Demand All emergency starts 
SPCBO24CHO SWYD PCB-24 Fails To Trip On Demand All emergency starts 
SPCBO26CHO SWYD PCB-26 Fails To Trip On Demand All emergency starts 
SPCBO28CHO SWYD PCB-28 Fails To Trip On Demand All emergency starts 
SPCBO33CHO SWYD PCB-33 Fails To Open On Demand All emergency starts
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Infrequently Tested/Demanded Keowee Components 

Test 
Basic Event Description Frequency 

XDIKBATBYF Keowee Battery No. 1 Fails During Discharge Annually 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge Annually 
YKlESIARYD Keowee 1 Emergency Start Aux Relay IESRX/1A Fails To Pick Up All emergency starts 
YKlESIBRYD Keowee 1 Emergency Start Aux Relay lESRX/IB Fails To Pick Up All emergency starts 
YKlES2ARYD Keowee 1 Emergency Start Aux Relay IESRX/2A Fails To Pick Up All emergency starts 
YKIES2BRYD Keowee 1 Emergency Start Aux Relay IESRX/2B Fails To Pick Up All emergency starts 
YK2ES I ARYD Keowee 2 Emergency Start Aux Relay 2ESRX/1 A Fails To Pick Up All emergency starts 
YK2ES1BRYD Keowee 2 Emergency Start Aux Relay 2ESRX/1B Fails to Pick Up All emergency starts 
YK2ES2ARYD Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up All emergency starts 
YK2ES2BRYD Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick Up All emergency starts 
YOlXXKARYD ONSI Ch A Keowee Emergency Start Relay KA Fails to Pick Up All emergency starts 
YOIXXKBRYD Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails All emergency starts 
YO2CR2ARYD ONS2 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up All emergency starts 
YO2CR2BRYD ONS2 Keowee Emergency Start Relay CR2B Fails to Pick Up All emergency starts 
YO3CR3ARYD ONS3 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up All emergency starts 
YO3CR3BRYD ONS3 Keowee Emer Start Relay CR3B Fails to Pick Up All emergency starts 

0 0 0



Table E-4 

Sensitivity Study Results -- Infrequently Tested/Demanded Components 

Gate Description Base Case Obj. 1 Percent Obj. 2 Percent Obj. 3 Percent 
Value Value Increase Value Increase Value Increase 

KU2STARTF* Keowee Unit 2 Fails To 7.84E-3 7.84E-3 0 1.62E-2 107 2.44E-2 211 
Start 

KU2RUN* Keowee Unit 2 Fails To 1.04E-2 1.04E-2 0 1.06E-2 1.9 1.57E-2 51 
Run 

KEOWTOP Oconee Emergency Power 7.35E-3 7.39E-3 0.5 8.40E-3** 15 9.49E-3* 30 
From Keowee Fails 7.28E-3** 

* Cutsets for gates KU2STARTF and KU2RUN have not had recovery events added.  

** These values are for KEOWTOP solved at a truncation limit of 1E-7. Attempting to solve for objectives 2 and 3 at the usual limit 
of 1E-8 exceeded CAFTA's limit on the number of cut sets.
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Uncertainty Analysis Summary 

Input Options 

Filename INTTOP.CUT 
Module Name KEOWTOP 
Sample Size 5000 
Seed 3709601 
Point Estimate 7.35E-03 
Number of Modules I 
Total Cutsets In All Modules 3417 
Number of Basic Events 507 
Number of Type Codes 40 
Inputs Missing Distributions 7 

Event Probability Reason No Distribution Assigned 
ACB4MOD 1 No credit for mod. taken in base case 
KKlBOTHDEX 0 Configuration not allowed in base case 
KKlRUNSDEX 0 Configuration not allowed in base case 
OFACTORDEX 0 Conditioning Event 
OMOD 0 No credit for mod. taken in base case 
XDOKBATRHE 1 No credit for this recovery taken in base case 
YOSTARTRHE .1 No credit for this recovery taken in base case 

Moments (With 95% Confidence) 

Low Estimate High 
Mean 7.21E-03 7.32E-03 7.44E-03 
Standard Deviation 4.35E-03 4.26E-03 4.18E-03 
Skewness -- 2.28E+00 -

Kurtosis -- 9.01E+00 --
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Uncertainty Analysis Summary 

Percentiles (With 95% Confidence) 

Low Estimate High 
Minimum -- 1.44E-03 -

2.5 2.39E-03 2.5 1E-03 2.61E-03 
5.0 2.85E-03 2.93E-03 3.01E-03 
10.0 3.34E-03 3.40E-03 3.47E-03 
20.0 4.07E-03 4.16E-03 4.22E-03 
25.0 4.41E-03 4.48E-03 4.56E-03 
30.0 4.76E-03 4.86E-03 4.94E-03 
40.0 5.48E-03 5.58E-03 5.66E-03 
50.0 6.16E-03 6.26E-03 6.37E-03 
60.0 7.OOE-03 7.11E-03 7.23E-03 
70.0 7.99E-03 8.15E-03 8.34E-03 
75.0 8.73E-03 8.88E-03 9.06E-03 
80.0 9.48E-03 9.64E-03 9.87E-03 
90.0 1.21E-02 1.24E-02 1.27E-02 
95.0 1.48E-02 1.53E-02 1.59E-02 
97.5 1.81E-02 1.87E-02 1.95E-02 

Maximum -- 4.34F-02 -

Input Data Values: Basic Events 

Type Dist. Calc.  
Basic Event Code Mean Error Type 2  T3= 1 

AAl27ClR6T R6T 24 0 1 
AAl27CPR6D R6D 1 0 1 
AA127R1RYT RYT 24 0 1 
AAl27X2R6D R6D 1 0 1 
AA127XCRYD RYD 1 0 1 
AA186CXRYT RYT 24 0 1 
AA186S1RYT RYT 24 0 1 
AA187CXRYT RYT 24 0 1 
AA2272PR6D R6D 1 0 1 
AA2272XR6D R6D 1 0 1 
AA227CPR6D R6D 1 0 1 
AA227X2RYD RYD 1 0 1 
AA286S2RYT RYT 24 0 1 
ABOSWGRCOM 6.69E-04 10 L 0 
ABOSWGRRHE .5 2 L 0
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Uncertainty Analysis Summary 

Type Dist. Calc.  
Basic Event Code Mean Error Type 2  1ype1 

AB24BKRCOM 1.12E-04 10 L 0 
AB252CCSVO SVO 1 0 1 
AB252TCSVT SVT 360 1 
AB252Y2R6D R6D 1 0 1 
AB2ACCUDEX 3.51E-05 10 L 0 
AB2CLOSLHE 2.60E-04 10 L 0 
AB2MCH2DEX 3.02E-04 10 L 0 
AB2R52XR6D R6D 1 0 1 
AB2R52ZR6T R6T 360 1 
AB31523SWT SWT 24 0 1 
AB352TCSVT SVT 24 0 1 
AB3PUSHPBT PBT 24 0 1 
AB3R52ZR6T R6T 24 0 1 
AB51431LHE 3.20E-04 10 L 0 
AB51431SWT SWT 360 0 1 
AB5MCH2DEX 7.04E-03 10 L 0 
AB610AFFUF FUF 6 0 1 
AB61432LHE 3.20E-04 10 L 0 
AB61432SWT SWT 360 0 1 
AB652CCRYD RYD 1 0 1 
AB652TCRYD RYD 1 0 1 
AB652Y2RYT RYT 360 0 1 
AB6CLOSLHE 2.60E-04 10 L 0 
AB6KEYISWT SWT 360 0 1 
AB6MCH2DEX 7.04E-03 10 L 0 
AB6MECHDEX 8.01E-04 10 L 0 
AB60PENLHE 3.20E-03 5 L 0 
AB6R52XRYD RYD 1 0 1 
AB6R52YRYD RYD 1 0 1 
AB710A1FUF FUF 6 0 1 
AB710AFFUF FUF 6 0 1 
AB752CCRYD RYD 1 0 1 
AB752TCRYD RYD 1 0 1 
AB752TCRYT RYT 24 0 1 
AB752Y2RYT RYT 360 0 1 
AB7CLOSLHE 2.60E-04 10 L 0 
AB7KEYISWT SWT 360 0 1 
AB7MCH2DEX 7.04E-03 10 L 0 
AB7MECHDEX 8.01E-04 10 L 0
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Uncertainty Analysis Summary 

Type Dist. Calc.  

Basic Event Code Mean Error Type 2  1ypel 
AB70PENLHE 3.20E-03 5 L 0 
AB7PUSHPBT PBT 30 0 1 
AB7R52XRYD RYD 1 0 1 
AB7R52YRYD RYD 1 0 1 
AB8MCH2DEX 7.04E-03 10 L 0 
ABPOPRCRHE 9.OOE-03 5 L 0 
ACB4MOD 1 0 0 
ACBAIRPDEX 2.OOE-03 10 L 0 
ACBXFERCOM 1.28E-06 10 L 0 
AD1B4ALCDT CDT 30 0 1 
AD2B2ALCDT CDT 30 0 1 
BK l l4/2SST SST 24 0 1 
BKlGBDCLHE 3.20E-03 5 L 0 
BKlGBO1FTC FTC 24 0 1 
BKlGBO5VVT VVT 24 0 1 
BKlGBO6VVT VVT 24 0 1 
BKlGBO8VVT VVT 24 0 1 
BKlGBO9VVT VVT 24 0 1 
BKlGOACGPR GPR 24 0 1 
BKlGOACGPS GPS 1 0 1 
BKlGODCTRM 1.14E-03 3 L 0 
BK2GBO1FTC FTC 24 0 1 
BKGBOILCOM 1.94E-06 10 L 0 
DDCIALXBYM 1.14E-02 3 L 0 
DDCBATTCOM 2.70E-05 10 L 0 
E12EXCTCOM 5.31E-05 10 L 0 
ED1ID3DCDT CDT 84 0 1 
ED13BR2CDT CDT 24 0 1 
ED22D3DCDT CDT 24 0 1 
ED23BR2CDT CDT 24 0 1 
EKOORUNCOM 1.24E-04 10 L 0 
EKOBASERHE 1.90E-02 5 L 0 
EK131TDRYT RYT 84 0 1 
EK14152SWT SWT 84 0 1 
EK1415TSWT SWT 24 0 1 
EK1415YRYD RYD 1 0 1 
EK1415YRYT RYT 84 0 1 
EK141AXR6D R6D 1 0 1 
EK141AXR6T R6T 24 0 1
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Type Dist. Calc.  
Basic Event Code Mean Error Type 2  1ypel 

EK141CFRYD RYD 1 0 1 
EK186E2RYT RYT 6 0 1 
EK186EXRYT RYT 84 0 1 
EK186X2RYT RYT 24 0 1 
EK188SVRYD RYD 1 0 1 
EK188SVRYT RYT 108 0 1 
EK1901ARYT RYT 84 0 1 
EK199SYRYD RYD 1 0 1 
EK199SYRYT RYT 24 0 1 
EKlBAS2DEX 1.24E-03 10 L 0 
EKlBASEDEX 6.17E-04 10 L 0 
EKlBASELHE 3.20E-03 5 L 0 
EKIDIODDEX 2.88E-04 10 L 0 
EKlEXCITGF TGF 84 0 1 
EKlEXC2TGF TGF 24 0 1 
EKlF30AFUF FUF 24 0 1 
EKlF31XRYD RYD 1 0 1 
EKIF41CRYD RYD 1 0 1 
EKlFAN1TLF TLF 24 0 1 
EKlFLDCLHE 2.60E-04 10 L 0 
EKIFLDMDEX 7.71E-05 10 L 0 
EKlFLSCLHE 2.60E-04 10 L 0 
EK1FLSMDEX 7.71E-05 .10 L 0 
EK1FLSOLHE 2.60E-04 10 L 0 
EK1R31TRYD RYD 1 0 1 
EKlR31YRYD RYD 1 0 1 
EK1R31YRYT RYT 84 0 1 
EK1R41XRYD RYD 1 0 1 
EK1R41YRYD RYD 1 0 1 
EKlR41YRYT RYT 84 0 1 
EK1R9AIRYT RYT 84 0 1 
EK1R9C1R6T R6T 84 0 1 
EKlS141SWT SWT 84 0 1 
EKlS31TSWT SWT 84 0 1 
EK1S41CRYD RYD 1 0 1 
EKIS41TSWT SWT 24 0 1 
EK1S41XRYD RYD 1 0 1 
EKlSPYCLHE 2.60E-04 10 L 0 
EK1SPYMDEX 4.62E-04 10 L 0
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Uncertainty Analysis Summary 

Type Dist. Calc.  
Basic Event Code Mean Error Type 2  Type 1 

EK1VREGDEX 2.47E-03 10 L 0 
EK231TDRYT RYT 12 0 1 
EK2415TSWT SWT 24 0 1 
EK2415YRYD RYD 1 0 1 
EK2415YRYT RYT 12 0 .1 
EK241AXR6D R6D 1 0 1 
EK241AXR6T R6T 24 0 1 
EK241CFRYD RYD 1 0 1.  
EK286E2RYT RYT 6 0 1 
EK286EXRYT RYT 12 0 1 
EK286X2RYT RYT 24 0 1 
EK288SVRYD RYD 1 0 1 
EK288SVRYT RYT 36 0 1 
EK2901ARYT RYT 12 0 1 
EK299SYRYD RYD 1 0 1 
EK299SYRYT RYT 24 0 1 
EK2BAS2DEX 1.24E-03 10 L 0 
EK2BASEDEX 6.17E-04 10 L 0 
EK2BASELHE 3.20E-03 5 L 0 
EK2DIODDEX 2.88E-04 10 L 0 
EK2EXCITGF TGF 12 0 1 
EK2EXC2TGF TGF 24 0 1 
EK2F30AFUF FUF 24 0 1 
EK2F31XRYD RYD 1 0 1 
EK2F41CRYD RYD 1 0 1 
EK2FANITLF TLF 24 0 1 
EK2FLDCLHE 2.60E-04 10 L 0 
EK2FLDMDEX 7.71E-05 10 L 0 
EK2FLSCLHE 2.60E-04 10 L 0 
EK2FLSMDEX 7.71E-05 10 L 0 
EK2FLSOLHE 2.60E-04 10 L 0 
EK2R31TRYD RYD 1 0 1 
EK2R31YRYD RYD 1 0 1 
EK2R31YRYT RYT 12 0 1 
EK2R41XRYD RYD 1 0 1 
EK2R41YRYD RYD 1 0 1 
EK2R41YRYT RYT 12 0 1 
EK2R9A2RYT RYT 12 0 1 
EK2R9C2R6T R6T 12 0 1
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Type Dist. Calc.  
Basic Event Code Mean Error Type 2  m[pe 1 

EK2S41CRYD RYD 1 0 1 
EK2S41TSWT SWT 24 0 1 
EK2S41XRYD RYD 1 0 1 
EK2SPYCLHE 2.60E-04 10 L 0 
EK2SPYMDEX 4.62E-04 10 L 0 
EK2VREGDEX 2.47E-03 10 L 0 
EKSTARTCOM 6.17E-05 10 L 0 
FKOFISHCOM 2.55E-03 10 L 0 
FKOFISHDHE 6.30E-02 5 L 0 
FKOWLO1VVT VVT 24 0 1 
FK1 120GLHE 3.20E-03 5 L 0 
FKlFLOIFRF FRF 24 0 1 
FK1FLO2FRF FRF 24 0 1 
FK1TRHXHXF HXF 24 0 1 
FKIWLO3VVT VVT 24 0 1 
FKIWLO4VVT VVT 24 0 1 
FKIWLO5VVT VVT 24 0 1 
FK1WLO6VVT VVT 24 0 1 
FKlWLO7VVT VVT 24 0 1 
FK1WLO8VVT VVT 24 0 1 
FKlWLO9VVT VVT 24 0 1 
FKIWL11AVO AVO 1 0 1 
FKlWL11AVT AVT 24 0 1 
FKIWL12VVT VVT 108 0 1 
FK1WL15VVT VVT 108 0 1 
FKlWL42VVT VVT 108 0 1 
FK1WL43VVT VVT 108 0 . 1 
FK2FLO1FRF FRF 24 0 1 
FK2FLO2FRF FRF 24 0 1 
FK2TRHXHXF HXF 24 0 1 
FK2WL11AVO AVO 1 0 1 
FK2WL11AVT AVT 24 0 1 
FKVALVECOM 2.46E-05 10 L 0 
GKOBRGVRHE 1.OOE-01 5 L 0 
GKOCOOLCOM 4.61E-07 10 L 0 
GKOLOCKCOM 4.06E-06 10 L 0 
GK1000IHGR HGR 24 0 1 
GK10001HGS HGS 1 0 1 
GK1063FPST PST 24 0 1
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Type Dist. Calc.  
Basic Event Code Mean Error Type 2  Type 1 

GK13SUIRYT RYT 24 0 1 
GK13SUISWT SWT 24 0 1 
GKl40G1RYT RYT 24 0 1 
GK159GNRYT RYT 24 0 1 
GK162TDRYT RYT 24 0 1 
GK163FXRYT RYT 24 0 1 
GKI86E1RYT RYT 24 0 1 
GK187G1RYT RYT 24 0 1 
GKl87GBRYT RYT 24 0 1 
GKl87TERYT RYT 24 0 1 
GKIBRGVLHE 2.60E-04 10 L 0 
GK1COOLLHE 2.60E-04 10 L 0 
GK1FIREDEX 3.19E-05 10 L 0 
GKIGAC1HXF HXF 24 0 1 
GKIGAClHXL HXL 108 0 1 
GK1GAC2HXF HXF 24 0 1 
GKlGAC2HXL HXL 108 0 1 
GK1GAC3HXF HXF 24 0 1 
GKlGAC3HXL HXL 108 0 1 
GKlGAC4HXF HXF 24 0 1 
GKlGAC4HXL HXL 108 0 1 
GK1GAC5HXF HXF 24 0 1 
GKIGAC5HXL HXL 108 0 1 
GK1GAC6HXF HXF 24. 0 1 
GKlGAC6HXL HXL 108 0 1 
GK1HPO1HXF HXF 24 0 1 
GKlHPO2HXF HXF 24 0 1 
GKlHPO3HXF HXF 24 0 1 
GKlHPO4HXF HXF 24 0 1 
GKlHPO5HXF HXF 24 0 1 
GKlHPO6HXF HXF 24 0 1 
GKlHPO6VVT VVT *24 0 1 
GKlHPO7HXF HXF 24 0 1 
GKlHPO8HXF HXF 24 0 1 
GKINGDCLHE 5.20E-05 10 L 0 
GKlWL16VVT VVT 384 0 1 
GKlWL17VVT VVT 384 0 1 
GKlWL18VVT VVT 108 0 1 
GKlWL19VVT VVT 108 0 1
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Type Dist. Calc.  
Basic Event Code Mean Error ype 2  1ype1 

GKlWL20VVT VVT 384 0 1 
GKlWL21VVT VVT 384 0 1 
GKlWL22VVT VVT 108 0 1 
GK1WL23VVT VVT 108 0 1 
GKlWL24VVT VVT 384 0 1 
GKlWL25VVT VVT 384 0 1 
GKlWL26VVT VVT 108 0 
GKlWL27VVT VVT 108 0 1 
GKlWL28VVT VVT 384 0 1 
GKlWL29VVT VVT 384 0 1 
GKlWL30VVT VVT 108 0 1 
GKlWL31VVT VVT 108 0 1 
GKIWL32VVT VVT 384 0 1 
GK1WL33VVT VVT 384 0 1 
GKlWL34VVT VVT 108 0 1 
GKlWL35VVT VVT 108 0 1 
GKlWL36VVT VVT 384 0 1 
GKlWL37VVT VVT 384 0 1 
GKlWL38VVT VVT 108 0 1 
GKlWL39VVT VVT 108 0 1 
GKlWL41VVT VVT 384 0 1 
GKlWL44VVT VVT 384 0 1 
GKlWL45VVT VVT 384 0 1 
GK1WL46VVT VVT 108 0 1 
GKlWL47VVT VVT 108 0 1 
GK1WL48VVT VVT 384 0 1 
GK1WL49VVT VVT 384 0 1 
GK1WL50VVT VVT 108 0 1 
GKlWL51VVT VVT 108 0 1 
GKlWL52VVT VVT 384 0 1 
GK1WL53VVT VVT 384 0 1 
GKlWL54VVT VVT 108 0 1 
GKlWL55VVT VVT 108 0 1 
GK1WL56VVT VVT 384 0 1 
GKlWL57VVT VVT 384 0 1 
GK1WL58VVT VVT 108 0 1 
GKlWL59VVT VVT 108 0 1 
GK1WL60VVT VVT 384 0 1 
GKlWL61VVT VVT 384 0 1
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Type Dist. Calc.  

Basic Event Code -Mean Error Type 2  1ypel 
GKlWL62VVT VVT 108 0 1 
GKlWL63VVT VVT 108 0 1 
GKlWL64VVT VVT 384 0 1 
GKlWL65VVT VVT 384 0 1 
GKlWL66VVT VVT 108 0 1 
GKlWL67VVT VVT 108 0 1 
GKlWL68VVT VVT 384 0 1 
GKlWL69VVT VVT 384 0 1 
GK1WL70VVT VVT 108 0 1 
GKlWL71VVT VVT 108 0 1 
GKIWL72VVT VVT 384 0 1 
GKIWL73VVT VVT 384 0 1 
GKlWL74VVT VVT 108 0 1 
GK1WL75VVT VVT 108 0 1 
GK1WL76VVT VVT 384 0 1 
GKlWL78VVT VVT 384 0 1 
GK20001HGR HGR 24 0 1 
GK20002HGS HGS 1 0 1 
GK2063FPST PST 24 0 1 
GK23SUIRYT RYT 24 0 1 
GK23SUISWT SWT 24 0 1 
GK240G1RYT RYT 24 0 1 
GK259GNRYT RYT 24 0 1 
GK262TDRYT RYT 24 0 1 
GK263FXRYT RYT 24 0 1 
GK286E2RYT RYT 24 0 1 
GK287G2RYT RYT 24 0 1 
GK287GBRYT RYT 24 0 1 
GK287TERYT RYT 24 0 1 
GK2BRGVLHE 2.60E-04 10 L 0 
GK2COOLLHE 2.60E-04. 10 L 0 
GK2FIREDEX 7.OOE-05 10 L 0 
GK2GAC1HXF HXF 24 0 1 
GK2GAC1HXL HXL 36 0 1 
GK2GAC2HXF HXF 24 0 1 
GK2GAC2HXL HXL 36 0 1 
GK2GAC3HXF HXF 24 0 1 
GK2GAC3HXL HXL 36 0 1 
GK2GAC4HXF HXF 24 0 1



(Page 11 of 16) 
Table E-5 

Uncertainty Analysis Summary 

Type Dist. Calc.  
Basic Event Code Mean Error Type 2  1ype1 

GK2GAC4HXL HXL 36 0 1 
GK2GAC5HXF HXF 24 0 1 
GK2GAC5HXL HXL 36 0 1 
GK2GAC6HXF HXF 24 0 1 
GK2GAC6HXL HXL 36 0 1 
GK2HPO1HXF HXF 24 0 1 
GK2HPO2HXF HXF 24 0 1 
GK2HPO3HXF HXF 24 0 1 
GK2HPO4HXF HXF 24 0 1 
GK2HPO5HXF HXF 24 0 1 
GK2HPO6HXF HXF 24 0 1 
GK2HPO7HXF HXF 24 0 1 
GK2HPO8HXF HXF 24 0 1 
GK2NGDCLHE 5.20E-05 10 L 0 
GKHPOILCOM 4.61E-07 10 L 0 
KA127TIR6D R6D 1 0 1 
KB4CONNDEX 1.1OE-07 10 L 0 
KK1BOTHDEX 0 0 0 
KKIBOTHHYM 5.23E-03 3 L 0 
KK1RUNSDEX 0 0 0 
KKlUNDRBHF BHF 24 0 1 
KK2RUNSDEX - 6.OOE-02 10 L 0 
KK2UNITHYM 3.80E-02 3 L 0 
OFACTORDEX 1 0 0 
OKOPRUNCOM 1.46E-05 10 L 0 
OK10003RVT RVT 24 0 1 
OK10003TKF TKF 24 0 1 
OKIAGO1TKF TKF 24 0 1 
OKlAGO4RVT RVT 24 0 1 
OKlAGO5VVT VVT 24 0 1 
OKlPSTRCOM 2.04E-05 10 L. 0 
OK20003RVT RVT 24 0 1 
OK20003TKF TKF 24 0 1 
OK2AGO4RVT RVT 24 0 1 
OK2AGO1TKF TKF 24 0 1 
OK2PSTRCOM 2.04E-05 10 L 0 
OMOD 0 0 0 
PACITC4C4T C4T 24 0 1 
PACXITCBHF BHF 24 0 1
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PKOSUMPCOM 2.44E-06 10 L 0 
PK1ACDCCOM .2.77E-05 10 L 0 
PK1PACKDEX 3.10E-05, 10 L 0 
PK1TSACGPR GPR 30 0 1 
PKITSDCLHE 3.20E-03 5 L 0 
PKlTSDCTRM 6.85E-04 3 L 0 
PK2ACDCCOM 2.77E-05 10 L 0 
PK2PACKDEX 3.1 OE-05 10 L 0 
PMFBI 5.60E-03 5 L 0 
PMFB2 5.60E-03 5 L 0 
S127EUVRYT RYT 9M 0 1 
S127EXVRYD RYD 1 0 1 
S227EUVRYT RYT 9M 0 1 
S227EXVRYD RYD 1 0 1 
SKXFMR1THF THF 24 0 1 
SPC871XRYT RYT 72 0 1 
SPC872XRYT RYT 72 0 1 
SPC87TIRYT RYT 72 0 1 
SPCB008CHO CHO 1 0 1 
SPCBOO9CHC CHC 1 0 1 
SPCBO12CHO CHO 1 0 1 
SPCB015CHO CHO 1 0 1 
SPCB017CHO CHO 1 0 1 
SPCBO21CHO CHO 1 0 1 
SPCBO24CHO CHO 1 0 1 
SPCB026CHO CHO 1 0 1 
SPCBO28CHO CHO 1 0 1 
SPCBO33CHO CHO 1 0 1 
SU327UVCOM 1.18E-04 10 L 0 
SXFRCT3THF THF 24 0 1 
SXFRCT3THM 1.74E-04 3 L 0 
SXFRCT4LHE 6.40E-05 10 L 0 
SXFRCT4THM 9.13E-04 3 L 0 
SYPCBO9CHT CHT 24 0 1 
SYPCB30CHT CHT 24 0 1 
U5086EFRYT RYT 24 0 1 
U5186EFRYT RYT 24 0 1 
U51TNC4RYT RYT 24 0 1 
U62BSKIRYT RYT 24 0 1
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U62BSK2RYT RYT 24 0 1 
U86CT4XRYT RYT 24 0 1 
U86TCT4RYT RYT 24 0 1 
U87TCT4RYT RYT 24 0 1 
UACXCT4THF THF 24 0 1 
UXX86EFRYT RYT 24 0 1 
WKOORUNCOM 2.09E-05 10 L 0 
WKlGVCDDEX 3.50E-05 10 L 0 
WK1GVCDLHE 2.60E-04 10 L 0.  
WKlGVRNDEX 5.60E-04 10 L 0 
WKlSPD2DEX 5.60E-05 10 L 0 
WKlTBCDDEX 3.50E-05 10 L 0 
WK1TBRNDEX 5.60E-04 10 L 0 
WK2GVCDDEX 3.50E-05 10 L 0 
WK2GVCDLHE 2.60E-04 10 L 0 
WK2GVHTDEX 3.50E-04 10 L 0 
WK2GVRNDEX 5.60E-04 10 L 0 
WK2SPD2DEX 5.60E-05 10 L 0 
WK2TBCDDEX - 3.50E-05 10 L 0 
WK2TBHTDEX 3.50E-04 10 L 0 
WK2TBRNDEX 5.60E-04 10 L 0 
WKCSTRTCOM 1.12E-05 10 L 0 
XAOSWGRCOM 1.22E-06 10 L 0 
XA1BKRSCOM 3.1OE-04 10 L 0 
XAIX2AXCLT CLT 24 0 1 
XAIX2CCCLT CLT 24 0 1 
XAIXA1ACLT CLT 24 0 1 
XA1XAALBLM 2.74E-03 3 L 0 
XAIXAMCBLF BLF 24 0 1 
XAIXCXXTHM 4.57E-04 3 L 0 
XAIXCXXTLF TLF 24 0 1 
XA1XXXXBLF BLF 24 0 1 
XA2BKRSCOM 3.1OE-04 10 L 0 
XA2X2BXCLT CLT 24 0 1 
XA2X2DXCLT CLT 24 0 1 
XA2X4AXCLT CLT 24 0 1 
XA2XAALBLM 2.74E-03 3 L 0 
XA2XAMCBLF BLF 24 0 1 
XA2XXXXBLF BLF 24 0 1
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XA56BKRCOM 3.1OE-04 10 L 0 
XA78BKRCOM 3.1OE-04 10 L 0 
XDOBATI'COM 2.70E-05 10 L 0 
XDOCHRGCOM 3.48E-05 10 L 0 
XDOKBATRHE 1 0 0 
XD104CCCDT CDT 24 0 1 
XD1BKlACDT CDT 24 0 1 
XD1CKCIBCF BCF 24 0 1 
XD1DALTBYM 5.48E-03 3 L 0 
XDIDARXBDF BDF 24 0 1 
XD1KB1XRHE 9.30E-02 5 L 0 
XD1KBATBYF BYF 1 0 1 
XD204CCCDT CDT 24 0 1 
XD2BK1ACDT CDT 24 0 1 
XD2CKC2BCF BCF 24 0 1 
XD2DALTBYM 5.48E-03 3 L 0 
XD2DARXBDF BDF 24 0 1 
XD2KB2XRHE 9.30E-02 5 L 0 
XD2KBATBYF BYF 1 0 1 
YOSTARTCOM 7.26E-06 10 L 0 
YOSTARTRHE .5 0 0 
YK114X3SSD SSD 1 0 1 
YK13SUISWT SWT 24 0 1 
YK14AMRRYT RYT 24 0 1 
YK163BHLST LST 24 0 1 
YK163BHRYT RYT 24 0 1 
YKl63BLLST LST 24. 0 1 
YK163BLRYT RYT 24 0 1 
YK163TBLST LST 24 0 1 
YK163TBRYT RYT 24 0 1 
YK199SDRYD RYD 1 0 1 
YK199SDRYT RYT 24 0 1 
YK199SNRYD RYD 1 0 1 
YK199SNRYT RYT 24 0 1 
YK199SXRYD RYD 1 0 1 
YK199SXRYT RYT 24 0 1 
YKlD4CRFUF FUF 6 0 1 
YKlESIARYD RYD 1 0 1 
YKlES2ARYD RYD 1 0 1
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Basic Event Code Mean Error Type 2  1ype1 

YKlMR4ARYD RYD 1 0 1 
YKISS12SST SST 24 0 1 
YKISS13SSD SSD 1 0 1 
YK214X3SSD SSD 1 0 1 
YK23SUISWT SWT 24 0 1 
YK24AMRRYT RYT 24 0 1 
YK263BHLST LST 24 0 1 
YK263BHRYT RYT 24 0 1 
YK263BLLST LST 24 0 1 
YK263BLRYT RYT 24 0 1 
YK263TBLST LST 24 0 1 
YK263TBRYT RYT 24 0 1 
YK299SDRYD RYD 1 0 1 
YK299SDRYT RYT 24 0 1 
YK299SNRYD RYD 1 0 1 
YK299SNRYT RYT 24 0 1 
YK299SXRYD RYD 1 0 
YK299SXRYT RYT 24 0 1 
YK2D2CCFUF FUF 6 0 1 
YK2ES1BRYD RYD 1 0 1 
YK2ES2BRYD RYD 1 0 1 
YK2MR4ARYD RYD 1 0 1 
YK2SS12SST SST 24 0 1 
YK2SS13SSD SSD 1 0 1 

ICalc. type 0: failure probability = mean 
Calc. type 1: failure probability = type code failure rate * mean 

2 For calc. type 0, the distribution type is assigned individually to each basic event.  
For calc. type 1, the basic event distribution type is determined by the type code 
distribution type
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Input Data Values: Type Codes 

Type Code Mean Error Units Distribution 

AVO 2.80E-04 2.8 N L 
AVT 2.30E-06 10 H L 
BCF 2.90E-05 1.9 H L 
BDF 3.20E-07 5.2 H L 
BHF 4.OOE-07 5.1 H L 
BLF 2.70E-07 6.4 H L 
BYF 9.30E-04 7.8 N L 
C4T 9.40E-07 5.7 H L 
CDT 7.50E-08 5.7 H L 
CHC 2.60E-04 3.7 N L 
CHO 2.60E-05 10 N L 
CHT 1.90E-06 2.8 H L 
CLT 9.1OE-07 3.3 H L 
FRF 9.80E-07 6.6 H L 
FTC 1.80E-06 6.6 H L 
FUF 3.60E-06 2.1 H L 
GPR 1.40E-05 2.3 H L 
GPS 9.70E-05 1.7 N L 
HGR 9.46E-05 10 H L 
HGS 1.54E-04 10 N L 
HXF 6.40E-07 8.2 H L 
HXL 1.00E-07 10 H L 
LST 3.1OE-07 8 H L 
PBT 2.40E-07 10 H L 
PST 4.30E-07 4.6 H L 
R6D 2.49E-04 10 N L 
R6T 3.63E-07 10 H L 
RVT 5.60E-06 2.2 H L 
RYD 3.30E-05 2.1 N L 
RYT 3.60E-07 2.3 H L 
SSD 1.80E-05 6.4 N L 
SST 4.20E-06 3.7 H L 
SVO 2.90E-05 7.5 N L 
SVT 3.90E-07 3 H L 
SWT 7.OOE-08 10 H L 
TGF 9.80E-07 7 H L 
THF 3.1OE-06 3.4 H L 
TKF 4.60E-07 6.3 H L 
TLF 7.50E-07 7 H L 
VVT 1.70E-08 7.3 H L 

N =er demand; H =per hour
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Keowee PRA Basic Event Data 
Two Unit Generation - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

1 AA1271PR6D 1 Transformer IX Undervoltage Relay 27/iX Fails To Pick Up 2.49E-04 
2 AA1271XR6T 30 Transformer IX Undervoliage Relay 27/iX Spuriously De-energizes 1.09E-05 
3 AA127C1R6T 24 Transformer CX Undervoltage Rela',27,CXl Spuriously Dc-energizes 8.71E-06 
4 AA127CPR6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Pick Up 2.49E-04 
5 AAl27RlRYT 24 Auxiliary Relay 27X/CX1 Spurious Operation 8.64E-06 
6 AA127X1RYD 1 Auxiliary Relay 27X/lX Fails To Operate On Demand 3 .30E-05 
7 AA127XlRYT 384 Auxiliary Relay 27X/lX Spurious Operation .1.38E-04 
8 AA127X2R6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Drop Out 2.49E-04 
9 AA127XCRYD 1 Auxiliary Relay 27/CXl Fails To operate On Demand 3 .30E-05 

10 AA186CXRYT 24 Transformer CX Differential Lock out Relay 86CX Spurious Operation 8.64E-06 
11 AA186S1RYT 24 Switchgear 1X Lockout Relay 86S/lX Spurious Operation 8.64E-06 
12 AA187CXRYT 24 Transformer CX Differential Relay 87CX Spurious Operation 8.64E-06 
13.AA2272PR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up 2.49E-04 
14 AA2272XR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out 2.49E-04 
15 AA2272XR6T 24 Transformer 2X Undervoltage Relay 27/2X Spuriously Dc-energizes 8.71E-06 
16 AA227C2R6T 30 Transformer CX Undervoltage Relay 2 7/CX2 Spuriously Dc-energizes 1.09E-05 
17 AA227C2RYD 1 Auxiliary Relay 27X/CX2 Fails To Operate On Demand 3.30E-05 
18 AA227CPR6D 1 Transformer CX Uniervoltage Relay 27/CX2 Fails To Pick Up 2.49E-04 
19 AA227R2RYT 384 Auxiliary Relay 27X/CX2 Spurious Operation 1.38E-04 
20 AA227T2R6D 1 Transformer: 2X Undervoltage Relay (27T/2X) Fails To Drop Out 2.49E-04 
21 AA227X2RYD 1 Auxiliary Relay 27X/2X Fails To Operate On Demand 3.30E-05 
22 AA227X2RYT 24 Auxiliary Relay 27X/2X Spurious Operation 8.64E-06 
23 AA286S2RYT 24 Switchgear 2X Lockout Relay 86S/2K Spurious Operation 8.64E-06 
24 ABO04ECCDT 30 DC Circuit Breaker lDA-4EC Transfers Position 2.25E-06 
25 ABO086TRYD 1 Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand 3.30E-05 
26 ABO624CRYD 1 Time Delay Relay 62-4c Fails To Operate On Demand 3.30E-05 
27 AB086E1RYD 1 Emergency Lock out Relay 86E-l..Fails To Operate On Demand 3.30E-05 
28 ABO86TGRYD 1 General Keowee Main Tx Lock Out Sensing Relay Fails To Operate 3.30E-05 
29 ABOSWGRCOM 6.69E-04 Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 
30 ABOSWGRRHE 1.0 Failure To Recover Keowee Aux Power Breakers by Manual Control 1.00E+00 
31 AB152TCSVO 1 Air Circuit Breaker 1 Trip Coil Fails To Operate 2.90E-05 
32 AB1ACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 3.51E-05 
33 AB1FALTDEX 1.75E-05 Fault occurs at ACB-l When The BReaker Trips 1.75E-O5 
34 AB1MECHDEX 1.51E-4 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 1.51E-04 
35 AB1OPENLHE 2.60E-4 Air Circuit Breaker 1 Fails To Open Due To ALatent Human Error 2.60E-04 
36 AB1PSO2PST 12 Air Circuit Breaker 1 Accumulator Pressure Swtch PS2 Fails Low 5.16E-06 03 Tranfrme r Undervol
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Keowee PRA Basic Event Data 
Two Unit Generation - Bayesian Update/Unrecovered 

NAME FACTOR DESCRIPTION PROBABILITY 

38 AB1R52ZR6D 1 Air Circuit Breaker 1 Relay 52Z Fails To Operate 2.49E-04 
39 AB21521SWT 30 Control Switch 152-2 Spurious operation 2.10E-06 
40 AB22BVlRYT 24 Backup Undervoltage Relay 2BVl Spurious Operation 8.64E-06 
41 AB23BKRCOM 1.12e-04 Common Cause Failure Of Air Circuit Breakers 2 And 3 To Close 1.12E-04 
42 AB24BKRCOM 1.12E-04 Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 
43 AB251G2RYT 24 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation 8.64E-06 
44 AB252CCSVO 1 Air Circuit Breaker 2 Close Coil Fails To Operate 2.90E-05 
45 AB252TCSVO 1 Air Circuit Breaker 2 Trip Coil Fails To Operate 2.90E-05 
46 AB252TCSVT 36 Air Circuit Breaker 2 Trip Coil Spurious Operation 1.40E-05 
47 AB252Y2R6D 1 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
48 AB252Y2R6T 12 Air Circuit Breaker 2 Y-relay Spurious Operation 4 .36E-06 
49 AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 3.51E-05 
50 AB2CLOSLHE 2.60E-4 Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 
51 AB2KEYISWT 12 Air Circuit Breaker 2 Key Interlock Switch Transfers open 8 .40E-07 
52 AB2MCH2DEX 3.025-4 Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-04 
53 AB2MECHDEX 1.515-4 Air Circuit Breaker 2 Fails To Open Due To Mechanical Failure 1.51E-04 
54 AB20PENLHE 2.605-4 Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 
55 AB2PSO2PST 12 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 Fails Low 5.16E-06 
56 AB2PSWTPST 24 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 1.03E-05 
57 AB2PUSHPBT 36 Trip Pushbutton On ACB2 Spurious Operation 8.645-06 
58 AB2R462RYT 24 Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious operation 8.645-06 
59 AB2RS2XR6D 1 Air Circuit Breaker 2 Relay 52X Fails To Operate 2.49E-04 
60 AB2R52ZR6D 1 Air Circuit Breaker 2 Relay 52Z Fails To Operate 2.495-04 
61 AB2RS2ZR6T 36 Air Circuit Breaker 2 Relay 52Z Spurious Operation 1.315-05 
62 AB31523SWT 24 Control Switch 152-3 Spurious Operation 1.685-06 
63 AB352CCSVO 1 Air Circuit Breaker 3 Close Coil'Fails To Operate 2.905-05 
64 AB352TCSVO 1 Air Circuit Breaker 3 Trip Coil Fails To Operate 2.905-05 
65 AB352TCSVT 24 Air Circuit Breaker 3 Trip Coil Spurious Operation 9.365-06 
66 AB352Y2R6D 1 Air Circuit Breaker 3 Relay 52Y Failed.To Drop Out Following Last Demand 2.495-04 
67 AB352Y2R6T 360 Air Circuit Breaker 3 Y-relay Spurious operation 1.315-04 
68 AB3ACCUDEX 3.515-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 3.515-05 
69 AB3CLOSLHE 2.60e-04 Air Circuit Breaker 3 Fails To Close Due To Latent Human Error 2.60E-04 
70 AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical Failure 3.02E-04 
71 AB3MECHDEX 1.515-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical Failure 1.51E-04 
72 AB3PSO2PST 372 Air Circuit Breaker 3 Accumulator Pressure Sjitch PS2 Fails Low 1.60E-04 73 AB3PSWTPST 24 Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low 1.03-05 
74 AB3PUSHPBT 24 Trip Pushbutton On ACB3 Spurious O seration 5.765-06
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75 AB3R52XR6D 1 Air Circuit Breaker 3 Relay 52X Fails To Operate 2 .49E-04 
76 AB3R52ZR6D 1 Air Circuit Breaker 3 Relay 52Z Fails To Operate 2.49E-04 
77 AB3R52ZR6T 24 Air Circuit Breaker 3 Relay 52Z Spurious Operation 8.71E-06 
78 AB41523SWT 24 Control Switch 152-4 Spurious operation 1.68E-06 
79 AB452CCSVO 1 Air Circuit Breaker 4 Close Coil Fails To Operate 2.90E-05 
80 AB452TCSVT 24 Air Circuit Breaker 4 Trip Coil Spurious operation 9.36E-06 
81 AB452Y2R6D 1 Air Circuit Breaker 4 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
82 AB452Y2R6T 372 Air Circuit Breaker 4 Y-relay Spurious operation 1.35E-04 
83 AB4ACCUDEX 3.51E-05 Air Circuit Breaker 4 Accumulator Air Pressure Low 3.51E-05 
84 AB4CLOSLHE 2.60E-4 Air Circuit Breaker 4 Fai]s To Close Due To A Latent Human Error 2.60E-04 
85 AB4CLSESWC 1 Air Circuit Breaker 4 Close Switch Fails To Close On Demand I-OOE-05 
86 AB4KEYISWT 372 Air Circuit Breaker 4 Key Interlock Switch Transfers Open 2.60E-05 
87 AB4LORESWT 372 Air Circuit Breaker 4 Local/Remote Switch Contact Transfers Position .2.60E-05 
88 AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical Failure 3.02E-04 
89 AB4PSO2PST 372 Air Circuit Breaker 4 Accumulator Pressure Switch P82 Indicates Low Pressure 1.60E-04 
90 AB4PSWTPST 12 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air Pressure 5.16E-06 
91 AB4PUSHPBT 24 Trip Pushbutton On ACB-4 Spurious Operation 5.76E-06 
92 AB4R52XR6D 1 Air Circuit Breaker 4 Relay 52X Fails To Operate 2.49E-04 
93 AB4RS2ZR6T 24 Air Circuit Breaker 4 Relay 52Z Spurious Operation 8.71E-06 
94 AB51OA1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
95 AB51431LHE 3.20E-4 Manual/Auto Control Switch 143/1 Left In Manual 3.10E-04 
96 AB51431RYT 360 Auxiliary Relay 143X/1 Spuriously Energizes 1.30E-04 
97 AB51431SWT 360 Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 2.52E-05 
98 ABS52CCRYD I Air Circuit Breaker 5 Close Coil CC Fails On Demand 3. 30E-05 
99 AB552TCRYT 384 Air Circuit Breaker 5 Trip Coil 52TC Spurious operation 1.38E-04 

100 ABS52Y2RYT 360 Air Circuit Breaker 5 Y-relay Spurious Operation 1.30E-04 
101 AB583SSRYD 1 Time Delay Relay 83S5 Fails To Pick Up 3.30E-05 
102 AB5CLOSLHE 2.60E-4 Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2.60E-04 
103 AB5KEYISWT 360 Air Circuit Breaker S Key Interlock Switch Transfers Open 2.52E-05 
104 AB5MCH2DEX 7.04E-03 Air Circuit Breaker 5 Fails To Close tue To Mechanical Failure 7.04E-03 
105 AB5PUSHPBT 384 Trip Pushbutton On ACB5 Spurious Operation 9.22E-05 
106 ABSR52XRYD 1 Air Circuit Breaker 5 Relay 52X Fails To Operate 3.30E-05 
107 AB5R52YRYD 1 Air Circuit Breaker 5 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
108 AB61OAlFUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2. 16E-05 
109 AB610AFFUF 6 One Or More Control Power Fuses For Relay 27,K/2X Fail 2. 16E-05 
110 AB61432LHE 3.20E-4 Manual/Auto Control Switch 143/2 Left In Manual 3.20E-04 
111 AE614322WT 360 Manual/Auto Control Switch 143/2 Spuriously Transfers nto Manual 2.52E-05
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112 AB652CCRYD 1 Air Circuit Breaker 6 Close Coil CC Fails On Demand 3.30E-05 
113 AB652TCRYD 1 Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate 3.30E-05 
114 AB652TCRYT 24 Air Circuit Breaker 6 Trip Coil 52TC Spurious Operation 8.64E-06 
115 AB652Y2RYT 360 Air Circuit.Breaker 6 Y-relay Spurious Operation 1.30E-04 
116 AB6CLOSLHE 2.60E-4 Air Circuit Breaker 6 Fails To Close Due To A Latent Human Error 2.60E-04 
117 AB6KEYISWT 360 Air Circuit Breaker 6 Key Interlock Switch Transfers Open 2.52E-05 
118 AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 
119 AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 
120 AB60PENLHE 3.20E-3 Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 
121 AB6PUSHPBT 24 Trip Pushbutton On ACB6 Spurious Operation 5.76E-06 
122 AB6RS2XRYD 1 Air Circuit Breaker 6 Relay 52X Fails To Operate 3.30E-05 
123 AB6R52YRYD 1 Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
124 AB710AlFUF 6 One Or More Control Power Fuses. For X, Y And CC Fail 12.16E-05 
125 AB710AFFUF 6 One Or More Air Circuit Breaker 7 Control Power Fuses Fail 2.16E-05 
126 AB752CCRYD 1 Air Circuit Breaker 7 Close Coil CC Fails On Demand 3.30E-05 
127 AB752TCRYD 1 Air Circuit Breaker 7 Trip Coil CC Fails On Demand 3.30E-05 
128 AB752TCRYT 24 Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation 8.64E-06 
129 AB752Y2RYT 360 Air Circuit Breaker 7 Y-relay Spurious Operation 1.30E-04 
130 AB7CLOSLHE 2.60E-4 Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-04 
131 AB7KEYISWT 360 Air Circuit Breaker 7 Key Interlock Switch Transfers Open 2.52E-05 
132 AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 
133 AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 
134 AB70PENLHE 3.20E-3 Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 
135 AB7PUSHPBT 30 Trip Pushbutton On ACB7 Spurious Operation 7.20E-06 
136 AB7R52XRYD 1 Air Circuit Breaker 7 Relay 52X Fails To Operate 3.30E-05 
137 AB7R52YRYD 1 Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
138 AB810A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 
139 AB81432RYT 360 Auxiliary Relay 143X/2 Spuriously Energizes 1 .30E-04 
140 AB852CCRYD 1 Air Circuit Breaker 8 Close Coil CC Fails On Demand 3.30E-05 
141 AB852TCRYT 384 Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 1.38E-04 
142 AB852Y2RYT 360 Air Circuit Breaker 8 Y-relay Spurious Operation 1.30E-04 
143 AB86E1ARYD 1 Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand 3.30E-05 
144 AB86E1GRYD 1 Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate 3.30E-05 
145 AB883S8RYD 1 Time Delay Relay 83S8 Fails To Pick Up 3.30E-05 
146 AB8KEYISWT 360 Air Circuit Breaker 8 Key Interlock Switch T~ansfers Open 2.52E-05 
147 AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical Failure 7.04E-03 
148 AB8PUSHPBT 384 Trip Pushbutton On ACB8 Spurious Operation 9.22E-05
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149 AB8R52XRYD 1 Air Circuit Breaker 8 Relay 52X Fails To Operate 3.30E-05 
150 AB8R52YRYD 1 Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
151 ABEOPRCDHE 1.0 Operators Fail To Close Air Circuit Breaker 2 1.OOE+00 
152 ABEOPRCRHE 1 Operators Fail To Close Air Circuit Breaker 2 1. OOE+00 
153 ABPOPRCRHE 1.0 Operators Fail To Close Air Circuit Breaker 4 1.00E+00 
154 ACB4MOD 0 NSM-ON-52966 Is Not In Service 0.00E+00 
155 ACBAIRPDEX 2.OOE-03 ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 
156 ACBTRIPCHE 0.0 Operators Trip Generator Output ACBs 0.00E+00 
157 ACBXFERCOM 1.28E-06 Common Cause Failure That Results In ACBs 2 & 3 Transfering Open 1.28E-06 
158 AD1B4ALCDT 30 Breaker 4Aa In 125 V dc Distribution Center 1DA Transfers Open 2.25E-06 
159 ADIC3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 1DA Transfers Position 1.80E-06 
160 AD1C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position 1.80E-06 
161 AD1SCLRCDT 12 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position (Rec) 9.OOE-07 
162 AD2B2ALCDT 30 Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 2.25E-06 
163 AD2B3CCCDT 12 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 9.00E-07 
164 AD2C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
165 AD2C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 
166 AK1141XRYD 1 Auxiliary Relay 14GOV/1X Fails To Pick-up 3.30E-05 
167 AK114GVDEX 1.OOe-04 KU1 Magnetic Speed Switch System Fails 1.OOE-04 
168 AK121TDRYD 1 Time Delay Relay 2-lTD Fails To Pick-up 3.30E-05 
169 AK152TDRYD 1 Time Delay Relay 52-lTD Fails To Pick-up 3.30E-05 
170 AK152TDRYT 4380 Time Delay Relay 52-lTD Spurious Operation 1.58E-03 
171 AK152XGRYD 1 Relay 52XG/1 Fails To Pick Up When The Unit Is Started 3.30E-05 
172 AK152XGRYT 2 Relay 52XG/1 Spuriously Drops Out While The Unit Is Running 7.20E-07 
173 AK1AX34RYT 6 Relay S2AX/34 Spuriously Drops-out 2..16E-06 
174 AK1GV1XRYD 1 Relay 14GOV/1X Fails To Pick-up 3.30E-05 
175 AK1OFRQCOM 3.30E-06 KU1 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
176 AK1X34XRYT 6 Relay 52AX/34X Spuriously Drops-out 2.16E-06 
177 AK212OSSST 36 Turbine Overspeed Switch Indicates Overspeed 1.51E-04 
178 AK2142XRYD 1 Auxiliary Relay 14GOV/2X Fails To Pick Up 3.30E-05 
179 AK214GVDEX 1.00e-4 KU2 Magnetic Speed Switch System Fails 1.00E-04 
180 AK222TDRYD 1 Time Delay Relay 2-2TD Fails To Pick-up 3.30E-05 
181 AK252TDRYD 1 Time Delay Relay 52-2TD Fails To Operate 3.30E-05 
182 AK252TDRYT 4380 Time Delay Relay 52-2TD Spurious Operation 1.58E-03 
183 AK252WORYD 1 KU2 Relay 52W Fails To Pick Up 3.30E-05 
184 AK252XGRYD 1 Auxiliary Relay 52XG/2 Fails To Pick -up 3.30E-05 
185 AK2GATEDEX 2.11E-5 Wicket Gate Limit Switch Indicates Gate Position Is Below No-load Setting 2.11E-05 

* 0
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186 AK2GV2XRYD 1 Relay l4GOV/2X Pails To Pick-up 3.30E-05 
187 AK20FRQCOM 3.30E-06 KU2 CCF-Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
188 BK1088XRYD 1 Keowee 1 Turbine Guide Bearing Oil Relay 88. Fails to Drop Out 3.30E-05 
189 BK1088XRYT 24 Keowee 1 Turbine Guide Bearinoil Relay 88X Spurious Operation 8.64E-06 
190 BK114/2SSD 1 Keowee 1 Speed Switch 14/2 Fails On Demand 1.80E-05 
191 BK114/2SST 24 Keowee 1 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
192 BK114DXRYD 1 Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
193 BK114DXRYT 24 Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out 8.64E-06 
194 BK114T2RYD 1 Keowee 1 Rotation Sensing Timer 14T2 Fails.to Be-energize 3.30E-05 
195 BK114T2RYT 24 Keowee 1 Rotation Sensing Timer 14T2 Spurious operation 8.64E-06 
196 BK1188ASWT 24 Keowee 1 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
197 BK1188DSWT 108 Unit 1 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
198 BK1631XRYD 1 Keowee 1 Relay 63TA/lX Fails to Be-energize 3.30E-05 
199 BK1631XRYT 24 Keowee 1 GBO Level Relay 63TA/lX Spurious Operation 8.64E-06 
200 BK1632XRYD 1 Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-05 
201 BK1632XRYT 24 Keowee 1 Turb. Brng. Low Oil Level Aux. Rly 63TA'2X Spurious Operation 8.64E-06 
202 BK163TALSD 1 Turbine No. 1 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
203 BK163TALST 24 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
204 BK188AXRYD 1 Unit 1 AC Bearing Oil Pump Aix. Relay 88AX Fails to Drop out 3.30E-05 
205 BK188AXRYT 24 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain Be-energized 8.64E-06 
206 BK1DA5BCDT 24 DC Circuit Breaker lDA-5B Transfers Position 1.80E-06 
207 BK1GBDCGPR 12 Unit 1 DC Turbine GBO Pump Fails To Run 1.68E-04 
208 BK1GBDCGPS 1 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 9. 70E-05 
209 BK1GBDCLHE 3.2E-3 Latent Human Error Fails Unit 1 DC Guide Bearing oil Pump Discharge Path 20E-03 
210 BK1GBO1CVC 1 Check Valve lGBO-l Fails to Close on Demand 3.50E-04 
211 BK1GBO1CVO 1 Check Valve iGBO-l Fails To Open On Demand 2. 30E-06 
212 BK1GBO1CVT 24 Check Valve lGBO-l Transfers Closed 3.12E-06 
213 BK1GBO1FTC 24 Filter 1GBOFL-1 Becomes Clogged 4.32E-05 
214 BK1GBO2VVT 24 Manual Valve 1GBO-2 Transfers Position 4. O8E-07 
215 BK1GBO3CVO 1 Check Valve 1GBO-3 Fails To Open On Demand 2.30E-06 
216 BK1GBO3CVT 12 Check Valve 1GBO-3 Transfers Closed 1.56E-06 
217 BK1GBO4VVT 108 Manual Valve 1GBO-4 Transfers Position 1.84E-06 
218 BK1GBO5VVT 24 Manual Valve 1GBO-5 Transfers Position 4.08E-07 
219 BK1GBO6VVT 24 Manual Valve lGBO--6 Transfers Position 4. 08E-07 
220 BK1GBO8VVT 24 Manual Valve 1GBO-8 Transfers Position 4. O8E-07 
221 BKlGB09VVTT 24 Manual Valve iGBO-9 Transfers Position 4.08E-07 
222 BK1GOACGPR 24 Unit 1 AC Turbine GBO Pump Fails TO Run 3.36E-04
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223 BK1GOACGPS 1 Unit 1 AC Turbine GBO Pump Fails To Start 9. 70E-05 
224 BK1GODCTRM 1.14E-3 Unit 1 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
225 BK1XA1CCLT 24 600 V Circuit Breaker 1XA-1C Transfers Position 2.18E-05 
226 BK2088XRYD 1 Keowee 2 Turbine.Guide Bearing Oil Relay 88X Fails to Drop Out. 3.30E-05 
227 BK2088XRYT 24 Keowee 2 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
228 BK214/2SSD 1 Keowee 2 Speed Switch 14/2 Fails On Demand 1.80E-05 
229 BK214/2SST 24 Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed 1.01E-04 
230 BK214DXRYD 1 Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
231 BK214DXRYT 24 Keowee 2 Rotation Sensing Aux. Relay 14DX Spurious Operation 8.64E-06 
232 BK214T2RYD 1 Keowee 2 Rotation Sensing Timer 14T2 Fails to De-energize 3.30E-05 
233 BK214T2RYT 24 Keowee Rotation Sensing Timer 14T2 Fails to Remain De-energized 8.64E-06 
234 BK2188ASWT 24 Unit 2 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
235 BK2188DSWT 108 Unit 2 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
236 BK2631XRYD 1 Keowee 2 Relay 63TA/1X Fails to De-energize 3.30E-05 
237 BK2631XRYT 24 Keowee 2 GBO Level Relay 63TA/lX Spurious Operation 8.64E-06 
238 BK2632XRYD 1 Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-05 
239 BK2632XRYT 24 Keowee 2 Turb. Brng. Low Oil Level Aux. Relay 63TA/2X Spurious Operation 8.64E-06 
240 BK263TALSD 1 Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
241 BK263TALST 24 Turbine No. 2 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
242 BK288AXRYD 1 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
243 BK288AXRYT 24 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain De-energized 8.64E-06 
244 BK2DA1BCDT 24 DC Circuit Breaker 2DA-1B Transfers Position 1.80E-06 
245 BK2GBDCGPR 12 Unit 2'DC Turbine GBO Pump Fails To Run 1.68E-04 
246 BK2GBDCGPS 1 Unit 2 DC Turbine GBO Pump Fails To Start On Demand 9.70E-05 
247 BK2GBDCLHE 3.2E-3 Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
248 BK2GBO1CVC 1 Check Valve 2GBO-1 Fails to Close on Demand 3. 50E-04 
249 BK2GBO1CVO 1 Check Valve 2GBO-1 Fails To Open On Demand 2.30E-06 
250 BK2GBO1CVT 24 Check Valve 2GBO-1 Transfers Closed 3.12E-06 
251 BK2GBO1FTC 24 Filter 2GBOFL-1 Becomes Clogged 4.32E-05 
252 BK2GBO2VVT .24 Manual Valve 2GBO-2 Transfers Position 4.08E-07 
253 BK2GBO3CVO 1 Check.Valve 2GBO-3 Fails To Open On Demand 2.30E-06 
254 BK2GBO3CVT 12 Check Valve 2GBO-3 Transfers Closed 1.56E-06 
255 BK2GBO4VVT 108 Manual Valve 2GBO-4 Transfers Position 1.84E-06 
256 BK2GBO5VVT 24 Manual Valve 2GBO-5 Transfers Position 4.08E-07 
257 BK2GBO6VVT 24 Manual Valve 2GBO-6 Transfers Position 4.08E-07 
258 BK2GBO8VVT 24 Manual Valve 2GBO-8 Transfers Position 4.08E-07 
259 BK2GBO9VVT 24 Manual Valve 2GBO-9 Transfers Position 4.08E-07 

0 0 *
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260 BK2GOACGPR 24 Unit 2 AC Turbine GBO Pump Fails To Run 3 .36E-04 
261 BK2GOACGPS 1 Unit 2 AC Turbine GBO Pump Fails To Start 9 .70E-05 
262 BK2GODCTRM 1.14E-3 Unit 2 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
263 BK2XA1CCLT 24 600 V Circuit Breaker 2XA-1C Transfers Position 2. 18E-05 
264 BKGBOILCOM 1.94E-06 Common Cause Failure Of Turbine Guide Bearing Oil System 1.94E-06 
265 D1DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIA OEE-120, 0-705 6.50E-06 
266 D1DIBXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIB OEE-120-1, 0-705 6.50E-06 
267 D2DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 2DIA 6. 50E-06 
268 D2DIBXXDEX 6.50E-06 Loss of Power on 125 V dc Panelboard 2DIB 6. 50E-06 
269 D3DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 3DIA 6.50E-06 
270 D3DIBXXDEX 6.50E-06 Loss Of Power On 125 Vdc Panelboard 3DIB 6. SOE-06 
271 DDC11BXCDT 24 125 Vdc Battery Breaker SY-DC1-1B Transfers Open 1.80E-06 
272 DDC11CXCDT 24 125 Vdc Breaker SY-DC1-1C Transfers Open 1.80E-06 
273 DDC11DCCDT 24 125 Vdc Breaker SY-DC1-1DC Transfers Open 1.80E-06 
274 DDC11DLCDT 24 125 Vdc Breaker SY-DC1-1DL Transfers Open 1.80E-06 
275 DDC11DRCDT 24 125 Vdc Breaker SY-DC1-1DR Transfers Open 1.80 E- 06 
276 DDC1ALXBYM 1.14E-02 Test and Maintenance Weighting Factor 1.14E-02 
277 DDC1BATBYF 1 Battery SY-1 Fails During Discharge 9 .30E-04 
278 DDC1FLTBDF 24 SY-DC1 Is Faulted 7.68E-06 
279 DDC21BXCDT 24 125 Vdc Battery Breaker SY-DC2-1B Transfers Open 1.80E-06 
280 DDC21CXCDT 24 125 Vdc Breaker SY-DC2-1C Transfers Open 1.80E-06 
281 DDC21DCCDT 24 125 Vdc Breaker SY-DC2-1DC Transfers Open 1.80E-06 
282 DDC21DLCDT 24 125 Vdc Breaker SY-DC2-1DL Transfers Open 1.80E-06 
283 DDC21DRCDT 24 125 Vdc Breaker SY-DC2-1DR Transfers Open 1.80E-06 
284 DDC2BATBYF 1 Battery SY-2 Fails During Discharge 9. 30E-04 
285 DDC2FLTBDF 24 SY-DC2 Is Faulted 7.68E-06 
286 DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 2. 70E-05 
287 DDCDYAXBDF 24 125 Vdc Switchyard DC Panelboard DYA Is Faulted 7.68E-06 
288 DDCDYBXBDF 24 125 Vdc Switchyard DC Panelboard DYB Is Faulted 7.68E-06 
289 DDCDYCXBDF 24 125 Vdc Switchyard DC Panelboard DYC Is Faulted 7.68E-06 
290 DDCDYEXBDF 24 125 Vdc Switchyard DC Panelboard DYE Is Faulted 7. 68E-06 
291 DDCDYFXBDF 24 125 Vdc Switchyard DC Panelboard DYF Is Faulted 7.68E-06 
292 DDCDYGXBDF. 24 125 Vdc Switchyard DC Panelboard DYG Is Faulted 7.68E-06 
293 E12EXCTCOM 5.31E-05 Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 
294 ED11D3DCDT 12 Breaker 3D In 125V dc Distribution Center 1DA Transfers Open 9.OOE-07 
295 ED13BR2CDT 24 Breaker 3BR In 125V dc Distribution-Center 1DA Transfers Open 1.80E-06 
296 ED22D3DCDT 12 Breaker 2D In 125V dc Distribution Center 2DA Transfers Open 9.00E-07
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297 ED23BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 
298 EKOORUNCOM 1.24E-4 Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-04 
299 EKOBASERHE 1.0 Failure To Recover From Keowee Base Adjust LHE 1.00E+00 
300 EK131TDRYD 1 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
301 EK131TDRYT 12 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 
302 EK14152SWT 12 KHU1 Generator Supply Breaker Trip Control Switch 141-52/T Spurious Operation 8.40E-07 
303 EK1415TSWT 24 Spurious Operation Of The KHU1 Supply Breaker Trip Switch 1.68E-06 
304 EK1415YRYD 1 KHU1 Generator Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
305 EK1415YRYT 12 KHU1 Generator Supply Breaker Y-relay Spurious Operation 4.32E-06 
306 EK141AXR6D 1 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 
307 EK141AXR6T 24 Keowee Unit 1 Relay 41/AX Spuriously Resets 8.71E-06 
308 EK141CFRYD 1 Keowee Unit 1 Field Flashing Breaker Close Coil Fails To Operate On Demand 3.30E-05 
309 EK186E2RYT 6 Keowee Unit 1 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 
310 EK186EXRYT 12 Keowee Unit 1 Gen Lockout Auxiliary Relay 86EX-1 Spurious Actuation 4.32E-06 
311 EK186X2RYT 24 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 
312 EK188SVRYD 1 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 3.30E-05 
313 EK188SVRYT 36 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 
314 EK1901ARYT 12 Keowee Unit 1 Relay 90X1A Spurious Operation 4.32E-06 
315 EK199SXRYD 1 Auxiliary Relay 99SX1 Fails To Pick-up 3.30E-05 
316 EK199SYRYD 1 Keowee Unit 1 Relay 99SY Fails To Pick-up 3.30E-05 
317 EK199SYRYT 24 Keowee Unit 1 Relay 99SY Drops Out 8.64E-06 
318 EK1BAS2DEX 1.24E-3 KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 
319 EKIBASEDEX 6.17E-4 Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 
320 EK1BASELHE 3.20E-3 Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-03 
321 EK1DIODDEX 2.88E-4 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
322 EK1EXC1TGF 12 Keowee Unit 1 Gen Excitation Transformer Is Failed 1.18E-05 
323 EK1EXC2TGF 24 Keowee Unit 1 Generator Excitation Transformer Fails 2.35E-05 
324 EK1F30AFUF 24 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 8.64E-05 
325 EKlF31XRYD 1 Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
326 EK1F41CRYD 1 Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 
327 EK1FAN1TLF 24 Keowee Unit 1 Generator Excitation Fan Power Transformer Fails 1.80E-05 
328 EK1FLDCLHE 2.60E-4 Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
329 EK1FLDMDEX 7.71E-5 Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
330 EK1FLSCLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
331 EK1FLSMDEX 7.71E-5 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
332 EK1FLSOLHE 2.60E-4 Keowee Unit 1 Field Flashing Breake-r Fails To Open Due To Latent Human Error 2.60E-04 
333 EK1R31TRYD 1 Keowee Unit 1 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 

0 0 *0
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334 EK1R31YRYD 1 KHUl Gen Field Flashing Breaker Y-relay Failed To Drop Out At Last Operation 3.30E-05 
335 EK1R31YRYT 12 KHU1 Generator Field Flashing Breaker Y-relay Spurious Operation 4.32E-06 

336 EKlR41XRYD 1 Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 

337 EKlR41YRYD 1 KHU1 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 

338 EK1R41YRYT 12 Keowee Unit 1 Generator Field Breaker Y-relay Spurious Operation 4.32E-06 

339 EK1R9AlRYT 12 Keowee Unit 1 Relay 90X1A/TD Spurious Operation 4 .32E-06 
340 EK1R9C1R6T 12 Keowee Unit 1 Relay 90X1C Spurious Operation 4.36E-06 

341 EKlS141SWT 12 KHU1 Field Breaker Trip Control Switch 141/T Spurious Operation 8.40E-07 

342 EK1S31TSWT 12 KHU1 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 
343 EK1S41CRYD 1 Keowee Unit 1 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 

344 EK1S41TSWT 24 Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position 1.68E-06 

345 EKlS41XRYD 1 Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.3OE-05 
346 EK1SPYCLHE 2.60E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 

347 EK1SPYMDEX 4.62E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
348 EK1VHSVRYD 1 Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 

349 EK1VREGDEX 2.47E-3 KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
350 EK231TDRYD 1 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
351 EK231TDRYT 12 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 
352 EK24152SWT 12 KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation 8.40E-07 
353 EK2415TSWT 24 Spurious Operation Of The KHU2 Supply Breaker Trip Switch 1.68E-06 
354 EK2415YRYD 1 KHU2 Gen Supply Breaker Y-relav Failed To Drop-out At Last Operation 3.30E-05 

355 EK2415YRYT 12 KHU2 Generator Supply Breaker Y-relay Spurious Operation 4.32E-06 

356 EK241AXR6D 1 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 

357 EK241AXR6T 24 Keowee Unit 2 Relay 41/AX Spuriously Resets 8.71E-06 

358 EK241CFRYD 1 Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand 3.30E-05 
359 EK286E2RYT 6 Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 
360 EK286EXRYT 12 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 4.32E-06 

361 EK286X2RYT 24 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 
362 EK288SVRYD 1 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 3.30E-05 
363 EK288SVRYT 36 Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 
364 EK2901ARYT 12 Keowee Unit 2 Relay 90X1A Spurious Operation 4. 32E-06 
365 EK299SXRYD 1 Auxiliary Relay 99SX2 Fails To Pick-up 3.30E-05 
366 EK299SYRYD 1 Keowee Unit 2 Relay 99SY Fails To Pick-up 3.30E-05 
367 EK299SYRYT 24 Keowee Unit 2 Relay 99SY Drops Out 8. 64E-06 

368 EK2BAS2DEX 1.24E-3 KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 

369 EK2BASEDEX 6.17E-4 Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 

37 EK2BASErLH 3 .2OnR-3 Keowee Unit 2 Base Adjust Is Set Incorrectly, 3.20E-03
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371 EK2DIODDEX 2.88E-4 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
372 EK2EXC1TGF 12 Keowee Unit 2 Generator .Excitation Transformer Is Failed 1.18E-05 
373 EK2EXC2TGF 24 Keowee Unit 2 Generator Excitation Transformer Fails 2.35E-05 
374 EK2F30AFUF 24 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 8.64E-05 
375 EK2F31XRYD 1 Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 
376 EK2F41CRYD 1 Keowee Unit 2 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 
377 EK2FAN1TLF 24 Keowee Unit 2 Generator Excitation Fan Power Transformer Fails 1.80E-05 
378 EK2FLDCLHE 2.60E-4 Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 
379 EK2FLDMDEX 7.71E-5 Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
380 EK2FLSCLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 
381 EK2FLSMDEX 7.71E-5 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 
382 EK2FLSOLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 
383 EK2R31TRYD 1 Keowee Unit 2 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05 
384 EK2R31YRYD 1 KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation 3.30E-05 
385 EK2R31YRYT 12 KHU2 Generator Field Flashing Breaker Y-relay Spurious Operation 4.32E-06 
386 EK2R41XRYD 1 Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 
387 EK2R41YRYD 1 KHU2 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
388 EK2R41YRYT 12 KHU2 Generator Field Breaker Y-relay Spurious Operation 4.32E-06 
389 EK2R9A2RYT 12 Keowee Unit 2 Relay 90X1A/TD Spurious Operation 4.32E-06 
390 EK2R9C2R6T 12 Keowee Unit 2 Relay 90X1C Spurious Operation 4. 36E-06 
391 EK2Sl41SWT 12 KHU2 Field Breaker Trip Control Switch Spurious Operation 8.40E-07 
392 EK2S31TSWT 12 KHU2 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 
393 EK2S41CRYD 1 Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 
394 EK2S41TSWT 24 Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
395 EK2S41XRYD 1 Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 3.30E-05 
396 EK2SPYCLHE 2.60E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
397 EK2SPYMDEX 4.62E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
398 EK2VHSVRYD 1 Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
399 EK2VREGDEX 2.47E-3 KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
400 EKSTARTCOM 6.17E-5 Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-05 
401 ESCONDNOT 1 An Engineered Safeguards Condition Does Not Exist 1. 00E+00 
402 EU1C1RORYD 1 ONS1 ESG Chan. 1 Ro Relay Fails To Pick Up OEE-120 1.00E+00 
403 EU1C2RORYD 1 ONS1 ESG Chan. 2 Ro Relay Fails to Pick Up 1. OOE+00 
404 EU2C1RORYD 1 ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 1.OOE+00 
405 EU2C2RORYD 1 ONS2 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-220-1 1.00E+00 
406 EU3C1RORYD 1 ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 1.00E+00 
407 EU3C2RORYD 1 ONS3 ESG Chan. 2 Ro Relay Fails to Pick Up OEE-320-1 1.OOE+00
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408 FKOFISHCOM 2.55E-3 Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-03 

409 FKOFISHDHE 1.0 Failure To Recover From MainTure WL Strainer Clogging 1.OOE+00 
410 FKOFLOODHE 1.0 Failure To Recover From Turbine Guide Bearing or Packing WL Filter Clogging 1.00E+00 

411 FKOWL01VVT 24 Locked-Open Manual Valve OWL-1 Transfers Position 4.08E-07 

412 FK1120GLHE 3.2E-3 Unit 1 Control Switch S120G Left in OFF Position 3.20E-03 

413 FK1120GSWT 36 Unit 1 Control Switch S120G Spurious Operation 2.52E-06 

414 FKlFL01FRF 24 Filter 1WLFL-1 Becomes Clogged 2.35E-05 

415 FK1FLO2FRF 24 Filter 1WLFL-2 Becomes Clogged 2.35E-05 
416 FK1TRHXHXF 24 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 1.54E-05 
417 FK1WLO3VVT 24 Manual Valve 1WL-3 Transfers Position 4.08E-07 
418 FK1WLO4VVT 24 Manual Valve 1WL-4 Transfers Position 4.08E-07 
419 FK1WLO5VVT 24 Manual Valve 1WL-5 Transfers Position 4.08E-07 
420 FK1WLO6VT 24 Manual Valve 1WL-6 Transfers Position 4.08E-07 
421 FK1WLO7VVT 24 Manual Valve 1WL-7 Transfers Position 4.08E-07 
422 FK1WLO8VVT 24 Manual Valve 1WL-8 Transfers Position 4.08E-07 
423 FK1WLO9VVT 24 Manual Valve 1WL-9 Transfers Position 4.08E-07 
424 FK1WL11AVO 1 Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.80E-04 
425 FKlWL11AVT 24 Cooling Water Control Valve 1WL-11 Transfers Closed 5.52E-05 
426 FK1WL12VVT 36 Manual Valve 1WL-12 Transfers Position 6.12E-07 

427 FK1WL15VVT 36 Manual Valve 1WL-15 Transfers Position 6.12E-07 

428 FK1WL42VVT 36 Manual Valve 1WL-42 Transfers Position 6.12E-07 
429 FK1WL43VVT 36 Manual Valve 1WLL43 Transfers Position 6. 12E-07 
430 FK2120GLHE 2.6E-4 Unit 2 Control Switch S120G Left in OFF Position 2.60E-04 
431 FK2120GSWT 36 Unit 2 Control Switch S120G Spurious Operation 2.52E-06 

432 FK2FL01FRF 24 Filter 2WLFL-1 Becomes Clogged 2.35E-05 

433 FK2FLO2FRF 24 Filter 2WLFL-2 Becomes Clogged 2.35E-05 

434 FK2TRHXHXF 24 Turbine Packing Box Heat Exchanger 2TPHX-1 Fails 1.54E-05 

435 FK2WLO3VVT 24 Manual Valve 2WL-3 Transfers Position 4. 08E-07 
436 FK2WLO4VVT 24 Manual Valve 2WL-4 Transfers Position 4.08E-07 
437 FK2WL05VVT 24 Manual Valve 2WL-5 Transfers Position 4.08E-07 
438 FK2WL06VVT 24 Manual Valve 2WL-6 Transfers Position 4.08E-07 
439 FK2WLO7VVT 24 Manual Valve 2WL-7 Transfers Position *4 .08E-07 
440 FK2WL08VVT 24 Manual Valve 2WL-8 Transfers Position 4.08E-07 

441 FK2WLO9VVT 24 Manual Valve 2WL-9 Transfers Position 4.08E-07 

442 FK2WL11AVO 1 Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 

443 FK2WL11AVT 24 Cooling Water Control Valve 2WL-11 Transfers Closed 5.52E-05 

444 FK2WL12VVT 36 Manual Valve 2WL-12 Transfers Position 6.12E-07
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445 FK2WL15VVT 36 Manual Valve 2WL-15 Transfers Position 6 .12E-07 
446 FK2WL42VVT 36 Manual Valve 2WL-42 Transfers Position 6.12E-07 
447 FK2WL43VVT 36 Manual Valve 2WL-43 Transfers Position 6. 12E-07 
448 FKVALVECOM 2.46E-5 Common Cause Failure of Cooling Water Control Valves 2.46E-05 
449 GKOCOOLCOM 4.61E-07 Common Cause Failure of Generator Air Cooling 4. 61E-07 
450 GKOLOCKCOM 4.06E-06 Common Cause Actuation of Generator Lockouts 4. 06E-06 
451 GK10001HGR 24 Keowee Unit 1 Generator Fault While the Unit Runs 2 .27E-03 
452 GK10001HGS 1 Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 
453 GK1063FPST 24 Keowee 1 Gen C02 Sys Press Switch 63F Spurious Operation 1.03E-05 
454 GK112TDRYT 24 Time Delay Relay 12XTD/1 Spuriously Picks-up 8. 64E-06 
455 GK112X1RYT 24 Relay 12X/1 Spuriously Picks-up 8.64E-06 
456 GK13SUIRYT 24 Keowee Unit 1 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
457 GK13SUISWT 24 Keowee Unit 1 Startup Inhibit Switch 3SUI Spurious Operation 1.68E-06 
458 GK140G1RYT 24 Keowee Unit 1 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 
459 GK159GNRYT 24 Keowee Unit 1 Generator Ground Fault Relay 59GN1 Spurious Actuation 8.64E-06 
460 GK162TDRYT 24 Keowee Unit 1 Generator Backup Trip Timer 62-1TD Spurious Operation 8.64E-06 
461 GK163FXRYT 24 Keowee Unit 1 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 
462 GK186E1RYT 24 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 8.64E-06 
463 GK187G1RYT 24 Keowee Unit 1 Generator Differential Relay 87G-1 Spurious Actuation 8.64E-06 
464 GK187GBRYT 24 Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
465 GK187TERYT 24 Keowee Unit 1 Exitation Transformer Differential Relay 87T-1E Spur. Actuation 8.64E-06 
466 GK1BRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
467 GKlCOOLLHE 2.60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
468 GK1FIREDEX 3.19E-05 Spurious Actuation of Unit 1 Gen. CO2 Fire Supression System 3.19E-05 
469 GK1GAC1HXF 24 Generator Air Cooler 1GAHW-1 Fails. . 1.54E-05 
470 GK1GAC1HXL 36 Heat Exchanger IGAC1 Leaks 3.60E-06 
471 GK1GAC2HXF 24 Generator Air Cooler 1GAHW-2 Fails 1.54E-05 
472 GK1GAC2HXL 36 Heat Exchanger 1GAC2 Leaks 3.60E-06 
473 GK1GAC3HXF 24 Generator Air Cooler 1GAHW-3 Fails 1.54E-05 
474 GK1GAC3HXL 36 Heat Exchanger 1GAC3 Leaks 3.60E-06 
475 GK1GAC4HXF 24 Generator Air Cooler 1GAHW-4 Fails 1.54E-05 
476 GK1GAC4HXL 36 Heat Exchanger 1GAC4 Leaks 3.60E-06 
477 GK1GAC5HXF 24 Generator Air Cooler 1GAHW-5 Fails 1.54E-05 
478 GK1GAC5HXL .36 Heat Exchanger IGAC5 Leaks 3.60E-06 
479 GK1GAC6HXF 24 Generator Air Cooler 1GAHW-6 Fails 1.54E-05 
480 GK1GAC6HXL 36 Heat Exchanger 1GAC6 Leaks 3.60E-06 
481 GK1HPO1HXF .24 Generator Thrust Bearing Cooler 1HPOHX-1 Fails 1.54E-05 

0 0 0
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482 GK1HPO2HXF 24 Generator Thrust Bearing Cooler 1HPOHX-2 Fails 1.54E-05 
483 GK1HPO3HXF 24 Generator Thrust Bearing Cooler lHPOHX-3 Fails 1.54E-05 
484 GK1HPO4HXF 24 Generator Thrust Bearing Cooler 1HPOHX-4 Fails 1.54E-05 
485 GK1HPO5HXF 24 Generator Thrust Bearing Cooler lHPOHX-5 Fails 1.54E-05 
486 GK1HPO6HXF 24 Generator Thrust Bearing Cooler lHPOHX-6 Fails 1.54E-05 

487 GK1HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve lHPO-6 Transfers Position 4.08E-07 
488 GK1HPO7HXF 24 Generator Thrust Bearing Cooler 1HPOHX-7 Fails 1.54E-05 
489 GK1HPO8HXF 24 Generator Thrust Bearing Cooler lHPOHX-8 Fails 1.54E-05 
490 GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintenance 5.20E-05 
491 GK10121SST 24 Speed Switch 12/1 Falsely Indicates High Speed 1.01E-04 
492 GK1WL16VVT 36 Manual Valve IWL-16 Transfers Position 6. 12E-07 

493 GK1WL17VVT 36 Manual Valve IWL-17 Transfers Position 6.12E-07 
494 GK1WL18VVT 36 Manual Valve lWL18 Transfers Position 6.12E-07 
495 GK1WL19VVT 36 Manual Valve 1WL19 Transfers Position 6.12E-07 
496 GK1WL20VVT 36 Manual Valve IWL-20 Transfers Position 6.12E-07 

497 GK1WL21VVT 36 Manual Valve IWL-21 Transfers Position 6.12E-07 
498 GK1WL22VVT 36 Manual Valve 1WL22 Transfers Position 6.12E-07 
499 GK1WL23VVT 36 Manual Valve IWL23 Transfers.Position 6.12E-07 
500 GK1WL24VVT 36 Manual Valve 1WL-24 Transfers Position 6. 12E-07 

501 GK1WL25VVT 36 Manual Valve lWL-2S Transfers Position 6. 12E-07 
502 GK1WL26VVT 36 Manual Valve IWL26 Transfers Position 6.12E-07 
503 GK1WL27VVT 36 Manual Valve IWL27 Transfers Position 6. 12E-07 
504 GK1WL28VVT 36 Manual Valve 1WL-28 Transfers Position 6.12E-07 
505 GK1WL29VVT 36 Manual Valve 1WL-29 Transfers Position 6.12E-07 

506 GK1WL30VVT 36 Manual Valve 1WL30 Transfers Position 6.12E-07 
507 GK1WL31VVT 36 Manual Valve 1WL31 Transfers Position 6.12E-07 
508 GK1WL32VVT 36 Manual Valve 1WL-32 Transfers Position 6. 12E-07 
509 GK1WL33VVT 36 Manual Valve 1WL-33 Transfers Position 6. 12E-07 

510 GK1WL34VVT 36 Manual Valve IWL34 Transfers Position 6. 12E-07 
511 GK1WL35VVT 36 Manual Valve 1WL35 Transfers Position 6. 12E-07 
512 GKlWL36VVT 36 Manual Valve IWL-36 Transfers Position 6.12E-07 
513 GK1WL37VVT 36 Manual Valve 1WL-37 Transfers Position 6.12E-07 
514 GK1WL38VVT 36 Manual Valve IWL38 Transfers Position 6. 12E-07 

515 GK1WL39VVT 36 Manual Valve IWL39 Transfers Position 6.12E-07 
516 GKlWL41VVT 36 Keowee 1 Manual Valve IWL-41 Transfers Position to Block Discharge Path 6.12E-07 
517 GK1WL44VVT 36 Manual Valve IWL-44 Transfers Position 6.12E-07 

518 GKIWL45VVT 36 Manual Valve IWL-45 Transfers Position 6. 12E-07
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519 GK1WL46VVT 36 Manual Valve 1WL-46 Transfers Position 6.12E-07 
520 GK1WL47VVT 36 Manual Valve 1WL-47 Transfers Position 6.12E-07 
521 GKlWL48VVT 36 Manual Valve 1WL-48 Transfers Position 6.12E-07 
522 GK1WL49VVT 36 Manual Valve 1WL-49 Transfers Position 6.12E-07 
523 GKlWL50VVT 36 Manual Valve 1WL-50 Transfers Position 6.12E-07 
524 GK1WL51VVT 36 Manual Valve 1WL-51 Transfers Position 6. 12E-07 
525 GKlWL52VVT 36 Manual Valve 1WL-52 Transfers Position 6.12E-07 
526 GK1WL53VVT 36 Manual Valve 1WL-53 Transfers Position 6.12E-07 
527 GK1WL54VVT 36 Manual Valve 1WL-54 Transfers Position 6.12E-07 
528 GKlWL55VVT -36 Manual Valve 1WL-55 Transfers Position 6. 12E-07 
529 GK1WLS6VVT 36 Manual Valve 1WL-56 Transfers Position 6.12E-07 
530 GK1WL57VVT .36 Manual Valve 1WL-57 Transfers Position 6.12E-07 
531 GKlWL58VVT 36 Manual Valve 1WL-58 Transfers Position 6.12E-07 
532 GK1WL59VVT 36 Manual Valve 1WL-59 Transfers Position 6.12E-07 
533 GK1WL60VVT 36 Manual Valve 1WL-60 Transfers Position 6.12E-07 
534 GK1WL61VVT 36 Manual Valve 1WL-61 Transfers Position 6.12E-07 
535 GK1WL62VVT 36 Manual Valve 1WL-62 Transfers Position 6. 12E-07 
536 GK1WL63VVT 36 Manual Valve 1WL-63 Transfers Position 6. 12E-07 
537 GK1WL64VVT 36 Manual Valve 1WL-64 Transfers Position 6.12E-07 
538 GK1WL65VVT 36 Manual Valve 1WL-65 Transfers Position 6.12E-07 
539 GK1WL66VVT 36 Manual Valve 1WL-66 Transfers Position 6.12E-07 
540 GK1WL67VVT 36 Manual Valve 1WL-67 Transfers Position 6.12E-07 
541 GK1WL68VVT 36 Manual Valve 1WL-68 Transfers Position 6.12E-07 
542 GK1WL69VVT 36 Manual Valve 1WL-69 Transfers Position 6.12E-07 
543 GK1WL70VVT 36 Manual Valve 1WL-70 Transfers Position 6.12E-07 
544 GK1WL71VVT 36 Manual Valve 1WL-71 Transfers Position 6.12E-07 
545 GK1WL72VVT 36 Manual Valve 1WL-72 Transfers Position 6.12E-07 
546 GK1WL73VVT 36 Manual Valve 1WL-73 Transfers Position 6.12E-07 
547 GK1WL74VVT 36 Manual Valve 1WL-74 Transfers Position 6.12E-07 
548 GK1WL75VVT 36 Manual Valve 1WL-75 Transfers Position 6.12E-07 
549 GK1WL76VVT 36 Manual Valve 1WL76 Transfers Position and Blocks Discharge Path 6.12E-07 
550 GK1WL78VVT 36 Manual Valve 1WL78 Transfers Position and Blocks Discharge Path 6.12E-07 
551 GK20001HGR 24 Keowee Unit 2 Generator Fault While the Unit Runs 2.27E-03 
552 GK20002HGS 1 Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04 
553 GK2063FPST 24 Keowee 2 Gen C02 Sys Press Switch 63F Spurious Operation 1.03E-05 
554 GK212TDRYT 24 Time Delay Relay 12XTD/2 Spuriously Picks-up 8. 64E-06 
555 GK21l2X2RYT 24 Relay 12X/2 Spuriously Picks-up 8.64E-06 

0 0e



(Page 16 of 31) 
Table E-6 

Keowee PRA Basic Event Data 
Two Unit Generation - Bayesian Update/Unrecovered 

NAMHE FACTOR DESCRIPTION PROBABILITY 

556 GK23SUIRYT 24 Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 

557 GK23SUISWT 24 Keowee Unit 2 Startup Inhibit Swtich 3SUI Spurious Operation 1.68E-06 

558 GK240G1RYT 24 Keowee Unit 2 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 

559 GK259GNRYT 24 Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation 8.64E-06 

560 GK262TDRYT 24 Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation 8.64E-06 

561 GK263FXRYT 24 Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 

562 GK286E2RYT 24 Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up 8.64E-06 
563 GK287G2RYT 24 Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation 8.64E-06 

564 GK287GBRYT 24 Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 

565 GK287TERYT 24 Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation 8.64E-06 

566 GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 

567 GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 

568 GK2FIREDEX 7.OOE-05 Spurious Actuation of Unit 2 Gen. CO2 Fire Supression System 7.00E-05 

569 GK2GAC1HXF 24 Generator Air Cooler 2GAHW-1 Pails 1.54E-05 

570 GK2GAC1HXL 36 Heat Exchanger 2GAC1 Leaks 3.60E-06 

571 GK2GAC2HXF 24 Generator Air Cooler 2GAHW-2 Fails 1.54E-05 

572 GK2GAC2HXL 36 Heat Exchanger 2GAC2 Leaks 3.60E-06 

573 GK2GAC3HXF 24 Generator Air Cooler 2GAHW-3 Fails 1.54E-05 

574 GK2GAC3HXL 36 Heat Exchanger 2GAC3 Leaks 3.60E-06 

575 GK2GAC4HXF 24 Generator Air Cooler 2GAHW-4 Fails 1.54E-05 

576 GK2GAC4HXL 36 Heat Exchanger 2GAC4 Leaks 3.60E-06 

577 GK2GAC5HXF 24 Generator Air Cooler 2GAHW-5 Fails 1.54E-05 

578 GK2GAC5HXL 36 Heat Exchanger 2GAC5 Leaks 3.60E-06 

579 GK2GAC6HXF 24 Generator Air Cooler 2GAHW-6 Fails 1.54E-05 

580 GK2GAC6HXL 36 Heat Exchanger 2GAC6 Leaks 3.60E-06 

581 GK2HPO1HXF 24 Generator Thrust Bearing Cooler 2HPOHX-1 Fails 1.54E-05 

582 GK2HPO2HXF 24 Generator Thrust Bearing Cooler 2HPOHX-2 Fails 1.54E-05 

583 GK2HPO3HXF 24 Generator Thrust Bearing Cooler 2HPOHX-3 Fails 1.54E-05 

584 GK2HPO4HXF 24 Generator Thrust Bearing Cooler 2HPOHX-4 Fails 1.54E-05 

585 GK2HPO5HXF 24 Generator Thrust Bearing Cooler 2HPOHX-5 Fails 1.54E-05 

586 GK2HPO6HXF 24 Generator Thrust Bearing Cooler 2HPOHX-6 Fails 1.54E-05 

587 GK2HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position 4.08E-07 
588 GK2HPO7HXF 24 Generator Thrust Bearing Cooler 2HPOHX-7 Fails 1.54E-05 

589 GK2HPO8HXF 24 Generator Thrust Bearing Cooler 2HPOHX-8 Fails 1.54E-05 

590 GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect Following Maintenance 5.20E-05 

591 GK20121SST 24 Speed Switch 12/2 Falsely Indicatee High Speed 1.01E-04 

592 GK2WL6uT 36 Manual Valve 2WL-16 Transfers Position 6.12E-07
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593 GK2WL17VVT 36 Manual Valve 2WL-17 Transfers Position 6.12E-07 
594 GK2WL18VVT 36 Manual Valve 2WL18 Transfers Position 6. 12E-07 
595 GK2WL19VVT 36 Manual Valve 2WL19 Transfers Position 6.12E-07 

596 GK2WL20VVT 36 Manual Valve 2WL-20 Transfers Position 6.12E-07 

597 GK2WL21VVT 36 Manual Valve 2WL-21 Transfers Position 6.12E-07 
598 GK2WL22VVT 36 Manual Valve 2WL22 Transfers Position 6.12E-07 
599 GK2WL23VVT 36 Manual Valve 2WL23 Transfers Position 6.12E-07 
600 GK2WL24VVT 36 Manual Valve 2WL-24 Transfers Position 6.12E-07 
601 GK2WL25VVT 36 Manual Valve 2WL-25 Transfers Position 6.12E-07 
602 GK2WL26VVT 36 Manual Valve 2WL26 Transfers Position 6.12E-07 
603 GK2WL27VVT 36 Manual Valve 2WL27 Transfers Position 6.12E-07 
604 GK2WL28VVT 36 Manual Valve 2WL-28 Transfers Position 6.12E-07 
605 GK2WL29VVT 36 Manual Valve 2WL-29 Transfers Position 6.12E-07 
606 GK2WL30VVT 36 Manual Valve 2WL30 Transfers Position 6.12E-07 
607 GK2WL31VVT 36 Manual Valve 2WL31 Transfers Position 6.12E-07 
608 GK2WL32VVT 36 Manual Valve 2WL-32 Transfers Position 6.12E-07 
609 GK2WL33VVT 36 Manual Valve 2WL-33 Transfers Position 6.12E-07 
610 GK2WL34VVT 36 Manual Valve 2WL34 Transfers Position 6.12E-07 
611 GK2WL35VVT 36 Manual Valve 2WL35 Transfers Position 6.12E-07 

612 GK2WL36VVT 36 Manual Valve 2WL-36 Transfers Position 6.12E-07 

613 GK2WL37VVT 36 Manual Valve 2WL-37 Transfers Position 6.12E-07 

614 GK2WL38VVT 36 Manual Valve 2WL38 Transfers Position 6.12E-07 

615 GK2WL39VVT 36 Manual Valve 2WL39 Transfers Position 6.12E-07 
616 GK2WL41VVT 36 Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path 6.12E-07 

617 GK2WL44VVT 36 Manual Valve 2WL-44 Transfers Position 6.12E-07 
618 GK2WL45VVT 36 Manual Valve 2WL-45 Transfers Position 6.12E-07 
619 GK2WL46VVT 36 Manual Valve 2WL-46 Transfers Position 6.12E-07 
620 GK2WL47VVT 36 Manual Valve 2WL-47 Transfers Position 6.12E-07 
621 GK2WL48VVT 36 Manual Valve 2WL-48 Transfers Position 6.12E-07 

622 GK2WL49VVT 36 Manual Valve 2WL-49 Transfers Position 6.12E-07 
623 GK2WL50VVT 36 Manual Valve 2WL-50 Transfers Position 6.12E-07 
624 GK2WL51VVT 36 Manual Valve 2WL-51 Transfers Position 6.12E-07 

625 GK2WL52VVT 36 Manual Valve 2WL-52 Transfers Position 6.12E-07 

626 GK2WL53VVT 36 Manual Valve 2WL-53 Transfers Position 6.12E-07 

627 GK2WL54VVT 36 Manual Valve 2WL-54 Transfers Position 6.12E-07 

628 GK2WL55VVT 36 Manual Valve 2WL-55 Transfers Posit-ion 6.12E-07 

629 GKWL56VVT 36 Manual Valve 2WL-56 Transfers Position . 6.12E-07
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630 GK2WL57VVT 36 Manual Valve 2WL-57 Transfers Position 6. 12E-07 

631 GK2WL58VVT 36 Manual Valve 2WL-58 Transfers Position 6.12E-07 

632 GK2WL59VVT 36 Manual Valve 2WL-59 Transfers Position 6. 12E-07 

633 GK2WL60VVT 36 Manual Valve 2WL-60 Transfers Position 6.12E-07 

634 GK2WL61VVT 36 Manual Valve 2WL-61 Transfers Position 6. 12E-07 

635 GK2WL62VVT 36 Manual Valve 2WL-62 Transfers Position 6.12E-07 

636 GK2WL63VVT 36 Manual Valve 2WL-63 Transfers Position 6.12E-07 

637 GK2WL64VVT 36 Manual Valve 2WL-64 Transfers Position 6.12E-07 

638 GK2WL65VVT 36 Manual Valve 2WL-65 Transfers Position 6.12E-07 

639 GK2WL66VVT 36 Manual Valve 2WL-66 Transfers Position 6.12E-07 

640 GK2WL67VVT 36 Manual Valve 2WL-67 Transfers Position 6.12E-07 

641 GK2WL68VVT 36 Manual Valve 2WL-68 Transfers Position .6.12E-07 

642 GK2WL69VVT 36 Manual Valve 2WL-69 Transfdrs Position 6.12E-07 

643 GK2WL70VVT 36 Manual Valve 2WL-70 Transfers Position 6.12E-07 

644 GK2WL71VVT 36 Manual Valve 2WL-71 Transfers Position 6.12E-07 

645 GK2WL72VVT 36 Manual Valve 2WL-72 Transfers Position' 6.12E-07 

646 GK2WL73VVT 36 Manual Valve 2WL-73 Transfers Position 6.12E-07 

647 GK2WL74VVT 36 Manual Valve 2WL-74 Transfers Position 6.12E-07 

648 GK2WL75VVT 36 Manual Valve 2WL-75 Transfers Position 6.12E-07 

649 GK2WL76VVT 36 Manual Valve 2WL76 Transfers Position and Blocks Discharge Path 6.12E-07 

650 GK2WL78VVT 36 Manual Valve 2WL78 Transfers Position and Blocks Discharge Path 6.12E-07 

651 GKHPOILCOM 4.61E-07 Common Cause Failure of Generator Thrust Bearings 4.61E-07 

652 K12COM1DEX 1.00E-06 Grid Degradation Occurs And Causes Failure Of Both Keowee Units 1.OOE-06 

653 KA127T1R6D 1 Xfrmr 1X UV Relay 27T/1X Fails To Pick-up 2.49E-04 

654 KA127T1R6T 360 Xfrmr 1X UV Relay 27T/1X Spuriously De-energizes 1.31E-04 

655 KA227T2R6T 360 Xfmr 2X UV Relay 27T/2x Spuriously De-energizes 1.31E-04 

656 KB4CONNDEX 1.1E-7 Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 1.10E-07 

657 KK1BOTHDEX 0.034 Keowee Units 1 And 2 Are Supplying The Grid . 3.40E-02 

658 KK1BOTHHYM 5.23E-3 Both Keowee Units Unavailable Due To Common Maintenance 5.23E-03 

659 KKlOVERBHF . 24 Fault Occurs On The Overhead Power Path 9.60E-06 

660 KK1RUNSDEX 0.024 Keowee Unit 1 Only Is Supplying The Grid 2.40E-02 

661 KKlUNDRBHF 24 Fault Occurs On The Underground Power Path 9.60E-06 

662 KK2RUNSDEX 0.024 Keowee Unit 2 Only Is Supplying The Grid 2.40E-02 

663 KK2UNITHYM 3.80E-2 A Single Keowee Unit Is Unavailable Due To Maintenance 3.80E-02 

664 KU2CREDIT 0 Take No Credit For Keowee Unit 2 Supplying Auxiliary ac Power To Unit 1 0.00E+00 

665 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV And UF Cetection Circuits 1.78E-06 

666 L27BRXlRYD 1 Snsng Rly 27B/Xl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05
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667 L27BRX2RYD 1 Snsng Rly 27B/RX2 Fails to Drop Out On Undervoltage OEE-76-3, -8 3.30E-05 
668 L27BRY1RYD 1 Snsng Rly 27B/RYl Fails to Drop Out on Undervoltage 055-76-3, -4 3.30E-05 
669 L27BRY2RYD 1 Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
670 L27BRZ1RYD 1 Snsng Rly 27B/RZl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
671 L27BRZ2RYD 1 Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
672 L27BYX1RYD 1 Snsng Rly 27B/YXl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
673 L27BYX2RYD 1 Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 
674 L27BYY1RYD 1 Snsng Rly 27B/YYl Fails to Drop out on Undervoltage OEE-76-3, -4 3.30E-05 
675 L27BYY2RYD 1 Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage 055-76-3, -8 3.30E-05 
676 L27BYZ1RYD 1 Snsng Rly 27B/YZl Fails to Drop Out on tncervoltage 055-76-3, -4 3.30E-05 
677 L27BYZ2RYD 1 Snsng Rly 27B/YZ2 Fails to Drop Out on Undorvoltage 055-76-3, -8 3.30E-05 
678 L27XPX1RYD 1 Ch 1 Phase X UV Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
679 L27XPX2RYD 1 Ch 2 Phase X UV Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 

680 L27XPY1RYD 1 Ch 1 Phase Y UV Aux. Relay Fails to Pick Up 0EE-76-4 3.30E-05 
681 L27XPY2RYD 1 Ch 2 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 
682 L27XPZ1RYD 1 Ch 1 Phase Z UV Aux. Relay Fails To Pick Up 0EE-76-4 3.30E-05 
683 L27XPZ2RYD 1 Ch 2 Phase Z UV Aux. Relay Fails To Pick Up 0EE-76-8 3.30E-05 
684 L27XRX1RYD 1 Red Bus Phase Xl Undervoltace Aux. Relay Fails To Pick rp 055-76-4 3.30E-05 
685 L27XRX2RYD 1 Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up 055-76-8 3.30E-05 
686 L27XRY1RYD 1 Red Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up 055-76-4 3.30E-05 
687 L27XRY2RYD 1 Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up 0E5-76-8 3.30E-05 
688 L27XRZ1RYD 1 Red Bus Phase Z1 Undervoltage Aix. Relay Fails To Pick Up 055-76-4 3.30E-05 
689 L27XRZ2RYD 1 Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up 055-76-8 3.30E-05 

690 L27XSTARYD 1 Keowee Start Relay 27X/STA Fails To Pick Up 055-76-4-A 3.30E-05 
691 L27XSTBRYD 1 Keowee Start Relay 27X/STB Fails To Pick Up 3.305-05 
692 L27XYX1RYD 1. Yellow Bus Phase X Undervoltage Aux. Relay Fails To Pick Up 055-76-4 3.30E-05 
693 L27XYX2RYD 1 Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OE5-76-8 3.30E-05 
694 L27XYYlRYD 1 Yellow Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up 055-76-4 3.30E-05 
695 L27XYY2RYD 1 Yellow Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up 055-76-8 3.305-05 

696 L27XYZ1RYD 1 Yellow Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up OE5-76-4 3.30E-05 
697 L27XYZ2RYD 1 Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up OE5-76-8 3.30E-05 
698 L81BRX1RYD 1 Sensing Relay 81BL/RX1 Fails to Drop Out on Underfrequency 3.30E-05 
699 L81BRX2RYD 1 Sensing Relay 81BL/RX2 Fails to Drop Out on Underfrequency 3.30E-05 
700 L81BRY1RYD 1 Sensing Relay 8lBL/RYl Fails to Drop Out on Undertrequency 3.305-05 
701 L81BRY2RYD 1 Sensing Relay 81BL//YR Fails to Drop Out on Underfrequency 3 .30E-05 

702 L81BRZIRYD 1 Sensing Relay 8BL/RZ1 Fails to Drop Out on Undertrequency 3 .30E-05 

703 L81BRZ2RYD 1 Sensing Relay 81BL/RZ2 Fails to Drop Out on Underfrequency 3 .30E-05 
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704 L81BYX1RYD 1 Sensing Relay 81BL/YXl Fails to Drop Out on Underfrequency 3.30E-05 

705 L81BYX2RYD 1 Sensing Relay SlBL/YX2 Fails to Drop Out on Underfrequency 3.30E-05 
706 L81BYY1RYD 1 Sensing Relay 8lBL/YYl Fails to Drop Out on Underfrequency 3.30E-05 
707 L81BYY2RYD 1 Sensing Relay 81BL/YY2 Fails to Drop Out on Underfrequency 3.30E-05 
708 L81BYZ1RYD 1 Sensing Relay 81BL/YZ1 Fails to Drop out on Underfrequency 3.30E-05 
709 L81BYZ2RYD 1 Sensing Relay 8lBL/YZ2 Fails to Drop Out On Underfrequency 3.30E-05 
710 L81XPX1RYD 1 Ch 1 Phase X Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 

711 L81XPX2RYD 1 Ch 2 Phase X rnderfrequency Aux. Ply Fails to Pick Up 3.30E-05 
712 L81XPY1RYD 1 Ch 1 Phase Y Underfrequency Aux. Ply Fails to Pick Up 3 .30E-05 
713 L81XPY2RYD 1 Ch 2 Phase Y Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
714 L81XPZ1RYD 1 Ch 1 Phase Z Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
715 L81XPZ2RYD 1 Ch 2 Phase Z Underfrequency Aux. Ply Fails to Pick up 3.30E-05 

716 L81XRX1RYD 1 Red Bus Phase Xl Undertrequency Aux. Rly Fails to Pick Up 3.30E-05 
717 L81XRX2RYD 1 Red Bus Phase X2 Underfrequendy Aux. Rly Fails to Pick Up 3.30E-05 
718 L81XRY1RYD 1 Red Bus Phase Y1 Undertrequency Aux. Ply Fails to Pick Up 3.30E-05 
719 L81XRY2RYD 1 Red Bus Phase Y2 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
720 L81XRZ1RYD 1 Red Bus Phase Zl Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
721 L81XRZ2RYD 1 Red Bus Phase Z2 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
722 L81XYX1RYD 1 Yellow Bus Phase Xl Underfrequency Aux. Ply Fails to Pick Up 3.3OE-Or 
723 L81XYX2RYD 1 Yellow Bus Phase X2 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
724 L81XYY1RYD 1 Yellow Bus Phase Y1 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
725 L81XYY2RYD 1 Yellow Bus Phase Y2 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
726 L81XYZ1RYD 1 Yellow Bus Phase Z1 Underfrequency Aux. Ply Fails to Pick Up 3.30E-05 
727 L81XYZ2RYD 1 Yellow Bus Phase Z2 Underfrequency Aux. Ply Fails to Pick Up 3.308-05 
728 LC94F1ARYD 1 EOTPS Underfrequency Relay 94/FlA Fails to Pick Up 3.308-05 

729 LC94F1BRYD 1 EGTPS Underfrequency Relay 94/FIB Fails to Pick Up 3.308-05 

730 LC94F1DRYD 1 EGTPS Underfrequency Relay 94/FTD Fails to Pick Up 3.308-05 

731 LC94F2ARYD 1 EGTPS Underfrequency Relay 94/F2A Fails to Pick Up 3.308-05 

732 LC94F2BRYD 1 EGTPS Underfrequency Relay 94/F2B Fails to Pick Up 3.308-05 
733 LC94F2CRYD 1 EGTPS Underfrequency Relay 94/F2C Fails to Pick Up 3.308-05 

734 LC94F2DRYD 1 EGTPS Underfrequency Relay 94/F2D Fails to Pick Up 3.308-05 
735 LC94V1ARYD 1 EGTPS Undervoltage Relay 94/VlA Fails to Pick up 3.308-05 
736 LC94V1BRYD 1 EGTPS Undervoltage Relay 94/ViB Fails To Pick Up 088-76-4 3.30E-05 

737 LC94V1DRYD 1 EGTPS Undervoltage Relay 94/VID Fails to Pick Up 088-76-4 3.30E-05 

738 LC94V2APYD 1 SeTPS Undervoltage Relay 94/VA Fails to Pick Up 3.308-05 

739 LC94V2BPYD 1 EGTPS Undervoltage Relay 94/V B Fails To Pik Up 3.308-05 

740 LC94V2CRYD 1 SeTPS Undervoltage Relay 94/V2C Fails to Pick Up 3.308-05
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741 LDCYC13CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open OEE-76-4 / 0-802 1.80E-06 
742 LDCYC14CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open OEE-76-4 / 0-802 1.80E-06 
743 LDCYG12CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 1.80E-06 
744 LDCYG18CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 1.80E-06 
745 OFACTORDEX 1.0 Overload Susceptibility Factor 1. OOE+00 
746 OKOPRUNCOM 1.46E-05 Common Cause Failure Of Both Governor Oil Systems To Run 1.46E-05 
747 OK10001PSC 15 Pressure Switch lOGPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
748 OK10002PSC 8 Pressure Switch 10GPS-2 Fails to Close 2 .32E-05 
749 OK10003PSC 4 Pressure Switch 10GPS-3 Fails to Close 1.16E-05 
750 OK10003RVT 24 Safety Relief Valve 10G-3 Spurious Operation 1. 34E-04 
751 OK10003TKF 24 Unit 1 Governor Oil Pressure Tank Fails 1.10E-05 
752 OK10004PSC 1 Pressure Switch 10GPS-4 Fails to Close 2.90E-06 
753 OK10007FVT 24 Float Valve 1OG-7 Transfers Closed 1.40E-04 
754 OK10009VVT 24 Manual Valve 10G-9 Transfers Closed 4.08E-07 
755 OK10011CVO 15 Check Valve 1OG-11 Fails to Open 3.45E-05 
756 OK10011CVT 0.75 Check Valve lOG-11 Transfers Closed 9.75E-08 
757 OK10012VVT 30 Manual Globe Valve 100-12 Transfers Closed 5.10E-07 
758 OK10013RVT 0.75 Relief Valve 10G-13 Spurious Operation 4. 20E-06 
759 OK10014CVO 8 Check Valve 10G-14 Fails to Open 1.84E-05 
760 OK10014CVT 0.5 Check Valve 10G-14 Transfers Closed 6.50E-08 
761 OK10015VVT 192 Manual Globe Valve 10G-15 Transfers Closed 3 .26E-06 
762 OK10016RVT 0.5 Relief Valve 10G-16 Transfers Open . 2.80E-06 
763 OK10017CVO 4 Check Valve 10G-17 Fails to Open 9.20E-06 
764 OK10017CVT 0.25 Check Valve 100-17 Transfers Closed 3.25E-08 
765 OK10018VVT 108 Manual Globe Valve 10G-18 Transfers Closed 1.84E-06 
766 OK10019RVT 0.25 Relief Valve 10G-19 Spurious Operation 1. 40E-06 
767 OK1001AGPR 0.75 OG Pump 1A Fails to Run 1.05E-05 
768 OK1001AGPS 15 OG Pump 1A Fails to Start 1.45E-03 
769 OK1001BGPR 0.5 OG Pump 1B Fails to Run 7.OOE-06 
770 OK1001BGPS 8 OG Pump lB Fails to Start 7.76E-04 
771 OK1001BLHE 3.2E-3 Latent Human Error Fails OG Pump lB 3.20E-03 
772 OK1001CGPR 0.25 OG Pump 1C Fails to Run 3.50E-06 
773 OK1001CGPS 4 OG Pump 1C Fails to Start 3.88E-04 
774 OK1001CLHE 3.2E-3 Latent Human Error Fails OG Pump 1C 3.20E-03 
775 OK188GASWT 30 Keowee 1 Governor Oil Control Switch 188GA Spurious Operation 2.10E-06 
776 OK188GBSWT i92 Keowee 1 Control Switch 188GB Spurious Operation 1.34E-05 
777 OK188CSWT 108 Keowee 1 Control Switch 188C Spurious operation 7. 56E-06
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778 OK199K1RYD 1 Keowee 1 Relay 99K1 Fails To Operate On Demand 3.30E-05 
779 OK199K1RYT 24 Keowee Unit 1 Relay 99K1 Spurious Operation 8. 64E-06 

780 OKl99K2RYD 1 Keowee 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 

781 OK1AG01TKF 24 Air Receiver Tank 1AGTK-1 Fails 1..10E-05 

782 OK1AGO4RVT 24 Safety Relief Valve 1AG-4 Spurious Operation 1.34E-04 

783 OK1AG05VVT 24 Manual Valve 1AG-5 Transfers Position 4. 08E-07 

784 OK1OG1CTRM 3.42E-3 OG Pump 1C Train In Maintenance Or Testing 3.42E-03 

785 OK1PRUNCOM 1.12E-07 Common Cause Failure of Unit 1 OG Pumps to Run 1.12E-07 

786 OK1PSTRCOM 2.04E-05 Common Cause Failure of Unit 1 00 Pumps to Start 2. 04E-05 

787 OK1XA1DCLT 30 Low Voltage Circuit Breaker 1XA-1D Transfers Position 2.73E-05 

788 OK1XA2ECLT 30 Low Voltage Circuit Breaker 1XA-2E Transfers Position 2 .73E-05 

789 OK1XA4DCLT 30 Low Voltage Circuit Breaker 1KA-4D Transfers Position 2. 73E-05 

790 OK20001PSC 15 Pressure Switch 20GPS-1 Fails t.o Close (Normal Control Signal) 4.35E-05 

791 OK20002PSC 8 Pressure Switch 20GPS-2 Fails to Close 2.32E-05 

792 OK20003PSC 4 Pressure Switch 20GPS-3 Fails .to Close 1.16E-05 

793 OK20003RVT 24 Safety Relief Valve 20G-3 Spurious Operation 1. 34E-04 

794 OK20003TKF 24 Unit 2 Governor Oil Pressure Tank Fails 1.10E-05 

795 OK20004PSC 1 Pressure Switch 20GPS-4 Fails to Close 2.90E-06 

796 OK20007FVT 24 Float Valve 20G-7 Transfers Closed 1.40E-04 

797 OK20009VVT 24 Manual Valve 20G-9 Transfers Closed 4.08E-07 

798 OK20011CVO 15 Check Valve 200-11 Fails to Open 3 .45E-05 

799 OK20011CVT 0.75 Check Valve 20G-11 'Transfers Closed 9.75E-08 

800 OK20012VVT 30 Manual Globe Valve 200-12 Transfers Closed 5.10E-07 

801 OK20013RVT 0.75 Relief Valve 200-13 Spurious Operation 4.20E-06 

802 OK20014CVO 8 Check Valve 20G-14 Fails to Open 1.84E-05 

803 OK20014CVT 0.5 Check Valve 20G-14 Transfers Closed 6.50E-08 

804 OK20015VVT 192 Manual Globe Valve 20G-15 Transfers Closed 3.26E-06 

805 OK20016RVT 0.5 Relief Valve 200-16 Transfers Open 2.80E-06 

806 OK20017CVO 4 Check Valve 20G-17 Fails to Open 9.20E-06 

807 OK20017CVT 0.25 Check Valve 20G-17 Transfers Closed 3.255-08 

808 OK20018VVT 108 Manual Globe Valve 200-18 Transfers Closed 1.84E-06 

809 OK20019RVT 0.25 Relief Valve 20G-19 Spurious Operation 1.40E-06 

810 OK2002AGPR 0.75 OG Pump 2A Fails to Run .05E-05 

811 OK2002AGPS 15 OG Pump 2A Fails to Start 1.45E-03 

812 OK2002BGPR 0.5 00 Pump 2B Fails to Run 7.OOE-06 

813 OK2002BGPS 8 0 Pump 2B Fails to Start 7 .76E-04 

814 OK2002BLHE 3.2E-3 Latent Human Error Fails 00 Pump -)B 3.20E-03
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815 OK2002CGPR 0.25 00 Pump 2C Fails to Run 3.50E-06 
816 OK2002CGPS 4 OG Pump 2C Fails to Start 3.88E-04 
817 OK2002CLHE 3.2E-3 Latent Human Error Fails OG Pump 2C 3.20E-03 
818 OK288GASWT 30 Keowee 2 Governor Oil Control Switch 188GA Spurious Operation 2.lOE-06 
819 OK288GBSWT 192 Keowee 2 Control Switch 188GB Spurious Operation 1.34E-05 
820 OK288GCSWT 108 Keowee 2 Control Switch 188G0 Spurious Operation 7. 56E-06 
821 OK299K1RYD 1 Keowee 2 Relay 99K1 Fails To Operate On Demand 3.30E-05 

822 OK299K1RYT 24 Keowee Unit 2 Relay 99K1 Spurious Operation 8.64E-06 
823 OK299K2RYD 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 
824 OK2AGO4RVT 24 Safety Relief Valve 2AG-4 Spurious operation 1 .34E-04 
825 OK2AG05VVT 24 Manual Valve 2AG-5 Transfers Position 4 .08E-07 
826 OK2AGO1TKF 24 Air Receiver Tank 2AGTK-1 Fails 1.10E-05 

827 OK20G2CTRM 3.42E-3 00 Pump 20 Train In Maintenance.Or Testing 3.42E-03 
828 OK2PRUNCOM 1.12E-07 Common Cause Failure of Unit 2' 00 Pumps to Run 1.12E-07 

829 OK2PSTRCOM 2.04E-05 Common Cause Failure of unit 2 00 Pumps to Start 2.04E-05 
830 OK2XA1DCLT 30 Low Voltage Circuit Breaker 2XA-1D Transfers Position 2.73E-05 

831 OK2XA2ECLT 30 Low Voltage Circuit Breaker 2XA-2E Transfers Position 2.73E-O5 
832 OK2XA4DCLT 30 1,w Voltage Circuit Breaker 2XA-4D Transfers Position 2.73E-05 
833 OMOD 0 Startup Bus UV Sensing Mod Is In Service 0. 005+00 
834 PAC1TC4C4T 24 4160 Vac Breaker lTC-4 Transfers Open 2 .26E-05 

835 PACTC01C4T 24 4160 Vac Breaker 1TC-1 Transfers Open 2.26E-65 
836 PACTC14C4T 24 4160 Vac Breaker 1TC-14 Transfers Open 2.26E-05 
837 PACX1TCBHF 24 4160 Vac Switchgear ITC Fails 9.60E-06 
838 PKOSUMPCOM 2.44E-06 Common Cause Failure Of Turbine Sump Pump System 2.44E-06 
839 PK163SALST 30 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 
840 PK163SBLST 15 Unit 1 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
841 PK1ACDCCOM 2.77E-05 Common Cause Failure of Unit 1 Turbine Sump Pump System 2.77E-05 

842 PK1DA5CCDT 24 125 Vdc Circuit Breaker lDA-5C Transfers Position 1.80E-06 
843 PK1PACKDEX 3.1E-5 Turbine No. 1 Packing Fails 3.10E-05 
844 PK1TS01VVT 30 Manual Valve ITS-i Transfers Position 5.10E-07 
845 PK1TSO2CVT 30 Check Valve 1TS-2 Fails to Open or Transfers Closed 3 .90E-06 

846 PK1TSO3VVT 108 Manual Valve 1TS-3 Transfers Position 1.84E-06 
847 PK1TSO4CVT 15 Check Valve 1TS-4 Fails to Open or Transfers Closed 1.95E-06 
848 PK1TSACGPR 30 AC Sump Pump iTSPU- Fails To Start Or Run 4.20E-04 

849 PK1TS4CGPR 15 DC Sump Pump 1TSP2-2C Fails To Start Or Run 2 .lOE-04 

850 PK1TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. DC Smp Pump 3.20E-03 

851 PKKTSDCTRM 6.85E-4 Turbine No. 1 DC Pump Train In Maintenance Or Testing 6.85E-04 
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852 PK1XA2CCLT 30 600 V Circuit Breaker 1XA-2C Transfers Position 2.73E-05 
853 PK263SALST 30 Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails 9. 30E-06 
854 PK263SBLST .15 Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
855 PK2ACDCCOM 2.77E-05 Common Cause Failure of Unit 2 Turbine Sump Pump System 2.77E-05 
856 PK2DA1CCDT 24 125 Vdc Circuit Breaker 2DA-1C Transfers Position 1.80E-06 
857 PK2PACKDEX 3.1E-5 Turbine No. 2 Packing Fails 3.10E-05 
858 PK2TS01VVT 30 Manual Valve 2TS-1 Transfers Position 5.10E-07 
859 PK2TSO2CVT 30 Check Valve 2TS-2 Fails to Open or Transfers Closed 3.90E-06 
860 PK2TSO3VVT 108 Manual Valve 2TS-3 Transfers Position 1.84E-06 
861 PK2TSO4CVT 15 Check Valve 2TS-4 Fails to Open or Transfers Closed 1.95E-06 
862 PK2TSACCPR 30 AC Sump Pump 2TSPU-1 Fails To Start Or.Run 4. 20E-04 
863 PK2TSDCGPR 15 DC Sump Pump 2TSPU-2 Fails To Start Or Run 2. 10E-04 
864 PK2TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 2 DC Sump Pump 3 .20E-03 
865 PK2TSDCTRM 6.85E-4 Turbine No. 2 DC Pump Train In Maintenance Or Testing 6.85E-04 
866 PK2XA2CCLT 30 Low Voltage Circuit Breaker 2XA-2C Transfers Position 2.73E-05 
867 PMFB1 5.60E-03 Loss of Power on Main Feeder Bus 1 5.60E-03 
868 PMFB2 5.60E-03 Loss of Power on Main Feeder Bus 2 5. 60E-03 
869 S127ElVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
870 S127EUVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
871 S127EX1RYD 1 Unit 1 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
872 S127EXVRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 
873 S227E1VRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
874 S227EUVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
875 S227EX1RYD 1 Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
876 S227EXVRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 

877 S27XSC1RYD 1 Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up OEE-76-12 3.30E-05 
878 S27XSC2RYD 1 Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up OEE-76-12A 3.30E-05 
879 S27XTD1RYD 1 Channel 1 Swyd Isolated Time Delay Rly, 27XTD/SC1, Fails OEE-76-12 3.30E-05 
380 S27XTD2RYD 1 Channel 2 Swvd Isolated Time Delay Rly, 27XTD/SC2, Fails OEE-76-12A 3.30E-05 
881 S327E1VRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 2.33E-03 
882 S327EUVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 2.33E-03 
883 S327EX1RYD 1 Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
884 S327EXVRYD 1 Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up 3.30E-05 
885 SB18UX1RYT 24 Auxiliary Relay 8UX-1 Spurious Operation 8.64E-06 
886 SB28UX2RYT 24 Auxiliary Relay 8UX-2 Spurious Operation 8.64E-06 
887 SB38UX3RYT 24 Auxiliary Relay 8UX-3 Spurious Operation 8.64E-06 
883 SB48UX4RYT 24 Auxiliary Relay 8UX-4 Spurious Operation 8.64E-06
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889 SDCAIDDDIF 24 Control Power From DYA To PCB 9 Isolating Diode Fails 9.12E-05 
890 SDCDA12CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open 1.80E-06 
891 SDCDA15CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs Open 1.80E-06 

892 SDCDA17CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open 1.80E-06 
893 SDCDB01CDT 24 125 Vdc Swvd Control Power Pnlbd DYB Bkr 1 Xfrs Open 1.80E-06 

894 SDCDB13CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 13 Xfrs Open 1.80E-06 

895 SDCDC12CDT 24 125 Vdc Swvd Control Power Pnlbd DYC Bkr 12 Xfrs Open 1.80E-06 

896 SDCDE12CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 12 Xfrs Open 1.80E-06 

897 SDCDE15CDT 24 125 Vdc Swvd Control Power Pnlbd DYE Bkr 15 Xfrs Open 1.80E-06 

898 SDCDE17CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 17 Xfrs Open 1.80E-06 

899 SDCDF01CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 1 Xfrs Open 1. 80E-06 
900 SDCDF13CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open 1.80E-06 

901 SDCDG16CDT 24 125 Vdc Swvd Control Power Pnlbd DYG Bkr 16 Xfrs Open 1.80E-06 

902 SDCDYA8CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs Open OEE-38 1.80E-06 

903 SDCDYA9CDT 24 125 Vdc Swvd Control Power Pnlbd DYA Bkr 9 Xfrs Open OEE-39B 1.80E-06 
904 SDCDYB4CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs Open 1.80E-06 

905 SDCDYB6CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xfrs Open 1.80E-06 

906 SDCDYB8CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 8 Xfrs Open 1.80E-06 

907 SDCDYE8CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 8 Xfrs Open 1. 80E-06 

908 SDCDYE9CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 9 Xfrs Open OEE-39B 1.80E-06 

909 SDCDYF4CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xfrs Open 1.80E-06 

910 SDCDYF6CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 6 Xfrs Open 1.80E-06 

911 SDCDYF8CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 8 Xfrs Open 1.80E-06 

912 SDCEIDDDIF 24 Control Power From DYE To PCB-9 Isolating Diode Fails 9.12E-05 

913 SK194GBRYT 24 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 8. 64E-06 

914 SK294GBRYT 24 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 8. 64E-06 

915 SKXFMR1THF 24 Keowee Transformer 1 Fails 7.44E-05 

916 SPC14KVBHF 24 13.8 kV Bus Faulted 9.60E-06 

917 SPC51TNRYT 24 Main Step Up Transformer Neutral Ground Relay 51TN Spurious Operation 8.64E-06 

918 SPC62ABRYT 24 ACB Back-up Trip Timer 62AB Spurious Operation 8.64E-06 

919 SPC631XRYT 24 Auxiliary Relay 63H1X Spurious Operation 8.64E-06 

920 SPC871XRYT 72 Transformer 1X Differential Relay 87T-lX Spurious Operation 2.59E-05 

921 SPC872XRYT 72 Transformer 2X Differential Relay 87T-2X Spurious Operation 2.59E-05 

922 SPC87T1RYT 72 Main Step Up Transformer Differential Relay 87T Spurious Operation 2.59E-05 

923 SPC94TKRYT 24 Auxiliary Relay 94T/K Spurious Operation 8. 64E-06 

924 SPCB008CHO 1 SWYD PCB-8 Fails to Trip 2.60E-05 

925 SPCBoo9CHC 1 SWYD PCB-9 Fails To Close On Demand . 2.. 60E-04
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926 SPCBOO9CHO 1 SWYD PCB-9 Fails To Trip 2.60E-05 

927 SPCB012CHO 1 SWYD PCB-12 Fails To Trip 2.60E-05 

928'SPCB015CHO 1 SWYD PCB-15 Fails To Trip On Demand 2.60E-05 

929 SPCB017CHO 1 SWYD PCB-17 Fails To Trip On Demand 2.60E-05 

930 SPCB021CHO 1 SWYD PCB-21 Fails To Trip On Demand 2.60E-05 

931 SPCB024CHO 1 SWYD PCB-24 Fails To Trip On Demand 2.60E-05 

932 SPCBO26CHO 1 SWYD PCB-26 Fails To Trip On Demand 2.60E-05 

933 SPCB028CHO 1 SWYD PCB-28 Fails To Trip On Demand 2.60E-05 

934 SPCBO33CHO 1 SWYD PCB-33 Fails To Open On Demand 2.60E-05 

935 SPCD87LRYT 24 Line Differential Relay 87L Spurious Operation 8.64E-06 

936 SPCGLASSWT 24 Break Glass Switch Spurious Operation 1.68E-06 

937 SPCR86TRYT 24 Lock Out Relay 86T Spurious Operation 8.64E-06 

938 SU127UVCOM 1.18E-04 Common Cause Failure of Unit 1 SU Bus Undervoltage Relays 1.18E-04 

939 SU227UVCOM 1.18E-04 Common Cause Failure of Unit 2 SU Bus Undervoltage Relays 1.18E-04 

940 SU327UVCOM 1.18E-04 Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1.18E-04 

941 SXFRCT3THF 24 Transformer CT3 Faulted 7.44E-05 

942 SXFRCT3THM 1.74E-04 Transformer CT3 Is In Maintenance 1.74E-04 

943 SXFRCT4LHE 6.40E-05 Latent Human Error on CT4 Maintenance 6.40E-05 

944 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 9. 13E-04 

945 SY30R94RYT 24 PCB 30 Relay 94 Spuriously Picks Up 8. 64E-06 

946 SY51TN2RYT 24 230kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 

947 SY51TN4RYT 24 4.16kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 

948 SY51TN6RYT 24 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up 8.64E-06 

949 SY62X1FRYT 24 Breaker Failure Relay 62X1 Spuriously Picks Up 8.64E-06 

950 SY62X2FRYT 24 Breaker Failure Relay 62X2 Spuriously Picks Up 8.64E-06 

951 SY62XXFRYT 24 Breaker Failure Relay 62X Spuriously Picks Up 8. 64E-06 

952 SY86BUIRYT 24 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 8.64E-06 

953 SY86CT3RYT 24 Transformer CT3 Lockout Relay Spuriously Picks Up 8. 64E-06 

954 SY86YA9RYT 24 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 8.64E-06 

955 SY86YJ3RYT 24 Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up 8.64E-06 

956 SY87BYXRYT 24 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up 8.64E-06 

957 SY87BYYRYT 24 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up 8.64E-06 

958 SY87BYZRYT 24 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up 8.64E-06 

959 SY87LXXRYT 24 Differential Auxiliary Relay 87LX Spuriously Picks Up 8.64E-06 

960 SY94L1XRYT 24 Protective Relay 94L Spuriously Picks Up . 8.64E-06 

961 SYE1362RYT 24 E13 Bkr Failure Relay 62B Spuriously Picks Op 8.64E-06 

962 YE2362RYT 24 E23 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06
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963 SYP2862RYT 24 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 8. 64E-06 
964 SYP3062RYT 24 PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 8. 64E-06 
965 SYP86TXRYT 24 PCB 30 LOR 86TX Spuriously Picks Up 8.64E-06 
966 SYPCBO9CHT 24 Switchyard Power Circuit Breaker 9 Transfers Open 4.56E-05 
967 SYPCB30CHT 24 Switchyard Power Circuit Breaker 30 Transfers Open 4.56E-05 
968 SYPL86TRYT 24 PCB 30 LOR 86T Spuriously Picks Up 8.64E-06 
969 SYPL87LRYT 24 Differential Relay 87L Spuriously Picks Up 8.64E-06 
970 SYR86BYRYT 24 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 8.64E-06 
971 SYS63FPRYT 24 Fault Pressure Relay 63FP Spuriously Picks Up 8.64E-06 
972 SYSX50BRYT 24 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 8.64E-06 
973 SYX87TBRYT 24 Differential Relay 87B Spuriously Picks Up 8.64E-06 
974 SYXX87TRYT 24 Differential Relay 87T Spuriously Picks Up 8.64E-06 
975 US086EFRYT 24 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 8.64E-06 
976 U5186EFRYT 24 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 8.64E-06 
977 U51TNC4RYT 24 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 8.64E-06 
978 U62BSK1RYT 24 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 8.64E-06 
979 U62BSK2RYT 24 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 8.64E-06 
980 U86CT4XRYT 24 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 8.64E-06 
981 U86TCT4RYT 24 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 8.64E-06 
982 U87TCT4RYT 24 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 8.64E-06 
983 UACXCT4THF 24 Transformer CT4 Failed 7.44E-05 
984* UXX86EFRYT 24 Lockout Relay 86EF Spuriously Picks Up 8.64E-06 
985 WKOORUNCOM 2.09E-05 Common Cause Failure of Keowee Governors to Run 2.09E-05 
986 WK1GVCDDEX 3.5E-05 Keowee Unit 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 
987 WK1GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 1 Governor During Cold Start 2.60E-04 
988 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
989 WK1GVRNDEX 5.6E-4 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
990 WK1SPD1DEX 1.0 Potentially Damaging Overspeed Condition Occures At Load Rejection 1.OOE+00 
991 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 
992 WK1TBCDDEX 3.5E-5 Keowee Unit 1 Turbine Fails Durinq a Cold Start 3.50E-05 
993 WK1TBHTDEX 3.5E-4 Keowee Unit 1 Turbine Fails During a Hot Start 3. 50E-04 
994 WK1TBRNDEX 5.6e-4 Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 

995 WK2GVCDDEX 3.5E-05 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Cold Start 3.50E-05 
996 WK2GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 2 Governor During Cold Start 2.60E-04 
997 WK2GVHTDEX 3.5E-04 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 
998 WK2GVRNDEX 5.6E-4 Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 
999 WK2SPD2DEX 5.6E-05 Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05
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1000 WK2TBCDDEX 3.5E-5 Keowee Unit 2 Turbine Fails During a Cold Start 3 .50E-05 
1001 WK2TBHTDEX 3.5E-4 Keowee Unit 2 Turbine Fails During a Hot Start 3.50E-04 

1002 WK2TBRNDEX 5.6E-4 Keowee Unit 2 Turbine Fails With the Unit Running 5.60E-04 
1003 WKCSTRTCOM 1.12E-05 Common Cause Failure of Keowee Governors to Cold Start 1.12E-05 

1004 WKHSTRTCOM 3.50E-6 Common Cause Failure of Keowee Governors to Hot Start .3. 50E-06 
1005 XAOSWGRCOM 1.22E-06 Common Cause Failure Of Transformers lX, 2X, And CX 1.22E-06 
1006 XA1A2BTCDT 24 600 Vac Breaker 1XA-2BT Transfers Position K-704 .1.80E-06 

1007 XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 

1008 XA1TR1XTLF 24 Keowee Transformer IX Fails 1.80E-05 
1009 XA1X2AXCLT 24 600 Vac -Breaker 1X-2A Transfers Position 2.18E-05 

1010 XA1X2CCCLT 24 600 Vac Breaker 1X-2C Transfers Position 2.18E-05 

1011 XA1XA1ACLT 24 600 Vac Breaker 1XA-1A Transfers Open 2.18E-05 

1012 XA1XAALBLM 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 

1013 XA1XAMCBLF 24 600 Vac MCC 1XA Fault 6.48E-06 
1014 XA1XCXXTHM 4.57E-04 4160/600 Vac Transformer CX Is In Maintenance 4. 57E-04 
1015 XA1XCXXTLF 24 4160/600 Vac Transformer CX Fails 1.80E-05 
1016 XA1XXXXBLF 24 600 Vac Switchgear IX Fault 6.48E-06 

1017 XA2A2BTCDT 24 600 Vac Breaker 2XA-2BT Transfers Position 1.80E-06 

1018 XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 3. 10E-04 
1019 XA2TR2XTLF. 24 Keowee Transformer 2X Fails 1.80E-05 

1020 XA2X2BXCLT 24 600 Vac Breaker 2X-2B Transfers Position 2.18E-05 

1021 XA2X2DXCLT 24 600 Vac Breaker 2X-2D Transfers Open 2.18E-05 

1022 XA2X4AXCLT 24 600 Vac Breaker 2XA-4A Transfers Position 2.18E-05 

1023 XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 2.74E-03 
1024 XA2XAMCBLF 24 600 Vac MCC-2XA Fault 6.48E-06 
1025 XA2XXXXBLF 24 600 Vac Switchgear 2X Fault 6.48E-06 

1026 XA56BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 3. 1OE-04 

1027 KA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 -And ACB-8 To Close 3.10E-04 
1028 XDOBATTCOM 2.70E-05 Common Cause.Failure Of Keowee I&C Power Batteries 2.70E-05 
1029 XDOCHRGCOM 3.48E-05 Common Cause Failure Of Keowee Battery Chargers 3.48E-05 

1030 XD104CCCDT 24 Breaker 1DA-4CC Transfers Open 1.80E-06 

1031 XD104CRCDT 6 Breaker 1DA-4CR Transfers Open 4.50E-07 

1032 XD1BK1ACDT 24 Battery No. 1 Breaker 1A Transfers Position run time dependent 1.80E-06 

1033 XD1CKC1BCF 24 Battery Charger KC1 Fails 6.96E-04 
1034 XD1DA1CCDT 24 125 Vdc Breaker 1C (from charger KC1) Transfers Position 1.80E-06 

1035 XDlDA3BCDT 24 125 Vdc Breaker 1DA-3BR Transfers Open 1.80E-06 

1036 XD1DA4ACDT 24 DC Circuit Breaker iDA-4AR Transfers Position 1.80E-06
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1037 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center 1DA Is In Test and Maintenance 5.48E-03 

1038 XD1DARXBDF 24 DC Distribution Center iDA Faulted during Run 7.68E-06 

1039 XD1KB1XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.005±00 

1040 XD1KB1XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.005±00 
1041 XD1KBATBYF 1 Keowee Battery No. 1 Fails During Discharge 9.30E-04 

1042 XD1TIE1CDT 24 Keowee 125V dc Dist Cntr lDA Tie Breaker 1 Transfers Position 1.80E-06 

1043 XD202CCCDT 6 Breaker 2DA-2CC Transfers Open 4.50E-07 

1044 XD204CCCDT 24 Breaker 2DA-4CC Transfers Open K-704 1.80E-06 

1045 XD2BK1ACDT 24 Battery No. 2 Breaker 1A Transfers Position 1.80E-06 

1046 XD2CKC2BCF 24 Battery Charger KC2 Fails 6.96E-04 

1047 XD2DA2ACDT 24 DC Circuit Breaker 2DA-2AR Transfers Position 1.80E-06 

1048 XD2DA3BCDT 24 125 Vdc Circuit Breaker 2DA-3BR Transfers Position 1.80E-06 

1049 XD2DA5CCDT 24 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open 1.80E-06 

1050 XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test and Maintenance 5.48E-03 

1051 XD2DARXBDF 24 DC Distribution Center 2DAFaulted During Run 7.68E-06 

1052 XD2KB2XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour I.OOE+00 

1053 XD2KB2XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.OOE±00 

1054 XD2KBATBYF 1 Keowee Battery No. 2 Fails during Discharge 9.30E-04 

1055 XD2TIE2CDT 24 Keowee 125V dc Dist Cntr 2DA Tie Breaker 2 Transfers Position 1.80E-06 

1056 YOSTARTCOM 7.26E-06 Common Cause Failure of Emergency Start Signal 7.26E-06 

1057 YK114X3SSD 1 Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm KEE-111 1.80E-05 

1058 YK13SUISWT 24 KHU#1 Startup Inhibit Sw 35UI Xfrs to Inhibit KEE-ill, -113 1.68E-06 

1059 YK14AMRRYT 24 Keowee 1 Master Relay 4A Spuriously Drops Out .8.64E-06 

1060 YK14BMRRYT 24 Keowee 1 Master Relay 4B Spuriously Drops Out 8.64E-06 

1061 YK163BHLST 24 Keowee 1 Gem Thrst Brng Oil Lvl Hi Sw 63BL/H Sprsly Clsd KEE-ill, -113-3 7.44E-06 

1062 YK163BHRYT 24 Kebwee 1 Gen Thrst Brng Oil Lvi Hi Rly 63BL/HX Sprsly Picks Up KEE-111,-113- 8.64E-06 

1063 YK163BLLST 24 Keowee 1 Gem Thrst Brng Oil Lvl Lo Sw 63BL/L Spuriously operates KEE-1l1,-113- 7.44E-06 

1064 YK163BLRYT 24 Keowee 1 Gen Thrst Brng Oil Lvi Lo Rly 63BL/LXTD Sprsly Pcks Up KEE-ill, -113- 8.64E-06 

1065 YK163TBLST 24 Keowee 1 Turb Guide Brng Lo Lvi Sensor Sw Spuriously Closes KEE-113-4 7.44E-06 

1066 YK163TBRYT 24 Keowee 1 Turb Gd Brng Oil Lvi Lo Rly 63TB/1X Sprsly Picks Up KEE-111,-113-4 8.64E-06 

1067 YK186N1DEX 9.89E-03 *Keowee 1 Normal Lockout Actuates 9 .89E-03 

1068 YK199SDRYD 1 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 3.30E-05 

1069 YK199SDRYT 24 Keowee 1 Shutdown Solenoid Spuriously Drops Out 8. 64E-06 

1070 YK199SNRYD 1 K1 Emergency Load Solenoid 99SN Fails To Pick Up/Drop Out 3.30E-05 

1071 YK199SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8.64E-06 

1072 YK199SXRYD 1 Keowee 1 Shutdown Solenoid Aux Relay 99SX F1ls to Pick Up KEE-111 3.30E-05 

1073 YK199SXRYT 24 Shutdown Auxiliary Relay 99dX Spuriously Drops Out 8. 64E-06 
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1074 YK1D4CRFUF 6 Fuse 1DA-4CR Fails 2.16E-05 

1075 YK1ES1ARYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/1A Fails To Pick Up OEE-120 3.30E-05 

1076 YK1ES1BRYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/1B Fails To Pick Up OEE-120-1 3.30E-05 

1077 YK1ES2ARYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/2A Fails To Pick Up OEE-120 3.30E-05 

1078 YK1ES2BRYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/2B Fails To Pick Up OEE-120-1 3.30E-05 

1079 YK1MR4ARYD 1 Keowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 3.30E-05 

1080 YK1MR4BRYD 1 Keowee 1 Start Master Relay 4B Fails To Pick Up KEE-113 3.30E-05 

1081 YK1SS12SST 24 Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 1.01E-04 

1082 YK1SS13SSD 1 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm KEE-111 1.80E-05 

1083 YK214X3SSD 1 KHU#2 Speed Switch 14-3 Fails to Open at 65 rpm KEE-211 1.80E-05 

1084 YK23SUISWT 24 KHU#2 Startup Inhbt Sw 3SUI Sprsly Xfrs to Inhibit KEE-211, -213 1.68E-06 

1085 YK24AMRRYT 24 Keowee 2 Master Relay 4A Spuriously Drops Out 8.64E-06 

1086 YK24BMRRYT 24 Keowee 2 Master Relay 4B Spuriously Drops Out 8. 64E-06 

1087 YK263BHLST 24 Keowee 2 Gen Thrst Brng Oil Lv1 Hi Sw 63BL/H Sprsly Clsd 7.44E-06 

1088 YK263BHRYT 24 Keowee 2 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-211 8.64E-06 

1089 YK263BLLST 24 Keowee 2 Gen Thrst Brng Oil Lv Lo Sw 63BL/L Sprsly Opn 7.44E-06 

1090 YK263BLRYT 24 Keowee 2 Gen Thrst Brng Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks Up KEE-211 8.64E-06 

1091 YK263TBLST 24 Keowee 2 Turb Guide Brng Lo Lv1 Sensor Sw Sprsly Closes 7.44E-06 

1092 YK263TBRYT 24 Keowee 2 Turb Gd Brng Oil Lvl Lo Rly 63TB/1X Sprsly Picks Up KEE-211 8 .64E-06 

1093 YK286N2DEX 7.41E-03 Keowee Unit 2 Normal Lockout Activates 7.41E-03 

1094 YK299SDRYD 1 Keowee 2 Shutdown Solenoid 99SD Fails To Pick Up 3.30E-05 

1095 YK299SDRYT 24 Keowee 2 Shutdown Solenoid Spuriously Drops Out 8.64E-06 

1096 YK299SNRYD 1 Keowee 2 Emergency Load Solenoid 99SN Fails.To Operate 3.30E-05 

1097 YK299SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8.64E-06 

1098 YK299SXRYD 1 Keowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-211 3.30E-05 

1099 YK299SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out s 8 .64E-06 

1100 YK2D2CCFUF 6 Fuse 2DA-2CC Fails 2.16E-05 

1101 YK2ES1ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/1A Fails To Pick Up OEE-120 3.30E-05 

1102 YK2ES1BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/1B Fails to Pick Up OEE-120-1 3.30E-05 

1103 YK2ES2ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 3.30E-05 

1104 YK2ES2BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2B Fails to Pick Up OEE-120-1 3.30E-05 

1105 YK2MR4ARYD 1 Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-213 3.30E-05 

1106 YK2MR4BRYD 1 Keowee 2 Start Master Relay 4B Fails to Pick Up KEE-213 3.30E-05 

1107 YK2SS12SST 24 Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 1.01E-04 

1108 YK2SS13SSD 1 Keowee 2 Speed Switch 13 Fails to Close at 122 rpm KEE-211 1.80E-05 

1109 YKEMSRTCHE 0 Operator Incorrectly Resets Keowee.Emergenc' Start Signals 0. OOE00 

1110 YO1DIA2CDT 30 DC Circuit Breaker 1DIA-2 Transfers Position 
2. 25E-06
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1111 YOlDIB2CDT 30 DC Circuit Breaker 1DIB-2 Transfers Position 2.15E-06 
1112 YO1MFBMA 1 ONSi MFB Monitor Channel A Keowee Start Sianal Fails 1. 0E+00 
1113 YO1MFBMB 1 ONSi MFB Monitor Channel B Keowee Start Signal Fails 1.OOE+00 
1114 YO1OPSARHE 1 Operator fails to operate Keowee start switch SlA 1. 00+00 
1115 YO1OPSBRHE 1 operator fails to operate Keowee start switch SlB 1. 00+00 
1116 YO1S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.OCE-OS 
1117 YO1S1BFSWC 1 Control Switch SiB Fails To Close On Demand 1.005-05 
1118 YOlXXKARYD 1 ONSi Ch A Keowee Emergency Start Relay KA Fails to Pick Up OEE-120 3.30E-05 
1119 YO1XXKBRYD 1 Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 3.305-05 
1120 YO2CR2ARYD 1 0NS2 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 3.30E-05 
1121 YO2CR2BRYD 1 0NS2 Keowee Emergency Start Relay CR28 Fails to Pick Up OEE-220-1 3.30E-05 
1122 YO2DIA2CDT 30 Breaker 2DIA-2 Transfers Position 2.25E-06 
1123 YO2DIB2CDT 30 Breaker 2DIB-2 Transfers Position 2.25E-06 
1124 YO2MFBMA 1 0NS2 MFB Monitor CH A Keowee Start Sig Fails 1.00E+00 
1125 YO2MFBMB 1 0N52 MFB Monitor Ch B Keowee Start Sig Fails 1. OOE+00 
1126 YO2SSWARHE 1 Operator Fails to Operate Keowee Start Switch 2SSWA 1.OOE+00 
1127 YO2SSWASWC 1 Control Switch 2SSWA Fails To Close On Demand 1.00E-05 
1128 YO2SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 2SSWB 1. OOE±00 
1129 YO2SSWBSWC 1 Control Switch 2SSWB' Fails To Close On Demand 1.0OE-O5 
1130 YO3CR3ARYD 1 0NS3 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up OEE-320 3.30E-05 
1131 YO3CR3BRYD 1 0NS3 Keowee Emer Start Relay CR3B Fails to Pick Up OEE-320-1 3.30E-05 
1132 YO3DIA2CDT 30 Breaker 3DIA-2 Transfers Open OEE-320, 0-2705 2.2SE-06 
1133 YO3DIB2CDT 30 Breaker 3DIB-2 Transfers Open OEE-320-l, 0-2705 2.25E-06 
1134 YO3MFBMA 3.96E-03 0NS3 MFB Monitor Ch A Keowee Start Sig Fails 3.96E-03 
1135 YO3MFBMB 3.96E-03 0NS3 MFB Monitor Ch B Keowee Start Sig Fails 3. 96E-03 
1136 YO30PFARHE 1 Operator fails to operate Keowee Start Switch 351A 1. O0E+00 
1137 YO30PFBRHE 1 operator Fails to Operate Keowee Start Switch 3S1B 1.0OE±00 
1138 YO3S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.OCE-OS 
1139 YO3S1BFSWC 1 Control Switch SIB Fails To Close On Demand 1.OGE-OS 
1140 YO3SSWARHE 1 Operator fails to operate Keowee Start Switch 3SSWA 1. OOE+00 
1141 YO3SSWASWC 1 Control Switch 355MM Fails To Close On Demand lOOE-05 
1142 Y03SSWBRH-{E 1 Operator Fails to Operate Keowee Start Switch 3SSW B 1.OOE+00 
1143 Y03SSWBSWC 1 Control Switch 3SAB Fails To Close On Demand 1.OGE-OS
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1 AA1271PR6D 1 Transformer lX Undervoltage Relay 27/1X Fails To Pick Up 2.49E-04 

2 AA1271XR6T 30 Transformer 1X Undervoltage Relay 27/IX Spuriously De-energizes 1.09E-05 

3 AAl27ClR6T 24 Transformer CX Undervoltage Relay 27/CXl Spuriously De-energizes 8.71E-06 

4 AA127CPR6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Pick Up 2.49E-04 

5 AA127R1RYT 24 Auxiliary Relay 27X/CXl Spurious Operation 8.64E-06 

6 AA127X1RYD 1 Auxiliary Relay 27X/lX Fails To Operate On Demand 3.30E-05 

7 AAl27X1RYT 384 Auxiliary Relay 27X/lX Spurious Operation 1.38E-04 

8 AA127X2R6D 1 Transformer CX Undervoltage Relay 27/CXl Fails To Drop Out 2.49E-04 

9 -AA127XCRYD 1 Auxiliary Relay 27/CXl Fails To operate On Demand 3.30E-05 

10 AA186CXRYT 24 Transformer CX Differential Lock Out Relay 86CX Spurious Operation 8.64E-06 

11 AA186S1RYT 24 Switchgear 1X Lockout Relay SOS/li Spurious Operation 8.64E-06 

12 AA187CXRYT 24 Transformer CX Differential Relay 87CX Spurious Operation 8.64E-06 

13 AA2272PR6D 1 Transformer 2X Undervoltage Relay 27/2X Fails To Pick Up 

14 AA2272XR6D 1 Transformer 2X Undervoltaoe Relay 27/2X Fails To Drop Out 2.49E-04 

15 AA2272XR6T 24 Transformer 2X Undervoltage Relay 27/2X Spuriously De-energizes 8.71E-06 

16 AA227C2R6T 30 Transformer CX Undervoltage Relay 27/CX2 Spuriously De-energizes 1.09E-05 

17 AA227C2RYD 1 Auxiliary Relay 27X/CX2 Fails To Operate On Demand 3 .30E-05 

18 AA227CPR6D 1 Transformer CX Undervoltage Relay 27/CX2 Fails To Pick Up 2.49E-04 

19 AA227R2RYT 384 Auxiliary Relay 27X/CX2 Spurious Operation 1.38E-04 

20 AA227T2R6D 1 Transformer 2X Undervoltage Relay (27T/2X) Fails To Drop Out 2.49E-04 

21 AA227X2RYD 1 Auxiliary Relay 27X/2X Fails To Operate On Demand 3.30E-05 

22 AA227X2RYT 24 Auxiliary Relay 27X/2X Spurious Operation 8.64E-06 

23 AA286S2RYT 24 Switchgear 2X Lockout Relay 865/2X Spurious Operation 8.64E-06 

24 ABOO4ECCDT 30 DC Circuit Breaker lDA-4EC Transfers Position 2.2SE-06 

25 ABO086TRYD 1 Keowee Main Tx Lock Out Relay 86T Fails To Operate On Demand 3.30E-05 

26 ABO624CRYD 1 Time Delay Relay 62-4c Fails To Operate On Demand 3.30E-05 

27 ABO86E1RYD 1 Emergency Lock Out Relay 86E-1 Fails To operate On Demand 3.30E-05 

28 AB086TGRYD 1 General Keowee Main Tx Lock Out Sensing Relay Fails To Operate 3.30E-05 

29 ABOSWGRCOM 6.69E-04 Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 

30 ABOSWGRRHE SQE-Ol Recovery of Keowee Aux Power Breakers by Manual Control 5.00E-01 

31 AB152TCSVO 1 Air Circuit Breaker 1 Trip Coil Fails To Operate 2.90E-05 

32 ABlACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 3.51E-05 

33 AB1FALTDEX 1.75E-05 Fault Occurs at ACB-l When The BReaker Trips 1.75E-05 

34 AB1MECHDEX 1.51E-4 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 1.51E-04 

35 AB1OPENLHE 2.60E-4 Air Circuit Breaker 1 Fails To Open Due To A Latent Human Error 2.60E-04 

36 ABIPS02PST 12 Air Circuit Breaker 1 Accumulator Pressure itch PS2 Fails Low 5.16E-06 

37 AB1PSWTPST 24 Air Circuit Breaker 1 Accumulator Pressure Switch Fails Low 1.03E-05
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38 ABlRS2ZR6D 1 Air Circuit Breaker 1 Relay 52Z Fails To Operate 2 .49E-04 
39 AB21521SWT 30 Control Switch 152-2 Spurious Operation 2.10E-06 
40 AB22BV1RYT 24 Backup Undervoltage Relay 2BVl Spurious Operation 8.64E-06 
41 AB23BKRCOM 1.12e-04 Common Cause Failure Of Air Circuit Breakers 2 And 3 To Close 1.12E-04 
42 AB24BKRCOM 1.12E-04 Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 
43 AB25lG2RYT 24 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 Spurious Operation 8.64E-06 
44 AB252CCSVO 1 Air Circuit Breaker 2 Close Coil Fails To Operate 2.90E-05 
45 AB252TCSVO 1 Air Circuit Breaker 2 Trip Coil Fails To Operate 2.90E-05 
46 AB252TCSVT 36 Air Circuit Breaker 2 Trip Coil Spurious operation 1.40E-05 
47 AB252Y2R6D 1 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
48 AB252Y2R6T 12 Air Circuit Breaker 2 Y-relay Spurious Operation 4 .36E-06 
49 AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 3.51E-05 
50 AB2CLOSLHE 2.60E-4 Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60E-04 
51 AB2KEYISWT 12 Air Circuit Breaker 2 Key Interlock Switch Transfers Open 8.40E-07 
52 AB2MCH2DEX 3.025-4 Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-04 
53 AB2MECHDEX 1.51E-4 Air Circuit Breaker 2 Fails To Open Due To Mechanical Failure 1.51E-04 
54 AB20PENLHE 2.60E-4 Air Circuit Breaker 2 Fails To Open Due To A Latent Human Error 2.60E-04 
55 AB2PSO2PST 12 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 Fails Low 5.16E-06 
56 AB2PSWTPST 24 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 1.03E-05 
57 AB2PUSHPBT 36 Trip Pushbutton On ACB2 Spurious Operation 8.64E-06 
58 AB2R462RYT 24 Air Circuit Breaker 2 Negative Sequence Relay 46-2 Spurious Operation 8.64E-06 
59 AB2RS2XR6D 1 Air Circuit Breaker 2 Relay 52X Fails To Operate 2.495-04 
60 AB2R52ZR6D 1 Air Circuit Breaker 2 Relay 52Z Fails To Operate 2.495-04 
61 AB2R52ZR6T 36 Air Circuit Breaker 2 Relay 52Z Spurious operation 1.315-05 
62 AB31523SWT 24 Control Switch 152-3 Spurious Operation 1.685-06 
63 AB352CCSVO 1 Air Circuit Breaker 3 Close Coil Fails To Operate 2.905-05 
64 AB352TCSVO 1 Air Circuit Breaker 3 Trip Coil Fails To Operate 2.905-05 
65 AB352TCSVT 24 Air Circuit Breaker 3 Trip Coil Spurious operation 9.365-06 
66 AB352Y2R6D 1 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 
67 AB352Y2R6T 360 Air Circuit Breaker 3 Y-relay Spurious operation 1.315-04 
68 AB3ACCUDEX 3.515-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 3.51I-05 
69 AB3CLOSLHE 2.60e-04 Air Circuit Breaker 3 Fails To Close Due To Latent Human Error 2.60E-04 
70 AB3MCH2DEX 3.025-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical Failure 3.02E-04 
71 AB3MECHDEX 1.515-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical Failure 1-51E-04 
72 AB3PSO2PST 372 Air Circuit Breaker 3 Accumulator Pressure Switch P82 Fails Low 1.605-04 
73 AB3PSWTPST 24 Air Circuit Breaker 3 Accumulator Pressure 8witch Fails Low 1.03-05 

74 AB3PUSHPBT 24 Trip Pushbutton On ACB3 Spurious Operation 5.765-06
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75 AB3R52XR6D 1 Air Circuit Breaker 3 Relay 52X Fails To Operate 2. 49E-04 
76 AB3R52ZR6D 1 Air Circuit Breaker 3 Relay 52Z Fails To operate 2.49E-04 
77 AB3R52ZR6T 24 Air Circuit Breaker 3 Relay 52Z Spurious Operation 8.71E-06 

78 AB41523SWT 24 Control Switch 152-4 Spurious Operation 1.68E-06 
79 AB452CCSVO 1 Air Circuit Breaker 4 Close Coil Fails To Operate 2.90E-05 
80 AB452TCSVT 24 Air Circuit Breaker 4 Trip Coil Spurious Operation 9.36E-06 
81 AB452Y2R6D 1 Air Circuit Breaker 4 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 

82 AB452Y2R6T 372 Air Circuit Breaker 4 Y-relay Spurious Operation 1.35E-04 

83 AB4ACCUDEX 3.51E-05 Air Circuit Breaker 4 Accumulator Air Pressure Low 3.51E-05 
84 AB4CLOSLHE 2.60E-4 Air Circuit Breaker 4 Fails To Close Due To A Latent Human Error 2.60E-04 
85 AB4CLSESWC 1 Air Circuit Breaker 4 Close Switch Fails To Close On Demand 1.OOE-05 
86 AB4KEYISWT 372 Air Circuit Breaker 4 Key Interlock Switch Transfers Open 2.60E-05 
87 AB4LORESWT 372 Air Circuit Breaker 4 Local/Remote Switch Contact Transfers Position 2.60E-05 
88 AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical Failure 3.02E-04 
89 AB4PSO2PST 372 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 Indicates Low Pressure 1.60E-04 
90 AB4PSWTPST 12 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates Low Air Pressure 5.16E-06 
91 AB4PUSHPBT 24 Trip Pushbutton On ACB-4 Spurious Operation 5 .76E-06 
92 AB4RS2XR6D 1 Air Circuit Breaker 4 Relay 52 Fails To Operate 2. 49E-04 
93 AB4RS2ZR6T 24 Air Circuit Breaker 4 Relay 52Z Spurious operation 8.71E-06 
94 AB51OAlFJF 6 One Or More Control Power Fuses For X, Y And CC Fail 2. 16E-05 
95 AB51431LHE 3.20E-4 Manual/Auto Contiol Switch 143/1 Left In Manual 3 .20E-04 
96 AB51431RYT 360 Auxiliary Relay 143X/1 Spuriously Energizes 1. 30E-04 
97 AB51431SWT 360 Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 2.525-05 
98 AB552CCRYD 1 Air Circuit Breaker 5 Close Coil CC Fails On Demand 3.30E-05 
99 AB552TCRYT 384 Air Circuit Breaker 5 Trip Coil 52TC Spurious Operation 1.38E-04 

100 AB552Y2RYT 360 Air Circuit Breaker 5 Y-relay Spurious operation 1.30E-04 
101 AB583S5RYD 1 Time Delay Relay 83S5 Fails To Pick Up 3.30E-05 
102 AB5CLOSLHE 2.60E-4 Air Circuit Breaker 5 Fails To Close Due To A Latent Human Error 2.60E-04 
103 AB5KEYISWT 360 Air circuit Breaker 5 Key Interlock Switch Transfers Open 2-52E-05 
104 AB5MCH2DEX 7.04E-03 Air Circuit Breaker 5 Fails To Close Due To Mechanical Failure 7.04E-03 
105 AB5PUSHPBT 384 Trip Pushbutton On ACB5 Spurious Operation 9.22E-05 
106 AB5R52XRYD 1 Air Circuit Breaker 5 Relay 52 Fails To Operate 3.30E-05 
107 AB5R52YRYD 1 Air Circuit Breaker 5 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 
108 AB610AlFUF 6 One Or More Control Power Fuses For K, Y And CC Fail 2. 16E-05 
109 AB610AFFUF 6 One Or More Control Power Fuses For Relay 27X/2K Fail 2. 16E-05 
110 AB61432*LHE 3.20E-4 Manual/Auto Control Switch 143/2 Left In Maoual 3 .20E-04 

111 AB61432SWT 360 Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 2.52E-05
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112 AB652CCRYD 1 Air Circuit Breaker 6 Close Coil CC Fails On Demand 3.30E-05 

113 AB652TCRYD 1 Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate 3.30E-05 

114 AB652TCRYT 24 Air Circuit Breaker 6 Trip Coil 52TC Spurious Operation 8.64E-06 

115 AB652Y2RYT 360 Air Circuit Breaker 6 Y-relay Spurious Operation 1.30E-04 

116 AB6CLOSLHE 2.60E-4 Air Circuit Breaker 6. Fails To Close Due To A Latent Human Error 2.60E-04 

117 AB6KEYISWT 360 Air Circuit Breaker 6 Key Interlock Switch Transfers Open 2.52E-05 

118 AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 
119 AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure 8.01E-04 

120 AB60PENLHE 3.20E-3 Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-03 

121 AB6PUSHPBT 24 Trip Pushbutton On ACB6 Spurious Operation 5.76E-06 

122 AB6R52XRYD 1 Air Circuit Breaker 6 Relay 52X Fails To Operate 3.30E-05 

123 AB6R52YRYD 1 Air Circuit Breaker 6 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 

124 AB71OA1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 

125 AB710AFFUF 6 One Or More Air Circuit Breaker 7 Control Power Fuses Fail 2.16E-05 

126 AB752CCRYD 1 Air Circuit Breaker 7 Close Coil CC Fails On Demand 3.30E-05 

127 AB752TCRYD 1 Air Circuit Breaker 7 Trip Coil CC Fails On Demand 3.30E-05 

128 AB752TCRYT 24 Air Circuit Breaker 7 Trip Coil 52TC Spurious Operation 8.64E-06 

129 AB752Y2RYT 360 Air Circuit Breaker 7 Y-relay Spurious Operation 1.30E-04 

130 AB7CLOSLHE 2.60E-4 Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-04 

131 AB7KEYISWT 360 Air Circuit Breaker 7 Key Interlock Switch Transfers Open 2.52E-05 

132 AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 

133 AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 

134 AB70PENLHE 3.20E-3 Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-03 

135 AB7PUSHPBT 30 Trip Pushbutton On ACB7 Spurious Operation 7.20E-06 

136 AB7R52XRYD 1 Air Circuit Breaker 7 Relay 52X Fails To Operate 3 .30E-05 

137 AB7R52YRYD 1 Air Circuit Breaker 7 Relay 52Y Failed To Drop Out At Last Demand 3.30E-05 

138 AB810A1FUF 6 One Or More Control Power Fuses For X, Y And CC Fail 2.16E-05 

139 AB81432RYT 360 Auxiliary Relay 143X/2 Spuriously Energizes 1. 30E-04 

140 AB852CCRYD 1 Air Circuit Breaker 8 Close Coil CC Fails On Demand 3.30E-05 

141 AB852TCRYT 384 Air Circuit Breaker 8 Trip Coil 52TC Spurious Operation 1.38E-04 

142 AB852Y2RYT 360 Air Circuit Breaker 8 Y-relay Spurious Operation 1 .30E-04 

143 AB86E1ARYD 1 Emergency Lock Out Aux. Relay 86E-la Fails To Operate On Demand 3.30E-05 

144 AB86E1GRYD 1 Keowee Unit 1 Emergency Lock Out Sensing Relay Fails To Operate 3.30E-05 

145 AB883S8RYD 1 Time Delay Relay 83S8 Fails To Pick Up 3. 30E-05 

146 AB8KEYISWT 360 Air Circuit Breaker 8 Key Interlock Switch Transfers Open 2.52E-05 

147 AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical Failure 7.04E-03 

148 AB8PUSHPBT 384 Trip Pushbutton On ACB8 Spurious Operation . 9. 22E-05 

0 0 0
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149 AB8RS2XRYD 1 Air Circuit Breaker 8 Relay 52X Fails To Operate 3.30E-05 

150 AB8R52YRYD 1 Air Circuit Breaker 8 Relay 52Y Failed To Drop Out At Last Demand 3.3CR-OS 

151 ABEOPRCDHE 9.05-03 Operators Fail To Close Air Circuit Breaker 2 9.00R-03 

152 ABEOPRCRHE 1 Operators Fail To Close Air Circuit Breaker 2 1. OOE±OO 

153 ABPOPRCRHE 9.0O-03 Opeiators Fail To Close.Air Circuit Breaker 4 9.00O-03 

154 ACB4MOD 0 NSM-ON-52966 Is Not In Service 0. 00+00 

155 ACBAIRPDEX 2.00O-03 ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.OOE-03 

156 ACBTRIPCHE 0.0 operators Trip Generator Output ACBs 0. 005+00 

157 ACBXFERCOM 1.28E-06 Common Cause Failure That Results In ACBs 2 & 3 Transfering Open 1.28E-06 

158 AD1B4ALCDT 30 Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 2;25E-06 

159 AD1C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center lDA Transfers Position 1.80E-06 

160 AD1C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position 1.80E-06 

161 AD1SCLRCDT 12 Breaker 3CL In 125V dc Distribution Center IDA Transfers Position (Rec) 9.00O-07 

162 AD2B2ALCDT 30 Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 2.25E-06 

163 AD2B3CCCDT 12 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 9.OCE-07 

164 AD2C3CCCDT 24 Breaker 3CC In 125V dc Distribution Center 2DA Transfers Position 180E-06 

165 AD2C3CLCDT 24 Breaker 3CL In 125V dc Distribution Center 2DA Transfers Position 1.80E-06 

166 AK1141XRYD 1 Auxiliary Relay l4GOV/lX Fails To Pick-up 3.30R-OS 

167 AK114GVDEX 1.00e-04 KUl Magnetic Speed Switch System Fails 1.00O-04 

168 AK121TDRYD 1 Time Delay Relay 2-lTD Fails To Pick-up 3 30E-05 

169 AK152TDRYD 1 Time Delay Relay 52-lTD Fails To Pick-up 3.30E-O5 

170 AK152TDRYT 4380 Time Delay Relay 52-lTD Spurious Operation 1 SBE-03 

171 AK152XGRYD 1 Relay 52XG/1 Fails To Pick Up When The Unit Is Started 3.30E-05 

172 AK152XGRYT 2 Relay 52XG/l Spuriously Drops Out While The Unit Is Running 7.20E-07 
173 AK1AX34RYT-1E0 173 AK1AX34RYT6 Relay 52AX/34 Spuriously Drops-out2.1R0 
174 AK1GV1XRYD 1 Relay 1400V/lX Fails To Pick-up 3.30R-OS 

175 AK1OFRQCOM 3.3OR-O6 KUl CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 

176 AK1X34XRYT 6 Relay 52AX/34X Spuriously Drops-out 2.16E-06 

177 AK212OSSST 36 Turbine Overspeed Switch Indicates Overspeed 1.51E-04 

178 AK2142XRYD 1 Auxiliary Relay 14GOV/2X Fails To Pick-up 3.3CR OS 

179 AK214GVDEX 1.00e-4 KU2 magnetic Speed Switch System Fails 1. OOE-04 

180 AK222TDRYD 1 Time Delay Relay 2-2TD Fails To Pick-up 
181 AK252TDRYD 1 Time Delay Relay 52-2TD Fails To Operate 3.3CR-CS 

182 AK252TDRYT 4380 Time Delay Relay 52-2TD Spurious Operation 1.58R-03 

183 AK252WORYD 1 KU2 Relay 52W Fails To Pick-up 3.3CR-OS 

184' AK252XGRYD 1 Auxiliary Relay 22XG/2 Fails To Pick-up 3e.30rat 

18S AK2GATED9X 2.11RE- Wicket Gate Limit Switch IndicatesGate Position Is Below No-load Setting 2.11C-ir
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186 AK2GV2XRYD 1 Relay 14GOV/2X Fails To Pick-up 3 .30E-05 
187 AK20FRQCOM 3.30E-06 KU2 CCF Of 2/3 Overfrequency Relays To Reset When Frequency Drops 3.30E-06 
188 BK1088XRYD 1 Keowee 1 Turbine Guide Bearinoil Relay 88X Fails to Drop Out 3.30E-05 
189 BK1088XRYT 24 Keowee 1 Turbine Guide Bearing Oil Relay 88X Spurious Operation 8.64E-06 
190 BK114/2SSD 1 Keowee 1 Speed Switch 14/2 Fails On Demand 1.80E-05 
191 BK114/2SST 24 Keowee 1 Speed Switch 14/.2 Spuriously Transfers Closed 1.01E-04 
192 BK114DXRYD 1 Keowee 1 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.30E-05 
193 BK114DXRYT 24 Keowee 1 Rotation Sensing Aux. Relay 14DX Spuriously Drops Out 8.64E-06 
194 BK114T2RYD 1 Keowee 1 Rotation Sensing Timer 14T2 Fails to De-energize 3.30E-05 
195 BK114T2RYT 24 Keowee 1 Rotation Sensing Timer 14T2 Spurious Operation 8.64E-06 
196 BK1188ASWT 24 Keowee 1 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
197 BK1188DSWT 108 Unit 1 DC GBO Pump Control Switch S188D Spurious Operation 7.56E-06 
198 BK1631XRYD 1 Keowee 1 Relay 63TA/lX Fails to De-energize 3.30E-05 
199 BKl631XRYT 24 Keowee 1 OBO Level Relay 63TA/1X Spurious Operation 8 .64E-06 
200 BK1632XRYD 1 Keowee 1 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-05 
201 BK1632XRYT 24 Keowee 1 Turb. Brng. Low oil Level Aux. Rly 63TA/2X Spurious Operation 8.64E-06 
202 BK163TALSD 1 Turbine No. 1 Bearing Oil.Level Switch 63TA Fails on Demand 1.60E-03 
203 BK163TALST 24 Turbine No. 1 Bearing Oil Level Switch 63TA Spurious operation 7.44E-06 
204 BK188AXRYD 1 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
205 BK188AXRYT 24 Unit 1 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain Dc-energized 8.64E-06 
206 BK1DA5BCDT . 24 DC Circuit Breaker iDA-B Transfers Position 1.80E-06 
207 BK1GBDCGPR 12 Unit 1 DC Turbine GBO Pump Fails To Run 1.68E-04 
208 BK1GBDCGPS 1 Unit 1 DC Turbine GBO Pump Fails To Start On Demand 9.70E-05 
209 BK1GBDCLHE 3.2E-3 Latent Human Error Fails Unit 1 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
210 BK1GBO1CVC 1 Check Valve 1GBO-l Fails to Close on Demand 3.50E-04 
211 BK1GBO1CVO 1 Check Valve 1GBO-1 Fails To Open On Demand 2.30E-06 
212 BK1GBO1CVT 24 Check Valve 1GBO-1 Transfers Closed 3.12E-06 
213 BK1GBO1FTC 24 Filter 1GBOFL-1 Becomes Clogged 4.32E-05 
214 BK1GBO2VVT 24 Manual Valve 1GBO-2 Transfers Position 4.08E-07 
215 BK1GBO3CVO 1 Check Valve 1GBO-3 Fails To open On Demand 2.30E-06 
216 BK1GBO3CVT 12 Check Valve 1GBO-3 Transfers Closed 1.56E-06 

217 BK1GBO4VVT 108 Manual Valve 1GBO-4 Transfers Position 1.84E-06 
218 BK1GB(5VVT 24 Manual Valve 1GBO-5 Transfers Position 4. 08E-07 
219 BK1GBO6VVT 24 Manual Valve 1GBO-6 Transfers Position 4.08E-07 
220 BK1GBO8VVT 24 Manual Valve lGBO-8 Transfers Position 4.08E-07 
221 BK1GBO9VVT 24 Manual Valve 1GBO-9 Transfers Position 4.08E-07 

1222 BKGOACGPR 24 Unit 1 AC Turbine GO Pump Fails To Ruan 8 .36-04 

04Koe urieGieBarn 0i ea 88-pros.prto
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223 BK1GOACGPS 1 Unit 1 AC Turbine GBO Pump Fails To Start 9.70E-05 
224 BK1GODCTRM 1.14E-3 Unit 1 DC Turbine OBO Pump Train In Maintenance 1.14E-03 
225 BK1XA1CCLT 24 600 V Circuit Breaker IXA-iC Transfers Position 2.18E-05 
226 BK2088XRYD 1 Keowee 2 Turbine Guide Bearing Oil Relay 88X Fails to Drop out 3.3CE-O5 
227 BK2088XRYT 24 Keowee 2 Turbine Guide Bearing oil Relay 88X Spurious Operation 8.64E-06 
228 BK214/2SSD 1 Keowee 2 Speed Switch 14/2 Fails On Demand 1.80E-05 
229 BK214/2SST 24 Keowee 2 Speed Switch 14/2 Spuriously Transfers Closed 1.O1E-04 
230 BK214DXRYD 1 Keowee 2 Rotation Sensing Aux. Relay 14DX Fails to Energize 3.3CE-OS 
231 BK214DXRYT 24 Keowee 2 Rotation Sensing Aux. Relay 14DX Spurious Operation 8.64E-06 
232 BK214T2RYD 1 Keowee 2 Rotation Sensing Timer 14T2 Fails to Dc-energize 3.30E-C5 
233 BK214T2RYT 24 Keowee Rotation Sensing Timer 14T2 Fails to Remain Dc-energized 8.64E-06 
234 BK2188ASWT 24 Unit 2 AC GBO Pump Control Switch S188A Spurious Operation 1.68E-06 
235 BK2188DSWT 108 Unit 2 DC OBO Pump Control Switch S188D Spurious Operation 7.56E-06 
236 BK2631XRYD 1 Keowee 2 Relay 63TA/lX Fails to Dc-energize 3.30E-05 
237 BK2631XRYT 24 Keowee 2 GBO Level Relay 63TA/lX Spurious Operation' 8. 64E-06 
238 BK2632XRYD 1 Keowee 2 Brng. Low Oil Level Aux. Relay 63TA/2X Fails To Operate On Demand 3.30E-O5 
239 BK2632XRYT 24 Keowee 2 Turb. Brng. Low Oil Level Aux. Relay 63TA/2X Spurious Operation 8.64E-06 
240 BK263TALSD 1 Turbine No. 2 Bearing Oil Level Switch 63TA Fails on Demand 1.60E-03 
241 BK263TALST 24 Turbine No. 2 Bearing Oil Level Switch 63TA Spurious Operation 7.44E-06 
242 BK288AXRYD 1 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Drop Out 3.30E-05 
243 BK288AXRYT 24 Unit 2 AC Bearing Oil Pump Aux. Relay 88AX Fails to Remain Dc-energized 8.64E-06 

244 BK2DA1BCDT 24 DC Circuit Breaker 2DA-lB Transfers Position 1.80E-06 
245 BK2GBDCGPR 12 Unit 2 DC Turbine GRO Pump Fails To Run 1.68E-04 
246 BK2GBDCGPS 1 Unit 2 DC Turbine GRO Pump Fails To Start On Demand 9. 70E-OS 
247 BK2GBDCLHE 3.2E-3 Latent Human Error Fails Unit 2 DC Guide Bearing Oil Pump Discharge Path 3.20E-03 
248 BK2GBO1CVC 1 Check Valve 2GBO-1 Fails to Close on Demand 3.50E-04 
249 BK2GBO1CVO 1 Check Valve 2GBO-1 Fails To Open On Demand 2.30E-06 
250 BK2GBO1CVT 24 Check Valve 2GBO-l Transfers Closed 3. 12E-06 

251 BK2GBO1FTC 24 Filter 2GBOFL-1 Becomes Clogged 4.32E-05 

252. BK2GBO2VVT 24 Manual Valve 2GBO-2 Transfers Position 4.08E-07 
253 BK2GBO3CVO 1 Check Valve 2GBO-3 Fails To Open On Demand 2.30E-06 
254 BK2GBO3CVT 12 Check Valve 2GBO-3 Transfers Closed 1.56E-06 
255 BK2GBO4VVT 108 Manual Valve 2GBO-4 Transfers Position 1.84E-06 
256 BK2GBO5VVT 24 Manual Valve 2GBO-5 Transfers Position 4.08E-07 
257 BK2GBO6VVT 24 Manual Valve 2GBO-6 Transfers Position 4. 08E-07 
258 BK2GBO8VVT 24 Manual Valve 2GBO-8 Transfers Position 4M. 08E-07 

259 BK2GBO9VVT 24 Manual Valve 2GBO-9 Transfers Position 4.08-07
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260 BK2GOACGPR 24 Unit 2 AC Turbine GBO Pump Fails To Run 3.36E-04 
261 BK2GOACGPS 1 Unit 2 AC Turbine GBO Pump Fails To Start 9. 70E-05 
262 BK2GODCTRM 1.14E-3 Unit 2 DC Turbine GBO Pump Train In Maintenance 1.14E-03 
263 BK2XA1CCLT 24 600 V Circuit Breaker 2XA-1C Transfers Position 2.18E-05 
264 BKGBOILCOM 1.94E-06 Common Cause Failure Of Turbine Guide Bearing Oil System 1.94E-06 
265 D1DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIA OEE-120, 0-705 6.SOE-06 
266 D1DIBXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 1DIB OEE-120-1, 0-705 6.50E-06 
267 D2DIAXXDEX 6.50E-06 Loss Of Power on 125 V dc Panelboard 2DIA 6.50E-06 
268 D2DIBXXDEX 6.50E-06 Loss of Power on 125 V dc Panelboard 2DIB 6.50E-06 
269 D3DIAXXDEX 6.50E-06 Loss Of Power On 125 V dc Panelboard 3DIA 6.50E-06 
270 D3DIBXXDEX 6.50E-06 Loss Of Power On 125 Vdc Panelboard 3DIB 6.50E-06 
271 DDC11BXCDT 24 125 Vdc Battery Breaker SY-DC1-1B Transfers Open 1.80E-06 
272 DDC11CXCDT 24 125 Vdc Breaker SY-DC1-1C Transfers Open 1.80E-06 
273 DDC11DCCDT 24 125 Vdc Breaker SY-DC1-1DC Transfers Open 1.80E-06 
274 DDC11DLCDT 24 125 Vdc Breaker SY-DC1-1DL Transfers Open 1.80E-06 
275 DDC11DRCDT 24 125 Vdc Breaker SY-DC1-1DR Transfers Open 1.80E-06 
276 DDC1ALXBYM 1.14E-02. Test and Maintenance Weighting Factor 1.14E-02 
277 DDC1BATBYF. 1 Battery SY-1 Fails During Discharge 9.30E-04 
278 DDC1FLTBDF 24 SY-DC1 Is Faulted 7.68E-06 
279 DDC21BXCDT 24 125 Vdc Battery Breaker SY-DC2-1B Transfers Open 1.80E-06 
280 DDC21CXCDT 24 125 Vdc Breaker SY-DC2-1C Transfers Open 1.80E-06 
281 DDC21DCCDT 24 125 Vdc Breaker SY-DC2-1DC Transfers Open 1.80E-06 
282 DDC21DLCDT 24 125 Vdc Breaker SY-DC2-1DL Transfers Open 1.80E-06 
283 DDC21DRCDT 24 125 Vdc Breaker SY-DC2-1DR Transfers Open 1.80E-06 
284 DDC2BATBYF 1 Battery SY-2 Fails During Discharge 9.30E-04 
285 DDC2FLTBDF 24 SY-DC2 Is Faulted 7.68E-06 
286 DDCBATTCOM 2.70E-05 Common Cause Failure of Switchyard Batteries 2.70E-05 
287 DDCDYAXBDF 24 125 Vdc Switchyard DC Panelboard DYA Is Faulted 7.68E-06 
288 DDCDYBXBDF 24 125 Vdc Switchyard DC Panelboard DYB Is Faulted 7.68E-06 
289 DDCDYCXBDF 24 125 Vdc Switchyard DC Panelboard DYC Is Faulted 7.68E-06 
290 DDCDYEXBDF 24 125 Vdc Switchyard DC Panelboard DYE Is Faulted 7.68E-06 
291 DDCDYFXBDF 24 125 Vdc Switchyard DC Panelboard DYF Is Faulted 7.68E-06 
292 DDCDYGXBDF 24 125 Vdc Switchyard DC Panelboard DYG Is Faulted 7.68E-06 
293 E12EXCTCOM 5.31E-05 Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 
294 ED1lD3DCDT 12 Breaker 3D In 125V dc Distribution Center 1DA Transfers Open 9.00E-07 
295 ED13BR2CDT 24 Breaker 3BR In 125V dc Distribution Center IDA Transfers Open 1.80E-06 
296 ED22D3DCDT 12 Breaker 2D In 125V dc Distribution-Center 2DA Transfers Open 9.OOE-07 

* 0
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297 ED23BR2CDT 24 Breaker 3BR In 125V dc Distribution Center 2DA Transfers Open 1.80E-06 

298 EKOORUNCOM 1.24E-4 Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-04 

299 EKOBASERHE 1.9E-02 Recovery of Keowee Base Adjust LHE 1.90E-02 

300 EK131TDRYD 1 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 

301 EK131TDRYT 12 Keowee Unit 1 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 

302 EK14152SWT 12 KHU1 Generator Supply Breaker Trip Control Switch 141-52/T Spurious Operation 8.40E-07 

303 EK1415TSWT 24 Spurious Operation Of The KHU1 Supply Breaker Trip Switch 1.68E-06 

304 EK1415YRYD 1 KHU1 Generator Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 

305 EK1415YRYT 12 KHU1 Generator Supply Breaker Y-relay Spurious Operation 4.32E-06 

306 EK141AXR6D 1 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 

307 EK141AXR6T 24 Keowee Unit 1 Relay 41/AX Spuriously Resets 8.71E-06 

308 EK141CFRYD 1 Keowee Unit 1 Field Flashing Breaker Close Coil Fails To Operate On Demand 3.30E-05 

309 EK186E2RYT 6 Keowee Unit 1 Lockout Auxiliary Relay 86EX-2 Is Picked-up. 2.16E-06 

310 EK186EXRYT 12 Keowee Unit 1 Gen Lockout Auxiliary Relay 86EX-1 Spurious Actuation 4.32E-06 

311 EK186X2RYT 24 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 

312 EK188SVRYD 1 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 3.30E-05 

313 EK188SVRYT 36 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 

314 EK1901ARYT 12 Keowee Unit 1 Relay 90X1A Spurious Operation 4 .32E-06 

315 EK199SXRYD 1 Auxiliary Relay 99SX1 Fails To Pick-up 3 30E-05 

316 EK199SYRYD 1 Keowee Unit 1 Relay 99SY Fails To Pick-up 3 .30E-05 

317 EK199SYRYT 24 Keowee Unit 1 Relay 99SY Drops Out 8.64E-06 

318 EK1BAS2DEX 1.24E-3 KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.24E-03 

319 EK1BASEDEX 6.17E-4 Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-04 

320 EKlBASELHE 3.20E-3 Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-03 

321 EK1DIODDEX 2.88E-4 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88E-04 

322 EK1EXC1TGF 12 Keowee Unit 1 Gen Excitation Transformer Is Failed 1.18E-05 

323 EK1EXC2TGF 24 Keowee Unit 1 Generator Excitation Transformer Fails 2*.35E-05 

324 EK1F30AFUF 24 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 8.64E-05 

325 EK1F31XRYD 1 Keowee Unit 1 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 3.30E-05 

326 EK1F41CRYD 1 Keowee Unit 1 Field Breaker Close Coil Fails To Operate On Demand 3.30E-05 

327 EK1FAN1TLF 24 Keowee Unit 1 Generator Excitation Fan Power Transformer Fails 1.80E-05 

328 EK1FLDCLHE 2.60E-4 Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 

329 EK1FLDMDEX 7.71E-5 Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-05 

330 EK1FLSCLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human Error 2.60E-04 

331 EK1FLSMDEX 7.71E-5 Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Failure 7.71E-05 

332 EK1FLSOLHE 2.60E-4 Keowee Unit 1 Field Flashing Breaker Fails to Open Due To Latent Human Error 2.60E-04 

333 RKR31TRYD 1 Keowee Uni t 1 Field Flashing Breaker Trip Coil 31/T Fails To Operate 3.30E-05
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334 EKlR31YRYD 1 KHUl Gen Field Flashing Breaker Y-relay Failed To Drop Out At Last operation 3.30E-05 
335 EK1R31YRYT 12 KHUl Generator Field Flashing Breaker Y-relay Spurious Operation 4.32E-06 
336 EK1R41XRYD 1 Keowee Unit 1 Field Breaker Relay 41/X Fails To Pick-up On Demand 3.30E-05 
337 EK1R41YRYD 1 KHU1 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 

338 EK1R41YRYT 12 Keowee Unit 1 Generator Field Breaker Y-relay Spurious Operation 4.32E-06 
339 EK1R9A1RYT 12 Keowee Unit 1 Relay 90XlA/TD Spurious Operation 4.32E-06 

340 EK1R9ClR6T 12 Keowee Unit 1 Relay 90X1C Spurious operation 4.36E-06 
341 EKlS14lSWT 12 KHU1 Field Breaker Trip Control Switch 141/T Spurious Operation 8.40E-07 
342 EK1S31TSWT 12 KHU1 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 

343 EK1S41CRYD 1 Keowee Unit 1 Supply Breaker Close Coil Fails To operate On Demand 3.30E-05 

344 EK1S41TSWT 24 Keowee Unit 1 Field Breaker Trip Control Switch Transfers Position 1.68E-06 
345 EK1S41XRYD 1 Keowee Unit 1 Supply Breaker Relay 41-52X Fails To Pick-up on Demand 3.30E-05 

346 EK1SPYCLHE 2.60E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 
347 EKlSPYMDEX 4.62E-4 Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-04 
348 EK1VHSVRYD 1 Keowee Unit 1 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 3.30E-05 
349 EK1VREGDEX 2.47E-3 KHU-l Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-03 
350 EK231TDRYD 1 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Fails To Operate 3.30E-05 
351 EK231TDRYT 12 Keowee Unit 2 Field Flashing Breaker Time Delay Relay 31/TD Spurious Operation 4.32E-06 
352 EK24152SWT 12 KHU2 Generator Supply Breaker Trip Control Switch Spurious Operation 8.40E-07 
353 EK2415TSWT 24 Spurious operation O! The KHU2 Supply Breaker Trip Switch 1.68E-06 

354 EK2415YRYD 1 KHU2 Gen Supply Breaker Y-relay Failed To Drop-out At Last Operation 3.30E-05 
355 EK2415YRYT 12 KHU2 Generator Supply Breaker Y-relay Spurious Operation 4.32E-06 
356 EK241AXR6D 1 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 
357 EK241AXR6T 24 Keowee Unit 2 Relay 41/AX Spuriously Resets 8.71E-06 

358 EK241CFRYD 1 Keowee Unit 2 Field Flashing Breaker Close Coil Fails To Operat On Demand 3.30E-05 
359 EK286E2RYT 6 Keowee Unit 2 Lockout Auxiliary Relay 86EX-2 Is Picked-up 2.16E-06 
360 EK286EXRYT 12 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 4.32E-06 
361 EK286X2RYT 24 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 Spurious Actuation 8.64E-06 

362 EK288SVRYD 1 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 3.30E-05 

363 EK288SVRYT 36 Keowee Unit 2 Fan Control Relay 88SV Prior To Or During The Run 1.30E-05 
364 EK2901ARYT 12 Keowee Unit 2 Relay 9OXlA Spurious Operation 4.32E-06 

365 EK299SXRYD 1 Auxiliary Relay 99SX2 Fails To Pick-up 3.30E-05 

366 EK299SYRYD 1 Keowee Unit 2 Relay 99SY Fails To Pick-up 3.30E-05 

367 EK299SYRYT 24 Keowee Unit 2 Relay 99SY Drops Out 8.645-06 
368 EK2BAS2DEX 1.24E-3 KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable Range 1.245-03 

369 EK2BASEDEX 6.17E-4 Keowee Unit 2 Base Adjust Fails To *stablish' Correct Unit Voltage 6.17E-04 
370 EK2BASELHE 3.205-3 Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-03 

KH1GnrtrFed0rae -ea ale oDo-u0tLstOeain33E0



(Page 11 of 31) 

Table E-7 

Keowee PRA Basic Event Data 
Two Unit Generation - Bayesian Update/Recovered 

NAME FACTOR DESCRIPTION PROBABILITY 

371 EK2DIODDEX 2.88E-4 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-04 
372 EK2EXC1TGF 12 Keowee Unit 2 Generator Excitation Transformer Is Failed .18E-05 

373 EK2EXC2TGF 24 Keowee Unit 2 Generator Excitation Transformer Fails 2 .35E-05 

374 EK2F30AFUF 24 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 8.64E-05 

375 EK2F31XRYD 1 Keowee Unit 2 Field Flashing Breaker Relay 31/X Fails To Pick-up On Demand 
3.30E-05 

376 EK2F41CRYD 1 Keowee Unit 2 Field Breaker Close Coil Fails To Operate On Demand 
3 .30E-05 

377 EK2FAN1TLF 24 Keowee Unit 2 Generator Excitation Fan Power Transformer Fails 1.80E-05 

378 EK2FLDCLHE 2.60E-4 Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60E-04 

379 EK2FLDMDEX 7.71E-5 Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 
7.71E-05 

380 EK2FLSCLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human Error 
2.60E-04 

381 EK2FLSMDEX 7.71E-5 Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical 
Failure 7.71E-05 

382 EK2FLSOLHE 2.60E-4 Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human Error 2.60E-04 

383 EK2R31TRYD 1 Keowee Unit 2 Field Flashing Breaker Trip Coil 31/T Fails To Operate 
3.30E-05 

384 EK2R31YRYD 1 KHU2 Gen Field Flashing Breaker Y-relay Failed To Drop At Last Operation 
3 .30E-05 

385 EK2R31YRYT 12 KHU2 Generator Field Flashing Breaker Y-relay Spurious Operation 4.32E-06 

386 EK2R41XRYD 1 Keowee Unit 2 Field Breaker Relay 41/X Fails To Pick-up On Demand 
3.30E-05 

387 EK2R41YRYD 1 KHU2 Generator Field Breaker Y-relay Failed To Drop-out At Last Operation 
3.30E-05 

388 EK2R41YRYT 12 KHU2 Generator Field Breaker Y-relay Spurious Operation 4.32E-06 

389 EK2R9A2RYT 12 Keowee Unit 2 Relay 90X1A/TD Spurious Operation 4.32E-06 

390 EK2R9C2R6T 12 Keowee Unit 2 Relay 90X1C Spurious Operation 4.36E-06 

391 EK2S14lSWT 12 KHU2 Field Breaker Trip Control Switch Spurious Operation 8.40E-07 

392 EK2S31TSWT 12 KHU2 Field Flashing Breaker Trip Control Switch 131/T Spurious Operation 8.40E-07 

393 EK2S41CRYD 1 Keowee Unit 2 Supply Breaker Close Coil Fails To Operate On Demand 3.30E-05 

394 EK2S41TSWT 24 Keowee Unit 2 Field Breaker Trip Control Switch Transfers Position 1.68E-06 

395 EK2S41XRYD 1 Keowee Unit 2 Supply Breaker Relay 41-52X Fails To Pick-up On Demand 
3.30E-05 

396 EK2SPYCLHE 2.60E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-04 

397 EK2SPYMDEX 4.62E-4 Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 
4.62E-04 

398 EK2VHSVRYD 1 Keowee Unit 2 Volts/Hertz Relay SV Fails To Trip Field Flashing Breaker 
3.30E-05 

399 EK2VREGDEX 2.47E-3 KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2 .47E-03 

400 EKSTARTCOM 6.17E-5 Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-05 

401 ESCONDNOT 1 An Engineered Safeguards Condition Does Not Exist 1. OE+00 

402 EU1C1RORYD 1 ONS1 ESG Chan. 1 Ro Relay Fails To Pick Up OEE-120 1.00E+00 

403 EU1C2RORYD 1 ONS1 ESG Chan. 2 Ro Relay Fails to Pick Up 1.OOE+00 

404 EU2C1RORYD 1 ONS2 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-220 .00E-+00 

405 EU2C2RORYD 1 ONS2 ESG Chan. 2 RoRelay Fails to Pick Up OEE-220-1 1.00E+00 

406 EU3C1RORYD 1 ONS3 ESG Chan. 1 Ro Relay Fails to Pick Up OEE-320 1.00E+00 

407 EU3C2RORYD 1 0N53 ESG Chan. 2 Ro Relay Fails to-Pick Up OEE-320-11 .OOE+00
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408 FKOFISHCOM 2.55E-3 Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-03 

409 FKOFISHDHE 6.3E-02 Recovery of Main WL Strainer Clogging 6. 30E-02 
410 FKOFLOODHE 6.3E-02 Recovery of Trubine Guide Bearing or Packing WL Filter Clogging 6.30E-02 
411 FKOWL01VVT 24 Locked-Open Manual Valve OWL-1 Transfers Position 4.08E-07 
412 FK1120GLHE 3.2E-3 Unit 1 Control Switch S120G Left in OFF Position 3. 20E-03 
413 FK1120GSWT 36 Unit 1 Control Switch S120G Spurious Operation 2. 52E-06 
414 FK1FL01FRF 24 Filter 1WLFL-1 Becomes Clogged 2.35E-05 

415 FK1FLO2FRF 24 Filter 1WLFL-2 Becomes Clogged 2.35E-05 

416 FK1TRHXHXF 24 Turbine Packing Box Heat Exchanger 1TRHX-1 Fails 1.54E-05 

417 FK1WLO3VVT 24 Manual Valve 1WL-3 Transfers Position 4. 08E-07 
418 FK1WLO4VVT 24 Manual Valve 1WL-4 Transfers Position 4 .08E-07 
419 FK1WLO5VVT 24 Manual Valve 1WL-5 Transfers Position 4.08E-07 

420 FK1WLO6VVT 24 Manual Valve 1WL-6 Transfers Position 4.08E-07 
421 FK1WLO7VVT 24 Manual Valve 1WL-7 Transfers Position 4. 08E-07 
422 FK1WLO8VVT 24 Manual Valve 1WL-8 Transfers Position 4.08E-07 

423 FK1WLO9VVT 24 Manual Valve 1WL-9 Transfers Position 4. 08E-07 
424 FKlWL11AVO 1 Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.80E-04 

425 FK1WL11AVT 24 Cooling Water Control Valve 1WL-11 Transfers Closed 5.52E-05 

426 FK1WL12VVT 36 Manual Valve 1WL-12 Transfers Position 6. 12E-07 
427 FK1WL15VVT 36 Manual Valve 1WL-15 Transfers Position 6.12E-07 

428 FK1WL42VVT 36 Manual Valve 1WL-42 Transfers Position 6.12E-07 
429 FK1WL43VVT 36 Manual Valve 1WL-43 Transfers Position 6.12E-07 
430 FK2120GLHE 2.6E-4 Unit 2 Control Switch S120G Left in OFF Position 2.60E-04 
431 FK2120GSWT 36 Unit 2 Control Switch S120G Spurious Operation 2. 52E-06 
432 FK2FL01FRF 24 Filter 2WLFL-1 Becomes Clogged 2.35E-05 

433 FK2FLO2FRF 24 Filter 2WLFL-2 Becomes Clogged 2.35E-05 

434 FK2TRHXHXF 24 Turbine Packing Box Heat Exchanger 2TRHX-1 Fails 1.54E-05 

435 FK2WLO3VVT 24 Manual Valve 2WL-3 Transfers Position 4. 08E-07 
436 FK2WL04VVT 24 Manual Valve 2WL-4 Transfers Position 4 .08E-07 
437 FK2WLO5VVT 24 Manual Valve 2WL-5 Transfers Position 4.08E-07 

438 FK2WLO6VVT 24 Manual Valve 2WL-6 Transfers Position 4.08E-07 

439 FK2WLO7VVT 24 Manual Valve 2WL-7 Transfers Position 4.08E-0.7 

440 FK2WL08VVT 24 Manual Valve 2WL-8 Transfers Position 4.08E-07 
441 FK2WLO9VWT 24 Manual Valve 2WL-9 Transfers Position 4.08E-07 
442 FK2WL11AVO 1 Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 
443 FK2WL11AVT 24 Cooling Water Control Valve 2WL-11.Transfer Closed 5.52E-05 

444 FK2WL12VVT 36 Manual Valve 2WL-12 Transfers Position 6.12E-07 

0 0



(Page 13 of 31) 

Table E-7 

Keowee PRA Basic Event Data 
Two Unit Generation - Bayesian Update/Recovered 

NAME FACTOR DESCRIPTION PROBABILITY 

445 FK2WL15VVT 36 Manual Valve 2WL-15 Transfers Position 6.12E-07 

446 FK2WL42VVT 36 Manual Valve 2WL-42 Transfers Position 6. 12E-07 

447 FK2WL43VVT 36 Manual Valve 2WL-43 Transfers Position 6. 12E-07 

448 FKVALVECOM 2.46E-5 Common Cause Failure Of Cooling Water Control Valves 2.46E-05 

449 GKOBRGVRHE l.00E+00 Failure To Recover Thrust Bearing Cooling 1. O0E+00 

450 GKOCOOLCOM 4.61E-07 Common Cause Failure of Generator Air Cooling 4. 61E-07 

451 GKOLOCKCOM 4.06E-06 Common Cause Actuation of Generator Lockouts 4.06E-06 

452 GK10001HGR 24 Keowee Unit 1 Generator Fault while the Unit Runs 2. 27E-03 

453 GK10001HGS 1 Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 

454 GK1063FPST 24 Keowee 1 Gen C02 Sys Press Switch 63F Spurious operation 1. 03E-05 

455 GK112TDRYT 24 Time Delay Relay l2XTD/l Spuriously Picks-up 8.64E-06 

456 GK112X1RYT 24 Relay 12X/1 Spuriously Picks-tp 8.64E-06 

457 GK13SUIRYT 24 Keowee Unit 1 Startup Inhibit switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 

458 GK13SUISWT 24 Keowee Unit 1 Startup Inhibit'Switch 3SU1 Spurious Operation I.68E-06 

459 GK140G1RYT 24 Keowee Unit 1 Loss Of Generator Field Relay 4001 Spurious Actuation 8.64E-06 

460 GK159GNRYT 24 Keowee Unit 1 Generator Ground Fault Relay 59GNl Spurious Actuation 8.64E-06 

461 GK162TDRYT 24 Keowee Unit 1 Generator Backup Trip Timer 62-lTD Spurious Operation 8.64E-06 

462 GK163FXRYT 24 Keowee Unit 1 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 

463 GK186E1RYT 24 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 8.64E-06 

464 GK187G1RYT 24 Keowee Unit 1 Generator Differential Relay 87G-1 Spurious Actuation 8.64E-06 

465 GK187GBRYT 24 Keowee Unit 1 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 

466 GK187TERYT 24 Keowee Unit 1 Exitation Transformer Differential Relay 87T-lE Spur. Actuation 8.64E-06 

467 GK1BRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 

468 GK1COOLLHE 2-60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 

469 GK1FIREDEX 3.19E-05 Spurious Actuation of Unit 1 Gen. C02 Fire Supression System 3.19E-05 

470 GK1GAC1HXF 24 Generator Air Cooler lGAHW-l Fails 1.54E-05 

471 GK1GAC1HXL 36 Heat Exchanger lGACl Leaks 3.60E-06 

472 GK1GAC2HXF 24 Generator Air Cooler 1GAHW-2 Fails 1.54E-05 

473 GK1GAC2HXL 36 Heat Exchanger lGAC2 Leaks 3.60E-06 

474 GK1GAC3HXF 24 Generator Air Cooler 1GAHW-3 Fails 1.54E-05 

475 GK1GAC3HXL 36 Heat Exchanger 1GAC3 Leaks 3.60E-06 

476 GK1GAC4HXF 24 Generator Air Cooler lGAHW-4 Fails 1.54E-05 

477 GK1GAC4HXL 36 Heat Exchanger lGAC4 Leaks 3.60E-06 

478 GK1GAC5HXF 24 Generator Air Cooler 1GAHW-5 Fails 1.545-05 

479 GK1GAC5HXL 36 Heat Exchanger lOACS Leaks 3.60E-06 

480 GK4GAC6HXF 24 Generator Air Cooler oGAHW-6 Fails. 1.54-05 

481 GK1GAC6HXL 36 Heat Exchanger FGAC6 Leaks 3.60-06
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482 GKIHPO1HXF 24 Generator Thrust Bearing Cooler lHPOHX-l Fails 1.54E-05 
483 GK1HPO2HXF 24 Generator Thrust Bearing Cooler lHPOHX-2 Fails 1.54E-05 

484 GK1HPO3HXF 24 Generator Thrust Bearing Cooler lHPOHX-3 Fails 1.54E-05 

485 GK1HPO4HXF 24 Generator Thrust Bearing Cooler 1HPOHX-4 Fails 1.54E-05 

486 GK1HPO5HXF 24 Generator Thrust Bearing Cooler lHPOHX-5 Fails 1. 54E-05 
487 GK1HPO6HXF 24 Generator Thrust Bearing Cooler lHPOHX-6 Fails 1.54E-05 
488 GK1HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 1HPO-6 Transfers Position 4.08E-07 
489 GK1HPO7HXF 24 Generator Thrust Bearing Cooler lHPOHX-7 Fails 1.54E-05 
490 GK1HPO8HXF 24 Generator Thrust Bearing Cooler 1HPOHX-8 Fails 1.54E-05 
491 GK1NGDCLHE 5.20E-05 Failure to Close the Unit I Neutral Ground Disconnect Following Maintenance 5.20E-05 
492 GK10121SST 24 Speed switch 12/1 Falsely indicates High Speed 1.01E-04 
493 GK1WL16VVT 36 Manual Valve 1WL-16 Transfers Position 6.12E-07 
494 GK1WL17VVT 36 Manual Valve IWL-17 Transfers Position 6. 12E-07 
495 GK1WL18VVT 36 Manual Valve lWLl8 Transfers Position 6.12E-07 
496 GKlWL19VVT 36 Manual Valve 1WL19 Transfers Position 6. 12E-07 
497 GK1WL20VVT 36 Manual Valve IWL-20 Transfers Position 6. 12E-07 
498 GK1WL21VVT 36 Manual Valve 1WL-21 Transfers Position 6.12E-07 
499 GK1WL22VVT 36 Manual Valve 1WL22 Transfers Position 6. 12E-07 
500 GK1WL23VVT 36 Manual Valve IWL23 Transfers Position 6. 12E-07 
501 GK1WL24VVT 36 Manual Valve 1WL-24 Transfers Position 6.12E-07 
502 GK1WL25VVT 36 Manual Valve IWL-25 Transfers Position 6.12E-07 
503 GK1WL26VVT 36 Manual Valve 1WL26 Transfers Position 6.. 12E-07 
504 GK1WL27VVT 36 Manual Valve 1WL27 Transfers Position 6.12E-07 
505 GK1WL28VVT 36 Manual Valve 1WL-28 Transfers Position 6.12E-07 
506 GK1WL29VVT 36 Manual Valve IWL-29 Transfers Position 6. 12E-07 
507 GK1WL30VVT 36 Manual Valve 1WL30 Transfers Position 6. 12E-07 
508 GK1WL31VVT 36 ManualValve IWL31 Transfers Position 6. 12E-07 
509 GK1WL32VVT 36 Manual Valve 1WL-32 Transfers Position 6.12E-07 
510 GK1WL33VVT 36 Manual Valve IWL-33 Transfers Position 6. 12E-07 
511 GK1WL34VVT 36 Manual Valve 1WL34 Transfers Position 6. 12E-07 
512 GK1WL35VVT 36 Manual Valve IWL35 Transfers Position 6. 12E-07 

513 GK1WL36VVT 36 Manual Valve 1WL-36 Transfers Position 6.12E-07 

514 GK1WL37VVT 36 Manual Valve 1WL-37 Transfers Position 6. 12E-07 

515 GK1WL38VVT 36 Manual Valve IWL38 Transfers Position 6.12E-07 
516 GK1WL39VVT 36 Manual Valve 1WL39 Transfers Position 6.12E-07 
517 GKIWL41VVT 36 Keowee 1 Manual. Valve IWL-41 Transfers Position to Block Discharge Path 6.12E-07 

518 GK1WL44VVT 36 Manual Valve 1WL-44 Transfers Position 6 . 12E-07 
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519 GK1WL45VVT 36 Manual Valve IWL-45 Transfers Position 6.12E-07 

520 GK1WL46VVT 36 Manual Valve 1WL-46 Transfers Position 6.12E-07 

521 GK1WL47VVT 36 Manual Valve IWL-47 Transfers Position 6.12E-07 

522 GK1WL48VVT 36 Manual Valve 1WL-48 Transfers Position 6.12E-07 

523 GK1WL49VVT 36 Manual Valve 1WL-49 Transfers Position 6.12E-07 

524 GK1WL50VVT 36 Manual Valve 1WL-50 Transfers Position 6.12E-07 

525 GKlWL51VVT 36 Manual Valve IWL-51 Transfers Position 6.12E-07 

526 GK1WL52VVT 36 Manual Valve IWL-52 Transfers Position 6.12E-07 

527 GK1WL53VVT 36 Manual Valve IWL-53 Transfers Position 6.12E-07 

528 GK1WL54VVT 36 Manual Valve 1WL-54 Transfers Position 6. 12E-07 

529 GK1WL55VVT 36 Manual Valve IWL-55 Transfers Position 6.12E-07 

530 GK1WL56VVT 36 Manual Valve IWL-56 Transfers Position 6.12E-07 

531 GK1WLS7VVT 36 Manual Valve 1WL-57 Transfers Position 6. 12E-07 

532 GK1WL58VVT 36 Manual Valve 1WL-58 Transfers Position 6. 12E-07 

533 GK1WL59VVT 36 Manual Valve 1WL-59 Transfers Position 6.12E-07 

534 GK1WL60VVT 36 Manual Valve 1WL-60 Transfers Position 6.12E-07 

535 GK1WL61VVT 36 Manual Valve 1WL-61 Transfers Position 6.12E-07 

536 GKlWL62VVT 36 Manual Valve IWL-62 Transfers Position 6. 12E-07 

537 GK1WL63VVT 36 Manual Valve 1WL-63 Transfers Position 6.125-07 

538 GK1WL64VVT 36 Manual Valve 1WL-64 Transfers Position 6.12E-07 

539 GK1WL65VVT 36 Manual Valve 1WL-65 Transfers Position 6.12E-07 

540 GK1WL66VVT 36 Manual Valve. IWL-66 Transfers Position 6.12E-07 

541 GK1WL67VVT 36 Manual Valve 1WL-67 Transfers Position 6.12E-07 

542 GK1WL68VVT 36 Manual Valve 1WL-68 Transfers Position 6.12E-07 

543 GK1WL69VVT 36 Manual Valve IWL-69 Transfers Position 6.12E-07 

544 GK1WL70VVT 36 Manual Valve 1WL-70 Transfers Position 6.12E-07 

545 GKlWL71VVT 36 Manual Valve IWL-71 Transfers Position 6.14E-07 

546 GK1WL72VVT 36 Manual Valve 1WL-72 Transfers Position 6.12E-07 

547 GK1WL73VVT 36 Manual Valve IWL-73 Transfers Position 6.12E-07 

548 GK1WL74VVT 36 Manual Valve 1WL-74 Transfers Position 6.12E-07 

549 GK1WL75VVT 36 Manual Valve IWL-75 Transfers Position 6.12E-07 

550 GKl1ML76VVT 36 Manual Valve 1WL76 Transfers Position and Blocks Discharge Path 
6.12E-07 

551 GKlWIL78VVT 36 Manual Valve 1WL78 Transfers Position and Blocks Discharge Path 6.12E-07 

S 52 GK20001HGR 24 Keowee Unit 2 Generator Fault While the Unit Runs 2 .27E-03 

553 GK20002HG3 1 Keowee Unit 2 Generator Fault Causes Unit Start Failure 
1.54E-04 

554 GK2363FPST 24 Keowee 2 Gen C02 Sys Press Switch 63F Spuridus operation 1. 03E-05 

555 GK212TDRYT 24 Time Delay Relay 12XTD/2 Spuriously Picks-up 
8 8.64E-06
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556 GK212X2RYT 24 Relay 12X/2 Spuriously Picks-up 8.64E-06 
557 GK23SUIRYT 24 Keowee Unit 2 Startup Inhibit Switch Auxiliary Relay S3SUIX Spurious Actuation 8.64E-06 
558 GK23SUISWT 24 Keowee Unit 2 Startup Inhibit Swtich 3SUI Spurious Operation 1.68E-06 

559 GK240G1RYT 24 Keowee Unit 2 Loss Of Generator Field Relay 40G1 Spurious Actuation 8.64E-06 
560 GK259GNRYT 24 Keowee Unit 2 Generator Ground Fault Relay 59GN2 Spurious Actuation 8.64E-06 
561 GK262TDRYT 24 Keowee Unit 2 Generator Backup Trip Timer 62-2TD Spurious Operation 8.64E-06 
562 GK263FXRYT 24 Keowee Unit 2 Generator Fire Relay 63FX Spurious Actuation 8.64E-06 

563 GK286E2RYT 24 Keowee 2 Emergency Lockout Relay 86E-2 Spuriously Picks Up 8.64E-06 
564 GK287G2RYT 24 Keowee Unit 2 Generator Differential Relay 87G-2 Spurious Actuation 8.64E-06 
565 GK287GBRYT 24 Keowee Unit 2 Generator Bus Differential Relay 87GB Spurious Actuation 8.64E-06 
566 GK287TERYT 24 Keowee Unit 2 Excitation Transformer Differential Relay 87T-2E Spur. Actuation 8.64E-06 
567 GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
568 GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maintenance 2.60E-04 
569 GK2FIREDEX 7.OOE-05 Spurious Actuation of Unit 2 Gen. C02 Fire Supression System 7.00E-05 
570 GK2GAC1HXF 24 Generator Air Cooler 2GAHW-1 Fails 1.54E-05 

571 GK2GAC1HXL 36 Heat Exchanger 2GAC1 Leaks . 3.60E-06 

572 GK2GAC2HXF 24 Generator Air Cooler 2GAHW-2 Fails 1.54E-05 

573 GK2GAC2HXL 36 Heat Exchanger 2GAC2 Leaks 3.60E-06 

574 GK2GAC3HXF 24 Generator Air Cooler 2GAHW-3 Fails 1.54E-05 

575 GK2GAC3HXL 36 Heat Exchanger 2GAC3 Leaks 3.60E-06 

576 GK2GAC4HXF 24 Generator Air Cooler 2GAHW-4 Fails 1.54E-05 

577 GK2GAC4HXL 36 Heat Exchanger 2GAC4 Leaks 3.60E-06 

578 GK2GAC5HXF 24 Generator Air Cooler 2GAHW-5 Fails 1.54E-05 

579 GK2GAC5HXL 36 Heat Exchanger 2GAC5 Leaks 3.60E-06 

580 GK2GAC6HXF 24 Generator Air Cooler 2GAHW-6 Fails 1.54E-05 

581 GK2GAC6HXL 36 Heat Exchanger 2GAC6 Leaks 3.60E-06 

582 GK2HPO1HXF 24 Generator Thrust Bearing Cooler 2HPOHX-1 Fails 1 1.54E-05 

583 GK2HPO2HXF 24 Generator Thrust Bearing Cooler 2HPOHX-2 Fails 1.54E-05 

584 GK2HPO3HXF 24 Generator Thrust Bearing Cooler 2HPOHX-3 Fails 1.54E-05 

585 GK2HPO4HXF 24 Generator Thrust Bearing Cooler 2HPOHX-4 Fails 1.54E-05 

586 GK2HPO5HXF 24 Generator Thrust Bearing Cooler 2HPOHX-5 Fails 1.54E-05 

587 GK2HPO6HXF 24 Generator Thrust Bearing Cooler 2HPOHX-6 Fails 1. 54E-05 

588 GK2HPO6VVT 24 Genrator Bearing Oil Leak Because Manual Valve 2HPO-6 Transfers Position 4.08E-07 
589 GK2HPO7HXF 24 Generator Thrust Bearing Cooler 2HPOHX-7 Fails 1.54E-05 

590 GK2HPO8HXF 24 Generator Thrust Bearing Cooler 2HPOHX-8 Fails 1.54E-05 
591 GK2NGDCLHE -5.20E-05 Failure to Close the Unit 2 Neutral Ground disconnect Following Maintenance 5.20E-05 
592 GK20121SST 24 Speed Switch 12/2 Falsely Indicates High Speed 1.01E-04 

0 0
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593 GK2WL16VVT 36 Manual Valve 2WL-16 Transfers Position 6.12E-07 

594 GK2WL17VVT 36 Manual Valve 2WL-17 Transfers Position 6. 12E-07 

595 GK2WL18VVT 36 Manual Valve 2WL18 Transfers Position 6. 12E-07 

596 GK2WL19VVT 36 Manual Valve 2WL19 Transfers Position 6.12E-07 

597 GK2WL20VVT 36 Manual Valve 2WL-20 Transfers Position 6.12E-07 

598 GK2WL21VVT 36 Manual Valve 2WL-21 Transfers Position 6.12E-07 

599 GK2WL22VVT 36 Manual Valve 2WL22 Transfers Position 6.12E-07 

600 GK2WL23VVT 36 Manual Valve 2WL23 Transfers Position 6.12E-07 

601 GK2WL24VVT 36 Manual Valve 2WL-24 Transfers Position 6.12E-07 

602 GK2WL25VVT 36 Manual Valve 2WL-25 Transfers Position 6.12E-07 

603 GK2WL26VVT 36 Manual Valve 2WL26 Transfers Position 6.12E-07 

604 GK2WL27VVT 36 Manual Valve 2WL27 Transfers Position 6.12E-07 

605 GK2WL28VVT 36 Manual Valve 2WL-28 Transfers Position 6.12E-07 

606 GK2WL29VVT 36 Manual Valve 2WL-29 Transfers'Position 6.12E-07 

607 GK2WL30VVT 36 Manual Valve 2WL30 Transfers Position 6.12E-07 

608 GK2WL31VVT 36 Manual Valve 2WL31 Transfers Position 6.12E-07 

609 GK2WL32VVT 36 Manual Valve 2WL-32 Transfers Position 6. 12E-07 

610 GK2WL33VVT 36 Manual Valve 2WL-33 Transfers Position 6.12E-07 

611 GK2WL34VVT 36 Manual Valve 2WL34 Transfers Position 6.12E-07 

612 GK2WL35VVT 36 Manual Valve 2WL35 Transfers Position 6.12E-07 

613 GK2WL36VVT ve 2W-36 Transfers Position 6.125-07 

614 GK2WL37VVT 36 Manual Valve 2WLz37 Transfers Position 6.125-07 

615 GK2WL38VVT 36 Manual Valve 2WL38 Transfers Position 6.125-07 

616 GK2WL39VVT 36 Manual Valve 2WL39 Transfers Position 6. 12E-07 

617 GK2WL41VVT 36 Keowee 2 Manual Valve 2WL-41 Transfers Position to Block Discharge Path 6.12E-07 

618 GK2WL44VVT 36 Manual Valve 2WL-44 Transfers Position 6.125-07 

619 GK2WL45VVT 36 Manual Valve 2WL-45 Transfers Position 6.125-07 

620 GK2WL46VVT 36 Manual Valve 2WL-46 Transfers Position 6.125-07 

621 GK2WL47VVT 36 Manual Valve 2WL-47 Transfers Position 6.125-07 

622 GK2WL48VVT 36 Manual Valve 2WL-48 Transfers Position 6.12E-07 

623 GK2WL49VVT 36 Manual Valve 2WL-49 Transfers Position 6.125-07 

624 GK2WL50VVT 36 Manual Valve 2WL-50 Transfers Position 6.125-07 

625 GK2WL51VVT 36 Manual Valve 2WL-51 Transfers Position 6.125-07 

626 GK2WL52VVT 36 Manual Valve 2WL-52 Transfers Position 6.125-07 

6217 GK2WL53VVT 36 Manual Valve 2WL-53 Transfers Position 
6.125-07 

628 GK2WL54VVT 36 Manual Valve 2WL-54 Transfers Position 6.12E-07 

629 GK2WL,5SVVT 36 Manual Valve 2WL-55 Transfers Position 6.125-07
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630 GK2WL56VVT 36 Manual Valve 2WL-56 Transfers Position 6.12-07 

631 GK2WL57VVT 36 Manual Valve 2WL-57 Transfers Position 6. 12E-07 

632 GK2WL58VVT 36 Manual Valve 2WL-58 Transfers Position 6.. 12E-07 

633 GK2WL59VVT 36 Manual Valve 2WL-59 Transfers Position 6.12E-07 

634 GK2WL60VVT 36 Manual Valve 2WL-60 Transfers Position 6.125-07 
635 GK2WL61VVT 36 Manual Valve 2WL-61 Transfers Position 6.12E-07 

636 GK2WL62VVT 36 Manual Valve 2WL-62 Transfers Position 6.12E-07 

637 GK2WL63VVT 36 Manual Valve 2WL-63 Transfers Position 6.12E-07 
638 GK2WL64VVT 36 Manual Valve 2WL-64 Transfers Position 6.12E-07 

639 GK2WL65VVT 36 Manual Valve 2WL-65 Transfers Position 6.12E-07 

640 GK2WL66VVT 36 Manual Valve 2WL-66 Transfers Position 6.12E-07 
641 GK2WL67VVT 36 Manual Valve 2WL-67 Transfers Position 6.12E-07 
642 GK2WL68VVT 36 Manual Valve 2WL-68 Transfers Position 6.12E-07 

643 GK2WL69VVT 36 Manual Valve 2L-69 TransfersPosition 6.12E-07 

644 GK2WL70VVT 36 Manual Valve 2WL-70 Transfers Position 6.12E-07 

645 GK2WL71VVT 36 Manual Valve 2WL-71 Transfers Position 6.12E-07 

646 GK2WL72VVT 36 Manual Valve 2WL-72 Transfers Position 6.125-07 

647 GK2WL73VVT 36 Manual Valve 2WL-73 Transfers Position 6.125-07 

648 GK2WL74VVT 36 Manual Valve 2WL774 Transfers Position 6.12E-07 

649 GK2WL75VVT 36 Manual Valve 2WL-75 Transfers Position 6.12E-07 

650 GK2WL76VVT 36 Manual Valve 2WL76 Transfers Position and Blocks Discharge Path 6.12-07 

651 GK2WL78VVT 36 Manual Valve 2WL78 Transfers Position and Blocks Discharge Path 6.12E-07 

652 GKHPOILCOM 4.61E-07 Common Cause Failure of Generator Thrust Bearings 4. 61E-07 

653 K12COM1DEX 1.005-06 Grid Degradation Occurs And Causes Failure Of Both Keowee Units 1.005-06 

654 KA127TlR6D 1 Xfrmr IX UV Relay 27T/lX Fails To Pick-up 2.495-04 

655 KA127TlR6T 360 Xfrmr IX UV Relay 27T/lX Spuriously De-energizes 1.315-04 

656 KA227T2R6T 360 Xfmr 2X UV Relay 27T/2x Spuriously De-energizes 1.315-04 
657 KB4CONNDEX 1.15-7 Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 1.105-07 

658 KK1BOTHDEX 0.034 Keowee Units 1 And 2 Are Supplying The Grid 3.405-02 

659 KKlBOTHHYM 5.235-3 Both Keowee Units Unavailable Due To Common Maintenance 5 .23E-03 
660 KK1OVERBHF 24 Fault Occurs On The Overhead Power Path 9.605-06 

661 KK1RUNSDEX 0.024 Keowee Unit 1 Only Is Supplying The Grid 2.405-2 

662 KKlUNDRBHF 24 Fault Occurs On The Underground Power Path 9.605-06 

663 KK2RUNSDEX 0.024 Keowee Unit 2 Only Is Supplying The Grid 2.40E-02 

664 KK2UNITHYM 3.805-2 A Single Keowee Unit Is Unavailable Due To Maintenance 3.80E-02 

665 KU2CREDIT 0 No Credit For Keowee Unit 2 Supplying Auxiliary ac Power To Unit 1 0.005+00 

666 LOEGTPSCOM 1.785-06 Common Cause Failure of V And UF Detection Circuits 1.785-06 
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667 L27BRX1RYD 1 Snsng Rly 27B/RXl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
668 L27BRX2RYD 1 Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage OEE-76-3, -8 3.30E-05 

669 L27BRY1RYD 1 Snsng Ply 27BIRYl Fails to Drop Out on Undervoltage 055-76-3, -4 3.30E-OS 
670 L27BRY2RYD 1 Snsng Ply 27B/RY2 Fails to Drop out on Undervoltage OEE-76-3, -8 3.30E-05 

671 L27BRZ1RYD 1 Snsng Rly 27B/RZl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 
672 L27BRZ2RYD 1 Snsng Rly 27B/RZ2 Fails to Drop Out on tndervoltage 055-76-3, -8 3.30E-05 
673 L27BYX1RYD 1 Snsng Rly 27B/YXl Fails to Drop Out on Undervoltage OE5-76-3, -4 3.30E-05 

674 L27BYX2RYD 1 Snsng Ply 27B/YX2 Fails to Drop Out on Undervoltage 055-76-3, -8 3.30E-OS 
675 L27BYY1RYD 1 Snsng Ply 27B/YYl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 

676 L27BYY2RYD 1 Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage OE5-76-3, -8 3.30E-05 

677 L27BYZ1RYD 1 Snsng Ply 27B/YZl Fails to Drop Out on Undervoltage OEE-76-3, -4 3.30E-05 

678 L27BYZ2RYD 1 Snsng Ply 27B/YZ2 Fails to Drop Out on Undervoltage 055-76-3, -8 3.30E-05 
679 L27XPX1RYD 1 Ch 1 Phase X UV Aux. Relay Fails To Pick tp OEE-76-4 3.30E-05 

680 L27XPX2RYD 1 Ch 2 Phase X UV Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 

681 L27XPY1RYD 1 Oh 1 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-4 3.30E-05 
682 L27XPY2RYD 1 Oh 2 Phase Y UV Aux. Relay Fails to Pick Up OEE-76-8 3,30E-05 
683 L27XPZ1RYD 1 Ch 1 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 

684 L27XPZ2RYD 1 Ch 2 Phase Z UV Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 

685 L27XRX1RYD 1 Red Bus Phase X1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-05 
686 L27XRX2RYD 1 Red Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 

687 L27XRY1RYD 1 Red Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-O5 
688 L27XRY2RYD 1 Red Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 
689 L27XRZ1RYD 1 Red Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up 0EE-76-4 3.30E-05 

690 L27XRZ2RYD 1 Red Bus Phase Z2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 
691 L27XSTARYD 1 Keowee Start Relay 27X/STA Fails To Pick Up 055-76-4-A 3.30E-05 
692 L27XSTBRYD 1 Keowee Start Relay 27X/STB Fails To Pick up 3.30E-05 

693 L27XYX1RYD 1 Yellow Bus Phase X1 Undervoltage Aux. Relay Fails To Pick Up OEE-76-4 3.30E-O5 

694 L27XYX2RYD 1 Yellow Bus Phase X2 Undervoltage Aux. Relay Fails To Pick Up OEE-76-8 3.30E-05 

695 L27XYY1RYD 1 Yellow Bus Phase Y1 Undervoltage Aux. Relay Fails To Pick Up 0EE-76-4 3.30E-05 

696 L27XYY2RYD 1 Yellow Bus Phase Y2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 3.30E-05 

697 L27XYZ1RYD 1 Yellow Bus Phase Zl Undervoltage Aux. Relay Fails To Pick Up 05E-76-4 3.30E-05 

698 L27XYZ2RYD 1 Yellow Bus Phase Z2 Undervoltage Aux. Relay Fails to Pick Up OEE-76-8 3.3OE-05 

699 L81BRX1RYD 1 Sensing Relay 8lBL/RXl Fails to Drop Out on Underfrequency 3.30E-05 

700 L81BRX2RYD 1 Sensing Relay 8lBL/RX2 Fails to Drop Out on Underfrequency 3.30E-05 

701 L81BRYIRYD 1 Sensing Relay 8BL/RY Fails to Drop Out on Underfrequency 3.30E-05 

702 L81BRY2RYD 1 Sensing Relay 8BL/RY2 Fails to Drop Out onUnderfrequency 3.30E-05 

703 L81BRZlRYD 1 Sensing Relay 81BL/RZ Fails to Drop Out on Underfrequency 3.30E-05
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704 L81BRZ2RYD I Sensing Relay 8BL/RZ2 Fails to Drop Out on Underfrequency 3.3CE-CS 

705 L81BYXIRYD 1 Sensing Relay 8lBL/YXl Fails to Drop Out on Underfrequency 3.3CE-O5 

706 L81BYX2RYD 1 Sensing Relay 8lBL/YX2 Fails to Drop Out on Underfrequency 3.30E-05 

707 L81BYY1RYD 1 Sensing Relay 81BL/YY1 Fails to Drop Out on Underfrequency 3.30E-05 

708 L81BYY2RYD 1 Sensing Relay 8lBL/YY2 Fails to Drop Out on Underfrequency 3.30E-05 

709 L81BYZ1RYD 1 Sensing Relay 8lBL/YZl Fails to Drop out on Underfrequency 3.30E-05 

710 L81BYZ2RYD 1 Sensing Relay 8lBL/YZ2 Fails to Drop Out On Underfrequency 3.30E-05 

711 L81XPX1RYD 1 Ch 1 Phase X Underfrequency Aux. Rly Fails to Pick Up 3.30E-O5 

712 L81XPX2RYD 1 Ch 2 Phase X Undertrequency Aux. Rly Fails to Pick Up 3.30R-OS 

713 L81XPY1RYD 1 Ch 1 Phase Y Underfrequency Aux. Rly Fails to Pick Up 3.3CE-05 

714 L81XPY2RYD 1 Ch 2 Phase Y Tnderfrequency Aux. Rly Fails to Pick Up 3 .30E-05 

715 L81XPZ1RYD 1 Ch 1 Phase Z Underfrequency Aux. Rly Fails to Pick Up 3.30R-OS 

716 L81XPZ2RYD 1 Oh 2 Phase Z Underfrequency Aux. Rly Fails to Pick up 3 .30R-05 

717 L81XRX1RYD 1 Red Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

718 L81XRX2RYD 1 Red Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

719 L81XRY1RYD 1 Red Bus Phase Y1 Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

720 L81XRY2RYD 1 Red Bus Phase Y2 Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

721 L81XRZ1RYD 1 Red Bus Phase Zl Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

722 L81XRZ2RYD 1 Red Bus Phase Z2 Underfrequecy Aux. Rly Fails to Pick Up 3.3CR-OS 

723 L81XYX1RYD 1 Yellow Bus Phase Xl Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

724 L81XYX2RYD 1 Yellow Bus Phase X2 Underfrequency Aux. Rly Fails to Pick Up 3 .30E-05 

725 L81XYY1RYD 1 Yellow Bus Phase Yl Underfrequency Aux. Rly Fails to Pick Up 3.3CR OS 

726 L81XYY2RYD 1 Yellow Bus Phase Y2 Undertrequency Aux. Rly Fails to Pick Up 3.3CR-CS 

727 L81XYZ1RYD 1 Yellow Bus Phase Zl Underfrequency Aux. Rly Fails to Pick Up 3.3CR-CS 

728 L81XYZ2RYD 1 Yellow Bus Phase Z" Underfrequency Aux. Rly Fails to Pick Up 3.3CR-OS 

729 LC94F1ARYD 1 ROTPS Underfrequency Relay 94/FlA Fails to Pick Up 3.3CR-OS 

730 LC94F1BRYD 1 ROTPS Undertrequency Relay 94/FlB Fails to Pick Up 3.3CR-CS 

731 LC94F1DRYD 1 RGTPS Underfrequency Relay 94/FlD Fails to Pick Up 3.3CR-OS 

732 LC94F2ARYD 1 ROTPS Underfrequency Relay 94/F2A Fails to Pick Up 3.3CR-CS 

733 LC94F2BRYD 1 RGTPS Underfrequency Relay 94/F2B Fails to Pick Up 3.3CR-CS 

734 LC94F2CRYD 1 RGTPS Underfrequency Relay 94/F2C Fails to Pick Up 3.3CR-OS 

735 LC94F2DRYD 1 RGTPS Underfrequency Relay 94/F2D Fails to Pick Up 3.3CR-CS 

736 LC94V1ARYD 1 RGTPS Undervoltago Relay 94/VlA Fails to Pick Up 3.3CR-OS 

737 LC94V1BRYD 1 RGTPS Undervoltage Relay 94/VlB Fails To Pick Up OEE-76-4 3.3CR-CS 

738 LC94V1DRYD 1 RGTPS Undervoltage Relay 94/VlD Fails to Pick Up OEE-76-4 3.3CR-CS 

739 LC94V2ARYD 1 RGTPS Undervoltage Relay 94/V2A Fails to Pidk Up 3.3CR-O5 

740 LC94V2BRYD 1 eGTPS Undervoltage Relay 94/VB Fails To Pick Up 3.3CR-OS 

SesigRea 8BLY1 alst
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741 LC94V2CRYD 1 EGTPS Undervoltage Relay 94/V2C Fails to Pick Up 3.30E-05 

742 LDCYC13CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open OEE-76-4 / 0-802 1.80E-06 

743 LDCYC14CDT 24 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open OEE-76-4 / 0-802 1.80E-06 

744 LDCYG12CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 1.80E-06 

745 LDCYG18CDT 24 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 1.80E-06 

746 OFACTORDEX 1.0 Overload Susceptibility Factor 1.OOE+00 

747 OKOPRUNCOM 1.46E-05 Common Cause Failure Of Both Governor Oil Systems To Run 1.46E-05 

748 OK10001PSC 15 Pressure Switch lOGPS-l Fails to Close (Normal Control Signal) 4.3SE-05 

749 OK10002PSC 8 Pressure Switch 10GPS-2 Fails to Close 2 .32E-05 

750 OK10003PSC 4 Pressure Switch 10GPS-3 Fails to Close 1.16E-05 

751 OK10003RVT 24 Safety Relief Valve lOG-3 Spurious Operation 1 .34E-04 

752 OK10003TKF 24 Unit 1 Governor Oil Pressure Tank Fails 1.10E-O5 

753 OK10004PSC 1 Pressure Switch lOGPS-4 Fails to Close 2.90E-06 
754 OK10007FVT 4 Float Valve 100-7 Transfers Closed 1.40E-04 

755 OK10009VVT 24 Manual Valve lOG-9 Transfers Closed 4.08E-07 

756 OK10011CVO 15 Check Valve 10G-11 Fails to Open 3.45E-05 

757 OK10011CVT 0.75 Check Valve lOG-l1 Transfers Closed 9.75E-08 

758 OK10012VVT 30 Manual Globe Valve 10G-12 Transfers Closed 5.10E-07 

759 OK10013RVT 0.75 Relief Valve l00-13 Spurious Operation 4 .20E-06 
760 OK10014CVO 8 Check Valve 100-14 Fails to open 1.84E-05 

761 OK10014CVT 0.5 Check Valve 100-14 Transfers Closed 6. 50E-08 

762 OK10015VVT 192 Manual Globe Valve l0G-15 Transfers Closed 3. 26E-06 

763 OK10016RVT 0.5 Relief Valve 100-16 Transfers Open 2.80E-06 

764 OK10017CVO 4 Check Valve 100-17 Fails to Open 9.20E-06 

765 OK10017CVT 0.25 Check Valve 100-17 Transfers Closed 3. 25E-08 

766 OK10018VVT 108 Manual Globe Valve 100-18 Transfers Closed 1.84E-06 

767 OK10019RVT 0.25 Relief Valve 100-19 Spurious operation 1. 40E-06 

768 OK1001AGPR 0.75 00 Pump 1A Fails to Run 1.05E-05 

769 OK1001AGPS 15 00 Pump IA Fails to Start 1.45E-03 

770 OK1001BGPR 0.5 00 Pump lB Fails to Run 7.OCE-CE 

771 OK1001BGPS 8.00 Pump lB Fails to Start 7.76E-04 

772 OK1001BLHE 3.2E-3 Latent Human Error Fails 00 Pump lB 3.20E03 

773 OK1001CGPR 0.25 00 Pump 1C Fails to Run 3.50E06 

774 OK1001CGPS 4 00 Pump 1C Fails to Start 3. 88E04 

775 OK1001CLHE 3.2E-3 Latent Human Error Fails 00 Pump 1C 3.20E03 

776 OK1882ASWT 30 Keowee 1 Governor Oil Control Switch 188GA spurious Operation 2.10E-06 

777 OK188GBSWT 192 Keowee 1 Control Switch 188GB Spurious operation 1.34E05
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778 OK188GCSWT 108 Keowee 1 Control Switch 188GC Spurious Operation 7.56E-06 
779 OK199K1RYD 1 Keowee 1 Relay 99K1 Fails To Operate On Demand 3 .30E-05 
780 OK199K1RYT 24 Keowee Unit 1 Relay 99K1 Spurious Operation 8. 64E-06 
781 OKl99K2RYD 1 Keowee 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 

782 OK1AG01TKF 24 Air Receiver Tank 1AGTK-1 Fails 1.10E-05 

783 OKlAGO4RVT 24 Safety Relief Valve 1AG-4 Spurious Operation 1.34E-04 
784 OK1AG05VVT 24 Manual Valve 1AG-5 Transfers Position 4. 08E-07 
785 OK1OGlCTRM 3.42E-3 OG Pump lC Train In Maintenance Or Testing 3.42E-03 

786 OK1PRUNCOM 1.12E-07 Common Cause Failure of Unit 1 OG Pumps to Run 1.12E-07 

787 OK1PSTRCOM 2.04E-05 Common Cause Failure of Unit 1 OG Pumps to Start 2.04E-05 
788 OK1XA1DCLT 30 Low Voltage Circuit Breaker 1XA-1D Transfers Position 2. 73E-05 

789 OK1XA2ECLT 30 Low Voltage Circuit Breaker 1XA-2E Transfers Position 2.73E-05 
790 OK1XA4DCLT 30 Low Voltage Circuit Breaker 1XA-4D Transfers Position 2 73E-05 

791 OK20001PSC 15 Pressure Switch 20GPS-1 Fails to Close (Normal Control Signal) 4.35E-05 
792 OK20002PSC 8 Pressure Switch 20GPS-2 Fails to Close 2.32E-05 

793 OK20003PSC 4 Pressure Switch 20GPS-3 Fails to Close 1.16E-05 
794 OK20003RVT 24 Safety Relief Valve 20G-3 Spurious Operation 1.34E-04 

795 OK20003TKF 24 Unit 2 Governor Oil Pressure Tank Fails 1.10E-O5 

796 OK20004PSC 1 Pressure Switch 20GPS-4 Fails to Close 2.90E-06 

797 OK20007FVT 24 Float Valve 20G-7 Transfers Closed 1.40E-04 

798 OK20009VVT 24 Manual Valve 200-9 Transfers Closed 4.08E-07 

799 OK20011CVO 15 Check Valve 200-11 Fails to Open 3.45E-05 

800 OK20011CVT 0.75 Check Valve 20G-11 Transfers Closed 9.75E-08 
801 OK20012VVT 30 Manual Globe Valve 20G-12 Transfers Closed 5. lOE-07 

802 OK20013RVT 0.75 Relief Valve 20G-13 Spurious Operation 4.20E-06 

803 OK20014CVO 8 Check Valve 200-14 Fails to Open 1.84E-05 

804 OK20014CVT 0.5 Check Valve 20G-14 Transfers Closed 6.50E-08 
805 OK20015VVT 192 Manual Globe Valve 200-15 Transfers Closed 3. 26E-06 

806 OK20016RVT 0.5 Relief Valve 20G-16 Transfers Open 2.80E-06 
807 OK20017CVO 4 Check Valve 20G-17 Fails to Open 9.20E-06 

808 OK20017CVT 0.25 Check Valve 200-17 Transfers Closed 3. 25E-08 

809 OK20018VVT 108 Manual Globe Valve 200-18 Transfers Closed 1.84E-06 

810 OK20019RVT 0.25 Relief Valve 20G-19 Spurious Operation 1.40E-06 

811 OK2002AGPR 0.75 OG Pump 2A Fails to Run 1.05E-05 

812 OK2002AGPS 15 OG Pump 2A Fails to Start 1.45E03 

813 OK2002BGPR 0.5 OG Pump 2B Fails to Run 7.00O-06 

814 OK2002BGPS 8 00 Pump 2B Fails to Start 7 . 76E-04 

3.0E 0
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815 OK2002BLHE 3.2E-3 Latent Human Error Fails OG Pump 2B 3 .20E-03 
816 OK2002CGPR 0.25 OG Pump 2C Fails to Run 3. 8E-06 

817 OK2002CGPS 4 OG Pump 2C Fails to Start 3.88E-04 

818 OK2002CLHE 3.2E-3 Latent Human Error Fails OG Pump 2C 3. 20E-03 

819 OK288GASWT 30 Keowee 2 Governor Oil Control Switch 188GA Spurious Operation 2.10E-06 

820 OK288GBSWT 192 Keowee 2 Control Switch 188GB Spurious Operation 1 .34E-05 

821 OK288GCSWT 108 Keowee 2 Control Switch 188GC Spurious Operation 7.56E-06 

822 OK299KlRYD 1 Keowee 2 Relay 99K1 Fails To Operate On Demand 3 .30E-05 

823 OK299K1RYT 24 Keowee Unit 2 Relay 99K1 Spurious Operation 8.64E-06 

824 OK299K2RYD 1 Relay 99K2 Fails To Operate On Demand 3.30E-05 

825 OK2AGO4RVT 24 Safety Relief Valve 2AG-4 Spurious Operation . 34E-04 
826 OK2AG05VVT 24 Manual Valve 2AG-5 Transfers Position 4.08E-07 

827 OK2AGO1TKF 24 Air Receiver Tank 2AGTK-1 Fails 1.4E-05 

828 OK20G2CTRM 3.42E-3 OG Pump 2C Train In Maintenance Or Testing 3. 42E-03 

829 OK2PRUNCOM 1.12E-07 Common Cause Failure of Unit 2 OG Pumps to Run 1. 1E-07 

830 OK2PSTRCOM 2.04E-05 Common Cause Failure of Uhit 2 OG Pumps to Start 2. 04E-05 

831 OK2XA1DCLT 30 Low Voltage Circuit Breaker 2XA-1D Transfers Position 2.73E-05 

832 OK2XA2ECLT 30 Low Voltage Circuit Breaker 2XA-2E Transfers Position 2 .73E-05 

833 OK2XA4DCLT 30 Low Voltage Circuit Breaker 2XA-4D Transfers Position 2. 73E-05 

834 OMOD 1 Startup Bus UV Sensing Mod Is In Service 1. OOE+00 

835 PAC1TC4C4T 24 4160 Vac Breaker 1TC-4 Transfers Open 2.26E-05 

836 PACTC01C4T 24 4160 Vac Breaker TC-1 Transfers Open 2. 26E-05 

837 PACTC14C4T 24 4160 Vac Breaker TC-14 Transfers Open 2.26E-05 

838 PACX1TCBHF 24 4160 Vac Switchgear 1TC Fails 9. 60E-06 

839 PKOSUMPCOM 2.44E-06 Common Cause Failure Of Turbine Sump Pump System 2.44E-06 
840 PK163SALST 30 Unit 1 AC Turbine Sump Pump Float Switch 63SA Fails 9 .30E-06 
841 PK163SBLST 15 Unit 1 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 

842 PK1ACDCCOM 2.77E-05 Common Cause Failure of Unit 1 Turbine Sump Pump System 2 .77E-05 
843 PK1DA5CCDT 24 125 Vdc Circuit Breaker DA-5C Transfers Position 1.80E-06 

844 PKPACKDEX 3.1E-5 Turbine No. 1 Packing Fails 3 .lOE-05 

845 PKTS01VVT 30 Manual Valve TS-1 Transfers Position 5.0E-07 

846 PK1TSO2CVT 30 Check Valve 1TS-2 Fails to open or Transfers Closed 3.90E-06 

847 PK1TSO3VVT 108 Manual Valve TS-3 Transfers Position 1.84E-06 

848 PK1TSO4CVT 15 Check Valve TS-4 Fails to Open or Transfers Closed 1.95E-06 

849 PK1TSACGPR 30 AC Sump Pump 1TSPU-1 Fails To Start Or Run 4.20E-04 

850 PK1TSDCGPR 15 DC Sump Pump 1TSPU-2 Fails To Start Or Run 2.0E-04 

851 PK1TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 1 DC Sump Pump 3.20E-03
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852 PK1TSDCTRM 6.85E-4 Turbine No. 1 DC Pump Train In Maintenance Or Testing 6.85E-04 
853 PK1XA2CCLT 30 600 V Circuit Breaker 1XA-2C Transfers Position 2.73E-05 
854 PK263SALST 30 Unit 2 AC Turbine Sump Pump Float Switch 63SA Fails 9.30E-06 
855 PK263,SBLST 15 Unit 2 DC Turbine Sump Pump Float Switch 63SB Transfers 4.65E-06 
856 PK2ACDCCOM 2.77E-05 Common Cause Failure of Unit 2 Turbine Sump Pump System 2.77E-05 
857 PK2DA1CCDT 24 125 Vdc Circuit Breaker 2DA-1C Transfers Position 1.80E-06 
858 PK2PACKDEX 3.1E-5 Turbine No. 2 Packing Fails 3.10E-05 
859 PK2TS01VVT 30 Manual Valve 2TS-1 Transfers Position 5. lOE-07 
860 PK2TSO2CVT 30 Check Valve 2TS-2 Fails to Open or Transfers Closed 3.90E-06 

861 PK2TSO3VVT 108 Manual Valve 2TS-3 Transfers Position 1.84E-06 

862 PK2TSO4CVT 15 Check Valve 2TS-4 Fails to Open or Transfers Closed . 1.95E-06 

863 PK2TSACGPR 30 AC Sump Pump 2TSPU-1 Fails To Start Or Run 4.20E-04 
864 PK2TSDCGPR 15 DC Sump Pump 2TSPU-2 Fails To Start Or Run 2.10E-04 
865 PK2TSDCLHE 3.2E-3 Latent Human Error Fails Turbine No. 2 DC Sump Pump 3.20E-03 
866 PK2TSDCTRM 6.85E-4 Turbine No. 2 DC Pump Train In Maintenance Or Testing. 6. 85E-04 
867 PK2XA2CCLT 30 Low Voltage Circuit Breaker 2XA-2C Transfers Position 2. 73E-05 
868 PMFB1 5.60E-03 Loss of Power on Main Feeder Bus 1 5.60E-03 

869 PMFB2 5.60E-03 Loss of Power on Main Feeder Bus 2 5.60E-03 
870 S127E1VRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
871 S127EUVRYT 9 Unit 1 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
872 S127EX1RYD 1 Unit 1 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
873 S127EXVRYD 1 Unit 1 Startup Bus UV Aux Relay 27EX Fails to *Pick Up 3 .30E-05 
874 S227ElVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E1 Fails 2.33E-03 
875 S227EUVRYT 9 Unit 2 Startup Bus Undervoltage Relay 27E Fails 2.33E-03 
876 S227EXlRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
877 S227EXVRYD 1 Unit 2 Startup Bus UV Aux Relay 27EX Fails to Pick Up 3.30E-05 
878 S27XSC1RYD 1 Channel 1 Swyd Isolated Rly, 27X/SC1, Fails to Pick Up OEE-76-12 3.30E-05 
879 S27XSC2RYD 1 Channel 2 Swyd Isolated Rly, 27X/SC2, Fails to Pick Up OEE-76-12A 3.30E-05 
880 S27XTD1RYD 1 Channel 1 Swyd Isolated Time Delay Rly, 27XTD/SC1, Fails OEE-76-12 3.30E-05 

881 S27XTD2RYD 1 Channel 2 Swyd Isolated Time Delay Rly, 27XTD/SC2, Fails OEE-76-12A 3.30E-05 
882 S327ElVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 2.33E-03 

883 S327EUVRYT 9 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 2. 33E-03 
884 S327EX1RYD 1 Unit 3 Standby Bus UV Aux Relay 27EX1 Fails to Pick Up 3.30E-05 
885 S327EXVRYD 1 Unit 3 Startup Bus UV Trip Aux Relay 27EX Fails to Pick Up 3.30E-05 
886 SB18UXlRYT 24 Auxiliary Relay 8UX-1 Spurious Operation 8. 64E-06 
887 SB28UX2RYT 24 Auxiliary Relay 8UX-2 Spurious Operation ' 8. 64E-06 
888 SB38UX3RYT 24 Auxiliary Relay 8UX-3 Spurious Operation 8.64E-06 

* a a
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889 SB48UX4RYT 24 Auxiliary Relay 8UX-4 Spurious Operation 8. 64E-06 

890 SDCAIDDDIF 24 Control Power From DYA To PCB9 Isolating Diode Fails 9.12E-05 

891 SDCDA12CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 12 Xfrs Open 1.80E-06 

892 SDCDA15CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 15 Xfrs open 1.80E-06 

893 SDCDA17CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 17 Xfrs Open 1.80E-06 

894 SDCDB01CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 1 Xfrs Open 1.80E-06 

895 SDCDB13CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 13 Xfrs Open 1.80E-06 

896 SDCDC12CDT 24 125 Vdc Swyd Control Power Pnlbd DYC Bkr 12 Xfrs Open 1.80E-06 

897 SDCDE12CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 12 Xfrs Open 1.80E-06 

898 SDCDE15CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 15 Xfrs Open 1.80E-06 

899 SDCDE17CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 17 Xfrs Open 1.80E-06 

900 SDCDF01CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 1 Xfrs Open 1.80E-06 

901 SDCDF13CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 13 Xfrs Open 1.80E-06 

902 SDCDG16CDT 24 125 Vdc Swyd Control Power Pnlbd DYG Bkr 16 Xfrs Open 1.80E-06 

903 SDCDYA8CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 8 Xfrs open OEE-38 1.80E-06 

904 SDCDYA9CDT 24 125 Vdc Swyd Control Power Pnlbd DYA Bkr 9 Xfrs open OEE-39B 1.80E-06 

905 SDCDYB4CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 4 Xfrs open 1.80E-06 

906 SDCDYB6CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 6 Xfrs Open 1.80E-06 

907 SDCDYB8CDT 24 125 Vdc Swyd Control Power Pnlbd DYB Bkr 8 Xfrs open 1.80E-06 

908 SDCDYE8CDT 24 125. Vdc Swyd Control Power Pnlbd DYE Bkr 8 Xfrs open 1.80E-06 

909 SDCDYE9CDT 24 125 Vdc Swyd Control Power Pnlbd DYE Bkr 9 Xfrs Open OEE-39B 1.80E-06 

910 SDCDYF4CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 4 Xfrs open 1.80E-06 

911 SDCDYF6CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 6 Xfrs open 1.80E-06 

912 SDCDYF8CDT 24 125 Vdc Swyd Control Power Pnlbd DYF Bkr 8 Xfrs Open 1.80E-06 

913 SDCEIDDDIF 24 Control Power From DYE To PCB-9 Isolating Diode Fails 9.12E-05 

914 SK194GBRYT 24 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 8.64E-06 

915 SK294GBRYT 24 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 8.64E-06 

916 SKXFMR1THF 24 Keowee Transformer 1 Fails 7.44E-05 

917 SPC14KVBHF 24 13.8 kV Bus Faulted 9.60E-06 

918 SPC51TNRYT 24 Main Step Up Transformer Neutral Ground Relay 51TN Spurious Operation 8.64E-06 

919 SPC62ABRYT 24 ACB Back-up Trip Timer 62AB Spurious Operation 8. 64E-06 

920 SPC631XRYT 24 Auxiliary Relay 63H1X Spurious Operation 8.64E-06 

921 SPC871XRYT 72 Transformer 1X Differential Relay 87T-IX Spurious Operation 2.59E-05 

922 SPC872XRYT 72 Transformer 2X Differential Relay 87T-2X Spurious Operation 2 

923 SPC87T1RYT 72 Main Step Up Transformer Differential Relay 87T Spurious Operation 2.59E-05 

924 SPC94TKRYT 24 Auxiliary Relay 94T/K Spurious Operation 
8.64E-06 

925 SPCBV8CHO 1 SWYD PCB-8 Fails to Trip 2 605-05
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926 SPCB009CHC 1 SWYD PCB-9 Fails To Close On Demand 2.60E-04 

927 SPCB009CHO 1 SWYD PCB-9 Fails To Trip 2. 60E-05 

928 SPCB012CHO 1 SWYD PCB-12 Fails To Trip 2.60E-05 

929 SPCB015CHO 1 SWYD PCB-15 Fails To Trip On Demand 2.60E-05 

930 SPCB017CHO 1 SWYD PCB-17 Fails To Trip On Demand 2.60E-05 

931 SPCB021CHO 1 SWYD PCB-21 Fails To Trip On Demand 2.60E-05 

932 SPCBO24CHO 1 SWYD PCB-24 Fails To Trip On Demand 2.60E-05 

933 SPCBO26CHO 1 SWYD PCB-26 Fails To Trip On Demand 2.60E-05 

934 SPCBO28CHO 1 SWYD PCB-28 Fails To Trip On Demand 2.60E-05 

935 SPCB033CHO 1 SWYD PCB-33 Fails To Open On Demand 2.60E-05 

936 SPCD87LRYT 24 Line Differential Relay 87L Spurious Operation 8.64E-06 

937 SPCGLASSWT 24 Break Glass Switch Spurious Operation 1.68E-06 

938 SPCR86TRYT 24 Lock Out Relay 86T Spurious Operation 8. 64E-06 

939 SUl27UVCOM 1.18E-04 Common Cause Failure of Unit 1 SU Bus Undervoltage Relays 1.18E-04 

940 SU227UVCOM 1.18E-04 Common Cause Failure of Unit 2 SU Bus Undervoltage Relays 1.18E-04 

941 SU327UVCOM 1.18E-04 Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1.18E-04 

942 SXFRCT3THF 24 Transformer CT3 Faulted 7. 44E-05 

943 SXFRCT3THM 1.74E-04 Transformer CT3 Is In Maintenance 1.74E-04 

944 SXFRCT4LHE 6.40E-05 Latent Human Error on CT4 Maintenance 6.40E-05 

945 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 9. 13E-04 

946 SY30R94RYT 24 PCB 30 Relay 94 Spuriously Picks Up 8.64E-06 

947 SY51TN2RYT . 24 230kV Neutral Ground Relay Spuriously Picks Up 8.64E-06 

948 SY51TN4RYT 24 4.16kV Neutral Ground Relay Spuriously Picks Up 8. 64E-06 

949 SY51TN6RYT 24 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up 8.64E-06 

.950 SY62X1FRYT 24 Breaker Failure Relay 62X1 Spuriously Picks Up 8.64E-06 

951 SY62X2FRYT 24 Breaker Failure Relay 62X2 Spuriously Picks Up 8.64E-06 

952 SY62XXFRYT 24 Breaker Failure Relay 62X Spuriously Picks Up 8.64E-06 

953 SY86BUIRYT 24 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 8.64E-06 

954 SY86CT3RYT 24 Transformer CT3 Lockout Relay Spuriously Picks Up 8. 64E-06.  

955 SY86YA9RYT 24 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up' 8.64E-06 

956 SY86YJ3RYT 24 Yellow Bus Lockout Auxiliary Relay 86YJ30 Spuriously Picks Up 8.64E-06 

957 SY87BYXRYT 24 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks Up 8.64E-06 

958 SY87BYYRYT 24 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks Up 8.64E-06 

959 SY87BYZRYT 24 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks Up 8.64E-06 

960 SY87LXXRYT 24 Differential Auxiliary Relay 87LX Spuriously Picks Up 8.64E-06 

961 SY94L1XRYT 24 Protective Relay 94L Spuriously Picks Up 8.64E-06 

962 SYE1362RYT 24 E13 Bkr Failure Relay 62B Spuriously Picks Up 8.64E-06 

e a .e
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963 SYE2362RYT 24 E23 Bkr Failure Relay 62B Spuriously Picks Up 8. 64E-06 

964 SYP2862RYT 24 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 8.64E-06 

965 SYP3062RYT 24 PCB 30 Breaker Failure Relay 628 Spuriously Picks Up 8.64E-06 

966 SYP86TXRYT 24 PCB 30 LOR 86TX Spuriously Picks Up 8.64E-06 

967 SYPCB09CHT 24 Switchyard Power Circuit Breaker 9 Transfers Open 4.56E-05 

968 SYPCB30CHT 24 Switchyard Power Circuit Breaker 30 Transfers Open 4 .56E-05 

969 SYPL86TRYT 24 PCB 30 LOR 86T Spuriously Picks Up 8.64E-06 

970 SYPL87LRYT 24 Differential Relay 87L Spuriously Picks Up 8.64E-06 

971 SYR86BYRYT 24 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 8. 64E-06 

972 SYS63FPRYT 24 Fault Pressure Relay 63FP Spuriously Picks Up 8.64E-06 

973 SYSX50BRYT 24 Transformer CT3 Fault Detector Relay 50B Spuriously Picks Up 8.64E-06 

974 SYX87TBRYT 24 Differential Relay 87B Spuriously Picks Up 8.64E-06 

975 SYXX87TRYT 24 Differential Relay 87T Spuriously Picks Up 8.64E-06 

976 U5086EFRYT 24 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 8.64E-06 

977 US186EFRYT 24 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 8.64E-06 

978 U51TNC4RYT , 24 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 8.64E-06 

979 U62BSK1RYT 24 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 8.64E-06 

980 U62BSK2RYT 24 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 8.64E-06 

981 U86CT4XRYT 24 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 8.64E-06 

982 U86TCT4RYT 24 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 8.64E-06 

983 U87TCT4RYT 24 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 8.64E-06 

984 UACXCT4THF 24 Transformer CT4 Failed 7.44E-05 

985 UXX86EFRYT 24 Lockout Relay 86EF Spuriously Picks Up 8.64E-06 

986 WKOORUNCOM 2.09E-05 Common Cause Failure of Keowee Governors to Run 2.09E-05 

987 WK1GVCDDEX 3.5E-05 Keowee Unit 1 Gov. Fails to Position Wicket Gates During a Cold Start 3.50E-05 

988 WK1GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 1 Governor During Cold Start 2.60E-04 

989 WK1GVHTDEX 3.5E-04 Keowee Unit 1 Gov. Fails to Position Wicket Gates During Hot Start 3.50E-04 

990 WK1GVRNDEX 5.6E-4 Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04 

991 WK1SPD1DEX 1.0 Potentially Damaging Overspeed Condition Occures At Load Rejection 1.00E+00 

992 WK1SPD2DEX 5.6E-05 Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.60E-05 

993 WK1TBCDDEX 3.5E-5 Keowee Unit 1 Turbine Fails During a Cold Start 3.50E-05 

994 WK1TBHTDEX 3.5E-4 Keowee Unit 1 Turbine Fails During a Hot Start 3.50E-04 

995 WK1TBRNDEX 5.6e-4 Keowee Unit 1 Turbine Fails With the Unit Running 5.60E-04 

996 WK2GVCDDEX 3.5E-05 Keowee Unit 2 Gov. Fails to Position Wicket Gates During Cold Start 3.50E-05 

997 WK2GVCDLHE 2.6E-4 Latent Human Error Fails Keowee 2 Governor During Cold Start 2.60E-04 

998 WK2GVHTDEX 3.5E-04 Keowee Unit 2 Gov. Fails to Position Wicket'Gates During Hot Start . 3.50E-04 

999 WK2GVRNDEX 5.6E-4 Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.60E-04
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1000 WK2SPD2DEX 5.6E-05 Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.60E-05 
1001 WK2TBCDDEX 3.5E-5 Keowee Unit 2 Turbine Fails During a Cold Start 3.SOE-05 

1002 WK2TBHTDEX 3.5E-4 Keowee Unit 2 Turbine Fails During a Hot Start 3.50E-04 

1003 WK2TBRNDEX 5.6E-4 Keowee Unit 2 Turbine Fails With the Unit Running 5.60E-04 

1004 WKCSTRTCOM 1.12E-05 Common Cause Failure of Keowee Governors to Cold Start 1.12E-05 

1005 WKHSTRTCOM 3.50E-6 Common Cause Failure of Keowee Governors to Hot Start 3.50E-06 

1006 XAOSWGRCOM 1.22E-06 Common Cause Failure Of Transformers lX, 2X, And CX 1.22E-06 

1007 XA1A2BTCDT 24 600 Vac Breaker 1XA-2BT Transfers Position K-704 1.80E-06 

1008 XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 3. 1OE-04 

1009 XA1TR1XTLF 24 Keowee Transformer IX Fails 1.80E-05 

1010 XA1X2AXCLT 24 600 Vac Breaker 1X-2A Transfers Position 2.18E-05 

1011 XA1X2CCCLT 24 600 Vac Breaker 1X-2C Transfers Position 2.18E-05 

1012 XA1XA1ACLT 24 600 Vac Breaker 1XA-lA Transfers Open 2.18E-05 

1013 XA1XAALBLM 2.74E-03 MCC 1XA Is Connected to Its Alternate Source of Power 2. 74E-03 

1014 XA1XAMCBLF 24 600 Vac MCC 1XA Fault 6.48E-06 

1015 XA1XCXXTHM 4.57E-04 4160/600 Vac Transformer CX Is In Maintenance 4 .57E-04 

1016 XA1XCXXTLF 24 4160/600 Vac Transformer CX.Fails 1.80E-05 

1017 XA1XXXXBLF 24 600 Vac Switchgear IX Fault 6.48E-06 

1018 XA2A2BTCDT 24 600 Vac Breaker 2XA-2BT Transfers Position 1.80E-06 

1019 XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 3.10E-04 

1020 KA2TR2XTLF 24 Keowee Transformer 2X Fails 1.80E-05 

1021 XA2X2BXCLT 24 600 Vac Breaker 2X-2B Transfers Position 2.18E-05 

1022 XA2X2DXCLT 24 600 Vac Breaker 2X-2D Transfers Open 2.18E-05 

1023 XA2X4AXCLT 24 600 Vac Breaker 2XA-4A Transfers Position 2.18E-05 

1024 XA2XAALBLM 2.74E-03 MCC 2XA Is Connected to Its Alternate Power Source 2.74E-03 

1025 XA2XAMCBLF 24 600 Vac MCC-2XA Fault 6.48E-06 

1026 XA2XXXXBLF 24 600 Vac Switchgear 2X Fault 6.48E-06 

1027 XA56BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 3.10E-04 

1028 XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 3.10E-04 

1029 XDOBATTCOM 2.70E-05 Common Cause Failure Of Keowee I&C Power Batteries 2.70E-05 

1030 XDOCHRGCOM 3.48E-05 Common Cause Failure Of Keowee Battery Chargers 3:48E-05 

1031 XDOKBATRHE 1.00E+00 Failure To Recover DC Power By Cross-Cennecting The DC Distribution Centers 1:00E+00 

1032 XD104CCCDT 24 Breaker 1DA-4CC Transfers Open 1.80E-06 

1033 XD104CRCDT 6 Breaker 1DA-4CR Transfers Open 4.50E-07 

1034 XD1BK1ACDT 24 Battery No. 1 Breaker 1A Transfers Position run time dependent 1.80E-06 

1035 XD1CKC1BCF 24 Battery Charger KC1 Fails 6.96E-04 

1036 XDDAnCCDT 24 125 Vdc Breaker iC (from charger KC1) Transfers Position 1.80E-06
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1037 XD1DA3BCDT 24 125 Vdc Breaker 1DA-3BR Transfers Open 1.80E-06 

1038 XD1DA4ACDT 24 DC Circuit Breaker 1DA-4AR Transfers Position 1.80E-06 

1039 XD1DALTBYM 5.48E-03 Normal Power To Dist. Center IDA Is In Test and Maintenance 5.48E-03 

1040 XD1DARXBDF 24 DC Distribution Center IDA Faulted during Run 7.68E-06 

1041 XD1KB1XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 

1042 XD1KB1XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 

1043 XD1KBATBYF 1 Keowee Battery No. 1 Fails During Discharge 9. 30E-04 

1044 XD1TIE1CDT 24 Keowee 125V dc Dist Cntr IDA Tie Breaker 1 Transfers Position 1.80E-06 

1045 XD202CCCDT 6 Breaker 2DA-2CC Transfers Open 4.50E-07 

1046 XD204CCCDT 24 Breaker 2DA-4CC Transfers Open K-704 1.80E-06 

1047 XD2BK1ACDT 24 Battery No. 2 Breaker 1A Transfers Position 1.80E-06 

1048 XD2CKC2BCF 24 Battery Charger KC2 Fails 6.96E-04 

1049 XD2DA2ACDT 24 DC Circuit Breaker 2DA-2AR Transfers Position 1.80E-06 

1050 XD2DA3BCDT 24 125 Vdc Circuit Breaker 2DA-3BR Transfers Position 1.80E-06 

1051 XD2DA5CCDT 24 125 Vdc Breaker 2DA-5C (from Charger KC2) Transfers Open 1.80E-06 

1052 XD2DALTBYM 5.48E-03 Normal Power To Dist Cntr 2DA Is In Test and Maintenance 5.48E-03 

1053 XD2DARXBDF 24 DC Distribution Center 2DA Faulted During Run 7.68E-06 

1054 XD2KB2XDHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 
1055 XD2KB2XRHE 1 Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1.00E+00 

1056 XD2KBATBYF 1 Keowee Battery No. 2 Fails during Discharge 9 .30E-04 

1057 XD2TIE2CDT 24 Keowee 125V dc Dist Cntr 2DA Tie Breaker 2 Transfers Position 1.80E-06 

1058 YOSTARTCOM 7.26E-06 Common Cause Failure Of Emergency Start Signal 7.26E-06 

1059 YOSTARTRHE 1.OOE+00 Operators Fail To Manually Start Keowee 1.OOE+00 

1060 YK114X3SSD 1 Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm KEE-111 1.80E-05 

1061 YK13SUISWT 24 KHU#1 Startup Inhibit Sw 3SUI Xfrs to Inhibit KEE-111, -113 1.68E-06 

1062 YK14AMRRYT 24 Keowee 1 Master Relay 4A Spuriously Drops Out 8.64E-06 

1063 YK14BMRRYT 24 Keowee 1 Master Relay 4B Spuriously Drops Out 8.64E-06 

1064 YK163BHLST 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 63BL/H Sprsly Clsd KEE-111, -113-3 7.44E-06 

1065 YK163BHRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-111,-113- 8.64E-06 
1066 YK163BLLST 24 Keowee 1 Gen Thrst Brng'Oil Lvl Lo Sw 63BL/L Spuriously Operates KEE-111,-113- 7.44E-06 

1067 YK163BLRYT 24 Keowee 1 Gen Thrst Brng Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks Up KEE-111, -113- 8.64E-06 
1068 YK163TBLST 24 Keowee 1 Turb Guide Brng Lo Lvl Sensor Sw Spuriously Closes KEE-113-4 7.44E-06 

1069 YK163TBRYT 24 Keowee 1 Turb Gd Brng Oil Lvl Lo Rly 63TB/1X Sprsly Picks Up KEE-111,-113-4 8.64E-06 

1070 YK186NlDEX 9.89E-03 Keowee 1 Normal Lockout Actuates 9.89E-03 

1071 YK199SDRYD 1 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 3.30E-05 

1072 YK199SDRYT 24 Keowee 1 Shutdown Solenoid Spuriously Drops Out 8.64E-06 

1073 YK199SNRYD 1 Ki Emergency Load Solenoid 99SN Fails To Pick Up/Drop Out 3.30E-05
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1074 YK199SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8. 64E-06 
1075 YK199SXRYD 1 Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-111 3.30E-05 
1076 YK199SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out 8. 64E-06 

.1077 YK1D4CRFUF 6 Fuse 1DA-4CRFails 2. 16E-05 
1078 YK1ES1ARYD 1 Keowee 1 Emergency Start Aux Relay lESRX/lA Fails To Pick Up OEE-120 3.30E-05 
1079 YK1ES1BRYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/lB Fails To Pick Up OEE-120-1 3.30E-05 
1080 YK1ES2ARYD 1 Keowee 1 Emergency Start Aux Relay 1ESRX/2A Fails To Pick Up OEE-120 3.30E-05 
1081 YK1ES2BRYD 1 Keowee 1 Emergency Start Aux Relay lESRX/2B Fails To Pick Up OEE-120-l 3.30E-05 
1082 YK1MR4ARYD 1 Keowee 1 Start Master Relay 4A Fails To Pick Up KEE-113 3.30E-05 
1083 YK1MR4BRYD 1 Keowee 1 Start Master Relay 4B Fails To Pick Up KEE-113 3.30E-05 
1084 YKlSS12SST 24 Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 1,01E-04 
1085 YK1SS13SSD 1 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm KEE-111 1.80E-05 
1086 YK214X3SSD 1 KHU#2 Speed Switch 14-3 Fails to Open at 65 rpm KEE-211 1.80E-05 
1087 YK23SUISWT 24 KHU#2 Startup Inhbt Sw 3SUI Sprsly Xfrs to Inhibit KEE-211, -213 1.68E-06 
1088 YK24AMRRYT 24 Keowee 2 Master Relay 4A Spuriously Drops Out 8. 64E-06 
1089 YK24BMRRYT 24 Keowee 2 Master Relay 4B Spuriously Drops Out 8. 64E-06 
1090 YK263BHLST 24 Keowee 2 Gen Thrst rng Oil Lvl Hi Sw 63BL/H Sprsly Clsd 7.44E-06 
1091 YK263BHRYT 24 Keowee 2 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks Up KEE-211 8.64E-06 
1092 YK263BLLST 24 Keowee 2 Gen Thrst Brng Oil Lvl Lo Sw 63BL/L Sprsly Opn 7.44E-06 
1093 YK263BLRYT 24 Keowee 2 Gen Thrst Brng Oil Lvl 1o Ply 63BL/LXTD Sprsly Pcks Up KEE-211 8.64E-06 
1094 YK263TBLST 24 Keowee 2 Turb Guide Bing Lo Lvl Sensor Sw Sprsly Closes 7.44E-06 
1095 YK263TBRYT 24 Keowee 2 Turb Gd Brng Oil Lvl Lo Rly 63TB/lX Sprsly Picks Up KEE-211 8.64E-06 
1096 YK286N2DEX 7.41E-03 Keowee Unit 2 Normal Lockout Activates 7.41E-03 
1097 YK299SDRYD 1 Keowee 2 Shutdown Solenoid.99SD Fails To Pick Up 3 .30E-05 
1098 YK299SDRYT 24 Keowee 2 Shutdown Solenoid Spuriously Drops Out 8.64E-06 
1099 YK299SNRYD 1 Keowee 2 Emergency Load Solenoid 99SN Fails To Operate 3.30E-05 
1100 YK299SNRYT 24 Emergency Load Solenoid 99SN Spuriously Drops Out 8.64E-06 
1101 YK299SXRYD 1 Keowee 2 Shutdown Solenoid Aux Relay 99SX Fails to Pick Up KEE-211 3.30E-05 
1102 YK299SXRYT 24 Shutdown Auxiliary Relay 99SX Spuriously Drops Out s 8.64E-06 
1103 YK2D2CCFUF 6 Fuse 2DA-2CC Fails 2. iGE-OS 
1104 YK2ES1ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/lA Fails To Pick Up OEE-120 3.30E-05 
1105 YK2ES1BRYD 1 Keowee 2 Emergency.Start Aux Relay 2ESRX/1B Fails to Pick Up OEE-120-1 3 30E-05 

1106 YK2ES2ARYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/2A Fails to Pick Up OEE-120 3 30E-05 
1107 YK2ES2BRYD 1 Keowee 2 Emergency Start Aux Relay 2ESRX/.B Fails to Pick Up OEE-120-1 3 30E-05 

1108 YK2MR4ARYD 1 Keowee 2 Start Master Relay 4A Fails To Pick Up KEE-213 3.30E-05 

1109 YK2MR4BRYD 1 Keowee 2 Start Master Relay 4B Fails to Picck Up KEE-213 3.30E-05 

1110 YK2SSl2SST 24 Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 1.01E-04
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1111 YK2SS13SSD 1 Keowee 2 Speed Switch 13 Fails to Close at 122 rpm KEE-211 1 BOE-05 

1112 YKEMSRTCHE 0 Operator Incorrectly Resets Keowee Emergency Start Signals 0.00E+00 

1113 YO1DIA2CDT 30 DC Circuit Breaker 1DIA-2 Transfers Position 2.25E-06 

1114 YOlDIB2CDT 30 DC Circuit Breaker 1DIB-2 Transfers Position 2.25E-06 

1115 YO1MFBMA 1 ONSi MFB Monitor Channel A Keowee Start Signal Pails 1.OOE±00 

1116 YO1MFBMB 1 ONSl MFB Monitor Channel B Keowee Start Signal Fails 1. 0E+00 

1117 YO1OPSARHE 1 operator fails to operate Keowee start switch SlA 1. 0E+00 

1118 YO1OPSBRHE 1 operator fails to operate Keowee start switch SiB 1. 0E+00 

1119 YOlSlAFSWC 1 Control Switch SlA Fails To Close on Demand 1. 0E-05 

1120 YOlS1BFSWC 1 Control Switch SIB Fails To Close On Demand 1. 0E-05 

1121 YO1XXKARYD 1 ONSI Ch A Keowee Emergency Start Relay KA Fails to Pick Up OEE-120 3.30E-05 

1122 YOlXXKBRYD 1 Oconee Unit 1 Chan. B Keowee Emergency Start Relay Fails OEE-120-1 3.30E-05 

1123 YO2CR2ARYD 1 0N52 Ch A Keowee Emergency Start Relay CR2A Fails to Pick Up OEE-220 3.30E-05 

1124 YO2CR2BRYD 1 0N52 Keowee Emergency Start Relay CR2B Fails to Pick Up OEE-220-1 3.30E-05 

1125 YO2DIA2CDT 30 Breaker 2DIA-2 Transfers Position 2.25E-06 

1126 YO2DIB2CDT 30 Breaker 2DIB-2 Transfers Position 2.25E-06 

1127 YO2MFBMA 1 0NS2 MFB Monitor CH A Keowee Start Sig Fails 1. OOE±00 

1128 YO2MFBMB 1 0NS2 MFB Monitor Ch B Keowee Start Sig Fails 1.005+00 

1129 YO2SSWARHE 1 Operator Fails to Operate Keowee Start Switch 2SSWA 1.OOE+00 

1130 YO2SSWASWC 1 Control Switch 2SSWA Fails To Close on Demand 1.OOE-05 

1131 YO2SSWBRHE 1 operator Fails to operate Keowee Start Switch 2S5WB 1. 00+00 

1132 YO2SSWBSWC 1 Control Switch 2SSW'B Fails To Close On Demand lOGE 05 

1133 YO3CR3ARYD 1 0NS3 Ch A Keowee Emergency Start Relay CR3A Fails To Pick Up OEE-320 3.30E-05 

1134 YO3CR3BRYD 1 0NS3 Keowee Emer Start Relay CR33 Fails to Pick Up OEE-320-1 3.30E-05 

1135 YO3DIA2CDT 30 Breaker 3DIA-2 Transfers Open OEE-320, 0-2705 2.25E-06 

1136 YO3DIB2CDT 30 Breaker 3DIB-2 Transfers Open OEE-320-l, 0-2705 2.25E-06 

1137 YO3MFBMA 3.96E-03 0NS3 MFB Monitor Ch A Keowee Start Sig Fails 3.96E-03 

1138 YO3MFBMB 3.96E-03 0N53 MFB Monitor Ch B Keowee Start Sig Fails 3.96E-03 

1139 YO30PFARHE 1 Operator fails to operate Keowee Start Switch 3S1A 1. OOE+00 

1140 YO30PFBRHE 1 Operator Fails to Operate Keowee Start Switch 3513 1.OOE±00 

1141 YO3S1AFSWC 1 Control Switch SlA Fails To Close On Demand 1.OCE-OS 

1142 YO3S1BFSWC 1 Control Switch SIB Fails To Close On Demand 1.OGE-OS 

1143 YO3SSWARHE 1 Operator fails to operate Keowee Start Switch 3SSWA' 1. 00+00 

1144 Y03SSWASWC 1 Control Switch 3SSWiAt Fails To Close On Demand 
1.8OE-05 

1145 Y03SSWBRHE 1 Operator Fails to Operate Keowee Start Switch 3SWB' 1.OOE+00 

1146 Y03SSWBSWC 1 Control Switch 3SAB' Fails To Close On Dehand 1.OOE-05
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Keowee Unit 1 Start 
Is Required 

KU1STARTR Page 2 
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Keowee Unit 1 Is Keowee Unit 1 Is 
Not Generating To Not Generating To 
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KK1NORUN KBOTHNORN 
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To Start 
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Unge 16haPage 15 

T hPa e A e ae6a g 
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Generator Field Generator Field 
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Page 13 Page 13 
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Breaker Relay 41/X Field Breaker Y-rela 99SY Fails To Pick- Trip Control Switch 
Fails To Pick-up On y Failed To Drop-out up 141/T Spurious 
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Keowee Unit 1 Field Keowee Unit 1 
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Page 13 Page 13 
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<> Page 8 
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Supply Breaker Supply Breaker Y-rel 

Relay 41-52X Fails ay Failed To Drop-ou 
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I 0 
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Flashing Breaker ing Breaker Y-relay 9oX1AfTD Spurious Breaker Trip 
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Pick-up On Demand t Last Operation Spurious Operation 
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Keowee Unit 1 Fails Keowee Unit 1 Field Keowee Unit 1 Field 
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FFB1TRIP IEK DLHE 
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KU1RNNG Outputs: 
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Keowee Unit 1 Emerg Keowee Unit 1 Is 
Lockout Due to Supplying The Grid 

Actuation of Generat 
or Protective Relay 

Page 102 r GK186E1 See Output KU1RNNG 

Page 13 List 
Page 82 

Keowee Unit 1 Emerg Keowee 1 Emergency Keowee Unit 1 Only Both Keowee Units 
Lockout Due to Lockout Relay 86E-1 Is Supplying The Are Operating 

Actuation of Generat Spuriously Picks Up Grid 
or Protective Relay 
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Keowee Unit 1 Fails 
To Disconnect Or 

Load 

0I 

Page 2 1KU1SPINSI 

I I 
Air Circuit Breaker eowee n Air Circuit Breaker KU1 Is Connected To 

1 Fails To Open Governor or Turbine 3 Fails To Connect CT4 With An Over

KEE-114 Fails During a Hot KU1 To The frequency Condition 

Start Underground Path 

ACB1OPEN KU1GVTBHOT NEWMODA NEWMODB 
PPage 

24 
age 37 

Keowee Unit 1 Gov. Keowee Unit 1 Keowee 1 Governor NSM-ON-52966 Is In Air Circuit Breaker 
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Wicket Gates During a Hot Start During A Hot Start 

During Hot Start Sequence 
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I A1ACUDX IACB1ELEC I AB1MECHDEX |I ABlOPENLHEI 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
1 Fails Due To 1 Fails To Open 1 DC Power Fails 

Electrical Failures Automatically 
Of The Breaker 

IACB1BREAK | ACB1ATOG A8DPR 

Pae 25 

Air Circuit Breaker Air Circuit Breaker Keowee 1 Emer Strt Time Delay Relay 52
1 Relay 52Z Fails 1 Accumulator Aux Rlys 1ESRX/1A & 1TD Spurious 

To Operate Pressure Switch PS2 1ESRX/1B Fail Operation Fails Low KEE-1 13 
AB1RS2Z6D | |AB1PSO2PST I I YKlSTRTINT I |A12DY 

Page 7 

Air Circuit Breaker 
1 Trip Coil Fails 

To Operate 

r AB-152TCSVOI 

Knowee Reliability Assessment FIGURE F-1 Page 2



Air Circuit Breaker EGTPS Channel 1 

Fails 
1i DC Power Fails 

ew Sat ig l 

IACB1DCPWRI SEGTPSCH1F 

Page 26 

Loss of Power on Breaker 3CL In 125V EGTPS Channel 1B EGTPS Trouble Relay 
125 Vdc Dist. Cntr. dc Distribution Initiators Fail 27X/STB Fails To 

1DA during Start Center 1 DA OEE-76-4-A, Pick Up 
Transfers Position 

XD1DASRCES |AD1C3CLCDT SEGTP18NTS 
ae 11 2 Page 238 

Keowee Reliability Assessment FIGURE F-i Page 25



Oconee 1 Channel A 
Keowee Emer Strt 
Sig Initiators Fail 

OEE-120 

Page 9 YO1KSCHAlF 

hannewe1 ONS1 Keowee Chan. A ONS MFB Monitor ONS1 Channel A 
art SignalrtStart Signal FisChannel A Keowee Keowee Manual Start 
is For ESG Initiaton Start Signal Fails Signal Fails 

OEE-120 OEE-120 

ISETPSH1F YO1ESGAF |Y |13A YO1ES1l1 

APage 25 

ONS1 ESG Chan.1R An Engineered Operator fails to Control Switch SiA 
Relay Fails TPikSafeguards operate Keowee Fails To Close On 

Up Condition Does Not start switch S1A Demand 
Exist 

EU1C1RORYD IIESCONDNOTIIYO0SRE|OSAFW| 

Kenwee Reliability Assesment FIGURE F-1 T Paae



Oconee 2 Channel A 
Keowee Emergency 
Start Relay CR2A 

Fails 

YO2KESCHAF 
Page 9 

rae 2DIA-2 Loss Of Power On Oconee 2 Channel A ONS2 Ch A Keowee 
a Position 125 V dc Panelboard Keowee Emer Sig Emergency Start 

2DIA Sig Initiators Fail Relay CR2A Fails to 

SFaOEE-220 Pick Up 

A2CT D2DIAXXDEX Y2KSCHAIF YO2CR2ARYD 

II 
ONS2 Local Locked ONS2 MFB.Monitor CH Oconee 2 Channel 1 

Selector Switch A Keowee Start Sig Engineered 
2SSW A' Fails Fails Safeguards Signal 

OEE-220 Fails OEE-220 

YO2SSWAF I OMBAl|YO2ESGAF| 

Operator Fails to Control Switch ONS2 ESG Chan. 1 Ro An Engineered 
Operate Keowee 2SSWA' Fails To Relay Fails to Pick Safeguards 

Start Switch 2SSWA' Close On Demand Up Condition Does Not 
Exist 

YO2SSWARHE |YO2SSWASWC EU2C1RORYD ESCONDNOTI 

K6o 

Keowee Reliability Assessment FIGURE F-i Page 27



Oconee 3 Channel A 
Keowee Emergency 
Start Relay CR3A 

Fails 

YO3KESCHAF 
Page 9 

Bekr3DIA-2 Loss Of PowerO Oconee 3 Channel A OS hAKoe 

)rnfr pen-2705 125 V dc Panelor Keowee Emer StrtmrenyStr 
301A Sig Initiators FailRea 3AFisT 

E l ~OEE-320PikU 

Y03KCHAI RORD ECONONO 

Keowee eliability A Mnt FU F-ie g 2n K 

Star Sw 3A ailsA KoweeStar Si Engnee e megec Start tdSic 

FaRela CR3A32 Fails3To 

(2CDT3 Y0D3DIAXXDE |Y0Y3KCHSFSWO3R3RY 

OperStart Swil S3A Fai rls Swth A Kewe Sar ES g EngineeredOperatednSwitc 
oprae eoee OEE-320lseOnRea FailstoPc Safeguards Sga SWA al 

I Y3SA |YOMFMA| Y3EGA || O3SWF 

Keow e Feailblse On ses elay FailsE to1 Pikaafgurd



ONS3 Cable Room Key Normal Power to 
Operated Switch Dist Center 2DA is 

A L ~3SSW'A' Fails nti eto 
OEE-320 Maint 

YO3SSWAF [;F 
Page 28 Page 30 

Page 55 

Operator fails to Control Switch Normal Power To 
operate Keowee 3SSW'A' Fails To Dist Cntr 20A Is In 

Start Switch 3SSW'A' Close On Demand Test or Maintenance 

YO3SSWARHE YO3SSWASWCI~TB KXD2DANORFe R 

Keowee~~~~~~~~~Pg 30iblt seset FIUEF1T Pg



XD2DASRCES Outputs: 
Page 10, Page 123, Page 114, Page 192, Page 112, Page 116 

Loss Of Power On 
125V dc Dist Cntr 
2DA During Start 

See Output IXD2DASRCES 
List 

Norrnal Power To Alternate Power To 
Dist Cntr 20A Fails Dist Cntr 2DA Fails 

During Start During Start 

XD2DANORMS IXD2DALTSI 

Keowee Battery No. Normal Power to Keowee Battery No. Normal Power To 
2 Fails during Dist. Center 2DA is 1 Fails During Dist Cntr 2DA Is In 

Discharge not in Test or Discharge Test or Maintenance 
Maint.  

XD2KBATBYF XD2DANORWF IXD1KBATBYFI XD2DALTBYM 

A Page 29 

Keowee Reliability Assessment FIGURE F-1 Page 30 

00 0



Oconee 1 Channel B 
Keowee Emer Strt 
Sig Initiators Fail 

OEE-120-1 

YO1KSCHBIF 
Page 10 

I g I F Il Channel 2 C ONS1 Keowee Chan. B ONS MFB Monitor 
tart Sig Start Signal Fails Channel B Keowee F 
is For ESG Initiation Start Signal FailsFal 

OEE-120-1OE-2 1 

IETSCH2F I YO1ESGBF Y0 IEO1FBB2 

Pae 32 

ONS1 ESG Chan.2R An Engineered Oeao al oCnrlSic l 
Relay Fails to PikSafeguards oeaeKoe al oCoeO 

Up Condition Does NotstrswchSBDmn 
Exist 

I IUCRRD1SODO1RE OS W 

A ns I 

~~~~~~~~~ON1Ca.BKeoweeReiblt Ases et- -GU EF1 Pae3



EGTPS Channel 2 ONS3 Cable Room Key 
Keowee Start Signal Operated Switch 

Fails 3SSW B Fails 
OEE-320-1 

A SEGTPSCH2F A YO3SSWBF 
Page 255 Page 34 
Page 31 

EGTPS Channel 2B EGTPS Trouble Relay Operator Fails to Control Switch 
Initiators Fail 27X/STA Fails To Operate Keowee 3SSW'B' Fails To 
OEE-76-8-A Pick Up Start Switch 3SSWB' Close On Demand 

I SEGTP2BNIT IL27XSBRYD YO3SSWBRHE YO3SSWBSWC 

Page 239 

Keowee Reliability Assessment FIGURE F-1 Page 3



Oconee 2 Channel B 
Keowee Emergency 
Start Relay CR2B 

Fails 

YO2KESCHBF 
Page 10 

rae 2DIB-2 Loss of Power on Oconee 2 Channel B ONS2 Keowee 
r Position 125 V de Panelboard Keowee Emer Sig Emergency Start 

201B Sig Initiators Fail Relay CR2s Fails to 
OEE-220-1 Pick Up 

B2CDT YO2KSCHB YO22BRYO 

ONS2 Local Locked ONS2 MFB Monitor Ch Oconee 2 Channel 2 
Selector Switch B Keowee Start Sig Engineered 
2SSWB' Fails Fails Safeguards Signal 

Fails OEE-220-1 

YO2SSWBF | |YO2MFBMB1 YO2ESGBF| 

Operator Fails to Control Switch ONS2 ESG Chan. 2 Ro An Engineered 
Operate Keowee 2SSWB' Fails To Relay Fails to Pick Safeguards 

Start Switch 2SSW'B' Close On Demand Up Condition Does Not 
Exist 

|YO2SSWBRHEI YO2SSWBSWC EU2C2RORYD ESCONDNOT 

Keowee Reliability Assessment FIGURE F-1 Page 33



Oconee 3 Channel B 
Keowee Emergency 
Start Relay CR3B 

Fails 

Page 10 YO3KESCHBF 

Breaker 3DIB-2 Loss Of Power On Oconee 3 Channel B ONS3 Keowee Emer 
Transfers Open 125 Vdc Panelboard Keowee Emer Strt Start Relay CR3B3 

3DIB Sig Initiators Fail Fails to Pick Up 

I 1 I I 

IYO3DIBCDT D3DiBXDEXC YO3KSCHBIFY EYO3CR3BRY 

ONS3 Keowee Emer ONS3 MFB Monitor Ch ONS3 Keowee Chan B ONS3 Cable Room Key Start Sw S3B Fails B Keowee Start Sig Start Signal Fails Operated Switch OEE-320-1 Fails for ESG Initiation 3SSWB' Fails 
OEE-320-1 OEE-320-1 

YO3S3B OMFM YO3ESGBF ||Y3SB 

Pae 32 

Operator Fails to Control Switch S1B ONS3 ESG Chan. 2 Ro An Engineered 
Operate Keowee Fails To Close On Relay Fails to Pick Safeguards 

Start Switch 3S18 Demand Up Condition Does Not 
Exist 

I YO30PFBRHE I YO3S1 BFSWC IE32OY ECNNT 

Keowee Reliability Assessment FIGURE F-1 T Page 34



Air Circuit Breaker Common Cause 
3 Fails To Close Failure Of ACBs 2 

And 3 

| ACB3CLOSE P 6 AB23COM 
Page 23 Page 66 

Page 35 

Air Circuit Breaker Air Circuit Breaker Common Cause NSM-ON-52966 Is in 
3 Fails To Close 3 Accumulator Air Failure Of Air Service 

Due To Mechanical Pressure Low Circuit Breakers 2 
Failure jAnd 3 To Close 
F iII I 

1AB3MCH2DEX. I AB23BKRCOMJ I NTACB4MOD 

AO Page 12 

Air Circuit Breaker Air Circuit Breaker Keowee Unit 2 Is Keowee Unit 1 Is 
3 Fails To Close 3 Fails To Close Not In Maintenace Supplying The Grid 

Due To Latent Human Due To Electrical 
Error Failures 

IAB3CLOSLHE |ACB3BREAKCI K2NOMAIN |KU1RNNG 

A Page 36 Page 22 Page 21 

Common Cause Time Delay Relay 2
Failure Of ACBs 2 1TD Fails To Pick-up 

And 3 

IZBCO AK12DRYD 
Page 35 

KU1 CCF Of 2/3 Failure Of 
Overfrequency Indication That KU1 

Relays To Reset Is Selected For The 
When Frequency Drops Underground 

AKOF AK1UNDER 

e RPage 36 

Kanwee Reliahility Assessment FIGURE F-1 Page 35



Air Circuit Breaker Failure Of 
3 Fails To Close Indication That KU1 
Due To Electrical Is Selected For The 

Failures Underground 

ACB3BREAKC I AK1UNDER 
Page 35 Page 35 

Air Circuit Breaker Air Circuit Breaker Relay 52AX/34 Relay 52AX/34X 
3 Relay 52X Fails 3 Accumulator Spuriously Drops-out Spuriously Drops-out 

To Operate Pressure Switch PS2 
Fails Low 

6AB3PSO2PST AK1AX34RYT AKIX34XRYT 

Air Circuit Breaker Air Circuit Breaker 
3 Close Col Fails 3 Relay 52Y Failed 

To Operate To Drop Out Followin 
g Last Demand 

AB352CCSVO AB352Y2R6D 

Air Circuit Breaker 
3 Y-relay Spurious 

Operation 

| B22R6TI 

Keowee Reliability Assessment FIGURE F-1 Page 36 

00



Page 23 Page 3t 
Page 109 

NSM-ON-52966 Is In Potentially Air Circuit Breaker Breaker 3CC In 125V 
Service Damaging Overspeed 3 Fails To Open Due de Distribution 

Condition Occures To Mechanical Center 1DA 
At Load Rejection Failure Transfers Position 

I NTACB4MOD |WK1SPD1DEX AB3MECHDEX AD1C3CCCDT 

Page 12 

Air Circuit Breaker Air Circuit Breaker Loss of Power on 
3 Fails To Open 3 Accumulator Air Keowee 1 125Vdc 

Pressure Low Dist. Ctr. 1 DA 
I r during Run K-704, 

ACB3OPEN AB3ACCUDEXXD1DAR 

A Page 37 
Page 38 

II 
Air Circuit Breaker ACB3 Trip Signal 
3 Relay 52Z Fails Fails When 

To Operate Generating To The 
Grid 

AB3RS2R6D |ACB3TRIPGO 

Page 39 

Air Circuit Breaker ACB-3 Fails To Trip 
3 Trip Coil Fails On Governor 

To Operate Overspeed 

CSVACB3TRIPWO 

A Page 40 

Air Circuit Breaker 
3 Accumulator 

Pressure Switch PS2 
Fails Low 

I AB3PO2PST g 

Keowee Reliability Assessment FIGURE F-i Page 37



Loss of Power on XDIAR Outputs: 
Keowee 1 125Vdc Page 51, Page 37, Page 109, Page 72, Page 46, Page 77, Page 85 

Dist. Ctr. 1 DA 
during Run K-704.  

XD1DAR 
See Output 

List 

DC Distribution Loss of Power On 
enter 1DA Faulted 125 Vdc Dist. Cntr 

during Run 1 DA during Run 

XD1DA RXBDF1IX1ARE 

Normal Power to Alternate Pwr to Distribution Center Distribution Center 
1DA Fails during Run 1DA Fails during Run 

IXD1DANORMRI XD1DALTRI 

Keowee 1 Normal Normal Power to Dist. Cntr. 1DA Normal Power To 
Power Path Run Dist. Center 1 DA is Alternate Power Dist. Center 1DA Is 

Failures Occur not in Test or Path Run Failures In Test or 
I Maint. Occur Maintenance 

|XDIDANRMRF|XIDOW-XIALR DD TY 

Battery No. 1 ewe#Batr ewe15dcDs ewe2Vdcit 
Breaker 1A CagrFisCt ATeCt D i 

Transfers PositionBraeITrnfrBrkr2Tases 
run time dependentPoionostn 

I XDn1BK1ACDT a41XlIlDTIX2I2D 

XD1DANORWF2D 

Pag 12g5 

Keowe eowei #btty Keowss e 125VR dc1 Dist3



ACB3 Trip Signal 
Fails When 

Generating To The 
Grid 

ACB3TRIPGO 
Page 37 

Keowee Unit 1 Is ACB-3 Trip Signal 
Supplying The Grid (Unit Generation) 

Fails 

KU1RNNG ACB3TRIPG 

A Page 21 

Relay 52XG1 Fails Keowee 1 Emer Strt 
To Pick Up Whe ThenT Aux Rlys 1ESRX/2A & 

Unit Is Started 1ESRX/2B Fail 
KEE-111,-OEE-120 

AK152XGRY | YK1STR21NT 

e RPage 8 

Relay 52XG/1 Time Delay Relay 52
Spuriously Drops 1TD Spurious 

Out While The Unit Operation 
Is Running 

AK152XGRYT |A12DY 

Keowee Reliability Assessment FIGURE F-1 Page



ACB-3 Fails To Trip 
On Governor 

Overspeed 

ACB3TRIPWO 
Page 37 

Keowee Unit 1 ACB-3 Trip Signal 
Governor Failure (Governor Failure) 

Creates Overspeed Fails 
Condition 

WK1SPD2DEX AC13TRIPW 

KU1 Magnetic Speed Relay 14GOV/1X 
Switch System Fails Fails To Pick-up 

AK1 14GVDEX AK1 GV1XRYD 

Time Delay Relay 52
1TD Fails To Pick-up 

Keowee Reliability Assessment FIGURE F-i Page 40



Keowee Unit 1 Fails 
To Run 

KU1RUIN 
Page 2 

0I 

Keowee Unit 1 
Governor or Turbine T neFails Wehrato Femov 

Fails While the 
Unit Runs 

GKU1GVTBRUN K WK1TRUNDE 

Keowee Unit 1 owAJ Unit 1 
Govemor Fails With Gil Fail tSlG 

the Unit Running 

A WK1GOVRUN 

Keowee Unit 1 Gov. Unit 1GovernoOi Keowee 1 Governor Keowee Unit 1 ew Ui1TubnSripysm 

Fails to Position (OG) system Fails Control Fails Govemor Failure 
Wicket Gates With Keowee Run DuringRun Creates OverspeedthUnt4uigTrbe1Lake 

Unit Running ConditionDuigKoe Rn 

|WK1GVRNDEX| OK1600 | KRNNL WK1SPD2DEX1 WIBNE 

Pag 
e 4 

Loss of Unit 1 OG All Unit 1 OG PumpsF URE F Page 
System Oil or Oil Fail to Supply GOPTGudBetnai 

PressureSytmFisDrn 

OK1200 OKBK400 

Geneato GeneratorFails 

I OK1I0I 

Page 80Pge8 

Keowee Relability AsessKeoweeIUnit 1 f Pa e4



Loss of Unit 1 OG 
System 0i or Oil 

Pressure 

AEY rOK 1200 
Page 41 

Unit 1 Governor Oil Unit 1 Governor Air 
Pressure Tank Fails (AG) System Fails 

OK10003TKF OK1500 

Safety Relief Valve Safety Relief Valve 
1AG-4 Spurious 10G-3 Spurious 

Operation Operation 

OK1AGO4RVTOK10003RVTI 

Manual Valve 1AG-5 Air Receiver Tank 
Transfers Position 1AGTK-1 Fails 

05VV OK1AG01TKF 

Keowee Reliability Assessment FIGURE F-1 Page 42



OG Pressure Tank is 
Isolated And OG 

Pump 1A Train Fails 
(Emergency Mode) 

r0K130 
Page 41 300 

Unit 1 OG Pressure OG Pump 1A Train 
Tank I solated Fails to Provide 
From Oil Header Flow 

(Emergency Mode) 

OK1310 IIOK1350 

Float Valve 10-7 Manual Valve 10G-9 Mnual Globe Valve Relief Valve 10G-13 
Transfers Closed Transfers Closed 1G-12 Transfers Spurious Operation 

Tase 

Closed 

OK eowee07eliabily A sOK100m09VVT en FIGUREVV-i Page 

Check Valve 10G-11 OG Pump 1A Fails 
Fails to Open (Emergency Mode) 

Page 44 

Check Valve 10G-11 
Transfers Closed 

Kenwee Reliahility Assessment TFIGURE F-1 T-Page 43



OG Pump IA Fails 
(Emergency Mode) 

Page 43 OK135S 

OG Pump 1A Fails to OG Pump 1A Fails to Loss of Power on Low Voltage Circuit OG Pump 1A Control 
Start Run Keowee 600 Vac MCC Breaker 1XA-10 Circuit Fails 

1XA Transfers Position (Emergency Mode) 
K-704, K-702 

OK1001AGPS OK1001AGPR XA1XAOK1360 

Page 45 

Keowee 1 Governor OG Pump 1A 
Oil Control Switch Emergency Control 

188GA Spurious Relay 99K1 Fails to 
Operation Operate 

OK 188GASWT |OK1324 

A Page 46 

Keowee Reliability Assessment FIGURE F-1 Page 44



XA1XA Outputs: 
Page 57, Page 47, Page 44, Page 49, Page 52, Page 76 

Loss of Power on 
Keowee 600 Vac MCC 

IXA 
K-704, K-702 

XA1XA 
See Output 

List 

600 Vac MCC 1XA 600 Vac MCC 1XA 
Normal Power Fault 

Source, Switchgear 
lX, Fails K-702 

XA1XAN XA1XAMCBLF 

600 Vac MCC FXA F-i Pag 45 
Normal Power Cnetdt t 

Source, SwitchgearNomlPwrSuc 
1X, Fails K-702

IXA1XANF IA R 

600 Vac Breaker 1X- Loss of Power on MC1AI 

2C Transfers 600 Vac Switchgear Cnetdt t 

Position 1XAlentSoref 
K-702Poe 

XA1X2CCCLT |- XA1XLBIV 

t Page 

I 

Keowee ~ ~ ~ ~ ~ ~ 60 Vacailt MCCss en 1XAR -1 P ge4



OG Pump 1A 
Emergency Control 

Relay 99K1 Fails to 
Operate 

r0OK1324 
Page 48 
Page 44 

Loss of Power on 125 Vdc Breaker 1DA- OG Pump 1A Emerg. Keowee 1 Relay 99K1 Keowee Unit 1 Relay 
Keowee 1 125Vdc 3BR Transfers Open Control Aux. Relay Fails To Operate On 99K1 Spurious 

Dist. Ctr. 1DA 99K<2 Fails to Demand Operation 
during Run K-704, Operate 

1 XD1DAR I | XD1DA3BCDT 1I(OK1325 O 9R OK199K1RYT 
Page 38 

Keowee 1 Relay 991K2 Pressure Switch 
Fails To Operate On 10GPS-4 Fails to 

Demand Close 

01K199K2RYD I OK100 04PSC | 

Keowee Reliability Assessment FIGURE F-1 Page 46 
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All Unit 1 OG Pumps 
Fail to Supply GOPT 

Page 41 O10 

All Unit 1 OG Pump Common Cause Common Cause 
Trains Fail to Failure of Unit Failure of Unit 1 
Provide Flow OG Pumps to OG Pumps to Run 

Sa Itar 
OK1410 KOKIPSTRCOM IOK1PRNCOMI 

2Page 48Pae5 

ManalGlbe a CeckVave1CG106w Pump 1A Fails toec Lowv Voltage Relieuit 

IOG-12~~ Transfer Possesition aistoOenSunu 

OK10012VAVP OK1iX13l OK 211O101LT K003V 

O 2 

OG Pump 1A Trailn OG Pum 1Bai=GPump 1 Traino 
Fails toPrvdeFil1t roie aistoPovd 

oFlowe Flwnlo 

OKK200K110BOK1P0 

Pag eP4 

KbedowVae 1 OG Pump 1A Fails Vasv 10Ge1 F-i 

100-12 ~ ~ ~ ~ ~ ~ ~ ~ ~ Tanfr TrnfesTanfrsCoei Fist oOenSuiosOerto 

I OK10012VVT I I1OK10011CVT lXOK1321 IOK01COI K013 fI 

I IAX 

Page 48 

Keoe OG Pump1Aiabilsto Asesmn LowUR Vo-ag Circuit



OG Pump 1A Control OG Pump 1B Train 
Circuit Fails Fails to Provide 

Flow 

I0K1322 IIOK1410B| 
Page 47 Page 47 

Keowee 1 Governor Control Signal for Manual Globe Valve Relief Valve lOG-16 
Oil Control Switch OG Pump 1A Fails 10G-15 Transfers Transfers Open 

188GA Spurious Closed 
Operation 

OK188GASWT OK1323 | 0VVT I16RV 

Pressure Switch OG Pump 1A Check Valve 1OG-14 OG Pump 1B Fails to 
10GPS-1 Fails to Emergency Control Fails to Open Provide Flow 

Close (Normal Relay 99K1 Fails to 
Control Signal) Operat e 

OKI 0001 PSC II OK1324 1 I OK1014CVO | | O 1 
Page 46 Pae49 

Check Valve 1OG-14 
Transfers Closed 

Keowee Reliability Assessment FIGURE F-i Page 48 
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Loss of Power on Low Voltage Circuit Latent Human Error OG Pump 18 Fails to OG Pump 18 Fails to OG Pump 18 Contmt 
Keowee 600 Vac MCC Breaker 1 XA-2E Fails OG Pump 18 Start Run Circuit Falls 

IXA Transfers Position 
K-704, K-702 ! 

XA1XA I OK1XA2ECLT I OK10018LHE IOK100BGPS OK1001BGPR OK1412B 

age 45 

Keowee 1 Control Pressure Switch 
Switch 188GB 10GPS-2 Fails to 

Spurious Operation Close 

I OK1 88GBSWrT IIO102S 

Keowee Reliability Assessment FIGURE F-1 Page



OG Pump 1C Train 
Fails to Provide 

Flow 

Page 47 r OK1410C 

Manual Globe Valve Relief Valve 1OG-19 
1OG-18 Transfers Spurious Operation 

Closed 

I OK001VVT| |OK100 19RVTI 

O OOBV 

Check Valve 1OG-17 OG Pump 1C Train In 
Fails to Open Maintenance Or 

Testing 

[ K17CVO ~ I K1CTRMW 

Check Valve 1OG-17 OG Pump 1C Fails to 
Transfers Closed Provide Flow 

| K17CVT|,IOK41 
T Page 52 

Keowee Reliability Assessment FIGURE F-1 Page 50 
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Sh iliay Keowee tm y oad Loss of Powr o Operator Erro Beaker 3s 25 di Shtdo 

Spiousty Drops Out Ckt Fails Drtng Run Spuriously Drops Out di C IA4 Keowee 1Governor Ter s 

YK10SXRYT IIYK15XRUNF IIK99SNRYT XD1DARI YK10PFAL ED13BR2CDT IYK99SDRYT 

Paeow53y aee 38 Sh= = Iary Keowe 1 Emergency oad ss Operator er Keoweer1oNora e B n15 o 

Aux FU P = Solenoid 9SNncorrect'y Rese s , Lockou Ac dcDituatesSleoi 

during Run K ow e Emergencysfrs pe 

Start Signals 

Knowan Reliability Assessment FIGURE F-1 Page 51



Los ofPowOGo Pump 1C Falls to OGPump 1C Fails to Latent Human Error Low Voltage Circuit OG Pump 10 Control 

Keowe 60 VMCCStart r Run Falls OG Pump 10 Broakcer 1XA-4D Circuit Falls 
1XA soTransfers Position 

-704 OK1010GP I I O5K1001CGPR II OK100-1 CLHE I I OK1XA4DCLT IOK1 412C 

I XA!IXI 

Keowee 1 Control Pressure Switch 
Switch 188GC 10GPS-3 Falls to 

Spurious Operation close 

I OK188GCSWT I OK10003PSC 

Keowee Reliability Assessment FIGURE F-1 Page 52 
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Keowee 1 Shutdown Keowee Master Rly 

Aux Rly Permissive 
Ckt Fails During Run Run 

I YK1SXRUNF IYK1MR4ARUN 
Page 51 53 
Page 74 Page 75 

Keowee 1 Overspeed Keowee 1 Critical eowee 1 Master 
Swith1 Lubrication4ASuiulLokuRea86

Spuriously Picks Up Permissive Failure rops Out Spuriously Picks Up 
KEE-111 I 

YK1SS12SST IYK1LOPERMF |MRRYT 
Page 54 

Keowee Master RKy KHU#1 Startup Breaker DAa4CC 
4A Drops Out During Inhibit SW aSUI Transers Open 

Run Xfrs to Inhibit 

I YK1MR4ARUN I 
aPage 53 

Keowee Reliability Assessment FIGURE F- Page 53



Keowee 1 Critical Keowee #1 Battery 
Lubrication Charger Fails 

Permissive Failure 

YK1 LOPERMF IOKI 
Page 53 Page 38 

Keowee 1 Gen Thrst Keowee 1 Gen Thrst Battery Charger KC1 Keowee Standby 
Brng Oil Lvi Lo Rly Brng Oil LvI Hi Rly Is Unavailable and Battery Charger SBC 

63BUJLXTD Sprsly Pck 63BUHX Sprsly Picks is not Recavered Not Lined Up in 1 

s Up KEE-111, -113- Up KEE-111,-113- Hour 

YK163BLRYT XD1KC1 XD1K XRHE 

Keowee 1 Gen Thrsl Keowee 1 Turb Guide Battery Charger KC1 600 Vac Breaker iXA
Bmg Oil Lvl Lo Sw 6 Brng La Lv Sensor 
3BL/L Spuriously Ope Sw Spuriously 
rates KEE-111,-113- Closes KEE-113-4 

YK163BLLST| YK163TBLST Ic1B 

Keowee 1 Gen Thrst Keowee 1 Turb Gd Brn 125 Vdc Breaker 1C 600 Vac MCC iXA 
Brng Oil Lvl Hi Sw g Oil Lvi La Rly 63T (fram charger KCI) Fault 
63BUH Sprsly Clsd B/1X Sprsly Picks Up Transfers Position 

KEE-111, -113-3 KEE-111,-113-4 

K1 HLS YK16TBRYT I 

Keowee ~ ~ ~ ~ ~ ~ eoe Reiailt Asesea IUery- Pge5 
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XD2DAR Outputs: 
Page 135, Page 38, Page 112, Page 150, Page 129, Page 156, Page 163 

Loss Of Power 
On 

Keowee 2 125V dc 
osDist.Cntr.2DA 

D uring Run 

rXD20AR 
See Output 

List 

DC Distribution Kw # tK e dc 
nenter 2DA Faulted 

Duringg Run 

I xo2DARRBER 

Keowee 2 Normal Beaker 1 trae 
Por Pa RsPosTo 

Failure OccurFalsDrig u 

XO2DANRMRF XDIT0 

I2 
Keowee Relabl it Nasesse t FIGUR F-i Page 55mloerT 

Brae 1Aam.Ocu 

II 

I XD2BK1ACDT IDTE1D 

Keowe eoweiblt 2sesm n 125VR de- Pge5



LLsssoofKenwte1 Tuur Gui Guide 

Guern Bearing OilO 

System FalOccursn 

BK1100 

Manual Valve 1GO-8 Manual Valve 1 -9M G
Transfers Position Transfers PositionTrnfrPoiinTrieGierasrs osinBcmsClgd 

| BK1GBO8VVT1400 B1IBOBKTGBO9VVT1 FT 

Lossof Uit 1Loss of Keowee 1 
UnitbiAC TuiineTurbine Guide 

GuideBearing Oil Bearing Oil Flow 
Occurs 

BKIIOOBK1200 

Manua Vav 1GBOa5 Unlvt 1G ACa annCMna av GB-itr1BF
Tranfer Poitin Trnsfrs osiionTransfers Position Turbine Guide Transfers Position Becomes Clogged 

!1 G Bearing Oil Pump 
Trains Fail 

~~~~~~IBK1GBO5IBItVVT I BKlG'5VBK400 I BK1GBO6VVTI I BK1GBO01FTC 

Unit 1 AC Turbine Unit 1 DC Turbine 
Guide Bearing Oil Guide Bearing Oil 
Pump Train Fails Pump Train Fails 

A Page 57 
Page 71 

Keowee Reliability Assessment FIGURE F-1 Page 56



Unit 1 AC Turbine Unit 1 AC Turbine 
Guide Bearing Oil Guide Bearing Oil 
Pump Train Fails Pump Fails 

BK1500 ||BK1550 
Page 56 Page 57 

Page 71 

Unit 1 AC Turbine Manual Valve 1GBO-2 Loss of Power on Keowee 1 AC GBO 
Guide Bearing Oil Transfers Position Keowee 600 Vac MCC Pump Control Switch 

Pump Fails 1XA S188A Spurious 
K-704, K-702 Operation 

I BK550 BKGBO2VT X1XABK1188ASWT 

age 57 Page 45 

Check Valve 1GBO-1 Check Valve 1GBO-1 600 V Circuit Unit 1 AC Turbine 
Fails To Open On Transfers Closed Breaker 1XA-1C GBO Pump Fails To 

Demand Transfers Position Start 

IBK1GBO 1 CVO |BK1GBOCVT CL BK1GOACGPS 

Unit 1 AC Turbine 
GBO Pump Fails To 

Run 

' BK1GOCGP 

Keowee Reliability Assessment FIGURE F-i Page 57



Aa r600 Vac Switchgear 

Tranforer X Noralow ranfome X Al teLOPatepnsPowerrnser 

Fails7Opan 

PaXA1XN XA1XX 

PaPag 650 

I I~XXXL I I I I 

A0a Aii Breaker CA r Cir VactBreake 

7 Transfes Open ON-1 ESG Trnsformer X No a Traw rmr C X Al ent 7PPoepnswTC4 Tanfr 

Sicga 1iM n c FailsFailsn D Open 

I IX I IAX 

I AB7RAN IP1T |XAlCXTHM|CLX1XCXTF IXAB7 PC1T4CTN 

Page 61Pagege6 

Keo e Air Circuit Breaker A ir Circuit Breakera e 5 
.I 

I 
I AC137TRANS rp-1| ACB7CLOSE |THM NACB70PEN |AB A~T44 

A ~Page 61 Page 63  

Keowee~ Relabiit As e sm n F AUR F-1e Paa35



Air Circuit Breaker 
7 Transfers Open 

Page 58 IACB7TRANS 

Transformer CX Air Circuit Breaker 
Undervoltage Relay 7 Trip Coil 52TC 
27/CX1 Spuriously Spurious Operation 

De-energizes 

1 TI AB752TCRYT 

I I 
Auxiliary Relay Transformer CX 

27X/CX1 Spurious Differential Relay 
Operation 87CX Spurious 

Operation 

1RY AA187CXRYT 

Transformer CX Trip Pushbutton On 
Differential Lock ACB7 Spurious 

Out Relay 86CX Operation 
Spurious Operation 

AA186CXRYT AB7PUSHPBT 

Switch]ear 1X 
Lockout Relay 

86S/1X Spurious 
Operation 

I AA186s1RYT F 

Keowee Reliability Assessment FIGURE F-i Page 59



Loss of Power on 
ONS-1 ESG 

Switchgear 1TC 

Page 58 
Page 145 

1TC Power Sources 4160 Vac Switchgear 
Fail 1TC Fails 

P1TCMFBS PT BHF 

Main Feeder Bus I Main Feeder Bus 2 
Power to 1TC Fails Power to 1TC Fails 

I I 
P1TCMFB1 P1TCMFB2 

Loss of Power on 4160 Vac Breaker Loss of Power on 4160 Vac Breaker 
Main Feeder Bus 1 1TC-1 Transfers Main Feeder Bus 2 1TC-14 Transfers 

Open Open 

PACTC14C4T 

Keowee Reliability Assessment FIGURE F-1 Page 60



Air Circuit Breaker 
7 Falls To Close 

0I 
Iao5 ACB7CLOSEI 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker CCF of 1X Aux Power Common Cause Air Circuit Breaker 

7 Fails To Close 7 Fails To Close 7 Fails To Close Breakers ACB-5 & -7 Failure Of ACB-7 7 Key Interlock 

Due To Mechanical Due To Electrical Due To A Latent And ACB-8 To Close Switch Transfers 

Failure Failures Human Error Open 

AB7MCH2DEX I ACB7ELECC II AB7CLOSLHE XA1 BKRSCOM I XA78BKRCOM I AB7KEYISWT 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Falls To Close Due 7 Fails To Close 7 Control Power 

To Electrical Fallu Due To Control Fails 
res Of The Breaker FailuresII 

ACB7BREAKC ACB7CNTRLO ACB7DCPWR 

Page 62 Page 63 

Air Circult Breaker Air Circuit Breaker 
7 Close Coil CC 17 Y-relay Spurious 
Fails On Demand Operation 

I AB752CCRYD IIAB752Y2RYT I 

Air Circuit Breaker One Or More Control 7 Relay R2X Fails Power Fuses For X6 
To Operate Y And CC Fall 

I AB7RS2XRYD IIAB710A1FUF 

Air Circui Breaker 
7 Relay 5 2Y Falled 

To Drop O ut At Last 
Demand 

I AB7R52YRYD I 

Kenwee Reliability Assessment FIGURE F-1 Pace 61



Air Circuit Breaker 
7 Fais To Close 
Due To Control 

Failures 

Page 61 ACB7CNTRLC1 

Manual/Auto Control Transformer CX 
Switch 143/1 Undervoltage Relay 

Spuriously Transfers 27/CX1 Fails To 
Into Manual Pick Up 

AB543SW (AA2PR6D 

Manual/Auto Control Auxiliary Relay 
Switch 143/1 Left 27/CX1 Fails To 

In Manual Operate On Demand 

abS1LHE s AA127XRYD 

Keowee Reliability Assessment FIGURE F-i Page 62



Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Control Power 5 Control Power 7 Opens Due To The 

Fails Fails LOOP 

IACB7DCPwnI ACB5DCINAB0EI 
Page 61 Page 67 A Page 58 O 
Page 64 Page 63 1 PE 

Air Circuit Breaker Breaker 4AL In 125 Air Circuit Breaker 
5 Control Power V dc Distribution 7 Fails To Open 

Fails Center 1 DA 
Transfers Open 

APWR AD1B4ALCDT ACEN 
Page 63 Pae64 

Keowee Reliability Assessment FIGURE F-1 Page 63



Air Circuit Breaker 
7 Fails To Open 

ACB70PEN 
Page 63 
Page 67 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Fails To Open Due 7 Fails To Open Due 7 Fails To Open Due 

To Mechanical To Electrical To A Latent Human 
Failure Failures Error 

(AB7MECHDEX ACB7ELECO | ENLHE 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Trip Coil TC 7 Fails To Open Due 7 Control Power 

Fails On Demand To Control Failures Fails 

IB7S2TCRYD ACB7CNTRLO IACB7DCPWRI 

A Page 63 

Manual/Auto Control One Or More Air 
Switch 143/1 Circuit Breaker 7 

Spuriously Transfers Control Power Fuses 
Into Manual Fail 

I AB51431SWf I AB710AFFUF| 

Manual/Auto Control Transformer CX 
Switch 143/1 Left Undervoltage Relay 

In Manual 27/CX1 Fails To 
Drop Out 

I AB51431LHE | AA127X2R6D 

Auxiliary Relay 
27X/2X Fails To 

Operate On Demand 

I AA227X2RYD A 

Keowee Reliability Assessment FIGURE F-1 Page 64



600 Vac Switchgear Alternate Supply To 
1X Alternate Power Switchgear lX Via 
Source, Xfmr IX, Keowee Unit 2 Fails 

Fails 
rI XA1 XE |XA1 XEO 

Page 58 Page 65 

Take No Credit For Alternate Supply To Air Circuit Breaker Air Circuit Breaker 
Keowee Unit 2 Switchgear 1X Via 2 Fails To Connect 2 Transfers Open 

Suppling Auxiliary Keowee Unit 2 Fails Unit 2 To The 
ac PowerTo Unit 1 Overhead Path 

KU2CREDIT XA1XEO IACB2CLOSE | ACB2TRANS | 

Page 65 A Page 66 Page 68 

Keowee Transformer Air Circuit Breaker 
1 Fails 5 Transfers Open 

ISK 1TH 5 T RANSI A Page 69 

Keowee Transformer Keowee Unit 2 Fails 
iX Fails To Start Or Run 

Page 70 

Air Circuit Breaker The Overhead Unit 
5 Fails To Close (2) Is Unavailable 

Due To Maintenance 

| CLOSE KK2UNITY 

Page 67 

Keowee Reliability Assessment FIGURE F-i Page 65



2 Falls To Close 2 Fals To Close Fail ur Of Aon c s22FisT ls e itrokalr fA~ 
Due ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~Ui To Elcria DuToMdaialAd4DeThALtn.wta rnfr n 

Page 11 ag 97Pge3 

:utBekrAir Circuit B~roaker r w r Ion o C Air CirciBrae 

2 ccir~iaorAi 2Fal To Close 2 DCil Powe Fals!awe2 A~ 2 Fails To Close2KyInelc a 01A 2 

Pro o Loectricalctic Due To onhatol Ad4D ToALtnS cTrsfsAd3 

allures FauresH a rorOe 

2BEAI AB2MCNTRLC IIC2H 83O 

Page 192 Page 193 3 

Air Airui Breakerkr i Cr itBooo 

2hr Y-ea Spurious 

ACE2REAK IAC2CC-OperationTRL 

Pag AB22YRS 19 

Air irwi Br-Air Circuit Breaker 
2 Roly 52XFails2 Acculatrors 

To OpratePressure Swvitch PS2 

cur Ci t Breaker 

2Rly S2Y Failed 
ToDopOt Followtn 
at Demnand 

Keowne Reliability Assessment FIGURE F-1 Page 66



Page 65 

A ii Breaker Air Circuit Breaker r r ror ir rcui Brear CCF of X Au PowerC 

FTo Ope 5 Fails To Close 5 Fals To Close 5 Fails To Cose Breakers ACB-5 & -7 Failure Of ACB- 5 Key Interlock 
Due To Mechanical Due To Electrical Due To A Latent And ACB-6 To Close Switch Transfers 

Failure Failures Human Error Open 

ICB70PENI AB5MCH2DEXACB5ELECCI I AB5CLIOSLHE I Y 

APgo 64 
Air Circurt Breaker Ai Circuit Breaker Air Circuit Breaker 

5 Falls To Close Due 5 Fails To Close S Control Power 
To Electrical Failu Due To Control Fails 

res Of The Broaker Failures I 

SACB5BREAKC ACB ACBSCPWR 

A Page 68 Pae63 

Air Circuit Breaker Air Circuit Breaker 
5 Close Coll CC 5 Y-relay Spurious 
Fails On Domand Operaeaon 

I AB552CCRYD I ABS52Y2RYT 

Air Circuit BrKaker One r More Control 
5 Relay 52X Fails Powe Fuss For X.  

To Operate Y AnOC Fail 

I AB5RS2XRYD I[AB510A1FUF 

Air Circuit Breaker 
5 Relay 52Y Failed 
To Drop Out At Last 

-Demand 

I AB5R52YRYDO 

Keowne Reliability Assessment FIGURE F-1 Page



Air Circuit Breaker Air Circuit Breaker 
5 Fails To Close 2 Transfers Open 
Due To Control 

Fallures 

ACB5CNTRLC P ACB2TRANS 
Page 67 Page 191 

Page 65 
Page 141 

Manua/Auto Control Auxiliary Relay Air Circuit Breaker Keowee Unit 2 Field 
Switch 143/1 27X/1X Fails To 2 Relay 52Z Breaker Transfers 

Spuriously Transfers Operate On Demand Spurious Operation Open 
Into Manual 

AB51431SWT AA127XRYD AB2R52ZR6TI 

0 
Page 159 

Manual/Auto Control Time Delay Relay Air Circuit Breaker Operators Trip 
Switch 143/1 Left 83S5 Fails To Pick 2 Trip Signal Generator Output 

In Manual Up I ACBs 

E B1iR B8RYD | CBIP I TIPCHE 
Pae 198 

Transformer 1X Auxiliary Relay Air Circuit Breaker 
Undervoltage Relay 143X/1 Spuriously 2 Trip Coil 
27/1X Fails To Pick Energizes Spurious Operation 

Up 
I AA121PR6 I I AB131R | AB22TSVT 

Keowee Reliability Assessment FIGURE F-i Page 68



XFMR186T Outputs: 
Page 202, Page 193, Page 197, Page 106, Page 69, Page 145 

Air Circuit Breaker Main Step Up 
S Transfers Open Transformer Lock 

Out Relay 86T 

eActuates ACACB5TRANS ac- XFMR186T 1 
Page 65 See Output 

List 

Transformer 1X Switchgear 1X Main Step Up Fire Protection 
Undervoltage Relay Lockout Relay Transformer Causes Main Step Up 

27/1X Spuriously De- 86S/1Xuiou Protective Relays Transformer Lock Out 

energizes Operation Actuate 

SAA1271XR6T |AA186S1RYT XFMRPROT FIREPROT 

K wPage 203 Page 204 

Auxiliary Relay Air Circuit Breaker Auxiliary Relay Unmodified Circuit 
27X/1X Spurious 5 Trip Coil 52TC 94T/K Spurious Results In 94GB 

Operation Spurious Operation Operation Actuation Input 

Pge 205 

Main Step Up Trip Pushbutton On Fault Occurs at ACB Lock Out Relay 86T 
Transformer Lock ACBS Spurious 1 While Unit 1 Is Spurious Operation 
Out Relay 86T Operation Generating to the 

Actuates Grid 

XFMR186T |AB5PU .SHPBT ||SBFUT|SC8TY 

A Page 69 
Pae 204 

I I 
ACB Back-up Trip 13.8 kV Bus Faulted 

Timer 62AB Spurious 
Operation 

Keowee Reliability Assessment FIGURE F-1 Paae 69



Keowee Unit 2 Fails Keowee Unit 2 Fails 
During Startup To Supply Power 

During The Run 

I KU2STARTOEI 

~~TPagee105 

Keowee Unit 2 Fails 2 
DuTong Cold Startup During Whe 

Sequiec 

| KU2STARTL| 

A~~~aT -g 111Aae42 

e owee Unit 2 aili Keowee Unit 2as Isuie 0qr To Str B 

KU2RUINN 

Keowo Uit 2Stat KoweeUni 2 FilsKeoee Uit IsKeowee Unit 2 
Is Requred ToStart upplyigT tartup FaosWernoroubn 

nerating Toin Th Grid 

JKU2STARTRI KU2SPINNG | UGTB 

Keowee Unit 2 I Keowse Unit 2 
Supyn h rdGovernor or TurbineGerao 

Fails~~~Fil During a HotExiiai al 
Start uringA CoStartr 

APage 113 PaeA2 Page 123 

Keowee U onitr Keowee Unit 2 

Fairls uringald ecitaton Fails 
DrnCoStartu During a Cold Start 

K2GCLDI (KU2GEXCLD 
Page 113 Page 116 

I I 
eowee 2Rernorlit eowment 2IU E F1 ae7



Unit 1 DC Turbine 
Guide Bearing Oil 
Pump Train Fails 0 

Page 56 

Unit 1 DC Turbine Check Valve 1GBO-3 Manual Valve 1GBO-4 Check Valve 1GBO-3 Flow From Keowee 1 Unit 1 DC Turbine 
Guide Bearing Oil Fails To Open On Transfers Position Transfers Closed DC Guide Bearing GBO Pump Train In 

Pump Fails Demand Oil Pump Diverted Maintenac 
I Through AC GBO Pump 

BK1650 I BK1GBO3CVO I BK1GBO4VVT I BK1GBO3CVT BK1580 BK1GODCTRM 
age 72 

Unit 1 AC Turbine =Check Valve 1GBO-1 
Guide Bearing Oil Fails to Close on 

Pump Faits Demand 

BK1550 |IBK1GBO1CVC| 
Page 57 

Keowee Reliability Assessment FIGURE F-1 Paae 71



Unit 1 DC Turbine Keowee 1 GBO Level 
Guide Bearing Oil Relay 88X Fails to 

Pump Fails Drop Out 

BK1650 BK1661C 
Page 71 Page 73 

Loss of Power on Unit 1 DC GBO Pump Keowee 1 Turbine Turbine No. 1 
Keowee 1 125Vdc Control Switch Guide Bearing Oil Bearing Oil Level 

Dist. Ctr. 1DA S188D Spurious Relay 88X Fails to Switch 63TA Fails 
during Run K-704, Operation Drop Out on Demand 

X BK118DSWT BK1088XRYD BK163TALSD 
P age 38 

DC Circuit Breaker Latent Human Error Keowee 1 Relay 
1DA-5B Transfers Fails Unit 1 DC 63TA/1X Fails to De

Position Guide Bearing Oil energize 
Pump Discharge Path 

BK1DAcC BKlGBDCLHE BXRYD 

Unit 1 DC Turbine Unit 1 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Start On Demand Pump Start Signal 
Fails 

B~DCGPSIIB60I 

Page 73 

Unit 1 DC Turbine Keowee 1 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Run Pump Run Signal 
Fails 

Page 74 

Keowee Reliability Assessment FIGURE F-1 Page 72



Unit 1 DC Turbine 
Guide Bearing Oil 
Pump Start Signal 

Fails 

Page 72 

Keowee 1 S/D Sol. Koe R4 al nt1A ern 
Aux. Relay 99SX orM t 
GBO Low Aux Relay Pm u.Rly8X8A al oDo 

63TA/2X Fail On Da on Demand 

IBK1660A BK1660 IYA 

K1 Shutdown Keowee 1 Brng. LowA e et F F-i Page 7 
Auxiliary Relay Oil Level Aux. Rly4 al oRly8XFist 

99SX Fails To Pick Relay 63TA/2X FailsPikUOnSatDoOu 
Up On Start To Energize KE11 

IYK199SXSRT IIBK1661A IK RART- K61 

A Page 6 
A Pg ae7 

Keowee 1 Brng. Law Turbine No. 1 

Oil ~~Gud Bearin OilBerngOl ee 

Relay63TA2X Fils Sitch63Failsl 

BK132XRYD BK1660ALS 

K eeowe M 4Aiailt Failsmen FIUnit 1- ACg Beain



Shutdon AuxliaryKeowe 1 ShtdownKeowee 1Trs DC ir u inee 

Relay~~~~~ 

~ ~ ~ ~E ~ud, 99 XA xRy P risveBn .L w OlL vl1 aA rn sfers 

SpuriuslyDrop OutCkt ailsDurig Ru Aux Ry63TF2XiPso 

I IK I6I 

Pagee 53 

Aux. Relay 99SX or Seaing Oil Level.Rly i um u. ea 

~~~~~~~~Swth63TA2XFReanOcrRean e-nrid 

KeweI htoweeRlablt Asesente FIUR F-1 Page7 

Aux Rea 99XLwOlLvlAx



Keowee 1 Rotation Master Relay 4A or 
Sensing Aux. Relay Oil Pump Aux. Relay 

14DX Fails to 88X Run Failure 
Remain Energized Occurs 

BK1760B IIBK1760CI 
Page 74 Page 74 
Page 85 

Keowee 1 Rotation Keowee 1 Speed Keowee Master Rly Turbine No. 1 GBO 
Sensing Aux. Relay Switch 14/2 4A Drops Out During Level Relay 88X 

14DX Spuriously Spuriously Run Fails to Remain De
Drops Out Transfers Closed energized 

BK114DXRYT /2SS YK1MR4ARUN BK1761C 

A Page 53 

Keowee 1 Rotation 125 Vdc Breaker 1DA- Keowee 1 Turbine Turbine No. 1 
Sensing Timer 14T2 3BR Transfers Open Guide Bearing Oil Bearing Oil Level 
Spurious Operation Relay 88X Spurious Switch 63TA 

Operation Spurious Operation 
BKiXD1DA3BCDT BK1088XRYT BK163TALST 

Keowee 1 GBO Level 

Relay 63TA/IX 
Spurious Operation 

Keowee Reliability Assessment FFIGURE F-1 Page



Turbine Sump System 
Fails to Remove 

Turbine 1 Leakage 
During Keowee Run AI 

Page 41 |PK12000| 

Turbine No. 1 Pump Common Cause Turbine Number 1 
Trains Fails Failure of Unit 1 Packing Fails And 

Turbine Sump Pump Causes Fooding 

I SystemII 

PK12001 IPK1 PACK 

Turbine No. 1 AC Turbine No. 1 DC WL Fails To Cool Turbine Packing Box 
Pump Train Fails Pump Train Fails Keowee 1 TurbineExcanger 

Packg1TRHX-1 Fails 

S 1FK1TRHXHXF 

Fails to Open or Transfers Position Farls 

PKI110 PK2C *01VVT 

r Loss ot Power on f Unit 1 AC Turbine 
IXA 1 Switc1 -63SA Fails 

PK100P2lt 

Page 45 70e 

600 V Circuit AC Sump Pump 1TSPU
Breaker 1 PXA-2C 1 Fails To Start Or 

Transfers Position CRun 

PK11 PTSC P K1S2VR KT0VT|P1AKE 

Keowee Reliability Assessment FIGUREF-i Page 

0 X Swth 3A0al



Turbine No. 1 DC 
Pump Train Fails 

A~r, PK1 200 
Page 76 

1P 
e 

I7I 

Turbine No. 1 DC Check Valve 1TS-4 Manual Valve 1TS-3 Turbine No. 1 DC 
Pump Fails Fails to Open or Transfers Position Pump Train In 

Transfers Closed Maintenance Or 

I I Tes ting 

PK1210 |PK1TS3VVT I PK1TSDCTRM| 

==Z 
O 0 

Loss of Power on Unit 1 DC Turbine 
Keowee 1 125Vdc Sump Pump Float 

Dist. Ctr. 1DA Switch 63SB 
during Run K-704, Transfers 

age 38 

125 Vdc Circuit Latent Human Error 
Breaker 1 DA-SC Fails Turbine No. 1 

Transfers Position DC Sump Pump 

DC Sump Pump 1TSPU
2 Fails To Start Or 

Run 

PK1TSDCGPRI 

Keowee Reliability Assessment FIGURE F-1 Page 77



WL Fails To Cool No Flow Through 
Keowee 1 Turbine Cooling Water 

Packing Box Filter 1WLFL-1 

FK1200 IIFK1120 
Page 76 Page 79 

Page 84 

Manual Valve 1WL-9 No Flow Through Filter 1WLFL-1 Locked-Open Manual 
Transfers Position Cooling Water Becomes Clogged Valve OWL-1 

Filter 1WLFL-3 Transfers Position 

FK1WLO9VVT IFK11I FK1FL01FRF | FKOWL01VVT 
Page 792 

Turbine Packing Box 
Heat Exchanger 
1TRHX-1 Fails 

Keowee Reliability Assessment FIGURE F-1 Page 78 
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No Flow Through 
Cooling Water 
Fiter 1WLFL-3 

FK1110 
Page 78 

No Flow Through Manual Valve 1WL-6 
Cooling Water Transfers Position 
Filter 1WLFL-1 

I FK110 I |FKiWLO6VVT| 

Page 78 

II 
Manual Valve 1WL-3 Manual Valve 1WL-7 

Transfers Position Transfers Position 

FK1LO3VTI Fi07VVTI 

Manual Valve 1WL-4 Manual Valve 1WL-8 
Transfers Position Transfers Position 

FKWL4VV | K08WTW 

Manual Valve 1WL-5 Filter 1WLFL-2 
Transfers Position Becomes Clogged 

| FiWl05VVT | s |U FK1F2FRF g 

Keowee Reliability Assessment FIGURE F-i Page 79



Keowee Unit 1 
Generator 

Excitation Fails 
While The Unit Runs 

Page41 IKU1GEXRUN| 

Keowee Unit 1 Keowee Unit 1 Keowee Unit 1 Field Keowee Unit 1 Keowee Unit 1 
Supply Breaker Generator Excitor Breaker Transfers Excitation Fails To Generator 
Transfers Open Cabinet Fans Fail Open Maintain Proper Excitation 

To Start Or Run Generator Voltage Transformer Fails 

SPLYTRANS1 EXCIFANS1 FLDTRANS1 

A Page 81 Page 81 

Spurious Operation Keowee Unit 1 Relay Keowee Unit 1 Relay Keowee Unit 1 Field 
Of The KHU1 Supply 41/AX Spuriously 99SY Drops Out Breaker Trip 
Breaker Trip Switch Resets Control Switch 

Transfers Position 

IU I II 
EK1415TSWT EK141AXR6T 

Breaker 3BR In 125V Keowee Unit 1 
dc Distribution Generator Lockout Au Center 1DA xiliary Relay 86EX-1 

Transfers Open Spurious Actuation 

KRED13BR2CDT FIGUEK186X2RYT 8 

Keowee Reliability Assessment FIGURE F-17 Paae 80



Keowee Unit 1 Keowee Unit 1 
Generator Excitor Excitation Fails To 
Cabinet Fans Fail Maintain Proper 
To Start Or Run Generator Voltage 

I_ A 
|EXCIFANS1 i EXCRUNI 

Page 80 Page 80 

Keowee Unit 1 Keowee Unit 1 Fan KHU-1 Base Adjust KHU-1 Voltage 
Generator Control Relay 88SV Fails To Maintain Adjust Failure 

Excitation Fan Power Prior To Or During Generator Output Wit Drives Generator 
Transformer Fails The Run hin Acceptable Range Output Too HighLow 

N1TL EK188SVRYT EK1BAS2DEX I EK1VREGDEX 

Keowee Unit 1 Relay Keowee Unit 1 
41/AX Fails To Pick- Exciter Fan Supply 

up And Latch Diode Bridge Fails 

EK141AXR60 IODDE 

Keowee Unit 1 Relay Keowee Unit 1 
41/AX Spuriously Excitation Cabinet 

Resets Fan Fuses Fail 

I ~AXR6 | ~0AFUF 

Keowee 1Unit 1 Fan 
Control Relay 88SV 

Fails On Demand 

r EK188SVRYD| 

Keowee Reliability Assessment FIGURE F-i Page 81



Keowee Unit 1 
Generator Fails 

While the Unit Runs 

Page 41 |KU1GENRUN 

Jewe nit 1 Emerg Keowee Unit 1Keowee Unit 1 Spurious Actuation Keowee Unit 1 
Lckout Due to Generator Fau Generator Support of Unit 1 Gen. CO2 Generator Fails Due 

Atainof Generat While the Unit Rns System Fails Fire Supression to Water in Gen.  
oPrtctive Relay System Enclosure 

1 K86E1I K001G GKiSUPRT II GKlFIREDEX1IGlWLA 

PAage 21 Pagea 100 

Keowee Unit 1 Keowee Unit 1 
Generator Bearing Generator Cooling 

Support System Fails Fails 

GK1BRGSUP IGK1GENCOOL 

Page 96 

Unit 1 Generator Genrator Bearing 
Bearing Cooling Oil Leak Because 

Failure Manual Valve 1HPO-6 
Transfers Position 

GK1 120 1G1P6V 

WL Fails to Supply Keowee 1 Generator 
Unit 1 Generator Bearing Oil Cooler 

Thrust Bearing Fails 
Coolers 

FK1300 GK131 

Page 83 age 87 

I I 
Keowee 1 Generator Keowee 1 Gen. Bmg 
Bearing Oil Cooling Oil Cooling Flow Pat 

Water Discharge h Vtvs Mispositioned 
Fails After Maintenance 

GK1BRGDSCHjGlRVH 

APage 86 

Keowee Reliability Assessment FIGURE F-1 Paae 82



WL Fails to Supply Keowee Master Rly 
Unit 1 Generator 4B Drops Out During 

Thrust Bearing Run 
Coolers 

| FK1300 | YK1MR4BRUN 
Page 82 Page 84 

No Flow Through Manual Valve 1WL-43 Keowee 1 Master Keowee 1 Emergency 
Cooling Water Valve Transfers Position Relay 4B Spuriously Lockout Relay 86E-1 

1WL-12 Drops Out Spuriously Picks Up 

FK31| FK1WL43VVT YK14BMRRYT G 
Page 84 

II 
Manual Valve 1WL-42 KHU#1 Startup Breaker 1DA-4CC 

Transfers Position Inhibit Sw 3SUI Transfers Open 
Xfrs to Inhibit 
KEE-111, -113 

FK1WL42VVT IYK13SUISWT 

Keowee Reliability Assessment FIGURE F-1 Page 83



No Flow Through 
Cooling Water Valve 

1WL-12 

Page 83 F11 

Page 96 

No Flow Through Cooling Water Manual Valve 1WL-12 
Cooling Water Control Valve 1WL- Transfers Position 
Filter 1WLFL-1 11 Fails Closed 

IFK1120 FK1500 F1L2V 

Page 78 

Cooling Water Cooling Water Solenoid Valve 1SV
Control Valve 1WL- Control Valve 1 WL- 1 Not Commanded to 

11 Fails To Open On 11 Transfers Closed De-energize 
Demand 

S AVFKWL11AVT FK1510 

Unit 1 Control Unit 1 Oil Pump 
Switch S120G or Aux. Relay 88X or 
Master Relay 4B Rotation Sensing 
Fails to Operate Aux. Relay 14DX Fail 

FK1 520FK1530 

gPage 
85 

Unit 1 Control Kowee Master Ry 
Switch S120G 4B Drops Out During 

Spurious Operation Run 

I FK1 120GSWT | |YK1MR4BRUN| 

A Page 83 

Keowee 1 Start Unit 1 Control 
Master Relay 4B Switch S120G Left 
Fails To Pick Up in OFF Position 

KEE-1 13 

K1BRYD | T I1120LHE 

Keowee Reliability Assessment FIGURE F-1 Page 84 

0 0



Unit 1 Oil Pump 
Aux. Relay 88X or 
Rotation Sensing 

Aux. Relay 14DX Fail 

rFK1 530 
Page 84 

Unit 1 Turbine GBO Keowee 1 Rotation Keowee 1 Rotation 
Level Relay 88X Sensing Aux. Relay Sensing Aux. Relay 
Fails to Remain 14DX Fails to 14DX Fails to 

Energized Energize Remain Energized 

IFK1 540 ||BK1661B IBK70| 

Page 86 ge 75 

Turbine No. 1 Loss of Power on 

Bearing Oil Level Keowee 1 125Vdc 
Switch 63TA Dist. Ctr. 1DA 

Spurious Operation during Run K-704, 

BK3TALST | XD1AR 

Page 38 

Keowee 1 Turbine DC Circuit Breaker 
Guide Bearing Oil 1 DA-4AR Transfers 

Relay 88X Spurious Position 
Operation I 

XD1 DA4ACDTj 

Keowse 1 GBO Level 
Relay 63TA/1X 

Spurious Operation 

KeX bKl3RYT | 

Kowee Reliability Assessment FIGURE F-i Page 85



Keowee 1 Rotation Keowee 1 Generator 
Sensing Aux. Relay Bearing Oil Cooling 

14DX Fails to Water Discharge 
Energize Fails 

I BK1661B P GK1BRGDSCH 
Page 85 Page 82 

Keowee 1 Rotation Keowee 1 Speed Manual Valve 1WL76 Manual Valve 1WL78 
Sensing Aux. Relay Switch 14/2 Fails Transfers Position Transfers Position 

14DX Fails to On Demand and Blocks and Blocks 
Energize Discharge Path Discharge Path 

BK114DXRYD IBK114/2SD GKIWL76VVT GK1WL78WT 

Keowee 1 Rotation 
Sensing Timer 14T2 
Fails to De-energize 

Keowee Reliability Assessment T FIGURE F-1 Page 86



Keowee 1 Generator 
Bearing Oil Cooler 

FaIs 

Page 82 | GK1310 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 
Bearing Cooler Bearing Cooler 

1HPOHX-1 1HPOHX-5 

Page 88 Page 92 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 
1HPOHX-2 1HPOHX-6 

I.16 

Page 89 Page 93 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 
1HPOHX-3 1HPOHX-7 

age 90 Page 94 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 
1HPOHX-4 1HPOHX-8 

P age 91 Page 95 

Keowee Reliability Assessment FIGURE F-1 Page 87



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

C l 1 O HPOHX-1 
G3GK1311 

Page 87 
Inlet ~ ~ ~ ~ ~ ~ ~ Gneao Thrusto Fo o eeatrGneao Trs 

Thrut Barig ThustBeingBearing Cooler 
Coole 1HP HX-1is Coler1HPOH -1 i 11HPOHX-1il 

GK1311 GKK3111| 

G~lWL44VVTGKl WL46VVT T 

Keowee Reliability Assessment FIGURE F-i Page 88 

0I I



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

C e 1HPO 
HX-2 

Page37 GK1312 

ManuaeValvebility8AManualnValve 9Page 89 

Inle to eneatorFlowto enertorGenerator Thrust 
Thrut Barig ThustBeingBearing Cooler 

Coole 1HPHX-2is Coler1HPOH-2 i 11HPOHXFai2 

GK131I GK131228 

Trasfes osiio TrnsfrsPostin TanserP lo w toGn rator er Gesti n ertrTrs 

GIW48V GK1129WLK1HO2HFT 

Keowe aeiblt ses etTFG R - ae8



LS2VVT | GK1WLS3WTe|87 GK1L4VT1GK W S5V 

One o GeeaoUlwt eertrGnrtrTrs 

Keowetearn Reliailit Assessmen FingR F-1oPee9



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

1 HPOHX-4 

GK1314 
Page 87  

KnletowGeeator Reiailt Assesrenato FIGThrru s 

Thrust ~ ~ ~~ Barn Cooler rutBerngBarn Coe 

Coolr 1HOHX- isCooler 1HPOHX-4 is 1HPOHX-4 Fails 
BlockedDiverted 

GK1314 GK1314B I GKIHPO4HXFI 

Manul Vlve WL-6 MaualValv 1W-57Manual Valve 1WL-58 Manual Valve 1WL-59 
TasesPosition Transfers Position Transfers Position Transfers Position 

I .~W56VVTI GKlWL57VVT | GKW5VT|5G1L9VVT| 

Knowee Reliability Assessment FIGURE F-1 Page 91



WL Fails to Cool 
Generator Thrust 

Bearing Cooler 
1HPOHX-5 

I GK131SA I 

I I -
Ive 1L-60 anualValae1WL86 

KnletowGeeator Reiailt Assessmaento FIGThrru s 

Thrust ~ ~ ~~ Barn Cooler rutBerngBarn Coe 
Coole 1HP HX-5is Coler1HPOH-5 i 11HPOHX-5il 

GK131Pag 87115 GKGKP315XI 

Trasfes osiio TrnsfrsPostin TanserP Flto w toGn rator er Gesti n ertrTrs 

I GK135B | G GK1HPSHXFT 

Kew Rlibliy sssmanua ValveE 1WL-6 Manua Vav91L6



WL Fails to Cool 
Generator Thrust 

Bearing Cooler 
1HPOHX-6 

GK1316 
Page 

87 V 
1 

KletowGeeator Reiailt Assessmratent ThrGrust F 

Thrut Barig ThustBeingBearing Cooler 
Coole 1HPHX-6is Coler1HPCH-6 i 11HPOHXFai6 

GK1316A ~ ~ ~ GK318i316P6HF 

Manual ~ ~ ~ ~ ~ ~ ~ ~ ooe VHPOHX- isMna av WL6 aulVle1W-6Mna av 1 HPOX--F6l 

G~~~~~ ~~ GK116 WL4V GK1HPO6HXFGlW66V GIW67V 

Keoe aeiblt sesen IUEF1e9



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

e 11HPOHX-7 
P 87 G37317 

Iag |L69VVT 

KnletowGeeator Reiailt Assesrenato FIGThrru s 
Thrut BeringThrust Bearing Bearing Cooler 

Coolr 1HOHX- isCooler 1HPOHX-7 is 1HPOHX-7 Fails 
BlockedDiverted 

GK37 GK1317B 1G1P7X 

Manul Vlve WL-8 MaualValv 1W-69Manual Valve 1WL-70 Manual Valve 1WL-71 
Tranfer Poitin Trnsfrs osiionTransfers Position Transfers Position 

.~W68VVT IGK1WL69VVT IIGKlWL70VVT I|G1L1V 

Keowee Reliability Assessment FIGURE F-1 Paae 94



WL Fails to Cool 

Bearing Cooler 
1HPOHX-8 

rGK1318 
Page 87 

Inlet to Generator As me FU F-i Page 95 
Thrust BearingThutBaigB rngCoe 

Cooler 1HPOHX-8 isColr1PH-isHOX8Fas 
Blocked Dvre 

|GK1318A |K38 ~ lP8XF 

MnaVave 1WL-72 Manual Valve 1WL-73MaulVve1 -7MnalaveIL5 

Transfers Position ransfers PositiWLa ilfes Ptio n ooles oito 

G~lWL2VVT]1,G~lL73VV-l IGnera VTor hrustVV 

Bern Coole 

Keowe Relabilty Asessmnt FGU1HPOHX-8 9



Keowee Unit 1 

Fails 

Uniterto 
1CGenrato 

GK1GENCOOL 
Page 82 

WL Fails to Supply Keowee 1 Generator Keowee 1 Manual Keowee 1 Gen. Air 
Unit 1 Generator Air Cooler Fails Valve 1WL-41 Transfe Cooler WL Flow Path 

Page 84 Kewe 1lo Generato Keowee 1av MauaWeoee1Ge.5i 
Airin Cooler Fails Valveer 1W-4orasfiooetWiFooPt 

.Pag 97 

0 FKi310 | FK1WL15VVT



WL Fails to Cool WL Falls to Cool WL Fails to Cool WL Fails to Cool WL Faits to Cool WL Fails to Cool 
Generator Air Generator Air Generator Air Generator Air Generator Air Generator Air 

Cooler 1GAHW-1 Cooler 1 GAH- Cooler 1GAHW-3 Cooler 1GAHW-4 Cooler 1GAHW-5 Cooler 1 GAHW-6 

Page 98 Page 98 Page 99 Page 99 

Manual Valve 1WL-36 Generator Air Manual Valve 1WL-28 Generator Air 
Transfers Position Cooler 1GAHW-1 Fails Transfers Position . Cooler 1GAHIW-3 Fails 

I GKIWL36VVT II GK1GAC1 HXF I GK1WL28VVT |I GK1GAC3H-XFI 

Manual Valve 1WL-371 Manual Valve 1WL-29 
Transfers Position Transfers Position 

I GK1WL37VVT Ii| GKA WL29VVT | 

Keowee Reliability Assessment FIGURE F-1 F Paae_97



WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 1GAHW-2 Cooler IGAHW-4 

Page 97 GK1412 Page 97 GK1414 

Manual Valve 1WL-32 Generator Air Manual Valve 1WL-24 Generator Air 
Transfers Position Cooler 1GAHW-2 Fails Transfers Position Cooler 1GAHW-4 Fails 

GK1WL32VVT GK1GAC2HXF GK1WL24VVT GK1GAC4HXF 

Manual Valve 1WL-33 Manual Valve 1WL-25 
Transfers Position Transfers Position 

K KWl33VV GK1L25WT  

Keowee Reliability Assessment FIGURE F-i Page 98



WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 1GAHW-5 Cooler 1GAHW-6 

GK1415 GK1416 
Page 97 Page 97 

Manual Valve 1WL-20 Generator Air Manual Valve 1WL-16 Generator Air 
Transfers Position Cooler 1GAHW-5 Fails Transfers Position Cooler 1GAHW-6 Fails 

I GK1WL20VVT GK1GACSHXF GK1WL16VVT GK1GAC6HXF 

Manual Valve 1WL-21 Manual Valve 1WL-17 
Transfers Position Transfers Position 

w Gl21WT y GK17VV9 

Keowee Reliability Assessment FIGURE F-i Page 99



Keowee Unit 1 
Generator Fails Due 

to Water in Gen.  
Enclosure 

GK1WLLEAK 
Page 82 

IZI 
Keowee Unit 1 WL Keowee Unit 1 Gen.  

Valves Leak Into Air Coolers Leak 
Generator Enclosure Into Generator 

Enclosure 

GK1WLVLEAK |GK1HXLEAK 

Pae 101o 

r 

IHeat ExchangerH 

Heat Exchanger Heat Exchanger 
1GAC1 Leaks 1GAC4 Leaks 

GK1GAC3HXL 

Keowee Reliability Assessment FIGURE F-i Page 

I 0



Page 100 IGK1WLVLEAKI 

I I 
Manual Valve 1WL18 Manual Valve 1WL30 

Transfers Position Transfe'ss"e Psition 

I I~W~v

Maua GK e1WL1 Maua GK e1WL3T 

I I~W'9V 

Manual Valve 1WL19 Manual Valve 1WL31 
Transfers Position Transfers Position 

I I~W34V 

Maua GK e1WL9VV Maua Vav GK WL3 

Manual Valve 1WL22 Manual Valve 1WL34 
Transfers Position Transfers Position 

I GK1WL22VVT II GK1WL34VVTI 

Manual Valve IWIL2 Manual Valve 1WL35 
Transfers Position Transfers Position 

I GKiWVL23VVT I|G1L5V 

KeOe Reiblt seset 0IUEF1 Pg 0



Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
3 Trip Coil 3 Trip Signal3Rea52 

Spurious OperationS 

SAACB3TRP |AB3R52ZRT 

Underground Feeder Keowee Unit 1 Emerg Control Switch 152- Trip Pushbutton On KU Trp Circuit Operators Trip 

Spuicus pAtutantfionra SprsOperation euInSuusA s 

Lockout Relay 86EF Lockout Due to 3 Spurious Operation ACB3 Spurious Modifications Generator Output Picks Up Actuation of Generat Operation Result In Spurious AC~S 
or Protective Relay Trip 

U86EF GE AB31523SWT I AB3PUSHPBT KIMODTRIP ACBTRIPCHE 
Page 103 

Page 21 

2 

NSM-ON-52966 Is In Tri Signal From 
Service Mod Package 

Components 

NTACB4MOD K1MODTRIPO 

Page 12 Page 104 

Keowee Reliability Assessment FIGURE F-1 Page 102



Overcurrent Relay Transformer CT4 Keowee Unit 1eo 

AcTuates DLck Lockoua 59GN1 e lay 40G1tSpuriou 
OvRcurrent 8El Spurious if Generatuai 

U T UACXCT4THFT GK159GNRYT I GKt40G1RYT I 

Pag I I8E Ia7Z 

S epurs Delay 4ary Lockout Keowee Unit 1 
DifferentiaRly RlaiolT Generator Diferetif Generator Ihie 

51 Actuates Lockout enat Relay 87G-1 e ta Relay GiBs 
Ry 6EE Spur ri Actuation uriousActuation 

UXX86FRYT| GK187TERYT | GK18BAURYT 

STp urou elay k Rlary Fackue Keowee Unit 1 Keowee Unit 1 
DfeT renta Rly Relay 6CTX . GenesorFe Difftirataruinsiit 

SActuates Spuriously Picks Up Relay 87-1 uSi Re lay In Spy 

Rly86EF o Su. Actuation urosActuatsn 

| 7 R U86TRYT | 1GK13SBI 

I 8T4RYT GKPaG1Re GK1SU 

Page 107 

CT4 Neutral Ground SK1 Breaker Failure Keowee Unit 1 Fault Occurs At ACB
Riy Actuates CT4 Relay 62BXSK1 Generator Backup 1 When The Unit Has 

LOR 86TICT4 Spuriously Picks Up Trip Timer 62-1TD Been Generating To 
Spurious Operation The Grid 

I U51TNC4RYT | U62BS1T G1RT YTIGAB31FAULTI 

Page 107 

CT4 Lockout Relay SK2 Breaker Failure Keowee Unit 1 KU1 Trip Circuit 
86TICT4 Spuriously Relay 62BXSK2 Generator Fire Modifications 

Picks Up Spuriously Picks Up Relay 63FX Actuates Result In Spurious 
Trip 

I I ~tF I - I.4 
U86TT4RT I 62BK2RY I GK13FX1 IGK1MODTRIP 

ge 104 Page 108 

Keowee Reliability Assessment TFIGURE F-1 Page 100



Trip Signal From Keowee Unit 1 
Mod Package Generator Fire 
Components Relay 63FX Actuates 

Ki MOIDTRIPO | 1 GK163FX Page 102 Page 103 

Auxiliary Relay KU1 Magnetic Speed Keowee Unit 1 Keowee 1 Gen C02 
14GOV/1X Fails To Switch System Fails Generator Fire Sys Press Switch 

Pick-up Relay 63FX Spurious 63F Spurious 
Actuation Operation 

AK1141XRYD AK 14GVDEX GK163FXRYT GK106 3FPST 

2 

Keowee Reliability Assessment TFIGURE F-i Page 104



agee 1132E 

Air Circuit Break e r iit r2 r mit Bok Air Cici Broaker 
4 Fails Fa D e a tr F al s To Cls 4 Control Paor 

To OpTo E T o Due To ContulFFails 

UndACB4oRE AKC I I ABC 

I IC TRN 

Air Circuit Breaker At B rak r cuit Broo 
4 Rela 5X Flos -rela y Spurious 

T o eat Operation pe Acunuatr 

I AB4RS2X I :4 LlI AB452Y2R6T IIBM CAFICE 

re~~~-E 

g 113oi 
S Idc 

AiACrci Br ikr ci Br a r Airui Brok r -i rae i ~oi rae 
44lseC i Fals 4o Rlo e la 52Y Fail oCoe4 oto m 

To Operateca To Drop Out Followinall 

4ea A LOaTo Presre 

4tea e5XFi s Lo Pressureriou 

A ASM2PSTI 

Keowee Reliability Assessment FIGURE F-i Page 105



Page 112 

Pae12Mae1 

ABCircit Fails he 1eovr WhnrhoBeae 

Cae OnToauate Tripsha PthA 

IACB4AFTCL | |ABFATDX 

M ains T lste UpA4 al oCoeII o alealoClose Signale 

Pae6 Page 1097912 
ae1 

NSM-ON-52966 Is Not ockoeduto u e l cur tAB 
In ServiceCrcutuFati of enratn h Beae 

orle Pr ote ctiv e y 

Main ~ ~ ~ ~~Pg 103UpAB ls Sga 

Keowee Relabiit Asesmn FIURmF1 Pae0



Keowee Unit 1 Fault Occurs At ACB
Startup Inhibit 1 When The Unit Has 

Switch Aux Relay Been Generating To 
Actuates The Grid 

|GK13SUI GAB1 FAULT| 
Page 103 Page 103 

Keowee Unit 1 Startu Keowee Unit 1 Keowee Unit 1 Is Fault Occurs at ACB
p Inhibit Switch Aux Startup Inhibit Supplying The Grid 1 When The BReaker 
iliary Relay S3SUIX Switch 3SUI Trips 
Spurious Actuation Spurious Operation 

GK13SUIRYT GK13SUISWT KU1RNNG AB1FALTDEX 
Page 21 

Keowee Reliability Assessment FIGURE F-1 Page 107



KU1 Trip Circuit Emer. Start Relays 
Modifications 2ESRX1/2A And 

Result In Spurious 2ESRX1/28 Fail To 
Trip Energize 

GK1 MOOTRiP 10 ABESTART 
Page 103 Page 9 

NSM-ON-52966 Is In Modified Circuit Keowee 2 Emer Strt KHU#2 Emer Stn Aux 
Service Generates Spurious Aux Rlys 2ESRXI1A & Rlys 2ESRX/2A & 

Tri Sinal2ESRX/1B Fail 2ESRX/28 Fail F Trip Signal F KEE-213 KEE-211, OEE-220 

NTACB4MOD GMODTRIP1 YK2STRTINT YK2STR2INT 
ePage 110 Page 111 

KeweReliability A Sesen wt FIUR Fi Pae10 

Emer. Start Relays 

Keowee ~ ~ ~ ~ ~~~~Pg 109bltyAssmntFG R -1 Pg 0 

I I



Keowee Main Loss of Power onoe gn 
Transformer Lock Keowee 1 125Vde 2 d it nr okOtAs ea cFisT prt ER~2 n 

AOut Relay 86T-FaiRelayst62-1rFails 

FailsnTerpezet OnrTongerate n-Demen 

AB86TARYDXD1DARRV 

Page 38 
IGAS 

AtB eakerar CKeowee Bn Air Keweuit Mana 
R CTera r Ouigas Selay 86TnFl Fails 

Psiio To Opeat On3Dema 

IECCDTD AB086TYD KneerL Keowee iabilityaAssntMain FiG R F- Page 10 

ORelay TFails t t.1A1Adrn 61 al oO emn ER12 alT TopEerte 

EMI III 
age~~~ag 37a1 Pg 0 

DC~~os ofrui Powere one KeoweeLoc Emergency Time Dela Rea 62 Emer, Str RelaysOu 
1DA4125 Vdrnser Dist Ontr86 ais. Locky Out Aux Rel ray 4cYE- Fails T prt ER12 n 

Position1D duin Steetr emna sT o 86-1at Fail to Oeae On Demand2ER1BFalT 

I XD1DAISRCES ABOAB86E1A | AO64CRD |ABETAT 

Tx~~~~Eerec Lock OutdcDtrbio Emergency Lock Out ~~~~~Au.Relay 86E-1oCntr DAT afrSes Relay 1 Fails 
Fal oOperate Oniin Rc To OperatenDm d 

I AB86EARYD II AB86E1GRYD| 

~~~~~Bekr3LI 2VKeowee Unlabitt Ases etFG REF1 Pg10



YK2STRTINT Outputs: 
Page 123, Page 115, Page 108, Page 253, Page 116, Page 119 

Keowee 2 Emer Strt 
Aux Rlys 2ESRX/1A & 

2ESRX/1B Fail 
KEE-213 

YK2STRTI NT 
See Output 

List 

Keowee Unit 2 Keowee Unit 2 
Emergency Start Emergency Start 

Channel A Signal 1 Channel B Signal 1 
Fails OEE-1 20 Fails OEE-120-1 

IYK2ESRX1A I YK2ESRX1B| 

Keowee 2 Emergency Keowee Emergency Keowee 2 Emergency Keowee Emergency 
Start Aux Relay Start Channel A Start Aux Relay Start Channel B 

2ESRX/1A Fails To Fails [ 2ESRX/1B Fails to Fails 
Pick Up OEE-120 Pick Up OEE-1 20-1 

| YK2ES1ARYD | YKESRXA I YK2ES1BRYD YKESRXBI 
Page 9 P~age 10 

Keowee Reliability Assessment FIGURE F-1 Page 110



KHU#2 Emer Stri Aux 
Rlys 2ESRX/2A & 

2ESRX/28 Fail 
KEE-211, OEE-220 

YK2STR21NT 
Page 115 
Page 108 
Page 117 

Keowee Unit 2 Keowee Unit 2 
Emergency Start Emergency Start 

Channel A Signal 2 Channel B Signal 2 
Fails OEE-120 Fails OEE-120-1 

YK2ESRX2A ||YK2ESRX2B 

Keowee 2 Emergency Keowee Emergency Keowee 2 Emergency Keowee Emergency 
Start Aux Relay Start Channel A Start Aux Relay Start Channel 8 

2ESRX/2A Fails to Fails 2ESRX/2B Fails to Fails 
Pick Up OEE-120 Pick Up OEE-120-1 

|YK2ES2ARYD |YKESRXA | YK2ES2BRYD 

KR bage 9 FPage 10 

Keowee Reliability Assessment FIGURE F-1 Page 111



Air Circuit Breaker Air Circuit Breaker 
4 Fails To Close 4 Control Power 

Manually Fails 

Page 106 ACB4MANC Page 105 ACB4DCPWR Page 06 ) Page105L 
Page 106 

Operators Fail To Air Circuit Breaker Loss Of Power On Breaker 3CC In 125V 
Close Air Circuit 4 Close Switch Keowee 2 125V dc dc Distribution 

Breaker 4 Fails To Close On Dist.Cntr.2DA Center 2DA 
Demand During Run Transfers Position 

ABPOPRCRHE AB4CLSESWC XD2DAR AD2B3CCCDT 
Page 55 

Air Circuit Breaker Loss Of Power On 
4 Local/Remote 125V de Dist Cntr 
Switch Contact 2DA During Start 

Transfers Position 

ABRESWT XDSRCES 

Page 30 

Keowee Reliability Assessment FIGURE F-1 Page 112



KU2STARTR Outputs: 
Page 184, Page 70, Page 193, Page 197, Page 196 

Common Cause Keowee Unit 2 Start Keowee Unit 2 
Failure Of ACBs 2 Is Required Governor or Turbine 

And 4 Fails During a Cold Ao Start 
: I um I 'I 

P AB24COM | O KU2S RTRI KU2GVTBCLD 
Page 66 See Output Page 70 

Page 105 List 

Common Cause Keowee Unit 2 Is Keowee Unit 2 Is Keowee Unit 2 Gov. Keowee 2 Governor 
Failure Of Air Not In Maintenace Supplying The Grid Fails to Position Control Fails 

Circuit Breakers 2 Wicket Gates During During Cold Startup 
And 4 To Close Cold Start Sequence 

AB24BKRCOM K2NOMAIN N WK2GVCDDEX YK2CLDSTRT 
Page 22 Page 123 Page 114 

Keowee Unit 2 Latent Human Error 
Turbine Fails Fails Keowee 2 

During a Cold Stan Governor During 
Cold Start 

IW2CDDEX WK2GVOLHE | 

Keowee Reliability Assessment FIGURE F-i Page 113



Keoweee 2 Solenoid 
99SN FailsotoFDrop 

KEE-2111 

1 V 

YK2SS65RPM IDD RE 

KHU#2e Spe Switch eoe2Shtdw 
14a3 Fail toS OpenSlnod99DFal 

atin 65 rpmSar oPikU 

YKYK214X3SSD |K99 

eowe 2 oeno70owe2 mergncyKeowee 2 Emergency 
99SN Fails to Drop Load Solenoid 99SNLodSl9NFas 

Out at 65 rpm ~Fails To PickToR-nrieA 
Upl rop Out 

YK2SS65RPMI YK299SNSRT IKS22P 

Keowe 2E~mrgeny KU#2Spee SwtchKeowee 2 Emergency K2 Shutdown ew 2ErgnyKoe2Spd 
LoadSoleoid 99SN14-3Fail to penLoad Solenoid 99SN Auxiliary RelayLodSlni9SNwtc 13Flso 

Fails To Operate at 65 rpmFails To Operate 99SX Fails To Pick FisT prt lwa 2 p 
KEE-211 Up On Start 71 

YK299SN RYD YK21V3SSD| YK299SNRYD |I YK299SXSRT IK9SNY 

Page 115 

Keowe ReliabiliKeowe 2sesm n FIU Eergency11



K2 Shutdown Keowee 2 Master 
Auxiliary Relay Relay 4A Fails To 

99SX Fails To Pick Pick Up On Start 
Up On Start 

I YK299SXSRT I | YK2MR4ASRT 
Page 114 Page 115 
Page 151 Page 116 

Page 194 
Page 151 

Keowee 2 Master KHU#2 Emer Strt Aux Keowee 2 Erner Strt Keowee 2 Start 
Relay 4A Fails To Rlys 2ESRX/2A & Aux Rlys 2ESRX/1A & Master Relay 4A 
Pick Up On Start 2ESRX/2B Fail 2ESRX/1B Fail Fails To Pick Up 

KEE-211, OEE-220 KEE-213 KEE-213 

YK2MR4ASRT YK2STR21NT YK2STRTINT YK2MR4ARYD 
Page 115 Page 11.1 Page 110 

Keowee 2 Shutdown 
Solenoid Aux Relay 
99SX Fails to Pick 

Up KEE-211 

I YK29SXRYD I 

Keowee Reliability Assessment FIGURE F-i Page 115



Keowee Unit 2 Field Keowee Unit 2 Emer. Keowee Unit 2 Unmodified GFB 
Breaker Fails To Lockout Due to Generator Lockout Au 

SSpurious Actuation o iliary Relay 86EX-1 
fGen Protect Relays Spurious Actuation 

FisT Opn2ADuring Sta Coeak Ctr os e aCoe DekoLtn 

| ag F L I U2GEX D |ago GK8E E XEK2NODHE 

Page~~~Pg 111ae126ag 9 

Kewee Unit 2 Kowee Unit 2 Keowee Unit 2 F eU Modified GFB 
AupstBreaker T o Se Generator Fekld A o Fails 

lrse Spurious Tctation o lose e T 
T Ae Ran e Ipa gnaMt sc ial ie 

|ASPLYCLOSE2 | EK2E G EK2FLMEX I EK2MOD 
PgPage 117 P 2 Page 194 

Keowee Unit 2 Fied an 25 Keowee IGUR2 F-ei Pageoee 16t 

Fulasin Breaker d esrbton reaux R aiy s ER/1Tely4 Fails T 
Fails To Close Eceto nte r m s 2ESX/1 FalPckUon tr 

Taers Opien e E-213l aiur 

FLHCLOSE2 IED2203CT I YK2STRTINT | K2M4SRD 
PPage 11ag 11 age 115 

Keowee Unit 2 Field Losr Ofoer O n5 Keowee i 2 e " Keowee Ui 2 Fieldr Flashing Breaker 12d Dist Cint GeA tor Field BES) ,Reaker, Fail's To 
Fails To CoeCe 2DA uring StFrake l cs DUe O Ltaten 

Ir n fr I pe IE -1 I 
I FLHOPN2 I X22DSCES | GFBFAIL2 | EK2FLDCLHE 

a 120Pge3 Page 19211 

~~Keowee Ulit 2 Balds fPwrO Keowe t2oo Unit 2 Fil 
FlaAdjust Faeke Is 5 To Sett GenGeeatrF e ra FieldralsT 
Fal T pe Urnit Voltrt Withinr Beake r S Cur ou s e ri T atn 

The~~~~~~Hua AcetbrragepSgnlsPrsn 

ErPage 121 Pag 19430ae 9 

Keowee Reiiity Asesmn FIGUR F-1e Paae 11



Page 119 

Keowee Unit 2Keowee Unit 2 KHU#2 Emer Strt Aux Keowee Unit 2 Keowee Unit 2 Keowee Unit 2 
Lockout Auxiliary Supply Breaker Rlys 2ESRX/2A & Supply Breaker Generator Supply Supply Breaker 
Relay 86EX-2 Is Fails To Close Due 2ESRX/2B Fail Close Circuit Fails Breaker Spurious Tri Fails To Close Due T 

Picked-up To Mehanical Failure KEE-211, OEE-220 p Signal Is Present o Latent Human Error 

EK286E2RYT |EK2SPYMDEX L(YK2STR21NT GSBFAIL2 IEK2SPYCLHE 

A Page 111 
Page 118 

Keowee Unit 2 KHU2 Gen Supply 
Supply Breaker Breaker Y-relay 

Relay 41-52X Fails Failed To Drop-out 
To Pick-up On Demand At Last Operation 

I EK2S41XRYDEK2415YR 

I I 
Keowee Unit 2 KHU2 Geertor.  
Supply Breaker Supply BekrY 

Close Coil Fails To rlay Spurious 
Operate On Demand Oeration 

I EK2S41CRYD IIEK2415YRYTI 

Keowee Reliability Assessment FIGURE F-1 Paae 11l7j



Keowee Unit 2 Keowee Unit 2 Field 
Generator Supply Flashing Breaker 

Breaker Spurious Tri Close Crcut Fals 
p Signal Is Present 

GSBTRIP2 AGFFBFAIL2 
Page 117 Page 119 

Keowee Unit 2 Relay KHU2 Generator Keowee Unit 2 Field KHU2 Gen Field 
41/AX Fails To Pick- Supply Breaker Trip Flashing Breaker Flashing Breaker V.  

up And Latch Control Switch Relay 31/X Fails To relay Failed To Drop 
Spurious Operation Pick-up On Demand At Last Operation 

EK241AX6D EK2152SWTEK2F31XRVD ~V V 2 (9 

Keowee Unit 2 Field [ KHU2 Generator 
Flashing Breaker i Field Flashing 

Close Coil Fails To Breaker -relay 
Operat On Demand L Spurious Operation 

Keowee Reliability Assessment FFIGURE F- Page 118 

F0sin rakrFlsig rakrY



Keowee Unit 2 Field Keowee Unit 2 Field 
Flashing Breaker Flashing Breaker 
Fails To Close Spurious Trip 

Signal Is Present.  

Page 116 IFLSHCLOSE2 |Page 119 FFTRIP2| 

Keowse Unit 2 Relay = Keowee Unit 2 Feld Keowee Unit 2 Rela KHU2FRelashing 
90X10 Spurious Fashing Breaker 90X1AfTD Spurious Breaker Trip 

peration Spurious Trip Operation Control Switch 131/T 
Signal Is Present Spurious Operation 

I K29CR6 ||FFRI2 E2RRYT I AE2S1TW 

P age 119 

Keowee Unit 2 nit2Feldnit2FeldKeowee Unit 2 eRelay 
Generator Lockout AU Breaker Fails To Flashing Breaker Tim 90XA Spurious 
xiliary Relay 86EX-1 Close e Delay Relay 31/TD Operation 

Spurious Actuation Spurious Operation 

EK286EXRYT CL E I EK231TDRYT 

gPage 
116 

I I 
Keowee Unit 2 Field Keowee Unit 2 

Fashing Breaker Supply Breaker 
Fails To Close Due T Fails To Close 
o Mechanical FailureI 

EK2FSMDE | |SPLYCLOSE2 

A Page 117 

I11 Keowee 2 Emer Strt Keowee Unit 2 Field 
Aux Rlys 2ESRXI1A & Flashing Breaker 

2ESRX/1B Fail Fails To Close Due T 
KEE-213 oi Latent Human Error 

YK2STRINT IEK2FLSCLHE I 

A Page 110 

Keowee LUnit 2 Field 
Flashing Breaker 

Close Circuit Fails 

Pag 118 

Keowee Reliability Assessment - FIGURE F-1 Paae 119



Keowee Unit 2 Field 
Flashing Breaker A L Fails To Open 

Page 116 FLSHOPEN2 

Keowee Unit 2 Field Keowee Unit 2 Field Keowee Unit 2 Field 
Flashing Breaker Flashing Breaker Flashing Breaker 

Fails To Receive A Trip Coil 31/TTo Open Due To 
Trip Signal Fails To Operate Latent Human Error 

FF2TRIP EK2R31TRYD EK2FLSLHE 

(eowee Unit 2 Field Keowee Unit 2 
Flashing Breaker Voltage Build-up Rel 

Tirne Delay Relay 31/ ay Fails To Trip Fie 
TD Fails To Operate Id Flashing Breaker 

Keowee Reliability Assessment TFIGURE F-i Page 120 

O 0



Keowee Unit 2 Base Keowee Unit 2 
Adjust Fails To Set Generator Fails 
Unit Voltage Within During a Cold Start 

The Acceptable Range 

BASE2 P KU2GENCLD 
Page 116 Page 70 

Keowee Unit 2 Base Keowee Unit 2 Base Keowee Unit 2 Failure to Close 
Adjust Fails To Adjust Is Set Generator Fault the Unit 2 Neutral 

Establish Correct Incorrectly Causes Unit Start Ground Disconnect Fo 
Unit Voltage Failure lowing Maintenance 

I EK2BASEDEX EK2BASELHEI GK20002HGS IGK2NGDCLHE 

Keowee Reliability Assessment FIGURE F-1 Page 121



~~~Keowee Unit Ke 2 Emer gec 
Genraor ifereti. ockout Rela 86E

ousAcua io sAtato 

| ag GK2 7 Y I GK86E2 YT 

Keowee Unit 2 Keowee Unit 2 Ls 
Generator Backupd SfGrtar ii 

Tript Tiera 6 2-2DSic u RelaySuis 
Spurious Operation Actuatesn 

GK262TDRYT||GK3U| 

Keowee Unit 2 ExiaKe U2i ici 
Gnratsorme F ire ModiiatiosDfe 

REa 63FX. Actuatesn RstnSuriousto 

II 

I GK263FX | T GK2MOD2RTI 

Keowee ~ ee Relabiit Asesm n FIGURE F-1t Pae22



KU2RNNG Outputs: 
Page 113, Page 70, Page 215, Page 253, Page 196 

Keowee Unit 2 Is Keowee Unit 2 
Supplying The Grid Governor or Turbine 

Faits During a Hot 
Start 

| KURNG ;|KU2GVTBHOTI 
See Output Page 70 

List 

Keowee Unit 2 Only Keowee Units 1 And Keowee Unit 2 Gov. Keowee Unit 2 Keowee 2 Governor 
Is Supplying The 2 Are Supplying The Fails to Position Turbine Fails Control Fails 

Grid Grid Wicket Gates Durn During a Hot Start During A Hot Start 
Hot Start- Sequence 

KK2RUNSDEX KK1BOTHDEX WK2GVHTDEX | HTDEX YK2HOTSTRT 

Keowee 2 Emer Strt Loss Of Power On 
Aux Rlys 2ESRXI1A & 125V dc Dist Cntr 

2ESRX/1B Fail 2DA During Start 
KEE-213 

YK2STRTINT XD2DASRCES 

Page 110 Page 30 

Keowee Reliability Assessment FIGURE F-1 Page 123



Keowee Unit 2 Fails 
To Supply Power 
During The Run 

Page 70 KU2RUN 

Keowee Unit 2 W eoTIe Unit Runs 
Govemnor or TurbineGeeaoGnrtrFil 

Fails While theExthe aUnit RunninghTurbine 2nLeakage 
Unit Runs 

IKU2GVTBRUN TKU2TBRUNDEX 

Keowee Unit 2 umps Unit 2 
Govemror Fails Withi 

the Unit RunningRun 

Keowee Unit 2 Gov. Ui oenrOlKoe oenrKoe nt2Koe nt2ubn upSse 

Pumpls toFPositFo Wicket Gates With Asesmn FGR F-i Page 
Unift R unning CniinKoe u 

|WK2GVRNDEXI O20 W2P2EIIKTRDXIPnO 

Loss of Unit 2 AlUi GPmsUi ubn 

sysre te orlDrn 

I Ru 

(OG) SysTemi FailsCotoFas 

IOK2600 |Y2UCT 

agePage Keowee~ ~~~~~~~eoe Unitbiit 2seset -- FGUEF1 Pg 2



Loss of Unit 2 OG 
System Oil or Oil 

Pressure 

0K2200 
Page 124 

Unit 2 Governor Oil Unit 2 Governor Air 
Pressure Tank Fails (AG) System Fails 

OK20003TKF IOK2500 

Safety Relief Valve Safety Relief Valve 2AG-4 Spurious 20G-3 Spurious 
Operation Operation 

OK2AGO4RVT IO203V 

Manual Valve 2AG-5 Air Receiver Tank 
Transfers Position 2AGTK-1 Fails 

O2Ass VV t OK2AO1TKF 1 

Keowee Reliability Assessment IFIGURE F-i Page 125



OG Pressure Tank is 
Isolated And OG 

Pump 2A Train Fails 
(Emergency Mode) 

OK2300 
Page 124 

Unit 2 OG Pressure OG Pump 2A Train 
Tank is Isolated Fails to Provide 
From Oil Header Flow 

(Emergency Mode) 

OK2310 I|OK2350 

Float Valve 20G-7 Mnual Valve 20G-9 M ual Globe Valve Relief Valve 20-13 
Transfers Closed Transfers Closed 200G-12 Transfers Spurious Operation 

Closed 
C 

I K owee07eliabili Assessment OK20012VGOK20013RVT | 

Check Valve 20G-11 OG Pump 2A Fails 
Fails to Open E (Emergency Mode) 

Page 127 

Check Valve 20G-11 
Transfers Closed 

Keowee Reliability Assessment FIGURE F-1 Page 126



OG Pump 2A Fails 
(Emergency Mode) 

OK2355 
Page 26 

OG Pump 2A Fails to OG Pump 2A Fal oLoss of Power on Low Voltage Circuit OG Pump 2A Control 
start Run Keowee 600 Vac MCC- Breaker 2XA-1D Circuit Fails 

2XA Transfers Position (Emergency Mode) 

OK2002AGPS OK2002AGPR OK2XA1DLT60 

Page 128 

Keowee 2 Governor OG Pump 2A 
Oil Control Switch Emergency Control 
188GA Spurious *Relay 99K1 Fails to 

Operation Operate 

OK288GASWT IO22 
Page 129 

Keowee Reliability Assessment FIGURE F-1 Pace 127



XA2XA Outputs: 
Page 140, Page 130, Page 127, Page 132, Page 134, Page 155 

Loss of Power on 
Keowee 600 Vac MCC

2XA 

See Output XA2XA 

List 

600 Vac MCC 2XA 600 Vac MCC-2XA 
Normal Power Fault 

Source, Switchgear 
2X, Fails 

XA2XAN XA2XAMCBLFI 

600 Vac MCC 2XA MCC 2XA Is 
Power from Connected to Its 

Switchgear 2X Fails Normal Power Source 

IXA2XANF I XA2XANORMI 

Loss of Power on 600 Vac Breaker 2X- MCC 2XA Is 
600 Vac Switchgear 2B3 Transfers Connected to Its 

2X Position Alternate Power 
K-702 Source 

XA2X| XAX2BXLT |XA2XAALBLMI 

Page 141 

Keowee Reliability Assessment FIGURE F-1 Page 128



OG Pump 2A 
Emergency Control 

Relay 99K1 Fails to 
Operate 

Page 131 
Page 127 

Loss Of Power On 125 Vdc Circuit OG Pump 2A Emerg. Keowee 2 Relay 99K1 Keowee Unit 2 Relay 
Keowee 2 125V dc Breaker 2DA-3BR Control Aux. Relay Fails To Operate On 99K1 Spurious 

Dist.Cntr.2DA Transfers Position 99K2 Fails to Demand Operation 
During Run Operate 

XD2 A | 5 XD2DA3BCDT OK2325 OK299K1RYD OK299K1RYT 

Relay 99K2 Fails To Pressure Switch 
Operate On Demand 20GPS-4 Fails to 

Close 

OK299K2RYD OK20004PSC 

Keowee Reliability Assessment FIGURE F-1 Page 129



A[ Unit 2 OG Pumps 
Fail to Supply GOPT 

Page 124 OK2 40 

All Unit 2 OG Pump Common Cause Common Cause 
Trains Fail to Failure of Unit 2 Failure of Unit 2 
Provide Flow OG Pmps to Start OG Pumps to Run 

IOK2410 | 1OK2PSTRCOM| |O2RUCM 

OG Pump 2A Train OG Pump 2B Train OG Pump 20 Train 
Fails to Provide Fails to Provide Fails to Provide 

Flow Flow Flow 

OK232011 OK2410BOK2 

2 Pa 131 
age 133 

GlobeVave Check Valve 20G-11 OG Pump 2A Fails Check Valve 20G-11 Rll Va 
2G12 rs Transfers Closed Fails to Open Spurious Operar 

CloLoss of Po e on 1 

OK2012VTI OK20011CYE I OK2321 | OK20011CVO I IOK20013RVTI 

I I 

OG Pump 2A =Fails to JOG :Pump 2A Control 
Start Circuit Fails 

eOK2002AGPS I O2322 

Page 131 

OG Pump 2A Fails to Low Voltage F-rcuit 
Run Breaker 2XA-1D 

Transfers Position 

I OK2002AGPR IOK2XA1DCLTI 

Loss of Power on 
Keowoe 600 Vac MCC

2XA 

APage 128 

Keowee Reliability Assessment FIGURE F-1 Page 130



OG Pump 2A Control OG Pump 2B Train 
Circuit Fails Fails to Provide 

Flow 

I II 
Page 130 0K2322 Page 30 K241 06 

Keowee 2 Governor Control Signal for Manual Globe Valve Relief Valve 20G-16 
Oil Control Switch OG Pump 2A Fails 20G-15 Transfers Transfers Open 

188GA Spurious Closed 
Operation 

OK288GASWT OK2323 OK20015VVT OK20016RVT 

Pressure Switch OG Pump 2A Check Valve 20G-14 OG Pump 2B Fails to 
20GPS-1 Falls to Emergency Control Fails to Open Provide Flow 

Close (Normal Relay 99K1 Fails to 
Control Signal) Operate 

OK20001PSC OK2324 OK20014CVO 

A Page 129 Pge 132 

Check Valve 20G-14 
Transfers Closed 

Keowee Reliability Assessment - FIGURE F-1 Page 131



Page 131 

Loss of Power on Low Voltage Circuit Latent Human Eror OG Pump 2B Fails to OG Pump 2B Fails to OG Pump 2B Control 
Keowee 600 Vac MCC- Breaker 2XA-2E Fail OG Pump 2B start Run Circuit Falls 

2XA Transfers Position 

XA2XA I KX2CTII OK2002BLHE III K200BGPSI 00 OK2412B 
Page 128 

Keowee 2 Control Pressure Switch 
Switch 188GB 1720GPS-2 Fails to 

Spurious Operation Close 

I OK288BSWT II OK2002PSCI 

Keowee Reliability Assessment FIGURE F-1 Paae 132



OG Pump 2C Train 
Fails to Provide 

Flow 

Page 130 OK2410C 

Manual Globe Valve Relief Valve 2OG-19 
20G-18 Transfers Spurious Operation Closed 

OK20018VVT | OK20019RVT 

Check Valve 20G-17 OG Pump 2C Train In 
Fails to Open Maintenance Or 

Testing 

OK201CVOIO20GTRI 

Check Valve 20G-17 OG Pump 2C Fails to 
Transfers Closed Provide Flow 

| OK20017CVT | 1 K24 1 4 

9 At APage 134 

Keowee Reliability Assessment FIGURE F-i Page 133



Page jf133 

of Power oOG Pum 2C Fails to OG Pump 20 Fails to Latent Human Etror Low Voltage Circuit OG Pump 2C Control 2XA Run VFails OG Pump 20 Breaker 2XA-4D Circuit Falls 
2XA Transfers Position 

XA2XA OK2 CGPS OK2002CGPROK2002CLHE OK2412 

Keowee 2 Control Pressure Switch 
Switch 188GC 20GPS-3 Fails to 

Spu rious OperationCos 

I OK288GCSWT II OK20003PSC 

Keowee Reliability Assessment FIGURE F-1 Page 134



age 
I4 

Q 

Shutdown Auxiliary Keowee 2 Shutdown Emergency Load Loss 01 Power On Operator Error Keowee 2 Shutdown Breaker 3BR In 125V 
Relay 99SX Auxiliary Relay Solenoid 99SN Keowee 2 125V de Causes Loss 01 Unit Solenoid Spuriously de Distribution 

Spuriously Drops Permissive Ckt Spuriously Drops Out DistCntr.2DA 2 Governor Control Drops Out Center 2DA 
Out s Fads During Run During Run Transfers Open 

I YK299SXRYT I I YK2SXRUNF I YK299SNRYT I XD2DAR YK20PFAIL I YK29SRYT ED23BR20DT 

Pae136 Page 55 

Operator Keowe Unit 2 
Incorrectly Resets Normal Lockout 

Keowee Emergency AcAvates 
Start Signals 

YKEMSRTCHE YK286N2DEX 

Keowee Reliability Assessment FIGURE F-1 Page 135



Keowee 2 Shutdown 
Auxiliary Relay 
Permissive Ckt 

Fails During Run 
YK2SXRUNF 

Page 135 
Page 153 

Keowee 2 Overspeed Keowee 2 Critical Keowee 2 Master 
Switch 12 Lubrication Relay 4A Drops Out 

Spuriously Picks Up Permissive Failure During Run 
KEE-211 

YK2SS12SST YK2LOPERMF YK2MR4ARUN 

Page 137 

Keowee 2 Turb Gd Keowee 2 Gen Thrst 
Bmg Oil Lvt Lo Riy Brng Oil Lvl Lo Rly 

63TB/1X Sprsly 63BL/LXTD Sprsly 
Picks Up KEE-211 Pcks Up KEE-211 

YKTBRY | KBLRYT 

Keowee 2 Gen Thrst Keowee 2 Gen Thrst 
Brng Oil Lvl Hi Sw Bmg 01 LvI Hi Riy 
63BL/H Sprsly Clsd 638L/HX Sprsly 

Picks Up KEE-211 

6HLS YK263BHRYT 

Keowee 2 Gen Thrst Keowee 2 Turb Guide 
Bmg Oil Lvi Lo Sw Brng Lo Lvl Sensor 
63BUL Sprsly Opn Sw Sprsly Closes 

I YK26BLLST I | Y2BLS | 

Keowee Reliability Assessment FIGURE F-1 Page 136



Keowee 2 Master Unit 2 AC Turbine 
Relay 4A Drops Out Guide Bearing Oil 

During Run Pump Train Fails 

YK2MR4ARUN A BK2500 
Page 136 Page 139 
Page 154 

Keowee 2 Master Keowee 2 Emergency Unit 2 AC Turbine Manual Valve 2GBO-2 
Relay 4A Spuriously Lockout Relay 86E-2 Guide Bearing Oil Transfers Position 

Drops Out Spuriously Picks Up Pump Fails 

IYK24AMRRYT G 2RY B 1 B 
Page 140 

KHU#2 Startup Inhbt Breaker 2DA-4CC Check Valve 2GBO-1 Check Valve 2GBO-1 
Sw 3SUI Sprsly Xirs Transfers Open Fails To Open On Transfers Closed 

to Inhibit K-704 Demand 
KEE-211, -213 

SWT D |BK2GBO1CVOI 

Keowee Reliability Assessment FIGURE F-1 Page 137



Keowee #2 Battery 
Charger Fails 

I XD2KC2F 
Page 55 

Battery Charger KC2 Keowee Standby 
Is Unavailable and Battery Charger SBC 
Is Not Recovered Not Lined Up in 1 

Hour 

XD2KC2 XD2KB2XRHE 

125 Vdc Breaker 2DA- 600 Vac MCC-2XA 
5C (from Charger Fault 

KC2) Transfers Open 

XD2D CCBFI AABTD 

Keowee Reliability Assessment FFIGURE F-i Page 138 

0 O O



Tu2bineiGuide Turbine uide 
GuidengearingcculGuide Bearing Oil 

System 
FalOccursn 

BK2100BBK220 

danual Valv 2GBi8 Mau Valve 2GO- Manual Vav2GO5Ui CadD anaVle2B- itr2BF 

Purn Train Ocaira PumprainT rils F 

000lbi OURF g 
Transfers Position Transfers PUnstt2oA Trnfr oiinTurbine G u nit 2TCT rbin fr oiinBeoe lge 

Guide Bearing Oil Guide Bearing Oil 
Pump Train Fails Pump Train Fails 

BK2500 IBK2600 

Page 137 Page 149 

Keowee Reliability Assessment FIGURE F-1 Page 139



Unit 2 AC Turbine 
Gude Bearing Oil 

Pump Fails 

Page 137 r BK25S0 

Page 149 

Loss of Power on Unit 2 AC GBO Pump 
Kee 600 Vac MCC- Control Switch 

2XA S188A Spurious 

Operation 

r age 128 

600 V Circuit Unit 2 AC Turbine 
Breaker 2XA-1C GBO Pump Fails To 

Transfers Position Start 

BK2GOACGPS| 

Unit 2 AC Turbine 
GBO Pump Fails To 

Run 

Keowee Reliability Assessment FIGURE F-i Page 140



Ae00 S it r 600tVac SwitchgarC 
6Nom o OP Rep 6r Twran 

FailsFaiis 

XA2XNAXE 
Page 1456 

S cAir Cir cuit Br eaker Air Circuit Breaker 

2 Fails T Connect1aFailsTXFailse LOO Re p ens Du 6T T se rOpn2Tases pn 

Unt2 Ft Thece Fail 

I ACB2CLE|S F 1FXT XA C 

Pag 66 Pege14 Pg 12 Pgee 

6wFails T FIGUREOpesFuePToeT 

Page142 age 143 

Ke we Relabiit As e sm n FI UR F- 14 Pa e 141



Page 141 
7 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker CCF of Aux Power Common Cause Air Circuit Breaker 
6 Falls To Close 6 Fails To Close 6 Fails To Close Breakers ACB-6 & -8 Failure Of ACB-5 6 Key Interlock 

Due To Mechanical Due To Electrical Due To A Latent And ACB-6 To Close Switch Transfers 
Failure Failures Human Error Open 

AB6MCH2DEX I ACB6ELECC IAXA2BKRSCOM| XA56BKRCOM AB6KEYISWT 

Air Circuit Breaker Ar Circuit Breaker Air Circuit Breaker 
6 Falls To Close Due 6 Fails To Close 6 Control Power 

To EleTrical Failu oDue To Control Fails 
res Of The Breaker Failures 

I ACB168REAK ACB6CNTRLC I ABDPRI 

Page 143 Page 143 

Air Circuit Breaker Air Circuit Breaker 
6 Close Coll CC 6 Y-relay Spurious 
Fails On Demand Operation 

I A652CCRYDIIA622Y 

O OO 

I I 
Air Circuit Breaker One Or More Control 6 Relay 52X FaRls Power Fuses For X.  To Operate Y And CC Fail 

I AB6R5XRYD II AB610A1FUFI 

Air Circui Breaker 
6 Relay 5 2Y Failed 

To Drop O ut At Last 
Demand 

Keowee Reliability Assessment FIGURE F-1 T Page 142



Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
6 Fails To Control Power 6 Opens ue To The 
Due To Control Fails LOOP 

Failures A ACB16CNTRLC AIACB6DCPWR I A NACB60PENI PageACB6CNTRLC Page 142 Page 141 ePage 
144 

Page 147 

Manua/Auto Control Transformer 2X Breaker 2AL In 125V Air Circuit Breaker 
Switch 143/2 Undervoltage Relay dc Distribution 6 Fails To Open 

Spuriously Transfers 27/2X Fails To Pick Center 2DA 
Into Manual Up Transfers Open 

AB61432SWT AA2272PR6 AD282ALCDT PEN 
Pge 144 

Manual/Auto Control Auxiliary Relay 
Switch 143/2 Left 27X/2X Fails To 

In Manual Operate On Demand 

AB6132LHE elia A2RYD | 

Keowee Reliability Assessment FIGURE F-i Page 143



Air ircit Beakr Ai CicuitBreerAir Circuit Breaker 
6 Fals T Ope Due6 Fals T Ope Due6 Fails To OpenDu 

P-age 14ACB0 E L 
Page 146, 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
6 Fails To Open Due 6 Fails To Open Due 6 Fails To Open Due 

To Mechanical To Electrical To A Latent Human 
Failure Failure Error 

AB6MECHDEX [ACB6ELEC0j AB60PENLHE| 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
6 Fails To Open Due 6 Trip Coil 52TC 6 Control Power 

To Control Failures Fails Fails To Fails 

Operate 

ACB6CNTRLO AB652TCRYD R 

Page 143 

Manual/Auto Control Auxiliary Relay 
Switch 143/2 27X/2X Fails To 

Spuriously Transfers Operate On Demand 
Into Manual 

AB61432SWT AA227X2RYD 

3 3 

Manual/Auto Control One Or More Control 
Switch 143/2 Left Power Fuses For 

In Manual Relay 27X/2X Fail 

IAB61432LHEI I AB610AFFUF 

Transformer 2X 
Undervoltage Relay 

27/2X Fails To Drop 
out 

| AA2272XR6D 

Keowee Reliability Assessment FIGURE F-1 Page 144



Air Circuit Breaker 600 Vac Switchgear 
6 Transfers Open 2X Alternate Power 

Source, Xfmr CX, 
Fails 

Page 141 ACB6TRANS Page 141 XA2XE 

Transformer 2X Switchgear 2X 4160 Vac Breaker Loss of Power on 
Undervoltage Relay Lockout Relay 1TC-4 Transfers ONS-1 ESG 

27/2X Spuriously De- 86S/2X Spurious Open Switchgear 1TC 
energizes Operation 

XR6 AA286S2RYT C4C4 

tPage 
60 

Auxiliary Relay Air Circuit Breaker 4160/600 Vac Air Circuit Breaker 
27X/2X Spurious 6 Trip Col 52TC Transformer CX Is 8 Fails To Close 

Operation Spurious Operation in Maintenance 

X2R TCR XTHM |ACB8CLOSE 

Page 146 

Main Step Up Trip Pushbutton On 4160/600 Vac Air Circuit Breaker 
Transformer Lock ACB6 Spurious Transformer CX Fails 8 Transfers Open 

Out Relay 86T Operation 
Actuates 

SPBT XCXXTLF | |ACB8TRANS I 
Page 69 A Page 148 

Keowee Reliability Assessment FIGURE F-1 Page 14



Page 145 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker CCF of Aux Power Common Cause Air Circuit Breaker 
6 Fails To Open 8 Fails To Close 8 Fails To Close Breakers ACB-6 & -8 Failure Of ACB-7 8 Key Interlock 

Due To Mechanical Due To Electrical And ACB-8 To Close Switch Transfers 
Failure Failures Open 

I ACB6SOPEN I IAB8MCH2DEX | | ACB8ELECC | XA2BKRSCOM I |X7KCOM I AB8KEYISWT 

P age 144 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
8 Fails To Close Due 8 Fails To Close 8 Control Power 

To Electrical Failu Due To Control Fails 
res Of The Breaker Failures 

ACB8BREAKC IACB8CNTRLC ACB80CPWR 

A Page 147 
Page 147 

Air Circuit Breaker Air Circuit Breaker 
8 Close Coil CC 8 Y-relay Spurious 
Fails On Demand Operation 

AB852CCRYD ||AB852Y2RYT 

Air Circuit Breaker One Or More Control 
8 Relay 52X Fails Power Fuses For X, 

To Operate Y And CC Fail 

BR52XRY 8A1F UF 

Air Circut Breaker 
8 Relay 52Y Failed 

To Drop Out At Last 
Demand 

I ABRS2YRYDI 

Keowee Reliability Assessment FIGURE F-1 Page 146



00 

Air Circuit Breaker Air Circuit Breaker 
8 Fails To Close 8 Control Power 
Due To Control Fails 

Failures rC N 
Page 146 ACB8CNTRLC Page 146 P W R 

Manual/Auto Control Auxiliary Relay Air Circuit Breaker 
Switch 143/2 27X/CX2 Fails To 6 Control Power 

Spuriously Transfers Operate On Demand Fails 
Into Manual 

| B132SWT | AC2RYD | ACB6DCPWRI 

Page 143 

Manual/Auto Control Auxiliary Relay 
Switch 143/2 Left 143X/2 Spuriously 

In Manual Energizes 

AB42LHE |B32RYW 

Transformer CX Time Delay Relay 
Undervoltage Relay 83S8 Fails To Pick 

27/CX2 Fails To Up 
Pick Up 

AA22CPR6Da A 88s 8RY | 
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Air Circuit Breaker 
8 Transfers Open 

ACB8TRANS 
Page 145 

Transformer CX Switchgear 2X 
Undervoltage Relay Lockout Relay 
27/CX2 Spuriously 86S/2X Spurious 

De-energizes Operation 

I - I 

AA272R6 A8S2Y 

Auxiliary Relay Air Circuit Breaker 
27X/CX2 Spurious 8 Trip Coil 52TC 

Operation Spurious Operation 

I Ij 

I A22RY | BTRYTI 

Transformer CX Trip Pushbutton On 
Differential Relay F ACB8 Spurious 
87CX Spurious Operation 

Operation 
AA17CXYT| ASHPBTI 

Transformer CX 
Differential Lock 

Out Relay 86CX 
Spurious Operation 

AA186 RXRYT F 
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Page 13! 

Unit 2 DC Turbine Check Valve 2GBO-3 Manual.,Valve 2GBO-4 Check Valve 2GBO-3 Flow From DC Guide Unit 2 D ubn 
Guid BeringOilFais ToOpe OnTranfer Poitio Trnsfes Cose BeaingOilPumpGBOPum Trinei 

Pump Fails Demand Diverted Through AC Maintenac 
Pump 

B K2650 I IBK2GBO3CVO || K2GBO4VVT | KGO3V K2560 | KGDCRw 

A Page 150 

Unit 2 AC Turtbine Check Valve 2GBO-1 
Guide Bearing Oil 7 iFails to Close on 

Pump Fails Demand 

Page 140 
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Unit 2 DC Turbine 
Guide Bearing Oil 

Pump Fails 

Page 149 BK2650 

Loss Of Power On Unit 2 DC GBO Pump 
Keowee 2 125V dc Control Switch 

Dist.Cntr.2DA S188D Spurious 
During Run Operation 

X! R IBK2188DSWT 

TPge 
55 

DC Circuit Breaker Latent Human Error 
2DA-1B Transfers Fails Unit 2 DC 

Position Guide Bearing Oil 
Pump Discharge Path 

BK2DA1BCDT I BK2BCH 

Unit 2 DC Turbine Unit 2 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Start On Demand Pump Start Signal 
Fails 

rBK2GB3DCGPS IB26 

Page 151 

Unit 2 DC Turbine Unit 2 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Run Pump Run Signal 
Fails 

I KDCGPR A K26 
Page 153 
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Unit 2 DC Turbine 
Guide Bearing Oil 
Pump Start Signal 

2 VE Fails 

Page 150 BK2660 

Keowee 2 S/D Sol. Demand 
Aux. Relay 99SX or t nrieo i i upAx ea 

GBO Low Aux. Relay Pm u.Rly8X8A al oDo 
63TA/2X FailFaltoD pouOt 

BK2660A BK2660C 

K2 Shutdown Keowee 2 Brng. LowA e et F F-i Page 15 
Auxiliary Relay Oil Level Aux. Rly4 al oRly8XFist 

99SX Fails To Pick Relay 63TA/2X FailsPikU OnSatDo Ou 
Up On Start To Energize 

YK299SXSRT I BK2661A IKM4AR 

A Page 115 
A Pg 1 Pg 5 

Keowee 2 Unit 2DC TurbineNo2 
Oil~~Gud Bearin OilBerngOl ee 

Relay63TA2X Fils Sitch63Failsl 

BIKBK2660YD 

KeoweKowe eM 4Aiailt Failsmen T Unit 2 - ACg Beain



Keowee 2 GBO Level Keowee 2 Rotation 
Relay 88X Fails to Sensing Aux. Relay 

Drop Out 14DX Fails to 
Remain Energized A BK2661 C BK2760B Page 151 Page 153 

Page 163 

Keowee 2 Turbine Turbine No. 2 Keowee 2 Rotation Keowee 2 Speed 
Guide Bearing Oil Bearing Oil Level Sensing Aux. Relay Switch 14/2 

Relay 88X Fails to Switch 63TA Fails 14DX Spurious Spuriously 
Drop Out on Demand Operation Transfers Closed 

rBK2088XRYO BK263TALSD IK1DXV 

Keowee 2 Relay Keowee Rotation 1 25 Vdc 
63TA/1X Fails to De- Sensing Timer 14T2 nBrseake 2r 

energize Fails to Remain De- Trans ers 
energized 

~R Y D XT2 RA3Bc DT 

Keowee Reliability Assessment TFIGURE F-i Page 152 
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Uni 2 DC Turbine 
Guide Bearing Oil 
Pump Run Signal 

Fails 

BK2760 
Page 150 

Keowee 2 S/D Sol. Keowee 2 Rotation Keowee 2 Master Unit 2 AC Bearing 
Aux. Relay 99SX or Sensin Aux. Relay Relay 4A or Oil Oil Pump Aux. Relay 

GBO Low Aux. Relay 14DX Fails to Pump Aux. Relay 88X 88AX Fails to 
63TA/2X Fail Remain Energized Run Failure Occurs Remain De-energized 

BK2760A |BK2760B YKSXBK2760C2BK288AXRYT| 

b age 152 Page 154 

A I 
Keowee 2 Shutdown Keowee 2 Turb. Brng.  

Aux. Relay 99SX Low Oil Level Aux.  
Fails to Remain R iy 63TA/2X Fails To 

Energized Remain Energized 

IBK2760SX | BK2761AI 

Shutdown Auxiliary Keowee 2 Shutdown Keowee 2 Turb. DC Circuit Breaker 
Relay 99SX Auxiliary Relay Brng. Low Oil Level 2DA-2AR Transfers 

Spuriously Drops Permissive Ckt Aux. Relay 63TA/2X Position 
Out s Fails During Run Spurious Operation 

YK299SXPage 136 

Turbine No. 2 
Bearing Oil Level 

Switch 63TA 
Spurious Operation 

| BK63tALST 1 

Keowee Reliability Assessment FIGURE F-i Page 153



Keowee 2 Master WL Fails To Cool 
Relay 4A or Oil Keowee 2 Turbine 

Pump Aux. Relay 88X Packing Box 
Run Failure Occurs IA 

Page 153 BK2760C Page 5 FK2200 

Keowee 2 Master Turbine No. 2 GBO Manual Valve 2WL-9 No Flow Through 
Relay 4A Drops Out Level Relay 88X Transfers Position Cooling Water 

During Run Fails to Remain De- Filter 2WLFL-3 
energized 

YK2MR4ARUN BK2761C |FK2110 

Page 137157 

Keowee 2 Turbine Turbine No. 2 Turbine Packing Box 
Guide Bearing Oil Bearing Oil Level Heat Exchanger 

Relay 88X Spurious Switch 63TA2TH-Fal 
Oper ation Spurious Operation 

WL FailsCl 

B208RTBK263TALST FK2TRHXH-X 1

Keowee 2 ur bLine 

Transiers PostiorColigiWte 

I F2WO9W3|| F210 

Keowe ReiablityAssssmet FGUREF-1Page 15



Turbine Sump System 
Fails to Remove 

Turbine 2 Leakage 
During Keowee Run 

Page 124 PK22000 

Turbine No. 2 Pump Common Cause Turbine Number 2 
Trains Fails Failure of Unit 2 Packing Fails And 

Turbine Sump Pump Causes Flooding 
System 

P C PK22001 PK2ACIPK2PACK| 

Turbine No. 2 AC Turbine No. 2 DC WL Fails To Cool Turbine Packing Box 

Pump Train Fails Pump Train Fails Keowee 2 Turbine Heat Exchanger 
Packing Box 2TRHX-1 Fails 

PK2100 PK20FK2200 I FK2TRHXHXF 

Page 156 Page 154 

Turbine No. 2 AC Check Valve 2TS-2 Manual Valve 2TS-1 Turbine No. 2 

Pump Fails Fails to Open or Transfers Position Packing Fails 
Transfers Closed 

PK21 10 |PK2TSO2CVT I PK2TS01VVT I |PK2PACKDEX| 

Loss ofPwer on Unit 2 AC Turbine 

Keowee 600 Vac MCC- Sump Pump F loat 

2XA Swvitch 63SA Fails 

IXA2XA PK263SALST I 

Page 128 

Low Voltage Circuit AC Sump Pump 2TSPU

Breaker 2XA-2C 1 Fails To Start Or 

Transfers Position Run 

PK2XA2CCLT | PK2TSACGPR 
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Turbine No. 2 DC 
Pump Train Fails 

Page 155 PK2200 

Turbine No. 2 DC Check Valve 2TS-4 Manual Valve 2TS-3 Turbine No. 2 DC 
Pump Fails Fails to Open or Transfers Position Pump Train In 

Transfers Closed Maintenance Or 
Testing 

PPK2210 1 PK2TS3WTI PK2TSDCTRM 

Loss Of Power On Unit 2 DC Turbine 
Keowee 2 125V de Sump Pump Float 

Dist.Cntr.2DA Switch 63SB 
During Run Transfers 

I XD2DR I |PK263SBLST| 

Page 55 

125 Vdc Circuit Latent Human Error 
Breaker 2DA-1C Fails Turbine No. 2 

Transfers Position DC Sump Pump 

DC Sump Pump 2TSPU
2 Fails To Start Or 

Run 

Keowee Reliability Assessment FIUE F-1 Page 156



No Flow Through No Flow Through 
Cooling Water Cooling Water 
Filter 2WLFL-3 Filter 2WLFL-1 

FK2110O FK2120 
Page 154 Page 157 

Page 162 

No Flow Through Manual Valve 2WL-6 Filter 2WLFL-1 Locked-Open Manual 
Cooling Water Transfers Position Becomes Clogged Valve OWL-1 
Filter 2WLFL-1 Transfers Position 

! K0P 5| FKO6VV FK2FLO1FRF IFKOWL01VVT Page 157 

Manual Valve 2WL-3 Manual Valve 2WL-7 
Transfers Position Transfers Position 

I K2LOVV |FKO7VVT 

Manual Valve 2WL-4 Manual Valve 2WL-8 
Transfers Position Transfers Position 

IFK2WLO4VVT 

II 
Manual Valve 2WL-5 Filter 2WLFL-2 

Transfers Position Becomes Clogged 

FK2WLO5VVT FO2FR 

Keowee Reliability Assessment FIGURE F-1 Page 157



Ke 2Keowee Unit 2 
S eeGenerator 

Transfersitaio OpnaabntianlFi 

A While The Unit Runs 

To Start Or Run .a 

SPLYTRANS2 I_ | XCIAS IXRN KEt2G 

AA Page 159 
T ag 5 

n Keowee Unit 2 Relay Assmn FIUR F-i Page 158 ply 41/AX Spuriously 
BraerTipS~ ch ResetsGeeaoOuptWtDisGnrtr 

Whil Theptbl Unite RunsToHih/o 

II IKBS2 

KeoeKeowablie Unisme t 2IUR Fiel Keowe Unt25ewe8ni



Keowee Unit 2 Keowee Unit 2 Field 
Generator Excitor Breaker Transfers 
Cabinet Fans Fail Open 
To Start Or Run A 

Page 15 EXCIFANS2 Page 68 FLDTRANS2 

Page 158 

Keowee Unit 2 Keowee Unit 2 Fan Keowee Unit 2 Relay Keowee Unit 2 Field 
Generator Control Relay 88SV 99SY Drops Out Breaker Trip 

Excitation Fan Power Prior To Or During Control Switch 
Transformer Fails The Run Transfers Position 

EK2FAN1TLF EK288SVRYT EK299SYRYT 1TSW 

Keowee Unit 2 Relay Keowee Unit 2 Breaker 3BR In 125V Keowee Unit 2 
41/AX Fails To Pick- Exciter Fan Supply dc Distribution Generator Lockout Au 

up And Latch Diode Bridge Fails Center 2DA xiliary Relay 86EX-1 
Transfers Open Spurious Actuation 

EK241AXR6D EK2DIODDEX EDEK286X2RYT 

Keowee Unit 2 Relay Keowee Unit 2 
41/AX Spuriously Excitation Cabinet 

Resets Fan Fuses Fail 

EK241AXR6T E30AFU 

Keowee IUnit 2 Fan 
Control Relay 88SV 

Fails On Demand 

K EK288SVRYD 

Keowee Reliability Assessment FIGURE F-1 Page1



Keowee Unit 2 
Generator Fails 

While the Unit Runs 

KU2GENRUN 
Page 

124 
7 

Keowee Unit 2 Emer. Keowee Unit 2 Keowee Unit 2 Keowee Unit 2 Spurious Actuation 
Lockout Due to Generator Fault Generator Support Generator Fails Due of Unit 2 Gen. CO2 

Spurious Actuation o While the Unit Runs System Fails to Water in Gen. Fire Supression 
f Gen Protect Relays I II II I Enclosure System 

|GK2SUPRT I GK2WLLEAK | GK2FIREDEX 
Page 122 Page 178 

Keowee Unit 2 Keowse Unit2 
Generator Bearing Generator Coolin 

Support System Fails Fails 

I GK2BRSUP I IGK2GENCOOLI 

77 A Page 174 

Unit 2 Generator Genrator Bearing 
Bearing Cooling Oil Leak Because 

Failure Manual Valve 2HPO-6 
Transfers Position 

GK2120GK2HPO6VVT 

WL Fails to Suppr Keowee 2 Generator 
Unit 2 Generator Bearing Oil Cooler 
Thrust Bearing Fails 

Coolers 

FK2300I GK2310 

Page 161 age 165 

Keowee 2 Generator Keowee 2 Gen. Brng 
Bearing Oil Cooling Oil Cooling Flow Pat 

Water Discharge h Vfvs Mispositioned 
Fails After Maintenance 

[GK-RG | GKBRVLEI 

A Page 164 

Keowee Reliability Assessment FIGURE F-17 Paae 160



WL Fails to Supply Keowee 2 Master 
Unit 2 Generator Relay 4B Drops Out 
Thrust Bearing During Run 

Coolers 

| FK2300 YK2MR4BRUN 
Page 160 Page 162 

No Flow Through Manual Valve 2WL-43 Keowee 2 Master Keowee 2 Emergency 
Cooling Water Valve Transfers Position Relay 48 Spuriously Lockout Relay 86E-2 

2WL-12 Drops Out Spuriously Picks Up 

FK2310 FK2WL43VVT K24BMRRYT G 
Page 162 

Manual Valve 2WL-42 KHU#2 Startup Inhbt Breaker 2DA-4CC 
Transfers Position Sw 3SUI Sprsly Xfrs Transfers Open 

to Inhibit K-704 
KEE-211, -213 

FK2WL42VVT K23SUISWT 

Keowee Reliability Assessment FIGURE F-1 Page 161



No Flow Through 
Cooling Water Valve 

2WL-12 

Page 16, 
FK2310 

Page 
174 

No Flow Through Cooling Water Manual Valve 2WL-12 
Cooling Water Control Valve 2WL- Transfers Position 
Filler 2WLFL-1 11 Fails Closed 

FK2120 FK2500 FK2WL12VVT 

Page 157 

Cooling Water Cooling Water Solenoid Valve 2SV
Control Valve 2WL- Control Valve 2WL- 1 Not Commanded to 

11 Fails To Open On 11 Transfers Closed De-energize 
Demand 

I FK2WL11AVO| FK2WL11AVT FK2510 

Unit 2 Control Unit 2 Oil Pump 
Switch S120G or Aux. Relay 88X or Ro 
Master Relay 4B taion Sensing Aux.  
Fails to Operate Relay 14DX Fail 

FK2520FFK2530 

Page 183 

Unit 2ControluKeowe 2 o Master 
Switch S120G Relay 4B Drops Out 

Spurious Operation During Run 

KEE-213 
FK2204RSYD IFYK2MULHE 

Keowee Reliability Assessment FIGURE F-i Page 162



Unit 2 Oil Pump 
Aux. Relay 88X or Ro 

tation Sensing Aux.  
Relay 14DX Fail AI 

Page 162 FK2530 

Unit 2 Turbine GBO Keowee 2 Rotation Keowee 2 Rotation 
Level Relay 88X Sensing Aux. Relay Sensing Aux. Relay 
Fails to Remain 14DX Fails to 14DX Fails to 

Energized Energize Remain Energized 

| FK540I IB2661 6 K2760B 
Page 164 Page 152 

Turbine No. 2 Loss Of Power On 
Bearing Oil Level Keowee 2 125V dc 

Switch 63TA Dist.Cntr.2DA 
Spurious Operation During Run 

BK263TALST 

Page 55 

Keowee 2 Turbine DC Circuit Breaker 
Guide Bearing Oil 2DA-2AR Transfers 

Relay 88X Spurious Position 
Operation 

Keowee 2 380 Level 
Relay 63TA/1X 

Spurious Operation 

Keowee Reliability Assessment FIGURE F-1 Page 163



Keowee 2 Rotation Keowee 2 Generator 
Sensing Aux. Relay Bearing Oil Cooling 

14DX Fails to Water Discharge 
Energize Fails 

I BK2661 B P GK2BRGDSCH 
Page 163 Page 160 

Keowee 2 Rotation Keowee 2 Speed Manual Valve 2WL76 Manual Valve 2WL78 
Sensing Aux. Relay Switch 14/2 Fails Transfers Position Transfers Position 

14DX Fails to On Demand and Blocks and Blocks 
Energize Discharge Path Discharge Path 

BK214DXRYD IBK214/2SSD |GK2WL76VVT GK2WL78WT 

Keowee 2 Rotation 
Sensing Timer 14T2 
Fails to De-energize 

Keowee Reliability Assessment FIGURE F-1 Page 16



Keowee 2 Generator 
Bearing Oil Cooler 

Fails 

P GK231 0 
Page 160 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 
2HPOHX-1 2HPOHX-5 

age 166 Page 170 

I I 
WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 
2HPOHX-2 2HPOHX-6 

16I 

age 167 Page 171 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 
2HPOHX-3 2HPOHX-7 

I GK2313 IIG21 
age 168 Page 172 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 
Bearing Cooler Bearing Cooler 

2HPOHX-4 2HPOHX-8 

Page 169 Page 173 

Keowee Reliability Assessment FIGURE F-1 Page 1



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

2HPOHX-1 

Page 165 GK231 1 

Manual Valve 2WL144 M u Valve 2WL 

==3z=2HPOH-1 
7 

|GK2311 |V 

Keowee Reliability Assessment FIGURE F-i Page 166 
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WL Fails to Coot 
Generator Thrust 
Bearing Cooler 

2HPOHX-2 

Page2AGK2312 

anaGVe2WL-48 MauaKae2WL-49G2LO 

Keowee ~a Reiblt sesen FIUEL-7ag 
6 

Inle to eneatorFlowto enertorGenerator Thrust 
Thrut Barig ThustBeingBearing Cooler 

Coole 2HPHX-2is Coler2HPOH-2 i 22HPOHX-2il 

GK2312| GK23128 

Trasfes osiio TrnsfrsPostin Tanser P lo w toGn rator er Gesti n ertrTrs 

Keowe~Thus Bearingit Bearingen CoolRErF1 Pg



WL Fails to Cool 
Generatot Thruto 

Bearing Cooler 
2HPOHX-3 

r GK2313A3 

Page 
165 

MuVv2L 

KnleowGeeator Reiailt Assessmratent FIGThrr us 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-3is Coler2HPOH-3 i 22HPOHXFai3 

GK2313AGK23133 

Keo eeRelablit Asesmet F IG RE -1Page 16



Generator Thrust 
Bearing Cooler 

C 22HPOHX-4 
GK2314 

Page 165 
Inle to eneatorFlowto enertorGenerator Thrust 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-4is Coler2HPOH-4 i 22HPOHX-4il 

GK2314 GK23144B 

Trasfes osiio TrnsfrsPostin Tanser P Fit o w toGn rato r s Gesti n ertrTrs 

|V GK2314B | GK2HPO4HXF 
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WL Fails to Cool 
Generator Thruto 
Bearing Cooler 

2HPOHX-5 

|r GK2315A5 

Page 165 LMuVe 
Inle to eneatorFlowto enertorGenerator Thrust 

Thrut Barig ThustBeingBearing Cooler 

P 165WL1 VO GK2315 V 

Keowee Reliability Assessment FIGURE F-i Page 170 
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WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

2HPOHX-6 

GK2316 
Page 

165 

KnleowGeeator Reiailt Assessmratent FIGThrr us 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-6is Coler2HPOH-6 i 22HPOHXFai6 

GK2316A ~ ~ GK2316B IG2P0H 

Manual ~ ~ ~ ~ ~ ~ ~~ ooe 2HPOHX- is-4Mna av 2L6 aulVle W-6Mna av 2 HPOX--Fil 

TasesPosition Transfers Position Transfers Position Transfers Position 

I .KW64VVT |GK2WL65VVT |G2L6V KW6W 
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WIL Fails to Cool 
Generator Thrust 
Bearing Cooler 

Coole 
2HPHX-7 

GK2317 
Page 

165 

; 

Inlet ~ ~ ~ ~ ~ ~ ~ Gneao Thrusto Fo o eeatrGneao Trs 
Thrust ~ ~ ~~ Barn Cooler rutBerngBarn Coe 

Coole 2HPHX-7is Coler2HPOH-7 i 22HPOHXFai7 

GK2317 GK23 

KeoweeeFl Relabiit Generator FIGUenet Thrust Pa 
GKIWGK2317B G |27 GK2POHX 

Keowe Ieiblt sesetFGR - ae12



W, Fails to Cool 
Generator Thrust 
Bearing Cooler 

2HPOHX-C 

A GGK2318 
Panle165 

KnleowGeeator Reiailt Assessmratent FIGThrr us 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-8is Coler2HPOH-8 i 22HPOHX-8il 

BlockedDiverted 

GK2318 GK2318B GK2HPO8HXF 

Manul Vlve W MnualVale 2W-73Manual Valve 2WL-74 Manual Valve 2WL-75 
TasesPositio Transfers Position Transfers Position Transfers Position 

.KW72VVTJ GK2WL73VVT | KW7VTIGK2WL75VVT 

O O0 
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Keowee Unit 2 
Generator Cooling 

Fails 

GK2GENCOOL 
Page 160 

WL Fails to Supply Keowee 2 Generator Keowee 2 Manual Keowee 2 Gen. Air 
Unit 2 Generator Air Cooler Fails Valve 2WL-41 Transfe Cooler WL Flow Path Air Coolers rs Position to Block Vivs Mispositioned 

Discharge Path After Maintenance 

IFK2400 IIG21 KW4VT|G2OLH 

Page 175 

NoFo Through Manual Valve 2WL-15 
Coln Vater Valve Transfers Position 

2WL-12 

Page 162 

Keowee Reliability Assessment FIGURE F-1 Paae 174



Keow e 2 Generator 
AirCCooler Fails 

Page 174 GK2410 

WL Falls tColWL Falls to Cool WL Fals to Cool WL Fails to Cool WL Fails to Cool WL Falls to Cool 
Generator Air Generator Air Generator Air Generator Air Generator Air Generator Air 

Cooler 2GAH 1 Cooler 2GAHW-2 Cooler 2GAHW-3 Cooler 2GAHW-4 Cooler 2GAHW-5 Cooler 2GAHW-6 

Page 1768 Page 176 Page 177 Page 177 

Manual Valve 2WL-38 Generator Air Manual Valve 2WL-28 Generator Air 
Transfers Position Cooler 2GAHW-1 Falls Transfers Position Cooler 2GAHW-3 Fails 

I GK2WL36VVT I GK2GAC1 HXF |GK2GAC3HXF 

Manual Valve 2WL-37 Manual Valve 2WL-29 
Transfers Position Transfers Position 

I GK2WL37VVT A s smGK2WL29VVT F 
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WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-2 Cooler 2GAHW-4 

GK241rGK2414 
Page 175 GK2412 Page 175 

Manual Valve 2WL-32 Generator Air Manual Valve 2WL-24 Generator Air 
Transfers Position Cooler 2GAHW-2 Fails Transfers Position Cooler 2GAHW-4 Fails 

IGK2WL32VVT IGK2GAC2HXF IGK2WL24VVT GK2GAC4HXF 

Manual Valve 2WL-33 Manual Valve 2WL-25 
Transfers Position Transfers Position 

GK2WL33WTG25VV 

Keowee Reliability Assessment FIGURE F-1 Page 176



WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-5 Cooler 2GAHW-6 

GK2415 A GK2416 
Page 175 Page 175 

Manual Valve 2WL-20 Generator Air Manual Valve 2WL-16 Generator Air 
Transfers Position Cooler 2GAHW-5 Fails Transfers Position Cooler 2GAHW-6 Fails 

GK2WL20VVT GK2GAC5HXF GK2WL16VVT IGK2GAC6HXF 

Manual Valve 2WL-21 Manual Valve 2WL-17 
Transfers Position Transfers Position 

K2W L21V Reliab t G-L 7 VVT | 

Keowee Reliability Assessment FIGURE F-i Page 17



Keowee Unit 2 
Generator Fails Due 

to Water in Gen.  
Enclosure 

GK2WLLEAK 
Page 160 

Keowee Unit 2 WL Keowee Unit 2 Gen.  
Valves Leak Into Air Coolers Leak 

Generator Enclosure Into Generator 
Enclosure 

GK2WLVLEAK GK2HXLEAK 

P a t 179 

Heat Exchanger Heat Exchanger 
2GAC1 Leaks 2GAC4 Leaks 

GK2GACHXL CHX 
Heat Exchanger Heat Exchanger 
2GAC2 Leaks 2GACS Leaks 

IGK2GAC2HXL IG2ASX 

Keowee Reliability Assessment FIGURE F-i Page 
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Keowee Unit 2 WL 
Valves Leak Into 

Generator Enclosure 

Page 178 IGK2WLVLEAK 

Manual Valve 2WL18 Manual Valve 2WL30 
Transfers Position tTransfers Position 

I GK2L18VV I |GK2WL30VVT| 

Manual Valve 2WL19 Manual Valve 2WL31 
Transfers Position Transfers Positon 

( GK2WL19 GK2WL31VVT I 

Manual Valve 2WL22 Manual Valve 2WL34 
Transfers Position Transfers Position 

I GK2WL22VVT I GK2WL34VVT| 

I--I 
Manual Valve 2WL23 Manual Valve 2WL35 

Transfers Postin Transfers Position 

I GK2WL23VYT I I GK2WL35VVT| 

Manual Valve 2WL26 Manual Valve 2WL38 
Transfers Position Transfers Position 

I GK2WL26VYT I GK2WL38VVT 

Kewe Reiblt sesetFGR0- ae1



Air Circuit Breaker 
4 Transfers Open 

I ACB4TRANS 
Page 105 

Circuit Breaker Air Circuit Breaker PAr Circuit Breaker 
Trip Coil 4 Trip Signal 4 Relay 52Z 

rous Operation Srious Operation 

3452TCSVTIACB4TRIP | 

Pagee 122 

Underground 
Feeder Control Switch 152Lockout Relay 86EF 4 Spurious Operation 
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Power To CT3 Via 
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2 Fails To Close 
Due To Control 

Failures 

A ACB2CNTRLC 

Air Circuit Breaker Operators Fail To 
2 Fails To Close Close Air Circuit 

Automatically Breaker 2 

ACB2AUTOC IABEOPRRHE 

KU2STARTR ||FLDCLOSE2 IK5TRDSCSTP 

Field Breaker ~Air Circuit Breaker Mi tpU 

Translorme #1nac 1a C ls in l os Signal F rom frerLc 

2Fails To Close 

it Stat Is Rquire FaI lurese 

ACB241 ACB2CSNLC 
Page 66 

Is ~ ~ ~ ~ ~ ~ ~ i Circuitd BreakerFalTo2D;iso Operatorset FigailT 
2ls FalsTaCoslos i ici 

2rnfrmr# Close Signals Fai ranfrerLc 

Drop Out 

aPag 696 

Keowee Reliability Assessment DFIGURE F-i Page 193



Keowee Unit 2 Relay KHU2 Field Breaker NSM-ON-52966 Is Not Keowee 2 Master NSM-ON-52966 Is In Auxiliary Relay 

99SYerto FalFoPc-i p Control SwthanSevcel ay 4AFilaoievies X2FisT ik 
up eke Spri u riou prto ikU nSatu 

I K9SRDIIE214STIABMD(YK2R4ASRT I NTAC24MODI EK299SXRYD 

Page116 GFBRIS Page 115 KNOO Page 1 2 M 

Keowee Reliability Assessment FIGURE F-i Page 194 

0' 0s



Switchyard Isolate 
Complete Signal 

Fails 

Page 215 ISPCISLTCPT 

Page 193 

Switchyard Isolate Switchyard Isolate 
Complete Channel 1 Complete Channel 2 

Fails Fails 

SPCISOCCH1 SPCISOCCH2 
Page 249 

Loss of Power on Channel 1 Swyd 
125 Vdc Switchyard Isolated Rly, 
DC Panelboard DYC 27X/SC1, Fails to 

Pick Up 

Page 216 

Channel 1 Swyd 125 Vdc Swyd 
Isolated Time Delay Control Power PnIbd 

Rly, 27XTD/SC1, DYC Bkr 12 Xirs Open 
Fails 

S27XTD1RYD |12DT 

SWVYD Yellow Bus 
Isolation Fails 

Page 218 

Keowee Reliability Assessment FIGURE F-1 Page 1
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Air Circuit Breaker Protective Lockouts 
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1 Accumulator de Distribution 3 Accumulator de Distribution 
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Spurious Input From Keowee Unit 2 94GB Spurious Input From 
ACB2 Auxiliary Relay ACB4 

Spurious Operation 

ACB2 SK294GBRYT IACB4 

Air Circuit Breaker Breaker 3CL In 125V Air Circuit Breaker Breaker 3CC In 125V 
2 Accumulator dc Distribution 4 Accumulator Pressu dc Distribution 

Pressure Switch Center 2DA re Switch Indicates Center 2DA 
Fails Low Transfers Position Low Air Pressure Transfers Position 

AB2PSWTPST AD2C3CLCDT AB4PSWTPST AD2C3CCCOT 

Auxiliary Relay 8UX- Auxiliary Relay 8UX
2 Spurious Operation 4 Spurious Operation 

2SB48UX4RYT 

Keowee Reliability Assessment FIGURE F-1 Page 206 

0



0 0 
CT3 Lockout Relay CT3 Associated 

Picks Up Breaker Failure 
Relay Actuates 

Pao I0 SYB6CT3LOR Pag 20 SY62BFCT3I 

6.9kV Neutral 4.16kV Neutral PCB 28 Breaker E13 Bkr Failure 
Ground Relay 51TN Ground Relay Failure Relay 628 Relay 62B 
Spuriously Picks Up Spuriously Picks Up Spuriously Picks Up Spuriously Picks Up 

SY51TN6RYT |SYSTN4RYT| SYP2862RYT I SYE1362RYT 

Differential Relay 230kV Neutral PCB 30 Breaker E23 Bkr Failure 
87T Spuriously Ground Relay Failure Relay 628 Relay 628 

Picks Up Spuriously Picks Up Spuriously Picks Up Spuriously Picks Up 

TRY SY51TN2RYT I SYP302RYT I SYE2362RYT 

Fault Pressure Transformer CT3 
Relay 63FP Lockout Relay 

Spuriously Picks Up Spuriously Picks Up 

3SY86CT3RT 

Differential Relay CT3 6.9kV Start Up 
87B Spuriously Bus Lockout Relay 

Picks Up Spuriously Picks Up 

A Page 20S 
BRYT 

Keowee Reliability Assessment FIGURE F- Page 207



Yellow BusY Locte Breaker Fai ure 
Differential Relay Relay 62X 

87BYY Spuriously Spuiousy Pcks Up 

r-YBYRYT SY8YJRY 

Yellow ~ ~ ~ Bu LockoustBeae Filr 

Difrnia Rea li Relay 62X 
8BYSuiusyASuriously iksU 

Picks Up 

rYRIT SY62XlFRYT 

Yellow Bus Z Phase Breaker Failure Differential Relay Relay 62X2 86BYZ Spuriously Spuriously Picks Up 
Picks Up 

SY87BYZRYT (|SY62X2FRYT| 

Yellow Bus Lockout Breaker Failure 
Relay 86BY Relay 62X 

Spuriously Picks Up Spuriously Picks Up 
I 

I; 
SYR86BRYT |SY62XXFRYT| 

Yellow Bus3 Lockout 
Auxiliary Relay 

86YA9 Spuriously 
Picks Up 

Keowee Reliability Assessment FIGURE F-1T Page 208



Power Circuit Power Circuit 
Breaker 30 Fails Breaker 9 Fails Open 

Open 

I SYPCB30TRP P 2 SYPCB9TRP 
Page 202 

Page 202D 

PCB 30 LOR 86T PCB 30 Relay 94 Differential Relay Differential 
Spuriously Picks Up Spuriously Picks Up 87L Spuriously Auxiliary Relay 

Picks Up 87LX Spuriously 
Picks Up 

SYPL86TRYT I SY30R94RYT SYPL87LRYT SY87LXXRYT 

PCB 30 LOR 86TX Protective Relay 
Spuriously Picks Up 94L Spuriously 

Picks Up 

S 6 YY94 1XRY 

Keowee Reliability Assessment FIGURE F-1 Page 209



,,Overhead 

Path Fails 
on Overload 

OVRLOAD 
Page 202 

Overload erload Sensing 
Susceptibility Fails 

Factor 

OFACTOREX | |OVRLOADSI 

Failure to Loadshed Failure to Loadshed 
RCPs After Startup RCPs Before Startup 

Bus UV Sensing Mod. Bus UV Mod In 
In Service Service 

OVRLDMD I OVRLDNTI 

Startup Bus UV UV Sensing Mod Startup Bus UV Overhead Path 
Sensing Mod Is In Fails to Prevent Modification Is Not Overload Without 

Service Overhead Path Complete Startup Bus UV F Overload Modification 

OMO OMDFOMODNOTI IOMODWOFI 

2RPage 211 Page 214 

Startup Bus UV 
Sensing Mod Is In 

Service 

Keowee Reliability Assessment FIGURE F-1 Page 210



F iFailure of Unit 3 Modification Fails Modification Fails 
to Prevent Overload SU Bas Undernoltage SU Ba Undervonage to Prevent Overload to Prevent Overload 

UnentaRelay UVRelayys7X nerReleaelyUyAs ely27 
Falue ofal Fails to Piifcako Upil Failur Fails2Filr f nt3oiicto Fails toiicto PiailU 

I SU127UVCOM IOMODU1F I SU227VCOM I SU327UVCOM 

K age 212 Page 213 

Unit 1 Startup Bus Unit 1 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Falls 

IS127EUVF I S127E1UVF| 

Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoltage Relay UV Aux Relay 27EX1 

27E Falls Fails to Pick Up 27E1 =Fails Fails to Pic Up 

I S127EUVRYT IIS127EXVRYD II 171VY S127EX1RYD 

Keowee Reliability Assessment FIGURE F-1 Page 211



Unit 2 UV 
Modification Fails 

to Prevent Overload 

OMODU2F 
Page 211 

M 

Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

S227EUVF I|S227E 1UVF 

Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoltage Relay UV Aux Relay 27EX1 

27E Fails Fail s to Pick Up 27E1 Fails Fails to Pick Up 

| S227EUVRYTy Assessmen S22EXR F- S27 RS227EX1RYD | 

Keowee Reliability Assessment FIGURE F-i Page 212



Unit 3 UV 
Modification Fails 

to Prevent Overload 

OMODU3F 
Page 211 
Page 214 

Unit 3 Startup Bus Unit 3 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails E Ckt El Fails 

IS327EUVF I S327E1 UVF| 

Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Standby Bus 
Undervoltage Trip UV Trip Aux Relay Undervoltage Trip UV Aux Relay 27EX1 
Relay 27E Fails 27EX Fails to Pick Relay 27E1 Fails Fails to Pick Up I F. Up 

S327EUVRYT I |SS327EX1RYD 

Keowee Reliability Assessment FIGURE F-1 Page 213



Overhead Path 
Overload Without 
Startup Bus UV 

Modification 

Page 210 IOMODWOF 

Unit 1 Startup Bus Unit 2 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX 

27E Fails Fails to Pick Up 

UVR S227EXVRYD 

I I 
Unit 1 Startup Bus Common Cause 

UV Aux Relay 27EX Failure of Unit 3 
Fails to Pick Up SU Bus Undervoltage 

Relays 
L %THVRVD I UUVCOM 

Unit 2 Startup Bus Unit 3 UV 
Undervoltage Relay Modification Fails 

27E Fails to Prevent Overload 

S227EUVRYT OMODU3F 
Page 213 

Keowee Reliability Assessment FIGURE F-1 Page 214



Overhead Path Is 
Not Completed 

0I 

Page 191 IOPATHTOPC 

Switchyard Power Keowee Unit 2 Fails Transformer CT3 Is 
Circuit Breaker 9 To Disconnect When In Maintenance 
Fails To Close Generating To The 

Grid 

CSPCBO9CF ICIPACB2DISC I9C TSXFRCT3THMI 

SWYD PCB-9 Fails Switchyard Isolate SWYD PCB-9 Closing Switchyard Isolate Keowee Unit 2 Falls Keowee Unit 2 Is 
To Close On Demand Complete Signal Circuit Control Signal Fails To Separate From Supplying The Grid 

Falls Power Fails The Switchyard 

I SPCB009CHC IISPCISLTCPII SPCOB90F L SPCISOLATE IKU2SWYD URN 

Page 195 Page 251 Page 252 age 123 

SWYD PCB-9 Closing SWYD PCB-9 Closing 
Circuit Control Circuit Control 

Power Source 1 Falls Power Source 2 Fails 

SPCB9CDC12 

A Page 250 

Loss of Power on Control Power From 
125 Vdc Switchyard DYE To PCB-9 
DC Panelboard DYE Isolating Diode 

Fails 

SDCDYE SDCEIDDDIF 

Page 239 

125 Vdc Swyd 
Control Power Pnlbd 

DYE Bkr 9 Xfrs Open 

SDCDYE9CDT 

Keowee Reliability Assessment FIGURE F-1 Page 2



Loss of Power on 
125 Vdc Switchyard 

DC Panelboard DYC 

SDCDYC 
Page 195 
Page 221 
Page 223 

I I 

125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYC DC1-1DR Transfers 

Is Faulted Open 

DDCDYCXBDF DDC1 1DRCDT 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC1 

SDC1 

Page 217 

Keowee Reliability Assessment FIGURE F-1 Page 2



A I, I I, Ii 
SDC1OM DIL 

Page 242Pge24 

Battery SY- Fals Switchyardr t 

TesttrOruMaintenance 

DDC1BATBYFI DDCBATTNOT 

125s Vdc Battery .oso lent 
Breaker SY-DC1owr-1BSYDC 

I DC11BXCDT ISCNRW DCAX 

AOae24 4 

Keoweey ReliabilsSity asssmnrFGRd-1 Pc 1
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to Open Trip to Open 

SPCBSFC2 
Pge 230 A Page 238 

Power Circuit Power Circuit Power Circuit Power Circuit 
Breaker 24 Fails Breaker 26 Fails Breaker 28 Fails Breaker 33 Fails 

Closed Closed Closed Closed 

SPCB24TF I|SPCB26TF I|SPCB28TF IISC3T 
Page 228 Page 229 

SWYD PCB-24 Fails SWYD PCB-24 Trip SWYD PCB-26 SWYD PCB-26 Trip 
To Trip O n Demand Coils Fail To Trip On Demn Coils Fail 

|SPCB024CHO ||SPCB24TCF I|SCO6H PB6C 

SWVYD PCB-24 Trip SWYD PCB-24 ri SWYD PCB-26 Trip SWVYD PCB-26 Trip 
Coil #1 Fails to Coil #2 Failst Coil #1 Fails Coil #2 Fails 

Operate OperateI 
I 

Pag 219 Pag 225 Pag 227 Pag 227 

Keowee Reliability Assessment FIGURE F-1T Page 218



SOCDYB Outputs: 
Page 230, Page 219, Page 227, Page 228, Page 229 

SWYD PCB-24 Trip Loss of Power on 
Coil #1 Fails to 125 Vdc Switchyard 

Operate DC Panelboard DYB 

SC21 IOOY 
Page 218 SPCB24TC1 See Output SDCDYB 

List 

Loss of Power on 125 Vdc Swyd 125 Vdc Switchyard 125 Vdc Breaker SY
125 Vdc Switchyard Control Power Pnlbd DC Panelboard DYB DC:1-1C Transfers 
DC Panelboard DYB DYB Bkr 4 Xfrs Open Is Faulted Open 

SDCDYB SDCDYB4CDT DDCDYBXBDF |DDC11DCCDT 
Page 219 

EGTPS Channel 1A Loss of Power on 
Initiators Fail 125 Vdc Swyd 

Distribution Center 
SY-DC1 

SEGTP1ANIT SDC1 

Page 220 Page 217 

Keowee Reliability Assessment FIGURE F-1 Page 2



EGTPS Channel 1A 
Initiators Fail 

SE GTMA NIT 
Page 219 SEGTP 

Page 227 
Page 228 
Page 229 

EGTPS EGTPS Undervoltage 
Underfrequency Channel 1A 

Channel 1A Initiator Initiator Signal 
Signal Fails Fails 

SEG94F1AF |SEG94V1AF 

EGTPS EGTPS EGTPS Undervoltage EGTPS Undervoltage 
Underfrequency Underfrequency Channel 1 Common Relay 94/V1A Fails 

Channel 1 Common Relay 94/FlA Fails Components Failure to Pick Up 
Components Failure to Pick Up 

SEG94F1FLC94V1ARYD 

geo 221 Page 223 

Keowee Reliability Assessment FIGURE F-1 Page 220



EGTPS 
Underfrequency 

Channel 1 Common 
Components, Failure 

Page 220 |SEG94F1 F 

Page 238 
Page 231 

Losof Power on Switchyard 125 Vdc Chan 1 EGTPS 2 Out Cmo as 
/2 dc Switchyard Panelboard DYC Of 3 UF SignalFalrofUAn 

D anelboard DYC Breaker 14 Network Fails U eeto 
Transfers Open OEE-76-6 Crut 

SDDY LCY14DTISY20F3UFC1 |OGPSO 
age 216 

phases Cause 

& yzunderfrequency udrrqec 

sFas of sV Adsi 

OEELOETPSCO - :1 

~~~~EGTPS CH1 phases x ETSC1pae 
& yundrirquecy & z underfrequency 

sensng kt filssensing ck t fails 

Pae 222 

Keowee Reliability Assessment FIGURE F-i Page



unefeuny& z underfrequency & z undertrequency && F to underfe ue 
sensing Out falu 

Sensingin Rela Redl Bu Phasen Via tal Sensing Rela RefuahaeilenigRsae usPaeZ 

OEE-76-6 

Page 22 Fa ls to PiU | 

ensing Relay Yelow Bus Phase X1 Sensing Relay Yellow Bus Phase Z1 Sensing Relay Yellow Bus Phase Z 
81BRX Underfequency Aux 1UR1 Fails to Underfrequency Aux. 81BURYI Fals to Under equency Aux 

Rly Faia to Pick Up Drop Out on Rly Fails to Pick Up 
I It 

[ensnsi Relay Red Bus Phasea 
8 / Out o Underfrequency Aux. U ai tUn reun A 

SnigRlyRed Bus Phase Y1Snin ea Red Bus Phayse Z Ohnin 1RPhsey Red Bus Phase Z1 
81UnerenYX Fails . Undertrequency Aux. 8BUnYeIfFeqe lsyAu Underfrequency Aux. 81Und IrFuen ls Au Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up j R uy o Rly Fails to Pick Up r op Oal o Rly Fails to Pick Up 
Underfrequency nefeunyUdreq nc 

IL81BYX1RYD II L8BYlRYD L81R 

I I 
Sensing Relay Yellow Bus Phase Y1 esn ea elwBsPaeZ esn ea elwBsPaeZ 

81LRIFist nefeunyAx 1UZ al oUdrrqec u.81BUR1 Fails to Underfrequency Aux.  
Drop Out on Rly Fails to Pick UpDrpOto lFaltoPcUpDpOuonRy aisoPck p 

Underfrequency nefeunyUdreq nc 

I L81BRY1RYD I IL81XYY1RYD I 8B~RDIIL1YlY 8B~RDIL1YIY 

Sensing Relay Ch 1 Phase XSesn ReaCh1PaeXS sig elyh1PaeY 
81BLJYY1 Fails to Underfrequency Aux. 8BY1Fist nefeunyAx ILY1Fist nefeunyAx 

Drop Out on Rly Fails to Pick UpDrpOto lFaltoPcUpDpOuonRyaisoPck p 
Underfrequency nefeunyUdreq nc 

I 81YlY 8X~RDI L81BY1RYD I I L81XPXIRDIIL1Y1RYD I L1PIY 

Red Bus Phase X1 Ch 1 Phase YReBuPhsX1C;RdBsPaeY1h1PaeZ 
Underfrequency Aux. 4 Underfrequency Aux. Udrrqec u.Udrrqec u.Udrrqec u. 4 nefeunyAx 
Rly Fails to Pick Up Rl Fails to Pick UpFlFaltoPc UplyFistPikUFyFisto ikUpR alsoPck p 

& 2 unefeuny&zudrrqec 

Kew Rlab PiyAsse n 22UE - Page 22



EGTPS Undervoltage 
Channel I Common 
Components Failure 

Page 220 SEG94V1F 

Page 238 
Page 231 

ofs Pe o n Switchyard 125 Vdc Chan 1EGTPS 2 Out Common Cause 
Panelboard DYC 3 UV Signalae 

D anelboard DYC Breaker 13 Network Fails UF Detection 
Transfers Open OEE-76-4 Circuits 

I enI Ik al 

SY20F3UVC1 LOEGTPSCOM 

age 216 

EGTPS CH1 plhases x EGTPS CH phases y 
& y undervoltage & z undervoltage 
sensing ckt fails sensing ckt fails 

OEE-76-4 OEE-76-4 

I SEG1Y1U I ISEGY1ZiUVI 
Pe 224 A Page 224 

EGTPS CH1 phases x 
& z undervoltage 
sensing ckt fails 

OEE-76-4 

SS-E GX1ZUVO 7 

A Page 224 

Keowee Reliability Assessment FIGURE F-1 Page 223



Snsng Rly 27BIRX1 Yellow Bus Phase X1 Snsng Rly 27BIRX1 Yellow Bus Phase Xi Snsng Rly 27BIRY1 Yellow Bus Phase YI Fails to Drop Out Undervotage Aux. Fails to Drop Out Undervokage Aux. Fails to Drop Out Undervoltage Aus.  
on Undervoltage Relay Fais To Pick on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

IL7R1YIIL2XXRDIIL27BRX1RYD I|L27XYX1RYD |1L27BRY1RYD I|L27XYY1RYDO 

Snsng Ry 27B/YX1 Rew Bus Phase Y1 Snsng Rly 27B/YX1 Red Bus Phase Z1 Snsng Rly 27B/YY1 ed Bus Phase Z1 
Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux.  
on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

Up Up Up 

I L27BYX1RYD I L27XRY1RYD | L27BYX1RYD I I L27XRZ1RYD I L27BYY1RYDI I L27XRZIRYD I 

Snsng Rly 27BIYlYellow Bus Phase Z1 Snsng Rly 27B/RZ1 Ye Bus Phase Z 

Fails to Drop Out Undervohage Aux. Fails to Drop Out Undervoltage 

on Undervoltage Relay Failoick on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

IUcp Up Up 
I L27BRY1lRYD IIL27XYRYD II L27BRZlRYD I I L27XYZ1RYD I IL27BRZI1RYD I L27XYZ1RYD I 

Snsng Rly 27B/YY1 Chllow 1u Phase USnsng Ply 27B/YZ1 Ch 1 Phase XU Snsng Rly 27BlYZ1 Ch 1 Phase U 
Fails to Drop Out Aux. Relay Faila To Fails to Drop Out Aux Relay Fails To Fails to Drop Out Aux. Relay Fails to 

on Undervoltage RlyFisT Pick on Undervoltage RlyFlsT Pick on Undervoltage RlyFiT Pick  

| L27BYY1RYD I L27XPIX1RYD L27BYZ1RYD L27XPX1RYD L27BYZ1RYD I I L27XY1RYD I 

Red Bus Phase X1 Ch 1 Phase Y UV Red Bus Phase X1 Ch 1 Phase Z UV Red Bus Phase Y1 Ch 1 Phase Z UV 
Undervoltage Aux. Aux. Relay Fails to Undervoltage Aux. Aux. Relay Fails To Undervoltage Aux. Aux. Relay Fails To 

Relay Fails To Pick Pick Up Relay Fails To Pick Pick Up Relay Fails To Pick Pick Up 
Up Up Up 

L27XRXRYD IL27XPYRYD I L27XRX1RYD I L27XPZ1RY I L27XRY1RYDP 

Keowee Reliability Assessment FIGURE F-1 Page 224



SDCDYF Outputs: 
Page 230, Page 225, Page 227, Page 228, Page 229 

SWYD PCB-24 Trip Loss of Power on 
Coil #2 Fails to 125 Vdc Switchyard 

Operate DC Panelboard DYF 

I I 
SPCB24TC2 |1SDCDYFI 

Page 218 S See Output 
List 

Loss of Power on 125 Vdc Swyd 125 Vdc Switchyard 125 Vdc Breaker SY
125 Vdc Switchyard Control Power Pnlbd DC Panelboard DYF DC2-1DC Transfers 
DC Panelboard DYF DYF Bkr 4 Xfrs Open Is Faulted Open 

SDCDYF |SDCDYF4CDT IDDCDYFXBDF I|DDC21DCCDT| 
Page 225 

EGTPS Channel 2A Loss of Power on 
Initiators Fail 125 Vdc Swyd 

Distribution Center 
SY-DC2 

SEGTP2ANIT SDC2 

Page 226 Page 232 

Keowee Reliability Assessment FIGURE F-1 Page 225



EGTPS EGTPSe UnevoAg EGTP EGTPS EGTPS UnevlaeTSUndervoltage 
Unerreu ncyChannelFa2A Unefe uency Unerreuec anel Commo nela 94VAAal ~~~~~~~~~~Channel 2A Initiator Initiator SignalChne2Co mnR ay9/2 FilC mp ets alueoPckU ~~~~~~Signal Fails Fails OEE-76-8Copn tsFiueoPckU 
SEG94F2AF ~ l I |E5VA SE9VAFI|SE9FF 9C9FAYDI|SE9VF C9FY 

Pae26 Page 226 Page 2 33 Page 2 35 

Keowe Reiailt Passse n FIGUR F-1e Pa2622



SWYD PCB-26 Trip SWYD PCB-26 Trip 
Coil #1 Fails Coil #2 Fails 

SPCB26TC1 SPCB26TC2 
Page 218 Page 218 

Loss of Power on 125 Vdc Swyd Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power Pnlbd 125 Vdc Switchyard Control Power Pnlbd 

DC Panelboard DYB DYB Bkr 6 Xfrs Open DC Panelboard DYF DYF Bkr 6 Xfrs Open 

SDCDYB| SDCDYB6CDT SDCYFSCDYF6CDT 
Page 219 Page 225 

EGTPS Channel 1A EGTPS Channel 2A 
Initiators Fail Initiators Fail 

N TSEGTP2ANT 

Page 220 A Page 226 

Keowee Reliability Assessment FIGURE F-1 Page 227



Power Circuit 
Breaker 28 Fails 

Closed 

SPCB28TF 
Page 218 

)WY PCB-28 Fails SWYD PCB-28 Trip 
Keoweip On Demand Coils Fail 

SPCB28TCF 
1 I7 

SWYD PCB-28 Trip SWYD PCB-28 Trip 
Coil #1 Fails Coil #2 Fails 

SPCB28TC1 IISPCB28TC2 

Losof Power on 1 25 Vdc Swyd Loss of Power on 125 Vdc Swyd 
12 dc Switchyard Control Power PnItbd 125 Vdc Switchyard Control Power Pnlbd 
D anelboard DYB DYB lBkr 8 Xfrs Open DC Panelboard DYF DYF Bkr 8 Xfrs Open 

SDCYB |SCY8D||SD YFISDCDYF8CDT 

Page 219 Page 225 

EGTPS Channel 1A EGTPS Channel 2A 
Initiators Fail Initiators Fail 

a 220 Pa 226 

Keowee Reliability Assessment FIGURE F-1 Page 228



Power Circuit 
Breaker 33 Fails 

Closed 

Page 218 SPCB33TF 

SWYD PCB-33 Fails SWYD PCB-33 Trip 
To Open On Demand Coils Fail 

I SPC033CH I [SPCB33TCF 

SWYD PCB-33 Trip SWYD PCB-33 Ti 
Coil #1 Fails to Coil #2 Fails t 

Operate Operate 

SPCB33TC1 I|SPCB33TC2| 

Loss of Power on 125 Vdc Swydl Loss of Power on 125 Vdc Swydl 
125 Vdc Switchyard Control Power Pnlbd 125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYB DYB Bkr 13 Xfrs Open DC Panelboard DYF DYF Bkr 13 Xfrs Open 

age 219 Page 225 

EGTPS Channel 1A EGTPS Channel 2A 
Initiators Fail Initiators Fail 

Pe 220 Pae 226 

Keowee Reliability Assessment FIGURE F-1 Paae2



Power Circuit 
Breaker 21 Fails To 

Trip 

A SPCB21TF 
Page 218 

SWYD PCB-21 Fails SWYD PCB-21 Trip 

Loss of Power on j EGTPS Channel 10 125 Vdc Swyd Loss of Power on 15VcSy 
125 Vdc Switchyard Initiators Fail 1Control Power Pnlbd 125 Vdc Switchyard Control Power Pnlbd 

o Tpn1 Da l Bkr 1 Xrs Open F lboard DYE DYF Bkr 1 Xrs Open 

SOOBSEGTP1DNIT ISDCDB01 CDT SCY1DDFCTI 
SSPCB PagH 21 9T 2 

EGTPS EGTPS Undervoltage EGTPS Channel 20 
Underfrequency Channel 1D Initiator Initiators Fail 

Channel 10 Initiator Signal Fails 
Signal Fails OEE-76-4, -5 

SS941FT1DF SEGI4V1DF SEGTP2DNIT 
Page 231 e 231 Page 231 

Keowee Reliability Assessment FIGURE F-i Page



EGTPS EGTPS Undervoltage EGTPS Channel2 
Undertrequency Channel 1D Initiator Initiators Fail 2 

Channel 1D initiator Signal Fails 

Signal Fails OEE-76-4, -5 

|ae 3 SEG94F1DF |ag |3 SEG94V1DF Iag 23 SEGTP20NITI 

Page 251 Page 251 

EGTPS EGTPS EGTPS Undervoltage EGTPS ;Undervoltage EGTPS EGTPS Undervoltage 
Underfrequency Underfrequency Channel 1 Comrnon. Relay 94/V1D Fails Underfrequency Channel 2D 

Channel 1 Common Relay 94/F1D Fails Components Failure to Pick Up Channel 2D Initiator Initiator Sig Fails 
Components Failure to Pick Up Signal Fails OEE-76-8 

SEG94F1F II LC94F1DRYD ||SEG94V1F IILC94V1DRYD IISFE9F2DF IISEG94V2DFI 

A Page 221 A Page 223 Pag e 232 A Page 234 

Keowee Reliability Assessment TFIGURE F-1T Paae 231



Loss of Power on EGTPS 
125 Vdc Swyd Underfrequency 

Distribution Center Channel 2D Initiator 
SY-DC2 Signal Fails 

Page 239 SDC2 Page 231 SEG94F20F 
Page 225 Page 251 
Page 242 
Page 240 

SY-DC2 Is Faulted 125 Vdc Battery EGTPS EGTPS 
Breaker SY-DC2-1 B Underfrequency Underfrequency 

Transfers Open Channel 2 Common Relay 94/1F2D Fails 
Components Failure to Pick Up 

LTBDF| DDC21BXCDT |SEG94F2F LC94F2DRYD 
Page 233 

Battery SY-2 Fails Switchyard 
During Discharge Batteries Coin Cause 

Failure When Not In 
Test Or Maintenance 

I ATBYF |DDCBATTNOT A Page 240 

Keowee Reliability Assessment FIGURE F-1 Page 232



EGTPS 
Undertrequency 

Channel 2 Common 
Components Failure 

ge 226 SEG94F2F 
Page 226 
Page 245 
Page 247 
Page 232 

eof Power on Switchyard 125 Vdc Chan 2 EGTPS 2 Out Common Cause 
12/dc Switchyard Panelboard DYG Of 3 UF Signal Failure of UV And 
Pelboard DYG Breaker 18 Network Fails UF Detection 

Transfers Open OEE-76-6 Circuits 

SDCDY I LCYG18DT ISY20F3UFC2 I|LOEGTPSCOM) 
Page 242 

EGTPS CH2 phase~s x rEGTPS CH2 phases y 
& y* underfrequency & z underfrequency 

sensing fails sensing fails 

I SEGX2Y2UFIISEYZUI 

A Page 244 Pae 244 

EGTPS CH 2 phases x 
& z underfrequency 

sensing fails 

r SEGXZU 
TPage 244 

Keowee Reliability Assessment FIGURE F-1 Paae 233



SDCDYA Outputs: 
Page 236, Page 246, Page 248, Page 237, Page 255, Page 250 

EGTPS Undervoltage Loss of Power on 
Channel 2D 125 Vdc Switchyard 

Initiator Sig Fails DC Panelboard OVA 
OEE-76-8 0-802 

Page 231 SEG94V2DF See Output 

Page 251 List 

EGTPS Undervoltage EGTPS Undervoltage 125 Vdc Switchyard 125 Vdc Breaker SY
Channel 2 Common Relay 94N2C Fails DC Panelboard OCi-IOL Transfers 
Components Failure to Pick Up Is Faulted Open 

SEG94V2F LC94V2CRYDDC 1 LCT 
Pge 2352 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-oDC 

fPage 
217 

Keowee Reliability Assessment FIGURE F-i Page 234 

0 0



EGTPS Undervoltage 
Channel 2 Common 
Components Failure 

ag~e226 ISEG94V2F 

Page 245 
Page 247 
Page 2347 

Losof Power on Switchyard 125 Vdc Chan 2 EGTPS 2 Out Cmo as 

adc Switchyard Panelboard DYG Of 3 UV Signal 
Paelboard DYG Breaker 12 Network Fails U eeto 

Transfers Open I I OEE-76-8 Crut 

I & z undervolage 
EGTPommo Causeaes 

Flsensing fails 

|OLOETPSCO 

Page 224 

Keowee Reliability Assessment FIGURE F-i Page



Page 24 

Power Circuit Power Circuit Power Circuit Power Circuit 
Breaker 8 Fails Breaker 12 Fails Breaker 15 Fails Breaker 17 Fails 

Closed Closed Closed Closed 

SPCB08F SPCB12TF ||SPCB15TF |I SPCB17TFI 

A Page 237 
Pge 248 

SWYD PCB-12 Fails PCB 12 Trip Coils SWYD PCB-15 Fails SWYD PCB-15 Trip 
To Trip Fail on Demand To Trip On Demand Coils Fail on Demand 

I ISII 5TCF 

Page 246 

PCB 12 Trip Coil #1 PCB 12 Trip Coll #2 
Fails .Fails 

SPCB12TC1 r SPCB1 2TC2I 

gPage 
241 

Loss of Power on EGTPS Channel 1B 
125 Vdc Switchyard Initiators Fail 
DC Panelboard DYA OEE-76-4-A, 

O-802 

SDCDYA ISEGTPlBNITI 

A Page 234 A Page 238 

125 Vdc Swyd 
Control Power PnIbd 

DYA Bkr 12 Xfrs Open 

| SDCDA12CDTI 

Keowee Reliability Assessment FIGURE F-1 Page 236



Power Circuit 
Breaker 8 Fails 

Closed 

CSPCBO8TF 
Page 236 
Page 255 

)g 3 PCB-8 Fails B 8 Trip Coils 
to Trip Fail 

1 dCB0 08CHO 1SPCB08TCF2 

Coso Pwr ontrol hnnl18Lsso Power Pnbontl Power Chnnelb2 

OC 8 Tri p en o DYE Br TrOpe 

aeoe Reiailt Asesmn FIGUR F-age 237  

125SPCB8TC1F 12 SPC8TC2F 

ofPwr ontETSrhnno18Lsso Power Pnbonto Po e TP S haned2 

aebadDYA OE-7-4A DC Paneboard DYE OEE-76-8-AOpe 

SDCYA| EGP1BIT| DCYEI |SETPBNT 

Pagwe 34 ailt Agssen 238UR Pag-23 Page 23



SEGTP1BNIT Outputs: 
Page 236, Page 246, Page 248, Page 237, Page 25 

EGTPS Channel 1B 
Initiators Fail 
OEE-76-4-A, 

2 ,ZSEGTP1 BNIT 
See Output 

Lis 

EGTPS Underfrequency EGTPS Undervoltage 
Chan 1B Initiator Chan 1B Initiator 

Signal Fails Signal Fails 
OEE-76-4-A, -6 OEE-76-4 

CSEG94F1BF Y|SEG94V1BFB 

EGTPS EGTPS EGTPS Undervoltage EGTPS Undervoltage 
Underfrquency Underfrequency Channel 1 Common Relay 94/V1B Fails 

Channel 1 Common Relay 94/F1B Fails Components Failure To Pick Up 
Components Failure to Pick Up 

ISEG94F1F 1IL9FBY E9VF||L9VBY 

A Page 221 Pge 223 

Keowee Reliability Assessment -- FIGURE F-1 'Page 238



SDCDYE Outputs: 
Page 241, Page 246, Page 248, Page 237, Page 255, Page 215 

Loss of Power on EGTPS Channel 2B 
125 Vdc Switchyard Initiators Fail 
DC Panelboard DYE OEE-76-8-A 

SDCDYE ISEGTP2BNIT 
See Output Page 248 

List Page 237 
Page 32 

125 Vdc Switchyard 125 Vdc Breaker SY- EGTPS Underfrequency EGTPS Undervoltage 
DC Panelboard DYE DC2-1DL Transfers Chan 2B Initiator Chan 2B Initiator 

Is Faulted Open Signal Fails Signal Fails 
OEE-76-10, -8-A OEE-76-8 

|DDCDYEXBDF| DDC21DLCDT SEG94F2BF SEG94V2BF 

Page 245 Page 245 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC2 

SOC2 
Page 232 

Keowee Reliability Assessment FIGURE F-1 Page 239



Switchyard Battery SY-1 Is Not Alternate Power 
Batteries Com Cause In Maintenance Path Failures occur 
Failure When Not In 
Test Or Maintenance 

Page 217 DDCBATTNOT Page 2 17  O RMWF Page 217 SOC)ALTF 
Page 232 Page 240 

Battery SY-1 Is Not Common Cause Battery SY-1 Is In 125 Vdc Breaker SY- Loss of Power on 
In Maintenance Failure of Test or Maintenance DC1-1C Transfers 125 Vdc Swyd 

Switchyard Batteries Open Distribution Center 
SY-DC2 

SOC1NORMWF DDCBATTCOM DLXBYM DC11CXCDT SDC2 

Page 240 Page 232 

125 Vdc Breaker SY
DC2-1C Transfers 

Open 

Keowee Reliability Assessment FIGURE F-1 Page 240



PCB 12 Trip Coil #2 
Fails 

P SPCB12TC2 
Page 236 

Loss of Power on Switchyard PCB-12 125 Vdc Swyd 
125 Vdc Switchyard Trip Coil 2 Control Power Pnlbd 

.DC Panelboard DYE Initiators Fail DYE Bkr 12 Xfrs Open 

ISDCDYE II SEG1221NIT SDCDE12CDT 
Page 239 

EGTPS Undervoltage EGTPS Undervoltage 
Channel 2A Chan 2B Initiator 

Initiator Signal Signal Fails 
Fails OEE-76-8 OEE-76-8 

I SEG4V2A I ISEG94V2BFI 

Page 226 Page 245 

EGTPS EGTPS Underfrequency 
Underfrequency Chan 2B Initiator 

Channel 2A Initiator Signal Fails 
Signal Fails OEE-76-10, -8-A 

I SEG94F2AFF2B A\ Page 226 Page 245 

Keowee Reliability Assessment FIGURE F-1 Page 241



Loss of Power on 
125 Vdc Switchyard 

Panelboard DYG 

A SOC DYG 
Page 249 
Page 233 
Page 235 

125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYG DC2-1DR Transfers 

Is Faulted Open 

DDCDYGXBDF DDC21DRCDT 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC2 

SDC2 

Page 232 

Keowee Reliability Assessment FIGURE F-1 Page 242



EGTPS CH2 phases x EGTPS CH2 phases x EGTPS CH2 phases y 
& y undervoltage & a ndervoltage & F undervoltage 

sensing fails .sensing fails sensing fais 
lt I OEE-76-8 OEE-76-8 OEE-76-8 

I EXYU IEXZU SG2IV 
Page 235 FaSEGX2Y2UVeI Page 235 FaSEGX2Z2UVeIlPage 235laySEGY2Z2UVi| 

I I II Snsng Ry 27B/RX2 Yellow Bus Phase X2 Snsng Rly 27B/RX2 Yellow Bus Phase X2 Snsng Rly 27BIRY2 Yellow Bus Phase Y2 
Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux.  
on Undervoltage Relay Fails To Pick on Undervohage Relay Fails To Pick on Undervoltage Relay Fails to Pick 

Up Up Up 

L279RX2RYD IL27XYX2RYD IL27BRX2RYD L27XYX2RYD II L27BRY2RYD I I L27XYY2RYD I 

Sns RI2Snng Rly 27B/YX2 Red Bus Phase Y2 Snsng Ryy 27B/YY2 Red Bus Phase Z2 
Fauls to Drop t Undervlaage Aux. Fails to Drop Out Undervollage Aux. Fails to Drop Out UndeRvoltage Aux.  
on Undervoltage Relay Fails to Pick on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

'Up Up Up 

L27XRXRY2RYD L27BYX2RYD L27XRZ2RYD I L27BYY2RYD I L27XRZ2RYD I 

22 

Snsng RKy 27BIRY2 Yellow Bus Phase Y2 Snsng Ry 27BRZ2 Yellow Bus Phase Z2 Snsng RFy 27B-RZ2 Yellow Bus Phase Z2 
Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux.  
on Undervoltage Relay Fails to Pick on Undervoltage Relay Fails to Pick on Undervoltage Relay Fails to Pick 

Up Up Up 

IL278RY2RYD I L27XYY2RYD IIL27BRZ2RYD | L27XYZ2RYD |I L27BRZ2RYD | L7YZ2YI 

Snsng Rly 27B/YY2 Ch 2 Phase X UV Snsng Rly 27B/YZ2 Ch 2 Phase X UV Snsng Rty 27B/YZ2 Ch 2 Phase Y UV 
Fails to Drop Out Aux. Relay Fails To Falls to Drop Out Aux. Relay Fails To Fails to Drop Out Aux. Relay Fails to 
on Undervoltage Pick Up on Undervoltage Pick Up on Undervoltage Pick Up 

I L27BYY2RYD I I L27XPX2RYD I IL27BYZ2RYD I IL27XPX2RYD II L27BYZ2RYD IIL27XPY2RYDI 

Red Bus Phase X2 Ch 2 Phase Y UV Red Bus Phase X2 Ch 2 Phase Z UV Red Bus Phase Y2 Ch 2 Phase Z UV 
Undervoltage Aux. Aux. Relay Fails to Undervoltage Aux. Aux. Relay Fails To Undervoltage Aux. Aux. Relay Fails To 

Relay Fails To Pick Pick Up Relay Fails To Pick Pick Up Relay Fails to Pick Pick Up 

I L27XRX2RYD| L27XPY2RYD II L27XRX2RYD I L27XPZ2RYDI L27XRY2RYD Q L27XPZ2RYD 

Keowee Reliability Assessment TFIGURE F-1 Paae 2



Page 233 Page 233 Page 233 

Sensing Relay Yellow Bus Phase X2 Sensing Relay Yellow Bus Phase X2 Sensing Relay Yellow Bus Phase Y2 
8IBURX2 Fails to Underfrequency Aux. 81BL/RX2 Fails to Undertrequency Aux. 81BL/RY2 Fails to Underfrequency Aux.  

Drop Out on Rty Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up 
Underfrequency I I Underfrequency IUnderfrequency 

I L819RX2RYD I L81XYX2RYD I L8iBRX2RYD I I L81XYX2RYD I L81BRY2RYD I L81XYY2RYD 

Sensing Relay Red Bus Phase Y2 Sensing Relay Red Bus Phase Z2 Sensing Relay Red Bus Phase Z2 
81BL/YX2 Fails to Underfrequency Aux. 81BUYX2 Fails to Underfrequency Aux. 81BUYY2 Fails to Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up Drop Out on Riy Fails to Pick Up 
Underfrequency] Underfrequency Underfrequency 

L81BYX2RYD L81XRY2RYD L81BYX2RYD L81XRZ2RYD | L81BYY2RYD I I L81XRZ2RYD 

Sensing Relay Yellow Bus Phase Y2 Sensing Relay Yellow Bus Phase Z2 Sensing Relay Yellow Bus Phase Z2 
81BL/RY2 Fails to Underfrequency Aux. 81BURZ2 Fails to Underirequency Aux. 81BURZ2 Fails to Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up 
Underfrequency Underfrequency Underirequency 

I L81BRY2RYD L81XYY2RYD L81BRZ2RYD | L81XYZ2RYD I L81BRZ2RYD | L81XYZ2RYD 

Sensing Relay Ch 2 Phase X Sensing Relay Ch 2 Phase X Sensing Relay Ch 2 Phase Y 
81L/YY2 Fails to Underfrequency Aux. 81L/YZ2 Fails to Underfrequency Aux. 81BUYZ2 Fails to Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up Drop Out On Rly Fails to Pick Up Drop Out On Rly Fails to Pick Up 
Underfrequency Underfrequency Underfrequency 

IL81BYYIPX2 RYD I L81BYZ2RYD I L81XPX2RYD II L81BYZ2RYD L81XPY2RYD 

Red Bus Phase X2 Ch 2 Phase Y Red Bus Phashassm edtse Y2 Ch 2 Phase Z Unde uency Aux. Underfrequency Aux. Underfrequency Aux. Underfeuency Aux. Underfrequency Aux. Underfrequency Aux.  
Rty Fails to Pick Up Rly Fails to Pick Up Rly Fails t .o Pick Up Rly Fails to Pick up Rly Fails to Pick Up Rly Fails to Pick up 

I L81XRX2RYD I L1XPY2RYD L81XRX2RYD I IL81XPZ2RYD I L81XRY2RYD I IL81XPZ2RYD 
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EGTPS Undervoltage EGTPS Underirequency 
Chan 28 Initiator Chan 28 Initiator 

Signal Fails Signal Fails 
OEE-76-8 OEE-76-10, -8-A 

SEG94V28F SEG94F2BF 
Page 241 Page 241 
Page 247 Page 247 
Page 239 Page 239 

EGTPS Undervoltage EGTPS Undervoltage EGTPS EGTPS 
Channel 2 Common Relay 94N2B Fails Underfrequency Underfrequency 
Components Failure To Pick Up Channel 2 Common Relay 94/F2B Fails 

Components Failure to Pick Up 

SEG94V2F I | LC94V2BRYD | SEG94F2F LC94F2BRYD 
Page 235 Page 233 
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SWYD PCB-15 Trip 
Coils Fail on Demand 

rS PCBi1 5TC F 
Page 236 I 5 

SWYD PCB-15 Trip SWYD PCB-15 Trip 
Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

SPCB15TC1 ||SPCB15TC2| 

Loss of Power on EGTPS Channel 16 Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Initiators Fail 125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYA OEE-76-4-A, DC Panelboard DYE DYE Bkr 15 Xrs Open 

O-802 

I SDDYAI |SEGT1BNT || SDDYEI |SDCDE15CDT 
Page 234 Pae 238 Page 239 

125 Vdc Swydl Switchyard PCB-15 
Control Power Pnlbd Trip Coil 2 

DYA Bkr 15 Xfrs Open Initiators Fail 

Page 247 
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Switchyard PCB-15 
Trip Coil 2 A Initiators Fail 

EGTPS1NI 

Page 246j 

errqecEGTPS Undervoltage EGTPS Underv EGTPS Underrequency 
nelChan 20 nttr Chan 28 Initi Chan 28 Initiator 

Signal Fail Signal Fails 
SgaFalOE-68OEE-76-8 OEE-76-lO, -8-A 

SEG94F2CF SEG94V2F SEG94F2BF 
Page 245 Page 245 

EGTPS EGTPS Rlait A s me FIGUR F-i Page 247 
Undertrequency UnderfrequencyChne2 Rla94CFis 

Channel 2 Common Relay 94/F2C FailsCopntsoPikU 
Components Failure to Pick Up 

SEG94F2F I LC94F2CRYD IE942 

A Page 2Page 
ge24 3 

EGTPS UeibltyAssm ndevltg EGTPSE Unerolag EGTPS Unerreuec



Power Circui 

~SWYD PCB-17 Trips SWYD PCB-17 Trip 

Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

SPCB17TC1 ISPCB17TC2 

Loss of Power on EGTPS Channel 1B Loss of Power on EGTPS Channel22 125 Vdc Switchyard Initiators Fail 125 Vdc Swi0chyard Initiators Fail 
DC Panelboard DYA OEE-76-4-A, DC Panelboard DYE OEE-76-8-A 

O-802F 

Page 234 Pae 238 Page 239 Pae 239 

125 Vdc Swydl 125 Vdc Swyd 
Control Power PnIbd Control Power Pnibd 

DYA Bkr 17 Xfrs Open DYE Bkr 17 XMrs Open 
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Switchyard Isolate 
Complete Channel 2 

Fails 

Page 195 ISPCISOCCH2 

Loss of Power on Channel 2 Swyd 
125 Vdc Switchyard Isolated Rly, 

Panelboard DYG 27X/SC2, Fails to 
Pick Up 

SOCDYG S27XSC2RYD 

Page 242 

Channel 2 Swyd 125 Vdc Swyd 
Isolated Time Delay Control Power PnIbd 

Rly, 27XTD/SC2, DYG Bkr 16 Xfrs Open 
Fails 

SWYD Yellow Bus 
Isolation Fails 

ISPCISOFI 

Page 218 
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SWYD PCB-9 Closing 
Circuit Control 

Power Source 2 Fails 

2 SPCB9CDC2 
Page 

215 

Loss of Power on Control Power From 
125 Vdc Switchyard DYA To PCB 9 
DC Panelboard DYA Isolating Diode 

0-802 Fails 

SDCDYA IISDCAIDDDIFI 
Page 234 

125 Vdc Swyd 
Control Power Pnlbd 

DYA Bkr 9 Xfrs Open 

I SDCDA9CDT F 
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Switchyard Isolate 
Signal Fails 

SPCISOLATE 
Page 215 

EGTPS EGTPS 
Underfrequency Underfrequency 

Channel 1D Initiator Channel 2D Initiator 
Signal Fails Signal Fails 

IS 9F F2DF A\ Page 231 Page 232 

EGTPS Undervoltage EGTPS Undervoltage 
Channel 1D Initiator Channel 2D 

Signal Fails Initiator Sig Fails 
OEE-76-4, -5 OEE-76-8 

SEG94V1DF SEG94V2DF 

A\ Page 231 Page 234 
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Aire nt2 al 

~~Air Circuit Breaker Airs Circui Breke 
2 Fails To Open Dueat 2ee AcumlaorAi 

To~~~h MecanialcresureLo 

I AB2MECHDEXI1 AB2ACCUDE 

Ai irutBraerArCicitBeke irCrui rekrAir Circuit Breaker 
2 al T pn u Acmlao ir2Fil oOpnDe2 Fails To Open Due 

To ~ ~ ~ ~ T ElectricalueLo o lctialT ALtetHua 
FailureFaiFailureso 

|C2EE ACB2BREAKH| 

I IMI 

ArCrutBekr Air Circuit Breaker Air Circuit Breaker 
2 ea 2 Fails 2 AccumulatorToOpn2DCPoerFal 

To Opeaterssrca SwitchticPS2 
FFailsrLo 

Air ircit reaer Ar Crcut BCikr ct Br aker PCis Fails To 2TiFisT 
2 Relay 2Z Fail 2 FaiuslaTorOp en Geea isolate Keowee From 

To Operae Pressue Switc PSThehSwitchy ard ovro 

F is L wI II 
I ~ ~ ~ ~ ~ ~ AB0E IBR2RDA2S2PTLABTIG I ASWYDISO |O 

Page ~ ag 25SSge25 

0I I 
ArCrutBekrAir Circuit Breaker 

2 Fails Toi OpnFua2Fillospn u 
To ElcticleoAratntHua 

I~ AB5TIV 

Keowee ~ ~ ~ Failsiit Toesmn OpenR 2- DCg PoerFal



ACB2 Trip Fails 
When Generating To 

The Grid 

ACB2TRIPGO 
Page 252 

Keowee Unit 2 Is ACB2 Trip Fails 
Supplying The Grid When Generating To 

The Grid 

KU2RNNG ACB2TRIPG 
Page 123 

Keowee 2 Erner Strt Time Delay Relay 52
Aux Rlys 2ESRX/1A & 2TD Spurious 

2ESRX/1B Fail Operation 
KEE-213 

YK2STRINT IAK252TDRYTI 
ePage 110 
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ACB2 Trip Fails To 
Protect From 

Runaway Governor 

ACB2TRIPWO 
Page 252 

Keowee Unit 2 ACB-2 Trip On 
Governor Failure Runaway Governor 

Creates Overspeed Fails 
Condition 

WK2SPD2DEX ACB2TRIPW 

KU2 Magnetic Speed 7Relay 14GOV/2X 
Switch System Fails Fails To Pick-up 

)AK21 4GVDEX IAK2GV2XRYD| 

Time Delay Relay 52
2TD Fails To Operate 

I K22RYDI 
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PCBs Fail To 
] isolate Keowee From 

The Switchyard 

Page 252 IASWYDISO 

Power Circuit Power Circuit 
Breaker 9 Fails To Breaker 8 Fails 

Open Closed 

PCB90PEN IISPCB08TFI 

-7 
/ \Page 

237 

SWYD PCB-9 Fails PCB 9 Trip Coils 
To Trip Fail 

SPCBOO9CHOSPB9C 

PCB 9 Trip Coil #1 PCB 9 Trip Coil #2 
Fails Fails 

SSPCB9TC1F | SPCB9TC2F 

Loss of Power on 125 Vdc Swyd Loss of Power on 125 Vde Swyd 
125 Vdc Switchyard Control Power Pnlbd 125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYA DYA Bkr 9 Xfrs Open DC Panelboard DYE DYE Bkr 9 Xfrs Open 

O-802 

SDDYA ISDCDYA9CDT SDDY | SDCDYE9CDT I 
Page 234 Page 239 ( 

EGTPS Channel 1 EGTPS Channel 2 
Keowee Start Signal Keowse Start Signal 

Fails Fails 

SEGTPSCH1Fj||SGPC2 

A Page 25 
!r PagG 32 
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Gate/Event Name Page Zone Gate/Event Name Par Zone~ Gate/Event Name Par Zone Gate/Event Name Pac Zone 

1R94GB 205 ABO86E1RYD 109 AB2PSO2PST 66 AB4PSWTPST 206 

1XUV 187 ABO86TGRYD 109 AB2PSO2PST 252 AB4PUSHPBT 180 

1XUV 188 ABOSWGRCOM 185 AB2PSWTPST 206 AB4R52XR6D 105 

2R94GB 205 AB152TCSVO 24 AB2PUSHPBT 198 AB4R52ZR6T 180 

2R94GB 206 ABlACCUDEX 24 AB2R462RYT 198 AB51OA1FUF 67 

94GB 205 AB1FALTDEX 106 AB2R52XR6D 66 AB51431LHE 62 

AA1271PR6D 68 AB1FALTDEX 107 AB2R52ZR6D 252 AB51431LHE 64 

AA1271XR6T 69 AB1FALTDEX 204 AB2R52ZR6T 68 AB51431LHE 68 

AA127C1R6T 59 AB1MECHDEX 24 AB31523SWT 102 AB51431RYT 68 

AA127CPR6D 62 AB10PENLHE 24 AB352CCSVO 36 AB51431SWT 62 

AA127R1RYT 59 AB1PSO2PST 24 AB352TCSVO 37 AB51431SWT 64 

AA127X1RYD 68 AB1PSWTPST 205 AB352TCSVT 102 AB51431SWT 68 

AA127X1RYT 69 AB1R52ZR6D 24 AB352Y2R6D 36 AB552CCRYD 67 

AA127X2R6D 64 AB21521SWT 198 AB352Y2R6T 36 AB552TCRYT 69 

AA127XCRYD 62 AB22BV1RYT 198 AB3ACCUDEX 35 AB552Y2RYT 67 

AA186CXRYT 59 AB23BKRCOM 35 AB3ACCUDEX 37 AB583S5RYD 68 

AA186CXRYT 148 AB23COM 35 AB3CLOSLHE 35 AB5CLOSLHE 67 

AA186S1RYT 59 AB23COM 35 AB3MCH2DEX 35 AB5KEYISWT 67 

AA186S1RYT 69 AB23COM 66 AB3MECHDEX 37 AB5MCH2DEX 67 

AA187CXRYT 59 AB24BKRCOM 113 AB3PSO2PST 36 AB5PUSHPBT 69 

AA187CXRYT 148 AB24COM 66 AB3PSO2PST 37 AB5R52XRYD 67 

AA2272PR6D 143 AB24COM 105 AB3PSWTPST 205 AB5R52YRYD 67 

AA2272XR6D 144 AB24COM 113 AB3PUSHPBT 102 AB61OA1FUF 142 

AA2272XR6T 145 AB251G2RYT 198 AB3R52XR6D 36 AB610AFFUF 144 

AA227C2R6T 148 AB252CCSVO 66 AB3R52ZR6D 37 AB61432LHE 143 

AA227C2RYD 147 AB252TCSVO 252 AB3R52ZR6T 102 AB61432LHE 144 

AA227CPR6D 147 AB252TCSVT 68 AB41523SWT 180 AB61432LHE 147 

AA227R2RYT 148 AB252Y2R6D 66 AB452CCSVO 105 AB61432SWT 143 

AA227T2R6D 193 AB252Y2R6T 66 AB452TCSVT 180 AB61432SWT 144 

AA227X2RYD 64 AB2ACCUDEX 66 AB452Y2R6D 105 AB61432SWT 147 

AA227X2RYD 143 AB2ACCUDEX 252 AB452Y2R6T 105 AB652CCRYD 142 

AA227X2RYD 144 AB2CLOSLHE 197 AB4ACCUDEX 105 AB652TCRYD 144 

AA227X2RYT 145 AB2KEYISWT 66 AB4CLOSLHE 105 AB652TCRYT 145 

AA286S2RYT 145 AB2MCH2DEX 66 AB4CLSESWC 112 AB652Y2RYT 142 

AA286S2RYT 148 AB2MECHDEX 252 AB4KEYISWT 105 AB6CLOSLHE 142 

ABOO4ECCDT 109 AB2MOD 193 AB4LORESWT 112 AB6KEYISWT 142 

ABOO86TRYD 109 AB2MOD 196 AB4MCH2DEX 105 AB6MCH2DEX 142 

ABO624CRYD 109 AB20PENLHE 252 AB4PSO2PST 105 AB6MECHDEX 144 
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Gate/Event Name- Par Zonel Gate/Event Name- Pacg Zon~e Gate/Event Name- Pace Zon Gate/Event Name Par Zone 

AB60PENLHE 144 ACB1AUTO 24 ACB2TRIP2B 199 ACB4CSGNL 109 

AB6PUSHPBT 145 ACB1BREAK 24 ACB2TRIP2C 199 ACB4DCPWR 105 

AB6R52XRYD 142 ACB1DCPWR 24 ACB2TRIP3 197 ACB4DCPWR 112 

AB6R52YRYD 142 ACB1DCPWR 25 ACB2TRIP3 198 ACB4ELECC 105 

AB71OA1FUF 61 ACB1ELEC 24 ACB2TRIP5 198 ACB4MANC 106 

AB710AFFUF 64 ACB10PEN 23 ACB2TRIP5 201 ACB4MANC 106 

AB752CCRYD 61 ACB10PEN 24 ACB2TRIPG 253 ACB4MANC 112 

AB752TCRYD 64 ACB10PEN 188 ACB2TRIPGO 252 ACB4MOD 12 

AB752TCRYT 59 ACB2 206 ACB2TRIPGO 253 ACB4MOD 15 

AB752Y2RYT 61 ACB241A 193 ACB2TRIPW 254 ACB4MOD 106 

AB7CLOSLHE 61 ACB2AUTOC 193 ACB2TRIPWO 252 ACB4MOD 194 

AB7KEYISWT 61 ACB2AUTOO 252 ACB2TRIPWO 254 ACB4MOD 205 

AB7MCH2DEX 61 ACB2BREAK 252 ACB3 205 ACB4TRANS 105 

AB7MECHDEX 64 ACB2BREAKC 66 ACB3BREAKC 35 ACB4TRANS 180 

AB70PENLHE 64 ACB2CLOSE 65 ACB3BREAKC 36 ACB4TRIP 180 

AB7PUSHPBT 59 ACB2CLOSE 66 ACB3CLOSE 23 ACB5BREAKC 67 

AB7R52XRYD 61 ACB2CLOSE 141 ACB3CLOSE 35 ACB5CLOSE 65 

AB7R52YRYD 61 ACB2CLOSE 191 ACB30PEN 37 ACB5CLOSE 67 

AB81OAlFUF 146 ACB2CNTRLC 66 ACB30PEN 37 ACB5CNTRLC 67 

AB81432RYT 147 ACB2CNTRLC 193 ACB30PEN 109 ACB5CNTRLC 68 

AB852CCRYD 146 ACB2CSGNL 193 ACB3TRANS 2 ACB5DCPWR 63 

AB852TCRYT 148 ACB2DCPWR 66 ACB3TRANS 102 ACB5DCPWR 63 

AB852Y2RYT 146 ACB2DCPWR 192 ACB3TRANS 188 ACB5DCPWR 67 

AB86E1A 109 ACB2DCPWR 252 ACB3TRIP 102 ACB5ELECC 67 

AB86E1ARYD 109 ACB2DISC 215 ACB3TRIPG 39 ACB5TRANS 65 

AB86E1GRYD 109 ACB2ELEC 252 ACB3TRIPGO 37 ACB5TRANS 69 

AB86T 109 ACB2ELECC 66 ACB3TRIPGO 39 ACB6BREAKC 142 

AB883S8RYD 147 ACB2LHE 66 ACB3TRIPW 40 ACB6CLOSE 141 

AB8KEYISWT 146 ACB2LHE 197 ACB3TRIPWO 37 ACB6CLOSE 142 

AB8MCH2DEX 146 ACB20PEN 252 ACB3TRIPWO 40 ACB6CNTRLC 142 

AB8PUSHPBT 148 ACB2TRANS 65 ACB4 206 ACB6CNTRLC 143 

AB8R52XRYD 146 ACB2TRANS 68 ACB4AFTC 106 ACB6CNTRLO 144 

AB8R52YRYD 146 ACB2TRANS 141 ACB4AUTOC 106 ACB6DCPWR 142 

ABEOPRCRHE 193 ACB2TRANS 191 ACB4BREAKC 105 ACB6DCPWR 143 

ABESTART 108 ACB2TRIP 68 ACB4CLOSE 105 ACB6DCPWR 144 

ABESTART 109 ACB2TRIP 198 ACB4CNTRLO 106 ACB6DCPWR 147 

ABPOPRCRHE 112 ACB2TRIP2 198 ACB4CNTRLC 105 ACB6ELECC 142 

ACB1 205 ACB2TRIP2 199 ACB4CNTRLC 106 ACB6ELECO 144 
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Gate/Event Name Page Z Gate/Event Name PIe Zone Gate/Event Name PBK6 Zone Gate/Event Name Pae Zone 

ACB60PEN 143 AD1C3CCCDT 205 ASWYDISO 252 BK163TALSD 73 

ACB60PEN 144 ADIC3CLCDT 25 ASWYDISO 255 SK163TALST 74 

ACB60PEN 146 AD1C3CLCDT 205 AUXPWRCOM 185 BK163TALST 75 

ACB6TRANS 141 AD1SCLRCDT 109 AUXPWRCOM 186 BK163TALST 85 

ACB6TRANS 145 AD2B2ALCDT 143 BASEl 13 BK1650 71 

ACB7BREAKC 61 AD2B3CCCDT 112 BASE1 17 BK1650 72 

ACB7CLOSE 58 AD2C3CCCDT 206 BASE2 116 BK1660 72 

ACB7CLOSE 61 AD2C3CLCDT 192 BASE2 121 BK1660 73 

ACB7CNTRLC 61 AD2C3CLCDT 206 BK1000 41 BK1660A 73 

ACB7CNTRLC 62 AK1141XRYD 104 BK1000 56 BK1660C 73 

ACB7CNTRLO 64 AK114GVDEX 40 BK1088XRYD 72 BK1661A 73 

ACB7DCPWR 61 AK114GVDEX 104 BK1088XRYT 75 BK1661B 85 

ACB7DCPWR 63 AK121TDRYD 35 BK1088XRYT 85 BK1661B 86 

ACB7DCPWR 64 AK152TDRYD 40 BK1100 56 BK1661C 72 

ACB7ELECC 61 AK152TDRYT 24 BK114/2SSD 86 BK1661C 73 

ACB7ELECO 64 AK152TDRYT 39 BK114/2SST 75 BK1760 72 

ACB70PEN 63 AK152XGRYD 39 BK114DXRYD 86 BK1760 74 

ACB70PEN 64 AK152XGRYT 39 BK114DXRYT 75 BK1760A 74 

ACB70PEN 67 AK1AX34RYT 36 BK114T2RYD 86 BK1760B 74 

ACB7TRANS 58 AK1GV1XRYD 40 BK114T2RYT 75 BK1760B 75 

ACB7TRANS 59 AK10FRQCOM 35 BK1188ASWT 57 BK1760B 85 

ACB8BREAKC 146 AK1UNDER 35 BK1188DSWT 72 BK1760C 74 

ACB8CLOSE 145 AK1UNDER 36 BK1200 56 BK1760C 75 

ACB8CLOSE 146 AK1X34XRYT 36 BK1400 56 BK1760SX 74 

ACB8CNTRLC 146 AK212OSSST 199 BK1500 56 BK1761A 74 

ACB8CNTRLC 147 AK2142XRYD 181 BK1500 57 BK1761C 75 

ACB8DCPWR 146 AK214GVDEX 181 BK1550 57 BK188AXRYD 73 

ACB8DCPWR 147 AK214GVDEX 254 BK1550 57 BK188AXRYT 74 

ACB8ELECC 146 AK222TDRYD 196 BK1550 71 BK1DA5BCDT 72 

ACB8TRANS 145 AK252TDRYD 193 BK1560 71 BK1GBDCGPR 72 

ACB8TRANS 148 AK252TDRYD 254 BK1600 56 BKlGBDCGPS 72 

ACBAIRPDEX 105 AK252TDRYT 253 BK1600 71 BKlGBDCLHE 72 

ACBAIRPDEX 205 AK252WORYD 196 BK1631XRYD 72 BK1GBO1CVC 71 

ACBTRIPCHE 68 AK252XGRYD 196 BK1631XRYT 75 BK1GBO1CVO 57 

ACBTRIPCHE 102 AK2GATEDEX 199 BK1631XRYT 85 BK1GBO1CVT 57 

ACBXFERCOM 185 AK2GATEDEX 201 BK1632XRYD 73 BK1GBO1FTC 56 

AD1B4ALCDT 63 AK2GV2XRYD 254 BK1632XRYT 74 BK1GBO2VVT 57 

AD1C3CCCDT 37 AK20FRQCOM 196 BK163TALSD 72 BK1GBO3CVO 71 
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Gate/Event Name Page Zone Gate/Event Name Eaae Zone Gate/Event Name Page Zone Gate/Event Name Pae Zone 

BK1GBO3CVT 71 BK2632XRYT 153 BK2GBO2VVT 137 DDCBATTCOM 240 

BK1GBO4VVT 71 BK263TALSD 151 BK2GBO3CVO 149 DDCBATTNOT 217 

BK1GBO5VVT 56 BK263TALSD 152 BK2GBO3CVT 149 DDCBATTNOT 232 

BK1GBO6VVT 56 BK263TALST 153 BK2GBO4VVT 149 DDCBATTNOT 240 

BK1GBO8VVT 56 BK263TALST 154 BK2GBO5VVT 139 DDCDYAXBDF 234 

BK1GBO9VVT 56 BK263TALST 163 BK2GBO6VVT 139 DDCDYBXBDF 219 

BK1GOACGPR 57 BK2650 149 BK2GBO8VVT 139 DDCDYCXBDF 216 

BK1GOACGPS 57 BK2650 150 BK2GBO9VVT 139 DDCDYEXBDF 239 

BK1GODCTRM 71 BK2660 150 BK2GOACGPR 140 DDCDYFXBDF 225 

BK1XA1CCLT 57 BK2660 151 BK2GOACGPS 140 DDCDYGXBDF 242 

BK2000 124 BK2660A 151 BK2GODCTRM 149 E12EXCTCOM 184 

BK2000 139 BK2660C 151 BK2XA1CCLT 140 ED11D3DCDT 13 

BK2088XRYD 152 BK2661A 151 BKGBOILCOM 186 ED13BR2CDT 51 

BK2088XRYT 154 BK2661B 163 COMMCOLD 184 ED13BR2CDT 80 

BK2088XRYT 163 BK2661B 164 COOLCOM 186 ED22D3DCDT 116 

BK2100 139 BK2661C 151 COOLCOM 187 ED23BR2CDT 135 

BK214/2SSD 164 BK2661C 152 D1DIAXXDEX 9 ED23BR2CDT 159 

BK214/2SST 152 BK2760 150 D1DIBXXDEX 10 EKOORUNCOM 186 

BK214DXRYD 164 BK2760 153 D2DIAXXDEX 27 EK131TDRYD 20 

BK214DXRYT 152 BK2760A 153 D2DIBXXDEX 33 EK131TDRYT 19 

BK214T2RYD 164 BK2760B 152 D3DIAXXDEX 28 EK14152SWT 17 

BK214T2RYT 152 BK2760B 153 D3DIBXXDEX 34 EK1415TSWT 80 

BK2188ASWT 140 BK2760B 163 DDC11BXCDT 217 EK1415YRYD 16 

BK2188DSWT 150 BK2760C 153 DDC11CXCDT 240 EK1415YRYT 16 

BK2200 139 BK2760C 154 DDC11DCCDT 219 EK141AXR6D 17 

BK2400 139 BK2760SX 153 DDC11DLCDT 234 EK141AXR6D . 81 

BK2500 137 BK2761A 153 DDC11DRCDT 216 EK141AXR6T 80 

BK2500 139 BK2761C 154 DDC1ALXBYM 217 EK141AXR6T 81 

BK2550 137 BK288AXRYD 151 DDC1ALXBYM 240 EK141CFRYD 19 

BK2550 140 BK288AXRYT 153 DDC1BATBYF 217 EK186E2RYT 16 

BK2550 149 BK2DA1BCDT 150 DDC1FLTBDF 217 EK186EXRYT 13 

BK2560 149 BK2GBDCGPR 150 DDC21BXCDT 232 EK186EXRYT 18 

BK2600 139 BK2GBDCGPS 150 DDC21CXCDT 240 EK186X2RYT 80 

BK2600 149 BK2GBDCLHE 150 DDC21DCCDT 225 EK188SVRYD 81 

BK2631XRYD 152 BK2GBO1CVC 149 DDC21DLCDT 239 EK188SVRYT 81 

BK2631XRYT 154 BK2GBO1CVO 137 DDC21DRCDT 242 EK1901ARYT 19 

BK2631XRYT 163 BK2GBO1CVT 137 DDC2BATBYF 232 EK199SXRYD 15 

BK2632XRYD 151 BK2GBO1FTC 139 DDC2FLTBDF 232 EK199SYRYD 14 
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Gate/Event Name- Pa Zone Gate/Event Name Page Zonefl Gate/Event Name Paa Zone Gate/Event Name Pag Zone 

EK199SYRYT 80 EK231TDRYT 119 EK2NOMOD 194 FFB1TRIP 20 

EK1BAS2DEX 81 EK24152SWT 118 EK2R31TRYD 120 FFB2TRIP 120 

EK1BASEDEX 17 EK2415TSWT 158 EK2R31YRYD 118 FFTRIP1 18 

EK1BASELHE 17 EK2415YRYD 117 EK2R31YRYT 118 FFTRIP1 19 

EK1DIODDEX 81 EK2415YRYT 117 EK2R41XRYD 192 FFTRIP2 119 

EK1EXC1TGF 13 EK241AXR6D 118 EK2R41YRYD 192 FFTRIP2 119 

EK1EXC2TGF 80 EK241AXR6D 159 EK2R41YRYT 192 FIREPROT 69 

EK1F30AFUF 81 EK241AXR6T 158 EK2R9A2RYT 119 FIREPROT 204 

EK1F31XRYD 19 EK241AXR6T 159 EK2R9C2R6T 119 FKOFISHCOM 187 

EK1F41CRYD 14 EK241CFRYD 118 EK2S141SWT 194 FKOWL01VVT 78 

EK1FAN1TLF 81 EK286E2RYT 117 EK2S31TSWT 119 FKOWL01VVT 157 

EK1FLDCLHE 13 EK286EXRYT 116 EK2S41CRYD 117 FK1110 78 

EK1FLDMDEX 13 EK286EXRYT 119 EK2S41TSWT 159 FK1110 79 

EK1FLSCLHE 18 EK286X2RYT 159 EK2S41XRYD 117 FK1120 78 

EK1FLSMDEX 18 EK288SVRYD 159 EK2SPYCLHE 117 FK1120 79 

EK1FLSOLHE 20 EK288SVRYT 159 EK2SPYMDEX 117 FK1120 84 

EK1MOD 13 EK2901ARYT 119 EK2VHSVRYD 120 FK1120GLHE 84 

EK1MOD 15 EK299SXRYD 194 EK2VREGDEX 158 FK1120GSWT 84 

EK1NOMOD 13 EK299SYRYD 194 EKSTARTCOM 184 FK1200 76 

EK1NOMOD 15 EK299SYRYT 159 ESCONDNOT 26 FK1200 78 

EK1R31TRYD 20 EK2BAS2DEX 158 ESCONDNOT 27 FK1300 82 

EK1R31YRYD 19 EK2BASEDEX 121 ESCONDNOT 28 FK1300 83 

EK1R31YRYT 19 EK2BASELHE 121 ESCONDNOT 31 FK1310 83 

EK1R41XRYD 14 EK2DIODDEX 159 ESCONDNOT 33 FK1310 84 

EK1R41YRYD 14 EK2EXC1TGF 116 ESCONDNOT 34 FK1310 96 

EK1R41YRYT 14 EK2EXC2TGF 158 EUlC1RORYD 26 FK1400 96 

EK1R9A1RYT 19 EK2F30AFUF 159 EU1C2RORYD 31 FK1500 84 

EK1R9C1R6T 18 EK2F31XRYD 118 EU2C1RORYD 27 FK1510 84 

EK1S141SWT 14 EK2F41CRYD 192 EU2C2RORYD 33 FK1520 84 

EK1S31TSWT 19 EK2FAN1TLF 159 EU3C1RORYD 28 FK1530 84 

EK1S41CRYD 16 EK2FLDCLHE 116 EU3C2RORYD 34 FK1530 85 

EK1S41TSWT 80 EK2FLDMDEX 116 EXCIFANS1 80 FK1540 85 

EK1S41XRYD 16 EK2FLSCLHE 119 EXCIFANS1 81 FK1FL01FRF 78 

EKlSPYCLHE 16 EK2FLSMDEX 119 EXCIFANS2 158 FK1FLO2FRF 79 

EKlSPYMDEX 16 EK2FLSOLHE 120 EXCIFANS2 159 FK1TRHXHXF 76 

EK1VHSVRYD 20 EK2MOD 116 EXCRUN 80 FK1TRHXHXF 78 

EK1VREGDEX 81 EK2MOD 194 EXCRUN 81 FK1WLO3VVT 79 

EK231TDRYD 120 EK2NOMOD 116 EXCRUN2 158 FK1WLO4VVT 79 
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FK1WLO5VVT 79 FK2WLO5VVT 157 GFBFAIL2 192 GK1315B 92 

FK1WL06VVT 79 FK2WLO6VVT 157 GFBTRIP1 13 GK1316 87 

FK1WLO7VVT 79 FK2WLO7VVT 157 GFBTRIP1 14 GK1316 93 

FK1WL08VVT 79 FK2WLO8VVT 157 GFBTRIP2 116 GK1316A 93 

FK1WLO9VVT 78 FK2WL09VVT 154 GFBTRIP2 194 GK1316B 93 

FK1WL11AVO 84 FK2WL11AVO 162 GFFBFAIL1 18 GK1317 87 

FKlWL11AVT 84 FK2WL11AVT 162 GFFBFAIL1 19 GK1317 94 

FKlWL12VVT 84 FK2WL12VVT 162 GFFBFAIL2 118 GK1317A 94 

FK1WL15VVT 96 FK2WL15VVT 174 GFFBFAIL2 119 GK1317B 94 

FK1WL42VVT 83 FK2WL42VVT 161 GKOCOOLCOM 186 GK1318 87 

FKlWL43VVT 83 FK2WL43VVT 161 GKOLOCKCOM 186 GK1318 95 

FK2110 154 FKVALVECOM 187 GK10001HGR 82 GK1318A 95 

FK2110 157 FLDCLOSE1 13 GK10001HGS 4 GK1318B 95 

FK2120 157 FLDCLOSE1 13 GK1063FPST 104 GK13SUI 103 

FK2120 157 FLDCLOSE1 18 GK1120 82 GK13SUI 107 

FK2120 162 FLDCLOSE2 116 GK112TDRYT 108 GK13SUIRYT 107 

FK2120GLHE 162 FLDCLOSE2 116 GK112X1RYT 108 GK13SUISWT 107 

FK2120GSWT 162 FLDCLOSE2 119 GK1310 82 GK140G1RYT 103 

FK2200 154 FLDCLOSE2 193 GK1310 87 GK1410 96 

FK2200 155 FLDTRANS1 80 GK1311 87 GK1410 97 

FK2300 160 FLDTRANS2 68 GK1311 88 GK1411 97 

FK2300 161 FLDTRANS2 158 GK1311A 88 GK1412 97 

FK2310 161 FLDTRANS2 159 GK1311B 88 GK1412 98 

FK2310 162 FLSHCLOSE1 13 GK1312 87 GK1413 97 

FK2310 174 FLSHCLOSE1 18 GK1312 89 GK1414 97 

FK2400 174 FLSHCLOSE2 116 GK1312A 89 GK1414 98 

FK2500 162 FLSHCLOSE2 119 GK1312B 89 GK1415 97 

FK2510 162 FLSHOPEN1 13 GK1313 87 GK1415 99 

FK2520 162 FLSHOPEN1 20 GK1313 90 GK1416 97 

FK2530 162 FLSHOPEN2 116 GK1313A 90 GK1416 99 

FK253.0 163 FLSHOPEN2 120 GK1313B 90 GK159GNRYT 103 

FK2540 163 GAB1FAULT 103 GK1314 87 GK162TDRYT 103 

FK2FL01FRF 157 GAB1FAULT 107 GK1314 91 GK163FX 103 

FK2FLO2FRF 157 GENCOM 186 GK1314A 91 GK163FX 104 

FK2TRHXHXF 154 GENFAIL 196 GK1314B 91 GK163FXRYT 104 

FK2TRHXHXF 155 GFBFAIL1 13 GK1315 87 GK186E1 13 

FK2WLO3VVT 157 GFBFAIL1 14 GK1315 92 GK186E1 21 

FK2WLO4VVT 157 GFBFAIL2 116 GK1315A 92 GK186E1 82 
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GK186E1 102 GK1HPO8HXF 95 GK1WL50VVT 89 GK2310 160 

GK186E1RYT 21 GK1HXLEAK 100 GK1WL51VVT 89 GK2310 165 

GK186E1RYT 53 GK1MODTRIP 103 GK1WL52VVT 90 GK2311 165 

GK186E1RYT 83 GK1MODTRIP 108 GK1WL53VVT 90 GK2311 166 

GK186E1X 21 GK1NGDCLHE 4 GK1WL54VVT 90 GK2311A 166 

GK186E1X 103 GK10121SST 108 GK1WL55VVT 90 GK2311B 166 

GK186E1X 106 GK1SUPRT 82 GKlWL56VVT 91 GK2312 165 

GK187G1RYT 103 GK1WL16VVT 99 GK1WL57VVT 91 GK2312 167 

GK187GBRYT 103 GK1WL17VVT 99 GK1WL58VVT 91 GK2312A 167 

GK187TERYT 103 GK1WL18VVT 101 GKlWL59VVT 91 GK2312B 167 

GK1BRGDSCH 82 GK1WL19VVT 101 GK1WL60VVT 92 GK2313 165 

GK1BRGDSCH 86 GK1WL20VVT 99 GK1WL61VVT 92 GK2313 168 

GK1BRGSUP 82 GK1WL21VVT 99 GK1WL62VVT 92 GK2313A 168 

GK1BRGVLHE 82 GK1WL22VVT 101 GK1WL63VVT 92 GK2313B 168 

GK1COOLLHE 96 GK1WL23VVT 101 GK1WL64VVT 93 GK2314 165 

GK1FIREDEX 82 GK1WL24VVT 98 GK1WL65VVT 93 GK2314 169 

GK1GAC1HXF 97 GK1WL25VVT 98 GK1WL66VVT 93 GK2314A 169 

GK1GAC1HXL 100 GK1WL26VVT 101 GK1WL67VVT 93 GK2314B 169 

GK1GAC2HXF 98 GK1WL27VVT 101 GK1WL68VVT 94 GK2315 165 

GK1GAC2HXL 100 GK1WL28VVT 97 GK1WL69VVT 94 GK2315 170 

GK1GAC3HXF 97 GK1WL29VVT 97 GK1WL70VVT 94 GK2315A 170 

GK1GAC3HXL 100 GK1WL30VVT 101 GK1WL71VVT 94 GK2315B 170 

GK1GAC4HXF 98 GK1WL31VVT 101 GK1WL72VVT 95 GK2316 165 

GK1GAC4HXL 100 GK1WL32VVT 98 GK1WL73VVT 95 GK2316 171 

GK1GAC5HXF 99 GKlWL33VVT 98 GK1WL74VVT 95 GK2316A 171 

GK1GAC5HXL 100 GK1WL34VVT 101 GK1WL75VVT 95 GK2316B 171 

GK1GAC6HXF 99 GK1WL35VVT 101 GK1WL76VVT 86 GK2317 165 

GK1GAC6HXL 100 GK1WL36VVT 97 GK1WL78VVT 86 GK2317 172 

GK1GENCOOL 82 GK1WL37VVT 97 GK1WLLEAK 82 GK2317A 172 

GK1GENCOOL 96 GK1WL38VVT 101 GK1WLLEAK 100 GK2317B 172 

GK1HPO1HXF 88 GK1WL39VVT 101 GK1WLVLEAK 100 GK2318 165 

GK1HPO2HXF 89 GK1WL41VVT 96 GK1WLVLEAK 101 GK2318 173 

GK1HPO3HXF 90 GK1WL44VVT 88 GK20001HGR 160 GK2318A 173 

GK1HPO4HXF 91 GK1WL45VVT 88 GK20002HGS 121 GK2318B 173 

GK1HPO5HXF 92 GK1WL46VVT 88 GK2063FPST 200 GK23SUI 122 

GK1HPO6HXF 93 GK1WL47VVT 88 GK2120 160 GK23SUI 200 

GK1HPO6VVT 82 GK1WL48VVT 89 GK212TDRYT 201 GK23SUIRYT 200 

GK1HPO7HXF 94 GK1WL49VVT 89 GK212X2RYT 201 GK23SUISWT 200 
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GK240G1RYT 122 GK2GAC2HXL 178 GK2WL28VVT 175 GK2WL69VVT 172 

GK2410 174 GK2GAC3HXF 175 GK2WL29VVT 175 GK2WL70VVT 172 

GK2410 175 GK2GAC3HXL 178 GK2WL30VVT 179 GK2WL71VVT 172 

GK2411 175 GK2GAC4HXF 176 GK2WL31VVT 179 GK2WL72VVT 173 

GK2412 175 GK2GAC4HXL 178 GK2WL32VVT 176 GK2WL73VVT 173 

GK2412 176 GK2GAC5HXF 177 GK2WL33VVT 176 GK2WL74VVT 173 

GK2413 175 GK2GAC5HXL 178 GK2WL34VVT 179 GK2WL75VVT 173 

GK2414 175 GK2GAC6HXF 177 GK2WL35VVT 179 GK2WL76VVT 164 

GK2414 176 GK2GAC6HXL 178 GK2WL36VVT 175 GK2WL78VVT 164 

GK2415 175 GK2GENCOOL 160 GK2WL37VVT 175 GK2WLLEAK 160 

GK2415 177 GK2GENCOOL 174 GK2WL38VVT 179 GK2WLLEAK 178 

GK2416 175 GK2HPO1HXF 166 GK2WL39VVT 179 GK2WLVLEAK 178 

GK2416 177 GK2HPO2HXF 167 GK2WL41VVT 174 GK2WLVLEAK 179 

GK259GNRYT 122 GK2HPO3HXF 168 GK2WL44VVT 166 GKHPOILCOM 186 

GK262TDRYT 122 GK2HPO4HXF 169 GK2WL45VVT 166 GMODTRIP1 108 

GK263FX 122 GK2HPO5HXF 170 GK2WL46VVT 166 GMODTRIP2 201 

GK263FX 200 GK2HPO6HXF 171 GK2WL47VVT 166 GOVTBCOM 186 

GK263FXRYT 200 GK2HPO6VVT 160 GK2WL48VVT 167 GSBFAIL1 16 

GK286E2 116 GK2HPO7HXF 172 GK2WL49VVT 167 GSBFAIL2 117 

GK286E2 122 GK2HPO8HXF 173 GK2WL50VVT 167 GSBTRIP1 16 

GK286E2 160 GK2HXLEAK 178 GK2WL51VVT 167 GSBTRIP1 17 

GK286E2 180 GK2MODTRIP 122 GK2WL52VVT 168 GSBTRIP2 117 

GK286E2 197 GK2MODTRIP 201 GK2WL53VVT 168 GSBTRIP2 118 

GK286E2RYT 122 GK2NGDCLHE 121 GK2WL54VVT 168 K12COM 183 

GK286E2RYT 137 GK20121SST 201 GK2WL55VVT 168 K12COMO1 188 

GK286E2RYT 161 GK2SUPRT 160 GK2WL56VVT 169 K12COMO2 188 

GK287G2RYT 122 GK2WL16VVT 177 GK2WL57VVT 169 K12COMO3 188 

GK287GBRYT 122 GK2WL17VVT 177 GK2WL58VVT 169 K12COMO3 189 

GK287TERYT 122 GK2WL18VVT 179 GK2WL59VVT 169 K12COMO4 188 

GK2BRGDSCH 160 GK2WL19VVT 179 GK2WL60VVT 170 K12COMO4 189 

GK2BRGDSCH 164 GK2WL20VVT 177 GK2WL61VVT 170 K12COM1DEX 189 

GK2BRGSUP 160 GK2WL21VVT 177 GK2WL62VVT 170 K1MODTRIP 102 

GK2BRGVLHE 160 GK2WL22VVT 179 GK2WL63VVT 170 K1MODTRIPO 102 

GK2COOLLHE 174 GK2WL23VVT 179 GK2WL64VVT 171 K1MODTRIPO 104 

GK2FIREDEX 160 GK2WL24VVT 176 GK2WL65VVT 171 K2MODTRIP 180 

GK2GAC1HXF 175 GK2WL25VVT 176 GK2WL66VVT 171 K2MODTRIP 181 

GK2GAC1HXL 178 GK2WL26VVT 179 GK2WL67VVT 171 K2MODTRIP 198 

GK2GAC2HXF 176 GK2WL27VVT 179 GK2WL68VVT 172 K2MODTRIPO 181 
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K2NOMAIN 21 KK1RUNSDEX 3 KU1STARTR 2 KU2STARTF 70 

K2NOMAIN 22 IK1RINSDEX 21 KU1STARTR 3 KtJ2STARTR 70 

K2NOMAIN 35 KK1UNDRBHF 1 KU1STARTR 184 KU2STARTR 113 

K2NOMAIN 113 KK2RUNSDEX 123 KU1UNDER 2 KU2STARTR 184 

K2NOMAIN 182 KK2UNITHYM 3 KUlUNDERO 1 KU2STARTR 193 

K2NOMAIN 183 KK2UNITHYM 22 KUlUNDERO 2 KU2STARTR 196 

K2NOMAIN 185 KK2UNITHYM 65 KU2CREDIT 65 KU2STARTR 197 

K2NOMAIN 188 KK2UNITHYM 105 KU2GENCLD 70 KU2SWYD 215 

K2NOMAIN 188 KK2UNITHYM 191 KU2GENCLD 121 KU2SWYD 252 

K2NOMAIN 189 KNOTBOTH 3 KU2GENRUN 124 LOEGTPSCOM 221 

KA127T1R6D 187 KUlBOTH 21 KU2GENRUN 160 LOEGTPSCOM 223 

KA127T1R6T 187 KU1GENCLD 4 KU2GEXCLD 70 LOEGTPSCOM 233 

KA227T2R6T 188 KU1GENRUN 41 KU2GEXCLD 116 LOEGTPSCOM 235 

KB4CONNDEX 189 KUlGENRUN 82 KU2GEXRUN 124 L27BRX1RYD 224 

KBOTHNORN 3 KU1GEXCLD 4 KU2GEXRUN 158 L27BRX1RYD 224 

KCOMCSTRT 183 KU1GEXCLD 13 KU2GVTBCLD 70 L27BRX2RYD 243 

KCOMCSTRT 184 KU1GEXRUN 41 KU2GVTBCLD 113 L27BRX2RYD 243 

KCOMHSTRT 183 KU1GEXRUN 80 KU2GVTBHOT 70 L27BRY1RYD 224 

KCOMHSTRT 185 KU1GRID 188 KU2GVTBHOT 123 L27BRY1RYD 224 

KCOMM 183 KU1GVTBCLD 4 KU2GVTBRUN 124 L27BRY2RYD 243 

KCOMMODE 183 KU1GVTBHOT 23 KU20VER 65 L27BRY2RYD 243 

KCOMMODE 188 KU1GVTBRUN 41 KU20VER 70 L27BRZ1RYD 224 

KCOMNOMAIN 183 KU1RNNG 2 KU20VER 105 L27BRZ1RYD 224 

KCOMRUN 183 KU1RNNG 21 KU20VER 191 L27BRZ2RYD 243 

KCOMRUN 186 KU1RNNG 35 KU20VERO 191 L27BRZ2RYD 243 

KEOWCOM 1 KU1RNNG 39 KU2REC 1 L27BYX1RYD 224 

KEOWCOM 183 KU1RNNG 107 KU2REC 105 L27BYX1RYD 224 

KEOWCOM 191 KU1RNNG 188 KU2RNNG 70 L27BYX2RYD 243 

KEOWTOP 1 KU1RNNG 204 KU2RNNG 113 L27BYX2RYD 243 

KK1BOTHDEX 3 KU1RUN 2 KU2RNNG 123 L27BYY1RYD 224 

KK1BOTHDEX 21 KU1RUN 41 KU2RNNG 196 L27BYY1RYD 224 

KK1BOTHDEX 123 KU1SPINNG 2 KU2RNNG 215 L27BYY2RYD 243 

KK1BOTHDEX 185 KU1SPINS 2 KU2RNNG 253 L27BYY2RYD 243 

KK1BOTHDEX 189 KU1SPINS 23 KU2RUN 70 L27BYZ1RYD 224 

KK1BOTHHYM 1 KU1START 2 KU2RUN 124 L27BYZ1RYD 224 

KK1BOTHHYM 191 KU1STARTO 2 KU2SPINNG 70 L27BYZ2RYD 243 

KK1NORUN 3 KU1STARTF 2 KU2START 70 L27BYZ2RYD 243 

KK10VERBHF 202 KU1STARTF 4 KU2STARTO 70 L27XPX1RYD 224 
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L27XPX1RYD 224 L81BRX1RYD 222 L81XRX2RYD 244 LDCYG18CDT 233 

L27XPX2RYD 243 L81BRX2RYD 244 L81XRY1RYD 222 MAINT 1 

L27XPX2RYD 243 L81BRX2RYD 244 L81XRY1RYD 222 MAINT 182 

L27XPY1RYD 224 L81BRY1RYD 222 L81XRY2RYD 244 MAINTCOM 188 

L27XPY1RYD 224 L81BRY1RYD 222 L81XRY2RYD 244 MAINTCOM 190 

L27XPY2RYD 243 L81BRY2RYD 244 L81XRZ1RYD 222 MODCLOSEF 196 

L27XPY2RYD 243 L81BRY2RYD 244 L81XRZ1RYD 222 NACB60PEN 141 

L27XPZ1RYD 224 L81BRZ1RYD 222 L81XRZ2RYD 244 NACB60PEN 143 

L27XPZ1RYD 224 L81BRZ1RYD 222 L81XRZ2RYD 244 NACB70PEN 58 

L27XPZ2RYD 243 L81BRZ2RYD 244 L81XYX1RYD 222 NACB70PEN 63 

L27XPZ2RYD 243 L81BRZ2RYD 244 L81XYX1RYD 222 NEWMODA 23 

L27XRX1RYD 224 L81BYX1RYD 222 L81XYX2RYD 244 NEWMODB 23 

L27XRX1RYD 224 L81BYX1RYD 222 L81XYX2RYD 244 NEWMODB 37 

L27XRX2RYD 243 L81BYX2RYD 244 L81XYY1RYD 222 NOABiFALT 106 

L27XRX2RYD 243 L81BYX2RYD 244 L81XYY1RYD 222 NOFALT 106 

L27XRY1RYD 224 L81BYY1RYD 222 L81XYY2RYD 244 NOGENFAIL 196 

L27XRY1RYD 224 L81BYY1RYD 222 L81XYY2RYD 244 NOUNIT 1 

L27XRY2RYD 243 L81BYY2RYD 244 L81XYZ1RYD 222 NTACB4MOD 12 

L27XRY2RYD 243 L81BYY2RYD 244 L81XYZ1RYD 222 NTACB4MOD 15 

L27XRZ1RYD 224 L81BYZ1RYD 222 L81XYZ2RYD 244 NTACB4MOD 23 

L27XRZ1RYD 224 L81BYZ1RYD 222 L81XYZ2RYD 244 NTACB4MOD 35 

L27XRZ2RYD 243 L81BYZ2RYD 244 LC94F1ARYD 220 NTACB4MOD 37 

L27XRZ2RYD 243 L81BYZ2RYD 244 LC94F1BRYD 238 NTACB4MOD 102 

L27XSTARYD 25 L81XPX1RYD 222 LC94F1DRYD 231 NTACB4MOD 106 

L27XSTBRYD 32 L81XPX1RYD 222 LC94F2ARYD 226 NTACB4MOD 108 

L27XYX1RYD 224 L81XPX2RYD 244 LC94F2BRYD 245 NTACB4MOD 181 

L27XYX1RYD 224 L81XPX2RYD 244 LC94F2CRYD 247 NTACB4MOD 194 

L27XYX2RYD 243 L81XPY1RYD 222 LC94F2DRYD 232 NTACB4MOD 196 

L27XYX2RYD 243 L81XPY1RYD 222 LC94V1ARYD 220 NTACB4MOD 201 

L27XYY1RYD 224 L81XPY2RYD 244 LC94V1BRYD 238 OFACTORDEX 210 

L27XYY1RYD 224 L81XPY2RYD 244 LC94V1DRYD 231 OKOPRUNCOM 186 

L27XYY2RYD 243 L81XPZ1RYD 222 LC94V2ARYD 226 OK10001PSC 48 

L27XYY2RYD 243 L81XPZ1RYD 222 LC94V2BRYD 245 OK10002PSC 49 

L27XYZ1RYD 224 L81XPZ2RYD 244 LC94V2CRYD 234 OK10003PSC 52 

L27XYZ1RYD 224 L81XPZ2RYD 244 LC94V2CRYD 247 OK10003RVT 42 

L27XYZ2RYD 243 L81XRX1RYD 222 LDCYC13CDT 223 OK10003TKF 42 

L27XYZ2RYD 243 L81XRX1RYD 222 LDCYC14CDT 221 OK10004PSC 46 

L81BRX1RYD 222 L81XRX2RYD 244 LDCYG12CDT 235 OK10007FVT 43 
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OK10009VVT 43 OK1324 46 OK1XA4DCLT 52 OK2300 126 

OK10011CVO 43 OK1324 48 OK20001PSC 131 OK2310 126 

OK10011CVO 47 OK1325 46 OK20002PSC 132 OK2320 130 

OK10011CVT 43 OK1350 43 OK20003PSC 134 OK2321 130 

OK10011CVT 47 OK1355 43 OK20003RVT 125 OK2322 130 

OK10012VVT 43 OK1355 44 OK20003TKF 125 OK2322 131 

OK10012VVT 47 OK1360 44 OK20004PSC 129 OK2323 131 

OK10013RVT 43 OK1400 41 OK20007FVT 126 OK2324 127 

OK10013RVT 47 OK1400 47 OK20009VVT 126 OK2324 129 

OK10014CVO 48 OK1410 47 OK20011CVO 126 OK2324 131 

OK10014CVT 48 OK1410B 47 OK20011CVO 130 OK2325 129 

OK10015VVT 48 OK1410B 48 OK20011CVT 126 OK2350 126 

OK10016RVT 48 OK1410C 47 OK20011CVT 130 OK2355 126 

OK10017CVO 50 OK1410C 50 OK20012VVT 126 OK2355 127 

OK10017CVT 50 OK1411B 48 OK20012VVT 130 OK2360 127 

OK10018VVT 50 OK1411B 49 OK20013RVT 126 OK2400 124 

OK10019RVT 50 OK1411C 50 OK20013RVT 130 OK2400 130 

OK1001AGPR 44 OK1411C 52 OK20014CVO 131 OK2410 130 

OK1001AGPR 47 OK1412B 49 OK20014CVT 131 OK2410B 130 

OK1001AGPS 44 OK1412C 52 OK20015VVT 131 OK2410B 131 

OK1001AGPS 47 OK1500 42 OK20016RVT 131 OK2410C 130 

OK1001BGPR 49 OK1600 41 OK20017CVO 133 OK2410C 133 

OK1001BGPS 49 OK188GASWT 44 OK20017CVT 133 OK2411B 131 

OK1001BLHE 49 OK188GASWT 48 OK20018VVT 133 OK2411B 132 

OK1001CGPR 52 OK188GBSWT 49 OK20019RVT 133 OK2411C 133 

OK1001CGPS 52 OK188GCSWT 52 OK2002AGPR 127 OK2411C 134 

OK1001CLHE 52 OK199K1RYD 46 OK2002AGPR 130 OK2412B 132 

OK1200 41 OK199K1RYT 46 OK2002AGPS 127 OK2412C 134 

OK1200 42 OK199K2RYD 46 OK2002AGPS 130 OK2500 125 

OK1300 41 OK1AG01TKF 42 OK2002BGPR 132 OK2600 124 

OK1300 43 OK1AGO4RVT 42 OK2002BGPS 132 OK288GASWT 127 

OK1310 43 OK1AGO5VVT 42 OK2002BLHE 132 OK288GASWT 131 

OK1320 47 OK1OG1CTRM 50 OK2002CGPR 134 OK288GBSWT 132 

OK1321 47 OK1PRUNCOM 47 OK2002CGPS 134 OK288GCSWT 134 

OK1322 47 OK1PSTRCOM 47 OK2002CLHE 134 OK299K1RYD 129 

OK1322 48 OK1XA1DCLT 44 OK2200 124 OK299K1RYT 129 

OK1323 48 OK1XA1DCLT 47 OK2200 125 OK299K2RYD 129 

OK1324 44 OK1XA2ECLT 49 OK2300 124 OK2AGO4RVT 125 
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OK2AG05VVT 125 P1TCMFB1 60 PK22000 155 S27XSC2RYD 249 

OK2AGO1TKF 125. P1TCMFB2 60 PK22001 155 S27XTD1RYD 195 

OK2OG2CTRM 133 P1TCMFBS 60 PK2210 156 S27XTD2RYD 249 

OK2PRUNCOM 130 PAC1TC4C.4T 58 PK263SALST 155 S327E1UVF 213 

OK2PSTRCOM 130 PAC1TC4C4T 145 PK263SBLST 156 S327E1VRYT 213 

OK2XA1DCLT 127 PACTCO1C4T 60 PK2ACDCCOM 155 S327EUVF 213 

OK2XA1DCLT 130 PACTC14C4T 60 PK2DA1CCDT 156 S327EUVRYT 213 

OK2XA2ECLT 132 PACX1TCBHF 60 PK2PACK 155 "S327EX1RYD 213 

OK2XA4DCLT 134 PCB90PEN 255 PK2PACKDEX 155 S327EXVRYD 213 

OMOD 210 PKOSUMPCOM 186 PK2TS01VVT 155 S94GBMOD 69 

OMOD 210 PK1100 76 PK2TSO2CVT 155 S94GBMOD 205 

OMODF 210 PK1110 76 PK2TSO3VVT 156 SAB1FAULT 69 

OMODF 211 PK1200 76 PK2TSO4CVT 156 SAB1FAULT 204 

OMODNOT 210 PK1200 77 PK2TSACGPR 155 SB18UX1RYT 205 

OMODU1F 211 PK12000 41 PK2TSDCGPR 156 SB28UX2RYT 206 

OMODU2F 211 PK12000 76 PK2TSDCLHE 156 SB38UX3RYT 205 

OMODU2F 212 PK12001 76 PK2TSDCTRM 156 SB48UX4RYT 206 

OMODU3F 211 PK1210 77 PK2XA2CCLT 155 SDC1 216 

OMODU3F 213 PK163SALST 76 PMFB1 60 SDC1 217 

OMODU3F 214 PK163SBLST 77 PMFB2 60 SDC1 219 

OMODWOF 210 PK1ACDCCOM 76 RUNSIGF 196 SDC1 234 

OMODWOF. 214 PK1DA5CCDT 77 S127E1UVF 211 SDC1ALT 217 

OPATHTOP 191 PK1PACK 76 S127E1VRYT 211 SDC1ALTF 217 

OPATHTOPB 191 PK1PACKDEX 76 S127EUVF 211 SDC1ALTF 240 

OPATHTOPB 202 PK1TS01VVT 76 S127EUVRYT 211 SDC1NORM 217 

OPATHTOPC 191 PK1TSO2CVT 76 S127EUVRYT 214 SDC1NORMF 217 

OPATHTOPC 215 PK1TSO3VVT 77 S127EX1RYD 211 SDC1NORMWF 217 

OVERO 1 PK1TSO4CVT 77 S127EXVRYD 211 SDC1NORMWF 240 

OVERO 191 PK1TSACGPR 76 S127EXVRYD 214 SDC1NORMWF 240 

OVERTOP 191 PK1TSDCGPR 77 S227E1UVF 212 SDC1SRCES 217 

OVRLDMD 210 PK1TSDCLHE 77 S227E1VRYT 212 SDC2 225 

OVRLDNT 210 PKlTSDCTRM 77 S227EUVF 212 SDC2 232 

OVRLOAD 202 PK1XA2CCLT 76 S227EUVRYT 212 SDC2 239 

OVRLOAD 210 PK2100 155 S227EUVRYT 214 SDC2 240 

OVRLOADS 210 PK2110 155 S227EX1RYD 212 SDC2 242 

P1TC 58 PK2200 155 S227EXVRYD 212 SDCAIDDDIF 250 

P1TC 60 PK2200 156 S227EXVRYD 214 SDCDA12CDT 236 

P1TC 145 PK22000 124 S27XSC1RYD 195 SDCDA15CDT 246 
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SDCDA17CDT 248 SDCDYE 248 SEG94F2CF 247 SEGTP1ANIT 229 

SDCDB01CDT 230 SDCDYE 255 SEG94F2DF 231 SEGTPlBNIT 25 

SDCDB13CDT 229 SDCDYE8CDT 237 SEG94F2DF 232 SEGTPlBNIT 236 

SDCDC12CDT 195 SDCDYE9CDT 215 SEG94F2DF 251 SEGTP1BNIT 237 

SDCDE12CDT 241 SDCDYE9CDT 255 SEG94F2F 226 SEGTPlBNIT 238 

SDCDE15CDT 246 SDCDYF 225 SEG94F2F 232 SEGTPlBNIT 246 

SDCDE17CDT 248 SDCDYF 225 SEG94F2F 233 SEGTP1BNIT 248 

SDCDF01CDT 230 SDCDYF 227 SEG94F2F 245 SEGTP1DNIT 230 

SDCDF13CDT 229 SDCDYF 228 SEG94F2F 247 SEGTP2ANIT 225 

SDCDG16CDT 249 SDCDYF 229 SEG94V1AF 220 SEGTP2ANIT 226 

SDCDYA 234 SDCDYF 230 SEG94V1BF 238 SEGTP2ANIT 227 

SDCDYA 236 SDCDYF4CDT 225 SEG94V1DF 230 SEGTP2ANIT 228 

SDCDYA 237 SDCDYF6CDT 227 SEG94V1DF 231 SEGTP2ANIT 229 

SDCDYA 246 SDCDYF8CDT 228 SEG94V1DF 251 SEGTP2BNIT 32 

SDCDYA 248 SDCDYG 233 SEG94V1F 220 SEGTP2BNIT 237 

SDCDYA 250 SDCDYG 235 SEG94V1F 223 SEGTP2BNIT 239 

SDCDYA 255 SDCDYG 242 SEG94V1F 231 SEGTP2BNIT 248 

SDCDYA8CDT 237 SDCDYG 249 SEG94V1F 238 SEGTP2DNIT 230 

SDCDYA9CDT 250 SDCEIDDDIF 215 SEG94V2AF 226 SEGTP2DNIT 231 

SDCDYA9CDT 255 SEG122INIT 241 SEG94V2AF 226 SEGTPSCH1F 25 

SDCDYB 219 SEG152INIT 246 SEG94V2AF 241 SEGTPSCH1F 26 

SDCDYB 219 SEG152INIT 247 SEG94V2BF 239 SEGTPSCH1F 255 

SDCDYB 227 SEG94F1AF 220 SEG94V2BF 241 SEGTPSCH2F 31 

SDCDYB 228 SEG94F1BF 238 SEG94V2BF 245 SEGTPSCH2F 32 

SDCDYB 229 SEG94F1DF 230 SEG94V2BF 247 SEGTPSCH2F 255 

SDCDYB 230 SEG94F1DF 231 SEG94V2CF 247 SEGX1Y1UF 221 

SDCDYB4CDT 219 SEG94F1DF 251 SEG94V2DF 231 SEGX1Y1UF 222 

SDCDYB6CDT 227 SEG94F1F 220 SEG94V2DF 234 SEGX1Y1UV 223 

SDCDYB8CDT 228 SEG94FlF 221 SEG94V2DF 251 SEGX1Y1UV 224 

SDCDYC 195 SEG94F1F 231 SEG94V2F 226 SEGX1Z1UF 221 

SDCDYC 216 SEG94F1F 238 SEG94V2F 234 SEGX1Z1UF 222 

SDCDYC 221 SEG94F2AF 226 SEG94V2F 235 SEGX1Z1UV 223 

SDCDYC 223 SEG94F2AF 226 SEG94V2F 245 SEGX1Z1UV 224 

SDCDYE 215 SEG94F2AF 241 SEG94V2F 247 SEGX2Y2UF 233 

SDCDYE 237 SEG94F2BF 239 SEGTP1ANIT 219 SEGX2Y2UF .244 

SDCDYE 239 SEG94F2BF 241 SEGTP1ANIT 220 SEGX2Y2UV 235 

SDCDYE 241 SEG94F2BF 245 SEGTP1ANIT 227 SEGX2Y2UV 243 

SDCDYE 246 SEG94F2BF 247 SEGTP1ANIT 228 SEGX2Z2UF 233 
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SEGX2Z2UF 244 SPCB08TF 237 SPCB28TCF 228 SPLYCLOSE2 119 

SEGX2Z2UV 235 SPCB08TF 255 SPCB28TF 218 SPLYTRANS1 80 

SEGX2Z2UV 243 SPCBO9CF 215 SPCB28TF 228 SPLYTRANS2 158 

SEGY1Z1UF 221 SPCB09TCF 255 SPCB33TC1 229 SU127UVCOM 211 

SEGY1Z1UF 222 SPCB12TC1 236 SPCB33TC2 229 SU227UVCOM 211 

SEGY1Z1UV 223 SPCB12TC2 236 SPCB33TCF 229 SU327UVCOM 211 

SEGY1Z1UV 224 SPCB12TC2 241 SPCB33TF 218 SU327UVCOM 214 

SEGY2Z2UF 233 SPCB12TCF 236 SPCB33TF 229 SXFRCT3THF 202 

SEGY2Z2UF 244 SPCB12TF 236 SPCB8TC1F 237 SXFRCT3THM 215 

SEGY2Z2UV 235 SPCB15TC1 246 SPCB8TC2F 237 SXFRCT4LHE 1 

SEGY2Z2UV 243 SPCB15TC2 246 SPCB9CDC1 215 SXFRCT4THM 182 

SIGNALSF 106 SPCB15TCF 236 SPCB9CDC2 215 SY20F3UFC1 221 

SIGNALSF 109 SPCB15TCF 246 SPCB9CDC2 250 SY20F3UFC2 233 

SK194GBRYT 205 SPCB15TF 236 SPCB9TC1F 255 SY20F3UVC1 223 

SK294GBRYT 206 SPCB17TC1 248 SPCB9TC2F 255 SY20F3UVC2 235 

SKXFMR1THF 65 SPCB17TC2 248 SPCBSFC1 218 SY30R94RYT 209 

SKXFMR1THF 141 SPCB17TCF 248 SPCBSFC1 236 SY51TN2RYT 207 

SPC14KVBHF 69 SPCB17TF 236 SPCBSFC2 218 SY51TN4RYT 207 

SPC51TNRYT 203 SPCB17TF 248 SPCCB9CF 215 SY51TN6RYT 207 

SPC62ABRYT 69 SPCB21TC1 230 SPCD87LRYT 203 SY62BFCT3 207 

SPC631XRYT 204 SPCB21TC2 230 SPCGLASSWT 204 SY62BFCT3 207 

SPC871XRYT 203 SPCB21TCF 230 SPCISLTCPT 193 SY62X1FRYT 208 

SPC872XRYT 203 SPCB21TF 218 SPCISLTCPT 195 SY62X2FRYT 208 

SPC87T1RYT 203 SPCB21TF 230 SPCISLTCPT 215 SY62XXFRYT 208 

SPC94TKRYT 69 SPCB24TC1 218 SPCISOCCH1 195 SY86BUIRYT 207 

SPCBOO8CHO 237 SPCB24TC1 219 SPCISOCCH2 195 SY86CT3LOR 202 

SPCB009CHC 215 SPCB24TC2 218 SPCISOCCH2 249 SY86CT3LOR 207 

SPCB009CHO 255 SPCB24TC2 225 SPCISOF 195 SY86CT3RYT 207 

SPCB012CHO 236 SPCB24TCF 218 SPCISOF 218 SY86YA9RYT 208 

SPCB015CHO 236 SPCB24TF 218 SPCISOF 249 SY86YBSLOR 202 

SPCB017CHO 248 SPCB26TC1 218 SPCISOLATE 215 SY86YBSLOR 208 

SPCB021CHO 230 SPCB26TC1 227 SPCISOLATE 251 SY86YJ3RYT 208 

SPCBO24CHO 218 SPCB26TC2 218 SPCR86TRYT 69 SY87BYXRYT 208 

SPCBO26CHO 218 SPCB26TC2 227 SPLYCLOSE1 13 SY87BYYRYT 208 

SPCB028CHO 228 SPCB26TCF 218 SPLYCLOSE1 16 SY87BYZRYT 208 

SPCB033CHO 229 SPCB26TF 218 SPLYCLOSE1 18 SY87LXXRYT 209 

SPCBO8TCF 237 SPCB28TC1 228 SPLYCLOSE2 116 SY94L1XRYT 209 

SPCB08TF 236 SPCB28TC2 228 SPLYCLOSE2 117 SYE1362RYT 207 
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SYE2362RYT 207 WK1GVHTDEX 23 XA1XA 76 XA2XA 155 

SYP2862RYT 207 WK1GVRNDEX 41 XA1XA1ACLT 190 XA2XAALBLM 128 

SYP3062RYT 207 WK1SPD1DEX 37 XA1XAALBLM 45 XA2XAALBLM 190 

SYP86TXRYT 209 WK1SPD2DEX 40 XA1XAALBLM 190 XA2XAE 190 

SYPCB09CHT 202 WK1SPD2DEX 41 XA1XAE 190 XA2XAEF 190 

SYPCB30CHT 202 WK1TBCDDEX 4 XA1XAEF 190 XA2XAMCBLF 128 

SYPCB30TRP 202 WK1TBHTDEX 23 XA1XAMCBLF 45 XA2XAMCBLF 138 

SYPCB30TRP 209 WK1TBRNDEX 41 XA1XAMCBLF 54 XA2XAN 128 

SYPCB9TRP 202 WK1TURRUN 41 XA1XAN 45 XA2XANF 128 

SYPCB9TRP 209 WK2GOVRUN 124 XAlXANF 45 XA2XANORM 128 

SYPL86TRYT 209 WK2GVCDDEX 113 XA1XANORM 45 XA2XE 141 

SYPL87LRYT 209 WK2GVCDLHE 113 XA1XCXXTHM 58 XA2XE 145 

SYR86BYRYT 208 WK2GVHTDEX 123 XA1XCXXTHM 145 XA2XN 141 

SYS63FPRYT 207 WK2GVRNDEX 124 XA1XCXXTLF 58 XA2XSRCE 141 

SYSX50BRYT 207 WK2SPD2DEX 124 XA1XCXXTLF 145 XA2XXXXBLF 141 

SYX87TBRYT 207 WK2SPD2DEX 254 XA1XE 58 XA56BKRCOM 67 

SYXX87TRYT 207 WK2TBCDDEX 113 XA1XE 65 XA56BKRCOM 142 

U5086EFRYT 103 WK2TBHTDEX 123 XA1XEO 65 XA78BKRCOM 61 

U5186EFRYT 103 WK2TBRNDEX 124 XA1XEO 65 XA78BKRCOM 146 

U51TNC4RYT 103 WK2TURRUN 124 XA1XN 58 XACB6 141 

U62BSK1RYT 103 WKCSTRTCOM 184 XA1XSRCE 58 XACB7 58 

U62BSK2RYT 103 WKHSTRTCOM 185 XA1XXXXBLF 58 XDOBATTCOM 183 

U86CT4XRYT 103 XAOSWGRCOM 185 XA2A2BTCDT 138 XDOCHRGCOM 185 

U86EF 1 XA1A2BTCDT 54 XA2BKRSCOM 142 XD104CCCDT 53 

U86EF 102 XA1BKRSCOM 61 XA2BKRSCOM 146 XD104CCCDT 83 

U86EF 103 XAlBKRSCOM 67 XA2TR2XTLF 141 XD104CRCDT 9 

U86EF 180 XA1TR1XTLF 65 XA2X 128 XD1BK1ACDT 38 

U86TCT4RYT 103 XA1X 45 XA2X 141 XD1CKC1BCF 54 

U87TCT4RYT 103 XA1X 58 XA2X 190 XD1DA1CCDT 54 

UACXCT4THF 103 XA1X 190 XA2X2BXCLT 128 XD1DA3BCDT 46 

UNDERO 1 XA1X2AXCLT 190 XA2X2DXCLT 190 XD1DA3BCDT 75 

UNDERTOP 1 XA1X2CCCLT 45 XA2X4AXCLT 190 XD1DA4ACDT 74 

UPATHTOP 1 XA1XA 44 XA2XA 127 XD1DA4ACDT 85 

UXX86EFRYT 103 XA1XA 45 XA2XA 128 XD1DALTBYM 11 

WKOORUNCOM 186 XAIXA 47 XA2XA 130 XD1DALTBYM 12 

WK1GOVRUN 41 XA1XA 49 XA2XA 132 XD1DALTBYM 38 

WK1GVCDDEX 4 XA1XA 52 XA2XA 134 XD1DALTR 38 

WK1GVCDLHE 4 XA1XA 57 XA2XA 140 XD1DALTRF 38 
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XD1DALTS 11 XD2DA2ACDT 163 XD2KC2F 138 YK199SXSRT 73 

XD1DANORMR 38 XD2DA3BCDT 129 XD2TIE2CDT 38 YK1CLDSRTF 5 

XD1DANORMS 11 XD2DA3BCDT 152 XD2TIE2CDT 55 YKlCLDSTRT 4 

XD1DANORWF 11 XD2DA5CCDT 138 XFMR186T 69 YKlCLDSTRT 4 

XD1DANORWF 12 XD2DALTBYM 29 XFMR186T 69 YKlCLDSTRT 5 

XD1DANORWF 38 XD2DALTBYM 30 XFMR186T 106 YK1D4CRFUF 9 

XD1DANRMRF 38 XD2DALTBYM 55 XFMR186T 145 YK1ES1ARYD 7 

XD1DAR 37 XD2DALTR 55 XFMR186T 193 YK1ES1BRYD 7 

XD1DAR 38 XD2DALTRF 55 XFMR186T 197 YK1ES2ARYD 8 

XD1DAR 46 XD2DALTS 30 XFMR186T 202 YK1ES2BRYD 8 

XD1DAR 51 XD2DANORMR 55 XFMRPROT 69 YK1ESRX1A 7 

XD1DAR 72 XD2DANORMS 30 XFMRPROT 203 YK1ESRX1B 7 

XD1DAR 77 XD2DANORWF 29 YOSTARTCOM 183 YK1ESRX2A 8 

XD1DAR 85 XD2DANORWF 30 YK114X3SSD 5 YK1ESRX2B 8 

XD1DAR 109 XD2DANORWF 55 YK13SUISWT 53 YK1HOTSTRT 23 

XD1DARXBDF 38 XD2DANRMRF 55 YK13SUISWT 83 YK1LOPERMF 53 

XD1DASRCER 38 XD2DAR 38 YK14AMRRYT 53 YK1LOPERMF 54 

XD1DASRCES 5 XD2DAR 55 YK14BMRRYT 83 YK1MR4ARUN 53 

XD1DASRCES 9 XD2DAR 112 YK163BHLST 54 YK1MR4ARUN 53 

XD1DASRCES 11 XD2DAR 129 YK163BHRYT 54 YK1MR4ARUN 75 

XD1DASRCES 13 XD2DAR 135 YK163BLLST 54 YK1MR4ARYD 6 

XD1DASRCES 23 XD2DAR 150 YK163BLRYT 54 YK1MR4ASRT 6 

XD1DASRCES 25 XD2DAR 156 YK163TBLST 54 YK1MR4ASRT 6 

XD1DASRCES 109 XD2DAR 163 YK163TBRYT 54 YK1MR4ASRT 15 

XD1KB1XRHE 54 XD2DARXBDF 55 YK186N1DEX 51 YK1MR4ASRT 73 

XD1KBATBYF 11 XD2DASRCER 55 YK199SDRYD 5 YK1MR4BRUN 83 

XD1KBATBYF 30 XD2DASRCES 10 YK199SDRYT 51 YK1MR4BRUN 84 

XD1KC1 54 XD2DASRCES 30 YK199SNCF 5 YK1MR4BRYD 84 

XD1KC1F 38 XD2DASRCES 112 YK199SNRYD 5 YK10PFAIL 51 

XD1KC1F 54 XD2DASRCES 114 YK199SNRYD 5 YK1RUNCNTL 41 

XD1TIE1CDT 38 XD2DASRCES 116 YK199SNRYD 5 YK1RUNCNTL 51 

XD1TIE1CDT 55 XD2DASRCES 123 YK199SNRYT 51 YK1S122RPM 5 

XD202CCCDT 10 XD2DASRCES 192 YK199SNSRT 5 YK1SS12SST 53 

XD204CCCDT 137 XD2KB2XRHE 138 YK199SXRYD 6 YK1SS13SSD 5 

XD204CCCDT 161 XD2KBATBYF 11 YK199SXRYT 51 YK1SS65RPM 5 

XD2BK1ACDT 55 XD2KBATBYF 30 YK199SXRYT 74 YK1STR2INT 6 

XD2CKC2BCF 138 XD2KC2 138 YK199SXSRT 5 YK1STR2INT 8 

XD2DA2ACDT 153 XD2KC2F 55 YK199SXSRT 6 YK1STR2INT 16 
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YK1STR2INT 39 YK2CLDSRTF 114 YK2STRTINT 108 Y01MFBMB 31 

YKlSTRTINT 6 YK2CLDSTRT 70 YK2STRTINT 110 YO1OPSARHE 26 

YKlSTRTINT 7 YK2CLDSTRT 113 YK2STRTINT 115 YO1OPSBRHE 31 

YK1STRTINT 13 YK2CLDSTRT 114 YK2STRTINT 116 YO1S1AFSWC 26 

YKlSTRTINT 18 YK2D2CCFUF 10 YK2STRTINT 119 YO1S1BFSWC 31 

YKlSTRTINT 23 YK2ES1ARYD 110 YK2STRTINT 123 YO1XXKARYD 9 

YKlSTRTINT 24 YK2ES1BRYD 110 YK2STRTINT 253 Y01XXKBRYD 10 

YKlSXRUNF 51 YK2ES2ARYD 111 YK2SXRUNF 135 YO2CR2ARYD 27 

YKlSXRUNF 53 YK2ES2BRYD 111 YK2SXRUNF 136 YO2CR2BRYD 33 

YKlSXRUNF 74 YK2ESRX1A 110 YK2SXRUNF 153 YO2DIA2CDT 27 

YK214X3SSD 114 YK2ESRX1B 110 YKEMSRTCHE 51 YO2DIB2CDT 33 

YK23SUISWT 137 YK2ESRX2A 111 YKEMSRTCHE 135 YO2ESGAF 27 

YK23SUISWT 161 YK2ESRX2B 111 YKEMSRTCHE 199 YO2ESGBF 33 

YK24AMRRYT 137 YK2HOTSTRT 123 YKESAINITF 9 YO2KESCHAF 9 

YK24BMRRYT 161 YK2LOPERMF 136 YKESBINITF 10 YO2KESCHAF 27 

YK263BHLST 136 YK2MR4ARUN 136 YKESRXA 7 YO2KESCHBF 10 

YK263BHRYT 136 YK2MR4ARUN 137 YKESRXA 8 YO2KESCHBF 33 

YK263BLLST 136 YK2MR4ARUN 154 YKESRXA 9 YO2KSCHAIF 27 

YK263BLRYT 136 YK2MR4ARYD 115 YKESRXA 110 YO2KSCHBIF 33 

YK263TBLST 136 YK2MR4ASRT 115 YKESRXA 111 YO2MFBMA 27 

YK263TBRYT 136 YK2MR4ASRT 115 YKESRXB 7 YO2MFBMB 33 

YK286N2DEX 135 YK2MR4ASRT 116 YKESRXB 8 YO2SSWAF 27 

YK286N2DEX 199 YK2MR4ASRT 151 YKESRXB 10 YO2SSWARHE 27 

YK299SDRYD 114 YK2MR4ASRT 194 YKESRXB 110 YO2SSWASWC 27 

YK299SDRYT 135 YK2MR4BRUN 161 YKESRXB 111 YO2SSWBF 33 

YK299SNCF 114 YK2MR4BRUN 162 YO1DIA2CDT 9 YO2SSWBRHE 33 

YK299SNRYD 114 YK2MR4BRYD 162 YO1DIB2CDT 10 YO2SSWBSWC 33 

YK299SNRYD 114 YK20PFAIL 135 YO1ESGAF 26 YO3CR3ARYD 28 

YK299SNRYD 114 YK2RUNCNTL 124 YO1ESGBF 31 YO3CR3BRYD 34 

YK299SNRYT 135 YK2RUNCNTL 135 YO1ESI1 26 YO3DIA2CDT 28 

YK299SNSRT 114 YK2S122RPM 114 YO1ESI2 31 YO3DIB2CDT 34 

YK299SXRYD 115 YK2SS12SST 136 YO1KESCHAF 9 YO3ESGAF 28 

YK299SXRYT 135 YK2SS13SSD 114 YO1KESCHBF 10 YO3ESGBF 34 

YK299SXRYT 153 YK2SS65RPM 114 YO1KSCHAIF 9 YO3KESCHAF 9 

YK299SXRYT 201 YK2STR2INT 108 YO1KSCHAIF 26 YO3KESCHAF 28 

YK299SXSRT 114 YK2STR2INT 111 YO1KSCHBIF 10 YO3KESCHBF 10 

YK299SXSRT 115 YK2STR2INT 115 YO1KSCHBIF 31 YO3KESCHBF 34 

YK299SXSRT 151 YK2STR2INT 117 YO1MFBMA 26 YO3KSCHAIF 28 
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YO3KSCHBIF 34 

YO3MFBMA 28 
YO3MFBMB 34 

YO30PFARHE 28 

YO30PFBRHE 34 

YO3S1AFSWC 28 

YO3S1BFSWC 34 

YO3S3A 28 

YO3S3B 34 

YO3SSWAF 28 

YO3SSWAF 29 

YO3SSWARHE 29 

YO3SSWASWC 29 

YO3SSWBF 32 

YO3SSWBF 34 

YO3SSWBRHE 32 

YO3SSWBSWC 32 
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YK299SXRYT 248 YK2SS12SST 249 YO1ESI2 135 YO3DIB2CDT 137 

299SXRYT 271 YK2SS13SSD 228 YO1KESCHAF 114 YO3ESGAF 133 

YK299SXSRT 227 YK2SS65RPM 226 YO1KESCHBF 115 YO3ESGBF 137 

YK299SXSRT 228 YK2SS65RPM 227 YO1KSCHAIF 114 YO3KESCHAF 114 

YK299SXSRT 269 YK2STR2INT 222 YO1KSCHAIF 131 YO3KESCHAF 133 

YK2CLDSRTF 226 YK2STR2INT 223 YO1KSCHBIF 115 YO3KESCHBF 115 

YK2CLDSTRT 225 YK2STR2INT 228 YO1KSCHBIF 135 YO3KESCHBF 137 

YK2CLDSTRT 225 YK2STR2INT 230 YO1MFBMA 131 YO3KSCHAIF 133 

YK2CLDSTRT 226 YK2STRTINT 10 YO1MFBMB 135 YO3KSCHBIF 137 

YK2D2CCFUF 115 YK2STRTINT 11 YO1OPSARHE 131 YO3MFBMA 133 

YK2ES1ARYD 11 YK2STRTINT 13 YO1OPSBRHE 135 YO3MFBMB 137 

YK2ES1BRYD 11 YK2STRTINT 87 YO1S1AFSWC 131 YO30PFARHE 133 

YK2ES2ARYD 223 YK2STRTINT 222 YO1S1BFSWC 135 YO30PFBRHE 137 

YK2ES2BRYD 223 YK2STRTINT 231 YO1XXKARYD 114 YO3S1AFSWC 133 

YK2ESRX1A 11 YK2STRTINT 235 YO1XXKBRYD 115 YO3S1BFSWC 137 

YK2ESRX1B 11 YK2SXRUNF 248 YO2CR2ARYD 132 YO3S3A 133 

YK2ESRX2A 223 YK2SXRUNF 249 YO2CR2BRYD 136 YO3S3B 137 

YK2ESRX2B 223 YK2SXRUNF 271 YO2DIA2CDT 132 YO3SSWAF 133 

YK2HOTSTRT 235 YKEMSRTCHE 22 YO2DIB2CDT 136 YO3SSWAF 134 

YK2LOPERMF 249 YKEMSRTCHE 159 YO2ESGAF 132 YO3SSWARHE 134 

YK2LOPERMF 249 YKEMSRTCHE 248 YO2ESGBF 136 YO3SSWASWC 134 

YK2MR4ARUN 249 YKESAINITF 114 YO2KESCHAF 114 YO3SSWBF 137 

YK2MR4ARUN 250 YKESBINITF 115 YO2KESCHAF 132 YO3SSWBF 138 

YK2MR4ARUN 272 YKESRXA 11 YO2KESCHBF 115 YO3SSWBRHE 138 

YK2MR4ARYD 13 YKESRXA 112 YO2KESCHBF 136 YO3SSWBSWC 138 

YK2MR4ASRT 10 YKESRXA 113 YO2KSCHAIF 132 

YK2MR4ASRT 12 YKESRXA 114 YO2KSCHBIF 136 

YK2MR4ASRT 13 YKESRXA 223 YO2MFBMA 132 

YK2MR4ASRT 228 YKESRXB 11 YO2MFBMB 136 

YK2MR4ASRT 269 YKESRXB 112 YO2SSWAF 132 

YK2MR4BRUN 282 YKESRXB 113 YO2SSWARHE 132 

YK2MR4BRYD 282 YKESRXB 115 YO2SSWASWC 132 

YK20PFAIL 248 YKESRXB 223 YO2SSWBF 136 

YK20PFAIL 248 YO1DIA2CDT 114 YO2SSWBRHE 136 

YK2RUNCNTL 236 YO1DIB2CDT 115 YO2SSWBSWC 136 

YK2RUNCNTL 248 YO1ESGAF 131 YO3CR3ARYD 133 

YK2S122RPM 226 YO1ESGBF 135 YO3CR3BRYD 137 

YK2S122RPM 228 YO1ESI1 131 YO3DIA2CDT 133 
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XD2DA3BCDT 242 XD2KC2F 251 YK199SXSRT 111 YK1SS65RPM 110 

XD2DA3BCDT 270 XD2TIE2CDT 162 YK199SXSRT 180 YK1STR2INT 111 

XD2DA5CCDT 251 XD2TIE2CDT 252 YK1CLDSRTF 109 YK1STR2INT 113 

XD2DALTBYM 88 XFMR186T 9 YK1CLDSTRT 107 YK1STR2INT 122 

XD2DALTBYM 134 XFMR186T 17 YKlCLDSTRT 107 YK1STR2INT 143 

XD2DALTBYM 163 XFMR186T 23 YK1CLDSTRT 109 YKlSTRTINT 111 

XD2DALTR 163 XFMR186T 28 YK1D4CRFUF 114 YK1STRTINT 112 

XD2DALTRF 163 XFMR186T 177 YK1ES1ARYD 112 YK1STRTINT 119 

XD2DALTRF 252 XFMR186T 218 YK1ES1BRYD 112 YKlSTRTINT 124 

XD2DALTS 88 XFMR186T 261 YK1ES2ARYD 113 YK1STRTINT 129 

XD2DANORMR 163 XFMRPROT 17 YK1ES2BRYD 113 YK1STRTINT 130 

XD2DANORMS 88 XFMRPROT 28 YK1ESRX1A 112 YK1SXRUNF 158 

XD2DANORWF 88 YOSTARTCOM 91 YK1ESRX1B 112 YK1SXRUNF 159 

XD2DANORWF 134 YK114X3SSD 110 YK1ESRX2A 113 YKlSXRUNF 182 

XD2DANORWF 163 YK13SUISWT 160 YK1ESRX2B 113 YK214X3SSD 227 

XD2DANRMRF 163 YK13SUISWT 193 YK1HOTSTRT 128 YK23SUISWT 250 

XD2DANRMRF 251 YK14AMRRYT 160 YK1HOTSTRT 130 YK23SUISWT 282 

XD2DAR 162 YK14BMRRYT 193 YK1LOPERMF 159 YK24AMRRYT 250 

XD2DAR 163 YK163BHLST 160 YK1LOPERMF 160 YK24BMRRYT 282 

XD2DAR 224 YK163BHRYT 160 YK1MR4ARUN 159 YK263BHLST 249 

XD2DAR 242 YK163BLLST 160 YK1MR4ARUN 160 YK263BHRYT 249 

XD2DAR 248 YK163BLRYT 160 YK1MR4ARUN 183 YK263BLLST 249 

XD2DAR 268 YK163TBLST 160 YK1MR4ARYD 111 YK263BLRYT 249 

XD2DAR 274 YK163TBRYT 160 YKlMR4ASRT 111 YK263TBLST 249 

XD2DAR 283 YK186N1DEX 159 YK1MR4ASRT 111 YK263TBRYT 249 

XD2DARXBDF 163 YK199SDRYD 109 YK1MR4ASRT 121 YK286N2DEX 22 

XD2DASRCER 163 YK199SDRYT 158 YK1MR4ASRT 180 YK286N2DEX 248 

XD2DASRCES 8 YK199SNCF 109 YK1MR4BRUN 193 YK299SDRYD 226 

XD2DASRCES 88 YK199SNRYD 110 YK1MR4BRYD 193 YK299SDRYT 248 

XD2DASRCES 115 YK199SNRYD 110 YK10PFAIL 158 YK299SNCF 226 

XD2DASRCES 224 YK199SNRYD 116 YK1OPFAIL 159 YK299SNRYD 227 

XD2DASRCES 226 YK199SNRYT 158 YK1RUNCNTL 144 YK299SNRYD 227 

XD2DASRCES 229 YK199SNSRT 109 YK1RUNCNTL 158 YK299SNRYD 228 

XD2DASRCES 235 YK199SNSRT 110 YK1S122RPM 109 YK299SNRYT 248 

XD2KB2XRHE 251 YK199SXRYD 111 YK1S122RPM 116 YK299SNSRT 226 

XD2KBATBYF 88 YK199SXRYT 158 YK1SS12SST 159 YK299SNSRT 227 

XD2KBATBYF 117 YK199SXRYT 182 YK1SS13SSD 116 YK299SXRYD 228 

XD2KC2 251 YK199SXSRT 110 YK1SS65RPM 109 YK299SXRYT 25 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 335



Gate/Event Name Pagg Zone Gate/Event Name Page Zone Gate/Event Name Pax Zone Gate/Event Name ae Zone 

WK1TBHTDEX 128 XA1XAE 307 XA2XAEF 306 XD1DANORMR 142 

WK1TBRNDEX 164 XA1XAEF 307 XA2XAEF 307 XD1DANORMS 117 

WK1TURRUN 144 XA1XAMCBLF 149 XA2XAMCBLF 241 XD1DANORWF 117 

WK1TURRUN 164 XA1XAMCBLF 161 XA2XAMCBLF 251 XD1DANORWF 118 

WK2GOVRUN 236 XA1XAN 149 XA2XAN 241 XD1DANORWF 142 

WK2GVCDDEX 225 XA1XANF 149 XA2XANF 241 XD1DANRMRF 142 

WK2GVCDLHE 225 XA1XANORM 149 XA2XANORM 241 XD1DANRMRF 161 

WK2GVHTDEX 235 XA1XCXXTHM 168 XA2XE 256 XD1DAR 141 

WK2GVRNDEX 236 XA1XCXXTHM 262 XA2XE 262 XD1DAR 142 

WK2SPD2DEX 87 XA1XCXXTLF 168 XA2XN 256 XD1DAR 150 

WK2SPD2DEX 236 XA1XCXXTLF 262 XA2XN 257 XD1DAR 158 

WK2TBCDDEX 225 XA1XE 167 XA2XSRCE 256 XD1DAR 179 

WK2TBHTDEX 235 XA1XEO 167 XA2XXXXBLF 256 XD1DAR 185 

WK2TBRNDEX 253 XA1XEO 175 XA56BKRCOM 175 XD1DAR 194 

WK2TURRUN 236 XA1XN 167 XA56BKRCOM 258 XD1DAR 221 

WK2TURRUN 253 XA1XN 168 XA78BKRCOM 171 XD1DARXBDF 142 

WKCSTRTCOM 301 XA1XSRCE 167 XA78BKRCOM 263 XD1DASRCER 142 

WKHSTRTCOM 302 XA1XXXXBLF 167 XACB6 257 XD1DASRCES 109 

XAOSWGRCOM 304 XA2A2BTCDT 251 XACB7 168 XD1DASRCES 114 

XA1A2BTCDT 161 XA2BKRSCOM 258 XDOBATTCOM 301 XD1DASRCES 117 

XA1BKRSCOM 171 XA2BKRSCOM 263 XDOCHRGCOM 304 XD1DASRCES 119 

XA1BKRSCOM 175 XA2TR2XTLF 257 XD104CCCDT 160 XD1DASRCES 130 

XA1TR1XTLF 175 XA2X 241 XD104CCCDT 193 XD1DASRCES 130 

XAIX 149 XA2X 256 XD104CRCDT 114 XD1DASRCES 221 

XA1X 167 XA2X 307 XD1BK1ACDT 161 XD1KB1XRHE 161 

XA1X 306 XA2X2BXCLT 241 XD1CKC1BCF 161 XD1KBATBYF 88 

XA1X2AXCLT 306 XA2X2DXCLT 307 XD1DA1CCDT 161 XD1KBATBYF 117 

XA1X2CCCLT 149 XA2X4AXCLT 306 XD1DA3BCDT 150 XD1KC1 161 

XA1XA 148 XA2XA 240 XD1DA3BCDT 181 XD1KC1F 161 

XA1XA 149 XA2XA 241 XD1DA4ACDT 182 XD1TIE1CDT 162 

XA1XA 152 XA2XA 244 XD1DA4ACDT 194 XD1TIE1CDT 252 

XA1XA 154 XA2XA 245 XD1DALTBYM 117 XD202CCCDT 115 

XA1XA 157 XA2XA 247 XD1DALTBYM 118 XD204CCCDT 250 

XA1XA 166 XA2XA 255 XD1DALTBYM 142 XD204CCCDT 282 

XA1XA 184 XA2XA 273 XD1DALTR 142 XD2BK1ACDT 251 

XA1XA1ACLT 307 XA2XAALBLM 241 XD1DALTRF 142 XD2CKC2BCF 251 

XA1XAALBLM 149 XA2XAALBLM 307 XD1DALTRF 162 XD2DA2ACDT 271 

XA1XAALBLM 307 XA2XAE 307 XD1DALTS 117 XD2DA2ACDT 283 
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SPCB21TC1 58 SPCBSFC2 43 SY51TN2RYT 33 SYXX87TRYT 33 

SPCB21TC2 58 SPCCB9CF 27 SY51TN4RYT 33 T5FEEDF 1 
SPCB21TC2 60 SPCCB9CF 83 SY51TN6RYT 33 T5FEEDF 3 
SPCB21TCF 58 SPCD87LRYT 28 SY62BFCT3 33 T5INIT 1 

SPCB21TF 43 SPCGLASSWT 29 SY62BFCT3 33 T5SUBF 1 

SPCB21TF 58 SPCISLTCPT 9 SY62X1FRYT 34 T5SUBF 3 

SPCB24TC1 44 SPCISLTCPT 14 SY62X2FRYT 34 T5WEATH 1 

SPCB24TC2 44 SPCISLTCPT 27 SY62XXFRYT 34 T5WEATH 3 
SPCB24TCF 43 SPCISOCCH1 14 SY86BUIRYT 33 T5WEATH 309 

SPCB24TCF 44 SPCISOCCH2 14 SY86CT3LOR 28 U5086EFRYT 213 

SPCB24TF 43 SPCISOCCH2 82 SY86CT3LOR 33 U5186EFRYT 213 
SPCB26TC1 53 SPCISOF 14 SY86CT3RYT 33 U51TNC4RYT 213 

SPCB26TC2 53 SPCISOF 43 SY86YA9RYT 34 U62BSK1RYT 213 
SPCB26TCF 43 SPCISOF 82 SY86YBSLOR 28 U62BSK2RYT 213 
SPCB26TCF 53 SPCISOLATE 27 SY86YBSLOR 34 U86CT4XRYT 213 
SPCB26TF 43 SPCISOLATE 84 SY86YJ3RYT 34 U86EF 105 
SPCB28TC1 54 SPCR86TRYT 17 SY87BYXRYT 34 U86EF 212 
SPCB28TC2 54 SPLYCLOSE1 119 SY87BYYRYT 34 U86EF 213 

SPCB28TC2 55 SPLYCLOSE1 122 SY87BYZRYT 34 U86EF 299 

SPCB28TCF 54 SPLYCLOSE1 124 SY87LXXRYT 35 U86TCT4RYT 213 
SPCB28TF 43 SPLYCLOSE2 229 SY94L1XRYT 35 U87TCT4RYT 213 

SPCB28TF 54 SPLYCLOSE2 230 SYE1362RYT 33 UACXCT4THF 213 
SPCB33TC1 56 SPLYCLOSE2 231 SYE2362RYT 33 UNDERO 104 

SPCB33TC2 56 SPLYTRANS1 188 SYP2862RYT 33 UNDERO 104 

SPCB33TC2 57 SPLYTRANS2 278 SYP3062RYT 33 UNDERO 105 
SPCB33TCF 56 SU127UVCOM 37 SYP86TXRYT 35 UNDERTOP 105 
SPCB33TF 43 SU227UVCOM 37 SYPCBO9CHT 28 UPATHTOP 105 

SPCB33TF 56 SU327UVCOM 37 SYPCB30CHT 28 UXX86EFRYT 213 

SPCB8TC1F 66 SU327UVCOM 40 SYPCB30TRP 28 WKOORUNCOM 302 

SPCB8TC2F 66 SXFRCT3THF 28 SYPCB30TRP 35 WK1GOVRUN 144 

SPCB8TC2F 69 SXFRCT3THM 27 SYPCB9TRP 28 WK1GVCDDEX 107 

SPCB9CDC1 83 SXFRCT4LHE 105 SYPCB9TRP 35 WK1GVCDLHE 107 

SPCB9CDC2 83 SXFRCT4THM 300 SYPL86TRYT 35 WK1GVHTDEX 128 

SPCB9TC1F 89 SY20F3UFC1 47 SYPL87LRYT 35 WK1GVRNDEX 144 

SPCB9TC2F 89 SY20F3UFC2 62 SYR86BYRYT 34 WK1SPD1DEX 140 

SPCB9TC2F 90 SY20F3UVC1 49 SYS63FPRYT 33 WK1SPD2DEX 143 
SPCBSFC1 43 SY20F3UVC2 64 SYSX50BRYT 33 WK1SPD2DEX 144 

SPCBSFC1 65 SY30R94RYT 35 SYX87TBRYT 33 WK1TBCDDEX 107 
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SEG152INIT 78 SEG94V2AF 73 SEGTPSCH1F 90 SPC871XRYT 28 
SEG152INIT 79 SEG94V2BF 70 SEGTPSCH1F 131 SPC872XRYT 28 
SEG94F1AF 46 SEG94V2BF 73 SEGTPSCH2F 90 SPC87T1RYT 28 
SEG94F1BF 68 SEG94V2BF 77 SEGTPSCH2F 90 SPC94TKRYT 17 
SEG94F1DF 59 SEG94V2BF 79 SEGTPSCH2F 135 SPCB008CHO 66 
SEG94F1DF 59 SEG94V2CF 79 SEGX1Y1UF 47 SPCB009CHC 27 
SEG94F1DF 84 SEG94V2DF 60 SEGX1Y1UF 48 SPCB009CHO 89 
SEG94F1F 46 SEG94V2DF 63 SEGX1Y1UV 49 SPCB012CHO 65 
SEG94F1F 47 SEG94V2DF 84 SEGX1Y1UV 50 SPCB015CHO 65 
SEG94F1F 59 SEG94V2F 52 SEGX1Z1UF 47 SPCB017CHO 80 
SEG94F1F 68 SEG94V2F 63 SEGX1Z1UF 48 SPCB021CHO 58 
SEG94F2AF 52 SEG94V2F 64 SEGX1Z1UV 49 SPCBO24CHO 43 
SEG94F2AF 52 SEG94V2F 77 SEGX1Z1UV 50 SPCB026CHO 43 
SEG94F2AF 73 SEG94V2F 79 SEGX2Y2UF 62 SPCB028CHO 54 
SEG94F2BF 70 SEGTP1ANIT 44 SEGX2Y2UF 76 SPCBO33CHO 56 
SEG94F2BF 73 SEGTP1ANIT 46 SEGX2Y2UV 64 SPCB08TCF 66 
SEG94F2BF 77 SEGTP1ANIT 53 SEGX2Y2UV 75 SPCB08TF 65 
SEG94F2BF 79 SEGTP1ANIT 54 SEGX2Z2UF 62 SPCB08TF 66 
SEG94F2CF 79 SEGTP1ANIT 56 SEGX2Z2UF 76 SPCB08TF 85 
SEG94F2DF 60 SEGTP1BNIT 66 SEGX2Z2UV 64 SPCB09CF 27 
SEG94F2DF 61 SEGTP1BNIT 68 SEGX2Z2UV 75 SPCBO9TCF 89 
SEG94F2DF 84 SEGTP1BNIT 70 SEGY1Z1UF 47 SPCB12TC1 65 
SEG94F2F 52 SEGTP1BNIT 78 SEGY1Z1UF 48 SPCB12TC1 70 
SEG94F2F 61 SEGTP1BNIT 80 SEGY1Z1UV 49 SPCB12TC2 65 
SEG94F2F 62 SEGTP1BNIT 90 SEGY1Z1UV 50 SPCB12TC2 73 
SEG94F2F 77 SEGTP1DNIT 58 SEGY2Z2UF 62 SPCB12TCF 65 
SEG94F2F 79 SEGTP1DNIT 59 SEGY2Z2UF 76 SPCB12TF 65 
SEG94V1AF 46 SEGTP2ANIT 44 SEGY2Z2UV 64 SPCB15TC1 78 
SEG94V1BF 68 SEGTP2ANIT 52 SEGY2Z2UV 75 SPCB15TC2 78 
SEG94V1DF 59 SEGTP2ANIT 53 SIGNALSF 218 SPCB15TCF 65 
SEG94V1DF 59 SEGTP2ANIT 55 SK194GBRYT 30 SPCB15TCF 78 
SEG94V1DF 84 SEGTP2ANIT 57 SK294GBRYT 32 SPCB15TF 65 
SEG94V1F 46 SEGTP2BNIT 69 SKXFMR1THF 175 SPCB17TC1 80 
SEG94V1F 49 SEGTP2BNIT 70 SKXFMR1THF 257 SPCB17TC2 80 
SEG94V1F 59 SEGTP2BNIT 81 SPC14KVBHF 17 SPCB17TC2 81 
SEG94V1F 68 SEGTP2BNIT 90 SPC51TNRYT 28 SPCB17TCF 80 
SEG94V2AF 52 SEGTP2DNIT 60 SPC62ABRYT 17 SPCB17TF 65 
SEG94V2AF 52 SEGTPSCH1F 89 SPC631XRYT 29 SPCB17TF 80 
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PMFB2 310 S127E1UVF 37 SDC1ALT 42 SDCDYB 44 

PMFB2A 310 S127E1VRYT 37 SDC1ALTF 42 SDCDYB 45 

PMFB2M 310 S127EUVF 37 SDC1ALTF 72 SDCDYB 53 

PMFB2MN 103 S127EUVRYT 37 SDC1NORM 42 SDCDYB 54 

PMFB2MN 103 S127EUVRYT 40 SDC1NORMF 42 SDCDYB 56 

PMFB2SU 310 S127EX1RYD 37 SDC1NORMF 71 SDCDYB 58 

PN10PEN 2 S127EXVRYD 37 SDC1NORMWF 42 SDCDYB4CDT 44 

PN10PEN 309 S127EXVRYD 40 SDC1NORMWF 71 SDCDYB6CDT 53 

PN20PEN 309 S227E1UVF 38 SDC1NORMWF 71 SDCDYB8CDT 54 

PN20PEN 310 S227E1VRYT 38 SDC1SRCES 42 SDCDYC 14 

PS1CLOSE 98 S227EUVF 38 SDC2 51 SDCDYC 41 

PSINIT 98 S227EUVRYT 38 SDC2 61 SDCDYC 47 

PS2CLOSE 315 S227EUVRYT 40 SDC2 69 SDCDYC 49 

PS2INIT 315 S227EX1RYD 38 SDC2 72 SDCDYE 69 

PS2INIT 316 S227EXVRYD 38 SDC2 74 SDCDYE 69 

PSB1 2 S227EXVRYD 40 SDCAIDDDIF 83 SDCDYE 73 

PSB1 98 S27XSC1RYD 14 SDCDA12CDT 70 SDCDYE 78 

PSB1S 98 S27XSC2RYD 82 SDCDA15CDT 78 SDCDYE 81 

PSB1S 104 S27XTD1RYD 14 SDCDA17CDT 80 SDCDYE 83 

PSB2 310 S27XTD2RYD 82 SDCDB01CDT 58 SDCDYE 90 
PSB2 315 S327E1UVF 39 SDCDB13CDT 56 SDCDYE8CDT 69 

PSB2S 104 S327E1VRYT 39 SDCDC12CDT 14 SDCDYE9CDT 83 

PSB2S 315 S327EUVF 39 SDCDE12CDT 73 SDCDYE9CDT 90 

PSK1CLOSE 104 S327EUVRYT 39 SDCDE15CDT 78 SDCDYF 44 

PSK2CLOSE 104 S327EX1RYD 39 SDCDE17CDT 81 SDCDYF 51 

PSM1M 98 S327EXVRYD 39 SDCDF01CDT 60 SDCDYF 53 

PSM1M 103 S94GBMOD 17 SDCDF13CDT 57 SDCDYF 55 

PSM1MN 103 S94GBMOD 30 SDCDG16CDT 82 SDCDYF 57 

PSM2M 103 SAB1FAULT 17 SDCDYA 66 SDCDYF 60 

PSM2M 315 SABlFAULT 29 SDCDYA 67 SDCDYF4CDT 44 

PSM2MN 103 SB18UX1RYT 31 SDCDYA 70 SDCDYF6CDT 53 

PSTARTUP 2 SB28UX2RYT 32 SDCDYA 78 SDCDYF8CDT 55 

PSTARTUP 3 SB38UX3RYT 31 SDCDYA 80 SDCDYG 62 

PSTARTUP 310 SB48UX4RYT 32 SDCDYA 83 SDCDYG 64 

PSWYD 3 SDC1 41 SDCDYA 89 SDCDYG 74 

PSWYD 3 SDC1 42 SDCDYA8CDT 66 SDCDYG 82 

RUNSIGF 15 SDC1 45 SDCDYA9CDT 83 SDCEIDDDIF 83 

RUNSIGF 16 SDC1 67 SDCDYA9CDT 89 SEG122INIT 73 
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OMODU2F 37 PACMFB2BHM 103 PDC1C25CDT 98 PK2200 253 

OMODU2F 38 PACMFB2BHM 310 PDC1C25CDT 104 PK2200 274 

OMODU3F 37 PACN1N2COM 2 PDC1D27CDT 104 PK22000 253 

OMODU3F 39 PACN1N2COM 310 PDC1D27CDT 315 PK22001 253 

OMODU3F 40 PACS1CSMOD 98 PDCA026CDT 92 PK2210 274 

OMODWOF 36 PACS1S2COM 98 PDCC027CDT 311 PK263SALST 273 

OMODWOF 40 PACS1S2COM 315 PE1CLOSE 2 PK263SBLST 274 

OPATHTOP 3 PACS2CSMOD 315 PE1CLOSE 92 PK2ACDCCOM 253 

OPATHTOP 27 PACSBY1BHF 98 PE2CLOSE 310 PK2DA1CCDT 274 

OPATHTOPB 27 PACSBY2BHF 315 PE2CLOSE 311 PK2PACK 253 

OPATHTOPB 28 PACSK12COM 104 PKOSUMPCOM 302 PK2PACK 275 

OPATHTOPC 27 PACSK12COM 104 PK1100 164 PK2PACKDEX 275 

OPWERTOP 1 PACSK1CMOD 104 PK1100 184 PK2TS01VVT 273 

OVERO 3 PACSK2CMOD 104 PK1110 184 PK2TSO2CVT 273 

OVERTOP 3 PACSTRTBHF 3 PK1200 164 PK2TSO3VVT 274 

OVRLDMD 36 PACTC01C4T 170 PK1200 185 PK2TSO4CVT 274 

OVRLDNT 36 PACTC14C4T 170 PK12000 164 PK2TSACGPR 273 

OVRLOAD 28 PACX1TCBHF 170 PK12001 164 PK2TSDCGPR 274 

OVRLOAD 36 PACXCT5THF 309 PK1210 185 PK2TSDCLHE 274 

OVRLOADS 36 PACXE01C4C 92 PK163SALST 184 PK2TSDCTRM 274 

P1TC 168 PACXEO2C4C 311 PK163SBLST 185 PK2XA2CCLT 273 

P1TC 170 PACXN01C40 2 PK1ACDCCOM 164 PKEOSB1 104 

P1TC 262 PACXNO2C4O 310 PK1DA5CCDT 185 PKEOSB2 104 

P1TCMFB1 170 PACXS01C4C 98 PK1PACK 164 PLEES 309 

P1TCMFB2 170 PACXSO2C4C 315 PK1PACK 186 PLEESB1 308 

P1TCMFBS 170 PACXSB1BHM 103 PK1PACKDEX 186 PLEESB1CN 104 

PAC1TC4C4T 168 PACXSB1BHM 103 PK1TS01VVT 184 PLEESB1CN 308 

PAC1TC4C4T 262 PACXSB2BHM 103 PK1TSO2CVT 184 PLEESB2 308 

PACE1CSMOD 92 PACXSB2BHM 103 PK1TSO3VVT 185 PLEESB2CN 104 

PACE1E2COM 92 PACXSK1C4C 104 PK1TSO4CVT 185 PLEESB2CN 308 

PACE1E2COM 311 PACXSK2C4C 104 PK1TSACGPR 184 PMFB1 -1 

PACE2CSMOD 311 PACXSL1C4T 308 PK1TSDCGPR 185 PMFB1 2 

PACLEESCTR 309 PACXSL2C4T 308 PK1TSDCLHE 185 PMFB1A 2 

PACLINEDEX 309 PCB90PEN 85 PK1TSDCTRM 185 PMFB1M 2 

PACMFB1BHF 2 PCB90PEN 89 PK1XA2CCLT 184 PMFB1M 103 

PACMFB1BHM 103 PCT5 308 PK2100 253 PMFB1MN 310 

PACMFB1BHM 310 PCT5 308 PK2100 273 PMFB1SU 2 

PACMFB2BHF 310 PCT5 309 PK2110 273 PMFB2 1 
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OK1001BGPS 154 OK1412C 157 OK20015VVT 245 OK2410B 245 

OK1001BLHE 154 OK1500 145 OK20016RVT 245 OK2410C 243 

OK1001CGPR 157 OK1600 144 OK20017CVO 246 OK2410C 246 
OK1001CGPS 157 OK188GASWT 148 OK20017CVT 246 OK2411B 245 

OK1001CLHE 157 OK188GASWT 152 OK20018VVT 246 OK2411B 245 
OK1200 144 OK188GBSWT 155 OK20019RVT 246 OK2411C 246 
OK1200 145 OK188GCSWT 155 OK2002AGPR 240 OK2411C 247 

OK1300 144 OK199K1RYD 150 OK2002AGPR 244 OK2412B 245 
OK1300 146 OK199K1RYT 150 OK2002AGPS 240 OK2412B 246 
OK1310 146 OK199K2RYD 150 OK2002AGPS 244 OK2412C 247 

OK1320 151 OK1AG01TKF 145 OK2002BGPR 245 OK2412C 247 

OK1321 151 OK1AGO4RVT 145 OK2002BGPS 245 OK2500 237 

OK1321 152 OK1AG05VVT 145 OK2002BLHE 245 OK2600 236 
OK1322 152 OK1OG1CTRM 156 OK2002CGPR 247 OK2600 237 

OK1323 152 OK1PRUNCOM 151 OK2002CGPS 247 OK288GASWT 240 
OK1324 148 OK1PSTRCOM 151 OK2002CLHE 247 OK288GASWT 244 
OK1324 150 OK1XA1DCLT 148 OK2200 237 OK288GBSWT 246 
OK1324 152 OK1XA1DCLT 152 OK2300 237 OK288GCSWT 247 
OK1325 150 OK1XA2ECLT 154 OK2300 238 OK299K1RYD 242 
OK1350 146 OK1XA4DCLT 157 OK2310 238 OK299K1RYT 242 
OK1350 147 OK20001PSC 244 OK2320 243 OK299K2RYD 242 

OK1355 147 OK20002PSC 246 OK2321 243 OK2AGO4RVT 237 
OK1355 148 OK20003PSC 247 OK2321 244 OK2AG05VVT 237 

OK1360 148 OK20003RVT 237 OK2322 244 OK2AGO1TKF 237 

OK1400 144 OK20003TKF 237 OK2323 244 OK2OG2CTRM 246 
OK1400 151 OK20004PSC 242 OK2324 240 OK2PRUNCOM 243 
OK1410 151 OK20007FVT 238 OK2324 242 OK2PSTRCOM 243 
OK1410B 151 OK20009VVT 238 OK2324 244 OK2XA1DCLT 240 

OK1410B 153 OK20011CVO 239 OK2325 242 OK2XA1DCLT 244 
OK1410C 151 OK20011CVO 243 OK2350 238 OK2XA2ECLT 245 
OK1410C 156 OK20011CVT 239 OK2350 239 OK2XA4DCLT 247 

OK1411B 153 OK20011CVT 243 OK2355 239 OMOD 36 
OK1411B 154 OK20012VVT 239 OK2355 240 OMOD 40 
OK1411C 156 OK20012VVT 243 OK2360 240 OMODF 36 
OK1411C 157 OK20013RVT 239 OK2400 237 OMODF 37 

OK1412B 154 OK20013RVT 243 OK2400 243 OMODNOT 36 
OK1412B 155 OK20014CVO 245 OK2410 243 OMODNOT 40 

OK1412C 155 OK20014CVT 245 OK2410B 243 OMODU1F 37 
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L27XRZ2RYD 75 L81BYZ2RYD 76 LC94F1ARYD 46 NTACB4MOD 26 
L27XRZ2RYD 75 L81BYZ2RYD 76 LC94F1BRYD 68 NTACB4MOD 121 
L27XSTARYD 90 L81XPX1RYD 48 LC94F1DRYD 59 NTACB4MOD 138 
L27XSTBRYD 90 L81XPX1RYD 48 LC94F2ARYD 52 NTACB4MOD 140 
L27XYX1RYD 50 L81xPX2RYD 76 LC94F2BRYD 77 NTACB4MOD 212 
L27XYX1RYD 50 L81XPX2RYD 76 LC94F2CRYD 79 NTACB4MOD 217 
L27XYX2RYD 75 L81XPY1RYD 48 LC94F2DRYD 61 NTACB4MOD 220 

L27XYX2RYD 75 L81XPY1RYD 48 LC94V1ARYD 46 OFACTORDEX 36 
L27XYY1RYD 50 L81XPY2RYD 76 LC94V1BRYD 68 OKOPRUNCOM 302 
L27XYY1RYD 50 L81XPY2RYD 76 LC94V1DRYD 59 OK10001PSC 152 
L27XYY2RYD 75 L81XPZ1RYD 48 LC94V2ARYD 52 OK10002PSC 155 
L27XYY2RYD 75 L81XPZ1RYD 48 LC94V2BRYD 77 OK10003PSC 155 
L27XYZ1RYD 50 L81XPZ2RYD 76 LC94V2CRYD 63 OK10003RVT 145 
L27XYZ1RYD 50 L81XPZ2RYD 76 LC94V2CRYD 79 OK10003TKF 145 
L27XYZ2RYD 75 L81XRX1RYD 48 LDCYC13CDT 49 OK10004PSC 150 
L27XYZ2RYD 75 L81XRX1RYD 48 LDCYC14CDT 47 OK10007FVT 146 
L81BRX1RYD 48 L81XRX2RYD 76 LDCYG12CDT 64 OK10009VVT 146 
L81BRX1RYD 48 L81XRX2RYD 76 LDCYG18CDT 62 OK10011CVO 147 
L81BRX2RYD 76 L81XRY1RYD 48 MAINT 105 OK10011CVO 151 
L81BRX2RYD 76 L81XRY1RYD 48 MAINT 300 OK10011CVT 147 
L81BRY1RYD 48 L81XRY2RYD 76 MAINTCOM 305 OK10011CVT 151 
L81BRY1RYD 48 L81XRY2RYD 76 MAINTCOM 307 OK10012VVT 147 
L81BRY2RYD 76 L81XRZ1RYD 48 MODCLOSEF 15 OK10012VVT 151 
L81BRY2RYD 76 L81XRZ1RYD 48 NACB60PEN 257 OK10013RVT 147 
L81BRZ1RYD 48 L81XRZ2RYD 76 NACB70PEN 168 OK10013RVT 151 
L81BRZ1RYD 48 L81XRZ2RYD 76 NEWMODA 128 OK10014CVO 153 
L81BRZ2RYD 76 L81XYX1RYD 48 NEWMODA 138 OK10014CVT 153 
L81BRZ2RYD 76 L81XYX1RYD 48 NEWMODB 128 OK10015VVT 153 
L81BYX1RYD 48 L81XYX2RYD 76 NEWMODB 140 OK10016RVT 153 

L81BYX1RYD 48 L81XYX2RYD 76 NOAB1FALT 217 OK10017CVO 156 

L81BYX2RYD 76 L81XYY1RYD 48 NOFALT 217 OK10017CVT 156 
L81BYX2RYD 76 L81XYY1RYD 48 NOGENFAIL 15 OK10018VVT 156 

L81BYY1RYD 48 L81XYY2RYD 76 NOUNIT 105 OK10019RVT 156 
L81BYY1RYD 48 L81XYY2RYD 76 NTACB4MOD 13 OK1001AGPR 148 

L81BYY2RYD 76 L81XYZ1RYD 48 NTACB4MOD 13 OK1001AGPR 152 

L81BYY2RYD 76 L81XYZ1RYD 48 NTACB4MOD 15 OK1001AGPS 148 

L81BYZ1RYD 48 L81XYZ2RYD 76 NTACB4MOD 19 OK1001AGPS 152 

L81BYZ1RYD 48 L81XYZ2RYD 76 NTACB4MOD 25 OK1001BGPR 154 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 328 

S i 0



Gate/Event Name Rage Zne Gate/Event Name Pla;e Zone Gate/Event Name Paggg Zne -Gate/Event Name Page Zone 
KCOMNOMAIN 91 KU1GVTBHOT 128 KU20VER 175 L27BRZ1RYD 50 

KCOMRUN 301 KU1GVTBRUN 106 RU20VER 214 L27BRZ1RYD 50 

KCOMRUN 303 KU1GVTBRUN 144 KU20VERO 3 L27BRZ2RYD 75 

KEOWCOM 3 KU1R RNN G 19 KU20VERO 4 L27BRZ2RYD 75 

KEOWCOM 91 KU1RNNG 20 KU2REC 105 L27BYX1RYD 50 

KEOWCOM 105 KU1RNNG 29 KU2REC 214 L27BYX1RYD 50 

KK1BOTHDEX 16 KU1RNNG 128 KU2RNNG 5 L27BYX2RYD 75 

KK1BOTHDEX 20 KU1RNNG 143 KU2RNNG 8 L27BYX2RYD 75 

KK1BOTHDEX 108 KU1RNNG 219 KU2RNNG 15 L27BYY1RYD 50 

KK1BOTHDEX 302 KU1RNNG 305 KU2RNNG 16 L27BYY1RYD 50 

KK1BOTHDEX 306 KU1RUN 106 KU2RNNG 85 L27BYY2RYD 75 

KK1BOTHHYM 3 KU1SPINNG 106 KU2RNNG 86 L27BYY2RYD 75 

KK1BOTHHYM 300 KU1SPINNG 128 KU2RUN 5 L27BYZ1RYD 50 

KK1BOTHHYM 308 KU1SPINS 128 KU2RUN 236 L27BYZ1RYD 50 

KK1BOTHHYM 308 KU1START 106 KU2SPINNG 5 L27BYZ2RYD 75 

KK1NORUN 108 KU1START 107 KU2START 5 L27BYZ2RYD 75 
KK10VERBHF 28 KU1STARTO 106 KU2STARTO 5 L27XPX1RYD 50 
KK1RUNSDEX 20 KU1STARTF 107 KU2STARTF 5 L27XPX1RYD 50 

KK1RUNSDEX 108 KU1STARTR 107 KU2STARTF 225 L27XPX2RYD 75 

KK1UNDRBHF 105 KU1STARTR 108 KU2STARTR 5 L27XPX2RYD 75 
KK2RUNSDEX 16 KU1STARTR 301 KU2STARTR 8 L27XPY1RYD 50 

KK2UNITHYM 3 KU1UNDER 106 KU2STARTR 9 L27XPY1RYD 50 
KK2UNITHYM 18 KU1UNDERO 105 KU2STARTR 15 L27XPY2RYD 75 

KK2UNITHYM 108 KU1UNDERO 106 KU2STARTR 19 L27XPY2RYD 75 

KK2UNITHYM 175 KU2CREDIT 167 KU2STARTR 301 L27XPZ1RYD 50 
KK2UNITHYM 214 KU2GENCLD 225 KU2SWYD 85 L27XPZ1RYD 50 

KNOTBOTH 108 KU2GENRUN 236 LOEGTPSCOM 47 L27XPZ2RYD 75 
KUlBOTH 20 KU2GENRUN 279 LOEGTPSCOM 49 L27XPZ2RYD 75 
KU1GENCLD 107 KU2GEXCLD 225 LOEGTPSCOM 62 L27XRX1RYD 50 

KU1GENCLD 127 KU2GEXCLD 229 LOEGTPSCOM 64 L27XRX1RYD 50 

KU1GENRUN 106 KU2GEXRUN 236 L27BRX1RYD 50 L27XRX2RYD 75 

KU1GENRUN 190 KU2GEXRUN 278 L27BRX1RYD 50 L27XRX2RYD 75 

KU1GEXCLD 107 KU2GVTBCLD 225 L27BRX2RYD 75 L27XRY1RYD 50 

KU1GEXCLD 119 KU2GVTBHOT 5 L27BRX2RYD 75 L27XRY1RYD 50 

KU1GEXRUN 106 KU2GVTBHOT 235 L27BRY1RYD 50 L27XRY2RYD 75 

KU1GEXRUN 188 KU2GVTBRUN 236 L27BRY1RYD 50 L27XRY2RYD 75 
KU1GRID 305 KU20VER 4 L27BRY2RYD 75 L27XRZ1RYD 50 

KU1GVTBCLD 107 KU20VER 5 L27BRY2RYD 75 L27XRZ1RYD 50 
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GK286E2RYT 23 GK2NGDCLHE 225 GK2WL54VVT 287 K12COM 91 

GK286E2RYT 250 GK20121SST 25 GK2WL55VVT 287 K12COMO1 305 

GK286E2RYT 282 GK2SUPRT 279 GK2WL56VVT 288 K12COMO2 304 

GK287G2RYT 23 GK2WL16VVT 296 GK2WL57VVT 288 K12COMO2 305 

GK287GBRYT 23 GK2WL17VVT 296 GK2WL58VVT 288 K12COMO3 305 

GK287TERYT 23 GK2WL18VVT 297 GK2WL59VVT 288 K12COMO4 305 

GK2BRGDSCH 280 GK2WL19VVT 297 GK2WL60VVT 289 K12COM04 306 

GK2BRGSUP 279 GK2WL20VVT 296 GK2WL61VVT 289 K12COM1DEX 306 

GK2BRGVLHE 280 GK2WL21VVT 296 GK2WL62VVT 289 K12NOMAIN 300 

GK2COOLLHE 293 GK2WL22VVT 297 GK2WL63VVT 289 K1MODTRIP 212 

GK2FIREDEX 279 GK2WL23VVT 297 GK2WL64VVT 290 KlMODTRIPO 212 

GK2GAC1HXF 294 GK2WL24VVT 294 GK2WL65VVT 290 K1MODTRIPO 214 

GK2GAC1HXL 298 GK2WL25VVT 294 GK2WL66VVT 290 K2MODTRIP 21 

GK2GAC2HXF 295 GK2WL26VVT 297 GK2WL67VVT 290 K2MODTRIP 26 

GK2GAC2HXL 298 GK2WL27VVT 297 GK2WL68VVT 291 K2MODTRIP 299 

GK2GAC3HXF 295 GK2WL28VVT 295 GK2WL69VVT 291 K2MODTRIPO 26 

GK2GAC3HXL 298 GK2WL29VVT 295 GK2WL70VVT 291 K2NOMAIN 18 

GK2GAC4HXF 294 GK2WL30VVT 297 GK2WL71VVT 291 K2NOMAIN 18 

GK2GAC4HXL 298 GK2WL31VVT 297 GK2WL72VVT 292 K2NOMAIN 19 

GK2GAC5HXF 296 GK2WL32VVT 295 GK2WL73VVT 292 K2NOMAIN 20 

GK2GAC5HXL 298 GK2WL33VVT 295 GK2WL74VVT 292 K2NOMAIN 91 

GK2GAC6HXF 296 GK2WL34VVT 297 GK2WL75VVT 292 K2NOMAIN 300 

GK2GAC6HXL 298 GK2WL35VVT 297 GK2WL76VVT 280 K2NOMAIN 302 

GK2GENCOOL 279 GK2WL36VVT 294 GK2WL78VVT 280 K2NOMAIN 304 

GK2GENCOOL 293 GK2WL37VVT 294 GK2WLLEAK 279 K2NOMAIN 305 

GK2HPO1HXF 285 GK2WL38VVT 297 GK2WLVLEAK 279 K2NOMAIN 305 

GK2HPO2HXF 286 GK2WL39VVT 297 GK2WLVLEAK 297 KA127T1R6D 304 

GK2HPO3HXF 287 GK2WL41VVT 293 GKHPOILCOM 303 KA127T1R6T 304 

GK2HPO4HXF 288 GK2WL44VVT 285 GMODTRIP1 220 KA227T2R6T 305 

GK2HPO5HXF 289 GK2WL45VVT 285 GMODTRIP2 25 KB4CONNDEX 305 

GK2HPO6HXF 290 GK2WL46VVT 285 GOVTBCOM 302 KBOTHNORN 108 

GK2HPO6VVT 279 GK2WL47VVT 285 GOVTBCOM 303 KCOMCSTRT 301 

GK2HPO7HXF 291 GK2WL48VVT 286 GSBFAIL1 122 KCOMHSTRT 301 

GK2HPO8HXF 292 GK2WL49VVT 286 GSBFAIL1 123 KCOMHSTRT 302 

GK2HXLEAK 279 GK2WL50VVT 286 GSBFAIL2 230 KCOMM 91 

GK2HXLEAK 298 GK2WL51VVT 286 GSBFAIL2 231 KCOMM 301 

GK2MODTRIP 23 GK2WL52VVT 287 GSBTRIP1 122 KCOMMODE 91 

GK2MODTRIP 25 GK2WL53VVT 287 GSBTRIP2 230 KCOMMODE 305 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 326 

0 S 0



Gate/Event Name Pae Zone Gate/Event Name Page Zone Gate/Event Name Pare Zone Gate/Event Name Page Zone 

GK1GAC5HXF 208 GK1WL32VVT 207 GK1WL73VVT 204 GK2316 290 

GK1GAC5HXL 210 GK1WL33VVT 207 GK1WL74VVT 204 GK2316A 290 

GK1GAC6HXF 208 GK1WL34VVT 209 GK1WL75VVT 204 GK2316B 290 

GK1GAC6HXL 210 GK1WL35VVT 209 GK1WL76VVT 191 GK2317 284 

GK1GENCOOL 190 GK1WL36VVT 206 GKlWL78VVT 191 GK2317 291 

GK1GENCOOL 205 GK1WL37VVT 206 GK1WLLEAK 190 GK2317A 291 

GK1HPO1HXF 197 GK1WL38VVT 209 GK1WLVLEAK 190 GK2317B 291 

GK1HPO2HXF 198 GK1WL39VVT 209 GK1WLVLEAK 209 GK2318 284 

GK1HPO3HXF 199 GK1WL41VVT 205 GK20001HGR 279 GK2318 292 

GK1HPO4HXF 200 GK1WL44VVT 197 GK20002HGS 225 GK2318A 292 

GK1HPO5HXF 201 GK1WL45VVT 197 GK2063FPST 24 GK2318B 292 

GK1HPO6HXF 202 GK1WL46VVT 197 GK2120 279 GK23SUI 23 

GK1HPO6VVT 190 GK1WL47VVT 197 GK2120 280 GK23SUI 24 

GK1HPO7HXF 203 GK1WL48VVT 198 GK212TDRYT 25 GK23SUIRYT 24 

GK1HPO8HXF 204 GKlWL49VVT 198 GK212X2RYT 25 GK23SUISWT 24 

GK1HXLEAK 190 GK1WL50VVT 198 GK2310 280 GK240G1RYT 23 

GK1HXLEAK 210 GKlWL51VVT 198 GK2310 284 GK2410 293 

GK1MODTRIP 213 GK1WL52VVT 199 GK2311 284 GK2410 294 

GK1MODTRIP 220 GK1WL53VVT 199 GK2311 285 GK2411 294 

GK1NGDCLHE 127 GK1WL54VVT 199 GK2311A 285 GK2412 294 

GK10121SST 220 GK1WL55VVT 199 GK2311B 285 GK2412 295 

GK1SUPRT 190 GKlWL56VVT 200 GK2312 284 GK2413 294 

GK1WL16VVT 208 GK1WL57VVT 200 GK2312 286 GK2413 295 

GK1WL17VVT 208 GK1WL58VVT 200 GK2312A 286 GK2414 294 

GK1WL18VVT 209 GK1WL59VVT 200 GK2312B 286 GK2415 294 

GKlWL19VVT 209 GK1WL60VVT 201 GK2313 284 GK2415 296 

GK1WL20VVT 208 GK1WL61VVT 201 GK2313 287 GK2416 294 

GK1WL21VVT 208 GK1WL62VVT 201 GK2313A 287 GK2416 296 

GK1WL22VVT 209 GKlWL63VVT 201 GK2313B 287 GK259GNRYT 23 

GK1WL23VVT 209 GK1WL64VVT 202 GK2314 284 GK262TDRYT 23 

GK1WL24VVT 206 GKlWL65VVT 202 GK2314 288 GK263FX 23 

GK1WL25VVT 206 GK1WL66VVT 202 GK2314A 288 GK263FX 24 

GK1WL26VVT 209 GK1WL67VVT 202 GK2314B 288 GK263FXRYT 24 

GKlWL27VVT 209 GK1WL68VVT 203 GK2315 284 GK286E2 23 

GKlWL28VVT 207 GK1WL69VVT 203 GK2315 289 GK286E2 23 

GK1WL29VVT 207 GK1WL70VVT 203 GK2315A 289 GK286E2 229 

GK1WL30VVT 209 GK1WL71VVT 203 GK2315B 289 GK286E2 279 

GK1WL31VVT 209 GK1WL72VVT 204 GK2316 284 GK286E2 299 
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FK2400 293 FLSHCLOSE1 124 GK1312 196 GK1413 206 

FK2500 281 FLSHCLOSE2 229 GK1312 198 GK1413 207 

FK2510 281 FLSHCLOSE2 231 GK1312A 198 GK1414 206 

FK2520 281 FLSHOPEN1 119 GK1312B 198 GK1415 206 

FK2520 282 FLSHOPEN1 126 GK1313 196 GK1415 208 

FK2530 281 FLSHOPEN2 229 GK1313 199 GK1416 206 

FK2530 283 FLSHOPEN2 233 GK1313A 199 GK1416 208 

FK2540 283 GABIFAULT 213 GK1313B 199 GK159GNRYT 213 

FK2FL01FRF 277 GAB1FAULT 219 GK1314 196 GK162TDRYT 213 

FK2FLO2FRF 276 GENCOM 303 GK1314 200 GK163FX 213 

FK2TRHXHXF 275 GENFAIL 15 GK1314A 200 GK163FX 219 

FK2TRHXHXF 275 GFBFAIL1 119 GK1314B 200 GK163FXRYT 219 

FK2WLO3VVT 276 GFBFAIL1 120 GK1315 196 GK186E1 119 

FK2WLO4VVT 276 GFBFAIL2 10 GK1315 201 GK186E1 127 

FK2WLO5VVT 276 GFBFAIL2 10 GK1315A 201 GK186E1 190 

FK2WLO6VVT 276 GFBTRIP1 119 GK1315B 201 GK186E1 212 

FK2WLO7VVT 276 GFBTRIP1 120 GK1316 196 GK186E1RYT 127 

FK2WLO8VVT 276 GFBTRIP2 10 GK1316 202 GK186E1RYT 160 

FK2WLO9VVT 275 GFBTRIP2 12 GK1316A 202 GK186E1RYT 193 

FK2WL11AVO 281 GFFBFAIL1 124 GK1316B 202 GK186E1X 127 

FK2WL11AVT 281 GFFBFAIL1 125 GK1317 196 GK186E1X 213 

FK2WL12VVT 281 GFFBFAIL2 231 GK1317 203 GK186E1X 218 

FK2WL15VVT 293 GFFBFAIL2 232 GK1317A 203 GK187G1RYT 213 

FK2WL42VVT 280 GKOCOOLCOM 303 GK1317B 203 GK187GBRYT 213 

FK2WL43VVT 280 GKOLOCKCOM 303 GK1318 196 GK187TERYT 213 

FKVALVECOM 303 GK10001HGR 190 GK1318 204 GK1BRGDSCH 191 

FLDCLOSE1 119 GK10001HGS 127 GK1318A 204 GK1BRGSUP 190 

FLDCLOSE1 119 GK1063FPST 219 GK1318B 204 GK1BRGVLHE 191 

FLDCLOSE1 124 GK1120 190 GK13SUI 213 GK1COOLLHE 205 

FLDCLOSE2 9 GK1120 191 GK13SUI 219 GK1FIREDEX 190 

FLDCLOSE2 10 GK112TDRYT 220 GK13SUIRYT 219 GK1GAC1HXF 206 

FLDCLOSE2 229 GK112X1RYT 220 GK13SUISWT 219 GK1GAC1HXL 210 

FLDCLOSE2 231 GK1310 191 GK140G1RYT 213 GK1GAC2HXF 207 

FLDTRANS1 188 GK1310 196 GK1410 205 GK1GAC2HXL 210 

FLDTRANS2 21 GK1311 196 GK1410 206 GK1GAC3HXF 207 

FLDTRANS2 26 GK1311 197 GK1411 206 GK1GAC3HXL 210 

FLDTRANS2 278 GK1311A 197 GK1412 206 GK1GAC4HXF 206 

FLSHCLOSE1 119 GK1311B 197 GK1412 207 GK1GAC4HXL 210 
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EK1R31YRYT 125 EK2BASELHE 234 ESCONDNOT 135 FK1310 205 

EK1R41XRYD 120 EK2DIODDEX 277 ESCONDNOT 136 FK1400 205 

EK1R41YRYD 120 EK2EXC1TGF 229 ESCONDNOT 137 FK1500 192 

EK1R41YRYT 120 EK2EXC2TGF 278 EU1C1RORYD 131 FK1510 192 

EK1R9A1RYT 125 EK2F30AFUF 277 EU1C2RORYD 135 FK1520 192 
EK1R9C1R6T 124 EK2F31XRYD 232 EU2C1RORYD 132 FK1520 193 
EK1S141SWT 120 EK2F41CRYD 10 EU2C2RORYD 136 FK1530 192 

EK1S31TSWT 125 EK2FAN1TLF 277 EU3C1RORYD 133 FK1530 194 

EK1S41CRYD 123 EK2FLDCLHE 10 EU3C2RORYD 137 FK1540 194 

EK1S41TSWT 188 EK2FLDMDEX 10 EXCIFANS1 188 FK1FL01FRF 187 

EK1S41XRYD 123 EK2FLSCLHE 231 EXCIFANS1 188 FKlFLO2FRF 187 

EK1SPYCLHE 122 EK2FLSMDEX 231 EXCIFANS2 277 FK1TRHXHXF 186 

EK1SPYMDEX 122 EK2FLSOLHE 233 EXCIFANS2 278 FK1TRHXHXF 186 

EK1VHSVRYD 126 EK2MOD 10 EXCRUN 188 FKlWLO3VVT 187 

EK1VREGDEX 189 EK2MOD 13 EXCRUN 189 FK1WLO4VVT 187 
EK231TDRYD 233 EK2NOMOD 10 EXCRUN2 278 FK1WLO5VVT 187 

EK231TDRYT 232 EK2NOMOD 12 FFB1TRIP 126 FK1WLO6VVT 187 

EK24152SWT 230 EK2R31TRYD 233 FFB2TRIP 233 FK1WLO7VVT 187 

EK2415TSWT 278 EK2R31YRYD 232 FFTRIP1 124 FK1WL08VVT 187 

EK2415YRYD 231 EK2R31YRYT 232 FFTRIP1 125 FK1WLO9VVT 186 
EK2415YRYT 231 EK2R41XRYD 10 FFTRIP2 231 FK1WL11AVO 192 

EK241AXR6D 230 EK2R41YRYD 10 FFTRIP2 232 FK1WL11AVT 192 

EK241AXR6D 277 EK2R41YRYT 10 FIREPROT 17 FK1WL12VVT 192 

EK241AXR6T 277 EK2R9A2RYT 232 FIREPROT 29 FK1WL15VVT 205 
EK241AXR6T 278 EK2R9C2R6T 231 FKOFISHCOM 303 FK1WL42VVT 191 
EK241CFRYD 232 EK2S141SWT 12 FKOWL01VVT 187 FK1WL43VVT 191 

EK286E2RYT 230 EK2S31TSWT 232 FKOWL01VVT 277 FK2110 275 
EK286EXRYT 10 EK2S41CRYD 231 FK1110 186 FK2110 276 
EK286EXRYT 231 EK2S41TSWT 26 FK1110 187 FK2120 276 
EK286X2RYT 26 EK2S41XRYD 231 FK1120 187 FK2120 277 

EK288SVRYD 277 EK2SPYCLHE 230 FK1120 187 FK2120 281 
EK288SVRYT 277 EK2SPYMDEX 230 FK1120 192 FK2120GLHE 282 
EK2901ARYT 232 EK2VHSVRYD 233 FK1120GLHE 193 FK2120GSWT 282 
EK299SXRYD 13 EK2VREGDEX 278 FK1120GSWT 193 FK2200 275 
EK299SYRYD 12 EKSTARTCOM 301 FK1200 186 FK2300 280 

EK299SYRYT 26 ESCONDNOT 131 FK1300 191 FK2310 280 
EK2BAS2DEX 278 ESCONDNOT 132 FK1310 191 FK2310 281 

EK2BASEDEX 234 ESCONDNOT 133 FK1310 192 FK2310 293 
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D3DCBPOW 313 DDC1DCABYF 97 DDCADC1DIF 312 EK1415YRYD 123 

D3DIA 92 DDC1DCBBDF 101 MDCADC2DIF 314 EK1415YRYT 123 

D3DIA 93 DDC1DCBBDM 101 DDCADD1DIF 316 EK141AXR6D 122 

D3DIA 98 DDC1DCBBYF 102 DDCADD2DIF 317 EK141AXR6D 188 

D3DIA 309 DDC1FLTBDF 42 DDCBATTCOM 71 EK141AXR6T 188 

D3DIA 316 DDC21BXCDT 61 DDCBATTDEX 95 EK141AXR6T 188 

D3DIAXXDEX 133 DDC21CXCDT 72 DDCBATTDEX 97 EK141CFRYD 125 

D3DIB 98 DDC21DCCDT 51 DDCBATTDEX 102 EK186E2RYT 122 

D3DIB 99 DDC21DLCDT 69 DDCBATTDEX 314 EK186EXRYT 119 

D3DIB 309 DDC21DRCDT 74 DDCBATTNOT 61 EK186EXRYT 124 

D3DIB 316 DDC2BATBYF 61 DDCBATTNOT 71 EK186X2RYT 188 

D3DIBXXDEX 137 DDC2FLTBDF 61 DDCBATTNOT 71 EK188SVRYD 188 

D3DIC 309 DDC3A1BCDT 94 DDCDYAXBDF 67 EK188SVRYT 188 

D3DIC 311 DDC3A2ACDT 95 DDCDYBXBDF 45 EK1901ARYT 125 

D3DIC 312 DDC3A3CCDT 93 DDCDYCXBDF 41 EK199SXRYD 121 

D3DID 309 DDC3A3DCDT 99 DDCDYEXBDF 69 EK199SYRYD 120 

DAC1F4ACLT 96 DDC3B1BCDT 313 DDCDYFXBDF 51 EK199SYRYT 188 

DAC2F4DCLT 101 DDC3B2ACDT 314 DDCDYGXBDF 74 EK1BAS2DEX 189 

DAC3F4ACLT 94 DDC3B3CCDT 312 DDCUN31DIM 95 EKlBASEDEX 127 

DAC3F4DCLT 313 DDC3B3DCDT 316 DDCUN31DIM 100 EK1BASELHE 127 

DDC11BXCDT 71 DDC3DCABDF 94 DDCUN31DIM 314 EK1DIODDEX 188 

DDC11CXCDT 72 DDC3DCABDM 94 DDCUN31DIM 317 EK1EXC1TGF 119 

DDC11DCCDT 45 DDC3DCABYF 95 DDCX1CABCF 96 EK1EXC2TGF 188 

DDC11DLCDT 67 DDC3DCBBDF 313 DDCX1CBBCF 101 EK1F30AFUF 188 

DDC11DRCDT 41 DDC3DCBBDM 313 DDCX3CABCF 94 EK1F31XRYD 125 

DDC1A1BCDT 96 DDC3DCBBYF 314 DDCX3CBBCF 313 EK1F41CRYD 120 

DDC1A2ACDT 97 DDC3DIABDF 93 E12EXCTCOM 301 EK1FAN1TLF 188 

DDC1A3CCDT 95 DDC3DIABDM 93 ED11D3DCDT 119 EK1FLDCLHE 119 

DDC1A3DCDT 314 DDC3DIBBDF 99 ED13BR2CDT 158 EK1FLDMDEX 119 

DDC1ALXBYM 42 DDC3DIBBDM 99 ED13BR2CDT 188 EK1FLSCLHE 124 

DDC1ALXBYM 71 DDC3DICBDF 312 ED22D3DCDT 229 EK1FLSMDEX 124 

DDC1B1BCDT 101 DDC3DICBDM 312 ED23BR2CDT 26 EK1FLSOLHE 126 

DDC1B2ACDT 102 DDC3DIDBDF 309 ED23BR2CDT 248 EK1MOD 119 

DDC1B3CCDT 100 DDC3DIDBDM 309 EKOORUNCOM 303 EK1MOD 121 

DDC1B3DCDT 317 DDCADA1DIF 93 EK131TDRYD 126 EK1NOMOD 119 

DDC1BATBYF 71 DDCADA2DIF 95 EK131TDRYT 125 EK1NOMOD 121 

DDC1DCABDF 96 DDCADB1DIF 99 EK14152SWT 122 EK1R31TRYD 126 

DDC1DCABDM 96 DDCADB2DIF 100 EK1415TSWT 188 EK1R31YRYD 125 
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Gate/Event Name Page Zone Gate/Event Name Pae Zone Gate/Event Name agice Zone Gate/Event Name Page Zone 
BK1DA5BCDT 179 BK2550 -255 BK288AXRYT 271 D1DIAXXDEX 114 
BKlGBDCGPR 179 BK2550 267 BK2DA1BCDT 268 D1DIBXXDEX 115 
BKlGBDCGPS 179 BK2560 267 BK2GBDCGPR 268 D1DIC 98 
BK1GBDCLHE 179 BK2600 254 BK2GBDCGPS 268 D1DIC 104 
BK1GBO1CVC 178 BK2600 267 BK2GBDCLHE 268 D1DID 104 
BK1GBO1CVO 165 BK2631XRYD 270 BK2GB01CVC 267 D1DID 315 
BK1GBO1CVT 165 BK2631XRYT 272 BK2GBO1CVO 254 D2DIAXXDEX 132 
BK1GBO1FTC 165 BK2631XRYT 283 BK2GBO1CVT 254 D2DIBXXDEX 136 
BK1GBO2VVT 165 BK2632XRYD 269 BK2GBO1FTC 254 D3ADA 93 
BK1GBO3CVO 178 BK2632XRYT 271 BK2GBO2VVT 254 D3ADA1 93 
BK1GBO3CVT 178 BK263TALSD 269 BK2GBO3CVO 267 D3ADA2 93 
BK1GBO4VVT 178 BK263TALSD 270 BK2GBO3CVT 267 D3ADA2 95 
BK1GBO5VVT 165 BK263TALST 271 BK2GBO4VVT 267 D3ADB 99 
BK1GBO6VVT 165 BK263TALST 272 BK2GBO5VVT 254 D3ADB1 99 
BK1GBO8VVT 164 BK263TALST 283 BK2GBO6VVT 254 D3ADB2 99 
BK1GBO9VVT 164 BK2650 267 BK2GBO8VVT 253 D3ADB2 100 
BK1GOACGPR 166 BK2650 268 BK2GBO9VVT 253 D3ADC 312 
BK1GOACGPS 166 BK2660 268 BK2GOACGPR 255 D3ADC1 312 
BK1GODCTRM 178 BK2660 269 BK2GOACGPS 255 D3ADC2 312 
BK1XA1CCLT 166 BK2660A 269 BK2GODCTRM 267 D3ADC2 314 
BK2000 253 BK2660C 269 BK2XA1CCLT 255 D3ADD 309 
BK2088XRYD 270 BK2661A 269 BKGBOILCOM 302 D3ADD1 309 
BK2088XRYT 272 BK2661B 283 COMMCOLD 301 D3ADD1 316 
BK2088XRYT 283 BK2661B 284 COOLCOM 303 D3ADD2 309 
BK2100 253 BK2661C 269 D1CABAT 96 D3ADD2 317 
BK214/2SSD 284 BK2661C 270 D1CABAT 97 D3CABAT 94 
BK214/2SST 270 BK2760 268 D1CACH 96 D3CABAT 95 
BK214DXRYD 284 BK2760 271 D1CBBAT 101 D3CACH 94 
BK214DXRYT 270 BK2760A 271 D1CBBAT 102 D3CBBAT 313 
BK214T2RYD 284 BK2760B 270 D1CBCH 101 D3CBBAT 314 
BK214T2RYT 270 BK2760B 271 D1DCA 95 D3CBCH 313 
BK2188ASWT 255 BK2760B 283 D1DCA 96 D3DCA 93 
BK2188DSWT 268 BK2760C 271 D1DCA 314 D3DCA 94 
BK2200 253 BK2760C 272 D1DCAPOW 96 D3DCA 99 
BK2200 254 BK2760SX 271 D1DCB 100 D3DCAPOW 94 
BK2400 254 BK2761A 271 D1DCB 101 D3DCB 312 
BK2500 254 BK2761C 272 D1DCB 317 D3DCB 313 
BK2550 254 BK288AXRYD 269 D1DCBPOW 101 D3DCB 316 
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Gate/Event Name Page Zone Gate/Event Name age Zone Gate/Event Name- Enge Zone Gate/Event Name Page Zone 
ACB6CLOSE 257 ACB8CNTRLC 265 AK214GVDEX 26 BK1550 178 

ACB6CLOSE 258 ACB8DCPWR 263 AK214GVDEX 87 BK1560 178 

ACB6CNTRLC 258 ACB8ELECC 263 AK222TDRYD 15 BK1600 165 
ACB6CNTRLC 259 ACB8TRANS 262 AK252TDRYD 9 BK1600 178 

ACB6CNTRLO 260 ACB8TRANS 266 AK252TDRYD 87 BK1631XRYD 181 

ACB6DCPWR 258 ACBAIRPDEX 30 AK252TDRYT 87 BK1631XRYT 183 
ACB6DCPWR 259 ACBAIRPDEX 215 AK252WORYD 16 BK1631XRYT 194 

ACB6DCPWR 260 ACBTRIPCHE 21 AK252XGRYD 16 BK1632XRYD 180 

ACB6DCPWR 263 ACBTRIPCHE 212 AK2GATEDEX 22 BK1632XRYT 182 

ACB6ELECC 258 ACBXFERCOM 304 AK2GATEDEX 25 BK163TALSD 180 

ACB6ELECO 260 AD1B4ALCDT 172 AK2GV2XRYD 87 BK163TALSD 181 
ACB60PEN 257 AD1C3CCCDT 31 AK20FRQCOM 15 BK163TALST 182 

ACB60PEN 260 AD1C3CCCDT 141 ASWYDISO 85 BK163TALST 183 

ACB60PEN 263 AD1C3CLCDT 31 AUXPWRCOM 303 BK163TALST 194 

ACB6TRANS 257 AD1C3CLCDT 130 AUXPWRCOM 304 BK1650 178 
ACB6TRANS 261 AD1SCLRCDT 222 BASE1 119 BK1650 179 

ACB7BREAKC 171 AD2B2ALCDT 259 BASE1 127 BK1660 179 

ACB7CLOSE 168 AD2B3CCCDT 224 BASE2 229 BK1660 180 

ACB7CLOSE 171 AD2C3CCCDT 32 BASE2 234 BK1660A 180 

ACB7CNTRLC 171 AD2C3CLCDT 8 BK1000 164 BK1660C 180 

ACB7CNTRLC 172 AD2C3CLCDT 32 BK1088XRYD 181 BK1661A 180 

ACB7CNTRLO 173 AK1141XRYD 214 BK1088XRYT 183 BK1661B 194 

ACB7CNTRLO 174 AK114GVDEX 143 BK1088XRYT 194 BK1661B 195 

ACB7DCPWR 171 AK114GVDEX 214 BK1100 164 BK1661C 180 

ACB7DCPWR 172 AK121TDRYD 139 BK114/2SSD 195 BK1661C 181 
ACB7DCPWR 173 AK152TDRYD 143 BK114/2SST 181 BK1760 179 

ACB7ELECC 171 AK152TDRYT 129 BK114DXRYD 195 BK1760 182 

ACB7ELECO 173 AK152TDRYT 143 BK114DXRYT 181 BK1760A 182 

ACB70PEN 168 AK152XGRYD 143 BK114T2RYD 195 BK1760B 181 

ACB70PEN 173 .AK152XGRYT 143 BK114T2RYT 181 BK1760B 182 

ACB70PEN 175 AK1AX34RYT 140 BK1188ASWT 166 BK1760B 194 

ACB7TRANS 168 AK1GV1XRYD 143 BK1188DSWT 179 BK1760C 182 

ACB7TRANS 169 AK10FRQCOM 139 BK1200 164 BK1760C 183 

ACB8BREAKC 263 AKlUNDER 139 BK1200 165 BK1760SX 182 

ACB8BREAKC 264 AK1UNDER 140 BK1400 165 BK1761A 182 

ACB8CLOSE 262 AK1X34XRYT 140 BK1500 165 BK1761C 183 

ACB8CLOSE 263 AK212OSSST 22 BK1550 165 BK188AXRYD 180 

ACB8CNTRLC 263 AK2142XRYD 26 BK1550 166 BK188AXRYT 182 
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Gate/Event Name Page Zone Gate/Event Name Page one Gate/Event Name Page Zone Gate/Event Name Pag Zone 
AB6PUSHPBT 261 ACB1 31 ACB2TRIP 21 ACB4AFTC 218 
AB6R52XRYD 258 ACB1AUTO 129 ACB2TRIP 21 ACB4AUTOC 217 
AB6R52YRYD 258 ACB1BREAK 129 ACB2TRIP2 21 ACB4BREAKC 216 
AB710A1FUF 171 ACB1DCPWR 129 ACB2TRIP2 22 ACB4CLOSE 214 
AB710AFFUF 174 ACB1DCPWR 130 ACB2TRIP2B 22 ACB4CLOSE 215 
AB752CCRYD 171 ACB1ELEC 129 ACB2TRIP2C 22 ACB4CNTRLO 217 
AB752TCRYD 173 ACB10PEN 128 ACB2TRIP3 21 ACB4CNTRLC 216 
AB752TCRYT 169 ACB10PEN 129 ACB2TRIP3 23 ACB4CNTRLC 217 
AB752Y2RYT 171 ACB10PEN 305 ACB2TRIP5 21 ACB4CSGNL 218 
AB7CLOSLHE 171 ACB2 32 ACB2TRIP5 25 ACB4CSGNL 221 
AB7KEYISWT 171 ACB241A 9 ACB2TRIPG 86 ACB4DCPWR 216 
AB7MCH2DEX 171 ACB2AUTOC 9 ACB2TRIPG 87 ACB4DCPWR 224 
AB7MECHDEX 173 ACB2AUTOO 86 ACB2TRIPGO 86 ACB4ELECC 215 
AB70PENLHE 173 ACB2BREAK 86 ACB2TRIPW 87 ACB4ELECC 216 
AB7PUSHPBT 169 ACB2BREAKC 7 ACB2TRIPWO 86 ACB4MANC 217 
AB7R52XRYD 171 ACB2CLOSE 4 ACB2TRIPWO 87 ACB4MANC 217 
AB7R52YRYD 171 ACB2CLOSE 6 ACB3 30 ACB4MANC 224 
AB81OA1FUF 264 ACB2CLOSE 175 ACB3 31 ACB4MOD 12 
AB81432RYT 265 ACB2CLOSE 257 ACB3BREAKC 139 ACB4MOD 13 
AB852CCRYD 264 ACB2CNTRLC 7 ACB3BREAKC 139 ACB4MOD 30 
AB852TCRYT 266 ACB2CNTRLC 9 ACB3CLOSE 138 ACB4MOD 121 
AB852Y2RYT 264 ACB2CSGNL 9 ACB3CLOSE 139 ACB4MOD 217 
AB86E1A 221 ACB2DCPWR 7 ACB30PEN 140 ACB4TRANS 214 
AB86E1A 222 ACB2DCPWR 8 ACB30PEN 141 ACB4TRANS 299 
AB86E1ARYD 222 ACB2DCPWR 86 ACB30PEN 218 ACB4TRIP 299 
AB86E1GRYD 222 ACB2DISC 27 ACB3TRANS 106 ACB5BREAKC 176 
AB86T 221 ACB2DISC 85 ACB3TRANS 211 ACB5CLOSE 175 
AB883S8RYD 265 ACB2ELEC 85 ACB3TRANS 304 ACB5CLOSE 175 
AB8KEYISWT 263 ACB2ELEC 86 ACB3TRIP 211 ACB5CNTRLC 176 
AB8MCH2DEX 263 ACB2ELECC 6 ACB3TRIP 212 ACB5CNTRLC 177 
AB8PUSHPBT 266 ACB2ELECC 7 ACB3TRIPG 143 ACB5DCPWR 172 
AB8R52XRYD 264 ACB2LHE 6 ACB3TRIPGO 141 ACB5DCPWR 172 
AB8R52YRYD 264 ACB2LHE 19 ACB3TRIPGO 143 ACB5DCPWR 176 
ABEOPRCRHE 9 ACB20PEN 85 ACB3TRIPW 143 ACB5ELECC 175 
ABESTART 221 ACB2TRANS 4 ACB3TRIPWO 141 ACB5ELECC 176 
ABESTART 222 ACB2TRANS 21 ACB3TRIPWO 143 ACB5TRANS 175 
ABPOPRCRHE 224 ACB2TRANS 175 ACB4 32 ACB5TRANS 177 
ACB1 30 ACB2TRANS 257 ACB4AFTC 217 ACB6BREAKC 258 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 319



Gate/Event Name age Zone Gate/Event Name Page Zone Gate/Event Name nge Zone Gate/Event Name ge Zone 
1R94GB 30 ABO86TGRYD 221 AB2PSO2PST 86 AB4PUSHPBT 299 
1xUV 304 ABOSWGRCOM 304 AB2PSWTPST 32 AB4R52XR6D 216 
2R94GB 30 AB152TCSVO 129 AB2PUSHPBT 21 AB4R52ZR6T 299 
2R94GB 32 ABlACCUDEX 129 AB2R462RYT 21 AB510A1FUF 176 
94GB 30 AB1FALTDEX 29 AB2R52XR6D 7 AB51431LHE 172 
AA1271PR6D 177 AB1FALTDEX 217 AB2R52ZR6D 86 AB51431LHE 174 
AA1271XR6T 177 AB1FALTDEX 219 AB2R52ZR6T 21 AB51431LHE 177 
AA127C1R6T 169 AB1MECHDEX 129 AB31523SWT 212 AB51431RYT 177 
AA127CPR6D 172 AB10PENLHE 129 AB352CCSVO 139 AB51431SWT 172 
AA127R1RYT 169 AB1PSO2PST 129 AB352TCSVO 141 AB51431SWT 174 
AA127X1RYD 177 AB1PSWTPST 31 AB352TCSVT 211 AB51431SWT 177 
AA127X1RYT 177 AB1R52ZR6D 129 AB352Y2R6D 139 AB552CCRYD 176 
AA127X2R6D 174 AB21521SWT 21 AB352Y2R6T 139 AB552TCRYT 177 
AA127XCRYD 172 AB22BV1RYT 21 AB3ACCUDEX 139 AB552Y2RYT 176 
AA186CXRYT 169 AB23BKRCOM 19 AB3ACCUDEX 141 AB583S5RYD 177 

AA186CXRYT 266 AB23COM 6 AB3CLOSLHE 139 AB5CLOSLHE 175 
AA186S1RYT 169 AB23COM 19 AB3MCH2DEX 139 AB5KEYISWT 175 
AA186S1RYT 177 AB23COM 139 AB3MECHDEX 141 AB5MCH2DEX 175 
AA187CXRYT 169 AB24BKRCOM 18 AB3PSO2PST 139 AB5PUSHPBT 177 

AA187CXRYT 266 AB24COM 6 AB3PSO2PST 141 AB5R52XRYD 176 
AA2272PR6D 259 AB24COM 18 AB3PSWTPST 31 AB5R52YRYD 176 

AA2272XR6D 260 AB24COM 215 AB3PUSHPBT 212 AB61OA1FUF 258 
AA2272XR6T 261 AB251G2RYT 21 AB3R52XR6D 139 AB610AFFUF 260 

AA227C2R6T 266 AB252CCSVO 7 AB3R52ZR6D 141 AB61432LHE 259 
AA227C2RYD 265 AB252TCSVO 86 AB3R52ZR6T 211 AB61432LHE 260 
AA227CPR6D 265 AB252TCSVT 21 AB41523SWT 299 AB61432LHE 265 

AA227R2RYT 266 AB252Y2R6D 7 AB452CCSVO 216 AB61432SWT 259 
AA227T2R6D 9 AB252Y2R6T 7 AB452TCSVT 299 AB61432SWT 260 
AA227X2RYD 174 AB2ACCUDEX 6 AB452Y2R6D 216 AB61432SWT 265 

AA227X2RYD 259 AB2ACCUDEX 85 AB452Y2R6T 216 AB652CCRYD 258 

AA227X2RYD 260 AB2CLOSLHE 19 AB4ACCUDEX 215 AB652TCRYD 260 

AA227X2RYT 261 AB2KEYISWT 6 AB4CLOSLHE 215 AB652TCRYT 261 

AA286S2RYT 261 AB2MCH2DEX 6 AB4CLSESWC 224 AB652Y2RYT 258 

AA286S2RYT 266 AB2MECHDEX 85 AB4KEYISWT 215 AB6CLOSLHE 258 

ABOO4ECCDT 221 AB2MOD 9 AB4LORESWT 224 AB6KEYISWT 258 
ABOO86TRYD 221 AB2MOD 15 AB4MCH2DEX 215 AB6MCH2DEX 258 
ABO624CRYD 221 AB20PENLHE 85 AB4PSO2PST 216 AB6MECHDEX 260 

ABO86E1RYD 222 AB2PSO2PST 7 AB4PSWTPST 32 AB60PENLHE 260 
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Isolating Transfer 
Diode 3ADD Circuit 

2 Fails 

D3ADD2 
Page 309 

125 V dc Isolating Transfer 
Distribution Center Diode 3ADD Circuit 
1DCB Breaker 3D 2 Failure 

Transfers Open 

| D3DCDT |D2DDDF| 

Unit 1 Backup To Loss Of Power On 
Unit 3 Isolated At 125 V dc 
Diode For Ground Distribution Center 

Detect. 1DCB 

DU31DIMDDC 

Page 101 
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Breaker S2 Close Isolating Transfer 
Initiate Circuits Diode 3ADD Circuit 

Fail 1 Fails 

a PS21NIT I I D3ADD1 
Page 315 

Page 309 

Loss Of Power On Loss Of Power On Loss Of Power On 125 V dc 
125 V dc Panelboard 125 V dc Panelboard 125 V dc Distribution Center 

3DIA 3DIB Distribution Center 3DCB Breaker 3D 
3DCB Transfers Open 

Page 93 Page 99. Page 313 

Isolating Transfer 
Diode 3ADD Circuit 

1 Failure 

ADoDDD1F | 
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Standby Bus 2 Power 
Fails 

A17 PSB2 
Page 310 

Breaker S2 Remains Standby Bus 2 Standby Bus 2 Power Standby Bus 2 Fails 
Open Maintenance Sources Fail 

Unavailability 

BBPS2CLOSEreaSM2rPB2Sr 
Page 103 Page 104 

S2 Closing Circuit Breaker sDID-27 
Components Fail Transfers Open 

IPACS2CSMODI PDC1D27CDT| 
Module 

Common Cause Loss Of Power On Failure Of Breakers 125 V dc Panelboard 
S1 And S2 To Close 1DID 

Transfer 

Breaker S2 Fails ToBreaker S2 Close 
Close Initiate Circuits 

Fail 

T Page 316 
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Loss Of Battery 3CB Isolating Transfer 
Diode 3ADC Circuit 

2 Fails 

[D3CBBAT D 3ADC2 
Page 313 Page 312 

125 V dc Battery 125 V dc Battery 125 V dc Isolating Transfer 
3CB Fails 3CB Breaker 2A Distribution Center Diode 3ADC Circuit 

Transfers Open 1DCA Breaker 3D 2 Failure 
Transfers Open 

DDC3DCBBYF DDC3B2ACDT 3DCDT DDCAC 

II 
AC Power Is Not Unit 1 Backup To Loss Of Power On 

Restored To Battery Unit 3 Isolated At 125 V dc 
Chargers Diode For Ground Distribution Center 

Detect. 1DCA 

DDCBATTDEX DDCUN31DIM| 
Page9 
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Loss Of Power On 
125 V dc 

Distribution Center 

3DCB 
Page 312 03DCB 

Page 316 

I 7I 
125 V dc No Power To 125 V 125 V dc 

Distribution Center dc Distribution Distribution Center 
3DCB Fault Center 3DCB 3DCB Is In 

Maintenance 

DOC3DCBBDF | D3DCBPOW DDC3DCBBDM 

Loss Of Battery Loss Of Battery 3CB 
Charger 3CB 

D3CBCH||D3BA| 

Page 314 

600 V acC MCC 3XS2 Battery Charger 3CB 
Breaker BF40 Fails 

Transfers Open 

125 V dc 
Distribution Center 
3DCB Breaker 183 

Transfers Open 
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Loss Of Power On 
125 V dc Panelboard 

3DIC 

Page 311 
Page 309 

125 V dc Panelboard Isolating Transfer 125 V dc Panelboard 
3DIC Fault Diode 3ADC Fails 3DIC Is In 

Maintenance 

DDC3DICBDF D3ADC ODC3DICBDM 

Isolating Transfer Isolating Transfer 
Diode 3ADC Circuit Diode 3ADC Circuit 

1 Fails 2 Fails 

D3ADC1 I|0AC 

Page 314 

Loss Of Power On 125 FV dP 125 V dc Distribution Center 
Distribution 4Center = 3DCB Breaker 3C 

3DCB Transfers Open 

Page 313 

Isolating Transfer 
Diode 3ADC Circuit 

1 Failure 
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Breaker E2 Remains 
Open 

Page 310 PE2CLOSE 

Loss Of Power On Common Cause 
125 V dc Panelboard Failure Of Breakers 

3DIC El And E2 To Close 

Page 312 

Breaker 3DIC-27 Breaker E2 Closing 
Transfers Open Circuit Fails 

PD27CD PACE 2CSMOD 
Module 

Breaker E2 Fails To 
Close 
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I I IPIgI I 

Main Feeder Bus 2 Commnon Cause 4160 V ac Breaker Main Feeder Bus 2 Main Fooder Bus 2 Breaker N2 
Alternate Power Falle 01 Breakers N2 Fails To Open Local Bus Fault Maintenance Automatic Trip 

Fails N1I Anid N2 To Open Unavailability Circuits Fad 

PMFB2A IPACN1N200MI I PACXNO2C40 PACMFB2BHF PMF2M PN20PEN 

Pge 300 

areup Bus ower Standby Bus 2 Power MainFodr Bain F r Bs 2 To Main Feeder Bus Falls Not In Maintenance i In Maintenance 
2 Fails 

Page 315n=FMi 

, 

I M8S I52IPCF2H 

Breaker E2 Remains Interruption Of Main Feeder Bus 1 
Open %Normal AC Power Is In Maintenance 

E2CO PSTARTUP IIPACMFBIBHMI 

q Pge 311 Page 3 
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Page 3us Page 2 rage 310 
Page 308 

Transformer CTS Loss Of Power From Loss Of Power On Loss Of Power On Los Of Power On Loss Of Poe On 
Fails' Lee Steam Station 125 V de Panelboard 125 V de Panelboard 125sV dc Panelboard 125 V de Paneboard 

3DIA 3DIB 3DIC 3I 

| A H age 93 ZV age 99 T age 312 

100 kV ac Overhead Loss Of Off-Site 125 V dc Power Isolai1n Transfer 125 V de Power 
Un. Fro Lee Steam Power Due To Severe Panetboard 3DID Diode 3ADD Fals Panelboard 3DID Is 
Station To CT5 Falls Weathe rditating Fault In Maintenance 

Event 

I ACINDX TWET I DDC3DIDBDF ID3ADD IDCDDD 
Initlating Event 

Lee Steam Station Isolating Transfer IoaigTransfer 
Cobsin Turtbines Diode 3ADD Circuit Diode 3ADD Circuit 

Fall To Run For The I Fals 2 Fails 
Required Time 

Page 316 Page 317 
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Power To Bus 1 Power To Bus 2 
Fails Given Both Fails Given Both 
Keowee Units In Keowee Units In 

Maintenance Maintenance 

PLEESB1CN I|PLEESB2CN| 
Page 104 Page 104 

Power From Lee Both Keowee Units Power From Lee Both Keowee Units 
Steam Station To Unavailable Due To Steam Station To Unavailable Due To 

Standby Bus 1 Fails Common Maintenance Standby Bus 2 Fails Common Maintenance 

PLEESB1 KK1BOTHHYM PLEESB2 KK1BOTHHYM 

Loss Of Power From 4160 V ac Standby Loss Of Power From 4160 V ac Standby 
CTS Breaker SL-1 CTS Breaker SL-2 

Transfers Open Transfers Open 

PACXSL1C4T PACXSL2C4T 
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Common Mode Failure 
Of The Keowee Units 

During Switchgear 
Maintenance 

Page 305 IMAINTCOM 

600 Vac MCC 1XA 600 Vac MCC 2XA 
Alternate Power Alternate Power 

Source, Switchgear Source, Switchgear 
2X, Fails 1X, Fails 

XA1XAE XA2XAE 

600 Vac MCC 1XA MCC 1XA Is 600 Vac MCC 2XA MCC 2XA Is 
Alternate Power Connected to Its Alternate Power Connected to Its 

Source, SWGR 2X, Alternate Source of Source, SWGR 1X, Alternate Power 
Fails Power Fails Source 

IXA1XAEF I AXABMIXA2XAEF I XA2XAALBLM 

eage 
306 

600 Vac Bkr 2XA-4A 600 Vac Bkr IX-2A 
Transfers Position Transfers Position 

XA1XA1ACLT IX22XL 

Loss of Power on 
600 Vac Switchgear 

2X 
K-702 
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Degraded Grid Fails 600 Vac MCC 2XA 
Both Keowee Units Alternate Power 

Source, SWGR iX, 
Fails 

I K12COMO4 XA2XAEF 

Page 305 
307 

Keowee Units 1 And Grid Degradation 00 Vac Bkr iXA-1A 600 Vac Bkr 2X-20 
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Grid Failure Of Both 
Keowee Units 
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Auxiliary Power Both Units Connect 
Common Cause Run To The Overhead Path 

A Failures 

Page 303 IAUXPWRCOMI Page 305 IK12COMO2 

Common Cause Common Cause Keowee Unit 2 Is Air Circuit Breaker Transformer 1X 
Failure That Failure Of Not In Maintenace 3 Transfers Open Undervoltage Relay 

Results In ACBs 2 & Transformers 1X, 27T/1x Indicates 
Transfering Open 2X, And CX Undervoltage 
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Keowee Units 1 & 2 
Common Cause Run 

Failures 

Page 301 
KCOMRUN 

Generator Common Common Cause Gvro/ubn uiir oe oln ae 
Cause Run Failures Failure Of Both Cmo as u omnCueRnCmo as u 

Units VoltageFalrsFiue 
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Regulators To Run 

GENCOM IEKOORUNCOM GOVTBCOM UXPRCOM 

A Page 302 
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Common Cause Common Cause Power I ega d Model Fae 
Failure of Failure of FiueO ohFiueO oln 

Generator Air Generator Thrust Ui LFlesW trCnrlVle 
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Keowee Units 1 & 2 Governor/Turbine 
Common Cause Hot Common Cause Run 

Start Failures Failures 

P KCOMHSTRT |GOVTBCOM 
Page 301 Page 303 

I II 
Keowee Unit 2 Is Common Cause Common Cause Common Cause 
Not In Maintenace Failure of Keowee Failure of Keowee Failure Of Turbine 

Governors to Hot Governors to Run Sump Pump System 
Start 

K2NOMAIN WKHSTRTCOM UNCO PKOSUMPCOM 

Pae 18 

Keowee Units 1 And Common Cause Common Cause 
2 Are Supplying The Failure Of Both Failure Of Turbine 

Grid Governor Oil Guide Bearing Oil 
Systems To Run System 

KK1 BOTHDEX I UOKOPRUNCOM BKGBOILCOMI 

0 0O 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 302 
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Keowee Units 1 & 2 
Fail Due To Common 

Cause Failures 

Page 91 KCOMM 

Common Cause Keowee Units 1 & 2 Keowee Units 1 & 2 Keowee Units 1 & 2 
Failure Of Keowee Common Cause Cold Common Cause Hot Common Cause Run 

l&C Power Batteries Start Failures Start Failures Failures 

I XDOBATTCOM KCOMCSTRT KCOMHSTRTN 

7 -Pe 302 
a ge 303 

Keowee Unit 1 Start Keowee Unit 2 Start Common Cause Cold 
Is Required Is Required Start Failures 

COMMCOLD 
Page 108 A Pae 8.  

Common Cause Units 1 & 2 Excit 
Failure Of Both Fail Due To Common 

Units Voltage Cause Failure Of 
Regulators To Start The Breakers 

I EKSTARTCOM El 2EXCTCOM 

Common Cause 
Failure of Keowee 
Governors to Cold 

Start 

(WKCTRTOMI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 301



ICT4 In Maintenance 
(not allowed with 

KU2 in maint) 

rMA IN T 
Page 105 

Transformer CT4 Is Keowee Unit 2 Is Both Units NOT in 
In Maintenance Not In Maintenace Maintenance 

ISXFRCT4THM I1KNMI 1NMI .~PaKe2N MMAIN 
age 18 

Both Keowee Units 
Unavailable Due To 

Common Maintenance 

KKnBTHHYa 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 300



Air Circuit Breaker 
4 Transiers Open 

I ACB4TRANS 
Page 214 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
4 Trip Coil 4 Trip Signal 4 Relay 52Z 

Spurious Operation Spurious Operation 

I I Iri 

I B52CVT||ACB4TRIP I|AB4RS2ZR6T | 2OTI 

Underground Feeder Control Switch 152
Lockout Relay 86EF 4 Spurious Operation 

Picks Up 
LockoutRsul Dun Spuriouspurou 
Spurous ctuaion OpTripo 

age 232 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 299



Keowee Unit 2 Gen.  
Air Coolers Leak 

Into Generator 
Enclosure 

Page 279 GK2HXLEAK 

Heat Exchanger Heat Exchanger 
2GAC1 Leaks 2GAC4 Leaks 

GKGAC1HXL GKGA4HX 

Heat Exchanger Heat Exchanger 
2GAC2 Leaks 2GAC5 Leaks 

GKC2HX I K2AHXL 

Heat Exchanger Heat Exchanger 
2GAC3 Leaks 2GAC6 Leaks 

OGK2AC3HX GK2AC6HXL 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 298
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Keowee Unit 2 WL 
Valves Leak Into 

Generator Enclosure 

Page 279 1 GK2WLVLEAK| 

Manual Valve 2WL18 Manual Valve 2WL30 
Transfers Position Transfers Position 

I GK2WL18VVT I|G2L0V 

Manual Valve 2WL19 Manual Valve 2WL31 
Transfers Position Transfers Position 

I GK2WL19VVT I|G2L1V 

Manual Valve 2WL227 [Manual Valve 2WL34 
Transfers Position Transfers Position 

I GK2WL22VVT II GK2WL34VVT I 

Manual Valve 2WL23 Manual Valve 2WL35 
Transfers Position Transfers Position 

I GK2WL2VVT I GK2WL35VVTI 

Manual Valve 2WL26 Manual Valve 2WL38 
Transfers Position Transfers Position 

I G K 2 W L 2 6 V T 

F 
|P 

g 
G K W L 8 V T7 
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WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-5 Cooler 2GAHW-6 

GK2415 - GK2416 
Page 294 Page 294 

Manual Valve 2WL-20 Generator Air Manual Valve 2WL-16 Generator Air 
Transfers Position Cooler 2GAHW-5 Fails Transfers Position Cooler 2GAHW-6 Fails 

GK2WL20VVT I GK2GAC5HXF GK2WL16VVT GK2GAC6HXF 

Manual Valve 2WL-21 Manual Valve 2WL-17 
Transfers Position Transfers Position 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 296



WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-2 Cooler 2GAHW-3 

GK2412 ||GK2413 
Page 294 Page 294 

Manual Valve 2WL-32 Generator Air Manual Valve 2WL-28 Generator Air 
Transfers Position Cooler 2GAHW-2 Fails Transfers Position Cooler 2GAHW-3 Fails 

| GK2WL32VVT GK2GAC2HXF GK2WLVVT GK2GAC3HXF 

Manual Valve 2WL-33 Manual Valve 2WL-29 
Transfers Position Transfers Position 

| GK2W33W 29W 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 295



Page 
293 

WL Fails to Cool WL Fails to Cool WL Fails to Cool FailWL Falls to Cool WL Fails to Cool 

Generator Air Generator Air Generator Air Generator Air Generator Air Generator Air 

Cooler 2GAHW-1 Cooler 2GAHW-2 Cooler 2GAHW-3 Cooler 2GAHW4 Cooler 2GAHW-5 Cooler 2GAHW-6 

Page 295 Page 295 age 296 age 296 

M V 2G oManual Valve 2WL-24 Generator Air 

Transfers Position Cooler 2GAHW-1 Fals Transfers Position Cooler 2GAHW-4 Fails 

I GK2WI 36VVT II GK2GAC1HXF II KW 4V GK2GA-C4HXF 

Manual Valve 2WL-37 Manual Valve 2WL-25 
Transfers Position Transfers Position 

IGK2WL37VVT I GK2WL25VYTI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 294 
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I0 
Keowee Unit 2 

Generator Cooling 
Fails 

Page 279 GK2GENCOOL 

II 
WL Fails to Supply Keowee 2 Generator Keowee 2 Manual Keowee 2 Gen. Air 

Unit 2 Generator Air Cooler Fails Valve 2WL-41 Transfe Cooler WL Flow Path 
Air Colersrs Position to Block Vlvs Mispositioned 

Discharge Path After Maintenance 

IFK2400 IIGK2410 IIGK2WL41VVT I GK2COOILLHE A Page 2940 

NoFlow Through Manual Valve 2WL-15 
Colng Water Valve Transfers Position 

2WL-12 

Page 281 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 293



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

C 
2H PO X -8 

GK2318 
Pag e 284 

Inle to eneatorFlowto enertorGenerator Thrust 
Thrut Barig ThustBeingBearing Cooler 

Coole 2HPHX-8is Coler2HPOH-8 i 22HPOHX-8il 

GK2318| GK2318B 

Trasfes P TansersPoitinTanferP lo w toGn rator er Gesti n ertrTrs 

GK2WL72VE| GK38 |KW73V |KWL GK2HPO8HXF 
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WIL Fails to Cool 
Generator Thrust 

Bearing Cooler 
2HPOHX-7 

IA GK2317A7 

Page 2848a l v 2 

ON-KetowGeeator ACow Powe Ge FIGThrr ustg 29 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-7is Coler2HPOH-7 i 22HPOHX-7il 

GK231| GK23177| 

Trasfes osiio TrnsfrsPostin TanserP Flto w toGn rator er Gesti n ertrTrs 

I~~~ ~ ~ ~ GK2317BVV I |2 GK2HO7HX IKW7VTG2L1V 

Onfe s -K e PoiinAnser Positio n t g a e Trans ers Positio Trnser Position



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

C 
2HPOHX 

| GK2316A1| 

Page 2844a l l 2 

G2WLA ailst 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 
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WL Fails to Cool 
Generator Thrust 

Bearing Cooler 

C 22HPOHX-5 
GK2315 

Page 284 

InS etowGeeator ACow Po r Ie e Mer FIGThrr ustg 28 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-5is Coler2HPOH-5 i 22HPOHX-5il 

GK2315 GK23155B 

Trasfes osiio TrnsfrsPostin Tanser P lo w toGn rator er Gesti n ertrTrs 

GK2WL60VVT~ GK2315BVV IKW62V GK2HPO5HXF 

Transfers PoiinAnser Positiontgae Transers Position Trnser Position



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

2HPOHX-4 

|ag GK2314 

Manua Valv 2WL56 MaualPalve WL-5 

Inle to eneatorFlowto enertorGenerator Thrust 
Thrut Barig ThustBeingBearing Cooler 

Coole 2HPHX-4is Coler2HPOH-4 i 22HPOHX-4il 

GK2314A ~ ~ GK2314K2P0HX 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 288 
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WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

2HPOHX-3 

A GK2313 
Page 

284  

In-etowGeeator ACow Po r Ie e Mer FIGThrr ustg 28 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-3is Coler2HPOH-3 i 22HPOHX-3il 

GK2313I GK2313B 

GK2WL53VVT~~ GK2313BV GKW55V 

ONSKeoee C PwerIntgraed ode FGUEneao Thrustg



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

2HPO PX-2 

GK2312 
Page 

284 
Inle to eneatorFlowto enertorGenerator Thrust 

Thrut Barig ThustBeingBearing Cooler 
Coole 2HPHX-2is Coler2HPOH-2 i 22HPOHXFai2 

GK2WL48VVT GK2WL49TGK2 I 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 286 
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WL Fails to Cool 
Generator Thrust 

Bearing Cooler 
2HPOHX-1 

G K231 1 
Page 

284  

Inle to eneatorFlowto enertorGenerator Thrust 
Thrut Barig ThustBeingBearing Cooler 

Coole 2HP HX-1is Coler2HPOH-1 i 22HPOHX-1il 

BlockedDiverted 

GK231 1 A~~ GK231 1B IG2I0HF 

Manul Vlve WL-4 MaualValv 2W-45Manual Valve 2WL-46 Manual Vle2L4 

Trasfes PsiionTrasfrs oiTrnsfrs ostio TrnsersPo en ertrTrs 

I GK2HPO1HXFT 
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Keowee 2 Rotation Keowee 2 Generator 
Sensing Aux. Relay Bearing Oil Cooler 

14DX Fails to Fails 
Energize 

P BK2661 B rGK2310 
Page 283 Page 280 

I28I 

Keowee 2 Rotation Keowee 2 Speed WL Fails to Cool WL Fails to Cool 
Sensing Aux. Relay Switch 14/2 Fails Generator Thrust Generator Thrust 

14DX Fails to On Demard Bearing Cooler Bearing Cooler 
Energize 2HPOHX-1 2HPOHX-5 

BK214DXRYD |BK214/2SSD 
Page 285 Page 289 

Keowee 2 Rotation WL Fails to Cool WL Fails to Cool 
Sensing Tirner 14T2GeeaoThutenrorhus 
Fails to De-energize Bearng Cooler Bearing Cooler 

C2HPOHX-2 J j 2HPOHX-6 

age286 A age 290 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

~~~Bearing Oile arn Cooler 

2HPOHX-3 J2HPOHX-7 

a 28  7 GaKe2291 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler Bearing Cooler 

2HPOHX-4 2HPOHX-8 

Page 28 Page 292 

ONS-Keowee AC Power Integrated Model TGFIGURE G-1 eaPage 284 
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Unit 2 Oil Pump 
Aux. Relay 88X or Ro 

tation Sensing Aux.  
Relay 14DX Fail 

Page 281 FK2530 

Unit 2 Turbine GBO Keowee 2 Rotation Keowee 2 Rotation 
Level Relay 88X Sensing Aux. Relay Sensing Aux. Relay 
Fails to Remain 14DX Fails to 14DX Fails to 

Energized Energize Remain Energized 

| K24 IIBK1Ba| z| BK2760B| 
Page 284 Page 270 

I I 
Turbine No. 2 Loss Of Power On 

Bearing Oil Level Keowee 2 125V de 
Switch 63TA Dist.Cntr.2DA 

Spurious Operation During Run 

BK263TALST IIXD2DARI 

.Page 163 

Keowee 2 Turbine DC Circuit Breaker 
Guide Bearing Oil 20A-2AR Transfers 

Relay 88X Spurious Position 
Operation 

BK2088XRYT IIXD2DA2ACDT| 

Keowee 2 GBO Level 
Relay 63TA/1 X 

Spurious Operation 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Paae 283



Unit 2 Control 
Switch S120G or 
Master Relay 4B 
Fails to Operate 

|FK2520 
Page 281 F 

Unit 2 Control Keowee 2 Start Keowee 2 Master Unit 2 Control 
Switch S120G r eay 4 Drops Out Switch S120G Left 

Spurious Operation Fails to Pick Up During Run in OFF Position 
KEE-213 

to nhiiI -7I 

FK210GSW | |YK2MR4BRYD | YK2MR4BRUN ||F22GH 

Keowee 2 Master Keowee 2 Emergency Relay 48 Spuriously Lockout Relay 86E-2 
Drops Out Spuriously Picks Up 

I YK4BMRYTI IGK286 E2RYTI 

KHU#2 Startup inhbt Breaker 2DA-4CC 
Sw 3SUI Sptsly Xfrs Transfers Open 

to Inhibit K-704 
KEE-211, -213 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 282



I No Flow Through 
Cooling Water Valve 

2WL-12 

| FK21201I 

Page 280 
Page 293 

No Flow Through Cooling Water Manual Valve 2WL-12 
Cooling Water Control Valve 2WL- Transfers Position 
Filter 2WLFL-1 11 Fails Closed 

Cooling Water Cooling Water Solenoid Valve 2SV
Control Valve 2WL- Control Valve 2WL- 1 Not Commanded to 

11 Fails To Open On 11 Transfers Closed De-energize 
Demand 

FK2WL11AVO I11A FK2510 

Unit 2 Control Unit 2 Oil Pump 
Switch 2120G or Aux. Relay 88X or Ro 

FK2FK2310253 

11iFails Closedely 4D Fi 

Page 282 Page 283 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 281



Unit 2 Generator 
Bearing Cooling 

Failure 

GK2120 
P a g e 2 7 9 

WL Fails to Supply Keowee 2 Generator Keowee 2 Generator Keowee 2 Gen. Brng 
Unit 2 Generator Bearing Oil Cooling Bearing Oil Cooler Oil Cooling Flow Pat 
Thrust Bearing Water Discharge Fails h Vlvs Mispositioned 

Coolers Fails After Maintenance 

FK2300 GK2BRGDSCH|G21G 

Page 284 

No Flow Through Manual Valve 2WL-43 Manual Valve 2WL76 Manual Valve 2WL78 
Cooling Water Valve Transfers Position Transfers Position Transfers Position 

2WL-1 2 and Blocks and Blocks 
Discharge Path Discharge Path 

FK230 IFK2WL43VVT GKW76V VT |GK2WL78VYT 

Page 281 

Manual Valve 2WL-42 
Transfers Position 

IFK2WL42VVTI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2 
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Keowee Unit 2 
Generator Fails 

While the Unit Runs 

Page 236 jKU2GENRUNI 

Keowee Unit 2 Emer. Keowee Unit 2 Keowee Unit 2 Keowee Unit 2 Spurious Actuation 
Lockout Due to Generator Fault Generator Support Generator Fails Due of Unit 2 Gen. CO2 

Spurious Actuation o While the Unit Runs System Fails to Water in Gen. Fire Supression 
f Gen Protect Relays E -Enclosure System 

SGK20001HGR | GK2WLLEAK GK2FIREDEX 

PK 

o 

age 23 

Keowee Unit 2 Keowee Unit 2 Keowee Unit 2 WL Keowee Unit 2 Gen.  
Generator Bearing Generator Cooling Valves Leak Into Air Coolers Leak 

Support System Fails Fails Generator Enclosure Into Generator 
Enclosure 

GK2BRGSUP I GK2GENCOOLi |GK 2WLV LEA K IIGK2HXLEAKI 

A Page 293 A Page 297 Page 298 

Unit 2 Generator Genrator Bearing 
Bearing Cooling Oil Leak Because 

Failure Manual Valve 2HPO-6 
Transfers Position 

IGK2120 I GK2HPO6WVTI 

Page 280 
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Generator 

Excitation Fails 
While The Unit Runs 

Page 236 

Keowee Unit 2 Keowee Unit 2 Keowee Un! 2 Field Keowee Unit 2 Keowee Unit 2 
Supply Breaker Generator Excitor Breake Transfers Excitation Fails To Generator 
Transfers Open Cabinet Fans Fail Maintain Proper Excitation 

ToGenerator Voltage Transformer Fails 

SPLYTRANS2 TEXCIFANS2 GF 

Pag 277 e2 

Operation Keowee Unit 2 RelayKU-2 Voltage 
U2 Supply 41/AX Spuriouslys To Mantain Adjust Failure 

e ripator Output Wit Drives Generator 
hn Accepabe Range Output Too High/Low 

I EKIBAS2OEX EK2AREGE 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 278 
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No Flow Through Keowee Unit 2 
Cooling Water Generator Excitor 
Filter 2WLFL-1 Cabinet Fans Fail 

To Start Or Run 

P FK2120 P EXCIFANS2 
Page 276 Page 278 
Page 281 

Filter 2WLFL-1 Locked-Open Manual Keowee Unit 2 Keowee Unit 2 Fan 
Becomes Clogged Valve OWL-1 Generator Control Relay 88SV 

Transfers Position Excitation Fan Power Prior To Or During 
Transformer Fails The Run 

FK2FL1FRF FKOWL1VVT EK2FAN1TLF EK288SVRYT 

Keowee Unit 2 Relay Keowee Unit 2 
41/AX Fails To Pick- Exciter Fan Supply 

up And Latch Diode Bridge Fails 

EK2DIODDEX 

Keowee Unit 2 Relay Keowee Unit 2 
41/AX Spuriously Excitation Cabinet 

Resets Fan Fuses Fail 

AXR6 EK2F30AFUF 

Keowee 1Unit 2 Fan 
Control Relay 88SV 

Fails On Demand 

AI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 27



No Flow Through 
Cooling Water 
Filter 2WLFL-3 

| FK2110 
Page 275 

No Flow Through Manual Valve 2WL-6 
Cooling Water Transfers Position 
Filter 2WLFL-1 

Page 277 

Manual Valve 2WL-3 Manual Valve 2WL-7 
Transfers Position Transfers Position 

Manual Valve 2WL-4 Manual Valve 2WL-8 
Transfers Position Transfers Position 

Manual Valve 2WL-5 Filter 2WLFL-2 
Transfers Position Becomes Clogged 

FKwO5V I a I FK2O2FRF 7 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 276 
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Turbine Number 2 
Packing Fails And 
Causes Flooding 

Page 253 IPK2PACK 

WL Fails To Cool Turbine No. 2 Turbine Packing Box 
Keowee 2 Turbine Packing Fails Heat Exchanger 

Packing Box 2TRHX-1 Fails 

FK2200 PK2PACKDEX FK2TRHXHXF 

02 

Manual Valve 2W .L-9 No Flow Through 
Transfers Position Cooling Water 

Filter 2WLFL-3 

FK2WLO9VVT ||F21 

Page 276 

Turbine Packing Box 
Heat Exchanger 
2TRHX-1 Fails 

FK2TRHXHXF| 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



Turbine No. 2 DC 
Pump Train Fails 

PK2200 
Page 253 

Turbine No. 2 DC Check Valve 2TS-4 Manual Valve 2TS-3 Turbine No. 2 DC 
Pump Fails Fails to Open or Transfers Position Pump Train In 

Transfers Closed Maintenance Or 

I I ITesting 

PK2210 PK2TSO4CVT PK2TSO3VVT PK2TSDCTRM 

Loss Of Power On Unit 2 DC Turbine 
Keowee 2 125V de Sump Sump PumpFloat 

Dist.Cntr.2DA Switch 63SB 
During Run Transfers 

| XD2DAR I|PK263SBLST| 

A Page 163 

125 Vdc Circuit Latent Human Error Breaker 2DA-1C Fails Turbine No. 2 
Transfers Position DC Sump Pump 

| PK2DA1CCDT I PK2TSDCLHEI 

DC Sump Pump 2TSPU
2 Fails To Start Or 

Run 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 274



00 

Turbine No. 2 AC 
Pump Train Fails 

PK21 00 

Page 253 1 

Turbine No. 2 AC Check Valve 2TS-2 Manual Valve 2TS-1 
Pump Fails Fails to Open or Transfers Position 

Transfers Closed 

PK21 10 VT PK2TS01VVT 

Loss of Power on Unit 2 AC Turbine 
Keowee 600 Vac MCC- Sump Pump Float 

2XA Switch 63SA Fails 

XA2ALS 

A Page 241 

1 1. I-I 
Low Voltage Circuit AC Sump Pump 2TSPU

Breaker 2XA-2C 1 Fails To Start Or 
Transfers Position Run 

PK2XA2CCLT PK2TSACGPR 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



Keowee 2 Master 
Relay 4A or Oil 

Pump Aux. Relay 88X 
Run Failure Occurs 

BK2760C 
Page 27 7 

Keowee 2 Master Turbine No. 2 GBO 
Relay 4A Drops Out Level Relay 88X 

During Run Fails to Remain De
energized 

YK2MR4ARUN I BK2761C 
Page 250 

Keowee 2 Turbine Turbine No. 2 
Guide Bearing Oil Bearing Oil Level 

Relay 88X Spurious Switch 63TA 

Operation Spurious Operation 

Keowee 2 GBO Level 
Relay 63TA/IX 

Spurious Operation 

X BK2631R YT I 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 272 
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Unit 2 DC Turbine 
Guide Bearing Oil 
P Auxump Run Signal 

F F ails 

Page 268 BK2760 

Keowee 2 S/D Sol. Keowee 2 Rotation Keowee 2 Master Unit 2 AC Bearing 
Aux. Relay 99SX or Sensing Aux. Relay Relay 4A or Oil Oil Pump Aux. Relay 

GBO Low Aux. Relay 14DX Fails to Pump Aux. Relay 88X 88AX Fails to 
63TA/2X Fail Remain Energized Run Failure Occurs Remain De-energized 

BK2760A I|B26B[1B26CIIB28XY 

Page 270 Page 272 

KeoweeuxlShutdow ee 2 Shutdown Keowee 2 Tu rb. B rg.  
Aux. Relay 99SX Low Oil Level Aux.  
Fails to Remain Rly 63TA/2X Fails To 

Energized Remain Energized 

BK2760SX ||BK2761AI 

Shutdown Auxiliary Keowe 2 Sutdown Keowee 72urb. DC Crcui Breaker 
Relay 99SX Auxiliary Relay Brng. Low, Ol Level 2D-2A Transfers 

Spuriously Drops Permissive Ckt Aux. Relay 63TAt2X Position 
Out s Fails During Run Spurious Operation 

Page 249 

Turbine No. 2 
Bearing Oil Level 

Switch 63TA 
Spurious Operation 

ONS-Keowan AC Power 'Integrated Model FIGURE G-1 Page 2



Keowee 2 GBO Level Keowee 2 Rotation 
Relay 88X Fails to Sensing Aux Relay 

Drop Out 1D ast 
Remain Energized 

rBK2661 C ABK27608 
Page 269 Page 271 

Page 283 

Keowee 2 Turbine Turbine No. 2 Keowee 2 Rotation Keowee 2 Speed 
Guide Bearing Oil Bearing Oil Level Sensing Aux. Relay Swtch 14/2 

Relay 88X Fails to Switch 63TA Fails 14DX Spurious Spuriously 
Drop Out on Demand Operation Transfers Closed 

BK2088XRYD BK263TALSD 

Keowee 2 Relay Keowee Rotation 125 Vdc Circuit 
63TA/1X Fails to De- Sensing Timer 14T2 Breaker 2DA-3BR 

energize Fails to Remain De- Transfers Position 
energized 

BK2631XRYD ] 

ONS-Keowee AC Power Integrated Model FIGURE G-1 IPage 270 
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Unit 2 DC Turbine 
Pump Start Signal 

Fails 

Page 268 

Keowee 2 S/D Sol. Koe R4 al nt2A ern 
Aux. Relay 99SX orYt 

GBO Low Aux. Relay Pm u.Rly8X8A al oDo 
63TA/2X Fail On Da on Demand 

I BK2660A 

BK2660ARY 1K2BK28S 

K2 Shutdown Keowee 2 Brng. Low Inerate Mde FIG E 2 Pg 2 
Auxiliary Relay Oil Level Aux. Rea AFisT Rly8XFist 

99SX Fails To Pick Relay 63TA/2X FailsPikUOnSatDoOu 
Up On Start To Energize 

IYK299SXSRT IIBK2661A BK61 

APage 228 I 
3Z7g 7 

Keowee 2 Unit 2DC TurbineNo2 
Oil ~~Gud Bearin OilBerngOl ee 

Relay63TA2X Fils Sitch63Failsl 

BK2632XRI BK2660ALS 
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Unit 2 DC Turbine 
Guide Bearing Oil 

Pump Fails 

BK2650 
Page 267 

Loss Of Power On Unit 2 DC GBO Pump 
Keowee 2 125V dc Control Switch 

Dist.Cntr.2DA S188D Spurious 
During Run Operation 

XRD20KR I|BK21880SWT| 
Page 163 

DC Circuit Breaker Latent Human Error 
2DA-1B Transfers Fails Unit 2 DC 

Position Guide Bearing Oil 
Pump Discharge Path L BABD I K2BLHE 

Unit 2 DC Turbine Unit 2 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Start On Demand Pump Start Signal 
Fails 

BK2GBDCGPS 
Page 269 

Unit 2 DC Turbine Unit 2 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Run Pump Run Signal 
Fails 

BK2BGPR IB26 
Page 271 

ONS-Keowee AC Power Integrated Model I FIGURE G-1 Page 268



Unit 2 DC Turbine 
Guide Bearing Oil 
Pump Train Faits 

BK2600 
Page 254 

Unit 2 DC Turbine Check Valve 2GBO-3 Manual Valve 2GBO-4 Check Valve 2GBO-3 Flow From DC Guide Unit 2 DC Turbine 
Guide Bearing Oil Fails To Open On Transfers Position Transfers Closed Bearing Oil Pump GBO Pump Train In 

Pump Fails Demand Diverted Through AC Maintenance 

26BK2GBO4VVT BK2GBO3CK256 BK2GODCTRM 

Pagewe 2Poe68tgaedMdl IUE - ag 6 

Unit 2 AC Turbine Check Valve 2GBO-1 
Guide Bearing Oil Fails to Close on 

PupFails Demand 

BK2550 | BK2GBO1CVC | 

. Page 255 

(ONS-Keowee AC' Power Integrated Model FIGURE G-1 Pace 267



Air Circuit Breaker 
8 Transfers Open 

I ACB8TRANS 
Page 262 

Transformer CX Switchgear 2X 
Undervoltage Relay Lockout Relay 
27/CX2 Spuriously 86S/2X Spurious 

De-energizes Operation 

Auxiliary Relay Air Circuit Breaker 
27X/CX2 Spurious 8 Trip Coil 52TC 

Operation Spurious Operation 

I AB852TCRYW 

Transformer CX Trip Pushbutlon On 
Differential Relay ACB8 Spurious 
87CX Spurious Operation 

Operation 

AA7CXRYT HPB 

Transformer CX 
Differential Lock 
Out Rel ay 86CX 

Spurious Operation 

AA186CXRYT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 266 

0



Air Circuit Breaker 
8 Fails To Close 
Due To Control 

Failures 

Page 23 IACB8CNTRLC 

Manual/Auto Control Auxiliary Relay 
Switch 143/2 127X/CX2 Fails To 

Spuriously Transfers Operate On Demand 
Into Manual 

AB142SV )I A22RY 

Manual/Auto Control Auxiliary Relay 
Switch 143/2 Left .143X/2 Spuriously 

In Manual Energizes 

AB61432LHE AB81432RYT 

Transformer CX Tirne Delay Relay 
Undervoltage Relay 83S8 Fails To Pick 

27/CX2 Fails To Up 
Pick Up 

I A7PR6D | | AB883S8RYD 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 265



Air Circuit Breaker 
8 Fails To Close Due 

To Electrical Failu 
res Of The Breaker 

ACB88REAKC 
Page 263 

Air Circuit Breaker Air Circuit Breaker 
8 Close Coil CC 8 Y-relay Spurious 
Fails On Demand Operation 

ABCRYD | BY2RT 

Air Circuit Breaker One Or More Control 
8 Relay 52X Fails Power Fuses For X, 

To Operate Y And CC Fail 

AB8RS2XRYD ABA1FUF 

Air Circuit Breaker 
8 Relay 52Y Failed 

To Drop Out At Last 
Demand 

| AB8R d I 

ONS-Keowee AC Power Integrated Model FIGURE G-1 IPage 264



Air Circuit Breaker 
8 Fails To Close 

I0 

Page 262 ACB8CLOSIEI 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker CCF of Aux Power Common Cause Air Circuit Breaker 
6Fails To Open 8 Fails To Close 8 Fails To Close Breakers ACB-6 & -8 Failure Of ACB-7 8 Key Interlock 

Due To Mechanical Due To Electrical And ACB-8 To Close Switch Transfers 
Failure Failures Open 

I ACB36OPEN I AB8MCH2DEX ACB8ELECC I XA2BKRSCOM XA78BKRCOM AB8KEYISWT 

Page 260 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
8 Fails To Close Due 8 Fails To Close 8 Control Power 

To Electrical Failu Due To Control Fails 
res Of The Breaker Failures 

ACB8BREAKC |ACB8CNTRLC AC 

Page 264 Page 265 

Air Circuit Breaker 
6 Control Power 

Fails 

SACB6DPWPR 

A Page 259 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 263



600 Vac Switchgear 
2X Alternate Power 
Source, Xfmr CX, 

Fails 

rXA2XE 
Page 256 

4160 Vac Breaker Loss of Power on 
1TC-4 Transfers ONS-1 ESG 

Open Switchgear 1TC 

Page 170 

41601600 Vac Air Circuit Breaker 
Transformer CX Is 8 Fails To Close 

in Maintenance I I 
XA1XCXXTHM ACBLOSE 

Page 263 

4160/600 Vac Air Circuit Breaker 
Transformer CX Fails 8 Transfers Open 

Page 266 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 262 
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Air Circuit Breaker 
6 Transfers Open 

Page 257 ACB6TRANS 

Transformer 2X Switchgear 2X 
Undervoltage Relay Lockout Relay 

27/2X Spuriously De- 86S/2X Spurious 
energizes Operation 

AA2272R6T IAA286S2RYTI 

Auxiliary Relay Air Circuit Breaker 
27X/2X Spurious 6 Trip Col 52TC 

Operation Spurious Operation 

AAX2RYT I B62TRYT 

Main Step Up Trip Pushbutton On 
Transformer Lock ACB6 Spurious 

Out Relay 86T Operation 
Actuates 

I FM18T |APSHPBT| 

Pa e 17 

ONS-Keowan AC Power Inteorated Model FIGURE G-1 Page 261



Faiur FailuOpea 

ACB6ECDELO CBELC CBAB6PE Page 2ag525 

Air Circuit Br eaker Air Circuit Breaker Air Circuit Breaker 

~~~6 Fails To Open Due 6 TriaCils 52TCenDu 6 Cotrls oer u 

To Control Failures Fails Fails To Fails 

Se I Operate 

ItMaulI II 

ACB6CNTRLOjIA62CYI IACB60CPWRI 

Page 259 

Manual/Auto Control A uxiliary Relay 
Switch 143/2 27X/2X Fails To 

Spuriously Transfers Operate On Demand 
into Manual 

|AB61432SWT I AA227X2RYD| 

Manual/Auto Control One Or More Control 
Switch 143/2 Left Power Fuses For 

In Manual Relay 27X/2X Fail 

IAB61432LHE I AB610AFFUF| 

Transformer 2X 
Undervoltage Relay 

27/2X Fails To Drop 
Out 

I AA222XR6D I 

(ONS-Keowee AC' Power Integrated Model FIGURE G-1 Page 260



Air Circuit Breaker Air Circuit Breaker 
6 Fails To Close 6 Control Power 
Due To Control Fails 

Failures 

| ACB6CNTRLC IACB60CPWR 
Page 258 Page 258 

Page 260 
Page 263 

Manual/Auto Control Transformer 2X Breaker 2AL In 125V 
Switch 143/2 Undervoltage Relay de Distribution 

Spuriously Transfers 27/2X Fails To Pick Center 2DA 
Into Manual Up Transfers Open 

AA2272PR6D LCD 

Manual/Auto Control Auxiliary Relay 
Switch 143/2 Left 27X/2X Fails To 

In Manual Operate On Demand 

|2 AB614LHE e In AA22X2RYD F 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 259



Air Circuit Breaker Air Circuit Breaker Air Crcuit Breaker CCF of Aux Power Common Cause Air Circuit Breaker 
6 Fails To Close 6 Falls To Close 6 Fails To Close Breakers ACB-6 & -8 Failure Of ACB-5 6 Key Interlock 

Due To Mechanical Due To Electrical Due To A Latent And ACB-6 To Close Switch Transfers 
Failure Failures Human Error Open 

ABMCH2DEX ELECC AB6CLOSLHE COMI XA56BKRCOM I I AB6KEYISWT 1 

Air Circuit Breaker Air Circuit Breaker Air Ci rcuit Breaker 
6 Falls To Close Due 6 Falls To Close 6 Control Power 

To Electrical Fails Due To Control Fails 
res Of The Breaker Failures 

ACB6BREAKC IACB6CNTRLC IACB6DCPWR 

Page 259 
Page 259 

Air Circuit Breaker Air Circuit Breaker 
6 Close Coll Cc 6 Y-relay Spurious 
Fails On Demand Operation 

I I50C 

AB652CCRYD AB652Y2RYT 

Air Circuit Breaker One Or More Control 
6 Relay 52X Fails Power Fuses For X, 

To Operate Y And CC Fall 

| AB6R52XRYD I AB610A1FUF 

Air Circuit Breaker 
6 Relay 52Y Falled 

To Drop Out At Last 
Demand 

| AB6R52YRYD | 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 258 
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600 Vac Switchgear 
2X Normal Power 
Source. Xfmr 2X, 

Fails 

Page 256 
XA2XN 

Air Circuit Breaker Keowee Transformer Keowee Transformer Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
2 FaIl To C Fails 2X Fails 6 LOOP Response 6 Transfers Open 2 Transfers Open 
Unit 2 To The Fails 

Overhead Path 

| ACB2CLOSEI SKXFMR1THF ||XATR2XTLF XACB6 ACB6TRANS ACB2TRANS 

A Page 6 
Page 261 Page 21 

Air Circuit Breaker Air Circuit Breaker 
6 Fails To Close 6 Opens Due To The 

ACB6CLOSE O 0PEN 

A Page 258 

6 Fails To Open 

I 

A Page 260 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



Loss of Power on 
600 Vac Switchgear 

2X 
K-702 

Page 241 XA2X 
Page 307 

600 Vac Switchgear Switchgear 2X Power 
2X Fault Sources Fail 

XA2XXXXBLF XA2XSRCE 

600 Vac Switchgear 600 Vac Switchgear 
2X Normal Power 2X Alternate Power 
Source, Xfmr 2X, Source, Xfmr CX, 

Fails Fails 

age 257 Page 262 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



Unit 2 AC Turbine 
Guide Bearing Oil 

Pump Fails 

Page 254 BK2550 

Page 267 

Loss of Power on Unit 2 AC GBO Pump 
Keowee 600 Vac MCC- Control Switch 

2XA S188A Spurious 
Operation 

BK218ASWT 

Page 241 

600 V Circuit Unit 2 AC Turbine 
Breaker 2XA-1C GBO Pump Fails To 

Transfers Position Start 

| K2A1CL || K2OGPS| 

Unit 2 AC Turbine 
GBO Pump Fails To 

Run 

A B2gOaGPR e 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 255



Loss of Keowee 2 
Turbine Guide 

Bearing Oil Flow 
Occurs 

|8K2200 
Page 253 

Manual Valve 2GBO-5 Unit 2 AC and DC Manual Valve 2GBO
Transfers Position Turbine Guide Transfers Position 

Bearing Oil Pump 
Trains FailI 

BK2GBK2400 VBK2GBO6VVT 

Unit 2 AC Turbine Unit 2 DC Turbine Guide Bearing Oil Guide Bearing Oil 
Pump Train Fails Pump Train Fails 

BK250B20 

Page 267 

Unit 2 AC Turbine Manual Valve 2GBO-2 

Guide Bearing Oil Transfers Position 

Pump Fails 

Page 255 

Ce c Valve 2GBO-1 
Check Valve 2GBO-1 

Fail To Open On Transfers Closed 
Demand 

I BKGBOCVOI |BK2GBO01CVT I 

ONS-K owee AC P wer Itegrted odelFIGter 2GBOFL-125



Keowee Unit 2 

TurbIne Fails With 
the Unit Running 

Page238 WK2TURRUNI Page 236 

Keowee Unit 2 Unit 2 Turbine Turbine Sump System 
Turbine Fails With Guide Bearing Oil Fails to Remove 
the Unit Running System Fails During Turbine 2 Leakage 

Run F During Keowee Run 

| KTBNEX|BK2000 IPK22000I 

Loss of Unit 2 Loss of Keowee 2 Turbine No. 2 Pump Common Cause Turbine Number 2 
Turbine Guide Turbine Guide Trains Fails Failure of Unit 2j Packing Fails And 

Bearing Oil Occurs Bearing Oil Flow Turbine Sump Pump Causes Flooding 
Occurs System 

BK2100 IBK2200 PK22001||PKACI 

Page 254 Pge 275 

Manual Valve 2GBO-8 Manual Valve 2GBO-9 Turbine No. 2 AC Turbine No. 2 DC 
Transfers Position Transfers Position Pump Train Fails Pump Train Fails 

OwBK2GBO8VYT |dBK2GBO9VVT oPK2100 F PK2G200 
A Page 273 A Page 274 

ONS-Keowee AC Power Intearated Model -FIGURE G-1 Paae2



Dist Cntr 2DA 
Alternate Power 

Path Run Failures 
Occur 

Page 163 XD2DALTRF 

I 

I 

Keowee 125V dc Dist Keowee 125V dc Dist 
Cntr 2DA Tie Cntr 1 DA Tie 

Breaker 2 Transfers Breaker 1 Transfers 
Position Position 

XD2TIE2CDT XD1TIE1CDT 

wee AC Power Integrated Model FIGURE G-1 j Page 252 
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Keowee 2 Normal 
Power Path Run 

Failures Occur 

XD2DANRMRF 
Page 163 

Battery No. 2 Keowee #2 Battery 
Breaker 1A Charger Fails 

Transfers Position 

XD2BK1ACDT| XD2KC2F 

Battery Charger KC2 Keowee Standby 
Is Unavailable and Battery Charger SBC 
Is Not Recovered Not Lined Up in 1 

1 1 Hour 

XO2KC2 I XD2KB2XRHEI 

Battery Charger KC2 600 Vac Breaker 2XA
Fails 2BT Transfers 

Position 

IXD2CKC2BCFI | XA2A2BTCDT I 

125 Vdc Breaker 2DA- 600 Vac MCC-2XA 
5C (from Charger Fault 

KC2) Transfers Open 

XD2DA XA2XAMCBLF 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



Keowee 2 Master 
Relay 4A Drops Out 

During Run 

YK2MR4ARUN 
Page 249 
Page 272 

Keowee 2 Master Keowee 2 Emergency 
Relay 4A Spuriously Lockout Relay 86E-2 

Drops Out Spuriously Picks Up 

MRR GK286E2RYTf 

KHU#2 Startup Inhbt Breaker 2DA-4CC 
Sw 3SUI Sprsly Xfrs Transfers Open 

to Inhibit K-704 
KEE-211, -213 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 250 
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Keowee 2 Shutdown Keowee 2 Critical 
Auxiliary Relay Lubrication 
Permissive Ckt ermissive Failure 

Fails During Run 

P YK2SXRUNF YK2LOPERMF 
Page 248 Pae 4 
Page 271 

Keowee 2 Overspeed Keowee 2 Master Keowee 2 Turb Gd Keowee 2 Gen Thrst 
Switch 12 Relay 4A Drops Out 8mg Oil Lvi Lo Rly 6mg Oil Lvi Lo Rly 

Spuriously Picks Up During Run 63T11X Sprsly 63BLLXTD Sprsly 
KEE-211 Picks Up KEE-211 Pcks Up KEE-211 

SYK2SS1Y2SST YK2MR4ARUN I6LRY 
Page 250 

Keowee 2 Critical eowee 2 Gen Thrst Keowee 2 Gen Thrst 
Lubrication 6mg Oil Lvi Hi Sw Brng Oil Lvi Hi Rly 

Permissive Failure 63BLH Sprsly Clsd 638LHX Sprsly 
Picks Up KEE-211I 

II 

YK2LOPE RMF ~H S 

Keowee 2 Gen Thrst Keowee 2 Turb Guide 
6mng Oil Lvi Lo Sw Bmg Lo Lvi Sensor 
63BL/L Sprsly Opn Sw Sprsly Closes J 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page



Keowee 2 Governor Operator Error 
Control Fails Causes Loss Of Unit 
During Run 2 Governor Control 

YK2RUNCNTL A YK20PFAIL 
Page 236 Page 248 

Operator Error Loss Of Power On Operator Keowee Unit 2 
Causes Loss Of Unit Keowee 2 125V dc Incorrectly Resets Normal Lockout 
2 Governor Control Dist.Cntr.2DA Keowee Emergency Activates 

During Run Start Signals 

XD2DAR IYKEMSRTCHEJ YK286N2DEX 

Page 248 
163 

Shutdown Auxiliary Keowee 2 Shutdown 
Relay 99SX Solenoid Spuriously 

Spuriously Drops Drops Out 
Out s 

YK29SXYT| Y2SDRT 

Keowee 2 Shutdown Breaker 3BR In 125V 
Auxiliary Relay dc Distribution 
Permissive Ckt Center 2DA 

Fails During Run Transfers Open 

YK2RUN 

Page 
249 

Emergency Load 
Solenoid 99SN 

Spuriously Drops Out 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 248 
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OG Pump 2C Fails to OG Pump 2C Control 
Provide Flow Circuit Fails 

| OK2411C P 2 OK2412C 
Page 246 Page 247 

Loss of Power on Latent Human Error Keowee 2 Control Pressure Switch 
Keowee 600 Vac MCC- Fails OG Pump 2C Switch 188GC 20GPS-3 Fails to 

2XA Spurious Operation Close 

XAXAO20CLHE OK288GCSWT IOK20003PSC 
P age 241 

OG Pump 2C Fails to Low Voltage Circuit 
Start Breaker 2XA-4D 

Transfers Position 

SO20CGPS I K2DCL 

OG Pump 2C Fails to OG Pump 2C Control 
Run Circuit Fails 

2CGPOK2412C 

age 247 

ONS-Keowee AC Power Intearated Model T FIGURE G-1TPaae 247



OG Pump 28 Control OG Pump 20 Train 
Circuit Fails Fails to Provide 

Flow 

COK2412B OK2410C 
Page 245 Page 243 

Keowee 2 Control Pressure Switch Manual Globe Valve Relief Valve 20G-19 
Switch 188GB 20GPS-2 Fails to 20G-18 Transfers Spurious Operation 

Spurious Operation Close Closed 

OK288GBWT |OK20002PSC 18W OK20019RVT 

01 I 

Check Valve 20G-17 OG Pump 2C Train In 
Fails to Open Maintenance Or 

Testing 

OK20G2CTRM 

Check Valve 20G-17 OG Pump 2C Fails to 
Transfers Closed Provide Flow 

| 017 VT IOK41 (9T Page 247 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 246 

0& 0



OG Pump 29 Train OG Pump 2B Fails to 
Fails to Provide Provide Flow 

Flow 

i OK2410B |0| K2411B 
Page 243 Page 245 

Manual Globe Valve Relief Valve 20G-16 Loss of Power on OG Pump 28 Fails to 
20G-1 5 Transfers Transfers Open Keowee 600 Vac MCC- Start 

Closed 2XA 

I K15WT OK20016RVT XA2XA OK2BGPS 

Page 241 

Check Valve 200-14 OG Pump 28 Fails to Low Voltage Circuit OG Pump 26 Fails to 
Fails to Open Provide Flow .Breaker 2XA-2E Run 

Transfers Position 

RK01COIO21B||OK2XA2ECLT | K2BGPR 

Pge 245 

Check Valve 20G-14 Latent Human Error 0G Pump 2B Control 
Transfers Closed Fails OG Pump 28 Circuit Fails 

| OK20014CVT ( IOK200 2BLHEIIOK42 
Page 246 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



OG Pump 2A Fails 

Page 243 
|OK2321I 

I I T-I I 
OG Pump 2A Fails to OG Pump 2A Fails to Loss of Power on OG Pump 2A Contro Low Voltage Circuit 

Start Run Keowee 600 Vac MCC- Circuit Fails Breaker 2XA-1D 
2XA Transfers Position 

OK2002AGPS OK2002AGPR OK2322 

Page 241 

Keowee 2 Governor Control Signal for 
Oil Control Switch OG Pump 2A Fails 
188GA Spurious 

Operation 

OK288GSWT |OK2323 

Pressure Switch OG Pump 2A 
20GPS-1 Fails to Emergency Control 

Close (Normal Relay 99K1 Fails to 
Control Signal) Operate 

f Page 242 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



All Unit 2 OG Pumps 
Fail to Supply GOPT 

Page 237 O 

All Unit 2 OG Pump Common Cause Common Cause 
Trains Fail to Failure of Unit 2 Failure of Uni 2 
Provide Flow OG Pumps to Start OG Pumps to Run 

OK2410 OK2PSTRCOM OK2PRUNCOM 

OG Pump 2A Train OG Pump 2B Train OG Pump 2C Train 
Fails to Provide Fails to Provide Fails to Provide 

Flow Flow Flow 

OK2320age 
245 Page 246 

Manual Globe Valve Check Valve 20G-11 
20G-1 2 Transfers Fails to Open Closed 

0K2001I2VVT OK2001 1 CVO 

2 2 

Check Valve 20G-1 1 Relief Vave 20G-13 
Transfers Closed Spunous Operation 

| OK2001 1CVT II OK20013RVT 1 

OG Pump 2A Fails 

P age 244 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 243



OG Pump 2A 
Emergency Control 

Relay 99K1 Fails to 
Operate 

0K2324 
Page 244 
Page 240 

Loss Of Power On 125 Vdc Circuit OG Pump 2A Emerg. Keowee 2 Relay 99K1 Keowee Unit 2 Relay 
Keowee 2 125V dc Breaker 2DA-3BR Control Aux. Relay Fails To Operate On 99K1 Spurious 

Dist.Cntr.2DA Transfers Position 99K2 Fails to Demand Operation 
During Run Operate 

XD2DAR XD2DA3BCDT OK2325 OK299K1RYD OK299K1RYT 

Page 163 

Relay 99K2 Fails To Pressure Switch 
Operate On Demand 20GPS-4 Fails to 

Close 

OK299K2RYD OK200GPSC 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 242 
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XA2XA Outputs: 
Page 255, Page 244, Page 240, Page 245, Page 247, Page 273 

Loss of Power on 
Keowee 600 Vac MCC

2XA 

See Output XA2XA 

List 

600 Vac MCC 2XA 600 Vac MCC-2XA 
Normal Power Fault 

Source, Switchgear 
2X, Fails 

XA2XAN XA2XAMCBLF 

600 Vac MCC 2XA Moe FG R Pg 
Power from .oncedt t 

Switchgear 2X FailsNomlPwrSuc 

IXA2XANF IA NR 

Loss of Power on 600 Vac Breaker 2X- MC2AI 
600 Vac Switchgear 2B Transfers Cnetdt t 

2X PositionAlentPor 
K-702 Suc 

XA2X |XXA2X2BXCLTI 

Page 2I 
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OG Pump 2A Fails 
(Emergency Mode) 

OK2355 
Page 239 

OG Pump 2A Fails to OG Pump 2A Fails to Loss of Power on Low Voltage Circuit OG Pump 2A Control 
Start Run Keowee 600 Vac MCC- Breaker 2XA-1D Circuit Fails 

2XA Transfers Position (Emergency Mode) 

I K00APSIOK2002AGPR | AX KX1CT|OK2360 

Page 241 

Keowee 2 Governor OG Pump 2A Oil Control Switch Emergency Control 
188GA Spurious Relay 99K<1 Fails to 

Operation Operate 

OK288GASWT |OK2324 

Page 242 

ONS-Keowee AC Power Integrated Model FIGURE G-1 -FPage 240



OG Pump 2A Train 
Fails to Provide 

Flow 
(Emergency Mode) 

Page 238 OK2350 

Manual Globe Valve Relief Valve 20G-13 
20G-12 Transfers Spurious Operation 

Closed 

TOK20013RVT 

Check Valve 20G-11 OG Pump 2A Fails 
Fails to Open (Emergency Mode) 

Page 240 

Check Valve 20G-11 
Transfers Closed 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 239



OG Pressure Tank is 
isolated And OG 

Pump 2A Train Fails 
(Emergency Mode) 

| OK2300 
Page 237 

Unit 2 OG Pressure OG Pump 2A Train 
Tank is Isolated Fails to Provide 
From Oil Header Flow 

(Emergency Mode) 

OK2310 0| 2350| 
Page 239 

Float Valve 20G-7 Manual Valve 20G-9 
Transfers Closed Transfers Closed 

OK20007FVT OK20009VVT 

00 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 238



Unit 2 Governor Oil 
(OG) System Fails 

Keowee Run 

Page 236 OK2600 

Loss of Unit 2 OG OG Pressure Tank is All Unit 2 OG Pumps 
System Oil or Oil Isolated And OG Fail to Supply GOPT 

Pressure Pump 2A Train Fails 
(Emergency Mode) 

OK2200OK2400 

age 238 Page 243 

Unit 2 GovernoOi Unit 2 Governor Air 
Pressure Tank Fis(AG) System Fails 

I OK2003TK I IOK2500I 

Safety Relief Valve Safety Relief Valve 
2AG-4 Spurious 20G-3 Spurious 

Operation Operation 

OK2AGO4RVT ||O203V 

Manual Valve 2AG-5 Air Receiver Tank 
Transfers Position 2AGTK-1 Fails 

OK2AG5T1TKF 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 237



Keowee Unit 2 Fails 
To Supply Power A During The Run 

KU2RUN 
Page 5 

I 
Keowee Unit 2 Keowee Unit 2 Keowee Unit 2 

Governor or Turbine Generator Generator Fails 
Fails While the Excitation Fails While the Unit Runs 

Unit Runs While The Unit Runs 

KU2GVTBRUN IKU2GEXRUN| 

Page 278279 

Keowee Unit 2 Keowee Unit 2 
Governor Fails With Turbine Fails With 

the Unit Running the Unit Running 

|WK2GOVRUN| |WK2TURRUN I 

gPage 
253 

Keowee Unit 2 Gov. Keowee 2 Gove gror Fails to Position Control Fails 
Wicket Gates With During Run 

Unit Running 

IWK2GVRNDEX| KRUCT 

Unit2 Goerno OilKeowee Unit 2 
(OG)~~~Gnrao FailsalsGvrnrFalr 
KeoweWhil the Unitte Runspe 

aPag 279 

O Ke e Run Core Ov erelFGU E -P g



Keowee Unit 2 
Governor or Turbine 
Fails During a Hot 

Start 

KU2GVTBHOT 
Page 5 

Keowee Unit 2 Gov. Keowee Unit 2 Keowee 2 Governor 
Fails to Position Turbine Fails Control Fails 

Wicket Gates During During a Hot Start During A Hot Start 
Hot Start Sequence 

WK2GVHTDEXI B YK2HOTSTRT 

Keowee 2 Emer Strt Loss Of Power On 
Aux Rlys 2ESRX/1A & 125V de Dist Cntr 

2ESRX/1B Fail 2DA During Start 
KEE -213 1 

YK2STRTINT I|XD2DASRCES 

A Page 11 A Page 88 

ONS-Kenwan AC Power Integrated Model FIGURE G-1 Page 235



Keowee Unit 2 Base 
Adjust Fails To Set 
Unit Voltage Within 

The Acceptable Range 

BASE2 
Page 229 

Keowee Unit 2 Base Keowee Unit 2 Base 
Adjust Fails To Adjust Is Set 

Establish Correct Incorrectly 
Unit Voltage 

O EK2BASEDEX Mo EK2BASELHE G 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 234 
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Keowee Unit 2 Field 
Flashing Breaker 

Fails To Open 

Page 22 FLSHOPEN2 

Keowee Unit 2 Field Keowee Unit 2 Field Keowee Unit 2 Field 
Flashing Breaker Flashing Breaker Flashing Breaker 

Fails To Receive A Trip Coil 31/T Fails To Open Due To 
Trip Signal Fails To Operate Latent Human Error 

FFB2TRIP1TRY EK2FLSOLHE 

Keowee Unit 2 Field Keowee Unit 2 
Flashing Breaker VoltsHertz Relay 

Time Delay Relay 31/ SV Fails To Trip Fie 
TD Fails To Operate id Flashing Breaker 

I EK21TDRY | |EK2VHSVRYD| 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Paae 233



Keowee Unit 2 Field Keowee Unit 2 Field 
Flashing Breake Flashing Breaker 

Close Circuit Fails Spurous Trp 
Signal Is Present 

23 GFFBFAIL2 AFFTRP2 
Pge 231 Page 231 

Keowee Unit 2 Field KHU2 Gen Field Keowee Unit 2 Relay KHU2 Field Flashing 
Flashing Breaker Flashing Breaker Y- 9OXIA/TO Spurious Breaker Trip 

Relay 31/X Fails To relay Failed To Drop Operation Control Switch 131/T 
Pick-up On Demand At Last Operation Spurous Operation 

EK2F31XRYD EK2R31YRYD E2ART1TSW 

Keowee Unit 2 Field KHU2 Generator Keowee Unit 2 Field Keowee Unit 2 Relay 
Flashing Breaker Field Flashing Flashing Breaker Tim 9OXIA Spurious 

Close Coil Fails To Breaker Y-relay e Delay Relay 31/TO Operation 

Operat On Demand Spurious Operation Spurious Operation 

EK241CFRYD EK231TDRYT EK290 

ONS-Keowee AC Power Integrated Model IFIGURE G-1 IPage 232 
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KHU2 Gen Supply Keowee Unit 2 Relay Keowee Unit 2 Field 
Supply Breaker Breaker Y-relay 90X1C Spurious Flashing Breaker 

Relay 41-52X Fails Failed To Dropout Operation Spurious Trip 

EK2S41XRYD |EK2415YRYD IEK2R9C2R6TIFTRP 

Page~ag 232Pge22 

Keowee Unit 2 KHU2 Generator Keowee Unit 2 Keowee Unit 2 Field 
Supply Breaker Supply Breaker Y - Generator Lockout Au Breaker Fails To 

Close Coil Fails To relay Spurious xiliary Relay 86EX-1 
Operate On Demand Operation Spurious Actuation 

I I I IP 

I K1RYD I K5YRY |EK286EXRYT||FLCOEI 

Keowee Unit 2 Keowee Unit 2Stet 
Flashing Breaker Supp Breaker 

FaisRXo al Fails To Close 
Operate on Latent Opumano ErrorsAtutin 

I~~~~~ ~ ~ ~ LKS'CY I EK4FYY LCOE 

FlashinFg ngeke B upl eakeke 

o Mechanical Failure 

EK2FLSMDEX ||SPLYCLOSE2I 

Page 230 

Keowee 2 Emer Strt Keowee Unit 2 Field 
Aux Rlys 2ESRXI1A & Flashing Breaker 

2ESRX/1B Fail Fails To Close Due T 
KEE-213 o Latent Human Error 

Pae11 

Keowse Unlit 2 Field 
Flashing Breaker 

Close Circuit Fails 

| GFFB FA IL2-1 

APage 232 
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Keowee Unit 2 Keowee Unit 2 
Lockout Auxiliary Supply Breakery 
Relay EX-2 Is Fails To Cbse Due Close 

Pce-pTo Mehanical Failure KE21 E-2 

I EK2SPYMDEX IL 

Page 231 

O N S- Uit2Keowee A Ci Po e Ine2td2oe9IG 
R - P g 3 

0KHU#2 E er Strt Aux Lockout Auxiliary Supply Breaker Rlys 2ESRX12A & Spl rae eeao upySpl rae 

Relay 86EX-2 Is Fails To Close DL ~ 2ESRX/2B Fail CoeCrutFisBekrSuiu r FisT ls u 

Picked-up To Mehanical Fail, KEE-211, OEE-220 pSga sPeetaLtn ua ro 

I FK286E2RYT I EK2SPYMDEI YK2STR21NT I STI2E SPCH 

Page 223 g 3 Keowee Unit 2 Kwela Unit 2 Kenra o weni 
Supply Breake Generator Supply SupplyeBreake 

Close Cicuit Fals Breakr Spuri u riou Fpe aiTo Coe u 

I IK4AX6 I -K412 

ONS-Keowee AKeowe Unitr 2nerae Relay KHIU2 Generator23



0 * 
Kee owee Unit 2 

Generator 
E xcitiation Fails 

Fashng ~~ B ae15gd s n 

During A Cold Start 
r 

Page 225 
PKU2GEXCLDa 

Keowee K Unit 2 Field Keowe Unit 2 Eer.  
Breaker Fails To Lockout Due to 

Close Spurious Actuation o 
I Gen Protect Relays 

FLOCLOSE2 I GK286E2 

PPage 10 
Page 23 

Keowee Unit 2 Keowee Unit 2 
Supply Breaker Generator 
Fails To Close Excitation Transform 

or Is Failed 

I SPLYC LOSE2 I EK2EXC1TGF| 

APage 230 q 

II 
Keowee Unit 2 Field Breaker 2D In 125V.  

Flashing Breaker de Distribution 
Fails To Close Center 2DA 

Transfers Open 

I FLSCLOSI ED22D3DCDTI 

A Page 231 

1 I= 
Keowee Unit 2 Field Loss Of Power On 

Flashing Breaker 125V dc Dist Cntr 
Fails To Open 2DA During Start 

a 233 Er Page 88 

Keowee Unlit 2 Base 

Adjust Fails To Set 
Unit Voltage Within 

The Accepiable Range 

A Page 234 

ONS-Keowan AC Power Integrated Model FIGURE G-1 Page 2291



K2 Shutdown Keowee 2 Emergency 
Auxiliary Relay Load Sol 99SN Fails 

99SX Fails To Pick To Re-Energize At 
Up On Start 12p E-1 

YK299SXSRT Y212P 
Page 227 
Page 269 

Keowee 2 Master KHU#2 Emer Strt Aux Keowee 2 Emergency Keowee 2 Speed 

Relay 4A Fails To Rlys 2ESRX/2A & Load Solenoid 99SN Switch 13 Fails to 
Pick Up On Start 2ESRX/2B Fail Fails To Operate Close at 122 rpm 

KEE-211, OEE-220 -211 

| YK2MR4ASRT | YK2STR21NT YK299SNRYD YK2SS13SSD 

Z Page 13 Page 2233 

Keowee 2 Shutdown 
SoeodAxRelay 

Load Fails to Pick 
Up KEE-2111 

YYKS12XRYD 

9 I0 
ONS-Keowee AC PowroIeeegrEmergeode Kewe FIGUEed 1ae 2 
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Keowee 2 Solenoid Keowee 2 Emergency 
99SN Fails to Drop Load Solenoid 99SN 

Out at 65 rpm Fails To Pick 
KEE-211 Up/Drop Out 

YK2SS65RPM I YK299SNSRT | 
Page 226= Page 226 

Keowee 2 Emergency KHU#2 Speed Switch Keowee 2 Emergency K2 Shutdown 
Load Solenoid 99SN 14-3 Fails to Open Load Solenoid 99SN Auxiliary Relay 

Fails To Operate at 65 rpm Fails To Operate 99SX Fails To Pick 
KEE-211 Up On Start 

YK299SNRYD YK214X3SSD YK299SNRYD YK299SXSRT 

3 3Page 228 
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Keowee 2 Governor 
Control Fails 

During Cold Startup 
Sequence 

Page 225 |YK2CLDSTRT 

Page 225 Page 225 

Keowee 2 Cold Start Loss Of Power On 
Fails 125V dc Dist Cntr 

2DA During Start 

YK2CLDSRTF IXD2DASRCESI 
Page 88 

YK299SNCF YK299SDRYD 

Keowee 2 Solenoid 
99SN Fails to Drop 9S al 

Out at 65 rpm nrieA 
KEE-211 

YK2SS65RPM IKS22P 

NK eowee 2 Emergency Load Sol00 9SFi 
Toil ReEnrgz Atc 

Page~~ 222Pge22 
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Keowee Unit 2 Fails 
To Start 

KU2STARTF 
Page 5 

Keowee Unit 2 Keowee 2 Governor Keowee Unit 2 Keowee Unit 2 
Governor or Turbine Control Fails Generator Generator Fails 
Fails During a Cold During Cold Startup Excitiation Fails During a Cold Start 

Start Sequence During A Cold Start 

IKU2GVTBCLD I YK2CLDSTRT IUGXL UGNL 

Page 226 Page 229 

I I 
Keowee Unit 2 Gov. Keowee 2 Goveror 

Fails to Position Control Fails Keowee 2 
Wicket Gates During During Cold Start Govrno During Cold StaCt Sequence 

WK2 DDEX| Y CL 

N eweaKeowee Unit 2 FIU 2ua P 

TurGeerato Geneato Failseowe 
EctainFlsDuring a Cok StartGoenrDig 

Durin ASCldatar 

KU2GXCLGVCK2GECLD 
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Air Circuit Breaker Air Circuit Breaker 
4 Fails To Close 4 Control Power 

Manually Fails 

a ACB4MANC P ACB4DCPWR 
Page 217 Page 216 
Page 217 

Operators Fail To Air Circuit Breaker Loss Of Power On Breaker 3CC In 125V 
Close Air Circuit 4 Close Switch Keowee 2 125V dc dc Distribution 

Breaker 4 Fails To Close On Dist.Cntr.2DA Center 2DA 
Demand During Run Transfers Position 

ABPOPRCRHE AB4CLSESWC XD2DAR AD2B3CCCDT 
Page 163 

Air Circuit Breaker Loss Of Power On 
4 Local/Remote 125V dc Dist Cntr 
Switch Contact 2DA During Start 

Transfers Position 

| AB4LORESWT XD2DASRCES 9 ~Page 88 
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KHU#2 Emer Sirt Aux 
Rlys 2ESRX/2A & 

2ESRX/2B Fail 
KEE-211, OEE-220 

Page 228 |YK2STR21NT 

Page 222 
Page 230 

Keowee Unit 2 Keowee Unit 2 
Emergency Start Emergency Start 

Channel A Signal 2 Channel B Signal 2 
Fails OEE-1 20 Fails OEE-120-1 

YK2ESRX2A IIYK2ESRX2B| 

Keowee 2 Emergency Keowee Emergency Keowee 2 Emergency Keowee Emergency 
Start Aux Relay Start Channel A Start Aux Relay Start Channel B 

2ESRX/2A Fails to Fails 2ESRX/2B Fails to Fails 
Pick Up OEE-120 OEE-120 Pick Up OEE-120-1 OEE-1 20-1 

YK2ES2ARYDYKESRXA I YK2ES2BRYD I YKESRXB 

Page 114 Page 115 
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Keowee Emergency Emer. Start Relays 
Lock Out Aux. Relay 2ESRX1/2A And 

86-la Fails to 2ESRX1/2B Fail To 
Energize Energize 

AB86E1 A IABESTART 
Page 221 Page 221 

Emergency Lock Out Emergency Lock Out Keowee 2 Emer Strt KHU#2 Emer Strt Aux 
Aux. Relay 86E-1a Relay 86E-1 Fails Aux Rlys 2ESRX/IA & Rlys 2ESRX/2A & 

Fails To Operate On To Operate On Demand 2ESRX/1B Fail 2ESRX/2B Fail 
Demand KEE-213 KEE-211, OEE-220 

YK2STRTINT YK2STR2NT 

Page 11 Page 223 

Breaker 3CL In 125V Keowee Unit 1 
dc Distribution Emergency Lock Out 

Center 1DA Transfers Sensing Relay Fails 
Position (Rec) To Operate 

I I~SL-CT | AD1CLRO T I AB86E1GRY g 
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Air Circu it Breaker 
4 Close Signals Fall 

I 

Page 218 C4SN 

K Main Loss of Power on Loss of Power on Keowee Emergency Time Delay Relay 62- Emer. Start Relays 
Transformer Lock Keowee 1 125Vdc 125 Vdc Dist. CnIr. Lock Oat Aux. Relay 4 Fails To Operate 2ESRX1/2A And 

Out Relay 86T Falls Dist. Ctr. 1DA 1DA during Start 86-la Fails to On Demand 2ESRX1/2B Fail To 
.To Energize during Run K-704, Energize Energize 

A8TIXIDRIXlDSCSIABO624CRYD LABESTART 

age 142 Page 117 ge 222 A Pige 222 

a Breaker Keowee Main Tx Loc 
Transfers Out Relay 86T Fails 

Poi on To Operate On Dmn 

A 4CCDT I AB0TYDI 

General Keowee Main 
Tx Lock Out Sensing 

Relay Falls To 
Operate 

I ABO86TGRYDI 
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KU1 Trip Circuit 
Modifications 

Result In Spurious 
Trip 

GKlMOOTRIP 
Page 213 

NSM-ON-52966 Is In Modified Circuit 
Service Generates Spurious 

Trip Signal 

rNTACB4MOD GMODTRIP1 

Page 13 

Relay 12X/1 Speed Switch 12/1 
Spuriously Picks-up Falsely Indicates 

High Speed 

Time Delay Relay 
12XTD/1 Spuriously 

Picks-up 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 220 
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Keowee 1 Gen CO2 Keowee Uni 1 Startu Keowee Unit 1 Keowee Unt 1 Is Fault Occurs at ACB
ep Inhibit Swtch Au Startup Inhibit Supplying The Grid 1 When The BReaker 

Relay 83FX Spurious 63F Spurious iliary Relay S3SUX Swch 3SUI T 
Operation Spurious Actuation Spurious Operation 

ONS 1 GKe AC Power GK13IRTed Model FGURE|UI A e 219 
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Modified Auto Close 
Circuit Fails When 

Called On To Actuate 

rACB4AFTC 
Page 217 I A 

Main Step Up Keowee Unit 1 Emerg ACB-4 Close Signal 
Transformer Lock Lockout Due to Fails 

Out Relay 86T Actuation of Generat 
Actuates or Protective Relay 

XFMR186T| GK186E1X SIGNALSF 

Page 17 .Page 213 

Air Circuit Breaker Air Circuit Breaker 
4 Close Signals Fail 3 Fails To Open 

ACB4CSGNLlIAB0E 

Page 221 Pge 141 
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Air Circuit Breaker 

Due To Control 
Failures 

Page 
216 

M 

ACB-4 Control Fails No Recovery From 

With No Mod Or With Independent Failures 

ACB-1I Faulted Of Overhead Path An 

d KU1 (post-mod) 

ACB4CNTRLO |NOFALT 

Air Circuit Breake Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker NSM-ON-52966 Is In 

4 Fails To Closer 4 Fails To Close 1 Is Not Faulted 4 Fails To Close Service 

Automatically Manually Manually 

|ACB4AUTOC | C4AC||NOAB1FALT |1 ACB4MANC NTC4O 

Pag 224 A Page 224 Pae 13 

NSM-ON-52966 IsNtModified Auto Close Fault Occurs at ACB

In Service IsNtCircuit Fails When 1 When The BReaker 

Called On To Actuate Tri ps 

[ACB4:MOD | ACB4AFTC | | AB1FALTDEX I 

A Page 218 < 
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Air Circuit Breaker 
4 Fails To Close 
Due To Electrical 

Failures 

Page 215 ACB4ELECC 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
4 Fails To Close Due 4 Fails To Close 4 Control Power 

To Electrical Failu Due To Control Fails 
res Of The Breaker Failures 

ACB4BREAKC AACB4CNTRLC IAC4DCPWR 

Page 217 Page 224 

Air Circuit Breaker Air Circuit Breaker 
4 Relay 52X Fails 4 Y-relay Spurious 

To Operate Operation 

I AB4R52XR6D 2R6 

Air Circuit Breaker Air Circuit Breaker 
4 Close Coil Fails 4 Relay S2Y Failed 

To Operate To Drop Out Followin 
g Last Demand 

I AB52CCSVO AB452Y2R6D 

Air Circui Breaker 
4 Accumulator Pressu 
re Switch PS2 Indica 

tes Low Pressure 

I2 A4Po2PST I 
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Air Circuit Breaker 
4 Fails To Connect 

Unit 2 To The 
Underground Path 

Page 214 IACB4CLOSE 

Air Circuit Breaker Common Cause 
4 Fails To Close Failure Of ACBS 2 

Due To Mechanical And 4 
Failure 

ABMH2DE B4O 

Page 18 

Air Circuit Breaker Air Circuit Breaker 
4 Fails To Close 4 Key Interlock 
Due To Electrical Switch Transfers 

Failures Open 

Page 216 

Air Circuit Breaker ACB Air Supply 
4 Accumulator Air Fails Causing Low 

Pressure Low Pressure In All ACB 
Accumulators 

CUDEX ACBAIRPDEX 

Air Circut Breaker 
4 Fails To Close 
Due To A Latent 

Human Error 

I AB4LOSLHE I 
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Trip Signal From The Underground 
Mod Package Supply Is Not 
Components Recovered By Using 

Keowee Unit 2 

KIMOOTRIPO I KU2REC 
Page 212 Page 105 

Auxiliary Relay KU1 Magnetic Speed Air Circuit Breaker The Overhead Unit 
14GOV/1X Fails To Switch System Fails 4 Fails To Connect (2) Is Unavailable 

Pick-up Unit 2 To The Due To Maintenance 
Underground Path 

AK1141XRYD AK114GVDEX ACB4CLOSE KK2UNITHYM 

2 A Page 215 

Keowee Unit 2 Fails Air Circuit Breaker 
To Start Or Run 4 Transfers Open 

Page 5 ePae 299 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 214 
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Underground Feeder Keowee Unit 1 Emerg 
Lockout Relay 86EF Lockwet Due to 

Picks Up Actuation o Generat 
o lProtective Relay 

Page 105 UB6EF Page 218 GK186E1X 

Page 212 Page 127 

Page 299 

Overcurrent Relay Transformer CT4 Keowee Unit 1 Keowee Unit 1 Loss 

50 Spuriously Failed Generato Don Of Gene ator Field 
Actuates Lockout Fault Relay 59GN1 Relay 40G Spurious 

Rly 86EF Spurious Actuation Actuation 

RY I UACXCT4THF RY GK14 1RYT 

Time Delay Lockout Relay 86EF Breake Failure Keowee Unit 1 
Overcurrent Relay Spuriously Picks Up ion Transformer Diff Generator Bus Differ 

51 Actuates Lockout erential Relay 87T-1 ential Relay 87GB Sp 
Relay B6EF E Spur. Actuation urious Actuation 

U5186EFRYK ERY G| 187GBRYT 

ooe Mo 

Spurious Op of CT4 Auxiliary Lockout Keowee Unit 1 Keowse Unit 1 
Differential Rty Relay 86CT4X Generator Differenti Startup Inhibit 

87T Actuates LOR Spuriously Picks Up at Relay 87G-1 Spuri Switch Aux Relay 
86EF ous Actuation Actuates 

U87TC4RYTU86CTXRYTI GK187G1RYT ||GK13SU| 

Page 219 

CT4 Neutral Ground S K1 aB rear Failure Keowee Unit 1 Fault Occurs At ACB
Rly Actuates CT4 Reay 62BXSK1 Generator Backup 1 When The Unit Has 

LOR 86TICT4 Spuriously Picks Up Trip Timer 62-1TD Been Generating To 

I Spurious Operation The Grid 

U51TC4RY U62BSK1RYT ( K6TRT||GABlFAULT| 

Page 1 

CT4 Lockout Relay SK2 Breaker Failure Keowee Unit 1 KU1 Trip Circuit 
86TICT4 Spuriously Relay 62BXSK2 Generator Fire Modifications 

Picks Up Spuriously Picks Up Relay 63FX Actuates Result In Spurious 
Trip 

IU62BSK2RYT |IKmF GK1 MODTRIP | 

Pge 219 - \ Page 220 
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Page 211 

Underground Feeder Keowee Unit 1 Ernerg Control Switch 152- Trip Pushbutton On KU1 Trp Circuit Operators Trip 
Lockout Relay 86EF Lockout Due to 3 Spurious Operation ACB3 Spurious Modifications Generator Output 

Picks Up Actuation of Generat Operation Result In Spurious ACBs 
or Protective Relay ITrip 

U86EF G AB31523SWT IAB3PUSHPBT KiMODTRIP I ACBTRIPCHE I 

age 213 Page 127 

NSM-ON-52966 Is In Trp Signal From 
service 7Mod Pa.ckage 

Components 

INTAC B4MODI | K1MODTRIPO 

A Page 13 
Page 214 
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Air Circuit Breaker 
3 Transfers Open 

Page 106 IACB3TRANS 

Page 304 

Air Circuit Breaker Air Circuit Breaker 
3 Trip Coil 3 Relay 52Z 

Spurious Operation Spurious Operation 

|AB352TCSVT | AB3RS2ZR6TI 

Air Circuit Breaker 
3 Trip Signal 

|ACB3TRIP| 
Page 212 
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Keowee Unit 1 Gen.  
Ar Coolers Leak 

Into Generator 
Enclosure 

GK1HXLEAK 
Page 190 

Heat Exchanger Heat Exchanger 
1GAC1 Leaks 1 GAC4 Leaks 

AC1HXGK1GAC4HXL 

Heat Exchanger Heat Exchanger 
1GAC2 Leaks 1GAC5 Leaks 

G 2HX GK1GACSHXLW 

Heat Exchanger Heat Exchanger 
1 GAC3 Leaks 1GAC6 Leaks 

GK1GACHXL GK1GAC6HX 

ONS-Keowee AC Power Integrated Model IFIGURE G-1 IPage 210 
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Manual Valve 1WL23 Manual Valve IWL35 
Transfers Positionr anfr Position 

I GKlWL3VYT IIG1L5V 

Manual Valve 1WL26 rManual Valve 1WL38 
Transfers Position Transfers Position 

I GKlWL26VYFT I GK1WL38Vvr 

I GK;L2VTI lW34V 

Manual Valve 1WL27 Manual Valve 1WL39 
Transfers Position Transfers Position 

I - I 

I GK1WL27VVT II GK1WL39VVT 

ONS-Keowee AC Power Intearated Model FIGURE G-1 Paae2



WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 1GAHW-5 Cooler 1GAHW-6 

GK1415 I(GK1 416 
Page 206 GK45Page 206 r 

Manual Valve 1WL-20 Generator Air Manual Valve 1WL-16 Generator Air 
Transfers Position Cooler 1GAHW-5 Fails Transfers Position Cooler 1GAHW-6 Fails 

| GK1WL20VVT | | GK1GAC5HXF GK1WL16VVT GK1GAC6HXF 

Manual Valve 1WL-21 Manual Valve 1WL-17 
Transfers Position Transfers Position 

21VVTGKlWL17T 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 208 
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WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 1GAHW-2 Cooler 1GAHW-3 

GK1412 A GK1413 
Page 206 

Page 206 7= 

Manual Valve 1WL-32 Generator Air Manual Valve 1WL-28 Generator Air 
Transfers Position Cooler 1GAHW-2 Fails Transfers Position Cooler 1GAHW-3 Fails 

GK1 WL32VVT IGK1GAC2HXF | | GK1WL28VVT GK1GAC3HXF 

Manual Valve 1WL-33 Manual Valve IWL-29 
Transfers Position Transfers Position 

KWLw33VV GK1L29W 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 207



Page 205 1 G141 

WL Fails to Coot WL Fails to Coot WL Fails to Cool WL Fails to Cool 
Generator Air Generator AIr Generator Air Generator Air Generator Air Generator Air 

Cooler 1GAHW-1 Cooler 1GAHW-2 Cooler 1GAHW-3 Cooler 1GAHW-4 Cooler 1GAHW-5 Cooler IGAHW-6 

GK1411 IGK1412 GK43GK1414 GK141 GK141 
Page 207 Page 207 Page 208 Pg 0 

Manual Valve 1WL-36 Generator Air Manual Valve 1WL-24 Generator Air 
Transfers Position Cooler 1GAH'W-1 Fails Transfers Position Cooler 1GAHW-4 Falls 

| GKlWL36VVT I I GK1GA-C1HXF II GKIWL24VVT I GK1GAC4HXFI 

Manual Valve 1WL-37 Manual Valve 1WL-25 
Transfers Position Transfers Position 

GKlWL37VVT ||GKlWL25VVT 
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Keowee Unit 1 
Generator Cooling 

Fails 

GK1GENCOOL 
Page 190 

WL Fails to Supply Keowee 1 Generator Keowee 1 Manual Keowee 1 Gen. Air 
Unit 1 Generator Air Cooler Fails Valve 1WL-41 Transte Cooler WL Flow Path Air Coolers rs Position to Block Mode FIGUR EG 

Discharge PathAfeMannnc 

(FK1400 1IG1410 1 GKlWL41VVT I GiOLH 

Page 206 

NFlow Through Manual Valve 1WL-15 
Colng Water Valve Transfers Position 

CooerWLFlw1at 
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WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

1HPOHX-8 
GK131| 

Page 

196  

ON-etowGeeator Alow Po r Ie e Mer FIGThrr ustg 20 

Thrust ~ ~ ~~ Barn Cooler rutBerngBarn Coe 
Coole 1HP H X is Coler1HPO X-8 i 11HPOHX-8il 

I GKK3188B 

CoolerA 1HOH- is 1HPOHXFis 

Manul Vlve WL-2 MaualValv 1W-73Manual Valve 1WL-74 Manual Valve 1WL-75 
Tnsfers Position Transfers Position Transfers Position Transfers Position 

I KlWL72VVT GKlWL73WVT | GK1WL74VVT IGKW7T 

(ONS-Knowee A(C Power Integrated Model FIGURE G-1 Page 204



WL Fails to Cool 
Generator Thrust 

Bearing Cooler 

C 
1H PO X -7 

GKeAGK1317 

al Vave 1W-68 MnualPagve WL-6 

IN-etowGeeator ACow Po r Ie e Mer FIGThrr ustg 20 

Thrut Barig ThustBeingBearing Cooler 
Coole 1HPHX-7is Coler1HPOH-7 i 11HPOHXFai7 

GK1317AJGGK1317 | K37 

Trasfes osiio TrnsfrsPostin TanserP lo w toGn rator er Gesti n ertrTrs 

TI 

IGK V 
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WIL Fails to Cool 
Generator Thrust 

AL Bearing Cooler 
1 HPOHX-6 

Page 196 

Inlet to Generator Powe n e Model GUrE ThPg 20 
Thrust BearingThutBaigB rngCoe 

Cooler 1HPOHX-6 isColr1PH-isHO X6Fas 
Blocked Dvre 

IGK1316 A GK36 

Manual Valve 1WL-64 Manual Valve 1WL-65MaulVve1 -6MnalaveW-7 

G~lWL64VV GK13165VV 

0I I 

ONS-KeoweFlo to Geneato InertdMdlFGUEneao Thrust 20



WL Fails to Cool 
Generaor Thrust 

Bearing Cooler 
1HPOHX-5 

r GK1311A 

Page 
196 

W 61l 
1 

Inlet ~ ~ ~ ~ ~ ~ ~ Gneao Thrusto Fo o eeatrGneao Trs 
Thrust ~ ~ ~~ Barn Cooler rutBerngBarn Coe 

Coole 1HP HX-5is Coler1HPOH-5 i 11HPOHX-5il 

Page15 196K1GK115B 

Trasfrs ostio TanserTrnsersP Fit o w toGn rator er Gesti n ertrTrs 

Il6V G 31BW|KHOHF 
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WL Fails to Cool 

Bearing Cooler 
1 HPOH-X-4 

rGK1314 
Page 196 

Inlet to Generator Powe e d Model GUrE ThPg 20 
Thrust BearingThutBaigB rngCoe 

Cooler 1HPOHX-4 isColr1PH-isHO X4Fas 
Blocked Dvre 

IGK1314A GK34 

Manal Valve 1WL-56 Manual Valve 1WL-57MaulVve1 -5MnalaveIL9 

G~~lWL56VVT~ GKW5314GlW59V 

ONS-Keowee AC PFlow toerae Geneato FGUEneao Thrust 2-0



WL Fails to Cool 
Generator Thrust 
Bearing Cooler 

C 11 HPOHX-3 

I GK1313A13 

Page 196L2alv1

IN-etowGeeator ACow Po r Ie e Mer FIGThrr ustg 19 

Thrut Barig ThustBeingBearing Cooler 
Coole 1HP HX-3is Coler1HPOH-3 i 11HPOHX-3il 

GK1313APag 19613 GK1313HXF 

Trasfes osiio TrnsfrsPostin Tanser P lo w toGn rator er Gesti n ertrTrs 

G~lWL52VV GK13138=V G GK1HPO3HX 
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WL Fails to Cool 
Generator Thrust 

uBearing Cooler 1HPOHX-2 

I GK1312 
Pag e 196 

WLKFailLto Coo 

NI 
Inle to enertorFlow to Generator Generator Thrust 

Thrut BeringThrust Bearing Bearing Cooler 
Coolr 1HOHX- isCooler 1HPOHX-2 is 1HPOHX-2 Fails 

BlockedDiverted 

|K32 GK1312B G1P2X 

Manul Vlve WL-8 MaualValv IW-49Manual Valve 1WL-50 Manual Valve IWL-51 
Tnsters Position Transfers Position Transfers Position Transfers Position 

GKlWL48VVT G K1WL49VVT I GKlWL50VVTIGKW5 T 
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WL Fails to Cool 
Generator Thrust 

Bearing Cooler 
1HPOHX-1 

|A GK1311A1 

Page ! 96 _ _7 3 1 

Mau L3Vv 1WL-44KManual3Valve11WL-45 

PKeaged GKo311 IG 

ONSKeo e C P werIntgraeoole 1HPOHXE is1PH -1 ails19



Keowee 1 Generator 
Bearing Oil Cooler 

Fails 

Page 191 GK1310 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 
Bearing Cooler Bearing Cooler 

1HPOHX-1 1HPOHX-5 

age 197 Page 201 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

Bearing Cooler [ Bearng Cooler 
1HPOHX-2 1HPOHX-6 

I GK112 1I GK316I 

Page 198 Page 202 

WL Fails to Cool WL Fails to Cool 
Generator Thrust Generator Thrust 

WL Fails to Cool WL Fails to Cool 
Bearing Cooler Bearing Cooler 

1HPOHX-4 1HPOHX-8 

Page 199 Page 204 
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Keowee 1 Rotation 
Sensing Aux. Relay 

14DX Fails to 
Energize 

Page 194 IBK1661B 

Keowee 1 Rotation Keowee 1 Speed 
Sensing Aux. Relay Switch 14/2 Fails 

14DX Fails to On Demand 
Energize 

I I 

BK114DXRYD IBK114/2SSDI 

Keowee 1 Rotation 
Sensing Timer 14T2 
Fails to De-energize 

I BKo1T2RYt d 
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Unit 1 Oil Pump 
Aux. Relay 88X or 

Rotation Sensing 
Aux. Relay 14DX Fail 

FK1 530 
Page 192 

Unit 1 Turbine GBO Keowee 1 Rotation Keowee 1 Rotation 
Level Relay 88X Sensing Aux. Relay Sensing Aux. Relay 
Fails to Remain 14DX Fails to 14DX Fails to 

Energized Energize Remain Energized 

FK1540 BK6 BK1760B 

Page 195 Page 181 

Turbine No. 1 Loss of Power on 
Bearing Oil Level Keowee 1 125Vdc 

Switch 63TA Dist. Ctr. 1DA 
Spurious Operation during Run K-704, 

IBK163TALST I XD1 DAR I 
Page 142 

Keowee 1 Turbine DC Circuit Breaker 
Guide Bearing Oil 1DA-4AR Transfers 

Relay 88X Spurious Position 
Operation 

BK1088XRYT XDiDA4ACDT 

Keowee 1 GBO Level 
Relay 63TA/1X 

Spurious Operation 

BK1631XRYT 
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Unit 1 Control 
Switch S120G or 
Master Relay 4B 
Fails to Operate 

Page 192 r FK1520 

1E1R 

Unit 1 Control Keowee 1 Start Keowee Master R1y Unit 1 Control 
Switch S120G Master Relay 4B 4B Drops Out During witch S120G Left 

Spurious Operation Fails To Pick Up Run in OFF Position 
KEE-113 E 

Itr to IIhbi 

FR YK1MR4BRUNF 

Keowee 1 Master Keowee 1 Emergency 
Relay 4B Spuriously Lockout Relay 86E-1 

Drops Out Spuriously Picks Up 

YK148MRYT I |GK186E1RYT| 

KHU#1 Startup Breaker 1 DA-4CC 
Inhibit Sw 3SUI Transfers Open 
Xfrs to Inhibit 
KEE-111, -113 

YK13S UISWT ||XD104CCCDT 
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Page 205 

No Flow Through C Water Manual Valve 1WL-12 
Cooling Water trot Valve IWL- Transfers Position 
Filter 1WLFL-1 [ Fails Closed 

I FKF1200I 

Page 187 

Cooling Wateroolin 
Control Valve 1WL- Control Valve 1WL- 1 Not Commanded to 

11 Fails To Open On 11 Transfers Closed De-energize 
Demand 

FK1WL11AVO FK1510 

Unit 1 Control Unit 1 Oil Pump 
Switch S1 20G or Aux. Relay 88X or 
Master Relay 4B Rotation Sensing 
Fails to Operate Aux. Relay 14DX Fail 

FK1F520310 53 

Page 193 Page 194 
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Unit 1 Generator 
Bearing Cooling 

Failure 

ThrusthearingP at er DisischarigeVvsMisPatith 

Valg 19 1 620 

No o NShKeow Va Power u ale oe 1WL76 Gnal Val1 Page 1W1 

Cooling WateraValveeTransfers PositionBTransfersl.PositioniTransfers Position 

Thrust Bearinischrge Wat r Discharge PathhVv Msoitoe 

FK131 FK1L4VV | |GKWL6VT IGKWL8VT 

Pagee 192 

No lowThrugh Manual Valve 1WL-4 aulVle1W76Mna av W7 
ColngW te aveTanfr PstinTrnfrsPsiinTransfers Position 

nS-Keowev e ACPeWneaae Mdl-IUE4-2aa 9



Keowee Unit 1 

A i the Unit Runs 
Page 106 

Keowee Unit 1 Emnerg Keowee Unit 1 Keowee Unit 1 Spurious Actuation Keowee Unit 1 
Lockout Due to Generator Fault Generator Support of Unit 1 Gen. 002 Generator Fails Due 

Actuation of Generat While the Unit Runs Fire Supression to Water in Gen.  
r G GEnclosure 

Page 127WLLEAK 

KeoweeKeowee Unit 1 Keowee Unit WL Keowee Unit Gen.  
Generator Bearing Generator Cooling Valves Leak Into Air Coolers Leak 

Generator Enclosure Into Generator 
Enclosure 

GK1BRGSUP JGK1GENCOOLJ GK1WLVLEAK GK1HXLEAK 

A Page 205 A Page 209 A Page 210 

Bearing Cooling Oil Leak Because 

FailurWhiule the nit Run 

I~~ K12 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 190 

0eeatrSuprto Unt1Gn0O eeao al u



Keowee Unit 1 
Excitation Fails To 

Maintain Proper 
Generator Voltage 

Page 188 I EXCRUN 

KHU-1 Base Adjust KHU-1 Voltage 
Fails To Maintain Adjust Failure 

Generator Output Wit Drives Generator 
hin Acceptable Range Output Too High/Low 

EK1BAS2DEX Mo EK1VREGDEX F 
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Kewe Uit1Kewe Uit1Koe nt1FedKoe nt1Koe nt1Koee Unit 1 oomoe Unit 1a 
Suply roaerGeneratorExioBraeTrnesEctaonFis o Generator Gener tor CordRay8S 

Tranfer Opn CbinxcFnsaailonMitnPrerE aonFa Exdtanon Fan PoeriorT rDrn 
ToWil Star Ori Run Geerto VotgSrnfomrFlsTrntre ails The Run 

ae 1RU Page 18 XIAS 

SptcsOeain Keow ee Unit 1 Rd ay oo Unit 1 Rela wKowe Unit 1 Field Keowee Un t0,is t Ida Keowe Unit 1 a 
f h H 1 Supply 4re AX Spurousl 99S Drops Out ke Broakers Tr i41/A Fails oerw Gnator Fick- Exdier a Sl 

Terker Tri Switcht Rese Contr Opiec upnti PrprEcttoxiatind aPrd DiodeT O B urigal 
To ~ ~ ~ ~ ~ ~ ~~~~~~~~~rnfr PositioRu n eaoVotgT nfreFalT nfmrFisThRu 

IEK141T TSWNS I EF4AXS T ANK99YYTS I EK1S4RU TSWT I2TG I EK14AXR6 II 9lIODEX 

I I IT I  

Spuios pwabonKA*.~oU~tI eBr eowake UnBR In 125Vy Kowe Unit 1 KeoweeK Unit 1 Relay Keowoe Unit 1 
Of Thede Distribuyon1GeneratoioLocyoutoAu 4tAX Flspur isl Excitation Cabinet 

Break~~~ener 10Ap xiiayielyc6- Resets Fanro FwthusAd achDo e sg Fails 
Transfersanser OeS Pur o s tto 

I EED13BR2CDTK14IXEK188X2RYTrYRITI EK141AXR6TD ~F3AU 

Breakr 3BRIn 12V Kewas Uit I soKeooo ~a nt w UnFat 

ontrol Relay 88SV 
Fails On Demand 
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No Flow Through No Flow Through 
Cooling Water Cooling Water 
Filter 1WLFL-3 Fitter IWLFL-1 

A FK1110 A FK1120 
Page 186 Page 187 

Page 192 

No Flow Through Manual Valve 1WL-6 Filter 1WLFL-1 Locked-Open Manual 
Cooling Water Transfers Position Becomes Clogged Valve OWL-1 
Filter 1WLFL-1 Transfers Position 

I IE 
I K10 KO6VVT FK1FLO1FRF | FKOWLO1VVT| 

Page 187 

I I 
Manual Valve 1WL-3 Manual Valve 1WL-7 

Transfers Position Transfers Position 

17 WLO3VVT |FKlWLO7VVT I 

Manual Valve 1WL-4 Manual Valve 1WL-8 
Transfers Position Transfers Position 

IOFK1WLO4VVT FKlWL08VVTI 

Manual Valve 1WL-5 Filter 1WLFL-2 
Transfers Position Becomes Clogged 

|FKW5WT O2FR 
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Turbine Number 1 
Packing Fails And A Causes Flooding 

Page 164 I PK1PACK 

WL Fails To Cool Turbine No. 1 Turbine Packing Box 
Keowee 1 Turbine Packing Fails Heat Exchanger 

Packing Box 1TRHX-1 Fails 

FK1200KDEX FK1TRHXHXF 

2 

Manual Valve 1W- No Flow Through 
Transfers Posito Cooling Water 

Filter 1WLFL-3 

FKlWLO9VVT |1F11 

0 
age 187 

Turbine Packing Box 
Heat Exchanger 
1TRHX-1 Fails 

SFK1 HXHXF 
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Turbine No. 1 DC 
Pump Train Fails 

IPK1 200I Page 164 

Turbine No. 1 DC Check Valve 1TS-4 Manual Valve 1TS-3 Turbine No. 1 DC 
Pump Fails Fails to Open or Transfers Position Pump Train In 

Transfers Closed Maintenance Or 
Testing 

PK1210PK1TSO4CVT PK1TSO3VVT PK1TSDCTRM 

Loss of Power on Unit 1 DC Turbine 
Keowee 1 125Vdc S ump PumpFloat 

Dist. Ctr. 1DA Switch 63SB 
during Run K-704, Transfers 

| XD1DR I |PK163SBLST 

. age 142 

125 Vdc Circuit Latent Human Error 
Breaker 1DA-5C Fails Turbine No. 1 

Transfers Position DC Sump Pump 

PK1DASCCDT IPKTDCH 

DC Sump Pump 1TSPU
2 Fails To Start Or 

Run 

NS PKTSDCGPR P 
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Turbine No. 1 AC 
Pump Train Fails 

AI 
Page 164 P 

Turbine No. 1 AC Check Valve 1TS-2 Manual Valve 1TS-1 
Pump Fails Fails to Open or Transfers Position 

Transfers Closed 

PK1110 PK1TSO2CVT PK1TS01VVT 

Loss of Power on Unit 1 AC Turbine 
Keowee 600 Vac MCC Sump Pump Float 

1XA Switch 63SA Fails 
K-704, K-702 

XA1XA PK6SAS 

A Page 149 

600 V Circuit AC Sump Pump 1TSPU
Breaker 1XA-2C 1 Fails To Start Or 

Transfers Position Run 

PK1XA2CCLT PK1TSACGPR 
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Master Relay 4A or 
Oil Pump Aux. Relay 

88X Run Failure 
Occurs 

Page 182 BK1760C 

Keowee Master Rly Turbine No. 1 GBO 
4A Drops Out During Level Relay 88X 

Run Fails to Remain De
energized 

YK1MR4ARUN BK1761C 

Page 160 

Keowee 1 TurKbine Turbine No. 1 
Guide Bearing Oil Bearing Oil Level 

Relay 88X Spurious Switch 63TA 
Operation Spurious Operation 

IBK163TALST 

Keowee 1 GBO Level 
Relay 63TA/1X 

Spurious Operation 

ONS-Keowee AC Power Intearated Model FIGURE G-1 Page 18



Keowee 1 S/D Sol. Keowee 1 Rotation Master Relay 4A orUit1A Bern 
Aux. Relay 99SX or Sensing Aux. Relay Oil Pump Aux. RelayOiPupA.Rea 

GBOe owee 1 i tou Brng 
Lowid Oilin LeelAu 

Remain Energized 

I I Fal 
BK176A | BK170B || BK160C0 

Page 181 

Pag 

Shutdo 1 Shutdown Keowee 1 Shurb.td Kngw 1 Telay 4A Cc Breaker 
Aux. Relay 99SX Au Rny Pms lag Low Oil Level Level A A Trans.  

Cal to Re i Ry 6 X Fails to Rn Ax Ru 8 

Energizedai Remain Energized Ocr ean0-nrie 

I S ih6T 

BKBK1760SX |8 | BK1761A3 IK18XY 

Keowee 1 Shutd own Keowee 1 Turb. Model CircuitBreak Re0 a 0Rir O 1DA-4AR0Translers 
Spuriously DosO t o Cktai FalRuig u u R y 63TA/2X Position 

YKB99SXRYT |BK17XUF61K13XYA|| DD4AD 

Shutdown~~~~~~~~~~Ui 1uiir ACwe Beardwingee1Trb C icutBrae 

Spuriously~~~~~~~Oi Pumps Auxt RelaysDrngRnAx.Ry63A Psto 
Spur88AX Failstito 

IYBK98AXRYTT 

Pae159 

Turbine No. 1 
Bearing Oil Level 

Switch 63TA 
Spurious Operation 

BK163TALST 
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Keowee 1 GBO Level Keowee 1 Rotation 
Relay 8X Fails to Sensing Aux. Relay 

Drop Out 14DX Fails to 
Remain Energized 

BK1661C ||BK1 760B| 
Page 180 Page 182 

Page 194 

Keowee 1 Turbine Turbine No. 1 Keowee 1 Rotation Keowee 1 Speed 
Guide Bearing Oil Bearing Oil Level Sensing Aux. Relay Switch 14/2 

Relay 88X Fails to Switch 63TA Fails 14DX Spuriously Spuriously 
Drop Out on Demand Drops Out Transfers Closed 

I BK1088XRYD BK163TALSD DXRY BK114/2SST | 

2 (9 U9 

Keowee 1 Relay Keowee 1 Rotation 125 Vdc Breaker 1DA
63TA1X Fails to De- Sensing Timer 14T2 3BR Transfers Open 

energize Spurious Operation 

BK1631XRYD |ower InBK1T2RTr| XD1 DA3BCD 
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Unit 1 DC Turbine 
Pump Start Signal 

Fails 

rBK1 660 
Page 179 

Keowee 1 S/D Sol. 1 4Fs 
Aux. Relay 99SX or t nrieo i i upAx ea 

GBO Low Aux Relay Pm u.Rly8X8A al oDo 
63TA/2X Fail eman on Demand 

BK1660A BK1660D BK188AX 

K1 Shutdown Keowee 1 Brng. Low Inerate Mde FIG E 1 Pg 1 
Auxiliary Relay Oil Level Aux. Rly4 al oRly8XFist 

99SX Fails To Pick Relay 63TA/2X FailsPikUOnSatDoOu 
Up On Start To EnergizeKE13 

IYK199SXSRT | BK1661A IKM4ST K61 

A Page 111A 
Pae11g 

8 

Keowee 1 Brng. Low Turbine No. 1 

Oil ~~Gud Bearin OilBerngOl ee 

Relay63TA2X Fils Sitch63Failsl 

BK1632XRY BK1660ALS 
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Unit 1 DC Turbine 
Guide Bearing Oil 

Pump Fails 

BK1 650 
Page 178 

Loss of Power on Unit 1 DC GBO Pump 
Keowee 1 125Vdc Control Switch 

Dist. Ctr. IDA S188D Spurious 
during Run K-704, Operation 

A Page 142 

I -I 
DC Circuit Breaker Latent Human Error 
1DA-5B Transfers Fails Unit 1 DC 

Position Guide Bearing Oil 
Pump Discharge Path 

5B~lABDT I K1BDLE I 

Unit 1 DC Turbine Unit 1 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Start On Demand Pump Start Signal 
Fails 

BKBDCGP K16 

Page 180 

Unit 1 DC Turbine Keowee 1 DC Turbine 
GBO Pump Fails To Guide Bearing Oil 

Run Pump Run Signal 
Fails 

BKDCGPR BK 1760| 
Page 182 
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Page 165 

Unit 1 DC Turbine Check Valve 1GBO-3 Manual Valve 1GBO-4 .Check Valve 1GBO-3 Flow From Keowee 1 Unit 1ICTubn 

Pump Fails Demand Oil Pump Diverted Maintenac 
Through AC GBO Pump 

BK1650 ag BK1BOCV U KGB4V I BK1GBO3CYT I1 156 IBK1GODCTRMI 

Unit 1 AC Turbine Check Valve 1GBO-1 
Guide Bearing Oil Fails to Close on 

Pump Fails Demand 

T Page 166 B1OCV 
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Air Circuit Breaker Air Circuit Breaker 
5 Fails To Close 5 Transfers Open 
Due To Control 

Failures 

P ACB5CNTRLC a | ACB5TRANS 
Page 176 Page 175 

ManuavAuto Control Auxiliary Relay Transformer 1X Switchgear IX 
Switch 143/1 27X/1X Fails To Undervoltage Relay Lockout Relay 

Spuriously Transfers Operate On Demand 27/1X Spuriously De- 86S/1X Spurious 
Into Manual energizes Operation 

AB51431SWT AA127X1RYD XRT 1RY 

Manua/Auto Control Time Delay Relay Auxiliary Relay Air Circuit Breaker 
Switch 143/1 Left 83S5 Fails To Pick 27X/1X Spurious 5 Trip Coil 52TC 

In Manual Up Operation Spurious Operation 

| BS1LHE I B53YD ||A12XRT| B5TCY| 

Transformer iX Auxiliary Relay Main Step Up Trip Pushbutton On 
Undervoltage Relay 143X/1 Spuriously Transformer Lock ACB5 Spurious 
27/1 X Fails To Pick Energizes Out Relay 86T Operation 

Up Actuates 
| 1271|ABS1431RYTB 

Page 17 
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Air Circuit Breaker 
5 Fails To Close 
Due To Electrical 

Failures 

Page 175 |ACB5ELECC 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
5 Fails To Close Due 5 Fails To Close 5 Control Power 

To Electrical Failu Due To Control Fails 
res Of The Breaker Failures 

ACB BREAKC ACBSDCPWR I 

Page 177 Page 172 

Air Circuit Breaker Air Circuit Breaker 
5 Close Coil CC 5 Y-relay Spurious 
Fails On Demand Operation 

A552CCRYD Y2R 

Air Circuit Breaker One Or More Control 
5 Relay 52X Fails Power Fuses For X, 

To Operate Y And CC Fail 

IABSR2XRYD AA1FU 

Air Circui Breaker 
5 Relay 52Y Failed 

To Orop Out At Last 
Dernand 

AB5RS2YRYD 
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Alternate Supply To Air Circuit Breaker 
Switchgear 1X Via 5 Fails To Close 

Keowee Unit 2 Fails 

I I, 
I XA1XEO P | ACB5CLOSE 

Page 167 Page 175 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker CCF of 1X Aux Power 
2 Fails To Connect 2 Transfers Open 7 Fails To Open Breakers ACB-5 & -7 

Unit 2 To The 
Overhead Path 

I C2LS ABTASIIACB70PEN I|XA1BKRSCOMI 

Page 6 ePae 21 Page 173 2 

Keowee Transformer Air Circuit Breaker Air Circuit Breaker Common Cause 
1 Fails 5 Transfers Open 5 Fails To Close Failure Of ACB-5 

Due To Mechanical And ACB-6 To Close 
Failure 

| KX1THF IABT NSIIAB5MCH2DEX XAS6BKRCOM| Q ) Page 177 2 

Keowee Transformer Keowee Unit 2 Fails Air Circuit Breaker Air Circuit Breaker 
1X Fails To Start Or Run 5 Fails To Close 5 Key Interlock 

Due To Electrical Switch Transfers 
Failures Open 

XTLF K EI AB5KE YISWT 
j Page5 Page 176 

_I II 
Air Circuit Breaker The Overhead Unit Air Circuit Breaker 
5 Fails To Close (2) Is Unavailable 5 Fails To Close 

Due To Maintenance Due To A Latent 
Human Error 

I CLOSE I KITHYM ABOSLHE| 
Page 175 
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Air Circuit Breaker 
7 Fails To Open Due 

To Control Failures 

Page 173 IACB7CNTRLO 

Manual/Auto Control One Or More Air 
Switch 143/1 Circuit Breaker 7 

Spuriously Transfers Control Power Fuses 
Into Manual Fail 

Manual/Auto Control Transformer CX 
Switch 143/1 Left Undervoltage Relay 

In Manual 27CX1 Fails To 
Drop Out 

| A513HE | A12R6DWI 

Auxiliary Relay 
27X/2X Fails To 

Operate On Demand 

I AA227X2RYD | 
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Air Circuit Breaker 
7 Fails To Open 

AI 
Page 168 
Page 175 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Fails To Open Due 7 Fails To Open Due 7 Fails To Open Due 

To Mechanical To Electrical To A Latent Human 
Failure Failures Error 

AB7MECHDEX | ACB7ELECO AB70PENLHE 

Air Circuit Breaker Air Circuit Breaker 
7 Trip Coil TC 7 Control Power 

Fails On Demand Fails 

AB752TCRYD ACB7DCPWRI 
Page 172 

Air Circuit Breaker 
7 Fails To Open Due 

To Control Failures 

ACBCNLO 
Page 174 
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Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Fails To Close 7 Control Power 5 Control Power 
Due To Control Fails Fails 

Failures 
A:5 ici 

ACB7CNTRLC ACB7DCPWR I ACB5DCPWR 

Page 171 Page 171 Page 176 
Page 173 Page 172 

Manual/Auto Control Transformer CX Air Circuit Breaker Breaker 4AL In 125 
Switch 143/1 Undervoltage Relay 5 Control Power V dc Distribution 

Spuriously Transfers 27/CX1 Fails To Fails Center 1 DA 
Into Manual Pick Up Transfers Open 

31SW AA127CPR6 ACB5DCPWRI AD1B4ALCDT | ( 9Page 172 

Manual/Auto Control Auxiliary Relay 
Switch 143/1 Left 27/CX1 Fails To 

In Manual Operate On Demand 

|AB51431 LHE ||A1XCRYD  
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Page 168 IA SCUt 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker CCF of 1X Aux Power Common Cause Air Circuit Breaker 
7 Fails To Close 7 Fails To Close 7 Fails To Close Breakers ACB-5 & -7 Failure Of ACB-7 7 Key Interlock 

Due To Mechanical Due To Electrical Due To A Latent And ACB-8 To Close Switch Transfers 
Failure Failures Human Error Open 

LE AB7CLOSLHE| XA BKRSCOM I XA78BKRCOM | AB7KEYiswT 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
7 Fails To Close Due 7 Fails To Close 7 Control Power 

To Electrical Failu Due To Control Fails 
res Of The Breaker Failures 

ACB7BREAKC ACB7CNTRLC IACB7DPWR 

Page 172 Page 172 

Air Circuit Breaker Air Circuit Breaker 
7 Close Coll CC 7 Y-relay Spurious 

Fails On Demand Operation 

AB752CCRYD AB752Y2RYT 

O 

Op 

Air Circuit Breaker r One Or More Control 
7 Relay 52X Falls Power Fuses For X, 

To Operate Y And CC Fall 

2XRY I AB710AFUF 

Air Circud Breaker 
7 Relay 52Y Failed 

To Drop O ut At Last 
Demand 

IAB7R2YRYD 
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Loss of Power on 
ONS-1 ESG 

Switchgear 1TC 

Page 168 P1TC 
Page 262 

1TC Power Sources 4160 Vac Switchgear 
Fail 1 TC Fails 

P1TCMFBSI PACX1TCBHF| 

Main Feeder Bus 1 Main Feeder Bus 2 
Power to 1TC Fails Power to 1TC Fails 

ITI 

IP1TCMFB1 Pi |PTCMFB2I 

4160 Vac Breaker 4160 Vac Breaker 
1TC-1 Transfers 1TC-14 Transfers 

Open Open 

IPCC4IP ACTAC14C4T 
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Air Circuit Breaker 
7 Transfers Open 

Aj ACB7TRANS 
Page 168 

Transformer CX Air Circuit Breaker 
Undervoltage Relay 7 Trip Coil 52TC 
27/CX1 Spuriously Spurious Operation 

De-energizes 

AA271RT A7TCRY 

Auxiliary Relay Transformer CX 
27X/CX1 Spurious Differential Relay 

Operation 87CX Spurious 
Operation 

I I 

AA127R1 RYT |A17XY 

Transformer CX Trip Pushbuton On 
Differential Lock ACB7 Spurious 

Out Relay 86CX Operation 
Spurious Operation 

|AA86XRT |IA7SHPBT 

Switchrear 1X 
Lockout Relay 

86S/1X Spunous 
Operation 

AA M 86S 1 RYT 
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Air Circuit Breaker Lass of Power on 41601600 Vac 4160/600 Vac Air Circuit Breaker 4160 Vac Breaker 
7 rnfr pnOS1EGTransformer CX Is Transformer CX Fails 7 LOOP Response 1TC-4 Transfers 

Switchgear 1TC in MaintenanceF 

XA1XCXXTHM XA1 XCXXTLF 

Page~ag 161Pge17 

Air Circuit Breaker Air Circuit Breaker 
7 Fais To Close 7 Opens Due To The 

I ACB7CLOSE C I NACB0PEN | 

PaPag 171 

Air Circuit Breaker 
7 Fails To Open 

SACB0PEN7I 

NPage 
173 
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Loss of Power on 
600 Vac Switchgear 

1x 
K-702 

Page 149 XA1X 

Page 306 

II 
600 Vac Switchgear Switchgear IX Power 

1X Fault Sources Fail 

XA1XXXXBLF XA1XSRCE 

600 Vac Switchgear 600 Vac Switchgear 
1X Normal Power 1X Alternate Power 
Source, Xfmr CX, Source, Xfmr 1X, 

Fails K-702 Fails 

XA1XNXA1XE 

Page 168 

Take No Credit For Alternate Supply To 
Keowee Unit 2 Switchgear 1X Via 

Suppling Auxiliary Keowee Unit 2 Fails 
ac PowerTo Unit 1 

Page 175 
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Unit 1 AC Turbine 
Guide Bearing Oil 

Pump Fails 

Page 165 r BK1550 

Page 178 

I 6 
Loss of Power on Keowee 1 AC GBO 

Keowee 600 Vac MCC Pump Control Switch 
1XA S188A Spurious 

K-704, K-702 Operation 

age 149 

II 
600 V Circuit Unit 1 AC Turbine 

Breaker 1XA-1C GBO Pump Fails To 
Transfers Position Start 

CCLT GOACGPSI 

Unit 1 AC Turbine 
GBO Pump Fails To 

Run 

1graOACGPI 

ONS-Keowee AC Power Integrated Model jFIGURE G-1 IPage 16



Loss of Keowee 1 
Turbine Guide 

Bearing Oil Flow 
Occurs 

BKI 200 
Page 164 B 

Manul Vave 1BO-5Unit 1 AC and DC Manual Valve 1GBO-6 Filter 1GBOFL-1 
asfTurbine Guide Transfers Position Becomes Clogged 

Bearing Oil Pump 
Trains Fail E 

r BlG 0VTBK1400 I|BK1GBO6VVT |B1B1T 

Unit 1 AC Turbine Unit 1 DC Turbine 
Guide Bearing Oil Guide Bearing Oil 
Pump Train Fails Pump Train Fails 

BK1500 I|B10 
Page 178 

Unit 1 AC Turbine Manual Valve 1GBOr 
Guide Bearing Oil Transfers Position 

Pump Fails 

Page 166 

II 
Check Valve 1GBO-1 Check Valve 1GBO-1 

Fails To Open On Transfers Closed 
Demand 

(ONR-Kenwee AC' Power Intenrated Model FIGURE G-1 Page 165



Page144 WK1TURRUNI Page 144 

Unit 1 Unit 1 Turbine Turbine Sump System 
ails With Guide Bearing Oil Fails to Remove 
Running System Fails During Turbine 1 Leakage 

Run During Keowee Run 

WTNDEX BK1000PK20 

Loss of Unit 1 Loss of Keowee 1 Turbine No. 1 Pump Common Cause Turbine Number 1 
Turbine Guide Turbine Guide Trains Fails Failure of Unit 1 Packing Fails And 

Bearing Oil Occurs Bearing Oil Flow TrieSmPr assFodn 

OccursSyta 

BK1 100 BK1 200PK20 PlDCOM[- 1AK 

Page16ag18 

MnaVave 1GBO-8 Manual Valve 1GBO-9TubnNo1ACurieo.1D 
TasesPosition Transfers Position Pm ri aPm ri al 

,,B5KlB09=VI PK1200 PK20 

Turie No. 1ag PupCmmnCue8ubn5Nme 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1 
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XD2DAR Outputs: 
Page 248, Page 162, Page 224, Page 268, Page 242, Page 274, Page 283 

Loss Of Power On 
Keowee 2 125V do 

Dist.Cntr.2DA 
During Run 

See Output r XD20AR 

List 

DC Distribution Loss Of Power On 
Center 2DA Faulted Keowee 2 125 Vdc 

During Run Dist Cntr 2DA 
I During Run 

I XD2DA RXBDF | 2ASCE 

Keowee 2 Normal Keowee 2 Alternate 
Power To Dist. Power To 

Center 2DA Fails Distribution Center 
During Run 2DA Fails During Run 

|XD2DANORMR XD2DALTR 

Keowee 2 Normal Normal Power to Dist Cntr 2DA Normal Power To 
Power Path Run Dist. Center 2DA is E Aernate Power Dist Cntr 2DA Is In 

FalrsOcrnot in Test or Path Run Failures Test or Maintenance 

2DAt FaiscurngRu 

IXDIXD2DALTRF 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 163



Dist. Cntr. 1DA 
Alternate Power 

Path Run Failures 
Occur 

PXD1DALTRF 
Page 142 

I 4 Keowee 125V dc Dist Keowee 125V dc Dist 
Cntr 1DA Tie Cntr 2DA Tie 

Breaker 1 Transfers Breaker 2 Transfers 
Position Position 

XD1TIE1CDT | XD2TIE2CDT I 

Loss Of Power On 
Keowee 2 125V dc 

Dist.Cntr.2DA 
During Run 

IXD2DAR 
Page 163 

ONS-Keowee AC Power integrated Model FIGURE G-1 Page 162



Keowee 1 Normal 
Power Path Run 

Failures Occur 

XD1DANRMRF 
Page 142 

Battery No. 1 Keowee #1 Battery 
Breaker 1A Charger Fails 

Transfers Position 
run time dependent 

XD1BK1ACDT XD1KC1F 

125tVdcyBreakerrKeowee #1c MCCtery 
(frog charger Fal 

XD1~~ XD1C1 I DK1X 

BattBtter Charger KC1 Keowe Standbyer1X 
isil Unaailbl anda ateryhre B 

I I-0 

I XD1KC1 I IXDKBXRE 

Bater ChBraer KC 600 Vac Breke 1XA

Transfers Position 

XD1DCCB |IXA1ATCBL 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page16



Keowee Master Rly Keowee 1 Critical 
4A Drops Out During Lubrication 

Run Permissive Failure 

vYK1 MR4ARUN YK11LOPERMF 
Page 159 Page 159 
Page 183 

Keowee 1 Master Keowee 1 Emergency Keowee 1 Gen Thrst Keowee 1 Gen Thrst 
Relay 4A Spuriously Lockout Relay 86E-1 Brng Oil LvI Lo Rly Brng Oil LvI Hi Rly 

Drops Out Spuriously Picks Up 63BULXTD Sprsly Pck 63BL/HX Sprsly Picks 
s Up KEE-111, -113- Up KEE-111,-113

MRRYYK163BLRYT YK163BHRYT 

KHU#1 Startup Breaker 1 DA-4CC Keowee 1 Gen Thrst Keowee 1 Turb Guide 
Inhibit Sw 3SUI Transfers Open Brng Oil LvI Lo Sw 6 Brng Lo LvI Sensor 
Xrs to Inhibit 3BL/L Spuriously Ope Sw Spuriously 
KEE-111, -113 rates KEE-111,-113- Closes KEE-113-4 

3UISW |X D104CCCDTY6 Y BLST 

Keowee 1 Gen Thrst Keowee 1 Turb Gd Brn 
Brng Oil Lvi Hi Sw g Oil LvI Lo Rly 63T 
63BL/H Sprsly Clsd B/1X Sprsly Picks Up 

KEE-111, -113-3 KEE-111,-113-4 

SYK163BHLSTBRY 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



Operator Error Keowee 1 Shutdown 
Causes Loss Of Aux RIy Permissive 

Keowee 1 Governor Ckt Fails During Run 
Control 

| YK1OPFAIL YK1SXRUNF 
Page 18 Page 158 

Page 182 

Operator Keowee 1 Normal Keowee 1 Overspeed Keowee 1 Critical 
Incorrectly Resets Lockout Actuates Switch 12 Lubrication 

Keowee Emergency Spuriously Picks Up Permissive Failure 
Start Signals KEE-111 

|YKEMSRTCHE I YK186N1DEX| YK1SS12SST YK1LOPERMF 
Page 160 

Keowee Master Rly 
4A Drops Out During 

Run 

Page 160 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 15



Keowee 1 Governor 
Control Fails 
During Run 

P YKIRUNCNTL 
Page 144 

Operator Error Loss of Power on 
Causes Loss Of Keowee 1 125Vdc 

Keowee 1 Governor Dist. Ctr. 1DA 
Control during Run K-704, 

[ I Y lPAI IIXDDA 

a 159 Page 142 

Shutdown Auxiliary Breaker 3BR In 125V 
Relay 99SX dc Distribution 

Spuriously Drops Out Center 1DA 
Transfers Open 

Keowee 1 Shutdown Keowee 1 Shutdown 
Aux Rty Permissive Solenoid Spuriously 

Ckt Fails During Run Drops Out 

I KSRN YK1 99SDRYT 
Pae 159 

Emergency Load 
Solenoid 99SN 

Spuriously Drops Out 

| K19RYT | 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 158



OG Pump 1C Fails to 
Provide Flow 

rOK 14110 
Page 156 

Loss of Power on Latent Human Error 
Keowee 600 Vac MCC Fails OG Pump 1C 

1XA 
K-704, K-702 

A110LHE 

OG Pump 1C Fails to Low Voltage Circuit 
Start Breaker 1XA-40 

Transfers Position 

OKlXA4DCLT 

U O 

OG Pump 1C Fails to OG Pump 1C Control 
Run Circuit Fails 

SO1001GPR |OK42 
Page 155 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 15



OG Pump 1C Train 
Fails to Provide 

Flow 

Page 151 OK1410C 

Manual Globe Valve Relief Valve 1OG-19 
1OG-18 Transfers Spurious Operation 

Closed 

1 VVOK100 19RVTW 

Check Valve lOG-17 OG Pump 1C Train In 
Fails to Open 1 Maintenance Or 

Testing 

Check Valve lOG-17 OG Pump 1C Fails to 
Transfers Closed Provide Flow 

OK07VT |OK41 
Page 157 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 156



OG Pump 1B Control OG Pump 1C Control 
Circuit Fails Circuit Fails 

K14128 |0 K141 2CI 
Page 154 Page 157 

Keowee 1 Control Pressure Switch Keowee 1 Control Pressure Switch 
Switch 188GB 1OGPS-2 Fails to Switch 188GC 10GPS-3 Fails to 

Spurious Operation Close Spurious Operation Close 

OK188GBSWT | | OK100 02PSC OK188GCSWT OK10003PSC 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 155



OG Pump 1 B Fails to 
Provide Flow 

A~rO K 1411 B 
Page 153 

I 

I 

Loss of Power on [OG Pump 1B Fails to 
Keowee 600 Vac MCC Start 

1XA 
K-704, K-702 

age 149 

Low Voltage Circuit OG Pump 1B Fails to 
Breaker 1XA-2E . Run 

Transfers Position 

2ECL OK1001GPR 

Latent Human Error OG Pump 18 Control 
Fails OG Pump 1 B Circuit Fails 

O01BLHEIOi42 

Page 155 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 154



OG Pump 1B Train 
Fails to Provide 

Flow 

Page 151 OK1410B 

Manual Globe Valve Relief Valve 10G-16 
10G-15 Transfers Transfers Open 

Closed 

II 

OK015VVT ( K16RVT 

Check Valve 10G-14 OG Pump 1B Fails to 
Fails to Open Provide Flow 

14V OK1411B 

Page 154 

Check Valve 10G-14 
Transfers Closed 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 153



OG Pump 1A Fails 

Page 151 1 -27 

OG Pump 1A Fails to OG Pump 1A Fails to Loss of Power on G Pump 1A Cont Low Voltage Circuit 
Start Run Keowee 600 Vac MCC Circuit Fails Breaker iXA-iD [ XA Transfers Position 

K-704, K-702I 

I OKP13212P 

Pre ssure Switch OG Pump 1 ola Ci 

Close (Normal Relay 991<1 Fails to 
Control Signal) Operate 

|O00AP|OK01GRX1AIOK1322 IS| OK1A1CL 

Page 150 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 152



00 
All Unit 1 OG Pumps 
Fail to Supply GOPT 

OK1400 
Page 144 

All Unit 1 OG Pump Common Cause Common Cause 
Trains Fail to Failure of Unit 1 Failure of Unit 1 
Provide Flow OG Pumps to Start OG Pumps to Run 

OK1410 IOK1PSTRCOM| IOK1PRUNCOM 

OG Pump 1A Train OG Pump 18 Train OG Pump 1C Train 
Fails to Provide Fails to Provide Fails to Provide 

Flow Flow Flow 

OK1320 KOK1410C 

Page 153 Page 156 

Manual Globve lve Check Valve 1OG-11 
10G-12 Transfers Fails to Open 

Closed 
]~ 

a 

|OK10012VVT I OK10011CVO| 

Check Valve 10G-11 Relief Valve 10G-13 
Transfers Closed Spurious Operation 

I-OK10011CVT I | OK10013RVT I 

OG Pump 1A Fails 

Page 152 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



OG Pump 1A 
Emergency Control 

Relay 99K1 Fails to 
Operate 

Page 152e d OKF324a 1 
Page 148 

Losof Power on 125 Vdc Breaker 1DA- OG Pump 1A Emerg. Keowee 1 Relay 99K<1 Keowee Unit 1 Relay 
aswe 1 125Vdc 3BR Transfers Open Control Aux. Relay Fails To Operate On 99K<1 Spurious 

D. Ctr. 1DA 99K<2 Fails to Demand Operation 

duigRun K-704, OperateI I 

IDXAR XDD3CTOK1325 I|OK199K1RYD |O191Y 

P age 142 

Keowee 1 Relay 99K<2 Pressure Switch 
Fails To Operate On 10GPS-4 Fails to 

Demand Close 

OK199K2YD | |OK10004PSCI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 150



XA1XA Outputs: 
Page 166, Page 152, Page 148, Page 154, Page 157, Page 184 

Loss of Power on 
Keowee 600 Vac MCC 

1XA 
K-704, K-702 

See Output XA1XA 

List 

600 Vac MCC 1XA 600 Vac MCC 1XA 
Normal Power Fault O 

Source, Switchgear 
1X, Fails K-702 

XA1XAN XA1XAMCBLF 

600 Vac MCC 1XA MCC 1XA Is 
Normal Power .Connected to Its 

Source, Switchgear Normal Power Source 
1X, Fails K-702 

IXA1XANF W XAANORMI 

600 Vac Breaker IX- Loss of Power on MCC 1XA Is 
2C Transfers 600 Vac Switchgear Connected to Its 

Position 1X Altemnate Source of 
K-702 Power 

Page 167 

ONS-Keowee AC Power Intearated Model 7FIGURE G-1 Page 149



OG Pump 1A Fails 
(Emergency Mode) 

OK135S 
Page 141 

I I 
OG Pump 1A Fails to OG Pump 1A Fails to Loss of Power on Low Voltage Circuit OG Pump 1A Control 

Start RKeowee 600 cc Brear 1XA Circuit Fails 
1XA Transfers Position (Emergency Mode) 

K-704, K-702 

OK1001AGPS OK1001AGPR I XA1XA IOK1ADCLT IOK1360 

aage 

149 

0I I 

Keowee 1 Governor OG Pump 1A 
Oil Control Switch Emergency Control 
188GA Spurious Relay 99K<1 Fails to 

Operation Operate 

Page 150 
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OG Pump lA Train 
Fails to Provide 

Flow 
(Emergency Mode) 

OK1350 
Page 146 

Manual Globe Valve Relief Valve 100-13 
10G-12 Transfers Spurious Operation 

Closed 

OK10013RVT 

Check Valve 10G-11 OG Pump 1A Fails 
Fails to Open (Emergency Mode) 

Page 148 

Check Valve lOG-11 
Transfers Closed 

OK10011CVT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 147



OG Pressure Tank is 
Isolated And OG 

Pump 1A Train Fails 
(Emergency Mode) 

OK1 300 
Page 144 

Unit 1 OG Pressure OG Pump 1A Train 
Tank is Isolated Fails to Provide 
From Oil Header Flow 

(Emergency Mode) 

OK1310 OK1350 

Page 147 

Float Valve 10G-7 Manual Valve 10G-9 
Transfers Closed Transfers Closed 

OK10007FVT OK10009VVT  

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1 
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Loss of Unit 1 OG 
System Oil or Oil 

Pressure 

z ,EyrlOK 1200 
Page 144 

Unit 1 Governor Oil Unit 1 Governor Air 
Pressure Tank Fails (AG) System Fails 

OK10003TKF I OK1500 

Safety Relief Valve Safety Relief Valve 
1AG-4 Spurious 10G-3 Spurious 

Operation Operation 

OK1AGO4RVT IOK10003RVTI 

O0VV O 
Manual Valve 1AG-5 Air Receiver Tank 

Transfers Position 1AGTK-1 Fails 

OK1AGO5V0=K1G1K 

ONS-Knowan AC Power Inteorated Model FIGURE G-1 Pace 145



Keowee Unit 1 
Governor or Turbine 

Fails While the 
Unit Runs 

Page 106 KU1GVTBRUN 

Keowee Unit 1 Keowee Unit 1 
Governor Fails With Turbine Fails With 

the Unit Running the Unit Running 

WK1GOVRUNWKTRN 
Pae 164 

I 
Keowee Unit 1 Gov.Unt1GvroOi we1GvrrKoe nt1 

Fails to Position (G ytm FisCnrlFisGvro alr 
Wicket Gates With eweRnDrn RuCeasOvspd 

Unit RunningI Codtn 

IWK1GVRNDEXI WK1SPD2DEX 
PPag 164 Unit 1f Govrno Oi Kewe 1 Govrno Kewe Uni 1up 

(ytmOl o G) Syste Fail Conro Failsy Goero Filr 

ONS-Keoee AC oweRu InertdM Durin FIGUREeatesOverspee 

I 0 
age~ag 158ae 5 

1I 

PressureeTan i 

Isolated And OG 
Pump 1A Train Fails 

(Emergency Mode) 

Page 146 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 144



ACB3 Trip Signal ACB-3 Fails To Trip 
Fails When On Governor 

Generating To The Overspeed 
Grid 

P ACB3TRIPGO | ACB3TRIPWO 
Page 141 Page 141 

Keowee Unit 1 Is ACB-3 Trip Signal Keowee Unit 1 ACB-3 Trip Signal 
Supplying The Grid (Unit Generation) Governor Failure (Governor Failure) 

Fails Creates Overspeed Fails 
Condition 

KU1RNNG ACB3TRIPG WK1SPD2DEX ACB3TRIPW 

ge 20 

Relay 52XG/1 Fails Keowee 1 Emer Strt KU1 Magnetic Speed Relay 14GOV/1X 
To Pick Up When The Aux Rlys I ESRX/2A & Switch System Fails Fails To Pick-up 

Unit Is Started 1ESRX/2B Fail 
KEE-1 11-OE E-1 20 

AK152XGRYD YK1STR21NT AK114GVDEX AK1GV1XRYD 

A Page 113 

Relay 52XG/1 Time Delay Relay 52- Time Delay Relay 52
Spuriously Drops 1TD Spurious 1TD Fails To Pick-up 

Out While The Unit Operation 
Is Running 

AK52X GRYT AK152TDRYT AK152TDRYD 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



XD1DAR Outputs: 
Page 158, Page 141, Page 221, Page 179, Page 150, Page 185, Page 194 

Loss of Power on 
Keowee 1 125Vdc 

Dist. Ctr. 1DA 
during Run K-704, 

rXD1 OAR 
See Output 

List 

DC Distribution Loss of Power On 
Center 1DA Faulted 125 Vdc Dist. Cntr 

during Run 1DA during Run 

XD1DARBOF X|W XLXD1DASRCER| 

I AedP 
Normal Power to Alternate Pwr to 

Distribution Center Distribution Center 
1DA Fails during Run 10A Fails during Run 

XD1DANORMVR| XDIDALTR| 

Keowee 1 Normal Normal Power to Dist. Cntr. 1 DA Normal Power To 

Power Path Run Dist. Center 1DA is E Aternate Power Dist. Center 1DA Is 

Failures Occur not in Test or Path Run Failures In Test or 
Maint. Occur Maintenance 

IXDDANMRF |X1DAORW |XD10ALTRF | XD1 DALTBYM 

a 161 Pa 118 A Page 162 

ONS-Knowee AC Power Integrated Model FIGURE G-1 Paae_142



Air Circuit Breaker 
3CFailsuTo open 

Page 140 |Page 
Page 218 

I 

I0 

Air Circuit Breaker AB reaker 3CC In 125V 
3 Fails To Open Due de Distribution 

To Mechanical TrCefnter 1 DA 
Failure Transfers Position 

IAB3MECHDEXI IAD1C3CCCDTI 

Air Circuit Breaker Loss of Powro 3eAccumulator Air Keowee 1 PaVgdc 
Pressure Low Dist. Ctr. 1 DA 

during Run K-704, 

AB3ACCUDEX |XD1 DAR 

Page 142 

Air Circuit Breaker ACB3 Trip Signal 
3 Relay 52Z Fails Fails When 

To Operate Generating To The 
Grid 

| AB3R52ZR6D | ACB3TRIPGO 

Page 143 

Air Circuit Breaker ACB-3 Fails To Trip 
3 Trip Coil Fails On Governor 

To Operate Overspeed 

I AB352TCSVO ||ACB3TRIPWOI 
Pae143 

Air Circuit Breaker 
3 Accumrulator 

Pressure S wtch PS2 
Fails Low 

IAB3PEO2PSTI 

(ONS-Keowan AC Power Inteorated Model FIGURE G-1 Paae 141



Failure Of KU1 Is Connected To 
Indication That KU1 CT4 With An Over
Is Selected For The frequency Condition 

Underground 

AKi UNDER NEWMODB 
Page 139AK Page 128 

Relay 52AX/34 Relay 52AX/34X NSM-ON-52966 Is In Potentially 
Spuriously Drops-out Spuriously Drops-out Service Damaging Overspeed 

Condition Occures 
At Load Rejection 

AK1AX34RYT AK1X34XRYT NTACB4MOD WK1SPD1DEX 
Page 13 

Air Circuit Breaker 
3 Fails To Open 

Page 141 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 140 
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Air Circuit Breaker Air Circuit Breaker 
3 Fails To Close 3 Fails To Close 

Due To Electrical 
Failures 

a ACB3CLOSE I | ACB3BREAKC 
Page 138 Page 139 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
3 Fails To Close 3 Accumulator Air 3 Relay 52X Fails 3 Accumulator 

Due To Mechanical Pressure Low To Operate Pressure Switch PS2 
Failure Fails Low 

H2DE CUDE AB3R2XR6DAB3PS2PST 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
3 Fails To Close 3 Fails To Close 3 Close Coil Fails 3 Relay 52Y Failed 

Due To Latent Human Due To Electrical To Operate To Drop Out Followin 
Error Failures g Last Demand 

I AB3CLOSLHEI EA CCSV AB32Y2R6D 
Pae 139 

Common Cause Time Delay Relay 2- Air Circut Breaker 
Failure Of ACBs 2 1TD Fails To Pick-up 3 Y-relay Spurious 

And 3 Operation 

RYD AB352Y2R6T 

A Pge 19 
KU1 CCF Of 2/3 Failure Of 

Overfrequency Indication That KU1 
Relays To Reset Is Selected For The 

When Frequency Drops Underground 

AROCOMI ADEI7 
Page 140 

ONS-Keowee AC Power Intearated Model FIGURE G-1 Page 139



ONS3 Cable Room Key Air Circuit Breaker 
Operated Switch 3 Fails To Connect 
3SSWB' Fails KU1 To The 

OEE-320-1 Underground Path 

I YO3SSWBF P INEWMODA 
Page 137 Page 128 

Operator Fails to Control Switch NSM-ON-52966 Is In Air Circuit Breaker 

Operate Keowee 3SSWB' Fails To Service 3 Fails To Close 
Start Switch 3SSWB' Close On Demand 

YO3SSWBRHE YO3SSWBSWCI NTACB4MOD ACB3CLOSE 

Page 13 Page 139 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 138



Oconee 3 Channel B 
Keowee Emergency 
Start Relay CR3B 

Fails 

YO3KESCHBF 
Page 115 

Breaker 3DIB-2 Loss Of Power On Oconee 3 Channel B ONS3 Keowee Emer 
Transfers Open 125 Vdc Panelboard Keoee Emer Strt Start Relay CR3B 

OEE-320-1, O-2705 3DIB Sg Initiators Fail Fails to Pick Up S,: OEE-320-1 

YO3DIB2CDT |Y| D BXD |Y3KSCHBIF | YORBYT 

ONS3 Keowee Emer ONS3 MFB Monitor Ch ONS3 Keowee Chan B ONS3 Cable Room Key 
Start Sw S3B Fails B Keowee Start Sig Start Signal Fails Operated Switch 

OEE-320-1 Fails for ESG Initiation 3SSW'B' Fails 
OEE-320-1 OEE-320-1 

YO3S3B I YO3MFBMB | YO3ESGBF IYO3SSWBFI 

A Page 138 

Operator Fails to Control Switch S1B ONS3 ESG Chan. 2 Ro An Engineered 
Operate Keowee Fails To Close On Relay Fails to Pick Safeguards 

Start Switch 3S1B Demand Up Condition Does Not 
OEE-320-1 Exist 

I YO30PFBRE I I YO3SBFSWC I IEU3C2RORYD IESOD TI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 137



Oconee 2 Channel B 
Keowee Emergency 
Start Relay CR28 

Fails 

YO2KESCHBF 
Page 115 

Breaker 201B-2 Loss of Power on Oconee 2 Channel B ONS2 Keowee 
Transfers Position 125 V dc Panelboard Keowee Emer Strt Emergency Start Rela 

2DIB Sig Initiators Fail y CR2B Fails to Pick 
OEE-220-1 Up OEE-220-1 

Y2DIB2CDT DYO2KSCHBIF |YO2CR2BRYD 

ONS2 Local Locked ONS2 MFB Monitor Ch Oconee 2 Channel 2 
Selector Switch B Keowee Start Sig Engineered 
2SSWB' Fails Fails Safeguards Signal 

I Fails OEE-220-1 

YO2SSWBF YO2MFBMBF 

Operator Fails to Control Switch ONS2 ESG Chan. 2 Ro An Engineered 

Operate Keowee 2SSWB' Fails To Relay Fails to Pick Safeguards 
Start Switch 2SSW'B' Close On Demand Up Condition Does Not 

OEE- 220-1 Exist 

YO2SSWBRHE YO2SSWBSWC EU2C2RORYD ESCONDNOT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1 

0 0



Oconee 1 Channel B 
Keowee Emer Strt 
Sig Initiators Fail 

OEE-120-1 

YOI KSCHBIF 
Page 115 

1II 

ONS-Keowee ACeower n ertdMdl IUEG1Page 135 

EPS Channe2 ONS1 Keowee Chan. B ONS1 MFB Monitor N1Ca.BKoe 
Keoee Start SinlStart Signal Fails Channel B KeoweeMaulS rt ig l 

Fails For ESG Initiation Start Signal FailsFal 
E l ~~OEE-120-1OE-21 

IEGTPSCH2F I YO1ESGBF Y0 ESO1FBB2 

Page 90 

ONS1 ESG Chan An EngineeredOprtrfisoCnrlSwchS1 
Relay Fails tPikSafeguards oeaeKoe al oCoeO 

Up Condition Does Not satsic 13Dmn 
Exist 

I EUC2ROLDJ ESCODNOI ON1Ca.BKoe 

ONS-Keowee ~ ~ ~ ~ ~ Maua Star Soe nerae oe IG-1F ag 3



ONS3 Cable Room Key Normal Power to 
Operated Switch Dist Center 2DA is 

3SSW'A' Fails not in Test or 
OEE-320 Maint.  

r YO3SSWAF IN ORWF 
Page 133 Page 88 

Page 163 

Operator fails to Control Switch Normal Power To 
operate Keowee 3SSW'A' Fails To Dist Cntr 2DA Is In 

Start Switch 3SSW'A' C lose On Demand Test or Maintenance 

YO3SSWARHE Y03SSWASWCI~TB 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 134



Oconee 3 Channel A 
Keowee Emergency 
Start Relay CR3A 

Fails 

YO3KESCHAF 
Page 114 

Breaker 3DIA-2 Loss Of Power On Oconee 3 Channel A 0NS3 Oh A Keowee 
Transfers Open 125 V dc Panelboard Keowee Emer Stri Emergency Start 

OEE-320, O-2705 3DIA Sig Initiators Fail RlyC1AFisT 

ONS3 Keowee EONS3 MFB Monitor Oh Oconee 3 Channel A ONS3 Cable Room Key 
Start Sw 3A FEA Keowee Start Sig Engineered Operated Switch 

OEE-320 Fails Safeguards Signal 3SSWA' Fails 
OE-2 Fails OEE-320 OEE-320 

I0S3 IY3FBA I03SIA 

APge 134 

operator fails to Control Switch SlA KNe3 ESG Chan. 1 Ro An Engineered 
operate Keowee Fails To Close On Relay Fails to Pick Safeguards 

Fails2 OE-30 iEE32 

YY3OP FARHE| 3S1AFSWC YO3MFMA|D YESCONNOT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 SgPagea13r



Oconee 2 Channel A 
Keowee Emergency 
Start Relay CR2A 

Fails 

YO2KESCHAF 
Page 114 

Breaker 2DIA-2 Loss Of Power On Oconee 2 Channel A ONS2 Ch A Keowee 
Transfers Position 125 V dc Panelboard Keowee Emer Sin Emergency Start 

2DIA Sig Initiators Fal Relay CR2A Fails to 
OEE-220 Pick Up OEE-220 

D2DIAXXDEX YO2KSCHAIF |2ARYD 

ONS2 Local Locked ONS2 MFB Monitor CH Omnee 2 Channel 1 
Selector Switch 1 A Keowee Start Sig Engineered 
2SSWA' Fails Fails. Safeguards Signal 

OEE-220 Fails OEE-220 

YO2SSWAF | BMA YO2ESGAF 

Operator Fails to Control Switch ONS2 ESG Chan. 1 Ro An Engineered 
Operate Keowee 2SSWA' Fails To Relay Fails to Pick Safeguards 

Start Switch 2SSW'A' Close On Demand Up Condition Does Not 
OEE-220 Exist 

IYO2SSWARHEI O2SSWASWC EU2C1RORYD| |ESCONDNOTI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 132



Oconee 1 Channel A 
Keowee Emer Stri 
Sig Initiators Fail 

OEE-120 

Page 114 YO1KSCHAlF 

TPS Channel 1 ONS1 Keowee Chan. A ONS MFB Monitor ONS1 Channel A 
veoee Start Signal Start Signal Fails Channel A Keowee Keowee Manual Start 

Fails For ESG Initiation Start Signal Fails Signal Fails 
OEE-120 OEE-120 

EGTSC~F YO1ESGAF|YOMBA| YO1ESI1I 

Pae 90 

ONS1 ESG Chan. 1 Ro An Engineered Operator fails to Control Switch S1A 
Relay Fails To Pick Safeguards operate Keowee Fails To Close On 

Up Condition Does Not start switch S1A Demand 
OEE-120 Exist 

EU1C1RORYD1 1 SODOIIYO10PSARHEI |Y11FW 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 131



Air Circuit Breaker Keowee 1 Governor 
1 DC Power Fails Control Fails 

During A Hot Start 
Sequence 

Page 129 ACBDCPWR 
YK1HOTSTRT 

Loss of Power on Breaker 3CL In 125V Keowee 1 Emer Strt oss of Power on 
125 Vdc Dist. Cntr. de Distribution Aux Plys 1ESRX/lA & 125 Vdc Dist. Cntr.  
1DA during Start Center 1 DA 1 ESRX/1 B Fail A during Start 

Transfers Position KEE-113 

IXD1DASRCESI AD1C3CLCDT Y XD1DASRCES 

A Page 117 2 ae 112 A Page 117 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page



Air Circuit Breaker 
1 Fails To Open 

A KEE-114 

Page 128 IACB10PEN 
Page 305 

T 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
1 Accumulator Air 1 Fails Due To 1 Fails To Open Due 1 Fails To Open Due 

Pressure Low Electrical Failures To Mechanical To A Latent Human 
Failure Error 

I AB1ACCUDEX 1IACB1ELEC I BMCOXAB10PENLHE 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
1 Fails Due To 1 Fails To Open 1 DC Power Fails 

Electrical Failures Automatically 
Of The Breaker 

ACBBREAK |ACB1AUTO IACB1DCPWRI 

N APage 130 

Air Circuit Breaker Air Circuit Breaker Keowee 1 Emter Strt Time Delay Relay 52
1 Relay S2Z Fails 1 Accumulator Aux Rlys 1ESRX/1A & 1TD Spurious 

To Operate Pressure Switch PS2 1ESRX/18 Fail Operation 
Fails Low KEE-1 13 

IAB1RS2ZR6D ||AB1PSO2PST | YKlSTRTINT I|A12DY 
Page 112 

Air Circuit Breaker 
1 Trip Cail Fails 

To Operate 

ONS-Keowan AC Power Intearated Model TFIGURE G-1 Paae 129



Keowee Unit 1 
Startup Fails When 

The Unit Has Been Ge 
nerating To The Grid 

KUiSPINNG 
Page 106 

Keowee Unit 1 Is Keowee Unit 1 Fails 
Supplying The Grid To Disconnect Or 

Load 

I N KU1RNNGKU1SPINSI 

age 201 

Air Circuit Breaker Keowee Unit 1 Air Circuit Breaker M d IG GPa 1 Fails To Open Governor or Turbine 3 Fails To Connect 
KEE-1 14 Fails During a Hot KU1 To The feen Codtn 

Start Underground Path 

[AB1PE1 KU1GVTBHOT INEWMVODAl 
Pge 129 . Page 18g 4 

Keowee Unit 1 Gov.77Keowee 1 Governor 
Fails to Position Control Fails 

Wicket Gates During A Hot Start 
During Hot Start Sequence 

WK1 GVHTDEX ||YK1HOTSTRT | 

CT4e With AnOvr 

TurbPage 130l 

During a Hot Start 

ONS-Keowee AC Power Integrated Model FIGURE G-17 Page 128



Keowee Unit 1 Base Keowee Unit 1 Emerg Keowee Unit 1 
Adjust Faits To Set Lockout Due to Fault tUtNr 
Unit Voltage Within Actuation of Generatl Pucks U Case U Srro 

The Acceptable Range or Protective Relay 

Page 119 BASE1 Page 212 GK186E1 PageE107G 

Page 119 
Page 190 

Keowee Unit 1 Base Keowee Unit 1 Base Keowee Unit 1 Ernrg Keowee 1 Emergency Koe nt1Fiuet ls 
Adjust Fails To Adjust Is Set Lockout Due to -Lockout Relay 88E-1 Gnrlni~utteUi eta 

Establish Correct Incorrectly Actuation of Generat Spuriously Picks Up Cue ntSatGon icnetF 
Unit Voltage or Protective RelayFiueIoin aneac 

I EKlBASEDEX | |EKlBASELHE II K861 GK186E1RYT I IG101G ~ GCH 

Page 107 KU GE CL3 

ONS-Keow AC Keowee Unitrte 1o e FaIlure to1 Close 12



Keowee Unit 1 Field 
Flashing Breaker 

A Fails To Open 

Page 119 FLSHOPEN1 

Keowee Unit 1 Fails Keowee Unit 1 Field Keowee Unit 1 Field 
To Receive A Trip Flashing Breaker Flashing Breaker 

Signal Trip Coil 31/T Fails To Open Due To 
Fails To Operate Latent Human Error 

FFB1TRIP EK1R31TRYD EK1FLSOLHE 

Keowee Unit 1 Field Keowee Unit 1 
Flashing Breaker Volts/Hertz Relay 

Tirne Delay Relay 31/ SV Fails To Trip Fie 
TD Fails To Operate Id Flashing Breaker 

ONS-Knowee AC Power Inteorated Model FIGURE G-1 Page1



Keowee Unit 1 Field Keowee Unit 1 Field 
Flashing Breaker Flashing Breaker 

Close Circuit Fails Spurious Trip 
Signal Is Present 

a GFFBFAIL1 | | FFTRIP1 
Page 124 Page 124 

Keowee Unit 1 Field KHU1 Gen Field Flash Keowee Unit I Relay KHU1 Field Flashing 
Flashing Breaker ing Breaker Y-relay 90X1AfTD Spurious Breaker Trip 

Relay 31/X Fails To Failed To Drop Out A Operation Control Switch 131/T 
Pick-up On Demand t Last Operation Spurious Operation 

icku nDmn I I I 
F EK1R31YRYD A1RY K1S31TSWT 

Keowee Unit 1 Field KHU1 Generator Keowee Unit 1 Field Keowee Unit 1 Relay 
Flashing Breaker Field Flashing Flashing Breaker Tim 90X1A Spurious 

Close Coil Fails To Breaker Y-relay e Delay Relay 31/TD Operation 
Operate On Demand Spurious Operation Spurious Operation 

CFRYD | 31YA ITDRY EK1901ARYT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 125



Keowee 1Unit1 SGn Keo wee Unit 1 Fiel d 
Lockt 1 AuFla i Breaker a e 
1ZRX1 Cse Du 

NK8ERT OFLCOE 

Page 1119 

Keowee Unit 1 Felda Keowee Unit 1 Pael2 

FOlCSuiu Rashing Breaker Spl rae 

o~iga Mehnia Failure 

I ~R9l6 FTIP 

P age 122 

Keowee Un1 mentr Keowee Unit 1 Field 
A kux y 1E/Au&xFlashn BreakersT 

1ERea 8X/1 alFisT CloseDu T 

ui IcutonI r 
Y K1STERIT I EKFLCLEI 

Pagee 112 

Keow~ Uni 1 eowe Leoit 1ni Fil 
RashnFlahin Breaker ppy reke 

Fails ToClo lose Cici Fails T ls 

Pagea 125 

(1NR-Knwan AC ower Interted Mode FIGUR G- Pae12



Keowee Unit 1 
Supply Breaker 

Close Circuit Fails 

Page 122 GSBFAILi 

Keowee Unit 1 KHU1 Generator 
Supply Breaker Supply Breaker Y-rel 

Relay 41-52X Fails ay Failed To Drop-ou 
To Pick-up On Demand t At Last Operation 

EK1XRYD | K5YRY 

Keowee Unit 1 KHU1 Generator 
Supply Breaker Supply Breaker Y

Close Coil Fails To relay Spurious 
Operate On Demand Operation 

E1S41RYD I M eK15YR | 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 123



Page 124 

Keowee Unit 1 Keowee Unit 1 Keowee 1 Emer Strt Keowee Unit 1 Keowee Unit 1 Keowee Unit 1 
Lockout Auxiliary Supply Breaker Aux Rlys 1ESRX/2A &7 Supply Breaker Generator Supply Supply Breaker 
Relay 86EX-2 Is Fails To Close Due 1ESRX/2B Fail Close Circuit Fails Breaker Spurious Tri Fails To Close Due T 

Picked-up To Mehanical Failure KE-111,-OEE-120 p Signal Is Present o Latent Human Error 

I EK186E2RYT I EKISPYMDEX I KSR1TIIGSBFAIL1 I|GSBTRIP1 ISPCH 

<> Page 1.13 Page 123 

Keowee Unit 1 Relay KHU1 Generator Suppl 
41/AX Fails To Pick! y Breaker Trip Contr 

up And Latch ol Switch 141-52/ TS 
purious Operation 

EKl41AXR6D II EK14152SWTI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 122



Unmodified GFB Modified GFB 
Circuit Fails Circuit Fails 

Page 119 EK1 NOMOD Page 119 EKiMOD 

NSM-ON-52966 Is Not Keowee 1 Master NSM-ON-52966 Is In Auxiliary Relay 
In Service Relay 4A Fails To Service 99SX1 Fails To Pick

Pick Up On Start up 
KEE-113 

ACB4MOD I YK1MR4ASRT NTACB4MOD EK199SXRYD 

5 Page 111 Page 13 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 121



Keowee Unit 1 Keowee Unit 1 
Generator Field Generator Field 
Breaker Close Breaker Spurious Tri 

Circuit Fails p Signal Is Present 

GFBFAILi GFBTRIP1I 
Page 119 Page 119 

Keowee Unit 1 Field KHU1 Generator Keowee Unit 1 Relay KHU1 Field Breaker 
Breaker Relay 41/X Field Breaker Y-rela 99SY Fails To Pick- Trip Control Switch 
Fails To Pick-up On y Failed To Drop-out up 141/T Spurious 

Demand At Last Operation Operation 

1XRYD 1YRYD| EK199SYRYD EK1S141SWT 

Keowee Unit 1 Field Keowee Unit 1 
Breaker Close Coil Generator Field 

Fails To Operate On Breaker Y-relay 
Demand Spurious Operation 

I EK1F41CRYD 1YR 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 120



Keowee Unit 1 Keowee Unit 1 Field 
Generator Breaker Faits To 

Excitiation Fails Close 
During A Cold Start 

KU1GEXCLD 
9 FLDCLOSE 

DPage 124 

Keowee Unit 1 Field Keowee Unit 1 Emerg Keowee Unit 1 Gen Keowee Unit 1 
Breaker Fails To Lockout Due to Lockout Auxiliary Generator Field 

Close Actuation of Generat Relay 86EX-1 Breaker Spurious TA 
or Protective Relay Spurious Actuation p Signal Is Present 

IF S1 I 8 EEK186EXRYT ||GF 

A Page 119 Page 127 
age 120 

Keowee Unit 1 Keowee Unit 1 Gen Keowee Unit 1 Field Unmodified GFB 
Supply Breaker Excitation Breaker Fails To Circuit Fails 
Fails To Close Transformer Is Close Due To 

Failed Mechanical Failure 

SPLCLOE1I EK1EXCITGF II EK1FLDMDEX | EK1NOMODI 

Page 122 Page 121 

12 

Keowse Unit 1 Field Breaker 3D In 125V Kowee 1 Emer Strt ModPifiedGFB 
Flashing Breaker dc Distribution Aux Rlys 1ESRX/1A & Circuit Fails 
Fails To Close Center 1 DA 1ESRX/1B Fail 

I I Transfers Open KEE-1 13 1 

Page 124 PageCD 112 E~MDPage 121 

Keowee Unit 1 Field Loss of Power on Keowee Unit 1 Keowee Unit 1 Field 
Flashing Breaker 125 Vde Dist. Cntr. Generator Field Breaker Fails To 
Fails To Open 1DA during Start Breaker Close Close Due To Latent 

Circuit Fails Human Error 

Pag 126 Pag 117 Page 120 

Keowee Uniit 1 Base 
Adjust Fails To Set 
Unit Volta ge Within 

The Acceptaible Range 

Page 127 
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Normal Power to 
Dist. Center 1DA is 

not in Test or 
Maint.  

Page 142 D 
Page 117 

Normal Power To 
Dist Center 1DA Is 

In Test or 
Maintenance 

XD1DALTBYM 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 118



XD1DASRCES Outputs: 
Page 109, Page 130, Page 114, Page 130, Page 221, Page 119 

Loss of Power on 
125 Vdc Dist. Cntr.  

1DA during Start 

XD1 DASRCESI 
See Output 

List 

Normal Power to Alternate Power to 
Dist. Cntr. 1DA Dist. Cntr. DA 

Fails during Start Fails during Start 

XD1 DANORMS IXD1DALTSI 

Keowee Battery No. Normal Power to Keowee Battery No. Normal Power To 
1 Fails During Dist. Center 1DA is 2 Fails during Dist. Center 1DA Is 

Discharge not in Test or Discharge In Test or 
Maint. Maintenance 

XD1KBATBYF 1 |XD1DANORWF XD2KBATBYF XD1DALTBYM 

o Page 118 M 

ONS-Keowee AC Power Intearated Model FIGURE G-1 Page 117



Keowee 1 Emergency 
Load Solenoid 99SN F 

ails To Re-Energize 
At 122rpm KEE-111 

Page 109 YK1S122RPM 

K1 Emergency Load Keowee 1 Speed 
Solenoid 99SN Fails Switch 13 Fails to 
To Pick Up/Drop Out Close at 122 rpm 

KEE-1 11 

YK199SNRYD YK1SS13SSD I 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 116



Start Channel B Keowee Emergency 
Fails 

OEE-120-1 

Page 112 YKESRXB 
Page 113 
Page 11 
Page 223 

Loss Of Power On Breaker 2DA-2CC Keowee Emergency Fuse 2DA-2CC Fails 
1 25V dc Dist Cntr Transfers Open Start Channel B 

Initiators Fail 
OEE-120-1 

XD202CCCDT | YKESBINITF YCCFUF 

ae 88 

I 

Oconee 1 Channel B Ocnee 2 Channel B Oconee 3 Channel B 
Keowee Emergency Keowee Emergency Keowee Emergency 

Start Relay KB Fails Start Relay CR2B Start Relay CR3B 
Fails Fails 

YO1KESCHBF |YO2KESCHBF YO3KESCHBF 
Page 136 Page 137 

I I 
DC Circuit Breaker Oconee 1 Channel B 

1DIB-2 Transfers Keowee Emer Strt 
Position Sig Initiators Fail 

OEE-120-1 

I YO1IB2CD I IYO1KSCHBlFI 

Page 135 

Loss Of Power On Oconee Unit 1 Chan.  
125 V dc Panelboard B Keowee Emergency 

1DIB Start Relay Fails 
OEE-120-1, O-705 OEE-120-1 

D1DBXXEX oI XXB  

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 115



Keowee Emergency 
Start Channel A 

Fails 
OEE-120 

A YKESRXA 

Page 113 
Page 11 
Page 223 

Loss of Power on Breaker 1DA-4CR Keowee Emergency Fuse 1DA-4CR Fails 
125 Vdc Dist. Cntr. Transfers Open Start Channel A 

1DA during Start Initiators Fail 

OEE-120 
XD1DASRCES XD104CRCDT YKESAINITF | CRFUF 

A Page 117 

Oconee 1 Channel A Oconee 2 Channel A Oconee 3 Channel A 
Keowee Emergency Keowee Emergency Keowee Emergency 

Start Relay KA Fails Start Relay CR2A Start Relay CR3A 
F 1ails Fails 

YO1KESCHAF IYO2KESCHAFI |Y3KE SCHAF 

Page 132 Page 133 

DC Circuit Breaker Oconee 1 Channel A 
1DIA-2 Transfers Keowee Emer Strt 

Position Sig Initiators Fail 
OEE-120 

IvoI 

| YO1DI2CDT IYO1KSCHAIFI 

A Page 131 

Loss Of Power On ONS1 Ch A Keowee 
125 V dc Panelboard Emergency Start 

1 DIA Relay KA Fails to 
OEE-120, O-705 Pick Up OEE-120 

DIACXXDEX | Ynt XKaYd M 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 114



Keowee 1 Emer Str 
Aux Rlys 1ESRX/2A & 

1 ESRX/2B Fail 
KEE-111,-OEE-120 

Page 11 1 YK1STR21NT 

Page 143 
Page 122 

Keowee Unit 1 Keowee Unit 1 
Emergency Start Emergency Start 

Channel A Signal 2 Channel B Signal 2 
Fails OEE-120 Fails OEE-120-1 

YK1ESRX2A IYK1ESRX28 

Keowee 1 Emergency Keowee Emergency Keowee 1 Emergency Keowee Emergency 
Start Aux Relay Start Channel A Start Aux Relay Start Channel B 

1ESRX/2A Fails To Fails 1ESRX/2B Fails To Fails 
Pick Up OEE-120 OEE-120 Pick Up OEE-120-1 OEE-1 20-1 

YK1 ES2ARYDO KSX KESBY KSX 
Page 114 FI ge 115 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 113



YKiSTRTINT Outputs: 
Page 130, Page 111, Page 129, Page 119, Page 124 

Keowee 1 Emer Strt 
Aux Rys 1ESRX/1A & 

1ESRX/1B Fail 
KEE-113 

IYK1STRTINT 
See Output 

List 

Keowee Unit 1 Keowee Unit 1 
Emergency Start Emergency Start 

Channel A Signal 1 Channel B Signal 1 
Fails OEE-120 Fails OEE-120-1 

YK1ESRX1A ||YK1ESRX1B| 

Keowee 1 Emergency Keowee Emergency Keowee I Emergency Keowee Emergency 
Start Aux Relay Start Channel A Start Aux Relay Start Channel B 

1ESRX/1A Fails To Fails 1ESRX/1B Fails To Fails 
Pick Up OEE-120 E OEE -120 Pick Up OEE-120-1 OEE- 120-1 

YK1ES1ARYIYKESRXA 

P age 114 Page 115 
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Ki Shutdown Keowee 1 Master 
Auxiliary Relay Relay 4A Fails To 

99SX Fails To Pick Pick Up On Start 
Up On Start KEE-1 13 

| YK199SXSRT P YK1MR4ASRT 
Page 110 Page 111 
Page 180 Page 121 

Page 180 

Keowee 1 Shutdown Keowee 1 Emer Strt Keowee 1 Emer Strt Keowee 1 Start 
Solenoid Aux Relay Aux Rlys 1ESRX/2A & Aux Rlys 1ESRX/1A & Master Relay 4A 
99SX Fails to Pick 1 ESRX/2B Fail 1 ESRX/1 B Fail Fails To Pick Up 

Up KEE-111 KEE-111,-OEE-120 KEE-113 KEE-113 I. I I I 
YK199SXRYD YK1STR21NT YKlSTRTINT I YK1MR4ARYD 

Page 113 Page 112 

Keowee 1 Master 
Relay 4A Fails To 
Pick Up On Start 

KEE-1 13 

YK4ASRT 
Page 111 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 111



Keowee 1 Emergency Ki Emergency Load 
Load Sol 99SN Fails Solenoid 99SN Fails 
To Drop Out At 65 To Pick Up On Start 

rpm KEE-111 

YK1SS65RPM YK199SNSRT 
Page 109 Page 109 

Ki Emergency Load Keowee 1 Speed Ki Emergency Load Ki Shutdown 
Solenoid 99SN Fails Switch 14-3 Fails Solenoid 99SN Fails Auxiliary Relay 
To Pick Up/Drop Out to Open at 65 rpm To Pick Up/Drop Out 99SX Fails To Pick 

KEE-1 11 Up On Start 

|YK199SNRYD YK114X3SSD YK199SNRYD YK199SXSRT 

A Page 111 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 11



Keowee 1 Governor 
Control Fails 

During Cold Startup 
Sequence 

Page 107 IYK1CLDSTRT 

Page 107 

Keowee 1 Cold Start Loss of Power on 
Fails 125 Vdc Dist. Cntr.  

1DA during Start 

YK1CLDSRTF XD1DASRCES 

Page 117 

Keowee 1 Emergency Keowee 1 Shutdown Load Sol 99SN Fails Solenoid 99SD Fails 
During A Cold Start To Pick Up 

IYK199SNCF Y19DY 

KeweIEegyKeowee 1 Emergency 
Load Sol 99SN Fails La oeod9S 
To Drop Out At 65aisTReErgz 

rpm KEE-111At12p E

IYK1SS65RPM YKS22PV 
Kewe 1meEmergencya 
LodSolenoid 99SN F 

Tail Toc Re-Energize 

Page~~ 111Pge11 

ONS-Keowee~~~K EmPo ergItaen LoadFG R G 1 Pae1



Keowee Unit 1 Start 
Is Required 

Pa10 KU1STARTR 
Page 107 
Page 301 

Keowee Unit 1 Is Keowee Unit 1 Is 
Not Generating To Not Generating To 

The Grid Alone jThe Grid With Unit 2 

] KK1NRUN KBOTHNORN 

Keowee Unit 1 Only Units Not The Overhead Unit 
is Supplying The Gererating To The (2) Is Unavailable 

Grid Grid Simultaneously Due To Maintenance 

KNOTBOTHKK2UNITHYM 

Keowee Units 1 And 
2 Are Supplying The 

Grid 

K-l BOTDEX 
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Keowee Unit 1 Fails 
To Start From 

Standby 

Keowee Unit 1 Start Keowee Unit 1 Fails 
Is Required To Start 

TKU1STARTF 
Page 108 

Keowee Unit 1 Keowee 1 Governor Keowee Unit 1 Keowee Unit 1 
Governor or Turbine Control Fails Generator Generator Fails 
Fals During a Cold During Cold Startup Excitiation Fails During a Cold Start 

Start Sequence During A Cold Start 

KU1GVTBPage 109 Pa e 119 OPage 127 

Keowee Unit 1 Gov. Keowee 1 Governor 
Fails to Position Control Fails 

Wicket Gates During During Cold Startup 
a Cold Start Sequence 

WK1GVCDDEX YK1CLDSTRT 

w APage 

109 

Keowee Unit 1 Latent Human Error 
Turbine Fails Fails Keowee 1 

During a Cold Start Governor During 
Cold Start 

WKITBCDDEXI |WK1GVCDLHEI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 107



Keowee Unit 1 Fails 
To Supply The 

Underground Power 
Path 

KU1UNDERO 

10I 

Page 
105 

Keowee Unit 1 Fails Air Circuit Breaker 
To Start Or Run 3 Transfers Open 

KU1UNDER A 

Pae 211 

Keowee Unit 1 Fails Keowee Unit 1 Fails 
To Start To Run 

KU1STARTO IURU 

Keowee Unit 1 Fails Keowee Unit 1 Keowee Unit 1 Keowee Unit 1 
To Start From Startup Fails When Governor or Turbine Generator Fails 

Standby The Unit Has Been Ge Fails While the While the Unit Runs 
nerating To The Grid 

Pag7e 28e 144 Pa 190 

1Keowee Unit 1 
Generator 

Excitation Fails 
While The Unit Runs 

IK1GTBUN IU1ENUN 

Page 188 
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00 

Power To CT4 Via 
The Underground 

Path From Keowee 
Fails 

Page 104 UNDERo 

Page 104 

Oconee Emergency Keowee Failure Due 
Power Via The To Common Mode 

Underground Path Failure 
Fails 

UNDERTOP 

TPage 91 

Both Keowee Units Underground Path 
Fail To Supply The Fails To Connect 
Underground Path Keowee To Oconee At 

CT4 

NouNIT IIUPATHTOPI 

Keowee Unit 1 Fails The Underground Underground Feeder Fault Occurs OnTh 
To Supply The Supply Is Not Lockout Relay 86EF Underground Powe 

Underground Power Recovered By Using Picks Up Path 
Path Keowee Unit 2 

KUU Page 106 Page 214 Page 213 

CT4 In Maintenance Latent Human Error 
(not allowed with on CT4 Maintenance 

KU2 in maint) 

MAINT | SXFRC4HI 

Page 300 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



Breaker1 ker SK1 ea er s o w 1 a keer aker Bus 1 R ea s K Closi 1 o 

TrasfrsOpnen cilCopo e TranfergroundC a Openmpo e Unegon 

Commonro KeuseePCommFnm Keowe 

Failure Fail SekrF Fail 

PaPag 105 Page 105 15PS2 

LsOfPower Ono 4160e VPaoBeaer Los Of s Power Ono 41609 Voe ac Breake 

And VdPaeTrd1 Fails Tos1 V e Pneba SK Fus C oslse 

Q )Miteac ComonCauetenCmmnnCus D1DICeowee ACower D1DID | PACXS K2C 

Breaker 1DI-2 BRe a ker SK PCosing BreVaak BRe a ker SK2e ClosingVi 
Transfers OpnCicihCmo e Transfersn Open Cirui Componentn 

Failure Failur 

I ~ PK1 S PDC1C25CD IS2LS |PCSlMOj| D1D7DTIPAS2CO 

Modul ulePge10 

Losaiur Of Breaker Faiur Of6 BreakersLssO Pwr n410V cBrae 
125SK Vd aab A d SK2 To aCl s SK1 Coe15Vd b A d SK2 Toil Closeos 

PACS12CO I PACSK12COM 

TransCommone CarusCme n .CommonsOpe CusCme n 

ONS-Kiowee ACPweaneoaeiMdluIUEr-eaa 0



Standby Bus 1 Main Feeder Bus 1 Main Feeder Bu 2 Standby Bus 2 
Mainenance maintenance Not In Maintenance Maintenance 
Unavailability Unavailabilty Unavailability 

P3 

PS 

Standby Bus 1 is In Standby Bus 2 Not Main Feeder Bus 1 Main Feeder Bus 2 Main Feeder Bus 2 Stanby Bus 2 Is In Standby Bus 1 Not Maintenance in Maintenance Is In Maintenance Not In Maintenance Is In Maintenance Maintenance In Maintenance 

1PACXSBIBHMI PSM2MN IPACMFB1BHM PMFB2MN IPACMFB2BHM IPACXSB2BHM PSM1MN 

N Page 10303 

StanMb MBus 2els In Stanb Bus 1 Is In 

I PACXSB2BHM I I PACXSB1BHMI 
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Loss Of Battery 1CB 

A 01GB BAT 
Page 101 

125 V dc Battery 125 V dc Battery 
1CB Fails 1CB Breaker 2A 

Transfers Open 

DDC1DCBBYF DDC1B2ACDT 

AC Power Is Not 
Restored To Battery 

Chargers 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



Loss Of Power On 
125 V dc 

Distribution Center 
1DCB 

Page 100 DDCB 

Page 317 

125 V dc No Power To 125 V 125 V dc 
Distribution Center dc Distribution Distribution Center 

1DCB Fault Center 1DCB 1DCB Is In 
Maintenance 

DDC10CBBDF | | 01DCBPOW DDC1DCBBDM 

Loss Of Battery Loss Of Battery 1CB 
Charger 1CB 

Page 102 

Battery Charger CCB 600 V ac MCC 1XS2 
Fails Breaker F4D 

Transfers Open 

125 V dc 
Distribution Center 
1DCB Breaker 1B3 
Transfers Open 

DDC1B DT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 101



Isolating Transfer 
Diode 3ADB Circuit 

2 Fails 

Page 99 D3ADB2 

125 V dc Isolating Transfer 
Distribution Center Diode 3ADB Circuit 
1DCB Breaker 3C 2 Failure 

Transfers Open 

DD18CCT |DDD2D F| 

Unit 1 Backup To Loss Of Power On 
Unit 3 Isolated At 125 V dc 
Diode For Ground Distribution Center 

Detect. 1DCB 

DOC3DIM01C 

Page 101 
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Loss Of Power On 
125 V dc Panelboard 3DIB 

Page 98 D3DIB 

Page 309 
Page 316 

125 V dc Power Isolating Transfer 125 V de Power 
Panelboard 3DIB Diode 3ADB Fails Panelboard 3DIB Is 

Fault In Maintenance 

DDC3DIBBDF D3ADB DDC3DIBBDM 

Isolating Transfer Isolating Transfer 
Diode 3ADB Circuit Diode 3ADB Circuit 

1 Fails 2 Fails 

ID3ADB1 |DAB 

Page 100 

Loss Of Power On 125 V de 
125 V dc Distribution Center 

Distribution Center 3DCA Breaker 3D 
3DCA Transfers Open 

Page 94 

Isolating Transfer 
Diode 3ADB Circuit 

1 Failure 

' DDC81DIF9 
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Breaxer si Hemains tana tandy Bus I Powra oy us1 owrrnay usi an 
Open ainteance ourcelFal 

I~~~~~~~~Pg PS S2 ~g 0 ~g 0 A H 

81~~Brae Clo1n Circuit Commony Caus Breakerdb1 Fu 1t ToSPls nit rae DC2o ss Ofadb Pow r Onil 

I, I 

Loss Of P wram Ons Los OuPweUO 

Pg93Page 99 ae 0 

(HIR-KanwLA(s Powf Int rtd Modn FLGUR G-1 Pacer 98



Loss Of Battery 1CA 

A Dl CABAT 
Page 96 

125 V dc Battery 125 V dc Battery 
1CA Fails 1CA Breaker 2A 

Transfers Open 

DDC1DCABYF IDDC1A2ACDT| 

AC Power Is Not 
Restored To Battery 

Chargers 
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Loss Of Power On 
125 V dc 

Distribution Center 
1DCA 

Di DGA 
Page 95 

Page 314 

125 V dc No Power To 125 V 125 V de 
Distribution Center dc Distribution Distribution Center 

1DCA Fault Center 1 DCA 1DCA Is In 
Maintenance 

DDC1DCABDF D1DCAPOW IDDC1DCABDMI 

Loss Of Battery Loss Of Battery ICA 
Charger 1 CA 

Page 97 

125 V dc B3attery Charger ICA 
Distribution Center Fails 
1DCA Breaker F1B 

Transfers Open 

600 V ac MCC 1XS1 
Breaker F4A 

Transfers Open 
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Loss Of Battery 3CA Isolating Transfer 
Diode 3ADA Circuit 

2 Fails 

Page 94 D3CABAT Page 93 D3ADA2 

125 V dc Battery 125 V dc Battery 125 V dc Isolating Transfer 
3CA Fails 3CA Breaker 2A Distribution Center Diode 3ADA Circuit 

Transfers Open 1DCA Breaker 3C 2 Failure 
Transfers Open 

DDC3DCABYF DDC3A2ACDT DDC1A3CCDT A2DI 

AC Power Is Not Unit 1 Backup To Loss Of Power On 
Restored To Battery Unit 3 Isolated At 125 V dc 

Chargers Diode For Ground Distribution Center 
Detect. 1DCA 

DDCBATTDEX | D31DIM D1DCA 

Page 96 
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Loss Of Power n 
125 V dc 

Distribution Center 
30CA 

Page 93 D3DCA 

Page 99 

125 V dc No Power To 125 V 125 V dc 
Distribution Center dc Distribution Distribution Center 

3DCA Fault Center 3DCA 3DCA Is In 
Maintenance 

DDC3DCABDF ID3DCAPOW DDC3DCABDM 

Loss Of Battery Loss Of Battery 3CA 
Charger 3CA 

I D3CAH | |D3CABATI 
Page 95 

125 V dc Btery Charger 3CA 
Distribution Center Fails 
3DCA Breaker 1B 

Transfers Open 

600 V ac MCC 3XS1 
Breaker F4A 

Transfers Open 
(Charger 3CA) 

O DACF4A LT 
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Loss Of Power On 
125 V dc Pan elboard 

3DIA 

Page 92 D3DIA 

Page 98 
Page 309 
Page 316 

125 V dc Power Isolating Transfer 125 V dc Power 
Panelboard 3DIA Diode 3ADA Fails Panelboard 3DIA Is 

Fault In Maintenance 

|DDC3DIABDF |D3ADA DDC3DIABDM 

Isolating Transfer Isolating Transfer 
Diode 3ADA Circuit Diode 3ADA Circuit 

1 Fails 2 Fails 

D3ADA1 1IDAA 
Page 95 

Loss Of Power On 7 125 V de 
125 V de Distributio ene 

Distribution Center :3DCA Breakr3 
3DCA Tran 

03DCA DDC3A3CCDTI 

Page 94 

Isolating Transfer 
Diode 3ADA Circuit 

1 Failure 

ADADIF 

9 
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Breaker El Remains 
Open 

PE1 CLOSE 
Page 2 

Loss Of Power On Common Cause 
125 V dc Panelboard Failure Of Breakers 

3DIA El And E2 To Close 

age 93 

Breaker 3DIA-26 Breaker El Closing 
Transfers Open Circuit Fails 

6DTMOD 
Module 

Breaker El Fails To 
Close 
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Keowee Failure Due 
To Common Mode 

Failure 

KEOWCOM 
Page 105 
Page 3 

Ig 

I Common Cause Common Mode Failure 
Failure Of Of Both Keowee Units 

Emergency Start 
Signal 

IYOSTARTCOM I KCOMNOMAIN 

Keowee Unit 2 Is Dependent Failure 
Not In Maintenace Of Keowee Units 

I K2NOMIN I IK12COMI 
a 18 

Keowee Units 1 & 2 Keowee Units 1 & 2 
Fail Due To Common Fail Due To Common 

Cause Failures Mode Failures 

Page 301 Pa 305 

ONS-Keowee AC Power Inteorated Model FIGURE G-1 Page 91



EGTPS Channel 12 Keowee Start Relay Loss of Power on 125 Vdc Swyd EGTPS Channel 2B Keowee Start Relay 
Initiators Fail 27X/STA Fails To 125 Vde Switchyard Control Power Pnbd Initiators Fail 27X/STB Fails To 

UDC Paneboard DYE DYE Bkr 9 Xrs Open OEE-76-8-A 

I ETlNTIL7SAY DDESDCDYE9CDT |SEGTP2BNIT |IL27XSTBRYD| 

ETSChannel 2 
KeweSatSignal 
Fails 

I 2SEGTPSCH 2F 
Page 90 
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Power Circuit 
Breaker 9 Fails To 

Open 

Page 85 PCB90PEN 

SWYD PCB-9 Fails PCB 9 Trip Coils 
To Trip Fail 

SPCBOO9CHO SPCBO9TCF 

PCB 9 Trip Coil #1 PCB 9 Trip Call #2 
Fails Fails 

SPCB9TC1F SPCB9TC2F 
Page 90 

Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYA DYA Bkr 9 Xrs Open 

O-802 

SDCDYA] ISDCDYA9CDTI 
Page 67 

EGTPS Channel 1 
Keowee Start Signal 

Fails 

~H1F 
Page 90 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page



XD2DASRCES Outputs: 
Page 115, Page 235, Page 226, Page 8, Page 224, Page 229 

Loss Of Power On 
125V dc Dist Cntr 
2DA During Start 

See Output |XD2DASRCES 
List 

Normal Power To Alternate Power To 
Dist Cntr 20A Fails Dist Cntr 2DA Fails 

During Start During Start 

XD2DANORMS IXO2DALTSI 

Keowee Battery No. Normal Power to Keowee Battery No. Normal Power To 
2 Fails during Dist. Center 2DA is 1 Fails During Dist Cntr 2DA Is In 

Discharge not in Test or Discharge Test or Maintenance 
Maint.  

XD2KBATBYF XD2DANORWF XD1KBATBYF XD2DALTBYM| 
Page 134 FPa 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Paae 88



ACB2 Trip Fails ACB2 Trip Fails To 
When Generating To Protect From 

The Grid Runaway Governor 

ACB2TRIPG ACB2TRIPWO Page 865 

Page L86 7 

Keowee 2 Emer Strt Time Delay Relay 52- Keowee Unit 2 ACB-2 Trip On 
Aux Rlys 2ESRX/1A & 2TD Spurious Goveror Failure Runaway Governor 

2ESRX/1B Fail Operation Creates Overspeed Fails 
KEE-213 Condition 

YK2STRTINT AK252TDRYT WK2SPD2DEX AC2TRIPW 
gPage 118 

GoeorF iure Runawma y Governor-u 

AK214GVDEX AK2GV2XRD 

KU2we C P w Id M etice Relay 1GV /2X 
2TD Fails To Operate 
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Air Circuit Breaker 
22FaiissTooOpennDue 

To Electrical 
Failures 

ACRACB2E EC 

Air Circuit Breaker Koe C rip Fails 
2 2il F Ac cumu lat r Gai g To 

ToONSr Keowees Swer InPS2 ratd M 

FFailsrLo 

I- 
I 

Air Circuit Breaker~~~~~ Air Circuit Breaker A B rpFisA 
B rpFisT 

2 Relay 52Z Fails 2 Accu2uFatos Toe pentn Dueotc Fo 
To Operte Presure Swich PS2Te Elcricalnwy oero 

FaFaisures 

AB2R52ZRPage 85 I0PS ACB2ELEC I 

Air CircuAirBCircuitKeBreakertAirIsCircuitrBreaker 
2~~~~~ Fails Toi Opens 2upyn DCe Power Failsnrain T 

ToOprAueTomatial 

ACBAUOO2TCCB2CPRO 
ge 1Page88 
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Keowee Unit 2 Fails 
To Disconnect When 
Generating To The 

Grid 

A 2 ACB2DISC 
Page 27 

Keowee Unit 2 Fails Keowee Unit 2 Is 
To Separate From Supplying The Grid 

The Switchyard 

KU2SWYD 

Pge 16 

Air Circuit Breaker PCBs Fail To 
2 Fails To Open Isolate Keowee From 

The Switchyard 

ACB20PEN ASWYDISO 

Air Circuit Breaker Air Circuit Breaker Power Circuit Power Circuit 
2 Fails To Open Due 2 Fails To Open Due Breaker 9 Fails To Breaker 8 Fails 

To Mechanical To Electrical Open Closed 
Failure Failures 

IAB2PCB9PEN SPCB8TF 
ge 86 Page 89 Page 66 

Air Circuit Breaker Air Circuit Breaker 
2 Accumulator Air 2 Fails To Open Due 

Pressure Low To A Latent Human 
Error 

I|AB20PENLHE 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 8



Switchyard Isolate 
Signal Fails 

Page 27 SPCISOLATE 

EGTPS EGTPS 
Underfrequency Underfrequency 

Channel 1D Initiator Channel 20 Initiator 
Signal Fails Signal Fails 

S SEG94F2DF 
e 59. A Page 61 

I I1 
EGTPS Undervoltage EGTPS Undervoltage 
Channel 1D Initiator Channel 2D 

Signal Fails Initiator Sig Fails 
OEE-76-4, -5 OEE-76-8 

|SEG94V10F SEG94V2DF 

Page 59 Page 63 
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SWYD PCB-9 Closing 
Circuit Control 

Power Fails 

|SPCCB9CF 
Page 27 

SWYD PCB-9 Closing SWYD PCB-9 Closing 
Circuit Control Circuit Control 

Power Source 1 Fails Power Source 2 Fails 

SPCB9CDC1 ||SPCB39CDC2 

Loss of Power on Control Power From Loss of Power on Control Power From 
125 Vdc Switchyard DYE To PCB-9 125 Vdc Switchyard DYA To PCB 9 

DC Panelboard DYE Isolating Diode DC Panelboard DYA Isolating Diode 
Fails O-802 EFails 

| SDCAIDDDIF 
Page 69 Page 67 

125 Vdc Swyd 125 Vdc Swyd 
Control Power Pnibd Control Power Pnlbd 

DYE Bkr 9 Xfrs Open DYA Bkr 9 Xfrs Open 
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Switchyard Isolate 
Complete Channel 2 

Fails 

SPCISOCCH2 
Page 

14 

Loss of Power on Channel 2 Swyd 
125 Vdc Switchyard Isolated Rly, 

Panelboard DYG 27X/SC2, Fails to 
Pick Up 

S27XSC2RYD 
Page 74 

Channel 2 Swyd 125 Vdc Swyd 
Isolated Time Delay Control Power Pnlbd 

Rly, 27XTD/SC2, DYG Bkr 16 Xfrs Open 
Fails 

S2D2RYW SDCDG16CDJTI 

SWYD Yellow Bus 
Isolation Fails 

ISPCISOF| 
Page 43 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 8 
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SWYD PCB-17 Trip 
Coil #2 Fails to 

Operate 

Page 80 SPCB17TC2 

P 80 
Loss of Power on EGTPS Channel 2B 

125 Vdc Switchyard Initiators Fail 
DC Panelboard DYE OEE-76-8-A 

SDCDYE SEGTP28NIT 

Page 69. Page 70 

125 Vdc Swyd 
Control Power PnIbd 

DYE Bkr 17 Xfrs Open 

A PIn t S 17D G 
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Power Circuit 
Breaker 17 Fails 

Closed 

A~~akSP17Fal 
Page 65 I SPCB17TF 

SWYD PCB-17 Fails SWYD PCB-17 Trip 
To Trip On Demand Coils Fail 

SPCBO17CHO SPCB17TCF 

SWYD PCB-17 Trip SWYD PCB-17 Trip 
Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

I 0 

SPCB17TC1I|SPB7C 

Pae 81 

Loss of Power on EGTPS Channel 1B 
125 Vdc Switchyard Initiators Fail 
DC Panelboard DYA OEE-76-4-A, 

O-802 I 

Page 67 Pae 68 

125 Vdc Swyd 
Control Power PnIbd 

DYA Bkr 17 Xirs Open 
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Switchyard PCB-15 
Trip Coil 2 

Initiators Fail 

Page 78 SEG1521NIT I 

EGTPS EGTPS Undervoltage EGTPS Undervoltage EGTPS Underfrequency 
Underfrequency Chan 2C Initiator Chan 2B Initiator Chan 2B Initiator 

Channel 2C Initiator Signal Fails Signal Fails Signal Fails 
Signal Fails OEE-76-8 OEE-76-8 OEE-7Pk10, -8-A 

SEG94F2CF SEG94V2CF 

Pagee 

77 
a 77 

EGTPS EGTPS EGTPS Undervoltage EGTPS UUndervoltage 
Underfrequency Underfrequency Channel 2 Common Relay 94/V2C Fails 

Channel 2 Common Relay 94/F2C Fails Components Failure to Pick Up 
Components Failure to Pick Up 

|SEG94F72F I 1C42RD||SG4V2F IILC94V2CRYD| 
Pe62 Page 642 
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SWYD PCB-15 Trip 
Coils Fail on Demand 

Page 65 SPCB15TCF 

.SWYD PCB-15 Trip SWYD PCB-15 Trip 
Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

SPCB15TC1 ||SPCB15TC2I 

Loss of Power on EGTPS Channel 1B Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Initiators Fail 125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYA OEE-76-4-A, DC Panelboard DYE DYE Bkr 15 Xfrs Open 

O-8027, 
SDCDYA |~~~ SEGTP1 BNIT SDDEI|DC 15T| 

PPage 67 Page 68 age 69 

125 Vdc Swyd Switchyard PCB-15 
Control Power PnIbd Trip Coil 2 

DYA Bkr 15 Xfrs Open Initiators Fail 

SDCDA1CDT |SEG1521NIT 

A Page 79 
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EGTPS Undervoltage EGTPS Underfrequency 
Chan 2B Initiator Chan 2B Initiator 

Signal Fails Signal Fails 
OEE-76-8 OEE-76-10, -8-A 

P SEG94V2BF Pg| SEG94F2BF 
Page 73 Page 73 
Page 79 Page 79 
Page 70 Page 70 

EGTPS Undervoltage EGTPS Undervoltage EGTPS EGTPS 
Channel 2 Common Relay 94VN2B Fails Underfrequency Underfrequency 
Components Failure To Pick Up Channel 2 Common Relay 94/F2B Fails 

Components Failure to Pick Up 

SEG94V2F |LC94V2BRYD ISEG9F2F LC94F2BRYD 
Page 64 Page 62 
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Pae 2 SEGX2Y2UF Ia 62 SEGX2Z2UF Pae6 SEGY2Z2UF 
Pae6 age 62 Page 62 

Sensing Relay Yellow Bus Phase X2 Sensing Relay Yellow Bus Phase X2 Sensing Relay Yellow Bus Phase Y2 
81BURX2 Fails to Underfrequency Aux. 81BURX2 Falls to Underirequency Aux. 81BLIRY2 Fails to Underfrequency Aux.  

Drop Out on Ry Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up 
Underfrequency Underfrequency Underrequency 

I L81BRX2RYD I L81XYX2RYD | | L81BRX2RYD | L81XYX2RYD I I L81BRY2RYD I L81XYY2RYD I 

Sensing Relay Red Bus Phase Y2 Sensing Relay Red Bus Phase Z2 Sensing Relay Red Bus Phase Z2 
81BUYX2 Fails to Underfrequency Aux. 81BUYX2 Fails to Underirequency Aux. 81BUJYY2 Fails to Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up Drop Out on Rly Fais to Pick Up Drop Out on Rly Fails to Pick Up 
Undertrequency Underfrequency Underfrequency 

L81YX2RYD L81XRY2RYD IL-8 1BYX2RYDI L81XRZ2RYD L81BYY2RYD IXZ (I 2 2 

Sensing Relay Yellow Bus Phase Y2 Sensing Relay Yellow Bus Phase Z2 Sensing Relay Yellow Bus Phase Z2 
81BURY2 Fails to Underfrequency Aux. 81BURZ2 Fails to Undertrequency Aux. 81BLRZ2 Fails to Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up 
Underlrequency Underfrequency Underirequency 
L81BRY2RYD I I L81XYY2RYD | | L81BRZ2RYD I I L81XYZ2RYD | L81BRZ2RYD L81XYZ2RYD 

Sensing Relay Ch 2 Phase X Sensing Relay Ch 2 Phase X Sensing Relay Ch 2 Phase Y 
81BLYY2 Fails to Underfrequency Aux. 81BLYZ2 Fails to Underfrequency Aux. 81BUYZ2 Fails to Underfrequency Aux.  

Drop Out on Rly Fails to Pick Up Drop Out On Rly Fails to Pick Up Drop Out On Ry Fails to Pick Up 
Underfrequency Underfrequency Underfrequency 

L81BYY2RYD L81XPX2RYD I I L81BYZ2RYD I I L81XPX2RYD I I L81BYZ2RYD I L81XPY2RYD 

Red Bus Phase X2 Ch 2 Phase Y Red Bus Phase X2 Ch 2 Phase Z Red Bus Phase Y2 Ch 2 Phase Z 
Underfrequency Aux. Underfrequency Aux. Underfrequency Aux. Underfrequency Aux Underfrequency Aux. Underfrequency Aux.  
Rly Fails to Pick Up Rly Fails to Pick Up Rly Fails to Pick Up Rly Fails to Pickup Rly Fails to Pick Up Rly Fails to Pick up 

L81XRX2RYD L81XPY2RYD I L81XRX2RYD L81XPZ2RYD I L81XRY2RYD L81XPZ2RYD 
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* 0 
EGTPS CH2 phases x Phase X2 s RaRel u Phase X2 Snane R 

& y undervoDuage D O Undervltage u D O nde 
ne e Fi To oe nselayfails sensing fails 

OEE-76-8 OEE-76-8 OEE-U6-8 

Page 64R RDSEGX2Y2UV page IE7BRY2RY Pa e64Y2R 

Snsng RRly 27B/RX2 Yedow Bus Phase X2 Snng Rly 27BY2 
Fails to Drop Out Undervoltage Aux. Fails to Drop Oat Undervoftage Aux. Fails to Drop Out Undervoltage Aus.  

on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick on Undervollage Relay Fails to Pick 
OEE-76-3, -8 Up OEE-76-8 OEE-76-3, -8 Up OEE-76-8 OEE-76-3, -8 Up OEE-76-8 

L7R2YI 2XXRDI L27BRX2RYD I I L27XYX2RDL7R2RYD I L7Y2Y 

Snsng Rly 27B/YX2 Red Bus Phase Y2 Snang Rly 27B/YZ2 Ye Bus Phase Z2 Snsng Rly 27B/RZ2 Ye Bus Phase Z2 
Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux Fails to Drop Out Undervoltage Aus.  
on Undervoltage Relay Fails to Pick on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

OEE-78-3, -8 Up OEE-76-8 OEE-76-3 -8 Up OEE-76-8 OEE-76-3, -8 Up OEE-76-8 

I L27BYX2RYID I I L27XR2RYD I 

I 2 

Snsng Ry 27BIRY2 Yellow Bus Phase Y2 Phase Snsg Rly 27BZ2 
Fails to Drop Out Undervotage Aux. Fa ao Drop Out us ela AsT Fails to Drop Out usela Ast 
oUndervollage Relay Fails to Undervoltage Relay Fails To Undervolage la 

Up 3OEE-76 EE-76-8 Up OEE-76-8 OEE-76-8 Up OEE-76-8 OEE-7-8 I I 
L27BRY2RYD I L27XYY2RYD RY RY R RY 

Snsng Rly 27B/YY2 Ch 2 Phase X UV Page 75 
Fails to Drop Out Aux. Relay Fails ToFal oDoOuAu.RlyFisTFisto rpOtL A eayalso 
on Undervoltage Pick UponUdrotgPikUon nerlaePck p 

OEE-76-3, -8 OEE-78-8 E-63-8OE7- E7-,-8E-68 

I L27BYY2RYD IIL27XPX2RY I 2GZRDIL7P2Y 2BZRDIL7P2Y 

I I 

Red Bus Phase X2 Ch 2 Phase Y UVReBuPhsX2C2PhsZUVRdushaeYCh2hseZV 
Undervoltage Aux. Aux. Relay Fails to nevlaeAxAu.RlyFisT drotg u.Ax. eay als o 

Relay Fails To Pick Pick UpRea FalToPcPikURlyFisto ikPck p 
Up OEE-78-8 OEE-76-8Up OE7-OE-68U OE7-8E-68 I II 

I~ ~ ~ ~ ~ ~ ~ ~~~~~~GP CH2RXRY phasesRY L7R2Y 7xP2Y 7X2RDLXZRn 

ONS-Keowee AC Power In&egrundervoltael - -I EG1 Pg



Loss of Power on 
125 Vdc Switchyard 

Panelboard DYG 

rSDCDYG 
Page 82 
Page 62 
Page 64 

125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYG DC2-1DR Transfers 

Is Faulted Open 

DDCDYGXBDF DDC21DRCDT 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC2 

SDC2 
Page 61 
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PCB 12 Trip Coll #2 
Fails 

Page 6 SPCB1 2TC2| 
Pg 65 

Loss of Power on Switchyard PCB-12 125 Vdc Swyd 
125 Vde Switchyard Trip Coil 2 Control Power Pnlbd 
DC Panelboard DYE Initiators Fail DYE Bkr 12 Xfrs Open 

IIrSDCDYE S n SEG1 221NITFailS 
Page 

69 

EGTPS Undervoltage EGTPS Undervoltage 
Channel 2A Chan 2B Initiator 

Initiator Signal Signal Fails 
Fails OEE-76-8 OEE-76-8 

I SEG4V2A | |SEG94V2BF 

e 52 Page 77 

EGTPS EGTS UnderFrequency 
Underfrequency Chan 2B Initiator 

Channel 2A Initiator Signal Fails 
Signal Fails OEE-76-10, -8-A 

SEG94F2AFI|SE9FBI 

A Page 52 Pae 77 
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Alternate Power 
Path Failures ocur 

rSIC1 ALTF 
Page 42 

125 Vdc Breaker SY- Loss of Power on 
DC1-IC Transfers 125 Vdc Swyd 

Open Distribution Center 
SY-DC2 

CSDC2 
Page 61 

125 Vdc Breaker SY
DC2-1C Transfers 

Open 
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Normal Power Path Switchyard Battery SY-1 Is Not 
Failures Occur Batteries Com Cause In Maintenance 

Failure When Not In 
Test Or Maintenance 

SDC1 NORMF I | DDCBATTNOT |a 4 SOC1NORMWF Page 42 Page 71 Page 42 J 
Page 61 Page 71 

-- I I 7 --I 7 
Battery SY-1 Fails Switchyard Battery SY-1 Is Not Common Cause Battery SY-1 Is In 
During Discharge Batteries Corn Cause In Maintenance Failure of Test or Maintenance 

Failure When Not In Switchyard Batteries 
Test Or Maintenance E 

DDC1BATBYF IDDCBATTNOT SDC1INORMWF DDCBATTCOMI I DDC1ALXBYMW 
- Page 71 Page 71 

125 Vdc Battery 
Breaker SY-DC1-1B 

Transfers Open 
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EGTPS Channel 28 PCB 12 Trip Coil #1 
Initiators Fail Fails 
OEE-76-8-A 

SEGTP2BNIT SPCB12TC1 
Page 81Pae6 
Page 69 
Page 90 

EGTPS Underfrequency EGTPS Undervoltage Loss of Power on EGTPS Channel 1B 
Chan 2B Initiator Chan 28 Initiator 125 Vdc Switchyard Initiators Fail 

Signal Fails Signal Fails DC Panelboard DYA OEE-76-4-A, 
OEE-76-10, -8-A OEE-76-8 0-802 

r SEG94F2BF | 
Page 77 Pe 77 Page 67 P 68 

125Vdc1 
Control Power Pnbd 
PCB 12 Tr aOpen 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 70



SDCDYE Outputs: 
Page 73, Page 78, Page 81, Page 69, Page 90, Page 83 

PCB 8 Trip Coil #2 Loss of Power on 
Fails 125 Vdc Switchyard 

DC Panelboard DYE 

SPCB8TC2F SDCDYE 
Page 686 See 5Output 

List 

Loss of Power on EGTPS Channel 2B 125 Vdc Switchyard 125 Vdc Breaker SY
125 Vdc Switchyard Initiators Fail DC Panelboard DYE DC2-1DL Transfers 
DC Panelboard DYE OEE-76-8-A Is Faulted Open 

SDCDYE I SEGTP2BNIT | DDCDYEXBDF DDC21DLCDT 
Page 69 Page 70 

125 Vdc Swyd Loss of Power on 
Control Power Pnlbd 125 Vdc Swyd 

DYE Bkr 8 Xtrs Open Distribution Center 
SY-DC2 

SDCDYE8CDT SDC2 
Page 61 
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SEGTP1BNIT Outputs: 
Page 70, Page 78, Page 80, Page 66, Page 90 

EGTPS Channel 16 
Initiators Fail 
OEE-76-4-A, 

AZSEGTP1BNIT| 
See Output 

List 

EGTPS Underfrequency EGTPS Undervoltage 
Chan 1B Initiator Chan 18 Initiator 

Signal Fails Signal Fails 
OEE-76-4-A, -6 OEE-76-4 

SEG94F1BF ||SEG94V1BFI 

EGTPS EGTPS EGTPS Undervoltage EGTPS Undervoltage 
Underfrequency Underfrequency Channel 1 Common Relay 94/V1B Fails 

Channel 1 Common Relay 94/F1B Fails Components Failure To Pick Up 
Components Failure to Pick Up OEE-76-4 

| SE94FF || L94FBRY | SE94VF ILC94V1 BRYD 
e 47 Page 49 
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SDCDYA Outputs: 
Page 70, Page 78, Page 80, Page 66, Page 89, Page 83 

Loss of Power on 
125 Vdc Switchyard 
DC Panelboard DYA 

0-802 

See Output SDCDYA 

List 

125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYA DC1-10L Transfers 

Is Faulted Open 

DDCDYAXBDF DDC11DLCDT 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC1 

Page 42 
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Power Circuit 
Breaker 8 Fails 

Closed 

SPCB08TF 
Page 65 
Page 85 

SWYD PCB-8 Fails PCB 8 Trip Coils 
to Trip Fail 

SPCBO08CHO SPCB08TCF 

PCB 8 Trip Cail #1 PCB 8 Trip Coil #2 
Fails Fails 

SPCB8TC1FF 
Pae 69 

Loss of Power on ETSCanl1 
125 Vdc SwitchyardIntaosFi 

125 Vdc Swyd 

DCnro Paneboar DYA 

I D DYA k fsOe 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 66 
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Switchyard PCBs 8, 
12, 15, and 17 Fail 

to Open 

Page 43 SPCBSFC1 

Circuit Power Circuit Power Circuit Power Circuit 
8 Fails Breaker 12 Fails Breaker 15 Fails Breaker 17 Fails 

sed Closed Closed Closed 

08TF SPCB12TF SPCB15TF SPCB17TF 

Page 66 age 80 

SWYD PCB-12 Fails PCB 12 Trip Coils SWYD PCB-15 Fails SWYD PCB-15 Trip 
To Trip Fail on Demand To Trip On Demand Coils Fail on Demand 

SP-CB012CHO AC SPCB12TCFe a de FIGURE | 
Pae 78 

PCB 12 Trip Coil #1 PCB 12 Trip Coil #2 
Fails Fails 

APage 70 Pae 73 
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EGTPS Undervaltage 
Channel 2 Common 
Components Failure 

Page 52F 

Page 

77 

E942 

Page 79 
Page 63 

Loss of Power on Switchyard 125 Vdc Chan 2 EGTPS 2 Out Common Cause 
125 Vdc Switchyard Panelboar DYG Of 3 UV Signal Failure of UV And 

Panelboard DYG Breaker 12 Network Fails UF Detection 
Transfers Open OEE-76-8 Circuits 

I SDCYG I| LOYG12DT ISY20F3UVC2 ||LOEGTPSCOM| 
Page 74 

EGTPS CH2 phases x EGTPS CH2 phases y 
& y undervoltage & z Undervoltage 

sensing fails sensing fails 
OEE-76-8 OEE-76-8 

SS-E-GX2Y2UV I SEGY2Z2UV I A Page 75 A Page 75 

EGTPS CH2 phases x 
& z undervoltage.  

sensing fails 
OEE-76-8 

Pae 75 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Paae 64



EGTPS Undervoltage 
Channel 2D 

Initiator Sig Fails 
OEE-76-8 

Page 60 SEG94V20F 
Page 84 

EGTPS Undervollage EGTPS Undervoltage 
Channel 2 Common Relay 94N2C Fails 
Components Failure to Pick Up 

SSEG94V2F | LC94V2CRYDI 
Page 64 
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EGTPS 
Underfrequency 

Channel 2 Common 
Components Failure 

Page 52 ISEG94F2F 

Page 77 
Page 79 
Page 61 

Loss of Power on Swthyard 125 Vdc Chan 2 EGTPS 2 Out Common Cause 
125 Vdc Switchyard E Panelboard DYG Of 3 UF Signal Failure of UV And 

Panelboard DYG Breaker 18 Network Fails UF Detection 
Transfers Open OEE-76-6 Circuits 

SDCD G 7I LDCYGleCDT ISY20F3UFC2 ||LOEGTPSCOM| 

EGTPS CH2 phases x ETPS CH2 phases 
& y' underfrequency z underfrequency 

sensing fails sensing fails 

SEX22U IISEY22U 

ae 76 TPage 76 

EGTPS CH2 phases x 
& z underfrequency 

sensing fails I 

Page 76 
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Loss of Power on EGTPS 
125 Vdc Swyd Underfrequency 

Distribution Center Channel 20 Initiator 
SY-DC2 Signal Fails AI 

age 69 SDC2 Page 60 SEG94F2DF 

Page 51 Page 84 
Page 74 
Page 72 

SY-DC2 Is Faulted 125 Vdc Battery EGTPS EGTPS 
Breaker SY-DC2-1 B Underirequency Underfrequency 

Transfers Open Channel 2 Common Relay 94/F2D Fails 
Components Failure to Pick Up 

DDC2FLTBDDC21BCTI SEG94F2F LC94F20RYD 
Page 62 

Battery SY-2 Fails Switchyard 
During Discharge Batteries Com Cause 

Failure When Not In 
Test Or Maintenance 

DDC2BATY [- |DDBTNOT 

Page 71 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Paae 61



SWYD PCB-21 Trip 
Coil #2 Fails 

AI 
Page58 ISPCB21TC2| Page 58 

Loss of Power on EGTPS Channel 2D 125 Vdc Swyd 
125 Vdc Switchyard Initiators Fail Control Power PnIbd 
DC Panelboard DYF DYF Bkr 1 Xfrs Open 

SSDCDYF SEGTP2DNIT SDCDF01CDT 

Page 51 

EGTPS EGTPS Undervollage 
Underfrequency Channel 2D 

Channel 2D Initiator Initiator Sig Fails 
Signal Fails OEE-76-8 

SEG94F2DF SEG94V20F 
Page 61 Page 63 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 60 
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EGTS TETP Underolnag EGTP EGTPS EGTPS Undervoltae GTne rotg 
Undrfrqu ncy atr a nnl 1DntiorUdfeq nc Underfrequency Channel D Commnt eayt 4NDFar ~~~~~~~~~~Channel 1D Initiator Signal FailsChne1Co mnR ay9/ DFalC mp ets alueoPikU ~~~~~~~Signal Fails OEE-76-4, -S5opnnsFiue oPc pOE7

I ~ ETPD1 SEG94F1DF I E941FI E9FF C9FDYDIISG9VF| C4VDY 
Page 5 9 Page 59 Page 47Pg5 9 
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Power Circuit 
Breaker 21 Fails To 

Trip 

Page 43 |SPCB21TF 

SWYD PCB-21 Fails SWYD PCB-21 Trip 
To Trip On Demand Coils Fail 

SPCBO21CHOI SPCB21TCF 

SWYD PCB-21 Trip SWYD PCB-21 Trip 
Coil #1 Fails Coil #2 Fails 

ISPCB21TC1I PB1C 

Page 60 

Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power Pnlbd 

DC Panelboard DYB DYB Bkr 1 Xfrs Open 

I SDCDYB |SCB1D 

A Page 45 

EGTPS Chanel 
Initiators F i 

Pae 59 
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SWYD PCB-33 Trip 
Coil #2 Fails to 

Operate 

SPCB33TC2 
Page 5I 

Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power PnIbd 
DC Panelboard DYF DYF Bkr 13 Xfrs Open 

SDCDYF | SDCDF13CDT| 
Page 51.  

EGTPS Channel 2A 
Initiators Fail 

SEGTANI | 

Page 52 
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Power Circuit 
Breaker 33 Fails 

Closed 

Page 43 SPCB33TF 

SWYD PCB-33 Fails SWYD PCB-33 Trip 
To Open On Demand Coils Fail 

SPCB33CHO ISPCB33TCF 

SWYD PCB-33 Trip SWYD PCB-33 Trip 
Coil #1 Fails to Coil #2 Fails to 

Operate Operate 

SPCB33TC1 SPCB33TC2 e 57 
Loss of Power on 125 Vdc Swyd 

125 Vdc Switchyard Control Power PnIbd 
DC Panelboard DYB DYB Bkr 13 Xirs Open 

I SDCDYBI |I SDCDB13CDT I 

A Page 45 

EGTPS Channel 1A 
Initiators Fail 

Pae 46 

ONS-Keowee AC Power Integrated M odel -TFIGURE G-1 Page 56 
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SWYD PCB-28 Trip 
Coil #2 Fails 

A SPCB28TC2 
Page 54 

Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power PnIbd 
DC Panelboard DYF DYF Bkr 8 Xfrs Open 

SDCDYF I|SDCDYFBCDT| 
Page 51.  

EGTPS Channel 2A 
Initiators Fail 

Page 52 
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Power Circuit 
Breaker 28 Fails 

Closed 

P 4 SPCB28TF 
Page 43 

SWYD PCB-28 Fails SWYD PCB-28 Trip 
To Trip On Demand Coils Fail 

SPCBO28CHO] SPCB28TCF 

SWVYD PCB-28ITrip SWYD PCB-28ITrip 
Coil #1 Fails Coil #2 Fails 

SPCB28TC1 SPCB28TC2 

N Page 55 

Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYB DYB Bkr 8 Xfrs Open 

T Page 45 
D MT 

EGTPS Channel 1A 
Initiators Fail 

ISEGTP1ANITI 

A Page 46 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Paae



SWYD PCB-26 Trip 
Coils Fail 

Page 43 SPCB26TCF 

SWYD PCB-26 Trip SWYD PCB-26 Tri 
Coil #1 Fails Coil #2 Fails 

ISPCB26TC1 I SPCB26TC2I 

Loss of Power on 125 Vdc Swyd Loss of Power on 125 Vdc Swyd 
125 Vdc Switchyard Control Power Pnlbd 125 Vdc Switchyard Control Power Pnlbd 

DC Panelboard DYB DYB Bkr 6 Xfrs Open DC Panelboard DYF DYF Bkr 6 Xfrs Open 

DYB SDCDYF6CDT 
Page 45 Page 51 

EGTPS Channel 1A EGTPS Channel 
Initiators Fail Initiators Fail 

SEGTPANITSEGTP2ANIT 
Page 46 Page 52 
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EGTPS Undervofage EGTPS EGTPS EGTPS Undervotage EGTPS Undervoltage 
Undertrequency Underirequency Channel 2 Common Relay 94/V2A Fails 

Channel 2A Intiator Initiator Signal Channel 2 Common Relay 94/F2A Fails Components Failure 
Signal Fails Fails OEE-78-8 Components Failure to Pick Up 

I E9A F I E9VAS 9FFGP I | C94F2AY A I SG9V29ILC4VARD 
Page 5 2 Page 52 Page 62Pge6 
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SDCDYF Outputs: 
Page 60. Page 44, Page 53, Page 55, Page 57 

Loss of Power on 
125 Vdc Switchyard 
DC Panelboard DYF 

See Output r SDCDYF 
List 

1 

I 
125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYF DC2-1DC Transfers 

Is Faulted Open 

DDCDYFXBDF DDC21DCCDTI 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC2 

SOC2 
Page 61 
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Snsng Rly 27BRX1 Yellow Bus Phase X1 Snsng Rly 27B/RX1 Yellow Bus Phase X1 Snsng Rly 27BIRYi Yellow Bus Phase Y1 
Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervaftage Aux. Fails to Drop Out Undervoltage Aus.  
on Undervolage Relay Fais To Pick on Undervoltage Relay Fais To Pick on Undervoltage Relay Fails To Pick 

OEE-78-3. -4 Up OEE-76-4 OEE-76-3, -4 Up OE-76-4 OEE-76-3, -4U 

| XL RL27BRX1RYD I L27XYX1RYD | L27BRY1RYD | | L27YY1 

Snsng Rly 27B/YXI Red Bus Phase Y1 Snsng Rly 27B/YX1 Red Bus Phase Z 1 Snsng Rly 27B/Yi Red Bus Phase Z1 
Fails to Drop Out Undervoftage Aux. Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux.  
on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

OEE-76-3, -4 Up OEE-76-4 OEE-76-3, -4 Up OEE-76-4 OEE-76-3, -4 Up OEE-76-4 

L27BYX1RYD I L27XRY1RYD L27BYX1RYD L27XRZ1RYD L27BYY1RYD L27XRZ1RYD 

Snsng Rly 27B/RY1 Yellow Bus Phase Y1 Snsng Rly 27B/RZ1 Yellow Bus Phase Z Snsng Rly 27B/RZ1 Yellow Bus Phase Z1 
Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux. Fails to Drop Out Undervoltage Aux.  
on Undervoltage Relay Fails To Pick on Undervollage Relay Fails To Pick on Undervoltage Relay Fails To Pick 

OEE-76-3, -4 Up OEE-76-4 OEE-76-3, -4 Up OEE-76-4 OEE-76-3, -4 Up OEE-76-4 

L27YV1RYD L27XYY1RYD I L27BRZ1RYD I I L27XYZ1YYlRYD I L27XZ1RYD | 

22 

Snsng Rly 27B/YY1 oh 1 Phase X UV Snsng Rly 27B/YZ1 oh 1 Phase X UV Snsng Rly 279/YZ1 oh 1 Phase V UV 
Fails to Drop Out Aux Relay Faila To Fails to Drop Out Aux. Relay Fails To Fails to Drop Out Aux. Relay Fails to 

on Undervoltage RlyFisT Pick on Undervoltage RlyFisT Pick on Undervoltage RlyFisT Pick  

OEE-76-3, -4 OEE-76-4 OEE-76-3, -4 OEE-76-4 OEE-76-3, -4 OEE-76-4 

L27BYY1RYD L27XPX1RYD L27BYZ1RYD L27XPX1RYD | L27BYZ1RYD IL27XPY1RYD 

S Red Bus Phase XC1 h 1 Phase V UV Red Bus Phase Xl Ch 1 Phase Z UV Red Bus Phase Y 1 Ch 1 Phase Z UV 

UnlstDerop Aux. Aux. Relay Fails To Undvlstag Arpuxt Aux. Relay Fails To Undvlstag Arpuxt Aux. Relay Fails To 

Relay Fails To Pick Pick Up 1Relay Fails To Pick Pick Up 1Relay Fails To Pick Pick Up 

oUndervolage Piuk Au p oeanaist Undevolage ick Au p ReaoaisT Undervoltage uPu RlFils To 

Up EE-78-4 OEE-76-4 Up OEE-76-4 OEE-76-4 Up OEE-764 OEE-76-4 

IL27X Y D I L27XPlY1R I L27X1RYD I L27XPZ1RYD I I L27XY1R I RY 
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EGTPS Undervoltage 
Channel 1 Common 
Components Failure 

Page 46 ISEG94V1 F 

Page 68 
Page 59 

Loss of Power on Switchyard 125 Vdc Chan 1 EGTPS 2 Out Cmo as 
125 Vdc Switchyard Panelboard DYC Break Of 3 UV SignalFalrofUAn 

DC Panelboard DYC er 13 Transfers Open Network Fails 
OEE-76-4 /0-802 OEE-76-4 Crut 

SY20F3UVC1 
age 41 

EGTPS CH1 phases x GTPS CH1 phases 
& y undervoltage &z undervoltage 
sensing ckt fails sensing ckt fails 

Falr ofGUV And 

EGTPS LOEGTPSCOM | 

OEE-76-4EOEE-76

Page~~ 50Pge5 
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EG XY1U C I se SEG X1Z1U C I Ise SEG Y1ZP U C I ae 

Sensing Relay Yellow Bus Phase X1 Sensing Relay Yellow Bus Phase X1 Sensing Relay Yellow Bus Phase Y1 
81UX[Fist Underfrequency Aux. 81BL/RX1 Fails to Undedtrequency Aux. 8BULRY1 Fails to Underfrequency Aux.  

DrpOut on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up Do u nRyFist ikU 
nderfrequency u Underfrequency & z Underfrequency 

L81BRX1RYDtI L81XY1RYD IIL81BRX1RYDO L81XYX1RYDO L81BRY1RYD IIL81XYY1RYDI 
Sensing Relay Yellow Bus Phase Y1 Sensing Relay Yellow Bus Phase Z1 Sensing Relay Yellow Bus Phase ZI 

81BURYX1 Fails to Underfrequency Aux. 81BURX1 Fails to Underfrequency Aux. 81BURY1 Fails to Underfrequency Aux.  
Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up 

Underfrequency Underirequency Underfrequency 

I I I I I If 

| L81BRY1RYD L81XRY1RYD | L81BRX1RYD I I L81XYZ1RYD I I L81BYl1RYD I I L81XYZ1RYD 1 

Sensing Relay eh Bus Phase Y Sensing Relay elo Bus Phase Z1 Sensing Relay eo Bus Phase Z 
81BURYi Fails to Underfrequency Aux. 81BUYZ Fails to Underfrequency Aux. 81BUYZl Fails to Underfrequency Aux.  

Drop Out on Rty Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Ry Fails to Pick Up 
Underfrequency Underfrequency Underfrequency 

| L81BYY1RYDI I L81XY1RYD I | L81BYZ1RYD I I L81XYZ1RYD I I L81BYZ1RYD I I L81XRYZRYD I 

Sensing Relay PhCh 1Ps Pha X C Sensing Relay Bs Phase Sensing Relay oh 1 Phase Z 
81BUY1 Fails to Underfrequency Aux. 81BRZ1 Fails to Underirequency Aux. 81BUYZ1 Fails to Underfrequency Aux.  

Drop Out on Ry Fails to Pick Up Drop Out on Rly Fails to Pick Up Drop Out on Rly Fails to Pick Up 

Underfrequency Underfrequency Undedfrequency 

L81BY1RYD IL81XP1RYD II L81BYZIRYD I I L81YZ11R YD 1R I L81XYZ1RYD 

enBsg Na Ch 1 Phase Y Rer sin ead Ch 1 Phase F ReRsE ay Ch 1 Phase Z 

UnddreunyY Fauxt Underfrequency Aux. Undrfeqny1 Fauxt Undertrequency Aux. 8Unefqcy1 Fauxt Underfrequency Aux.  
roy Fail ton ikUpRy Fails to Pick Up ro Fail ton ikUpRy Fails to Pick Up ro Fail ton ikUpRy Fails to Pick Up 

IL81XRX1RYD ||L81XPY1RYD IF L81XRX1 RYD I IL81XPZ1RYD II L81XRY1RYDI Z8X~lY 

Re Bs hONS-Kh aewed Pae Powe Inerae Mod ZR uPae FIG R G-1 Pa ge 48 
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EGTPS 
Underfrequency 

Channel 1 Common 
Components Failure 

Page 46 SEG94F1 F 

Page 68 
Page 59 

II I Loss of Power on Switchyard 125 Vdc Chan 1 EGTPS 2 Out4 
125 Vdc Switchyard Panelboard DYC Break Of 3 UF SignalFalrofUAn 

DC Panelboard DYC er 14 Transfers Open Network Fails U eeto 
OEE-76-4 /0-802 OEE-76-6 Crut 

I SCDC |LDYC4CT ISY20F3UFC1 LOGPSO 
Faiur ofUVAn 

EGTPS~~ ~~ LOETPCO |hssxETSC1pae 

& y underfrequency & z undertrequency 
sensing ckt fails sensing ckt fails 

OEE-76-6 

SEGX1Y1UF|SEYZUI 

A Page 48 T Page 48 

EGTPS CH1 phases x 
& z underfrequency 

sensing ckt fails 

Pae 48 
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EGTPS Channel 1A 
Initiators Fail 

Page 44 SEGTPiANIT 

PPage 49 

ePage 53 
Page 54 
Page 56 

7 7 
EGTPS EGTPS Undervoltage 

Underfrequency Channel 1A 
Channel 1A Initiator Initiator Signal 

Signal Fails Fails 

SEG94F1AF |SEG94V1AF 

EGTPS EGTPS EGTPS Undervoltage EGTPS Undervoltage 
Underfrequency Underfrequency Channel 1 Common Relay 94/V1A:FIls 

Channel 1 Common Relay 94/F1A Fails Components Failure to Pick UP: 
Components Failure to Pick Up 

SEG94F1F I | LC94F1ARYD |SE9VFI L41AY| 
Pe 47 Pae 49 
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SDCDYB Outputs: 
Page 58, Page 44, Page 53, Page 54, Page 58 

Loss of Power on 
125 Vdc Switchyard 
DC Panelboard DYB 

See Output SOCOYB 
List 

125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYB DC1-1DC Transfers 

Is Faulted Open 

DDCDYBXBDF ||DDC11DCCDT| 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-OC1 

SDC1 
Page 42 
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SWYD PCB-24 Trip 
Coils Fail 

PaSPCB24TCF 
Page 43 

Loss of Power on 125 Vdc Swydl Loss of Power on12 dSwc 
125 Vdc Switch~yard Control Power Pnlbd 125 Vdc Switchyard Control Power Pnlbd 
DC Panelboard DYB DYB Bkr 4 Xfrs Open DC Panelboard DYF DYF Bkr 4 Xfrs Open 

Coiliat#1 Fail toitiCorls Failt 

ONS-Keowee AC Power Integrated Model hFIGURE G 1 Page 44



SWYD Yellow Bus 
Isolation Fails 

Page 14 PIO 

Page 
82 

Switchyard PCBS 24. Power Circuit Switchyard PCBs 8, 
26, 28, and 33 Fail Breaker 21 Fails To 12, 15, and 17 Fail 

to Open Trip to Open 

SPCBSFC2 I SPCBBF21TF | 

s Page 58 
ge 65 

Power Circuit Power Circuit Power Circuit Power Circuit 
Breaker 24 Fails Breaker 26 Fails Breaker 28 Fails Breaker 33 Fails 

Closed Closed Closed LClosed 

ISPCB24TF ||SPCB26TF ||SPCB28TF | SPCB33TF| 

i 
A Page 54 APage 56 

SWYD PCB-24 Fails SWYD PCB-24 Trip SWYD PCB-26 Fails SW4YD PCB-26 Trip 
To Trip On Demand Coils Fail To Trip On Demand Coils Fail 

I SPCO24CO I SPC24TC I ISPCB26CH | |SPCB2TCF| 

A Page 44 A Page 53 
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Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC1 

Page 67 SDC1 
Page 45 
Page 41 

SY-DC1 Is Faulted Loss of Power to 
125 Vdc 

Distribution Center 
SY-DC1 

I DD1FLTDF |SDC1SRCES 

Loss of Norrnal Loss of Alternate 
Power to SY-DC1 Power to SY-DC1 

SDC1 NORMI SDC1ALTI 

Norrnal Power Path Battery SY-1 Is Not Alternate Power Battery SY-1 Is In 
Failures Occr In Maintenance Path Failures occur_ Test or Maintenance 

SDC1NORMF) DC1NORMWF|I SOC1ALTF IDCAXY 

Pe 71 Pae 71 A Page 72 
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Loss of Power on 
125 Vdc Switchyard 
DC Panelboard DYC 

Page 14 SDCDYC 

Page 47 
Page 49 

125 Vdc Switchyard 125 Vdc Breaker SY
DC Panelboard DYC DC1-1DR Transfers 

Is Faulted Open 

DDCDYCXBDF IDDC11DRCDTI 

Loss of Power on 
125 Vdc Swyd 

Distribution Center 
SY-DC1 

SDC1 
Page 42 
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Startup Bus UV Overhead Path 
Modification Is Not Overload Without 

Complete Startup Bus UV 
Modification 

rOMO NOTOMODWOF 
Page 36 Page 36 OM 

Startup Bus UV Unit 1 Startup Bus Unit 2 Startup Bus 
Sensing Mod Is In Undervoltage Relay UV Aux Relay 27EX 

Service 27E Fails Fails to Pick Up 

S127EUVRYT XVRYD 

22 

Unit 1 Startup Bus Common Cause 
UV Aux Relay 27EX Failure of Unit 3 

Fails to Pick Up SU Bus Undervoltage 
Relays 

XVRY SU327UVCOM 

Unit 2 Startup Bus Unit 3 UV 
Undervoltage Relay Modification Fails 

27E Fails to Prevent Overload 

S2UVRYTIMOUF 

NePage 39 
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Unit 3 UV 
Modification Fails 

to Prevent Overload 

Page 37 OMODU3F 
Page 40 

Unit 3 Startup Bus Unit 3 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

IS327EUVF I S327E1 UVF| 

Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Standby Bus 
Undervoltage Trip UV Trip Aux Relay Undervoltage Trip UV Aux Relay 27EXI 
Relay 27E Fails 27EX Fails to Pick Relay 27E1 Fails Fails to Pick Up 

SS327EXVRYD1VRYT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 39



Unit 2 UV 
Modification Fails 

to Prevent Overload 

Page 37 OMODU2F 

Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

S227EUVF I S227E1UVFI 

Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoltage Relay UV Aux Relay 27EX1 

27E Fails Fails to Pick Up 27E1 Fails Fails to Pick Up 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 38



UV Sensing Mod 
Fails to Prevent 
Overhead Path 

Overload 

Page 3 6 OMD 

Common Cause n Common Cause Common Cause Unit 2 UV Unit 3 UV 
Failure of Unit 1 Modifcation Fails Failure of Unit 2 Failure of Unit 3 Modification Falls Modification Falls 

SU Bus Undervoftage to Prevent Overload SU Bus Undervoltage SU Bus Undervoltage to Prevent Overload to Prevent Overload 
Rel ays Relays Rel ays 

I SUl127UVCOM I OMODU1F I SU227UVCOM II SU327UVCOM I OMDUFOMODU3F 

Page 38 Pge 39 

Unit 1 Startup Bus Unit 1 Startup Bus 

Undervoltage Tri Undervoltage Trip 
Ckt E Fails Ckt El Fails 

IS127EUVF IIS127E1UVF .  

Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoftage Relay UV Aux Relay 27EX1 

27E Fails Fails to Pick Up 27E1 Fails Fails to Pick Up 

S127EUVRYT S127EXVRYD I S127E1VRYT I S127EX1RYD 

ONS-Keowee AC Power Integrated Model. FIGURE G-1 Page 37



Overhead Path Fails 
on Overload 

zzOVRLOAD 
Page 28 

Overload Overload Sensing 
Susceptibility Fails 

FactorI 

IOFACTRDEXI OVRLOADSI 

Failure to Loadshed RCPs After Startup nere Model FGErPa 3 
Bus UV Sensing Mod.BuUVMdI 

In ServiceSevc 

OVRLDMDIORLN 

Startup Bus UV UV Sensing Mod SatpBsU vredPt 
Sensing Mod Is In Fails to Prevent Mdfcto sNtOela ihu 

Service Overhead PathCopeeSatpBsU 
Overload Mdfcto 

age 7alue to Loadshed0 

ONS-Keowee ~ ~ ~ ~ ~ ~ C~ Beor Startuprtd oe -- IGR G-T ~ g



Power Circuit Power Circuit 
Breaker 30 Fails Breaker 9 Fails Open 

Open 

SYPCB30TRP SYPCB9TRP Page 28 Page 28 

I I, II PCB 30 LOR 86T PCB 30 Relay 94 Differential Relay Differential 
Spuriously Picks Up Spuriously Picks Up 87L Spuriously Auxiliary Relay 

Picks Up 87LX Spuriously 
Picks Up 

SYPL86TRYT I SY30R94RYTI SYPL7LRYT SY87LXXRYT 

PCB 30 LOR 86TX Protective Relay 
Spuriously Picks Up 94L Spuriously 

Picks Up 

|SYP86TXRYT SY94L1XtR YT I 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 35



YellowBus Y aelo Breke Failure 

Differential Relay Rexliay 62X1y 
87BYY Spuriously Spuriousl SpuikslUp 

Picks Up Pc U 

ISY87BYYRYT ISY16X1FJRYTI 

Yellow Bus Z Phase Breaker Failure 
Differential Relay .Relay 62X2 

86BYZ Spuriously Spuriously Picks Up 
Picks Up 

I SY8BYYRY SY62X2FRYT| 

II 
Yellow Bus Lockout Breaker Failure 

DifrnlRelay B Relay 62X2 
8ZSpuriously csU Spuriousl Picks Up 

SYR86BRYT ISY62XFRYT 

Yellow Bu s Lockout 
Auxiliary Relay 

86YA9 Spuriously 
Picks Up 

|SY86YA9RYT 

ONSK Noee AC Power Integrated Model FIGURI



Page 28 SYaT3O Page 33 Y2FT 

6.9kV Neutral 4.16kV Neutral PCB 28 Breaker E13 Bkr Failure 
Ground Relay 51TN Ground Relay Failure Relay 62B Relay 62B 
Spuriously Picks Up Spuriously Picks Up Spuriously Picks Up Spuriously Picks Up 

I SY51TN6RYT N4RY I SYP2862RYT I SYE1362RYT 

Dfferential Relay 230kV Neutral PCB 30 Breaker E23 Bkr Failure 
87T Spuriously Ground Relay Failure Relay 62B Relay 626 

Spuriously Picks Up Spurously Pcks Up Spuriously Picks Up 

I SYXX87TRYT SY51TN2RYT II SYP3062RYT SYE2362RYT 

Fault Pressure Transformer CT3 
Relay 63FP Lockout Relay 

Spuriously Picks Up Spuriously Picks Up 

SYS63FPRYT I|S8C3Y 

I I 
Differential Relay CT3 6.9kV Start Up 
87B Spuriously Bus Lockout Relay 

Picks Up Spuriously Picks Up 

I SY86BUIRYT 

CT3 Associated Transformer CT3 
Breaker Failure Fault Detector 
Relay Actuates Relay 50B 

Spuriously Picks Up 

Pae 33 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 33



Spurious Operation 
Of Keowee Unit 2 

94GB Relay 

Page 30 r 2R94GB 

Spurious Input From Keowee Unit 2 94GB Spurious Input From 
ACB2 Auxiliary Relay ACB4 

Spurious Operation 

ACB2 ilSK294GBRYT ACB4 

Air Circuit Breaker Breaker 3CL In 125V Air Circuit Breaker Breaker 3CC In 125V 
2 Accumulator dc Distribution 4 Accumulator Pressu dc Distribution 

Pressure Switch Center 2DA re Switch Indicates Center 2DA 
Fails Low Transfers Position Low Air Pressure Transfers Position 

AB2PSWTPST AD2C3CLCDT AB4PSWTPST AD2C3CCCDT 

Auxiliary Relay BUX- Auxiliary Relay 8UX
2 Spurious Operation 4 Spurious Operation 

OSB28X2R | SB48UX4RYT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 32



Spurious Input From Spurious Input From 
ACB1 ACB3 

ACB1 ACB3 Page 30 Page 30 

Air Circuit Breaker Breaker 3CL In 125V Air Circuit Breaker Breaker 3CC In 125V 
1 Accumulator dc Distribution 3 Accumulator dc Distribution 

Pressure Switch Center 1DA Pressure Switch Center 1DA 
Fails Low Transfers Position Fails Low Transfers Position 

AB1 PSWTPST AD1C3CLCDT AB3PSWTPST AD1C3CCCDT 

2 2 

Auxiliary Relay 8UX- Auxiliary Relay 8UX
1 Spurious Operation 3 Spurious Operation 

w SB18X1RI [gdFX3RYT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 31



Unmodified Circuit 
Results In 94GB 
Actuation Input 

I 
Page 17 S94GBMOD 

NSM-ON-52966 Is Not Either Unit 94GB 
In Service Relay Picks-up 

SACB4MOD |94GB 

Spurious Operation Spurious Operation ACB Air Supply 
Of Keowee Unit 1 Of Keowee Unit 2 Fails Causing Low 

94GB Relay 94GB Relay Pressure In All ACB Accumulators 
I 1R4GB1 I R94B IACBAIRPDEX 

1 R94GBPage 
32 

Spurious Input From Spurious Input From 
ACB1 ACB3 

T Page 31 f Page 31 

Keowee Unit 1 94GB 
Auxiliary Relay 

Spurious Operation 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 30 
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Fault Occurs at ACB Fire Protection 
1 While Unit 1 Is Causes Main Step Up 
Generating to the Transformer Lock Out 

Grid 

SAB1FAULT FIREPROT Page 17 Page 17 

Keowee Unit 1 Is Fault Occurs at ACB- Auxiliary Relay Break Glass Switch 
Supplying The Grid 1 When The BReaker 63H1X Spurious Spurious Operation 

Trips Operation 

KU1RNNG |AB1FALTDEX | SPC631XRYT ISPCGLASSWT 
Page 20 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 2



Page 27 OAH PBPage 17 XMPO 

Fault Occurs On The CT3 Lockout Relay Main Step Up Transformer 2X 
Overhead Power Path Picks Up Transformer Neutral Differential Relay 

Ground Relay 51TN 87T-2X Spurious 
Spurious Operation Operation 

KK1OVERBHF I SYB6CT3LOR I I SPC51TNRYT | SPC872XRYT 

A Page 33 

Switchyard Power Yellow Bus Lockout Main Step Up Line Differential 
Circuit Breaker 9 Relay Actuates Transformer Differen Relay 87L Spurious 
Transfers Open tial Relay 87T Spur Operation 

ous OperationI 

SSLOR IT1RYT | SPCD87LRYT 
Pag 34 

I I 
Switchyard Power Power Circuit Transformer 1X 
Circuit Breaker 30 Breaker 30 Fails Differential Relay 

Transfers Open Open 87T-1X Spurious 
Operation 

SSC0 T| 8XRYT 

O A Page 35 

Transformer CT3 Power Circuit 

Out Relay 86T 
Actuates 

P ae17 Page 36 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 28 
Trnsome oc n vr0a



Overhead Path Fails 
To Connect Keowee 
To Oconee At CT3 

A OPATHTOP 
Page 

3 
7 

Overhead POverhead Path Is 
Breaks After Making Not Completed 

OPATHTOPC 

ae 28 

Switchyard Power Keowee Unit 2 Fails Transformer CT3 Is 
Circuit Breaker 9 To Disconnect When In Maintenance 

Fails To Close Generating To The 
Grid 

SPCBO9CF |ACB2DISC |SXFRCT3THM 

Page 85 

SWYD PCB-9 Fails SWYD PCB-9 Closing 
To Close On Demand Circuit Control 

Power Fails 

I SPCBOO9CHC I ISCBC 
Pae 83 

Switchyard Isolate Switchyard Isolate 
Complete Signal Signal Fails 

Fails 

LTSPCISOLATE 

Page 14 A Page 84 

ONS-Keowee AC Power Integrated M odel FIGURE G-1 Page



KU2 Trip Circuit Keowee Unit 2 Field 
Modifications Breaker Transfers 

Result In Spurious Open 
Trip 

P K2MODTRIP P | FLDTRANS2 
Page 21 Page 21 

Page 299 Page 278 

NSM-ON-52966 Is In KU2 Governor Keowee Unit 2 Relay Keowee Unit 2 Field 
Service Failure 99SY Drops Out Breaker Trip 

Modifications Result Control Switch 
In Spurious Trip Transfers Position 

NTACB4MODO | K2MODTRIPO |SYR E1TSW 

Pa 13 

Auxiliary Relay KU2 Magnetic Speed Breaker 3BR In 125V Keowee Unit 2 
14GOV/2X Fails To Switch System Fails dc Distribution Generator Lockout Au 

Pick-up Center 2DA xiliary Relay 86EX-1 
Transfers Open Spurious Actuation 

AK2142XRYD AK214GVDEX ED23BR2CDT EK286X2RYT] 

2X2 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 26 
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KU2 Trip Circuit Shutdown Solenoid 
Modifications Trip Of ACB2 

Result In Spurious 
Trip 

GK2MODTRIP ACB2TRIP5 
Page 23 Page 21 

NSM-ON-52966 Is In Modified Circuit Wicket Gate Limit Shutdown Auxiliary 
Service Generates Spurious Switch Indicates Relay 99SX 

Trip Signal Gate Position Is Bel Spuriously Drops 
ow No-load Setting Out s 

(NTACB4MOD GMODTRIP2 AK2GATEDEX YK299SXRYT 

A Page 132 

2 3 

Relay 12X/2 Speed Switch 12/2 
Spuriously Picks-up Falsely Indicates 

High Speed 

Time Delay Relay 
12XTD/2 Spuriously 

Picks-up 

GK212TDRYT 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 25



Keowee Unit 2 Keowee Unit 2 
Generator Fire Startup Inhibit 

Relay 63FX Actuates Switch Aux Relay 
Actuates 

I 
age 23 GK263FX GK23SUI 

Keowee Unit 2 Keowee 2 Gen C02 Keoee Unit 2 Startu Keowee Unit 2 
Generator Fire Sys Press Switch Inhibit Switch Aux Startup Inhibit 

Relay 63FX Spurious 63F Spurious iliary Relay S3SUIX Swtich 3SUI 
Actuation Operation Spurous Actuation Spurious Operation 

GK263FXRYT GK2063FPST GK23SUIRYT GK23SUISWI 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 24



Protective Lockouts Keowee Unit 2 Emer.  
Trip ACB2 Lockout Due to 

Spurious Actuation a 
G Gen Protect Relays 

G ACB2TRIP3 Pe 2 GK286E2 

Page 299 
Page 229 
Page 279 

Main Step Up Keowee Unit 2 Emer. Keowee Unit 2 Keowee Unit 2 Loss 
Transformer Lock Lockout Due to Generator Ground Of Generator Field 
Out Relay 86T Spurious Actuation o Fault Relay 59GN2 Relay 40G1 Spurious 

Actuates f Gen Protect Relays Spurious Actuation Actu ation 

IXFMR8. IT K8E GK259GNRYTIIGK4 1YI 
Page 17 Page 23 

Keowse Unit 2 Excita Keowoe Unit 2 
tion Transformer Dif Generator Bus Differ 
ferential Relay 87T- ential Relay 87GB Sp 
2E Spur. Actuation urious Actuation 

| GK287TERYT ||GK287GBRYTI 

II 
Keowse Unit 2 Keowee 2 Emergency 

Generator Differenti Lockout Relay 86E-2 
al Relay 87G-2 Spuri Spuriously Picks Up 

ous Actuation 

GK287G2RYT I|GK286E2RYT 

Keowee Unit 2 Keowee U nit 2 
Generator Backup Startup Inhibit 
Trip Timer 62-2TD Switch Aux Relay 
Spurious Operation Actuates 

I GK262T DRYT ||GK23SUI |~g.2 

Keowee Unit 2 KU2 Trip Circuit 
Generator Fire Modifications 

Relay 63FX Actuates Result In Spurious 
Trip 

I GK26FX | |GK2MODTRIPI 

T Page 24 APage 25 

ONS-Keowee AC Power Integrated Model IFIGURE G-1 Page 23



Normal Lockouts 
Cause Trip 

Following Emergency 
Start Reset 

Page 21 ACB2TRIP2 

Operator Normal Lockout Or 
Incorrectly Resets Overspeed 

Keowee Emergency 
Start Signals 

YKEMSRTCHE ACB2TRIP2BI 

Turbine Overspeed Generator Normal 
Switch Indicates Lockout And Gate 

Overspeed Limit Setting 

ACB2TRIP2C 

Keowee Unit 2 Wicket Gate Limit 
Normal Lockout Switch Indicates 

Activates Gate Position Is Bel 
ow No-load Setting 

ONS-Keowee AC Power Intecgrated Model FIGURE G-1 Page 22



Air Circuit Breaker O r s Trip [rProt 
2 Transfers Open eratorpOutputl 

Page 4 |AC2TRANS P 

Page 1759 
Page 257  

Air Circuit Breaker Keoe nit 2 Fieldc nr t 
2 Relay 52Z Breaker ransiers eue 2 Spurious 

Spurious Operation OpenRelay 46-2 Sp11 

AB2R52Z RA6B2TR2 | |FLDTANS2 
Page 26 Z ae2 

Air Circuit Breaker Operators Trip p ut 
2 Trip Signal Generator Outputr ACB2 ios 

AC~Surou Operationpuiou 

ACnOIAs~ 

I I IT i 
AC2RI ACBTRIPCHE I -C2RP3(MLTI 

Page 212 

Air Circu Breaker Ae e Model FIGURE G; ; P 
2 Trip Coil 2 eaieSqec 2S iu prto 

SpuriouspOperatio 

AB252TCSVT |BR6RTA251W 

~~~~~Air Circuit Breaker Ti uhuinO 

2~~~~ ACB2TRIPen | C2Suiu 

aousela Trip2 RpelatB1Suious 
Fpollin Emergeinc Oprto 

I IB5 2Y A2UHB 

| ACBTRIP2I | B22BVRYT 

Pag 22g2 

ONS-Keowee~~ ~ Tri ACB ModIterte odlFItionsPae 2



KU1RNNG Outputs: 
Page 128, Page 305, Page 29, Page 19, Page 143, Page 219 

Keowee Unit 1 Is 
Supplying The Grid 

A l KUl RNNG 
See Output 

List 

i 

I: Keowee Unit 1 Only Both Keowee Units 
Is Supplying The Are Operating 

Grid 

KK1RUNSDEX KUIBOTH 

Keowee Units 1 And Keowee Unit 2 Is 
2 Are Supplying The Not In Maintenace 

Grid 

KKlBOTHDEX |KNMI 

Pge 18 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 20



Air Circuit Breaker Common Cause 
2 Fails To Close Failure Of ACBs 2 
Due To A Latent And 3 

Human Error A ACB2LHE AB23COM Page 6 Page 6 
Page 139 

Air Circuit Breaker Keowee Unit 2 Start Common Cause NSM-ON-52966 Is In 
2 Fails To Close Is Required Failure Of Air Service 
Due To A Latent Circuit Breakers 2 

Human Error And 3 To Close 

AB2CLOSLHE KU2START A23BKRCOM | 4MO 
Pagea e 13 

Keowee Unit 2 Is Keowee Unit 1 Is 
Not In Maintenace Supplying The Grid 

Page 18 Page 20 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



K2NOMAIN Outputs: 
Page 91, Page 20, Page 302, Page 305, Page 304, Page 305, Page 300, Page 19 
Page 18 

Common Cause Keowee Unit 2 ts 
Failure Of ACBs 2 Not In Maintenace 

And 4 

IAB24COM _____ 
Page 6 See Output 

Page 215 List 

Common Cause Keowee Unit 2 Is The Overhead Unit 
Failure Of Air Not In Maintenace (2) Is Unavailable 

Circuit Breakers 2 Due To Maintenance 
And 4 To Close 

AB24BKRCOM |K2NOMAIN II HY 
Pge 18 

ONS-Keowee AC Power Integrated Model FIGURE G-1Page 18 
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XFMR186T Outputs: 
Page 28, Page 9, Page 23, Page 218, Page 177, Page 261 

Main Step Up 
Transformer Lock 

Out Relay 86T 
Actuates 

See Output XFMR186T 
List 

Main Step Up Fire Protection 
Transformer Causes Main Step Up 

Protective Relays Transformer Lock Out 
Actuate 

FIREPROT 
age 28 Page 29 

Auxiliary Relay Unmodified Circuit 
94T/K Spurious Results In 94GB 

Operation Actuation Input 

I SPC4TKRY | |S94GBMODI 
Page 30 

Fault Occurs at ACB Lock Out Relay 86T 
1 While Unit 1 is Spurious Operation 
Generating to the 

Grid 
SAB1FAUT I : I P6TRYT 

a 29 

ACB Back-up Trip 8 kV Bus Faulted 
Timer 62AB Spurious 

Operation 

| SCP 62BrY Inte rae M d BHF | 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 17



KU2RNNG Outputs: 
Page 8, Page 5, Page 85, Page 86, Page 15 

Keowee Unit 2 Is Close Signals Fail 
Supplying The Grid 

See Output KU2RNNG Page 15 RUNSIGF 

List 

Keowee Unit 2 Only Keowee Units 1 And Auxiliary Relay KU2 Relay 52W Fails 
Is Supplying The 2 Are Supplying The 52XG/2 Fails To To Pick-up 

Grid Grid Pick-up 

IKK2RUNSDEX KK1IBOTHDEX g tAK252XGRYD | GAK252WORYD G 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 16



Close Signals From 
Mod Package Fail 

Page 9 AB2MOD 

NSM-ON-52966 Is In Modified Close 
Service Circuit Fails 

I NTAB4MO I IMODCLOSEFI 
Pae 13 

KU2 CCF Of 2/3 Circuit Fails When Circuit Fails When 
Overirequency Unit Is Generating Unit Is In Standby 

Relays To Reset To The Grid 
When Frequency Drops 

IAK20FRQCOMI GENFAIL I|NOGENFAIL 

Keowee Unit 2 Is Close Signals Fail Keowee Unit 2 Start Time Delay Relay 2
Supplying The Grid Is Required 2TD Fails To Pick-up 

|K2NGI|RNIFI|KU2STARTR I|AK222TDRYD 

Page 16 Page 16 Page 8 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 15



Switchyard Isolate 
Complete Signal 

Fails 

SPCISLTCPT 
Page 27 
Page 9 

Ig 

I 
Switchyard Isolate Switchyard Isolate 

Complete Channel 1 Complete Channel 2 
Fails Fails 

SPCISOCCH1 SPCISOCCH2 
Page 82 

Loss of Power on Channel 1 Swyd 
125 Vdc Switchyard Isolated Rly, 

DC Panelboard DYC 27X/SC1, Fails to 
Pick Up 

I DDC||S27XSC1RYDI 

age 41 

Channel 1 Swyd 125 Vdc Swyd Isolated Time Delay Control Power Pnlbd Ry, 27XTD/SC1, DYC Bkr 12 Xfrs Open 
Fails 

| S27TD1RY | |SDCDC12CDTI 

SWYD Yellow Bus 
Isolation Fails 

ISPCISOFI 

A Page 43 

ONS-Keowee AC Power Integrated Model FIGURE G-1T Page 14



NTACB4MOD Outputs: 
Page 138, Page 140, Page 19, Page 15, Page 212, Page 26, Page 217, Page 121 
Page 13, Page 220, Page 25 

Keowee 2 Master Modified GFB Circut NSM-ON-52966 Is In 
Relay 4A Fails To Fails Service 
Pick Up On Start A l 

YK2MR4ASRT I|EK2MOD ||NTACB4MOD| 
Page 228 Page 10 See Output 
Page 10 List 
Page 12 
Page 269 

Keowee 2 Emer Strt Keowee 2 Stan NSM-ON-52966 Is In Auxiliary Relay NSM-ON-52966 Is Not 
Aux Rlys 2ESRX/1A & Master Relay 4A Service 99SX2 Fails To Pick- In Service 

2ESRX/1B Fail Fails To Pick Up up 
KEE-213 KEE-213 

YK2STRTINT | | YK2MR4ARYD I NTACB4MOD EK299SXRYD 
Page 11 Page 13 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 13



Keowee Unit 2 Unmodified GFB 
Generator Field Circuit Fails 

Breaker Spurious Tri 
p Signal Is Present 

GFBTRIP2 |EK2NOMOD 
Page 10 Page 10 

Keowee Unit 2 Relay KHU2 Field Breaker NSM-ON-52966 Is Not Keowee 2 Master 
99SY Fails To Pick- Trip Control Switch In Service Relay 4A Fails To 

up Spurious Operation Pick Up On Start 

I EK299SYRYD EK2S141SWT ACB4MOD YK2MR4ASRT 
Page 13 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 12 
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YK2STRTINT Outputs: 
Page 235, Page 13, Page 222, Page 87, Page 10, Page 231 

Keowee 2 Emer Strt 
Aux Rlys 2ESRX/1A & 

2ESRX/1B Fail 
KEE-213 

see Output YK2STRTINT 

List 

Keowee Unit 2 Keowee Unit 2 
Emergency Start Emergency Start 

Channel A Signal 1 Channel B Signal 1 
Fails OEE-1 20 Fails OEE-120-1 

YK2ESRX1A I|YK2ESRX1B| 

Keowee 2 Emergency Keowee Emergency Keowee 2 Emergency Keowee Emergency 
Start Aux Relay Start Channel A Start Aux Relay Start Channel B 2ESRX/1A Fails To Fails 2ESRX 1B Fails to Fails 

Pick Up OEE-120 1: OEE-120 Pick U p OEE-120-1 OEE-1 20-1 

I K2S1RY I|YKESRXA I KE1RD||YKESRXB | 
Pge 114 Page 115 

ONS-Keowee AC Power Integrated Model - FI'GURE G-1 Paae 11



Keowee Unit 2 Unmodified GFB Keowee Unit 2 Fiotd KHU2 Generato 
Generator Lockout Au Circuit Fails Breaker Relay 41/X Field Breake Y-ela 

l1Fails To Pu On ay d T pou 

SprosAtainDemand ALaOperation 

IE26XYIIE2OO I ( K24RYD EK1YRY 

PaPag 129 

Kowe Unit 2 Fielmodified GFB Keowee Unit 2 Field KHU2 Generator 
Generator Foeld Brake Fails Breaker Clos Coil Field Breaker Y

Bear los Close Due To LatentFails To O ne pou 
MChicuaiur Demand Operation 

I EK2FLDEX I EK2MOD I EK2F41CRYD I IEK2R41YRYT I 

Page 13 0 

KeweUnt2 ildMoiie FCrctKeowee Unit 2Fil UGerao 
Breaker Geerto Field al rekrCos ol F rekrY 
Close Breke Spuou ToFisT OeaeO;ySuiu 

Mechaical ailur DemaPresentio 

I IK M D ae1 

Keowse 2 Emer Str Keowee 2 Master 
Aux Riys 2ESRX/1A & Relay 4A Fails To.  

2ESRX/1B Fail Pick Up On Start 
KEE-213 

YK2STRTINT Y2RAR 

A Page 11 Pag 13 

Keowee Unit 2 Keowee Unit 2 Field 
Generator Field Breaker Fails To 
Breaker Close Close Due To Latent 

Circuit Fails Human Error 

IGFBFAIL2 I EK2LCH 

Page 10 

Keower Unit 2 
Generator Field 

Breaker Spsurious Tri 
p Signal Is Present 

Page 12 

ONS-Keowee AC Power Integrated Model --- FIGURE G-1 Page 10



0I 

Air Circuit Breaker 
2 Fails To Close 
Due To Control 

i SFailures 

Page 7 ACB2CNTRLC 

Air Circuit B Operators Fail To 
2 Fails To CoeClose Air Circuit 

Automatical Breaker 2 

ACB2AUTOC AEPCH 

KU2STARTR I|FLDCLOSE2I 

Field Breaker ~Air Circuit Breaker Mi tpU 

Transforme #1tctF Close Signals Fai rom frerLc 

2Fails To Close 

it Star Is ReuiFadilurese 

ACB241A~~ ACB2CSNLC1 FM16 
PageP7 

I 
I7 

KOw nS-Keowe e i Powed Tnigmaed MDel FIUR G-1chr Pageat9 

Is~~~~~i Circuit Breaker Operators2T Fail To CopeeSga 
2ls FalsTaCoslos i ici 

FLDCLOSEI AC2ATORDF C I ABEOPRCRHET 

I I 

2rnfrmr# Close Signals Fai ranfrerLc 
UndervoltaeOu Relay Mo86Tag Fi 

aPag 17 

ONS-Keowee2T Fail Toe negae oOael Complet Signale



KU2STARTR Outputs: 
Page 301, Page 5, Page 9. Page 19, Page 15 

Air Circuit Breaker Keowee Unt 2 Start 
2 DC Power Fails Is Required 

Iow 
Page 86 ACB2DCPWR See Output 
Page 7 List j 

Loss Of Power On Breaker 3CL In 125V Keowee Unt 2 IS 
125V dc Dist Cntr dc Distribution Supplyng The Grd 
2DA During Start Center 2DA 

Transfers Position 

XD2DASRCES AD2C3CLCDTi 
Pge 88 2 S 

ONS-Keowee AC Power Integrated MKodel FIGURE G-1 Page 8



*0 

Air Circuit Breaker 
2 Fails To Close 
Due To Electrical 

Failures AI 
Page 6 IACB2ELECC 

Air Circuit Breaker Air Circuit Breaker Air Circuit Breaker 
2 Fails To Close 2 DC Power Fails 2 Fails To Close 
Due To Electrical Due To Control 

Failures Failures 

ACB2BREAKC ACB2ACB2CNTRLCI 

e 8 Page 9 

Air Circuit Breaker Air Circuit Breaker 
2 Relay 52X Fails 2 Y-relay Spurious 

To Operate PrssOperation 

AB2R5 2XR6D I|AB252 Y2R6T I 

Air Circuit Breaker Air Circuit Breaker 
2 Close Coil Fails 2 Accumulator 

To Operate Pressure Switch PS2 
Fails Low 

AB252CCSVO I AB2PSO2PST| 

Air Circuit Breaker 
2 Relay 52Y Failed 

To Drop Out Followin 
g Last Demand 

AB252Y2R6D | 

ONS-Keowee AC Power Integrated Model FIGURE G-1-7 Page 7



Air Circuit Breaker 
2 Fails To Connect 

Unit 2 To The 
Overhead Path 

Page 4 IACB2CLOSE 

Page 175 
Page 257 

Air Circuit Breaker Air Circuit Breaker 
2 Accumulator Air 2 Fails To Close 

Pressure Low Due To A Latent 
Human Error 

UDEX ACB2LHE I 

Page 19 

Air Circuit Breaker Air Circuit Breaker 
2 Fails To Close 2 Key Interlock 
Due To Electrical Switch Transfers 

Failures Open 

Pae 7 

Air Circuit Breaker Common Cause 
2 Fails To Close Failure Of ACBs 2 

Due To Mechanical And 3 
Failure 1 

ABH2DEX AB23COMI 

Page 19 

Common Cause 
Failure Of ACBs 2 

And 4 

Page 18 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 6



Keowee Unit 2 Fails 
To Start Or Run 

IKU20VERI 
Page 214 

Page 4 
Page 175 

Keowee Unit 2 Fails Keowee Unit 2 Fails 
During Startup To Supply Power 

During The Run 

KU2STARTO | 

Keowee Unit 2 Fails Keowee Unit 2 
To Cold Start When SatpFlsWe 

Required TeUi a enG 

KU2START IUSIN 

Keowee Unit 2 Start Keowee Unit 2 Fails Koe nt2I eweUi 
IsSupplying The Grid Governor or Turbine 

Fails During a Hot 

KU2STARTR I KU2STARTFI OeKUG2RUNPg 5 

a~~~~~Pg 2362 T ae1 Pg 3 

ONS-Keowee ~ ~ ~ ~ ~ Kewe Uni 2oe nertdMdlFG R - Pg



Keowee Unit 2 Fails 
To Supply The 

Overhead Power Path 

Page 3 KU20VERO 

Keowee Unit 2 Fails Air Circuit Breaker 
To Start Or Run 2 Transfers Open 

I KU20VER ACB2TRANS 
Page 5 Page 21 

Air Circuit Breaker 
2 Fails To Connect 

Unit 2 To The 
Overhead Path 

( CLOSE| 
Page 6 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 4



Interruption Of 230 KV Switchyard 
Normal AC Power Sources Fail 

IPSTARTUP A PSWYD Page 2 Page 3 
Page 310 

230 KV Switchyard Loss Of The Oconee Failure Of Power To CT3 Via 
Sources Fail Station Switchyards Electrical Grid Or The Overhead Path 

Initiating Event Main Feeders From Keowee Fails 
Initiating Event 

PSWY T5SUBF I I T5FEEDF OVERO 
age 3 Initiating Event 2 Initiating Event 

Loss Of Off-Site Startup Bus Fails Oconee Emergency Both Keowee Units Keowee Failure Due 
Power Due To Severe Power Via The Unavailable Due To To Common Mode 

Weather Initiating Overhead Path Fails Common Maintenance Failure 
Event 

OVERTOP KEOWCOM 
itiating Event Page 91 

Keowee Unit 2 Fails Overhead Path Fails 
To Supply The To Connect Keowee 

Overhead Power Path To Oconee At CT3 

KU20VERO OPATHTOP 
Page 4 Page 27 

The Overhead Unit 
(2) Is Unavailable 

Due To Maintenance 

ItelRP 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 3



Page 1 MB 

Main Feeder Bus I Common Cause 4160 V ac Breaker Main Feeder Bus 1 Main Feeder Bus I Breaker N1 
Alternate Power Failure Of Breakers NI Fails To Open Local Bus Fault Maintenance Automatic Trip 

o Unavailability Circmits Fai 
Fal 1 rdR dI 

I I 
PMFBA IPACNIN2COMI I PACXNO1C40 PACMFBIBHF PMFB1M PN1oPEN 

Startup Bus Power Standby Bus 1 Power To Main Feeder Eus Falls 
1 Fails 

PMFB1SU PB 

TPage 
98 

inrPtowOf Breaker El Remains 
Normal AC PwrOpen 

PSTARTUP ItPE1 CLOSE 

age 3 
Page 92 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page' 2



Oconee 4160V 
Mainfeeder Bus 

Power Fails from 
all Paths 

OPWERTOP 

Loss Of Power On Loss of Offsite 1Loss Of Power On 
Main Feeder Bus 1 Power Initiating Main Feeder Bus 2 

Event J 
PMFB1 T5INIT F 

Page 2 age 310 

Failure Of ss Of Off-Site 
Electrical Grid Or P er Due To Severe 

Main Feeders Weather Initiating 
Initiating Event Event 

ITSFEEDF T5ET 

2 Iitiating Event Iitiating Event 

Loss Of The Oconee 
Station Switchyards 

Initiating Event 

I nitiating Event 

ONS-Keowee AC Power Integrated Model FIGURE G-1 Page 1



LIST OF FIGURES 

Figure Title 

G-1 ONS-Keowee AC Power Integrated Model 

G-ii



APPENDIX G 
KEOWEE RELIABILITY ANALYSIS 

OCONEE-KEOWEE AC POWER 
INTEGRATED MODEL



Table 7.2-1 

Keowee Emergency Power Failure Probability 

Model Configuration Failure Probability 

Base Case (Failure of Keowee through both the 7.4E-03 
underground path and the overhead path (Bayesian
updated data) 

Bayesian Updated Data Without Operator Recoveries 1.OE-02 

Generic Data Without Operator Recoveries 1.3E-02
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Table 7.2-2 

Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob., Cs Prob.  

1) KEOWTOP ;7"35E-03 
1) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 523E-03 
2)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80R-2 3.80R-02 3.22H-04 

ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 

3)-XA1XAALBLM MCC 1KA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.66E-04 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25R-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.208-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.33-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.63-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.33-05 1 3.308-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49B-04 1 2.493-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04H-03 7.04B-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 

4)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.553-04 
FROFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3H-02 6.30E-02 

5)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.803-02 1.19E-04 
EK00RUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.243-04 

6) E1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47B-3 2.473-03 9.39E-05 
KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

7) GKOOOHGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.273-03 8.633-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.803-02 

8)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.803-02 5.583-05 
-KE2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.003-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.003+00 
BKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17B-5 6.173-05 

9)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.803-02 4.80E-05 
-KK2RUNSDEX Keowee Unit 2 Only is Supplying The Grid 0.06 6.003-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.003+00 
E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.313-05 5.31B-05 

10) EKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.243-3 1.243-03 4.71B-05 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 

6.9E046.9E0
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Table 7.2-2 

Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

ll)-XDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 3.51E-05 
-KK1RUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 O.002+00 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
XDlKBATBYF Keowee Battery No. 1 Fails During Discharge 9.30B-04 1 9.309-04 
XDOKBATRHE 1.00H+00 1.00E+00 

12)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.35H-05 
XDOCHRGCOM Common Cause Failure Of Keowee Battery Chargers 3.48E-05 3.48E-05 

13)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.60E-05 
XDOBATTCOM Common Cause Failure Of Keowee I&C Power Batteries 2.70E-05 2.70E-05 

14)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.37E-05 
FKVALVECOM Common Cause Failure Of Cooling Water Control Valves 2.46E-5 2.46E-05 

15)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.34E-05 
EKlBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.172-4 6.17E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

16) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 2.13E-05 
WK1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 

17) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.13B-05 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60E-04 

18)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80H-02 2.01E-05 
WKOORUNCOM Common Cause Failure of Keowee Governors to Run 2.09E-05 2.09E-05 

19)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.76B-05 
EK1SPYMDEX Keowee Unit 1 Supply Breaker Pails To Close Due To Mehanical Failure 4.62E-4 4.62E-04 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 

20)-XAlXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.742-03 2.74E-03 1.73E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 
XA1XCXXTHM 4160/600 Vac Transformer CX Is in Maintenance 4.572-4 4.57E-04 

21)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.73E-05 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5H-08 30 2.25E-06 
-AB70PENLHB Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.012-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.32-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.202-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK2VREGDEX KEU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03
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Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

22)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.748-03 2.74B-03 1.59E-05 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.253-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MBCHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01H-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16H-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52H-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.203-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30B-05 
-AA127X2R6D Transformer CZ Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 

23)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.803-02 1.40E-05 
OKOPRUNCOM Common Cause Failure Of Both Governor Oil Systems To Run 1.46B-05 1.46E-05 

24)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.40E-05 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5H-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20H-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.33-05 1 3.303-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6Z-06 6 2.163-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20H-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 

25) EK1DIODDEX Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.88H-4 2.88E-04 1.09E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

26) FKlWL11AVO Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.803-04 1 2.80E-04 1.06E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80H-02 

27)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.808-02 1.01E-05 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
WKCSTRTCOM Common Cause Failure of Keowee Governors to Cold Start 1.123-05 1.12E-05 

28)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 9.88E-06 
EK1SPYCLHE Keowee Unit 1 Supply Breaker Fails To Close Due To Latent Human Error 2.603-4 2.603-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

29)-KElRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 9.88E-06 

KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.803-02 

WKlGVCDLHE Latent Human Error Fails Keowee 1 Governor During Cold Start 2.63-4 2.60E-04 

0*0*0
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Top 100 Cut Sets From The Keowee Emergency Power Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

30) GK1COOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlve Mispositioned After Maint 2.60E-04 2.60E-04 9.88E-06 
KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

31)-KElRUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 9.88E-06 
EK1FLDCLHE Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

32)-KKlRUNSDBX Keowee Unit 1 Only Is supplying The Grid 0.0 0.00E+00 9.88E-06 
BKlFLSCLHE Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human 2.601-4 2.60E-04 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

33)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.001+00 9.88E-06 
EK1FLSOLHE Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60B-4 2.60E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

34)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 9.81E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.201-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LBE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7CLOSLHE Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.60E-4 2.60E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

35) EK14lAXR6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 1 2.49E-04 9.46E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

36)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.749-03 2.74E-03 9.39E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.011-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/21 Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA12712R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.49E-04 
AA127CPR6D Transformer CX Undervoltage Relay 27/CI1 Fails To Pick Up 2.491-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02
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37)-XAlXAALBLM MCC 11A I Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 8.66B-06 
-AfDlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25H-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01B-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30B-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16B-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20B-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
BEK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 

38) YOSTARTCOM Common Cause Failure Of Emergency Start Signal 7.26E-06 7.26E-06 7.26E-06 
YOSTARTRHE 1.00H+00 1.00B+00 

39)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.46B-03 6.46E-06 
-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74B-03 2.745-03 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.55-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.208-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.015-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.205-4 3.205-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04H-03 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30B-04 1 9.30E-04 

40) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.475-3 2.47E-03 6.10E-06 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 

41)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 5.85E-06 
GE10001HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.54E-04 1 1.54H-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

* 5 S
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42)-XAlAALBLM MCC 1KA Is Connected to Its Alternate Source of Power 2.74E-03 2.74B-03 5.85E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30B-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16R-05 
-ABS1431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30H-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
XA1BKRSCOM CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.003-01 

43)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.743-03 2.74E-03 5.85E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16H-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CZ Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
XA78BKRCOM Common Cause Failure Of ACB-7 And ACB-8 To Close 3.10B-04 3.108-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 

44) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.473-3 2.47E-03 5.61E-06 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27B-03 

45) EK2VREGDEX KEU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.473-03 5.61E-06 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27B-03 

46) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.273-03 5.15E-06 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 

47) KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 5.113-06 
OK1AGO4RVT Safety Relief Valve 1AG-4 Spurious Operation 5.60B-06 24 1.343-04 

48) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 5.11E-06 
OK10003RVT Safety Relief Valve 10G-3 Spurious Operation 5.60H-06 24 1.343-04 

49)-XDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 5.07E-06 
-KK1RUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTEDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00* 

XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30B-04 
XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03
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50)-XD2DALTBYM Normal Power To Diet Cntr 2DA Is In Test or Maintenance 5.488-03 5.48E-03 5.07E-06 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTRDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
XD1DALTBYM Normal Power To Dist. Center IDA I In Test or Maintenance 5.48E-03 5.48E-03 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 

51) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 4.94E-06 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.OOE-03 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47B-03 

52)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 4.89E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails on Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB752Y2RYT Air Circuit Breaker 7 Y-relay Spurious Operation 3.6E-07 360 1.30E-04 
KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 

53) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 4.548-06 
ACBAIRPDBK ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 

54)-XAlXAALBLM MCC 1KA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 4.05E-06 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.258-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.65-06 6 2.16E-05 
-AB51431sWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.175-04 

* 0 0
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55)-XAlXAALBLM MCC 1XA I Connected to Its Alternate Source of Power 2.74E-03 2.74R-03 3.91E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20H-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.019-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails on Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.69-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.09-08 360 2.52H-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
WK2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.69-4 5.60B-04 

56)-KAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 3.91E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.019-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3B-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.09-08 360 2.52E-05 
-AB51431LBE Manual/Auto Control Switch 143/1 Left In Manual 3.209-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.39-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.499-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
WK2TBRNDEX Keowee Unit 2 Turbine Fails With the Unit Running 5.6E-4 5.60E-04 

57)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.91E-06 
GKOLOCKCOM Common Cause Actuation of Generator Lockouts 4.069-06 4.069-06 

58) KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.809-2 3.809-02 3.83E-06 
YKlSS12SST Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 4.2E-06 24 1.01E-04 

59) EK1F30AFUF Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 3.6E-06 24 8.649-05 3.28E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.809-2 3.80B-02
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60)-XA2XAALBLM MCC 2XA Is Connected to Its Alternate Power Source 2.74E-03 2.74E-03 3.18B-06 
-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 
-AD2B2ALCDT Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 7.5E-08 30 2.25E-06 
-AB6OPENLHE Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20B-3 3.20H-03 
-AB6MECHDBX Air Circuit Breaker 6 Fails To Open Due To Mechanical Failure B.01E-04 8.01E-04 
-AB652TCRYD Air Circuit Breaker 6 Trip Coil 52TC Fails Fails To Operate 3.32-05 1 3.30E-05 
-AB61432SWT Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 7.02-08 360 2.52E-05 
-AB61432LHE Manual/Auto Control Switch 143/2 Left In Manual 3.20E-4 3.20H-04 
-AB610AFFUF One Or More Control Power Fuses For Relay 27X/2X Fail 3.6E-06 6 2.16E-05 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.32-05 1 3.30E-05 
-AA2272XR6D Transformer 2Z Undervoltage Relay 27/21 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB6MCH2DEX Air Circuit Breaker 6 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
XAlXCXXTHM 4160/600 Vac Transformer CX Is in Maintenance 4.57B-4 4.57E-04 

61)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 3.13E-06 
EK1BXC1TGF Keowee Unit 1 Gen Excitation Transformer Is Failed 9.8E-07 84 8.23E-05 
KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

62) BK1BAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 3.06E-06 
BK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.472-03 

163) BK1VREGDEX KBU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 3.06B-06 
EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24H-3 1.24E-03 

64)-XA1XAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 3.03E-06 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlBOTKDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLRE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.202-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.012-04 8.01H-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.32-05 1 3.302-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20B-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CI Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2D2X Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.048-03 7.042-03 
EK2SPYMDEX Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.62E-04 

65)-KX1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.93E-06 
EK1FLSMDEX Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Pa 7.71E-5 7.71E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 

66)-KRlRUNSDEX Keowee Unit 1 Only I Supplying.The Grid 0.0 0.00E+00 2.93E-06 
KlFLDMDEX Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-5 7.71E-05 

KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
67) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.802-02 2.832-06 

UACICT4THF Transformer CT4 Failed 3.1E-06 24 7.44E-05 

* * 0
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68) EKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24B-03 2.82E-06 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.468-05 24 2.273-03 

69) EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.248-3 1.24E-03 2.828-06 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.468-05 24 2.27E-03 

70) ACB4MOD NSM-ON-52966 I Not In Service 1 1.00E+00 2.48B-06 
ACRAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00H-03 2.008-03 
EK1BAS2DBX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24B-3 1.248-03 

71)-XDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.488-03 5.48B-03 2.45E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 
XD1CKC1BCF Battery Charger KC1 Fails 2.9E-05 24 6.968-04 
XD1KBlXRHB Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 9.3e-02 9.308-02 

72)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.35B-06 
PKOSUMPCOM Common Cause Failure Of Turbine Sump Pump System 2.448-06 2.44E-06 

73)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 2.31E-06 
EKlBASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20B-3 3.20E-03 
KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 
BKOBASERHE Recovery of Keowee Base Adjust LHE 1.9E-02 1.908-02 

74)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.488-03 2.28E-06 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.008+00 
-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 

BK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.478-3 2.47E-03 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.308-04 1 9.308-04 
XDOKBATRHE 1.008+00 1.00E+00 

75)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 2.28E-06 
EX1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
XD2KBATBYP Keowee Battery No. 2 Fails during Discharge 9.308-04 1 9.30E-04 

76)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 2.17E-06 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.478-3 2.478-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13B-04 9.138-04 

77) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 2.13E-06 
WK1SPD2DEX Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.6E-05 5.60E-05 

7B)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 2.10B-06 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Rune 9.468-05 24 2.27E-03 
XD1KBATBYP Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 
XDOKBATRHE 1.00E+00 1.008+00 

79)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 2.10E-06 
GX10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.468-05 24 2.27E-03 XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 

80) FKlWL11AVT Cooling Water Control Valve 1WL-11 Transfers Closed 2.308-06 24 5.52E-05 2.108-06 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02
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81)-OMOD Startup Bus UV Sensing Mod Is In Service 0 0.00E+00 2.05H-06 -KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
S227EUVRYT Unit 2 Startup Bus Undervoltage Relay 27E Fails 3.6E-07 9 2.33E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 82)-OMOD Startup Bus UV Sensing Mod Is In Service 0 0.00E+00 2.05E-06 -KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 S127EUVRYT Unit 1 Startup Bus Undervoltage Relay 272 Fails 3.6E-07 9 2.33E-03 SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 83)-A1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.01E-06 -AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 -AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30H-05 -AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/2x Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA12712R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop out 2.49E-04 1 2.49E-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.048-03 7.04E-03 EK2DIODDEX Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-4 2.88B-04 84)-KK2UNITHYM The Overhead Unit (2) is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.99E-06 GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 85)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 1.98B-06 GKINGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintena 5.202-05 5.20E-05 
K2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 86)-XAlXAALBLM MCC lA Is Connected to Its Alternate Source of Power 2.742-03 2.74E-03 1.96E-06 -AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.52-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.012-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30B-05 -AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20H-4 3.20E-04 -AA22712RYD Auxiliary Relay 271/2X Fails To Operate On Demand 3.3H-05 1 3.30B-05 
-AA127X2R6D Transformer CI Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCB2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.042-03 7.04E-03 
FK2WL11AVO Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 1 2.80H-04 

87)-KK2UNITYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.87E-06 
BKGBOILCOM Common Cause Failure Of Turbine Guide Bearing Oil System 1.94E-06 1.94E-06 * *
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88)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48B-03 1.85E-06 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOB+00 
-KK1BOTBDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
ACBAIRPDBX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.OOE-03 
XD1KBATBYP Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 
XDOKBATRHE 1.00+00 1.OOE+00 

89)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74H-03 2.74E-03 1.82E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.20E-3 3.20R-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30H-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52B-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA22712RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
GK2COOLLHE Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60E-04 

90)-KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 1.76E-06 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.OOE-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13B-04 9.13E-04 

91)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.748-03 1.74E-06 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20B-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Pails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA12712R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK241AIR6D Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 1 2.49E-04
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92)-KAlXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.71E-06 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 

-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 

-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-O5 1 3.30E-05 

-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0K-08 360 2.52E-05 

-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.208-4 3.20E-04 

-AA227X2RYD Auxiliary Relay 27X/21 Fails To Operate On Demand 3.3E-05 1 3.30E-05 

-AA127X2R6D Transformer CX Undervoltage Relay 27/CI1 Fails To Drop Out 2.49H-04 1 2.49E-04 

AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04H-03 7.04E-03 

EK2FLDCLHE Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60B-4 2.60E-04 

93)-XAlXAALBLM MCC 1IA Is Connected to Its Alternate Source of Power 2.74B-03 2.74E-03 1.71E-06 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.O-02 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5-08 30 2.25H-06 

-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20H-3 3.20E-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 

-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 

-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6K-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0K-08 360 2.52E-05 

-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 

-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 

-AA127X2R6D Transformer CX Undervaltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 

AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 

EK2FLSCLHE Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.60E-04 

94)-XAlIAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74K-03 2.74E-03 1.71E-06 

-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 O.OOE+00 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 

-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20H-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.39-05 1 3.30E-05 

-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into fanual 7.0K-08 360 2.52E-05 

-AB51431LBE Manual/Auto Control Switch 143/1 Left In Manual 3.20H-4 3.20E-04 

-AA227X2RYD Auxiliary Relay 27X/2X'Fails To Operate On Demand 3.3E-05 1 3.30E-05 

-AA127X2R6D Transformer CX Undervoltage Relay 27/CXI Fails To Drop Out 2.49E-04 1 2.49H-04 

AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.048-03 7.04E-03 

EK2SPYCLHE Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 

* s S
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95)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.748-03 1.71E-06 
-KK2RUNSDEX Keowee Unit 2 Only I Supplying The Grid 0.06 6.OOE-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-09 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.045-03 7.04E-03 
WK2GVCDLHE Latent Human Error Fails Keowee 2 Governor During Cold Start 2.6E-4 2.60E-04 

96)-XAlXAALBLM MCC 1LA Is Connected to Its Alternate Source of Power 2.745-03 2.74E-03 1.71E-06 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/C11 Fails To Drop Out 2.49H-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
BK2FLSOLHE Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60E-4 2.60E-04 

97) BK1GBO1FTC Filter 1GBOPL-1 Becomes Clogged 1.80E-06 24 4.32E-05 1.64E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.805-02 

98) BKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 1.54E-06 
EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 

99)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.005+00 1.52E-06 
-KE1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
EX1BASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17B-4 6.17E-04 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 

100) EK188SVRYT Keowee Unit 1 Pan Control Relay 885V Prior To Or During The Run 3.6E-07 108 3.89E-05 1.48E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02



Table 7.2-3 

Failure Probability of Keowee Power Source/Path 

Underground Power Overhead Power 

Power Source 2 2.OE-02 2.2E-02 

Power Path 3 1.1E-03 8.2E-03 

Total 2.2E-02 2.8E-02 

Total 4 2.7E-02 7.OE-02 

These results do not include the impact of common cause failures.  
2 Pow source in this case includes the Keowee unit through the generator output 
breaker.  
3 Power path includes components downstream of the generator output breaker through 
the Oconee transformer.  
4 These results include the impact of the unit maintenance unavailability.
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Top 50 Cut Sets From The Keowee Emergency Power Model 
Underground Unit- Gate UNDERO 

Module/Event Description Rate Exposure Prob. Cs Prob.  

1) UNDERO 3.01E-02 
1) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 5.23B-03 
2)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 3.20E-03 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00+00 
ABPOPRCRH3 Operators Fail To Close Air Circuit Breaker 4 1.0 1.03+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-3 3.20E-03 

3) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00H+00 2.47H-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.003+00 
EK1VREGDEX KHU-l Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 

4)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.45E-03 
FKOFISHCOM Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.559-3 2.55E-03 

5) ABPOPRCRH3 Operators Fail To Close Air Circuit Breaker 4 1.0 1.003+00 2.27E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.003+00 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27H-03 

6) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 1.24E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.003+00 
BK1BAS2DEX KHU-l Bass Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 

7)-XDlDALTBYM Normal Power To Dist. Center lDA Is In Test or Maintenance 5.48B-03 5.48E-03 9.25E-04 
-KK1RUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 
-KX1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 .003+00 
ABPOPRCRHE Operators Fail To Close Air circuit Breaker 4 1.0 1.003+00 
ACB4MOD NSM-ON-52966 Is Not In Service I 1.003+00 
ID1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30-04 1 9.303-04 

8)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 8.78B-04 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 

9)-XD1DALTBYM Normal Power To Dist. Center lDA Is In Test or Maintenance 5.48B-03 5.48E-03 6.92E-04 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.003+00 
ACB4MOD NSM-ON-52966 Is Not In Service I 1.003+00 
ID1CEC1BCF Battery Charger KCl Fails 2.9E-05 24 6.96B-04 
XD1KBlXRHE Keowee Standby Battery Charger SEC Not Lined Up in 1 Hour 1 1.003+00 

10)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 6.44E-04 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.698-04 6.69E-04 

ll)-KK1RUNSD3X Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 6.17E-04 
-KKlBOTHDHX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00X+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.003+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 
EK1BAS3DEX Keowee Unit 1 Base Adjust Fails To Establish correct Unit Voltage 6.17-4 6.17B-04
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12) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00B+00 5.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WK1GVRNDEX Keowee Unit 1 Gov. Pails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 

13) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 5.602-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60E-04 

14)-EKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 4.62E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.002+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
BK1SPYMDEX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.62E-04 

15)-XAlXAALBLM MCC 1xA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 3.08E-04 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHB Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.012-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-ABS1431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20H-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
XA1BKRSCOM CCF of 1X Aux Power Breakers ACB-5 & -7 3.10E-04 3.10E-04 

16) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00R+00 2.88B-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
BKlDIODDEX Keowee Unit 1 Exciter Pan Supply Diode Bridge Fails 2.88E-4 2.88E-04 

17) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.80E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
PKlWL11AVO Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.80E-04 1 2.802-04
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18)-XAlAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.66E-04 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Pails To Open Due To Mechanical Failure 8.01E-04 8.01H-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3B-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.528-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.202-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DBX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.803-02 

19) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 2.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 
GK1COOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60E-04 

20) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.003+00 2.60E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
GK1BRGVLHE Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Maint 2.60E-04 2.60B-04 

21)-KKlRUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 2.60E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WK1GVCDLHB Latent Human Error Fails Keowee 1 Governor During Cold Start 2.6E-4 2.60E-04 

22)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.60B-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1PLSOLHE Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60B-4 2.60E-04 

23)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.60E-04 
-KKlBOTBDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1SPYCLHE Keowee Unit 1 Supply Breaker Pails To Close Due To Latent Human Error 2.603-4 2.60E-04 

24)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 2.60E-04 
-KK1BOTBDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlFLDCLHE Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.603-4 2.60B-04
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25)-XK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 2.60E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
BKlFLSCLHE Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human 2.60H-4 2.60E-04 

26) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00B+00 2.49E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 
EK141AXR6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.498-04 1 2.49H-04 

27)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 1.54E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00H+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
GK10001HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.545-04 1 1.54E-04 

28) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 1.34E-04 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.005+00 
OK1AGO4RVT Safety Relief Valve 1AG-4 Spurious Operation 5.60R-06 24 1.34E-04 

29) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 1.34E-04 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 

OK10003RVT Safety Relief Valve lOG-3 Spurious Operation 5.60B-06 24 1.34E-04 

30)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.22E-04 
EKIBASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20E-3 3.20E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

31)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80B-02 1.19E-04 
EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.24E-04 

32) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00H+00 1.01E-04 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.005+00 
YK1SS12SST Keowee 1 Overspeed Switch 12 Spuriously Picks Up KEE-111 4.2E-06 24 1.01B-04 

33) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47B-03 9.39E-05 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 

34) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00H+00 8.64E-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

EKlF30APUP Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 3.6E-06 24 8.64E-05 

35) GK10001HGR Keowee Unit 1 Generator Pault While the Unit Runs 9.46E-05 24 2.27E-03 8.63B-05 

KE2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80B-02 

36)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00B+00 8.23E-05 

-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

BK1BXC1TGF Keowee Unit 1 Gen Excitation Transformer Is Failed 9.8E-07 84 8.23E-05 

*
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37)-KK1RUNSDEX Keowee Unit 1 Only Is supplying The Grid 0.0 0.00E+00 7.71B-05 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
ABPOPRCRER Operators Fail To Close Air Circuit Breaker 4 1.0 1.OOE+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.008+00 
EK1FLDMDEX Keowee Unit 1 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-5 7.71E-05 

38)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.005+00 7.71B-05 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EK1FLSMDEX Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Mechanical Fa 7.71E-5 7.71E-05 

39) UACXCT4THF Transformer CT4 Failed 3.15-06 24 7.44B-05 7.44E-05 
40) SXFRCT4LHE Latent Human Error on CT4 Maintenance 6.40E-05 6.40E-05 6.40B-05 
41) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 5.60E-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
WE1SPD2DEX Keowee Unit 1 Governor Failure Creates Overspeed Condition 5.6E-05 5.60E-05 

42)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.809-02 5.58E-05 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.005-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.005+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.005+00 
BKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.175-5 6.17E-05 

43) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 5.52E-05 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
FKlWL11AVT Cooling Water Control Valve 1WL-11 Transfers Closed 2.30E-06 24 5.52E-05 

44)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 5.20E-05 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.005+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
GKlNGDCLHE Failure to Close the Unit 1 Neutral Ground Disconnect Following Maintena 5.20B-05 5.20E-05
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45)-XA1XAALBLM MCC 1lA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 4.92E-05 

-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 

-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 

-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 

-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 

-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 

-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 

-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 

-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 

-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 

AB5MCH2DEX Air Circuit Breaker 5 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 

AB7MCB2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Pailure 7.04E-03 7.04E-03 

ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00E+00 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00B+00 

46)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80B-02 4.80E-05 

-KE2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 

-KKlRUNSDBX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure of The Breakers 5.31E-05 5.31E-05 

47) EK1BAS2DEX KBU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 4.71E-05 

KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80E-02 

48) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.003+00 4.32E-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

BK1GBO1FTC Filter 1GBOFL-1 Becomes Clogged 1.80E-06 24 4.32E-05 

49) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 1.0 1.00H+00 3.89E-05 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

EK188SVRYT Keowee Unit 1 Pan Control Relay 88SV Prior To Or During The Run 3.63-07 108 3.89E-05 

50)-ID1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 3.51E-05 

-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 

KK2UNITBYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80H-02 

IDlKBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 

9 e 0
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1) OVERO *7.27E-02 
1) KK2UNITHYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80R-02 3.80E-02 
2) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 5.23E-03 
3)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.001-02 3.01E-03 

-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
EK2BASELHE Keowee Unit 2 Base Adjust Is Set Incorrectly 3.20E-3 3.20E-03 

4) EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 2.47B-03 
5)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 2.45E-03 

FKOFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
6)-OMOD Startup Bus UV Sensing Mod Is In Service 0.0 0.00B+00 2.33E-03 

OFACTORDEX Overload Susceptibility Factor 1.0 1.001+00 
S227BUVRYT Unit 2 Startup Bus Undervoltage Relay 27B Fails 3.6E-07 9 2.33E-03 

7)-OMOD Startup Bus UV Sensing Mod Is In Service 0.0 0.00E+00 2.33B-03 
OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
S127EUVRYT Unit 1 Startup Bus Undervoltage Relay 271 Fails 3.6E-07 9 2.33E-03 

8) GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 2.27E-03 
9) ACB4MOD NSM-ON-52966 Is Not In Service 1 1.001+00 2.00E-03 

ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 
10) EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.249-3 1.24B-03 1.24E-03 
ll)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48B-03 5.48E-03 9.25E-04 

XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 
12)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 6.92E-04 

XD2CKC2BCP Battery Charger KC2 Fails 2.9E-05 24 6.96E-04 
XD2KB2XRHE Keowee Standby Battery Charger SBC Not Lined Up in 1 Hour 1 1.00E+00 

13)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 6.44E-04 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69H-04 6.691-04 

14)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.001-02 5.80E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.001+00 
EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.17B-04 

15) WK2TBRNDEX Keowee Unit 2 Turbine Fails With the Unit Running 5.6E-4 5.60B-04 5.60E-04 
16) WK2GVRNDEIX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 5.60E-04 
17)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 4.34E-04 

-KKlBOTHDEIX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.001+00 
EK2SPYMDEX Keowee Unit 2 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.621-04
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18)-XA2XAALBLM MCC 21A Is Connected to Its Alternate Power Source 2.74E-03 2.74E-03 3.08E-04 
-AD2B2ALCDT Breaker 2AL In 125V dc Distribution Center 2DA Transfers Open 7.59-08 30 2.25E-06 
-AB60PENLHE Air Circuit Breaker 6 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB6MBCHDEX Air Circuit Breaker 6 Pails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB652TCRYD Air Circuit Breaker 6 Trip Coil S2TC Pails Fails To Operate 3.3E-05 1 3.30E-05 

-AB61432SWT Manual/Auto Control Switch 143/2 Spuriously Transfers Into Manual 7.01-08 360 2.52E-05 
-AB61432LHE Manual/Auto Control Switch 143/2 Left In Manual 3.20E-4 3.20E-04 
-AB610APFUF One Or More Control Power Fuses For Relay 27X/21 Fail 3.6E-06 6 2.161-05 

-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA2272XR6D Transformer 2X Undervoltage Relay 27/2X Fails To Drop Out 2.49E-04 1 2.49E-04 
XA2BKRSCOM CCF of Aux Power Breakers ACB-6 & -8 3.10E-04 3.10E-04 

19) AB2MCH2DEX Air Circuit Breaker 2 Fails To Close Due To Mechanical Failure 3.02E-4 3.02E-04 3.02E-04 
20) EK2DIODDEX Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 2.88E-4 2.89E-04 2.88E-04 
21) FK2WL11AVO Cooling Water Control Valve 2WL-11 Fails To Open On Demand 2.80E-04 1 2.80E-04 2.80E-04 

22) GK2BRGVLHE Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs Mispositioned After Mainte 2.60E-04 2.60E-04 2.60E-04 
23) GK2COOLLHE Keowee 2 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.601-04 2.60E-04 2.60E-04 

24) SPCB009CHC SWYD PCB-9 Fails To Close On Demand 2.61-04 1 2.60E-04 2.60E-04 

25) AA227T2R6D Transformer #1 Undervoltage Relay (27T/21) Fails To Drop Out 2.49E-04 1 2.49E-04 2.49E-04 

ABEOPRCRHE Operators Fail To Close Air Circuit Breaker 2 1 1.00E+00 

26) AB252Y2R6D Air Circuit Breaker 2 Relay 52Y Failed To Drop Out Following Last Demand 2.49E-04 1 2.49E-04 2.49E-04 

27) AB2R52XR6D Air Circuit Breaker 2 Relay 52X Fails To Operate 2.49E-04 1 2.49E-04 2.49E-04 
28) EK241AXR6D Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 2.491-04 1 2.49E-04 2.491-04 

29)-KE2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK2SPYCLHE Keowee Unit 2 Supply Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 

30)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44H-04 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK2FLSCLHE Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.60E-04 

31)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 
-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

WK2GVCDLHE Latent Human Error Fails Keowee 2 Governor During Cold Start 2.6B-4 2.60E-04 

32)-KK2RUNSDEX Keowee Unit 2 Only is Supplying The Grid 0.06 6.009-02 2.44E-04 
-KElBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
AB2CLOSLHE Air Circuit Breaker 2 Fails To Close Due To A Latent Human Error 2.60B-4 2.60E-04 

33)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 

-KKlBOTHDEK Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 

EK2FLSOLHE Keowee Unit 2 Field Flashing Breaker Fails To Open Due To Latent Human E 2.60H-4 2.60E-04 

* *S
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34)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 2.44E-04 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
EK2FLDCLHE Keowee Unit 2 Field Breaker Fails To Close Due To Latent Human Error 2.60E-4 2.60E-04 

35) SXFRCT3THM Transformer CT3 Is In Maintenance 1.74E-04 1.74E-04 1.74E-04 
36)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 1.45E-04 

-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
GK20002HGS Keowee Unit 2 Generator Fault Causes Unit Start Failure 1.54E-04 1 1.54E-04 

37) OK20003RVT Safety Relief Valve 20G-3 Spurious Operation 5.60E-06 24 1.34E-04 1.34E-04 
38) OK2AGO4RVT Safety Relief Valve 2AG-4 Spurious Operation 5.60H-06 24 1.34E-04 1.34E-04 
39)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.19E-04 

EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.24B-04 
40)-OMOD Startup Bus UV Sensing Mod Is In Service 0.0 0.00E+00 1.18E-04 

OFACTORDEX Overload Susceptibility Factor 1.0 1.00E+00 
SU327UVCOM Common Cause Failure of Unit 3 SU Bus Undervoltage Relays 1.18E-04 1.18E-04 

41)-KE2UNITHYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.08E-04 
AB24BKRCOM Common Cause Failure Of Air Circuit Breakers 2 And 4 To Close 1.12E-04 1.12E-04 

42) YK2SS12SST Keowee 2 Overspeed Switch 12 Spuriously Picks Up KEE-211 4.2E-06 24 1.01B-04 1.01E-04 
43) EK2F30AFUF Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 3.65-06 24 8.64E-05 8.64E-05 
44) SXFRCT3THF Transformer CT3 Faulted 3.1E-06 24 7.44E-05 7.44E-05 
45)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 7.25E-05 

-KKlBOTHDBX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
BK2FLDMDEX Keowee Unit 2 Field Breaker Fails To Close Due To Mechanical Failure 7.71E-5 7.71E-05 

46)-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 7.25E-05 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EK2FLSMDEX Keowee Unit 2 Field Flashing Breaker Fails To Close Due To Mechanical Fa 7.71E-5 7.71E-05 

47) GK2FIREDEX Spurious Actuation of Unit 2 Gen. C02 Fire Supression System 7.00E-05 7.00E-05 7.00E-05 
48) WK2SPD2DEX Keowee Unit 2 Governor Failure Creates Overspeed Condition 5.6E-05 5.60E-05 5.60E-05 
49)-KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 5.58E-05 

-KE2RUNSDEX Xeowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.17E-05 

50) FK2WL11AVT Cooling Water Control Valve 2WL-11 Transfers Closed 2.30H-06 24 5.525-05 5.528-05



Table 7.2-6 

Keowee Run Failure Probability - Base Case 

Failure Probability 

Reliability Model Prediction - - Standby Unit 0.012 

Reliability Model Prediction - - Grid-cycled Unit 0.011 

Overall Experience (1984-1993) 0.012



Table 7.2-7 

Comparison of System Level Versus Component Level 

Common Cause Failure Probability 

Start Failure Prob. Run Failure prob. Total CCF Prob.  

System Level: 

A. Generic Beta factor 4.50E-4 6.20E-4 1.07E-3 

B. Keowee Beta factor 4.05E-5 3.05E-3 3.09E-3 

Component Level: 1.50E-4 3.36E-3 3.51E-3
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Top 100 Cut Sets From The ONS-Keowee AC Power Integrated Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

1) OPWERTOP *6.35E-05 
l)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.26E-05 

-KElBOTKHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 

2) KE1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 7.53E-06 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
PACOT5WDBX Modifier Since Keowee Maintenance Is Scheduled Por Mild Weather Periods 1.00B-01 1.00E-01 

3)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.802-02 4.632-06 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.692-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 

4)-XA1XAALBLM MCC 1KA Is Connected to Its Alternate Source of Power 2.748-03 2.74E-03 3.82E-06 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5R-08 30 2.25E-06 
-AB70PENLBE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.012-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.32-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.02-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Pails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.809-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 

5)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.00-02 2.23E-06 
FKOFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3B-02 6.30E-02 

6) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 1.98E-06 
PACLINEDEX 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.800-03 7.80E-03 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 

7)-KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 1.72E-06 
EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.24E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

8) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.472-03 1.352-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.442-02 

9) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 1.24E-06 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 

10) KK1BOTHEYM Both Keowee Units Unavailable Due To Common Maintenance 1 5.23E-3 5.23B-03 1.11E-06 
PACLINEDEX 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.8002-03 7.80E-03 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7302-02 2.73E-02 

11) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.442-02 1.07E-06 
UACXCT4THF Transformer CT4 Failed 3.1E-06 24 7.44E-05 
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12) SXFRCT4LHE Latent Human Error on CT4 Maintenance 6.40E-05 6.40E-05 9.22E-07 
T5WEATE Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 

13)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 8.03B-07 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OE-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The arid 0.0 0.00H+00 
-KKlBOTHDBX Reowee Units 1 And 2 Are Supplying The arid 0.0 0.OOE+00 
EKSTARTCOM Common Cause Failure of Both Units Voltage Regulators To Start 6.17E-5 6.17H-05 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 

14)-KK2UNITRYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.BO-02 6.91B-07 
-KK2RUNSDEX Reowee Unit 2 Only Is Supplying The Grid 0.06 6.OO-02 
-KK1RUNSDEX Keowee Unit 1 only Is Supplying The Grid 0.0 0.00H+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.09+00 
E12EXCTCOM Units 1 & 2 Excit Pail Due To Common Cause Failure Of The Breakers 5.31E-05 5.31E-05 
T5WEATH Loss Of off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 

15) EK1BAS2DEX KRU-l Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 6.79E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

16) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 5.67E-07 
PACLEESCTR Lee Steam Station Combustion Turbines Fail To Run For The Required Time 9.30E-05 24 2.239-03 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 

17)-XD1DALTBYM Normal Power To Diet. Center lDA Is In Test or Maintenance 5.48R-03 5.48E-03 5.06H-07 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.8OE-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44H-02 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30B-04 1 9.30E-04 
XDOKBATRHE Failure To Recover DC By Cross Connecting The Distribution Centers l.OOE+00 1.00E+00 

18)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.B0E-2 3.8OE-02 4.82E-07 
T5WEATH Loss Of off-Site Power Due To Severe Weather Initiating Event l.440E-02 1.44E-02 
XDOCHRGCOM Common Cause Failure Of Keowee Battery Chargers 3.48E-05 3.40E-O5 

19)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 4.39E-07 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 
T5FEEDF Failure of Electrical Grid Or Main Feeders Initiating Event 2.730K-02 2.73E-02 
ABOSWGRRHK Recovery of Keowee Aux Power Breakers by Manual Control 5.0K-al 5.OOB-01 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.OOE-02 

20)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 4.25E-07 
-KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13B-04 
TSSUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86-02 4.86E-02 
PACLEBIREC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 l.OOE-02 

21)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 4.15K-07 
-KKlBOTEDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.OH-03 9.OOH-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
EK1BASELHE Keowee Unit 1 Base Adjust Is Set Incorrectly 3.20B-3 3.20E-03 
T5WHATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02
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22)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 3.74E-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XDOBATTCOM Commn Cause Failure Of Keowee I&C Power Batteries 2.70E-05 2.70E-05 

23)-XA1XAALBLM MCC 11A is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 3.62E-07 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-O8 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Pails To Open Due To Mechanical Failure 8.01E-04 8.01B-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710APFUP One or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73B-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.OOE-02 

24)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.801-2 3.80E-02 3.41E-07 
FKVALVECOM Common Cause Failure Of Cooling Water Control Valves 2.46E-5 2.46E-05 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440B-02 1.44E-02 

25)-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 3.38E-07 
EKIBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.17E-04 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80B-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

26) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.0-03 9.001-03 3.20E-07 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.001+00 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

27) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 3.19E-07 
PACLEESCTR Lee Steam Station Combustion Turbines Fail To Run For The Required Time 9.30E-05 24 2.23R-03 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7301-02 2.73E-02 

28) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 3.06E-07 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WK1TBRNDEX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60B-04 

29) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 3.06E-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WK1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60H-04 

30) ABPOPRCRRE Operators Fail To Close Air Circuit Breaker 4 9.OE-03 9.008-03 2.94B-07 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

31)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.90E-07 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WOORUNCOM Common Cause Failure of Keowee Governors to Run 2.09E-05 2.09E-05 
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32)-EKlRUNSDEX Keowee Unit 1 Only is Supplying The Grid 0.0 0.00E+00 2.53B-07 
EK1SPYMDEX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.62E-4 4.62B-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.90E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

33)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.49E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XA1XCXXTHM 4160/600 Vac Transformer CX Is in Maintenance 4.579-4 4.57E-04 

34)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.743-03 2.74E-03 2.49E-07 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.203-3 3.20E-03 
-AB7MECKDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 9.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.303-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.63-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Lefb In Manual 3.20E-4 3.203-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.043-03 7.04E-03 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 

35)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.743-03 2.28E-07 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25H-06 
-AB70PENLHE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.20E-3 3.203-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.013-04 8.013-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.303-05 
-AB710APFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16H-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.203-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.303-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49R-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.442-02 

36) PACS1S2COM Common Cause Failure Of Breakers Sl And S2 To Close 8.9003-05 8.90E-05 2.16E-07 
T5SUBF Lose Of The Oconee Station Switchyards Initiating Event 4.863-02 4.863-02 
PACS1S2REC 5.0e-02 5.003-02 

37)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.803-02 2.11H-07 
PKOFISHCOM Co mmn Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PKOFISEDBE Recovery of Main WL Strainer Clogging 6.3E-02 6.30E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.003-02 

38)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80E-02 2.023-07 
OKOPRUNCOM Common Cause Failure Of Both Governor Oil Systems To Run 1.46E-05 1.463-05 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02
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39)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 2.01E-07 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20B-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710APFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.168-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0H-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/21 Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA12712R6D Transformer CX Undervoltage Relay 27/CXI Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCB2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.042-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
ACBAIRPDBX ACB Air Supply Fails Causing Low Pressure In All ACE Accumulators 2.008-03 2.00E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 

40)-KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 1.632-07 
BKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24B-4 1.24E-04 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7302-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.002-02 

41) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.02-03 9.002-03 1.61H-07 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
EKlBAS2DEX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.442-02 

42) EKlDIODDEX Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 2.882-4 2.88E-04 1.582-07 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.44E-02 

43)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.802-02 1.56E-07 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.692-04 6.69E-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.862-02 4.86H-02 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0E-01 5.00E-01 
PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.00E-02 

44) FKlWL11AVO Cooling Water Control Valve 1WL-11 Fails To Open On Demand 2.80E-04 1 2.80E-04 1.53E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.802-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.442-02 

45)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 1.462-07 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 
WKCSTRTCOM Common Cause Failure of Keowee Governors to Cold Start 1.122-05 1.12E-05 

46) GKlCOOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispositioned After Maint 2.602-04 2.602-04 1.42E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 

47)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 1.422-07 
EK1FLDCLHE Keowee Unit 1 Field Breaker Fails To Close Due To Latent Human Error 2.60B-4 2.602-04 
KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.802-2 3.802-02 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4402-02 1.442-02 
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48)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.42E-07 EKISPYCLHE Keowee Unit 1 Supply Breaker Pails To Close Due To Latent Human Error 2.602-4 2.60B-04 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 49)-KX1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00H+00 1.42E-07 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WK1GVCDLHE Latent Human Error Fails Keowee 1 Governor During Cold Start 2.68-4 2.608-04 50)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.428-07 EK1FLSCLHE Keowee Unit 1 Field Flashing Breaker Fails To Close Due To Latent Human 2.60E-4 2.608-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.448-02 

51)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 1.42E-07 EK1FLSOLHE Keowee Unit 1 Field Flashing Breaker Fails To Open Due To Latent Human E 2.608-4 2.60E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.448-02 52)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.748-03 2.748-03 1.41E-07 -AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.58-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.208-3 3.208-03 -AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 

-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.38-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.16B-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.208-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.38-05 1 3.308-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7CLOSLHE Air Circuit Breaker 7 Fails To Close Due To A Latent Human Error 2.608-4 2.60E-04 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 53) KK1UNDRBHF Fault Occurs On The Underground Power Path 4.00E-07 24 9.60E-06 1.38E-07 T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 

54) EK141AXR6D Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 2.49E-04 1 2.49B-04 1.36E-07 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02
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55)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 1.35E-07 -AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 -AB70PENLGE Air Circuit Breaker 7 Pails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 -AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Pailure 8.01E-04 8.01B-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 -AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16B-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 -AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 -AA227X2RYD Auxiliary Relay 27X/2Z Pails To Operate On Demand 3.3E-05 1 3.30E-05 -AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 AA127CPR6D Transformer CX Undervoltage Relay 27/CX1 Fails To Pick Up 2.49E-04 1 2.49R-04 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44E-02 56)-XAlXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.742-03 2.74E-03 1.29H-07 -AD1B4ALCDT Breaker 4AL In 125 V do Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 -AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.205-03 -AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 -AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.05-08 360 2.52E-05 -AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 -AA227X2RYD Auxiliary Relay 27X/2X Pails To Operate On Demand 3.3E-O5 1 3.30E-05 -AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49R-04 AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 T5SUBF Loss Of The Oconee Station .Switchyards Initiating Event 4.86E-02 4.86E-02 PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.00E-02 57) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 1.28E-07 KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80H-02 T5FEEDF Failure Of Electrical Grid or Main Feeders Initiating Event 2.730E-02 2.73B-02 PACLE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.005-02 58)-XA1XAALBLM MCC l1A Is Connected to Its Alternate Source of Power 2.74E-03 2.748-03 1.258-07 -ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 -AB7MBCHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01B-04 -AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.35-05 1 3.305-05 -AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 -AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52H-05 -AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 -AA227X2RYD Auxiliary Relay 271/21 Fails To Operate On Demand 3.3B-05 1 3.30E-05 -AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 EK2BAS2DEX KHU-2 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.245-3 1.24E-03 T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.445-02 59) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440R-02 1.44E-02 1.24B-07 U5186EFRYT Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 3.6E-07 24 8.64E-06
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60) T5WEATE Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 1.24B-07 
U62BSKlRYT SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 3.6E-07 24 8.64E-06 

61) T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 1.24E-07 
U87TCT4RYT Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 3.6E-07 24 8.64B-06 

62) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44B-02 1.24E-07 
U86TCT4RYT CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 3.6B-07 24 8.648-06 

63) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.443-02 1.24E-07 
U51TNC4RYT CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 3.6E-07 24 8.64B-06 

64) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 1.24E-07 
U5086EFRYT Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 3.6H-07 24 8.64B-06 

65) T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44B-02 1.24E-07 
U86CT41RYT Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 3.6E-07 24 8.64B-06 

66) T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 1.24E-07 
U62BSK2RYT SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 3.63-07 24 8.64E-06 

67) T5WRATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 1.24E-07 
UXX86EFRYT Lockout Relay 86EF Spuriously Picks Up 3.6E-07 24 8.64E-06 

68)-XD1DALTBYM Normal Power To Diet. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 1.20B-07 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
ABPOPRCRHR Operators Fail To Close Air Circuit Breaker 4 9.0H-03 9.O-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00H+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44H-02 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 

69) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46E-05 24 2.27E-03 1.18E-07 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5FEEDP Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

70) PACS1CSMOD Si Closing Circuit Components Fail 2.833E-03 2.83E-03 1.163-07 
PACS2CSMOD S2 Closing Circuit Components Fail 2.833E-03 2.83E-03 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 

71) T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7303-02 2.73E-02 9.91E-08 
YOSTARTCOM Common Cause Failure Of Emergency Start Signal 7.26E-06 7.26E-06 
YOSTARTRHE Operators Fail To Manually Start Keowee 0.5 5.00E-01
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72)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48B-03 9.31B-08 
-XAllAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25B-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-O5 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6H-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.33-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XD2KBATBYF Keowee Battery No. 2 Fails during Discharge 9.303-04 1 9.30E-04 

73) EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator output Too High/Low 2.47E-3 2.473-03 8.79E-08 
EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

74)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.003+00 8.43E-08 
GK10001HGS Keowee Unit 1 Generator Fault Causes Unit Start Failure 1.543-04 1 1.54E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

75)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.743-03 8.42E-08 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20H-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails on Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.203-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.493-04 1 2.49E-04 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 
XA1BKRSCOM CCF of 1X Aux Power Breakers ACB-5 & -7 3.103-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.03-01 5.00E-01
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76)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74B-03 2.748-03 8.428-08 
-AD1B4ALCDT Breaker 4AL In 125 V de Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.208-03 
-AB7MECKDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.018-04 8.018-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Pails On Demand 3.3E-05 1 3.308-05 
-AB710APFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20B-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.38-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80B-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 
XA78BKRCOM Common Cause Failure of ACB-7 And ACB-8 To Close 3.10E-04 3.10E-04 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.08-01 5.008-01 

77) EB1VREGDEZ KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.478-03 8.068E-08 
GK20001HGR Keowee Unit 2 Generator Fault While the Unit Runs 9.46E-05 24 2.278-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.448-02 

78) EK2VREGDEX KHU-2 Voltage Adjust Failure Drives Generator Output Too High/Low 2.478-3 2.478-03 8.08E-08 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.468-05 24 2.278-03 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 

79)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 8.00E-08 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.08-03 9.008-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.008+00 
EKlBASEDEX Keowee Unit 1 Base Adjust Fails To Establish Correct Unit Voltage 6.178-4 6.17B-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.448-02 

80)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 7.628-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.008-02 
-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.002+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.008+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.178-05 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.7308-02 2.73E-02 
PACLEE2REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.008-02 

81)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 7.518-08 
FKOPISHCOM Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.55E-3 2.558-03 
T5SUBP Loass Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.868-02 
PROFISEDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.30E-02 
PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.008-02 

82) GK10001HGR Keowee Unit 1 Generator Fault While the Unit Rune 9.46E-05 24 2.27E-03 7.42B-08 
GK20001EGR Keowee Unit 2 Generator Fault While the Unit Runs 9.468-05 24 2.27B-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

83) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 7.358-08 
OK1AGO4RVT Safety Relief Valve lAG-4 Spurious Operation 5.60E-06 24 1.34B-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44E-02
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84) KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 7.35E-08 
OE10003RVT Safety Relief Valve 100-3 Spurious operation 5.60E-06 24 1.34E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

85)-XD1DALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48B-03 5.48E-03 7.30E-08 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 O.OOE+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00H+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.449-02 
XD1KBATBYF Keowee Battery No. 1 Fails During Discharge 9.30E-04 1 9.30E-04 
XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 

86)-XD2DALTBYM Normal Power To Dist Cntr 2DA Is In Test or Maintenance 5.48E-03 5.48E-03 7.30B-08 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.OOE+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
XD1DALTBYM Normal Power To Dist. Center IDA Is In Test or Maintenance 5.48E-03 5.48E-03 
XD2KBATBYP Keowee Battery No. 2 Fails during Discharge 9.30E-04 1 9.30E-04 

87) PACN1N2COM Common Cause Failure Of Breakers Nl And N2 To Open 3.000E-05 3.00E-05 7.29E-08 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
PACN1N2REC Operators Fail To Open N1 and N2 Within 40 Minutes 5.0e-02 5.00E-02 

88) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.O-03 9.OOE-03 7.26E-08 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4409-02 1.44E-02 
WX1TBRNDBX Keowee Unit 1 Turbine Fails With the Unit Running 5.6e-4 5.60E-04 

89) ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.0E-03 9.00E-03 7.26H-08 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WK1GVRNDEX Keowee Unit 1 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04 

90) ACBAIRPDEX ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.OOE-03 2.OOE-03 7.11E-08 
EK1VREGDEX KHU-1 Voltage Adjust Failure Drives Generator Output Too High/Low 2.47E-3 2.47E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

91)-XAlXAALBLM MCC 1A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 7.04E-08 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center IDA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.O-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CZ Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB752Y2RYT Air Circuit Breaker 7 Y-relay Spurious Operation 3.6E-07 360 1.30E-04 
KE2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02
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92)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 6.55E-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The arid - 0.0 O.OOE+00 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00H+00 
E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 5.31E-05 
T5FEEDF Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PACLEB2RBC Operators Fail To Align Power From Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

93) ACBAIRPDEX ACE Air Supply Fails Causing Low Pressure In All ACB Accumulators 2.00E-03 2.00E-03 6.54E-08 
GK10001HGR Keowee Unit 1 Generator Fault While the Unit Runs 9.46B-05 24 2.27E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44B-02 

94) EK1BAS2DBX KHU-1 Base Adjust Fails To Maintain Generator Output Within Acceptable R 1.24E-3 1.24E-03 6.43E-08 
KK2UNITRYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5FDP Failure Of Electrical Grid Or Main Feeders Initiating Event 2.730E-02 2.73E-02 
PACLEE2RBC Operators Fail To Align Power Prom Lee Steam Station To Standby Buses 5.0e-02 5.00E-02 

95) PACS1S2COM Common Cause Failure Of Breakers S1 And S2 To Close 8.9003-05 8.90H-05 6.41E-08 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
PACS1S2REC Failure To Manually Close Breakers S1 and S2 5.0e-02 5.003-02 

96) PACSK12COM Common Cause Failure Of Breakers SK1 And SK2 To Close 8.900E-05 8.90E-05 6.413-08 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440R-02 1.44E-02 
PACSK12REC Failure To Manually Close Breakers SK1 and SK2 5.0e-02 5.00E-02 

97)-KKlRUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 5.993-08 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.OOE+00 
ABPOPRCRHE Operators Fail To Close Air Circuit Breaker 4 9.03-03 9.00E-03 
ACB4MOD NSM-ON-52966 Is Not In Service 1 1.003+00 
BK1SPYMDBX Keowee Unit 1 Supply Breaker Fails To Close Due To Mehanical Failure 4.623-4 4.62E-04 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440B-02 1.44E-02 

98)-XA1XAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 5.84E-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.OOE-02 
-KKlBOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5B-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDBX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01B-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.33-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.63-06 6 2.16B-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.0E-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.203-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AAl27X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49B-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
EK2BASEDEX Keowee Unit 2 Base Adjust Fails To Establish Correct Unit Voltage 6.17E-4 6.173-04 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 

99)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80E-02 5.80E-08 
EKOORUNCOM Common Cause Failure of Both Units Voltage Regulators To Run 1.248-4 1.24E-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.863-02 4.86E-02 
PACLEE1REC Operators Fail To Align Power From Lee Steam Station To Standby Buses 1.0e-02 1.003-02
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100)-XAXAALBLM MCC 11A Is Connected to Its Alternate Source of Power 2.74E-03 2.74E-03 5.64E-08 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01B-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUP One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.OE-08 360 2.52E-05 
-AB51431LHE Manual/Auto-Control Switch 143/1 Left In Manual 3.20E-4 3.209-04 
-AA227X2RYD Auxiliary Relay 27X/21 Fails To Operate On Demand 3.3E-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
WX2GVRNDEX Keowee Unit 2 Gov. Fails to Position Wicket Gates With Unit Running 5.6E-4 5.60E-04
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T5WEATH 1.44E-02 8.46E-01 8.45E-01 3.79E-03 6.50E+00 5.88E+01 
KK2UNITHYM 3.80E-02 2.06E-01 2.06E-01 3.50E-04 1.26E+00 6.22E+00 
SXFRCT4THM 9.13E-04 2.03E-01 2.03E-01 1.43E-02 1.25E+00 2.23E+02 
KK1BOTHHYM 5.23E-03 1.78E-01 1.78E-01 2.20E-03 1.22E+00 3.49E+01 
PACOT5WDEX 1.OOE-01 1.17E-01 1.17E-01 7.53E-05 1.13E+00 2.05E+00 
AB7MCH2DEX 7.04E-03 9.43E-02 9.42E-02 8.64E-04 1.10E+00 1.43E+01 
ABOSWGRRHE 5.00E-01 9.02E-02 9.02E-02 1.16E-05 1.10E+00 1.09E+00 
ABOSWGRCOM 6.69E-04 8.10E-02 8.1OE-02 7.81E-03 1.09E+00 1.22E+02 
T5SUBF 4.86E-02 7.92E-02 7.92E-02 1.05E-04 1.09E+00 2.55E+00 
T5FEEDF 2.73E-02 7.47E-02 7.47E-02 1.76E-04 1.08E+00 3.66E+00 
PACLINEDEX 7.80E-03 4.80E-02 4.80E-02 3.97E-04 1.05E+00 7.10E+00 
ACB4MOD 1.OOE+00 4.42E-02 4.42E-02 2.85E-06 1.05E+00 1.OOE+00 
PACLEE2REC 5.OOE-02 4.27E-02 4.27E-02 5.51E-O5 1.04E+00 1.81E+00 
ABPOPRCRHE 9.OOE-03 3.99E-02 3.99E-02 2.86E-04 1.04E+00 5.40E+00 
FKOFISHDHE 6.30E-02 3.90E-02 3.90E-02 3.99E-05 1.04E+00 1.58E+00 
FKOFISHCOM 2.55E-03 3.89E-02 3.89E-02 9.85E-04 1.04E+00 1.62E+01 
EK1VREGDEX 2.47E-03 3.76E-02 3.76E-02 9.83E-04 1.04E+00 1.62E+01 
GK10001HGR 2.27E-03 3.43E-02 3.43E-02 9.75E-04 1.04E+00 1.61E+01 
EKOORUNCOM 1.24E-04 3.OOE-02 3.OOE-02 1.56E-02 1.03E+00 2.43E+02 
PACLEE1REC 1.OOE-02 2.61E-02 2.61E-02 1.68E-04 1.03E+00 3.58E+00 
EK1BAS2DEX 1.24E-03 1.84E-02 1.84E-02 9.58E-04 1.02E+00 1.58E+01 
XD1KBATBYF 9.30E-04 1.80E-02 1.80E-02 1.25E-03 1.02E+00 2.03E+01 
UACXCT4THF 7.44E-05 1.74E-02 1.74E-02 1.51E-02 1.02E+00 2.35E+02 
SXFRCT4LHE 6.40E-05 1.48E-02 1.48E-02 1.49E-02 1.01E+00 2.32E+02 
XDOKBATRHE 1.OOE+00 1.42E-02 1.42E-02 9.16E-07 1.01E+00 1.OOE+00 
EKSTARTCOM 6.17E-05 1.41E-02 1.40E-02 1.47E-02 1.01E+00 2.28E+02 
PACLEESCTR 2.23E-03 1.37E-02 1.37E-02 3.97E-04 1.01E+00 7.14E+00 
EK2VREGDEX 2.47E-03 1.27E-02 1.27E-02 3.32E-04 1.01E+00 6.13E+00 
E12EXCTCOM 5.31E-05 1.21E-02 1.21E-02 1.47E-02 1.01E+00 2.28E+02 
GK20001HGR 2.27E-03 1.15E-02 1.15E-02 3.27E-04 1.01E+00 6.06E+00 
XD1KBlXRHE 1.OOE+00 9.35E-03 9.35E-03 6.03E-07 1.01E+00 1.OOE+00 
XD1CKC1BCF 6.96E-04 9.34E-03 9.34E-03 8.66E-04 1.01E+00 1.44E+01 
ACBAIRPDEX 2.OOE-03 9.21E-03 9.20E-03 2.97E-04 1.01E+00 5.59E+00 
EK1BASELHE 3.20E-03 8.92E-03 8.92E-03 1.80E-04 1.01E+00 3.78E+00 
EK1BASEDEX 6.17E-04 8.52E-03 8.51E-03 8.90E-04 1.01E+00 1.48E+01 
XDOCHRGCOM 3.48E-05 8.43E-03 8.42E-03 1.56E-02 1.01E+00 2.43E+02 
WKlTBRNDEX 5.60E-04 7.73E-03 7.73E-03 8.90E-04 1.01E+00 1.48E+01 
WK1GVRNDEX 5.60E-04 7.73E-03 7.73E-03 8.90E-04 1.01E+00 1.48E+01 
XDOBATTCOM 2.70E-05 6.54E-03 6.53E-03 1.56E-02 1.01E+00 2.43E+02 
EKlSPYMDEX 4.62E-04 6.25E-03 6.24E-03 8.72E-04 1.01E+00 1.45E+01 
FKVALVECOM 2.46E-05 5.96E-03 5.95E-03 1.56E-02 1.01E+00 2.43E+02
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XA1XCXXTHM 4.57E-04 5.81E-03 5.81E-03 8.21E-04 1.01E+00 1.37E+01 
EK2BAS2DEX 1.24E-03 5.78E-03 5.78E-03 3.01E-04 1.01E+00 5.66E+00 
XD2KBATBYF 9.30E-04 5.11E-03 5.11E-03 3.54E-04 1.01E+00 6.49E+00 
WKOORUNCOM 2.09E-05 5.06E-03 5.05E-03 1.56E-02 1.01E+00 2.43E+02 
GKOBRGVRHE 1.OOE+00 4.86E-03 4.86E-03 3.14E-07 1.OOE+00 1.OOE+00 
YOSTARTCOM 7.26E-06 4.75E-03 4.70E-03 4.18E-02 1.OOE+00 6.48E+02 
YOSTARTRHE 1.OOE+00 4.75E-03 4.75E-03 3.06E-07 1.OOE+00 1.OOE+00 
PACS1S2COM 8.90E-05 4.43E-03 4.42E-03 3.21E-03 1.00E+00 5.07E+01 
PACS1S2REC 5.OOE-02 4.43E-03 4.43E-03 5.71E-06 1.0OE+00 1.08E+00 
XA1BKRSCOM 3.10E-04 4.29E-03 4.29E-03 8.94E-04 1.OOE+00 1.48E+01 
GK1BRGVLHE 2.60E-04 4.01E-03 4.01E-03 9.95E-04 1.OOE+00 1.64E+01 
EKOBASERHE 1.90E-02 3.96E-03 3.96E-03 1.35E-05 1.OOE+00 1.20E+00 
PACS2CSMOD 2.83E-03 3.96E-03 3.96E-03 9.01E-05 1.OOE+00 2.39E+00 
PACS1CSMOD 2.83E-03 3.96E-03 3.96E-03 9.01E-05 1.OOE+00 2.39E+00 
EKIDIODDEX 2.88E-04 3.59E-03 3.59E-03 8.04E-04 1.OOE+00 1.35E+01 
OKOPRUNCOM 1.46E-05 3.54E-03 3.53E-03 1.56E-02 1.OOE+00 2.43E+02 
XA78BKRCOM 3.10E-04 3.36E-03 3.35E-03 6.98E-04 1.OOE+00 1.18E+01 
FK1WL11AVO 2.80E-04 3.34E-03 3.33E-03 7.69E-04 1.00E+00 1.29E+01 
WKlGVCDLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+00 1.29E+01 
EK1FLSCLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.00E+00 1.29E+01 
EK1SPYCLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+00 1.29E+01 
EK1FLDCLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.00E+00 1.29E+01 
EK1FLSOLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+00 1.29E+01 
GK1COOLLHE 2.60E-04 3.10E-03 3.10E-03 7.69E-04 1.OOE+00 1.29E+01 
XD2CKC2BCF 6.96E-04 3.10E-03 3.10E-03 2.87E-04 1.OOE+00 5.45E+00 
XD2KB2XRHE 1.OOE+00 3.10E-03 3.10E-03 2.OOE-07 1.00E+00 1.OOE+00 
EK141AXR6D 2.49E-04 2.97E-03 2.97E-03 7.69E-04 1.OOE+00 1.29E+01 
WKCSTRTCOM 1.12E-05 2.55E-03 2.55E-03 1.47E-02 1.OOE+00 2.28E+02 
AB7CLOSLHE 2.60E-04 2.54E-03 2.54E-03 6.30E-04 1.OOE+00 1.08E+01 
AA127CPR6D 2.49E-04 2.43E-03 2.43E-03 6.30E-04 1.00E+00 1.08E+01 
EK2BASEDEX 6.17E-04 2.40E-03 2.40E-03 2.51E-04 1.OOE+00 4.89E+00 
WK2GVRNDEX 5.60E-04 2.32E-03 2.32E-03 2.67E-04 1.OOE+00 5.14E+00 
WK2TBRNDEX 5.60E-04 2.32E-03 2.32E-03 2.67E-04 1.OOE+00 5.14E+00 
XA2BKRSCOM 3.10E-04 2.22E-03 2.22E-03 4.62E-04 1.OOE+00 8.15E+00 
KKlUNDRBHF 9.60E-06 2.21E-03 2.21E-03 1.49E-02 1.OOE+00 2.32E+02 
PACN1N2REC 5.OOE-02 2.10E-03 2.10E-03 2.71E-06 1.OOE+00 1.04E+00 
PACN1N2COM 3.OOE-05 2.10E-03 2.10E-03 4.51E-03 1.OOE+00 7.09E+01 
XD1DALTBYM 5.48E-03 2.09E-03 2.09E-03 2.46E-05 1.OOE+00 1.38E+00 
EK2BASELHE 3.20E-03 2.01E-03 2.01E-03 4.05E-05 1.OOE+00 1.63E+00 
U51TNC4RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
U87TCT4RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02
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U86TCT4RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
U5186EFRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
UXX86EFRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
U86CT4XRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.00E+00 2.32E+02 
U62BSK1RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
U5086EFRYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
U62BSK2RYT 8.64E-06 2.OOE-03 2.OOE-03 1.49E-02 1.OOE+00 2.32E+02 
EK2SPYMDEX 4.62E-04 1.97E-03 1.97E-03 2.76E-04 1.00E+00 5.27E+00 
GK10001HGS 1.54E-04 1.82E-03 1.82E-03 7.64E-04 1.OOE+00 1.28E+01 
PACSK12COM 8.90E-05 1.74E-03 1.74E-03 1.26E-03 1.OOE+00 2.06E+01 
OK1AGO4RVT 1.34E-04 1.58E-03 1.58E-03 7.59E-04 1.OOE+00 1.28E+01 
OK10003RVT 1.34E-04 1.58E-03 1.58E-03 7.59E-04 1.00E+00 1.28E+01 
PACSK2CMOD 1.30E-03 1.56E-03 1.56E-03 7.72E-05 1.OOE+00 2.19E+00 
PACSK1CMOD 1.30E-03 1.56E-03 1.56E-03 7.72E-05 1.OOE+00 2.19E+00 
GK2BRGVLHE 2.60E-04 1.43E-03 1.43E-03 3.56E-04 1.OOE+00 6.51E+00 
AB752Y2RYT 1.30E-04 1.24E-03 1.24E-03 -6.20E-04 1.OOE+00 1.06E+01 
XD2DALTBYM 5.48E-03 1.23E-03 1.23E-03 1.45E-05 1.OOE+00 1.22E+00 
YKlSS12SST 1.01E-04 1.18E-03 1.18E-03 7.57E-04 1.OOE+00 1.27E+01 
AB6MCH2DEX 7.04E-03 1.08E-03 1.08E-03 9.86E-06 1.OOE+00 1.15E+00 
EK1F30AFUF 8.64E-05 1.01E-03 1.01E-03 7.51E-04 1.OOE+00 1.26E+01 
PACSK12REC 5.OOE-02 1.OOE-03 1.00E-03 1.29E-06 1.OOE+00 1.02E+00 
GKOLOCKCOM 4.06E-06 9.84E-04 9.82E-04 1.56E-02 1.OOE+00 2.43E+02 
PACXSBlBHM 1.02E-03 9.78E-04 9.78E-04 6.19E-05 1.OOE+00 1.96E+00 
PACXSB2BHM 1.02E-03 9.78E-04 9.78E-04 6.19E-05 1.OOE+00 1.96E+00 
EK1EXC1TGF 8.23E-05 9.62E-04 9.62E-04 7.54E-04 1.OOE+00 1.27E+01 
EK2DIODDEX 2.88E-04 9.32E-04 9.32E-04 2.09E-04 1.OOE+00 4.24E+00 
EKlFLSMDEX 7.71E-05 9.01E-04 9.01E-04 7.54E-04 1.OOE+00 1.27E+01 
EK1FLDMDEX 7.71E-05 9.01E-04 9.01E-04 7.54E-04 1.OOE+00 1.27E+01 
FK2WL11AVO 2.80E-04 7.52E-04 7.52E-04 1.73E-04 1.OOE+00 3.69E+00 
GK2COOLLHE 2.60E-04 6.99E-04 6.98E-04 1.73E-04 1.OOE+00 3.69E+00 
EK241AXR6D 2.49E-04 6.69E-04 6.69E-04 1.73E-04 1.OOE+00 3.69E+00 
WK1SPD2DEX 5.60E-05 6.57E-04 6.57E-04 7.57E-04 1.OOE+00 1.27E+01 
EK2SPYCLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+00 3.52E+00 
EK2FLSOLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+00 3.52E+00 
EK2FLSCLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+00 3.52E+00 
EK2FLDCLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.OOE+00 3.52E+00 
WK2GVCDLHE 2.60E-04 6.57E-04 6.57E-04 1.63E-04 1.00E+00 3.52E+00 
FK1WL11AVT 5.52E-05 6.43E-04 6.43E-04 7.51E-04 1.OOE+00 1.26E+01 
GK1NGDCLHE 5.20E-05 6.06E-04 6.05E-04 7.51E-04 1.OOE+00 1.26E+01 
PKOSUMPCOM 2.44E-06 5.91E-04 5.90E-04 1.56E-02 1.OOE+00 2.43E+02 
XA2XAALBLM 2.74E-03 5.62E-04 5.62E-04 1.32E-05 1.OOE+00 1.20E+00
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BK1GBO1FTC 4.32E-05 5.03E-04 5.03E-04 7.51E-04 1.OOE+00 1.26E+01 
BKGBOILCOM 1.94E-06 4.70E-04 4.69E-04 1.56E-02 1.OOE+00 2.43E+02 
PACXCT5THF 7.44E-05 4.58E-04 4.58E-04 3.97E-04 1.OOE+00 7.15E+00 
EK188SVRYT 3.89E-05 4.53E-04 4.53E-04 7.51E-04 1.OOE+00 1.26E+01 
AB4MCH2DEX 3.02E-04 4.08E-04 4.08E-04 8.72E-05 1.OOE+00 2.35E+00 
WKlGVCDDEX 3.50E-05 4.08E-04 4.08E-04 7.51E-04 1.OOE+00 1.26E+01 
WK1TBCDDEX 3.50E-05 4.08E-04 4.08E-04 7.51E-04 1.OOE+00 1.26E+01 
YK1MR4ARYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
YK199SXRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OE+00 1.26E+01 
YK199SNRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
YK199SDRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK188SVRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EKlS41XRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.00E+00 1.26E+01 
EK1R31YRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1F31XRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK141CFRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1415YRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK199SYRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1S41CRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1R31TRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1R41YRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1F41CRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1R41XRYD 3.30E-05 3.84E-04 3.84E-04 7.51E-04 1.OOE+00 1.26E+01 
GK1FIREDEX 3.19E-05 3.71E-04 3.71E-04 7.51E-04 1.OOE+00 1.26E+01 
PK1PACKDEX 3.10E-05 3.61E-04 3.61E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1R9C1R6T 3.05E-05 3.55E-04 3.55E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1901ARYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.00E+00 1.26E+01 
EK186EXRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.00E+00 1.26E+01 
EK1R9A1RYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1415YRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1R41YRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+00 1.26E+01 
EK131TDRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+00 1.26E+01 
EK1R31YRYT 3.02E-05 3.52E-04 3.52E-04 7.51E-04 1.OOE+00 1.26E+01 
PKlACDCCOM 2.77E-05 3.23E-04 3.23E-04 7.51E-04 1.OOE+00 1.26E+01 
AB7R52YRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+00 1.05E+01 
AA127XCRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+00 1.05E+01 
AB7R52XRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.OOE+00 1.05E+01 
AB752CCRYD 3.30E-05 3.13E-04 3.13E-04 6.13E-04 1.00E+00 1.05E+01 
ACBXFERCOM 1.28E-06 3.10E-04 3.10E-04 1.56E-02 1.00E+00 2.43E+02 
XAOSWGRCOM 1.22E-06 2.96E-04 2.95E-04 1.56E-02 1.00E+00 2.43E+02 
FKlFLO2FRF 2.35E-05 2.74E-04 2.74E-04 7.51E-04 1.OOE+00 1.26E+01
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EK1EXC2TGF 2.35E-05 2.74E-04 2.74E-04 7.51E-04 1.OOE+00 1.26E+01 
GK20002HGS 1.54E-04 2.70E-04 2.70E-04 1.13E-04 1.OOE+00 2.75E+00 
XA1XAALBLM 2.74E-03 2.52E-04 2.52E-04 5.94E-06 1.OOE+00 1.09E+00 
OK20003RVT 1.34E-04 2.51E-04 2.51E-04 1.20E-04 1.OOE+00 2.87E+00 
OK2AGO4RVT 1.34E-04 2.51E-04 2.51E-04 1.20E-04 1.OOE+00 2.87E+00 
AB7KEYISWT 2.52E-05 2.39E-04 2.39E-04 6.13E-04 1.OOE+00 1.05E+01 
OK1PSTRCOM 2.04E-05 2.38E-04 2.38E-04 7.51E-04 1.OOE+00 1.26E+01 
PAC1TC4C4T 2.26E-05 2.15E-04 2.15E-04 6.16E-04 1.OOE+00 1.05E+01 
AB4CLOSLHE 2.60E-04 2.08E-04 2.08E-04 5.17E-05 1.OOE+00 1.80E+00 
PACXNO2C40 3.0OE-04 2.01E-04 2.01E-04 4.33E-05 1.OE+00 1.67E+00 
PACXSK2C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+00 1.67E+00 
PACXSO1C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+00 1.67E+00 
PACXSO2C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+00 1.67E+00 
PACXNO1C40 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+00 1.67E+00 
PACXSK1C4C 3.OOE-04 2.01E-04 2.01E-04 4.33E-05 1.OOE+00 1.67E+00 
AB4R52XR6D 2.49E-04 1.99E-04 1.99E-04 5.17E-05 1.OOE+00 1.80E+00 
AB452Y2R6D 2.49E-04 1.99E-04 1.99E-04 5.17E-05 1.OOE+00 1.80E+00 
AB24BKRCOM 1.12E-04 1.98E-04 1.98E-04 1.14E-04 1.OOE+00 2.77E+00 
YK2SS12SST 1.01E-04 1.86E-04 1.86E-04 1.19E-04 1.OOE+00 2.84E+00 
FK1FL01FRF 2.35E-05 1.28E-04 1.28E-04 3.50E-04 1.OOE+00 6.43E+00 
AB5MCH2DEX 7.04E-03 1.21E-04 1.21E-04 1.11E-06 1.OOE+00 1.02E+00 
WK2SPD2DEX 5.60E-05 1.05E-04 1.05E-04 1.20E-04 1.OOE+00 2.87E+00 
XA1X2CCCLT 2.18E-05 6.90E-05 6.90E-05 2.04E-04 1.OOE+00 4.16E+00 
YK114X3SSD 1.80E-05 5.70E-05 5.70E-05 2.04E-04 1.OOE+00 4.17E+00 
EK1FAN1TLF 1.80E-05 5.70E-05 5.70E-05 2.04E-04 1.OOE+00 4.17E+00 
YK1SS13SSD 1.80E-05 5.70E-05 5.70E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO3HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC1HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO2HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC5HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC4HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO6HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO1HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO8HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC3HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC6HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO4HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO5HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
FK1TRHXHXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1HPO7HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC2HXF 1.54E-05 4.86E-05 4.86E-05 2.04E-04 1.OOE+00 4.17E+00
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OK10003TKF 1.10E-05 3.50E-05 3.50E-05 2.04E-04 1.OOE+00 4.17E+00 
OK1AG01TKF 1.10E-05 3.50E-05 3.50E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC5HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC2HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC3HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC4HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC1HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1GAC6HXL 1.08E-05 3.42E-05 3.42E-05 2.04E-04 1.OOE+00 4.17E+00 
GK1063FPST 1.03E-05 3.27E-05 3.27E-05 2.04E-04 1.OOE+00 4.17E+00 
EK141AXR6T 8.71E-06 2.76E-05 2.76E-05 2.04E-04 1.OOE+00 4.17E+00 
AB3R52ZR6T 8.71E-06 2.76E-05 2.76E-05 2.04E-04 1.OOE+00 4.17E+00 
YK163BLRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
YK14AMRRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
YK163TBRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
YK163BHRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.172+00 
YK199SDRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
YK199SXRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
YK199SNRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK187GBRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK187TERYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
EK186X2RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK186E1RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
EK199SYRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK13SUIRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK187G1RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK162TDRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.00E+00 4.17E+00 
GK159GNRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
GK140G1RYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.00E+00 4.17E+00 
GK163FXRYT 8.64E-06 2.74E-05 2.74E-05 2.04E-04 1.OOE+00 4.17E+00 
AA186S1RYT 8.64E-06 2.73E-05 2.73E-05 2.04E-04 1.00E+00 4.16E+00 
AB71OA1FUF 2.16E-05 2.34E-05 2.34E-05 6.98E-05 1.OOE+00 2.08E+00 
AB352TCSVT 9.36E-06 2.21E-05 2.21E-05 1.52E-04 1.OOE+00 3.36E+00 
XA1XCXXTLF 1.80E-05 1.96E-05 1.96E-05 7.01E-05 1.OOE+00 2.09E+00 
XD1DARXBDF 7.68E-06 1.81E-05 1.81E-05 1.52E-04 1.OOE+00 3.36E+00 
EK2FLSMDEX 7.71E-05 1.78E-05 1.78E-05 1.49E-05 1.OOE+00 1.23E+00 
EK2FLDMDEX 7.71E-05 1.78E-05 1.78E-05 1.49E-05 1.OOE+00 1.23E+00 
YK163BLLST 7.44E-06 1.76E-05 1.76E-05 1.52E-04 1.OOE+00 3.36E+00 
YK163TBLST 7.44E-06 1.76E-05 1.76E-05 1.52E-04 1.OOE+00 3.36E+00 
YK163BHLST 7.44E-06 1.76E-05 1.76E-05 1.52E-04 1.OOE+00 3.36E+00 
EK2F30AFUF 8.64E-05 1.73E-05 1.73E-05 1.29E-05 1.OOE+00 1.20E+00 
GK2FIREDEX 7.OOE-05 1.72E-05 1.72E-05 1.59E-05 1.OOE+00 1.25E+00
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GK1WL44VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL69VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.00E+00 3.36E+00 
GKlWL33VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.00E+00 3.36E+00 
GK1WL45VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL16VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL29VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL57VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL48VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL52VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL60VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL61VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL25VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL68VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL76VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL17VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL65VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL24VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GK1WL41VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL64VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL32VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL53VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL73VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL28VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL20VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL72VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL21VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL78VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL37VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL56VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL49VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.OOE+00 3.36E+00 
GKlWL36VVT 6.53E-06 1.54E-05 1.54E-05 1.52E-04 1.00E+00 3.36E+00 
XA1XAMCBLF 6.48E-06 1.53E-05 1.53E-05 1.52E-04 1.OOE+00 3.36E+00 
XA1XXXXBLF 6.48E-06 1.53E-05 1.53E-05 1.52E-04 1.OOE+00 3.36E+00 
ED11D3DCDT 6.30E-06 1.49E-05 1.49E-05 1.52E-04 1.00E+00 3.36E+00 
AB4PSO2PST 1.60E-04 1.45E-05 1.45E-05 5.86E-06 1.OOE+00 1.09E+00 
EK1S141SWT 5.88E-06 1.39E-05 1.39E-05 1.52E-04 1.OOE+00 3.36E+00 
EK14152SWT 5.88E-06 1.39E-05 1.39E-05 1.52E-04 1.OOE+00 3.36E+00 
EK1S31TSWT 5.88E-06 1.39E-05 1.39E-05 1.52E-04 1.OOE+00 3.36E+00 
AB3PUSHPBT 5.76E-06 1.36E-05 1.36E-05 1.52E-04 1.OOE+00 3.36E+00 
GKHPOILCOM 4.61E-07 1.27E-05 1.27E-05 1.78E-03 1.OOE+00 2.86E+01 
GKOCOOLCOM 4.61E-07 1.27E-05 1.27E-05 1.78E-03 1.0OE+00 2.86E+01
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FKOWL01VVT 4.08E-07 1.17E-05 1.17E-05 1.85E-03 1.OOE+00 2.97E+01 
FK2WL11AVT 5.52E-05 1.11E-05 1.11E-05 1.29E-05 1.OOE+00 1.20E+00 
AB452Y2R6T 1.35E-04 1.10E-05 1.10E-05 5.26E-06 1.00E+00 1.08E+00 
SPCBO33CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCBO21CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCBO28CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCBO24CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCBO26CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCB017CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCB015CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCB012CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
SPCB008CHO 2.60E-05 1.01E-05 1.01E-05 2.52E-05 1.OOE+00 1.39E+00 
AA127C1R6T 8.71E-06 9.47E-06 9.47E-06 7.01E-05 1.OOE+00 2.09E+00 
AA127R1RYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+00 2.09E+00 
AA186CXRYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+00 2.09E+00 
AA187CXRYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+00 2.09E+00 
AB752TCRYT 8.64E-06 9.39E-06 9.39E-06 7.01E-05 1.OOE+00 2.09E+00 
ABEOPRCRHE 1.OOE+00 8.60E-06 8.60E-06 5.55E-10 1.OOE+00 1.OOE+00 
SPCBOO9CHC 2.60E-04 5.31E-06 5.31E-06 1.32E-06 1.OOE+00 1.02E+00 
AB2MCH2DEX 3.02E-04 5.11E-06 5.11E-06 1.09E-06 1.OOE+00 1.02E+00 
XA56BKRCOM 3.10E-04 4.50E-06 4.50E-06 9.36E-07 1.OOE+00 1.01E+00 
EK186E2RYT 2.16E-06 4.48E-06 4.48E-06 1.34E-04 1.OOE+00 3.08E+00 
AA227T2R6D 2.49E-04 4.10E-06 4.10E-06 1.06E-06 1.OOE+00 1.02E+00 
AB252Y2R6D 2.49E-04 4.10E-06 4.10E-06 1.06E-06 1.00E+00 1.02E+00 
AB2R52XR6D 2.49E-04 4.10E-06 4.10E-06 1.06E-06 1.OOE+00 1.02E+00 
AB2CLOSLHE 2.60E-04 4.02E-06 4.02E-06 9.98E-07 1.OOE+00 1.02E+00 
GK1WL51VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL54VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
FKlWL12VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL55VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL35VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL67VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL59VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
FK1WL42VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL71VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
FKlWL43VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL62VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL27VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
FK1WL15VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL58VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL23VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00
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GK1WL63VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL22VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL47VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL18VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL31VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL19VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL70VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL30VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL46VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL38VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL50VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL34VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL75VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL26VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GKlWL74VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.00E+00 3.08E+00 
GK1WL39VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
GK1WL66VVT 1.84E-06 3.81E-06 3.81E-06 1.34E-04 1.OOE+00 3.08E+00 
AB5CLOSLHE 2.60E-04 3.77E-06 3.77E-06 9.36E-07 1.OOE+00 1.01E+00 
XD104CCCDT 1.80E-06 3.74E-06 3.74E-06 1.34E-04 1.OOE+00 3.08E+00 
ED13BR2CDT 1.80E-06 3.74E-06 3.74E-06 1.34E-04 1.OOE+00 3.08E+00 
XA1A2BTCDT 1.80E-06 3.72E-06 3.72E-06 1.33E-04 1.OOE+00 3.06E+00 
XD1BK1ACDT 1.80E-06 3.72E-06 3.72E-06 1.33E-04 1.OOE+00 3.06E+00 
XD1DA1CCDT 1.80E-06 3.72E-06 3.72E-06 1.33E-04 1.OOE+00 3.06E+00 
DDCBATTDEX 1.00E+00 3.63E-06 3.63E-06 2.34E-10 1.00E+00 1.00E+00 
DDCUN31DIM 6.93E-04 3.63E-06 3.63E-06 3.38E-07 1.00E+00 1.01E+00 
DDCX3CABCF 6.96E-04 3.63E-06 3.63E-06 3.37E-07 1.OOE+00 1.01E+00 
AA1271PR6D 2.49E-04 3.61E-06 3.61E-06 9.36E-07 1.OOE+00 1.01E+00 
EK1415TSWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+00 3.08E+00 
AB31523SWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+00 3.08E+00 
GK13SUISWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+00 3.08E+00 
EK1S41TSWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+00 3.08E+00 
YK13SUISWT 1.68E-06 3.49E-06 3.49E-06 1.34E-04 1.OOE+00 3.08E+00 
PACX1TCBHF 9.60E-06 2.74E-06 2.74E-06 1.84E-05 1.00E+00 1.29E+00 
AB8MCH2DEX 7.04E-03 2.59E-06 2.59E-06 2.37E-08 1.OOE+00 1.OOE+00 
GK2NGDCLHE 5.20E-05 2.57E-06 2.57E-06 3.19E-06 1.OOE+00 1.05E+00 
BK2GBO1FTC 4.32E-05 2.27E-06 2.27E-06 3.40E-06 1.OOE+00 1.05E+00 
AB7PUSHPBT 7.20E-06 2.05E-06 2.05E-06 1.84E-05 1.OOE+00 1.29E+00 
WK2GVCDDEX 3.50E-05 1.73E-06 1.73E-06 3.19E-06 1.OOE+00 1.05E+00 
WK2TBCDDEX 3.50E-05 1.73E-06 1.73E-06 3.19E-06 1.OOE+00 1.05E+00 
PK2PACKDEX 3.10E-05 1.63E-06 1.63E-06 3.40E-06 1.OOE+00 1.05E+00 
PK1TSACGPR 4.20E-04 9.11E-08 9.11E-08 1.40E-08 1.OOE+00 1.00E+00
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PK1TSDCLHE 3.20E-03 9.11E-08 9.11E-08 1.84E-09 1.OOE+00 1.OOE+00 
BK1GOACGPR 3.36E-04 7.29E-08 7.29E-08 1.40E-08 1.OOE+00 1.OOE+00 
BK1GBDCLHE 3.20E-03 7.29E-08 7.29E-08 1.47E-09 1.OOE+00 1.OOE+00 
AA127X1RYT 1.38E-04 6.55E-08 6.55E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB552TCRYT 1.38E-04 6.55E-08 6.55E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB51431RYT 1.30E-04 6.14E-08 6.14E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB552Y2RYT 1.30E-04 6.14E-08 6.14E-08 3.06E-08 1.OOE+00 1.OOE+00 
AB5PUSHPBT 9.22E-05 4.36E-08 4.36E-08 3.06E-08 1.OOE+00 1.OOE+00 
SKXFMR1THF 7.44E-05 3.52E-08 3.52E-08 3.06E-08 1.OOE+00 1.OOE+00
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1) CDFREQ *1.04E-06 
1)-KX2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.801-2 3.80E-02 2.77E-07 
-KKlBOTHRYM Both Keowee Units Unavailable Due To Common Maintenance 5.23H-3 5.23E-03 
SXPRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440H-02 1.44g-02 
NSPORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000R-01 1.00R-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

2) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 1.66E-07 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 
NSFORCMDRE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.001-01 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.001-01 1.001-01 
TACOFP2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

3)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80H-02 9.69E-08 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13H-04 9.13B-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NACSFDGDGM SSF Diesel Generator Is In Maintenance 3.500B-02 3.50E-02 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20H-01 2.201-01 

4)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80H-2 3.80E-02 5.89E-08 
-KIBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23B-3 5.23E-03 
SXPRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.442-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.001-03 24 7.20E-02 
TACOFF3REC Offaite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02 

5) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 5.80E-08 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NACSPDGDGM SSP Diesel Generator Is In Maintenance 3.500E-02 3.50H-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.001-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.208-01 

6) KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23H-03 3.52E-08 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4401-02 1.44E-02 
NACSPDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20E-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00H-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSR 6.50H-02 6.50E-02 

7)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.32E-08 
-KKlBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23H-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 9.13E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.448-02 
NACSFDGDGS SSF Diesel Generator Fails To Start 1.20E-02 1 1.20B-02 
TACOFF2REC Offaite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

8)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 3.01E-08 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4401-02 1.44E-02 
NSPORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000H-01 1.001-01 
ABOSWGRRHE Recovery of Keowee Aux Power Breakers by Manual Control 5.0H-01 5.00E-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50B-02
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9)-KK2UNITHYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.77E-08 
-KKlBOTHHYM Both Keowee Unite Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.138-04 9.138-04 
T5WRATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440B-02 1.448-02 
NSFTIMEDHE Operators Fail To Deploy To The Standby Shutdown Facility In Time 1.00E-02 1.00E-02 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.208-01 2.20E-01 

10)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 2.778-08 
-KKlBOTHRYM Both Keowee Units Unavailable Due To Common Maintenance 5.238-3 5.23E-03 
SXPRCT4THM Transformer CT4 Is In Maintenance 9.138-04 9.13E-04 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44E-02 
NSFCON2CMS Train 2 Refrigerant Compressor Fails To Start 1.00E-02 1 1.00E-02 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.208-01 2.20E-01 

11)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate source of Power 2.74E-03 2.74E-03 2.49E-08 
-AD1B4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20B-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.01E-04 8.01E-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.68-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.08-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.208-04 
-AA227X2RYD Auxiliary Relay 27X/2X Fails To Operate On Demand 3.3B-05 1 3.308-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/C11 Pails To Drop Out 2.498-04 1 2.49E-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.808-02 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating.Event 1.4408-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.008-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50H-02 

12) KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.238-3 5.23E-03 1.99E-08 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44E-02 
NACSFDGDGS SSF Diesel Generator Fails To Start 1.208-02 1 1.208-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.008-01 1.00E-01 
TACOFF2REC Offaite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

13)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.808-02 1.778-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KK1RUNSDEX Keowee Unit 1 Only I Supplying The Grid 0.0 0.00E+00 
-KK1BOTHDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.00E+00 
EKSTARTCOM Common Cause Failure Of Both Units Voltage Regulators To Start 6.17E-5 6.17E-05 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000E-01 1.00E-01 
TACOPP2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.208-01 

14)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.808-2 3.80E-02 1.70E-08 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69E-04 6.69E-04 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44E-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.008-03 24 7.20E-02 
ABOSWGRRBE Recovery of Keowee Aux Power Breakers by Manual Control 5.08-01 5.00E-01 
TACOFF4REC Offsite power not recov. given run failures with SSHR 5.10B-02 5.10E-02
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15) KKlBOTHEYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23H-03 1.66B-08 
T5WEATE Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.443-02 
NSFCON2CMS Train 2 Refrigerant Compressor Fails To Start 1.00E-02 1 1.00E-02 
PACOT5WDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

16) KKlBOTEHYM Both Keowee Units Unavailable Due To Common Maintenance 5.233-3 5.23E-03 1.66E-08 
TSWEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.443-02 
NSFTIMEDHE Operators Fail To Deploy To The Standby Shutdown Facility In Time 1.003-02 1.00H-02 
PACOTSWDEX Modifier Since Keowee Maintenance Is Scheduled For Mild Weather Periods 1.00E-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSBR 2.20E-01 2.20E-01 

17)-KK2UNITBYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.803-2 3.80E-02 1.52B-08 
-KK2RUNSDEX Keowee Unit 2 Only Is Supplying The Grid 0.06 6.00E-02 
-KKlRUNSDEX Keowee Unit 1 Only I Supplying The Grid 0.0 0.003+00 
-KKlBOTBDEX Keowee Units 1 And 2 Are Supplying The Grid 0.0 0.003+00 
E12EXCTCOM Units 1 & 2 Excit Fail Due To Common Cause Failure Of The Breakers 5.31E-05 5.31H-05 
TSWEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.443-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.0003-01 1.00E-01 
TACOFF2REC Offsite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

18)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.453-08 
FROFISHCOM Common Cause Failure Of Both Unit s WL Filters Due To Intake Debris 2.553-3 2.553-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4408-02 1.44E-02 
NSFORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.000H-01 1.00B-01 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.30H-02 
TACOFF3REC Offaite power not recov. given 1 run failure with SSHR 6.50E-02 6.50B-02 

19)-XAlXAALBLM MCC 1XA Is Connected to Its Alternate Source of Power 2.74E-03 2.743-03 1.40B-08 
-ADlB4ALCDT Breaker 4AL In 125 V dc Distribution Center 1DA Transfers Open 7.5E-08 30 2.25E-06 
-AB70PENLHE Air Circuit Breaker 7 Fails To Open Due To A Latent Human Error 3.20E-3 3.20E-03 
-AB7MECHDEX Air Circuit Breaker 7 Fails To Open Due To Mechanical Failure 8.013-04 8.01H-04 
-AB752TCRYD Air Circuit Breaker 7 Trip Coil TC Fails On Demand 3.3E-05 1 3.30E-05 
-AB710AFFUF One Or More Air Circuit Breaker 7 Control Power Fuses Fail 3.6E-06 6 2.16E-05 
-AB51431SWT Manual/Auto Control Switch 143/1 Spuriously Transfers Into Manual 7.03-08 360 2.52E-05 
-AB51431LHE Manual/Auto Control Switch 143/1 Left In Manual 3.20E-4 3.20E-04 
-AA227X2RYD Auxiliary Relay 271/2X Fails To Operate On Demand 3.33-05 1 3.30E-05 
-AA127X2R6D Transformer CX Undervoltage Relay 27/CX1 Fails To Drop Out 2.49E-04 1 2.49B-04 
AB7MCH2DEX Air Circuit Breaker 7 Fails To Close Due To Mechanical Failure 7.04E-03 7.04E-03 
KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4403-02 1.44E-02 
NACSPDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20E-02 
TACOFF4REC Offaite power not recov. given run failures with SSHR 5.10H-02 5.10E-02 

20) KK1BOTHRYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.238-03 1.29B-08 
PACLINEDEX 100 kV ac Overhead Line From Lee Steam Station To CT5 Fails 7.800H-03 7.808-03 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
NSPORCMDHE Operators Fail To Align The SSF RCM System For Operation 1.0003-01 1.00E-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.503-02 6.503-02



Table7.4-1(Page 4 of 4.) 
Table 7.4-1 

Top Cut Sets From The ONS-Keowee Core Damage Model 

Module/Event Description Rate Exposure Prob. Cs Prob.  

21)-XDlDALTBYM Normal Power To Dist. Center 1DA Is In Test or Maintenance 5.48E-03 5.48E-03 1.11E-08 
-KK1RUNSDEX Keowee Unit 1 Only Is Supplying The Grid 0.0 0.00E+00 
KK2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44E-02 
XD1KBATBYF Keowee Battery No. 1 Pails During Discharge 9.30E-04 1 9.30E-04 
NSPORCMDRE Operators Fail To Align The sSF RCM System For Operation 1.000E-01 1.00E-01 
XDOKBATREE Failure To Recover DC By Cross Connecting The Distribution Centers 1.OOE+00 1.00E+00 
TACOFF2REC Offaite power not recov. given start failures with SSHR 2.20E-01 2.20E-01 

22)-KX2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80-02 1.05E-08 
ABOSWGRCOM Common Cause Failure Of All Keowee Auxiliary Power Breakers 6.69B-04 6.69E-04 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44E-02 
NACSFDGDGM SSF Diesel Generator I In Maintenance 3.500E-02 3.50E-02 
ABOSWGRREE Recovery of Keowee Aux Power Breakers by Manual Control 5.05-01 5.OOE-01 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02 

23)-KK2UNITHYM The overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.04E-08 
-K~lBOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23E-03 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13B-04 9.13E-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86E-02 4.86E-02 
NACDJ01HXP Diesel Jacket Heat Exchanger 1 Fails 6.4E-07 16 2.46E-04 

24)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.04E-08 
-KK1BOTHHYM Both Keowee Units Unavailable Due To Common Maintenance 5.23E-3 5.23H-03 
SXFRCT4TEM Transformer CT4 Is In Maintenance 9.135-04 9.13E-04 
T5SUBF Loss Of The Oconee Station Switchyards Initiating Event 4.86B-02 4.86E-02 
NACDJO2HXF Diesel Jacket Heat Exchanger 2 Fails 6.4E-07 16 2.46E-04 

25)-KK2UNITHYM The Overhead Unit (2) I Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.04E-08 
FROFISHCOM Common Cause Failure Of Both Unit a WL Filters Due To Intake Debris 2.55E-3 2.55E-03 
T5WEATH Loss Of Off-Site Power Due To Severe Weather Initiating Event 1.440E-02 1.44E-02 
NACSFDGDGR SSF Diesel Generator Fails To Run 3.00E-03 24 7.20E-02 
FKOFISHDHE Recovery of Main WL Strainer Clogging 6.3E-02 6.30E-02 
TACOFF3REC Offsite power not recov. given 1 run failure with SSHR 6.50E-02 6.50E-02 

26)-KK2UNITHYM The Overhead Unit (2) Is Unavailable Due To Maintenance 3.80E-2 3.80E-02 1.03E-08 
EKOORUNCOM Common Cause Failure Of Both Units Voltage Regulators To Run 1.24E-4 1.24E-04 
FEFTDFPTPR Turbine-Driven EFW Pump Fails To Run For The Required Time 2.505-03 24 6.OOE-02 
T5WEATH Lose Of Off-Site Power Due To Severe Weather Initiating Event 1.4405-02 1.44B-02 
NSFOASWDBE Operators Fail To Align The SSF ASW System For Operation 1.000E-01 1.005-01



Table 7.4-2 

Basic Event Importance Measures From The ONS-Keowee Core Damage Model 

Basic Event Probability Fus. Ves. Critic Bimbm Red Wrth Ach Wrth 

T5WEATH 1.44E-02 9.68E-01 9.68E-01 7.01E-05 3.09E+01 6.72E+01 
TACOFF2REC 2.20E-01 7.51E-01 7.51E-01 3.56E-06 4.02E+00 3.66E+00 
NSFORCMDHE 1.OOE-01 5.46E-01 5.46E-01 5.69E-06 2.20E+00 5.91E+00 
SXFRCT4THM 9.13E-04 5.20E-01 5.20E-01 5.94E-04 2.08E+00 5.70E+02 
KKlBOTHHYM 5.23E-03 3.09E-01 3.09E-01 6.16E-05 1.45E+00 5.97E+01 
PACOT5WDEX 1.OOE-01 2.99E-01 2.99E-01 3.12E-06 1.43E+00 3.69E+00 
TACOFF3REC 6.50E-02 1.89E-01 1.89E-01 3.04E-06 1.23E+00 3.72E+00 
NACSFDGDGM 3.50E-02 1.59E-01 1.59E-01 4.73E-06 1.19E+00 5.37E+00 
NACSFDGDGR 7.20E-02 1.30E-01 1.30E-01 1.88E-06 1.15E+00 2.68E+00 
ABOSWGRCOM 6.69E-04 5.53E-02 5.53E-02 8.62E-05 1.06E+00 8.36E+01 
ABOSWGRRHE 5.OOE-01 5.53E-02 5.53E-02 1.15E-07 1.06E+00 1.06E+00 
NACSFDGDGS 1.20E-02 5.09E-02 5.09E-02 4.42E-06 1.05E+00 5.19E+00 
NSFCON2CMS 1.OOE-02 4.24E-02 4.24E-02 4.42E-06 1.04E+00 5.20E+00 
NSFTIMEDHE 1.OOE-02 4.24E-02 4.24E-02 4.42E-06 1.04E+00 5.2,OE+00 
AB7MCH2DEX 7.04E-03 3.73E-02 3.73E-02- 5.52E-06 1.04E+00 6.26E+00 
T5SUBF 4.86E-02 3.24E-02 3.24E-02 6.95E-07 1.03E+00 1.63E+00 
TACOFF4REC 5.10E-02 2.98E-02 2.98E-02 6.09E-07 1.03E+00 1.55E+00 
FKOFISHDHE 6.30E-02 2.39E-02 2.39E-02 3.95E-07 1.02E+00 1.35E+00 
FKOFISHCOM 2.55E-03 2.39E-02 2.39E-02 9.76E-06 1.02E+00 1.03E+01 
KK2UNITHYM 3.80E-02 2.27E-02 2.27E-02 6.22E-07 1.02E+00 1.57E+00 
EKSTARTCOM 6.17E-05 1.70E-02 1.70E-02 2.86E-04 1.02E+00 2.76E+02 
E12EXCTCOM 5.31E-05 1.46E-02 1.46E-02 2.86E-04 1.01E+00 2.76E+02 
PACLINEDEX 7.80E-03 1.24E-02 1.24E-02 1.65E-06 1.01E+00 2.57E+00 
XD1KBATBYF 9.30E-04 1.07E-02 1.07E-02 1.20E-05 1.01E+00 1.25E+01 
XDOKBATRHE 1.OOE+00 1.07E-02 1.07E-02 1.11E-08 1.01E+00 1.OOE+00 
NACDJO2HXF 2.46E-04 1.OOE-02 1.OOE-02 4.25E-05 1.01E+00 4.17E+01 
NACDJ01HXF 2.46E-04 1.OOE-02 1.OOE-02 4.25E-05 1.01E+00 4.17E+01 
EKOORUNCOM 1.24E-04 9.89E-03 9.89E-03 8.31E-05 1.01E+00 8.07E+01 
FEFTDFPTPR 6.OOE-02 9.89E-03 9.89E-03 1.72E-07 1.01E+00 1.15E+00 
NSFOASWDHE 1.OOE-01 9.89E-03 9.89E-03 1.03E-07 1.01E+00 1.09E+00



Table 7.5-1 

Sensitivity Study Results 

Generic Versus Bayesian Updated Data 

Result - Bayesian Result - Generic 
Updated Data with no Data with no credit Percent 

Gate Name credit for recoveries for recoveries Change 

KEOWTOP 1.OE-02 1.3E-02 30.0% 
KEOWCOM 3.5E-03 4.8E-03 37.1% 
K12COM 3.6E-03 5.0E-03 38.9% 
KCOMMODE 3.6E-06 4.4E-06 22.2% 
KCOMRUN 3.5E-03 4.3E-03 22.9% 
KU1GVTBHOT 1.6E-03 1.9E-03 18.8% 
KUIRUN 1.2E-02 1.8E-02 50.0% 
KU1STARTO 8.4E-03 1.3E-02 54.8% 
KU1STARTF 8.1E-03 1.2E-02 48.1% 
KU1UNDER 2.OE-02 3.OE-02 50.0% 
KU1UNDERO 2.OE-02 3.OE-02 50.0% 
KU2GVTBHOT 1.6E-03 1.9E-03 18.8% 
KU20VER 1.8E-02 2.6E-02 44.4% 
KU20VERO 2.2E-02 3.4E-02 54.5% 
KU2RUN 1.1E-02 1.6E-02 45.5% 
KU2STARTO 7.5E-03 1.1E-02 46.7% 
KU2STARTF 7.8E-03 1.1E-02 41.0% 
OPATHTOP 8.2E-03 1.8E-02 119.5% 
OVERO 7.3E-02 9.4E-02 28.8% 
OVERTOP 6.5E-02 9.3E-02 43.1% 
UNDERO 3.OE-02 4.2E-02 40.0% 
UNDERTOP 2.2E-02 3.2E-02 45.5% 
UPATHTOP 1.1E-03 1.2E-03 9.1%



Table 7.5-2 

Sensitivity Study Results 

Grid Cycled (Overhead) Versus Standby (Underground) Generator Reliability 

Failure Mode Standby Generator Grid Cycled Generator 
Failure Probability Failure Probability 

Cold Start Failure 8.1E-03 7.8E-03 
Hot Start Failure 1.6E-03 2 1.6E-03 
Run Failure 1.2E-02 L.1E-02 

'These failure probabilities are for the generators exclusively and do not include the failures of the paths or 
output breakers.  
2 Base Case analysis does not involve hot start failures of the underground unit.



Table 7.5-3 

Sensitivity Study Results 
Human Error Probabilities 

Data Change Failure Probability 

RHEs, DHEs & LHEs @ pre-92 7.4E-03 

Base Case 7.4E-03



Table 7.5-4 

Sensitivity Study Results -- Infrequently Tested/Demanded Components 

Gate Description Base Case Case 1 Percent Case 2 Percent Case 3 Percent 
Value Value Increase Value Increase Value Increase 

KU2STARTF* Keowee Unit 2 Fails To 7.84E-3 7.84E-3 0 1.62E-2 107 2.44E-2 211 
Start 

KU2RUN* Keowee Unit 2 Fails To 1.04E-2 1.04E-2 0 1.06E-2 1.9 1.57E-2 51 
Run 

KEOWTOP Oconee Emergency Power 7.35E-3 7.39E-3 0.5 8.40E-3** 15 9.49E-3* 30 
From Keowee Fails 7.28E-3** 

* Cutsets for gates KU2STARTF and KU2RUN have not had recovery events added.  

** These values are for KEOWTOP solved at a truncation limit of 1E-7. Attempting to solve for objectives 2 and 3 at the usual limit 
of 1E-8 exceeded CAFTA's limit on the number of cut sets.



Table 7.5-5 

Sensitivity Study Results 

One Versus Two Units Generating To The Grid 

One unit Two unit Two unit 
generation generation generation 

(0.034) (0.3) 
Recovered 7.4E-03 7.3E-03 7.3E-03 

Unrecovered 1.OE-02 1.OE-02 1.OE-02
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Experience vs. Model Prediction 
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Figure 7.2-2 Keowee Start Failure Probability



8 0 
8 n 0f 9 0 (A 0 

Keowee Unit 1 Base Adjust Is iD 
Set Incorrectly C 

Keowee Battery No. I Fails 
DuBrng Discharge 00 

Keowee Unit I Base Adjust 
Fails To Establish Correct  

Unit Voltagero 
0r) 

Keowee Unit I Supply 
Breaker Fails To Close Due 

0aTo Mehanical Failure 

Keowee Unit I Field Flashing 
Breaker Fails To Open Due 

To Latent Human Error 

Keowee Unit I Field Breake 
Fails To Close Due To Latent m 

- Human Error 

o Latent Human Error Fails 
-iKeowee I Governor Durng 

CD Cold Start0 

Keowee Unit I Field Flashing 
Breaker Fails To Close Due c 

CD 

To Latent Human Error 0 

Keowee Unit I Supply 

oBreaker Fails To Close Due mJ 
To Latent Human Error 6 

Keowee Unit I Relay, 41I/AX 0 
Fails To Pick-up And Latch 

(A 0 

CD



KHU-1 Voltage Adjust 
Failure Drives Generator 
Output Too High/Low o 

Keowee Unit I Generator 
Fault While the Unit Runs 

O KHU-1 Base Adjust Fails 
To Maintain Generator 

C Output Within Acceptable 
Range 

(D Keowee Standby Battery 
Charger SBC Not Lined Up 

in I Hour 

CL 
(D 

(A 

._Battery Charger KCI Fails m 

Keowee Unit I Gov. Fails to 
Position Wicket Gates With 

Unit Running 

Keowee Unit I Turbine 
Fails With the Unit Running 

0 

Air Circuit Breaker 7 Fails 
To Close Due To 

Mechanical Failure 0 

The Overhead Unit (2) Is 
Unavailable Due To 

Maintenance 0 

CCFof IX Aux Power 
Breakers ACB-5 & -7



00 

M - Mean 7.32E-03 
- 5% 2.93E-03 
' 50% 6.26E-03 

] 95% 1.53E-02 
Standard Deviaton 4.26E-03 
Skewness : 2.28E+00 
Kurtosis 9.01 E+00 
Sample Size 5000 

D 
e 
n 
S 
I 
t 
y 

1.0E-02 

Frequency 

Figure 7.5-1: Probability Distribution For Model Top Gate KEOWTOP



8.0 REFERENCES 

1. Oconee Nuclear Station Unit 3 Probabilistic Risk Assessment, Rev. 1, Duke Power 

Company, 1989.  

2. Hampton, J. W., Letter to USNRC, "Detailed PRA Analysis of Keowee 

Concerning Its Role as an Emergency Supply," Duke Power Co., November 10, 

1993.  

3. Procedures for Treating Common Cause Failures in Safety and Reliability Studies, 

Vol. I: Procedural Framework and Examples, NUREG/CR- 4780, USNRC, 

1988.  

4. PRA Procedures Guide, NUREG/CR-2300, American Nuclear Society and the 

Institute Of Electrical And Electronic Engineers, Inc., 1983.  

5. Individual Plant Examination For The Davis-Besse Nuclear Power Station, Toledo 

Edison Company, 1993.  

6. Generic Component Failure Data Base For Light Water And Liquid Sodium 

Reactor PRAs, EGG-SSRE-8875, Idaho National Engineering Laboratory, 1990.  

7. IEEE Guide To The Collection And Presentation Of Electrical, Electronic, Sensing 

Component, And Mechanical Equipment Reliability Data For Nuclear Power 

Generating Stations, IEEE Std 500-1984, Institute Of Electrical And Electronic 

Engineers, Inc., 1983.  

8. EPRI, NP-6780-L, Rev. 4, Vol. 2, Ch. 1, App. A, PRA Key Assumptions And 

Groundrules, April, 1992.  

9. Fleming, K. N., et. al., A Database of Common Cause Events for Risk and 

Reliability Applications, Electric Power Research Institute, EPRI-TR-100382, 

1992.  

8-1



10. Molesh, A., et. al., Procedures For Treating Common Cause Failures in Safety 

and Reliability Studies, Vol. II: Analytical Background and Techniques, 

NUREG/CR-4780 (EPRI NP-5613), USNRC, 1989.  

11. Molesh, A., Procedures For Treating Common Cause Failures in Safety and 

Reliability Studies, NUREG/CR-5801, USNRC, 1993.  

12. Wakefield, D. J., et. al., SHARP 1 -- A Revised Systematic Human Action 

Reliability Procedure, EPRI TR-10171 1, Electric Power Research Institute, 1992.  

13. Swain, A. D., H. E. Guttmann, Handbook of Human Reliability Analysis with 

Emphasis on Nuclear Plant Applications Final Report, NUREG/CR-1278, 

USNRC, 1983.  

14. Parry, G. W.,. Lydell, B, An Approach to the Analysis of Operator Actions in 

Probabilistic Risk Assessment, EPRI-TR-100259, Electric Power Research 

Institute, 1992.  

15. Gertman, David I., et. al., INTENT: A Method For Estimating Human Error 

Probabilities for Errors of Intention, EGG-SRE-9178, Idaho National Engineering 

Laboratory, 1990.  

16. Licensee Event Report (LER) 270/92-04, Loss of Offsite Power at Oconee Unit 2 

8-2



APPENDIX A. 1 

HIGH LEVEL LOGIC MODEL



TABLE OF CONTENTS 

Section Title Page 
A.1 HIGH LEVEL LOGIC MODEL A.1-1 
A. 1.1 OBJECTIVES A.1-1 
A.1.2 DESCRIPTION OF HIGH LEVEL LOGIC MODEL TREE A.1-1 
A.1.2.1 TOP GATE A.1-1 
A.1.2.2 UNDERGROUND POWER SUPPLY A.1-2 
A.1.2.3 OVERHEAD POWER SUPPLY A.1-3 
A. 1.2.4 DOUBLE MAINTENANCE A.1-4 
A.1.2.5 DEPENDENT FAILURES A.1-4 
A.1.3 DATA A.1-5 
A.1.4 RESULTS A.1-8 
A.1.5 REFERENCES A.1-8 

A.1-ii



LIST OF TABLES 

Table Title 

A.1-1 High Level Logic Model Fault Tree Transfers 
A.1-2 High Level Logic Model Reliability Data 

A. I -iii



LIST OF FIGURES 

Figure No. Title 

A.1-1 High Level Logic Model Tree 

A.1-iv



A.1 HIGH LEVEL LOGIC MODEL 

A.1.1 OBJECTIVES 

The objectives of the high level logic model are to: 
* provide a top gate representing the overall failure probability of Keowee to supply 

power, 

* provide a means for integration of the system models, 
* provide a means for introducing the various operating modes of the station into the 

analysis, including generation to the grid and maintenance, 
* provide a convenient location for development of dependent failures, 

* provide a pictorial "story" of how the major systems/components influence the 

Keowee supply 

* provide intermediate gates at appropriate places for analysis of reliability at the unit 

and power path levels, 

* provide intermediate gates at appropriate places for analysis of unit start and run 

reliability, 

* eliminate to the extent practical all invalid cut sets in the top gate solution as well as 

the intermediate gate solutions.  

A.1.2 DESCRIPTION OF HIGH LEVEL LOGIC MODEL TREE 

A.1.2.1 TOP GATE 

In order to satisfy the stated objectives the model has been developed with the following 

attributes.  

The top gate for the high level logic model "KEOWTOP: Oconee Transformers CT3 And 

CT4 Fail To Receive Power From Keowee" represents the failure probability of interest in this 

analysis.  

The high level logic model tree separates the solution into the overhead and underground 

supplies. Additionally, the unit related failures are on a different branch of the tree than the 

path related failures. Also, start and run failures of the two units are evaluated on different 

branches of the tree. These features allow the evaluation of the reliability at these lower 

levels. Events representing the probability of various operating conditions are included in the 
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model such as, Unit 1 generating to the grid alone or with Unit 2, Unit 2 in maintenance, and 
both Keowee units in maintenance.  

The effort is made to eliminate invalid cut sets from occurring in the solutions. This often 
requires the use of NOT gates in the high level logic model. It is recognized that this often 
complicates the tree and the cut sets, but the benefit is in the overall reproducibility by not 
relying on the analyst's judgment on deleting invalid results.  

The high level logic model tree has relatively few basic events. Many of the termination 

points for this tree are transfers to the individual system models. Refer to Table A.1-1 for a 

list of the fault tree transfers and to Table A. 1-2 for the basic events.  

The high level logic model is included as Figure A.1-1. Refer to section 4.0 for discussion of 

the systems analysis assumptions and the process.  

A.1.2.2 UNDERGROUND POWER SUPPLY 

The highest level gate for the evaluation of the underground supply reliability "UNDERO: 

Power To CT4 Via The Underground Path From Keowee Fails" includes all failure modes for 

the underground supply. The gate includes the common cause failures, double maintenance 

failure, as well as the unit and path failures. Progressively finer levels of detail about the 

underground supply are available at the lower gates in the tree. The following discussion 

provides a summary of the kind of information available at some of the lower gates of the 

underground branch of the tree.  

UNDERTOP: Oconee Emergency Power Via The Underground Path Fails 

The inputs to this gate consider the availability of a Keowee unit to supply the underground 

path and the proper function of the path itself. The availability of a Keowee unit to supply the 

underground path further considers that either unit may be available to supply the 

underground path. Keowee Unit I is the unit assumed to be normally aligned to the 

underground path. However, for combinations of overhead path failures and underground 

unit (Unit 1) failures it is possible to recover the emergency power supply by aligning the 

overhead unit (Unit 2) to the underground path. Refer to Section 4.0 for more information 

regarding the assumed alignment of the units.  
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KU1UNDERO: Keowee Unit 1 Fails To Supply The Underground Path 

At this level of the tree, failures on the Unit I side of Keowee contribute to the failure 
probability. The inputs to this gate consider failures of the unit to function and the successful 
maintenance of the connection to the underground path via Air Circuit Breaker 3 (ACB-3).  
The unit failure further considers the failure of the unit to start or to run for the required 
mission time. Start failures are also further subdivided.  

A Keowee unit that is available for its emergency power supply function may either be in 
standby or generating to the grid. Either of these conditions may exist at the time an 

emergency start signal is received. These two conditions place different demands on the 

Keowee units when the start signal is received. Both situations are included in the model as 
"start" failures event though in one case the unit is operating at the time the start signal is 

received. The unit start from standby is referred to as a "cold start" while the unit start from 

generating to the grid is referred to as a "hot start". Component failures contributing to these 

start failures are conditioned in the tree by the probability that the unit is in the applicable 

mode.  

For the base case analysis, the unit aligned to the underground path (Unit 1) is assumed to not 

be generating to the grid. This is consistent with the current operating restrictions applied to 

the Keowee units. However, the ability to analyze the condition where both units may be 

allowed to generate to the grid has been built into the high level tree. Refer to section 4.0 for 

discussion of the systems analysis assumptions.  

A.1.2.3 OVERHEAD POWER SUPPLY 

The highest level gate for the evaluation of the overhead supply reliability "OVERO: Power 

To CT3 Via The Overhead Path From Keowee Fails" includes all failure modes for the 

overhead supply. The gate includes the common cause failures, double maintenance failure, as 

well as the unit and path failures. Progressively finer levels of detail about the overhead 

supply are available at the lower gates in the tree. The following discussion provides a 

summary of the kind of information available at some of the lower gates of the overhead 

branch of the tree.  
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OVERTOP: Oconee Emergency Power Via The Overhead Path Fails 

The inputs to this gate consider the availability of Keowee Unit 2 to supply the overhead path, 

including maintenance unavailability, and the proper function of the path itself.  

KU20VERO: Keowee Unit 2 Fails To Supply The Overhead Power Path 

At this level of the tree, failures on the Unit 2 side of Keowee contribute to the failure 

probability. The inputs to this gate consider failures of the unit to function and the successful 

maintenance of the connection to the overhead path via Air Circuit Breaker 2 (ACB-2). The 

unit failure further considers the failure of the unit to start or to run for the required mission 

time. Start failures are also further subdivided into the "hot start" and "cold start" failures 

described above. No restrictions on generating to the grid are in place on the unit aligned to 

the overhead path.  

A.1.2.4 DOUBLE MAINTENANCE 

Both Keowee units can be in maintenance simultaneously. This event automatically leads to 

failure of Keowee as an emergency power supply for Oconee. This basic event is included on 

both the underground and overhead branches of the tree.  

Refer to Section 5.3 and Appendix C. 1 for information on the quantification of this event.  

A.1.2.5 DEPENDENT FAILURES 

Common cause and other dependent failures affecting both Keowee units have been grouped 

under the gate "KEOWCOM: Keowee Failure Due To Common Mode Failures". Component 

common cause events and special situations that lead to failure of both units are included here.  

Special situations include the opportunity for both units to be connected to the same path 

inadvertently. Since no attempt is made to synchronize units with each other on an emergency 

start, both units are assumed to fail if they inadvertently close on the same path. Failures 

which would lead to this occurrence are included in the analysis.  

Refer to Section 5.4 and Appendix C.2 for information on the quantification of common cause 

events.  
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A.1.3 DATA 

The high level logic model uses basic events to condition the failures according to the various 
possible operating configurations of the Keowee units. These events identify the probability 
that a unit is generating to the grid and are based on the Keowee operating history. Other 
specific component failure probabilities are also required. These events are included in the 
model as undeveloped (DEX) events and the calculation of their values is presented here.  

Unit Run Information 

The unit run information is based on the data for the most recent years where both units were 
allowed to generate to the grid, 1989 through 1991. This data is presented in the following 
table.  

STATION TOTAL UNIT UNIT 1 UNIT 2 
RUN HOURS HOURS 

1989 513.40 740.70 312.10 428.60 
1990 865.60 1190.40 636.10 554.30 
1991 773.70 1109.70 56f.00 547.70 

TOTALS 2152.70 3040.80 1510.20 1530.60 

UNITS 1 & 2 UNIT 1 ALONE UNIT 2 ALONE 
RUN 

TOGETHER 
HOURS 888.10 622.10 642.50 

YEARLY 0.034 0.024 0.024 
FRACTION 

In the above data the unit run hours are available, however, no information is available on 
whether the unit was aligned to the overhead or the underground path. It is assumed in the 
calculations that each unit's generation hours are equally divided between the overhead and 
underground alignment.  

KK1RUNSDEX: Keowee Unit 1 Supplying The Grid 

This event represents the probability that the unit aligned to the underground (Keowee Unit 1 
in the model) is generating to the grid by itself.  
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In the current operating configuration, the underground unit is not used for generation to the 
grid. For the base case calculation, this DEX has the value 0.0.  

The base case value of KKlRUNSDEX = 0.0 

In sensitivity studies where both units can generate to the grid this DEX takes on the value 

based on the operating history given above. With the assumption that 50% of a unit's hours of 
generation come while aligned to the underground path, the DEX is calculated as shown 

below.  

The sensitivity study value of KKlRUNSDEX = (622.1+642.5)/2/(3*8760) = 2.4E-2 

KK2RUNSDEX: Keowee Unit 2 Supplying The Grid 

This event represents the probability that the unit aligned to the overhead (Keowee Unit 2 in 

the model) is generating to the grid by itself. No restrictions are placed on generation to the 

grid by the unit aligned to the overhead path.  

Historically, a unit generates approximately 6% of the time.  

The value of KK2RUNSDEX = 6.OE-02 

KKlBOTHDEX: Keowee Units 1 &.2 Supplying The Grid 

In the current operating configuration, the underground unit is not used for generation to the 

grid. For the base case calculation, this DEX has the value 0.0.  

The base case value of KKlBOTHDEX = 0.0 

In sensitivity studies where both units can generate to the grid this DEX takes on the value 

based on the operating history given above.  

The value of KKlBOTHDEX = 888.1/(3*8760) = 3.4E-2 
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KB4CONNDEX: Air Circuit Breaker 4 Connects Unit 2 To The Underground Path 

This DEX represents the potential for ACB-4 to spuriously close and parallel the two units.  
No single failure exists that would cause the spurious closure of ACB-4. When ACB-3 is 
closed both the positive and negative sides of the ACB-4 close coil are separated from the 
power supply by open contacts. Spurious operation of the close coil should be far less likely 
for this design than might otherwise be the case. The value for this event is estimated as 1% 
of the RYT type code value of 4.7E-7/hour with a 24 hour mission time.  

The value of KB4CONNDEX= 1. 1E-7 

K12COMIDEX: Grid Degradation Occurs And Causes Failure Of Both Keowee Units 

No record of such an event occurring on the Duke system has been identified. A review of 

the industry events in NSAC-204 comprising more than 1000 reactor years of experience, 

leads to the conclusion that generator failure from an unisolated fault is a rare event. The 

Keowee generators, main step-up transformer, and the switchyard all have protective relaying.  

Calculation OSC-5096 specifically considers Keowee stability for various fault conditions.  

Therefore, a screening value of 1.00E-06 is selected for this event.  

The value of Kl2COMIDEX is 1.OOE-06 

WKlSPDIDEX &WK2SPDIDEX: Potentially Damaging Overfrequency Occurs At Load 

Rejection 

When Keowee is generating to the grid, an emergency start signal causes a load rejection to 

occur. The loss of load on the generator will result in a turbine speed transient. Until the 

governor closes the wicket gates to the no load setting an overspeed/overfrequency condition 

exists. Depending on unit load and the lake levels at the time of the emergency start, the 

overfrequency is potentially damaging to the Oconee loads. A damaging overfrequency 

condition is conservatively assumed to always occur.  

The value of WKlSPDIDEX = WK2SPDIDEX = 1.0 
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A.1.4 RESULTS 

The High Level Logic Model is not a system as such and, therefore, no system level results 
are determined. The results of the Keowee model solution are presented in Section 7.2.  

A.1.5 REFERENCES 

OSS-0254.00-00-2005, Keowee Emergency Power Design Basis Document 
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Table . I A(Page 1 of 3) 
Table A.1-1 

High Level Logic Model Fault Tree Transfers 

Transfer Gate Name Description 

UPATHTOP Underground Path Fails To Connect Keowee To Oconee 

ACB3TRANS Air Circuit Breaker 3 Transfers Open 

KUlGVTBCLD Keowee Unit 1 Governor Or Turbine Fails During A 
Cold Start 

KUlGEXCLD Keowee Unit 1 Generator Excitation Fails During A Cold 

Start 

YKlCLDSTRT Keowee Unit I Governor Control Fails During A Cold 

Start 

KUlGENCLD Keowee Unit I Generator Fails During A Cold Start 

ACBIOPEN Air Circuit Breaker 1 Fails To Open 

ACB3CLOSE Air Circuit Breaker 3 Fails To Close 

ACB30PEN Air Circuit Breaker 3 Fails To Open 

KUlGVTBRUN Keowee Unit 1 Governor Or Turbine Fails While The 

Unit Runs
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Table A.1-1 

High Level Logic Model Fault Tree Transfers 

Transfer Gate Name Description 

KUlGEXRUN Keowee Unit 1 Generator Excitation Fails While The 

Unit Runs 

KUlGENRUN Keowee Unit 1 Generator Fails While The Unit Runs 

ACB4CLOSE Air Circuit Breaker 4 Fails To Connect Unit 2 To The 

Underground Path 

ACB4TRANS Air Circuit Breaker 4 Transfers Open 

KU2GVTBCLD Keowee Unit 2 Governor Or Turbine Fails During A 

Cold Start 

KU2GEXCLD Keowee Unit 2 Generator Excitation Fails During A Cold 

Start 

YK2CLDSTRT Keowee Unit 2 Governor Control Fails During A Cold 

Start 

KU2GENCLD Keowee Unit 2 Generator Fails During A Cold Start
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Table A.1-1 

High Level Logic Model Fault Tree Transfers 

Transfer Gate Name Description 

KU2GVTBHOT Keowee Unit 2 Governor Or Turbine Fails During A Hot 

Start 

KU2GVTBRUN Keowee Unit 2 Governor Or Turbine Fails While The 

Unit Runs 

KU2GEXRUN Keowee Unit 2 Generator Excitation Fails While The 

Unit Runs 

KU2GENRUN Keowee Unit 2 Generator Fails While The Unit Runs 

ACB2CLOSE Air Circuit Breaker 2 Fails Close 

ACB2TRANS Air Circuit Breaker 2 Transfers Open 

OPATHTOP Overhead Path Fails To Connect Keowee To Oconee



(Page 1 of 3) 

Table A.1-2 

High Level Logic Model Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

ABOSWGRCOM Common Cause Failure Of All 6.69E-04 6.69E-04 
Keowee Auxiliary Power Breakers 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.00E+00 

ACBXFERCOM Common Cause Failure That 1.28E-06 1.28E-06 
Results In ACBs 2 & 3 
Transfering Open 

BKGBOILCOM Common Cause Failure Of Turbine 1.94E-06 1.94E-06 
Guide Bearing Oil System 

E12EXCTCOM Units 1 & 2 Excit Fail Due To 5.31E-05 5.31E-05 
Common Cause Failure Of The 
Breakers 

EKOORUNCOM Common Cause Failure Of Both 1.24E-04 1.24E-04 
Units Voltage Regulators To Run 

EKSTARTCOM Common Cause Failure Of Both 6.17E-05 6.17E-05 
Units Voltage Regulators To 
Start 

FKOFISHCOM Common Cause Failure Of Both 2.55E-03 2.55E-03 
Unit s WL Filters Due To Intake 
Debris 

FKVALVECOM Common Cause Failure Of Cooling 2.46E-05 2.46E-05 
Water Control Valves 

GKOCOOLCOM Common Cause Failure of 4.61E-07 4 .61E-07 
Generator Air Cooling 

GKOLOCKCOM Common Cause Actuation of 4.06E-06 4.06E-06 
Generator Lockouts 

GKHPOILCOM Common Cause Failure of 4.61E-07 4.61E-07 
Generator Thrust Bearings 

K12COM1DEX Grid Degradation Occurs And 1.00E-06 1.00E-06 
Causes Failure Of Both Keowee 
Units 

lgenand, H=Hour 
2f& s for assigning basic event factors are discussed in Table C.
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Table A.1-2 

High Level Logic Model Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

KA127TlR6D Xfrmr 1X U V Relay 27T/lX Fails 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
To Pick-up 

KA127T1R6T Xfrmr 1X UV Relay 27T/lX 3.63E-07 /H 360 H Rule 4:Indicated by computer 1.31E-04 
Spuriously De-energizes point.  

KA227T2R6T Xfmr 2X UV Relay 27T/2x 3.63E-07 /H 360 H Rule 4:Indicared by computer 1.31E-04 
Spuriously De-energizes point.  

KB4CONNDEX Air Circuit Breaker 4 Connects 1.10E-07 1.10E-07 
Unit 2 To The Underground Path 

KKlBOTHDEX Keowee Units 1 And 2 Are 0 0. 00+00 
Supplying The Grid 

KK1BOTHHYM Both Keowee Units Unavailable 5.23E-03 t 23E-03 
Due To Common Maintenance 

KK1RUNSDEX Keowee Unit 1 Only Is Supplying 0 .00 E +00 
The Grid 

KK2RUNSDEX Keowee Unit 2 Only Is Supplying 0.06 6. E-02 
The Grid 

KK2UNITHYM The Overhead Unit (2) Is 3.80-02 3.80E-02 
Unavailable Due To Maintenance 

OKOPRUNCOM Common Cause Failure Of Both 1.46E-05 1.46E-05 
Governor Oil Systems To Run 

PKOSUMPCOM Common Cause Failure Of Turbine 44- 06 44E-06 
Sump Pump System 

WKOORUNCOM Common Cause Failure of Keowee 2.09E-05 2.09E-05 
Governors to Run 

WK1SPD1DEX Potentially Damaging Overspeed 1 1. 00E+00 
Condition Occures At Load 
Rejection 

WKCSTRTCOM Common Cause Failure of Keowee 1.12E-05 1.12E-05 
Governors to Cold Start 

WKHSTRTCOM Common Cause Failure of Keowee 3.505-06 3.50E-06 
Governors to Hot Start 

2D=De4and, H=Hour 
2Rules for assigning basic event factors are discussed in Table C.14
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Table A.1-2 

High Level Logic Model Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

XAOSWGRCOM Common Cause Failure Of 1.22E-06 1. 22E-06 
Transformers IX, 2X, And CX 

XA1XAALBLM MCC IXA Is Connected to Its 2.74E-03 2. 74E-03 
Alternate Source of Power 

KA2XAALBLM MCC 2KA Is Connected to Its 2.74E-03 2. 74E-03 
Alternate Power Source 

XDOBATTCOM Common Cause Failure Of Keowee 2.70E-05 2.70E-05 
I&C Power Batteries 

XDOCHRGCOM Common Cause Failure Of Keowee 3.48E-05 3.48E-05 
Battery Chargers 

YOSTARTCOM Common Cause Failure Of 7.26E-06 7 .26E-06 
Emergency Start Signal 

1 emand, H=Hour 
s for assigning basic event factors are discussed in Table C.
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To Supply The 
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Path 
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To Start Or Run 3 Transfers Open 
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Keawee Unit I Start Keowee Unit 1 Fails 
Is Required To Start 

Page 2 KUlSTARTR Page 2 KU1STARTF 
Page 15 

Keowee Unit 1 Is Keowee Unit 1 Is Keowee Unit 1 Keowee Unit 1 
Not Generating To Not Generating To Governor Or Turbine Generator The Grid Alone hGdWtUnt2FisDrnACodEcainFil 
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K2NOMAIN Outputs: 
Page 13, Page 4, Page 16, Page 14, Page 19, Page 19 

Keowee Unit 1 Is Keowee Unit 2 Is NSM-ON-52966 Is In 
Supplying The Grid Not In Maintenace Service 

I I 
Page 2 See Output Page 5 

Page 14 List Page 5 

I I 
Keowee Unit 1 Only Both Keowee Units The Overhead Unit NSM-ON-52966 Is Not 

Is Supplying The Are Operating (2) Is Unavailable In Service 
Grid Due To Maintenance 

KK1RUNSDEX1 KUlBOTH 1 KK2UNITHYM 

Ig I 

High Level Logic Model Tree. I FIGURE A.1-1 'P P 4



Keowee Unit 1 Fails 
To Disconnect Or 

Load 

Page 2 |KU1SPINS 

Keowe UniAir Circuit Breaker Air Circuit Breaker KU1 Is Connected To Govemr ine 3 Fails To Connect 1 Fails To open CT4 With An Over
Falot~g KU1 To The frequency Condition 

StartUnderground Path 
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Keowee Unit 1 Fails 
To Run 

Page 2 KU1RUN 

Keowee Unit 1 Keowee Unit 1 Keowee Unit 1 
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Fail While Unit Runs Excitation Fails While The Unit Runs 

While The Unit Runs 
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From Keowee Fails 

Page 1 OVERO 

II 
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Keowee Unit 2 Fails 
To Supply Power 
During The Run 

Page 9 r KU2RUN 
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ma pg feGae/Evet Name Page Zone Gate/Event Name pae af Zone Gate/Event Name Page zone 
1XUV 19 K12COMO4 14 KK2UNITHYM 3 KU2GVTBRUN 12 
ABOSWGRCOM 18 K12COM1DEX 14 KK2UNITHYM 4 KU20VER 7 
ACB10PEN 5 K2NOMAIN 4 KK2UNITHYM 7 KU20VER 8 
ACB1OPEN 14 K2NOMAIN 4 KK2UNITHYM 8 KU20VER 9 
ACB2CLOSE 8 K2NOMAIN 13 KNOTBOTH 3 KU20VERO 8 
ACB2TRANS 8 K2NOMAIN 14 KUlBOTH 4 KU2REC 1 
ACB3CLOSE 5 K2NOMAIN 16 KU1GENCLD 3 KU2REC 7 
ACB30PEN 5 K2NOMAIN 19 KUlGENRUN 6 KU2RNNG 10 
ACB3TRANS 2 K2NOMAIN 19 KU1GEXCLD 3 KU2RNNG 11 
ACB3TRANS. 19 KA127T1R6D 19 KU1GEXRUN 6 KU2RNNG 11 
ACB4CLOSE 7 KA127T1R6T 19 KU1GRID 14 KU2RUN 9 
ACB4MOD 4 KA227T2R6T 14 KU1GVTBCLD 3 KU2RUN 12 
ACB4TRANS 7 KB4CONNDEX 19 KU1GVTBHOT 5 KU2SPINNG 9 
ACBXFERCOM 18 KBOTHNORN 3 KU1GVTBRUN 6 KU2SPINNG 11 
AUXPWRCOM 17 KCOMCSTRT 15 KU1RNNG 2 KU2START 9 
AUXPWRCOM 18 KCOMHSTRT 15 KU1RNNG 4 KU2START 10 
BKGBOILCOM 18 KCOMHSTRT 16 KU1RNNG 14 KU2STARTO 9 
COMMCOLD 15 KCOMM 14 KU1RUN 2 KU2STARTF 10 
COOLCOM 16 KCOMM 15 KU1RUN 6 KU2STARTR 10 
COOLCOM 17 KCOMMODE 14 KU1SPINNG 2 KU2STARTR 10 
E12EXCTCOM 15 KCOMNOMAIN 13 KU1SPINS 2 KU2STARTR 15 
EKOORUNCOM 17 KCOMRUN 15 KUISPINS 5 MAINTCOM 14 
EKSTARTCOM 15 KCOMRUN 17 KU1START 2 MAINTCOM 20 
FKOFISHCOM 16 KEOWCOM 1 KU1STARTO 2 NEWMODA 5 
FKVALVECOM 16 KEOWCOM 8 KU1STARTF 2 NEWMODB 5 
GENCOM 17 KEOWCOM 13 KU1STARTF 3 NOUNIT 1 
GKOCOOLCOM 17 KEOWTOP 1 KU1STARTR 2 NTACB4MOD 4 
GKOLOCKCOM 17 KK1BOTHDEX 3 KU1STARTR 3 NTACB4MOD 5 
GKHPOILCOM 17 KK1BOTHDEX 4 KU1STARTR 15 NTACB4MOD 5 
GOVTBCOM 17 KK1BOTHDEX 11 KU1UNDER 2 OKOPRUNCOM 18 
GOVTBCOM 18 KK1BOTHDEX 14 KU1UNDER0 1 OPATHTOP 8 
K12COM 13 KK1BOTHDEX 16 KU1UNDERO 2 OVERO 1 
K12COM 14 KK1BOTHHYM 1 KU2GENCLD 10 OVERO 8 
K12COM01 14 KK1BOTHHYM 8 KU2GENRUN 12 OVERTOP 8 
K12COMO2 14 KK1NORUN 3 KU2GEXCLD 10 PKOSUMPCOM 18 
K12COMO2 19 KK1RUNSDEX 3 KU2GEXRUN 12 UNDERO 1 
K12COM03 14 KK1RUNSDEX 4 KU2GVTBCLD 10 UNDERTOP 1 
K12COMO3 19 KK2RUNSDEX 11 KU2GVTBHOT 11 UPATHTOP 1 
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Gate/Event Name P Z Gate/Event Name paLfe Zone Gate/Event Name P.ge Zone Gate/Event Name g Zone WKOORUNCOM 18 
WK1SPD1DEX 5 
WKCSTRTCOM 15 
WKHSTRTCOM 16 
XAOSWGRCOM 18 
XA1XAALBLM 20 
XA1XAE 20 
XA1XAEF 20 
XA2XAALBLM 20 
XA2XAE 20 
XA2XAEF 20 
XDOBATTCOM 15 
XDOCHRGCOM 18 
YOSTARTCOM 13 
YK1CLDSTRT 3 
YK2CLDSTRT 10 

High Level Logic-Model Tree FIGURE A.1-1 PacA 2
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A.2 

A.2.1 OBJECTIVES 

The main objective of this analysis is to develop logic models of the emergency power paths and the Switch yard Isolation function. This model is combined with the high level 
logic model and remaining system models to form an integrated model for assessing the reliability of Keowee. Other objectives are to identify major contributors to system 
unreliability, significant potential human errors and commoncause failure modes.  

The scope of this analysis is limited to equipment required to support a Keowee 
emergency start and run under load following a loss of offsite power condition.  

A.2.2 SYSTEM DESIGN 

The Keowee underground power path connects a designated keowee unit to the Oconee 
standby buses via transformer *CT4. This path is dedicated for emergency power purposes and energizes whenever the designated Keowee unit is started. The overhead power path connects the remaining Keowee unit to the Oconee startup transformers through the 230 kV switchyard in loss of off-site power (LOOP) events. When a LOOP is detected by the External Grid Trouble Protection System (EGTPS), the EGTPS initiates a switchyard 

yellow bus isolation from the grid, and aligns emergency power from Keowee to the 
startup transformer of each Oconee unit.  

Figure A.2-1 shows the overhead power path. Given an EGTPS actuation, the Keowee units are signaled to emergency start and a switchyard yellow bus isolation is initiated.  The yellow bus isolation signal includes components which command power circuit breakers (PCBs) 8, 9, 12, 15, 17, 21, 24, 26, 28, and 33 to trip open and PCBs 9, 18, 27, and 30 to close. The PCB 9 close signal is not completed until the following is accomplished: 

(1) a redundant switchyard isolated confirmed relay [27X/SCl (27X/SC2)J signal is generated after the successful opening of PCBs 8, 12, 15, 17, 21, 24, 26, 28, and 33, and 

A.2-1



(2) relay 27X/SC1 (27X/SC2) operates a time delay relay 27XTD/SCl 
(27XTD/SC2), which [4 seconds after the operation of 27X/SC1 (27X/SC2)] 
disables the PCB 9 trip coil and enables the close coil.  

The switchyard isolated confirmed relay [27X/SC1 (27X/SC2)] signal also actuates a 
switchyard isolation auxiliary relay SIA (SIB), which in turn actuates the Keowee Unit 1 
and Unit 2 Switchyard Isolated Interposing Relays [1SIXA and 2SIXA (ISIXB and 
2SIXB)]. The switchyard isolated interposing relays provide close permissive interlocks 
for the automatic closing circuits of ACB- 1 and ACB-2.  

A.2.3 SYSTEM BOUNDARIES 

Overhead Path 

The overhead path begins with the Keowee Main Step-Up Transformer and extends 
through the 230 kV Switchyard to the Oconee 3 startup breakers side of Transformer 
CT3. In the 230 kV Switchyard PCB 9 must be closed to complete the connection. Red 
Bus/Yellow Bus tie breakers PCBs 8, 17, and 26 as well as yellow bus isolation breakers 
PCBs 12, 15, 21, 24, and 33 must be open to isolate the emergency power path from 
switchyard connections.  

Underground Path 

The underground path begins at the 13.8 kV underground cable side of air circuit breaker 
(ACB)-3 and ACB-4 and continues to the standby bus feeder breakers side of CT4.  

Electrical Power Supplies 

The 230 kV Switchyard DC Power System provides the control power for the switchyard 
PCBs. Trip coils #1 for PCBs 8 through 17 are powered by Switchyard DC Panelboard 
DYA. Trip coils #1 for PCBs 21 through 33 are powered by Switchyard DC Panelboard 
DYB. Trip coils #2 for PCBs 8 through 17 are powered from Switchyard DC Panelboard 
DYE and trip coils #2 for PCBs 21 through 33 are powered by Switchyard DC 
Panelboard DYF. Closing coil power for each PCB is auctioneered between two 

A.2-2



switchyard dc panelboards. For PCB 9, DYA and DYE are used, and for PCB 30, DYB 

and DYF are used. The Switchyard Isolate Complete Channel 1 logic uses control power 

from DYC and Channel 2 uses DYG.  

External Control Systems 

The automatic control signals that manipulate the 230 kV Switchyard PCBs are initiated 

by the EGTPS Channel 1 and Channel 2 (see Appendix A.3).  

A.2.4 INSTRUMENTATION AND CONTROLS 

The controls for the 230 kV Switchyard breakers are located in the Oconee 1 and 2 

Control Room. All switchyard disconnects, both manual and motor-operated, have 

position indication in the control room. Synchronizing circuits and potential transformer 

inputs are selected by sync-scope selector switches. White indicating lights show which 

incoming lines or transformers are energized. Transducers as well as directly connected 

instrument transformers provide electrical measurements for the 230 kV Switchyard in the 

control room.  

A.2.5 LOCATION WITHIN THE PLANT 

The 230 kV Switchyard is located on the east side of the Turbine Building. It is the 

interface for Oconee Generator Units 1 and 2, Oconee Startup Transformers CT1, CT2, 
and CT3, the Oconee 525 kV Switchyard, the Keowee overhead line, and the 230 kV 
transmission lines (Dacus Black and White lines, Central Black and White lines, Calhoun 
Black and White lines, and Jocassee Black and White lines).  

The CT4 Transformer is located in the Unit 1/2 Blockhouse adjacent to the east side of 
the Turbine Building.  

0 
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A.2.6 NORMAL OPERATION 

During the startup and shutdown of an Oconee unit, the 230 kV Switchyard provides 

power to the unit auxiliary loads through the respective unit startup transformer. When 

the unit generators are operating, the 230 kV Switchyard is the point where generated 

power from Oconee 1 and Oconee 2 is distributed to the 230 kV transmission system.  

The Keowee overhead path is normally energized by the switchyard through PCB 9 to 

provide auxiliary power to the Keowee unit assigned to the overhead power path.  

The Keowee underground power path is normally not energized (unless the assigned 

Keowee unit is operating).  

A.2.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

During Oconee emergency operation involving a loss of off-site power, the overhead 

power path through the isolated Yellow Bus of the 230-kV Switchyard provides 

emergency power from Keowee to the startup transformers of the Oconee units. The 

underground power path provides power through the CT4 Transformer to the Oconee 

4160 V Standby Buses.  

A.2.8 TEST AND MAINTENANCE 

Testing 

The Degraded Grid and Switchyard Isolation Functional Test is performed one channel at 

a time on a refueling frequency. The test includes the following: 

(1) functional verification of the Keowee overhead ACB and PCB-9 operation 

during switchyard isolation, 

(2) demonstration of the operability of the Degraded Grid Protection System 

(DGPS), 
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(3) demonstration of the ability of the overhead Keowee unit to energize the 230 

kV Yellow Bus for all three Oconee units' Startup Transformers and carry the 

shutdown loads of Oconee Unit 1, and 

(4) demonstration of the capability to realign the 230 kV Yellow Bus back to the 

system grid, while Oconee loads are being fed from the overhead Keowee unit.  

A.2.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.2-4.  

A.2.10 ASSUMPTIONS 

A.2.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The switchyard PCBs are assumed to have adequate operating gas pressure prior 

to the actuating event.  

2. The switchyard and emergency power paths are not operating in any kind of 

extreme environmental conditions prior to the actuating event.  

A.2.10.2 OPERATIONAL ASSUMPTIONS 

1. The switchyard is operating in a normal operational alignment with all switchyard 
breakers closed.  

A.2.10.3 MODELING ASSUMPTIONS 

1. The failure of any breaker to open or close in accordance with the switchyard 

isolation logic and overhead path alignment logic is a failure to establish the power 

path.  

2. Operator action is not modeled.  
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3. The Unit 3 Startup Bus undervoltage detection function is provided by redundant 

circuits to ensure reactor coolant pumps are loadshed before the overhead path to 

the Unit 3 Startup Bus is completed. When reactor coolant pumps trip logic is not 

satisfied by a Startup Bus undervoltage signal, it is assumed that the reactor 

coolant pumps will overload the Startup Transformer when the pumps attempt to 

re-start. The modification which provides redundant Startup Bus undervoltage 

relays has been completed on Unit 3 and installation is planned for completion on 

Units 1 and 2.  

A.2.11 FAULT TREE ANALYSIS 

A.2.1 1.1 TOP EVENT SUCCESS CRITERIA 

Success for either the underground power path or the overhead power path is that the 

path is established and maintained for 24 hours after the initiating event 

A.2.11.2 DETAILED FAILURE CRITERIA 

1. Switchyard Yellow Bus isolation and closing of breakers necessary to establish the 

overhead power path to the startup transformers are the desired final actions and 

the top events in this section of the analysis. Lower levels of the fault tree involve 

breaker trip relays and closing coil operations that must occur to accomplish the 

top events.  

A.2.11.3 DESCRIPTION OF FAULT TREE 

The System fault tree is shown in Figure A.2-2. The Fault Tree Modeling Guidelines 

(Appendix B) were followed in developing the fault tree. A list of all fault tree transfers is 

presented in Table A.2-4.  

A.2.11.4 HUMAN INTERACTIONS 

Human reliability analysis was performed as described in Appendix C.3. One possible 

human action has been determined that could impact success of the underground power 

path.  
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This basic event accounts for technician errors during CT4 maintenance that may not be 

detected during post maintenance testing.  

A.2.11.5 RELIABILITY DATA 

Appendix C. 1 discusses development of the reliability data. System reliability data is listed 

in Table A.2-5.  

A.2.11.6 COMMON CAUSE ASSESSMENT 

Common cause analysis was performed as described in Appendix C.2.  

SU327UVCOM This basic event accounts for the possibility that both Unit 3 

Startup Bus undervoltage relays experience a common cause failure. The relays are of the 

same make and model, and common cause failures are assumed to exist.  

A.2.12 RESULTS 

Reliability of the system is defined as the probability that the system will succeed in 

supporting Keowee emergency operation (black start plus a 24 hour run). The system 

model yields a probability of approximately 1.14E-03 for failure to maintain the 

underground path for the mission time of the event. The failure of the overhead path is 

8.08E-03. Thus the reliability of the underground path is 99.89% and the reliability of the 

overhead path is computed to be 99.19%. The relative importance of the various 

component failures is shown in Tables A.2-6 and -7.  

A.2.13 REFERENCES 

A.2.13.1 DOCUMENTS 

1. OSS-0254-00-00-2004, 230 kV Switchyard Design Basis Document 

A.2-7



A.2.13.2 DRAWINGS 

1. OEE-38, Rev. 12, 230 kV Switchyard Control PCB No. 8 Trip Coil No. 1 

2. OEE-38A, Rev. 7, 230 kV Switchyard Control PCB No. 8 Trip Coil No. 2 

3. OEE-39, Rev. 11, 230 kV Switchyard Control PCB No. 9 Trip Coil No. 1 

4. OEE-39A, Rev. 9, 230 kV Switchyard Control PCB No. 9 Trip Coil No. 2 

5. OEE-39B, Rev. 1, 230 kV Switchyard Control PCB No. 9 Close Coil 

6. OEE-42, Rev. 6, 230 kV Switchyard Control PCB No. 12 Trip Coil No. 1 

7. OEE-42A, Rev. 6, 230 kV Switchyard Control PCB No. 12 Trip Coil No. 2 

8. OEE-45, Rev. 6, 230 kV Switchyard Control PCB No. 15 Trip Coil No. 1 

9. OEE-45A, Rev. 7, 230 kV Switchyard Control PCB No. 15 Trip Coil No. 2 

10. OEE-47, Rev. 10, 230 kV Switchyard Control PCB No. 17 Trip Coil No. 1 

11. OEE-47A, Rev. 7, 230 kV Switchyard Control PCB No. 17 Trip Coil No. 2 

12. OEE-51, Rev. 11, 230 kV Switchyard Control PCB No. 21 Trip Coil No. 1 

13. OEE-51A, Rev. 15, 230 kV Switchyard Control PCB No. 21 Trip Coil No. 2 

14. OEE-54, Rev. 11, 230 kV Switchyard Control PCB No. 24 Trip Coil No. 1 

15. OEE-54A, Rev. 14, 230 kV Switchyard Control PCB No. 24 Trip Coil No. 2 

16. OEE-56, Rev. 12, 230 kV Switchyard Control PCB No. 26 Trip Coil No. 1 

17. OEE-56A, Rev. 9, 230 kV Switchyard Control PCB No. 26 Trip Coil No. 2 
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18. OEE-58, Rev. 3, 230 kV Switchyard Control PCB No. 28 Trip Coil No. 1 

19. OEE-58A, Rev. 2, 230 kV Switchyard Control PCB No. 28 Trip Coil No. 2 

20. OEE-60B, Rev. 0, 230 kV Switchyard Control PCB No. 30 Close Coil 

21. OEE-63, Rev. 5, 230 kV Switchyard Control PCB No. 33 Trip Coil No. 1 

22. OEE-63A, Rev. 5, 230 kV Switchyard Control PCB No. 33 Trip Coil No. 2 

23. OEE-71-2, & -3 series, Startup Transformer CT3 Diff. Lock Out 

24. OEE-76 series, External Grid Trouble Protective System 

25. OEE-78, Rev. 4, Transf. CT4 Diff. Lockout 

26. OEE-317-56, Rev. 6, 6900V. Switchgear #3TA Breaker Throwover Circuit 

27. KEE-17 series, Keowee Hydro Station Transformer Differential 
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Table A.2-1 

Keowee Emergency Power Paths Power Supplies 

Compartment 
Component Power Supply 1  Number 

PCB-9 Trip Coil #1 SDC Pnlbd DYA Bkr 9 
PCB-9 Trip Coil #2 SDC Pnlbd DYE Bkr 9 
PCB-9 Closing Coil SDC Pnlbd DYE Bkr 9 
PCB-9 Closing Coil SDC Pnlbd DYA Bkr 9 
PCB-30 Closing Coil SDC Pnlbd DYB Bkr 10 
PCB-30 Closing Coil SDC Pnlbd DYF Bkr 10 
PCB-8 Trip Coil #1 SDC Pnlbd DYA Bkr 8 
PCB-8 Trip Coil #2 SDC Pnlbd DYE Bkr 8 
PCB-12 Trip Coil #1 SDC Pnlbd DYA Bkr 12 
PCB-12 Trip Coil #2 SDC Pnlbd DYE Bkr 12 
PCB-15 Trip Coil #1 SDC Pnlbd DYA Bkr 15 
PCB-15 Trip Coil #2 SDC Pnlbd DYE Bkr 15 
PCB-17 Trip Coil #1 SDC Pnlbd DYA Bkr 17 
PCB-17 Trip Coil #2 SDC Pnlbd DYE Bkr 17 
PCB-21 Trip Coil #1 SDC Pnlbd DYB Bkr 1 
PCB-21 Trip Coil #2 SDC Pnlbd DYF Bkr 1 

1 MCC = Motor Control Center 

DC = Distribution Center
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Table A.2-1 

Keowee Emergency Power Paths Power Supplies 

Compartment 
Component Power Supply1  Number 

PCB-24 Trip Coil #1 SDC Pnlbd DYB Bkr 4 

PCB-24 Trip Coil #2 SDC Pnlbd DYF Bkr 4 

PCB-26 Trip Coil #1 SDC Pnlbd DYB Bkr 6 
PCB-26 Trip Coil #2 SDC Pnlbd DYF Bkr 6 
PCB-28 Trip Coil #1 SDC Pnlbd DYB Bkr 8 
PCB-28 Trip Coil #2 SDC Pnlbd DYF Bkr 8 
PCB-33 Trip Coil #1 SDC Pnlbd DYB Bkr 13 
PCB-33 Trip Coil #2 SDC Pnlbd DYF Bkr 13 
Swyd Isolate Complete Ch 1 SDC Pnlbd DYC Bkr 12 

Swyd Isolate Complete Ch 2 SDC Pnlbd DYG Bkr 16 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.2-2 

Keowee Emergency Power Paths Test Procedures 

Procedure Test Frequency Description 

PT/O/A/0610/22, Unit 1 Refueling Functional verification of overhead ACB and 
Degraded Grid and PCB-9 operation during Switchyard 

Switchyard Isolation Isolation.  

Functional Test Demonstration of Degraded Grid Protection 

System operability.  

Demonstration of Keowee units' "Black 

Start" capability.  

Demonstration of Overhead unit ability to 

energize the Startup Transformers and carry 

the shutdown loads of Unit 1.  

Demonstration of capability to realign 

Yellow Bus back to the grid while feeding 

the Oconee loads from the overhead unit.
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Table A.2-3 

Keowee Emergency Power Paths Significant Operating Events 

Date Unit Component Event Summary 

11/20/86 1/2 94T/K Relay Keowee main step-up transformer locked out and 
PCBs 8 and 9 tripped open, which isolated Oconee's 

overhead emergency power path as a result of relay 

94T/K actuation caused by vibration due to drilling 
and grinding on a panel at Keowee. The 94T/K 

relay is known to be mechanically sensitive.  

1/31/86 0 PCB-20 While troubleshooting PCBs in the 230 kV Swyd 

PCB-24 was manually closed without reseting the 

Generator Lockout relays. A yellow bus lockout 

occurred. When all the tie breakers opened, all of 

Generator #1 current passed through PCB-20 to the 

grid. The breaker exploded apparently due to 

degraded breaker contacts. A Unit 1 Reactor trip 

ensued.  

3/27/86 2 Lightning While changing lightning arrestors a capacitor was 

Arrestors not re-installed on the X-phase due to a stripped 

bolt. When Keowee 2 was started for an operational 

test an emergency lockout was received due to a 

Generator Ground fault Overvoltage (59GN2 

Relay). The Y and Z-phase capacitors were 

removed and the the unit tested satisfactorily.
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Table A.2-3 

Keowee Emergency Power Paths Significant Operating Events 

Date Unit Component Event Summary 

8/28/85 0 CT-3 Oconee 3 was in a refueling outage with auxiliary 
power being supplied through CT-3 when the 

transformer's Fault Pressure Relay actuated. A 
lockout occurred which cleared and de-energized 

CT-3 and the Unit 3 Main Feeder Buses resulting in 
a Unit 3 LOOP. The cause of the fault pressure 

could not be determined.  

9/28/84 1/2 PCB-22 PCB-22 short circuited when being returned to 
service following maintenance. This caused a Red 
Bus differential lockout which opened PCB-8 and-9.  
The reason PCB-9 opened is unknown.  

1/26/84 2 ACB-2 While Keowee 2 was out of service for annual ACB 
maintenance, the maintenance crew failed to lift the 
trip wires before servicing ACB-2. This caused 
PCB-8 and -9 to open.
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SDCDYA Loss of Power on 125 Vdc PCB-9 Trip Coil #1 
Swyd DC Pnlbd DYA PCB-9 Clsng Ckt Source #1 

PCB-8 Trip Coil #1 

PCB-12 Trip Coil #1 

PCB-15 Trip Coil #1 

PCB-17 Trip Coil #1 

SDCDYB Loss of Power on 125 Vdc PCB-30 Clsng Ckt Source #1 
Swyd DC Pnlbd DYB PCB-21 Trip Coil #1 

PCB-24 Trip Coil #1 
PCB-26 Trip Coil #1 

PCB-28 Trip Coil #1 

PCB-33 Trip Coil #1 

SDCDYC Loss of Power on 125 Vdc Swyd Isolate Complete Ch 1 
Swyd DC Pnlbd DYC 

SDCDYE Loss of Power on 125 Vdc PCB-9 Trip Coil #2 
Swyd DC Pnlbd DYE PCB-9 Clsng Ckt Source #2 

PCB-8 Trip Coil #2 

PCB-12 Trip Coil #2 

PCB-15 Trip Coil #2 

PCB-17 Trip Coil #2
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SDCDYF Loss of Power on 125 Vdc PCB-30 Clsng Ckt Source #2 
Swyd DC Pnlbd DYF PCB-21 Trip Coil #2 

PCB-24 Trip Coil #2 

PCB-26 Trip Coil #2 

PCB-28 Trip Coil #2 

PCB-33 Trip Coil #2 

SDCDYG Loss of Power on 125 Vdc Swyd Isolate Complete Ch 2 
Swyd DC Pnlbd DYG PCB-9 Clsng Ckt Source #1 

SDCDYC Loss of Power on 125 Vdc Swyd Isolate Complete Ch 1 
Swyd DC Pnlbd DYC 

SEGTPlANIT EGTPS Ch lA Initiators Fail PCB-24 Trip Coil #1 

PCB-26 Trip Coil #1 

PCB-28 Trip Coil #1 

PCB-33 Trip Coil #1 

SEGTP2ANIT EGTPS Ch 2A Initiators Fail PCB-24 Trip Coil #2 

PCB-26 Trip Coil #2 

PCB-28 Trip Coil #2 

PCB-33 Trip Coil #2
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SEGTPlBNIT EGTPS Ch 1B Initiators Fail Keowee Start Relay 
27X/STA 

PCB-8 Trip Coil #1 
PCB-12 Trip Coil #1 
PCB-15 Trip Coil #1 
PCB-17 Trip Coil #1 

SEGTP2BNIT EGTPS Ch 2B Initiators Fail Keowee Start Relay 

27X/STB 

PCB-8 Trip Coil #2 

PCB-17 Trip Coil #2 

SEG94VIAF EGTPS UV Ch 1 EGTPS Ch 1A 
Relay 94V1A Fails 

SEG94V2AF EGTPS UV Ch 2 PCB-12 Trip Coil #2 
Relay 94V2A Fails EGTPS Ch 2A 

SEG94FlAF EGTPS UF Ch 1 EGTPS Ch lA 
Relay 94FIA Fails 

SEG94F2AF EGTPS UF Ch 2 PCB-12 Trip Coil #2 
Relay 94 F2A Fails EGTPS Ch 2A
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Table A.2-4 

Keowee Emergency Power Paths Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SEG94VIDF EGTPS UV Ch 1 Swyd Isolate Signal 
Relay 94 VID Fails EGTPS Ch ID 

SEG94FlDF EGTPS UF ChI Swyd Isolate Signal 
Relay 94 FID Fails EGTPS Ch ID 

SEG94V2BF EGTPS UV Ch 2 PCB-12 Trip Coil #2 
Relay 94 V2B Fails PCB-15 Trip Coil #2 

SEG94F2BF EGTPS UF Ch 2 PCB-12 Trip Coil #2 
Relay 94 F2B Fails PCB-15 Trip Coil #2 

SEG94V2CF EGTPS UV Ch 2 PCB-15 Trip Coil #2 
Relay 94V2C Fails 

SEG94F2CF EGTPS UF Ch 2 PCB-15 Trip Coil #2 
Relay 94F2C Fails 

SEG94V2DF EGTPS UV Ch 2 Swyd Isolate Signal 
Relay 94V2D Fails PCB-21 Trip Coil #2 

SEG94F2DF EGTPS UF Ch 2 Swyd Isolate Signal 
Relay 94F2D Fails PCB-21 Trip Coil #2
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Table A.2-5 

Keowee Emergency Power Paths Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

AB1FALTDEX Fault Occurs at ACB 1 0.OOE+00 

AB1PSWTPST Air Circuit Breaker 1 Accumulator 4.30E-07 /H 24 H Rule 5: Last demanded at unit 1.03E-05 
Pressure Switch Fails Low start 

AB2PSWTPST Air Circuit Breaker 2 Accumulator 4.30E-07 /H 24 H Rule 5: Last demanded at unit 1.03E-05 
Pressure Switch Fails Low start 

AB3PSWTPST Air Circuit Breaker 3 Accumulator 4..30E-07 /H 24 H Assumed ACB-3 would have to open 1.03E-05 
Pressure Switch Fails Low half way through the mission to 

allow recovery by closing ACB-4.  
AB4PSWTPST Air Circuit Breaker 4 Accumulator 4.30E-07 /H 12 H Half the time since the last 5.16E-06 

Pressure Switch Indicates Low Air operation and assume ACB-4 is 
Pressure needed half way through the 

mission (360+12) 
ACBAIRPDEX ACB Air Supply Fails Causing Low 2.00E-03 2. OOE-03 

Pressure In All ACB Accumulators 
AD1C3CCCDT Breaker 3CC In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 1DA Transfers Position 
AD1C3CLCDT Breaker 3CL In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 1DA Transfers Position 
AD2C3CCCDT Breaker 3CC In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 2DA Transfers Position 
AD2C3CLCDT Breaker 3CL In 125V dc Distribution 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 

Center 2DA Transfers Position 
KKlOVERBHF Fault Occurs On The Overhead Power 4.OE-07 /H 24 H 9.60E-06 

Path 
KKlUNDRBHF Fault Occurs On The Underground Power 4.0OE-07 /H 24 H 9.60E-06 

Path
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S27XSClRYD Channel 1 Swyd Isolated Rly, 27X/SC1, 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Fails to Pick Up 

S27XSC2RYD Channel 2 Swyd Isolated Rly, 27X/SC2, 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-O 
Fails to Pick Up 

S27XTD1RYD Channel 1 Swyd Isolated Time Delay 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Rly, 27XTD/SC1, Fails 

S27XTD2RYD Channel 2 Swyd Isolated Time Delay 3.30E-05 /D 1 D 1 demand per swyd isolation event 3.30E-05 
Rly, 27XTD/SC2, Fails 

SB18UX1RYT Auxiliary Relay 8UX-1 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SB28UX2RYT Auxiliary Relay 8UX-2 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SB38UX3RYT Auxiliary Relay 8UX-3 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SB48UX4RYT Auxiliary Relay 8UX-4 Spurious 3.60E-06 /H 24 H 8.64E-06 
Operation 

SDCAIDDDIF Control Power From DYA To PCB 9 3.80E-06 /H 24 H 9.12E-05 
Isolating Diode Fails 

SDCBIDXDIF Control Power From DYB To PCB-30 3.80E-06 /H 24 H 9.12E-05 
Isolating Diode Fails (2 Diodes) 

SDCDA12CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 12 Xfrs Open 

SDCDA15CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 15 Xfrs Open 

SDCDA17CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 17 Xfrs Open
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SDCDBO1CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 1 Xfrs Open 

SDCDB13CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 13 Xfrs Open 

SDCDC12CDT 125 Vdc Swyd Control Power Pnlbd DYC 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 12 Xfrs Open 

SDCDE12CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 12 Xfrs Open 

SDCDE15CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.5 0E-08 /H 24 H Rule 1: Loss of power is alarmed -1.80E-06 
Bkr 15 Xfrs Open 

SDCDE17CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 17 Xfrs Open 

SDCDFO1CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 1 Xfrs Open 

SDCDF13CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 13 Xfrs Open 

SDCDG16CDT 125 Vdc Swyd Control Power Pnlbd DYG 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 16 Xfrs Open 

SDCDY1OCDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 10 Xfrs Open 

SDCDYA8CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYA9CDT 125 Vdc Swyd Control Power Pnlbd DYA 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 9 Xfrs Open 

SDCDYB4CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 4 Xfrs Open 

0 0 *
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SDCDYB6CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 6 Xfrs Open 

SDCDYB8CDT 125 Vdc Swyd Control Power Pnlbd DYB 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYE8CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYE9CDT 125 Vdc Swyd Control Power Pnlbd DYE 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 9 Xfrs Open 

SDCDYF4CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 4 Xfrs Open 

SDCDYF6CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 6 Xfrs Open 

SDCDYF8CDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 8 Xfrs Open 

SDCDYYOCDT 125 Vdc Swyd Control Power Pnlbd DYF 7.50E-08 /H 24 H Rule 1: Loss of power is alarmed 1.80E-06 
Bkr 10 Xfrs Open 

SDCEIDDDIF Control Power From DYE To PCB-9 3.80E-06 /H 24 H Rule 1: Loss of power is alarmed 9.12E-05 
Isolating Diode Fails 

SDCFIDXDIF Control Power From DYF To PCB-30 3.80E-06 /H 24 H Rule 1: Loss of power is alarmed 9.12E-05 
Isolating Diode Fails (2 diodes) 

SK194GBRYT Keowee Unit 1 94GB Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
Spurious Operation 

SK294GBRYT Keowee Unit 2 94GB Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
Spurious Operation 

SPC14KVBHF 13.8 kV Bus Faulted 4.OOE-07 /H 24 H 9.60E-06
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SPC51TNRYT Main Step Up Transformer Neutral 3.60E-06 /H 24 H 8.64E-06 Ground Relay 51TN Spurious Operation 
SPC62ABRYT ACB Back-up Trip Timer 62AB Spurious 3.60E-06 /H 24 H 8.64E-06 Operation 
SPC631XRYT Auxiliary Relay 63H1X Spurious 3.60E-06 /H 24 H 8.64E-06 Operation 
SPC871XRYT Transformer 1X Differential Relay 3.60E-06 /H 72 H 2.59E-05 87T-lX Spurious Operation 
SPC872XRYT Transformer 2X Differential Relay 3.60E-06 /H 72 H 2.59E-05 87T-2X Spurious Operation 
SPC87T1RYT Main Step Up Transformer Differential 3.60E-06 /H 72 H 2.59E-05 Relay 87T Spurious Operation 
SPC94TKRYT Auxiliary Relay 94T/K Spurious 3.60E-06 /H 24 H 8.64E-06 Operation 
SPCB008CHO SWYD PCB-8 Fails to Trip 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBOO9CHC SWYD PCB-9 Fails To Close On Demand 2.60E-04 /D 1 D 1 demand per swyd isolation event 9.40E-04 
SPCBOO9CHO SWYD PCB-9 Fails To Trip 2.60E-O /D 1 D 1 demand per swyd isolation event 2.60E-04 
SPCB012CHO SWYD PCB-12 Fails To Trip 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCB015CHO SWYD PCB-15 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-O 
SPCB017CHO SWYD PCB-17 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO21CHO SWYD PCB-21 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO24CHO SWYD PCB-24 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO26CHO SWYD PCB-26 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05
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SPCB028CHO SWYD PCB-28 Fails To Trip On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCBO30CHC SWYD PCB-30 Fails To Close on Demand 2.60E-04 /D 1 D 1 demand per swyd isolation event 2.60E-04 
SPCB033CHO SWYD PCB-33 Fails To Open On Demand 2.60E-05 /D 1 D 1 demand per swyd isolation event 2.60E-05 
SPCD87LRYT Line Differential Relay 87L Spurious 3.60E-06 /H 24 H 8.64E-06 

Operation 
SPCGLASSWT Break Glass Switch Spurious Operation 7.00E-08 /H 24 H 1.75E-06 
SPCR86TRYT Lock Out Relay 86T Spurious Operation 3.60E-06 /H 24 H 8.64E-06 
SXFRCT3THF Transformer CT3 Faulted 3.10E-06 /H 24 H 7.44E-05 
SXFRCT3THM Transformer CT3 Is In Maintenance 1.74E-04 
SXFRCT4LHE Latent Human Error On CT4 Maintenance 6.40E-05 
SXFRCT4THM Transformer CT4 Is In Maintenance 9.13E-04 
SY30R94RYT PCB 30 Relay 94 Spuriously Picks Up 3.60E-06 /H 24 H 8.64E-06 
SY51TN2RYT 230kV Neutral Ground Relay Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SY51TN4RYT 4.16kV Neutral Ground Relay 3.60E-06 /H 24 H 8.64E-06 

Spuriously Picks Up 
SY51TN6RYT 6.9kV Neutral Ground Relay 51TN 3.60E-06 /H 24 H 8.64E-06 

Spuriously Picks Up 
SY62X1FRYT Breaker Failure Relay 62X1 Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up 
SY62X2FRYT Breaker Failure Relay 62X2 Spuriously 3.60E-06 /H 24 H 8.64E-06 

Picks Up
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SY62XXFRYT Breaker Failure Relay 62X Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SY86BUIRYT CT3 6.9kV Start Up Bus Lockout Relay 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SY86CT3RYT Transformer CT3 Lockout Relay 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SY86YA9RYT Yellow Bus Lockout Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
86YA9 Spuriously Picks Up 

SY86YJ3RYT Yellow Bus Lockout Auxiliary Relay 3.60E-06 /H 24 H 8.64E-06 
86YJ30 Spuriously Picks Up 

SY87BYXRYT Yellow Bus X Phase Differential Relay 3.60E-06 /H 24 H 8.64E-06 
87BYX Spuriously Picks Up 

SY87BYYRYT Yellow Bus Y Phase Differential Relay 3.60E-06 /H 24 H 8.64E-06 
87BYY Spuriously Picks Up 

SY87BYZRYT Yellow Bus Z Phase Differential Relay 3.60E-06 /H 24 H 8.64E-06 
86BYZ Spuriously Picks Up 

SY87LXXRYT Differential Auxiliary Relay 87LX 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SY94L1XRYT Protective Relay 94L Spuriously Picks 3.60E-06 /H 24 H 8. 64E-06 
Up 

SYE1362RYT E13 Bkr Failure Relay 62B Spuriously 3.60E-06 /H 24 H 8. 64E-06 
Picks Up 

SYE2362RYT E23 Bkr Failure Relay 62B Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SYP2862RYT PCB 28 Breaker Failure Relay 62B 3.60E-06 /H 24 H 8. 64E-06 
Spuriously Picks Up
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SYP3062RYT PCB 30 Breaker Failure Relay 62B 3.60E-06 /H 24 H 8.64E-06 
Spuriously Picks Up 

SYP86TXRYT PCB 30 LOR 86TX Spuriously Picks Up 3.60E-06 /H 24 H 8.64E-06 

SYPCB09CHT Switchyard Power Circuit Breaker 9 1.90E-06 /H 24 H 4.56E-05 
Transfers Open 

SYPCB30CHT Switchyard Power Circuit Breaker 30 1.90E-06 /H 24 H 4.56E-05 
Transfers Open 

SYPL86TRYT PCB 30 LOR 86T Spuriously Picks Up 3.60E-06 /H 24 H 8.64E-06 

SYPL87LRYT Differential Relay 87L Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SYR86BYRYT Yellow Bus Lockout Relay 86BY 3.60E-06 /H 24 H 8.64E-06 
i Spuriously Picks Up 

SYS63FPRYT Fault Pressure Relay 63FP Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SYSX50BRYT Transformer CT3 Fault Detector Relay 3.60E-06 /H 24 H 8.64E-06 
50B Spuriously Picks Up 

SYX87TBRYT Differential Relay 87B Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

SYXX87TRYT Differential Relay 87T Spuriously 3.60E-06 /H 24 H 8.64E-06 
Picks Up 

U5086EFRYT Overcurrent Relay 50 Spuriously 3.60E-06 /H 24 H 8.64E-06 
Actuates Lockout Rly 86EF 

Ue186EFRYT Time Delay Overcurrent Relay 51 3.60E-06 /H 24 H 8.64E-06 
Actuates Lockout Relay 86EF 

U51TNC4RYT CT4 Neutral Ground Rly Actuates CT4 3.60E-06 /H 24 H 8.64E-06 
LOR 86T/CT4
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U62BSKIRYT SKI Breaker Failure Relay 62BXSK1 3.60E-06 /H 24 H 8.64E-06 Spuriously Picks Up 
U62BSK2RYT SK2 Breaker Failure Relay 62BXSK2 3.60E-06 /H 24 H 8.64E-06 Spuriously Picks Up 
U86CT4XRYT Auxiliary Lockout Relay 86CT4X 3.60E-06 /H 24 H 8.64E-06 Spuriously Picks Up 
UB6TCT4RYT CT4 Lockout Relay 86T/CT4 Spuriously 3.60E-06 /H 24 H 8.64E-06 Picks Up 
U87TCT4RYT Spurious Op of CT4 Differential Rly 3.60E-06 /H 24 H 8.64E-06 87T Actuates LOR 86EF 
UACXCT4THF Transformer CT4 Failed 3.l0E-06 /H 24 H 7. 44E-05 
UXX86EFRYT Lockout Relay 86EF Spuriously Picks 3.60E-06 /H 24 H 8. 64E-06 

Up 

D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.2-6 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate UPATHTOP: Underground Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 9.13E-04 80.1 SXFRCT4THM 9.13E-04 Transformer CT4 Is In Maintenance 

K2NOMAIN 1.00E+00 Keowee Unit 2 Is Not In Maintenance 

2) 7.44E-05 6.5 UACXCT4THF 7.44E-05 Transformer CT4 Failed 

3) 6.40E-05 5.6 SXFRCT4LHE 6.40E-05 Latent Human Error On CT4 Maintenance 

4) 9.60E-06 0.8 KK1UNDRBHF 9.60E-06 Fa'ult Occurs On The Underground Power Path 

5) 8.64E-06 0.8 U62BSK2RYT 8.64E-06 SK2 Breaker Failure Relay 62BXSK2 Spuriously Picks Up 

6) 8.64E-06 0.8 U87TCT4RYT 8.64E-06 Spurious Op of CT4 Differential Rly 87T Actuates LOR 86EF 

7) 8.64E-06 0.8 U62BSK1RYT 8.64E-06 SK1 Breaker Failure Relay 62BXSK1 Spuriously Picks Up 

8) 8.64E-06 0.8 U86TCT4RYT 8.64E-06 CT4 Lockout Relay 86T/CT4 Spuriously Picks Up 

9) 8.64E-06 0.8 U5086EFRYT 8.64E-06 Overcurrent Relay 50 Spuriously Actuates Lockout Rly 86EF 

10) 8.64E-06 0.8 UXX86EFRYT 8.64E-06 Lockout Relay 86EF Spuriously Picks Up
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11) 8.64E-06 0.8 U5186EFRYT 8.64E-06 Time Delay Overcurrent Relay 51 Actuates Lockout Relay 86EF 

12) 8.64E-06 0.8 U51TNC4RYT 8.64E-06 CT4 Neutral Ground Rly Actuates CT4 LOR 86T/CT4 

13) 8.64E-06 0.8 U86CT4XRYT 8.64E-06 Auxiliary Lockout Relay 86CT4X Spuriously Picks Up 

Total: 1.14E-03
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Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 2.33E-03 -OMOD 1.OOE+00 Startup Bus UV Sensing Mod Is In Service 
FACTORDEX 1.00E+00 Overload Susceptibility Factor 

28.8 S227EUVRYT 2.33E-03 Unit 2 Startup Bus Undervoltage Relay 27E Fails 

2) 2.33E-03 -OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
FACTORDEX 1.00E+00 Overload Susceptibility Factor 

28.8 S127EUVRYT 2.33E-03 Unit 1 Startup Bus Undervoltage Relay 27E Fails 

3) 2.00E-03 24.8 ACBAIRPDEX 2.0OE-03 ACB Air Supply Fails Causing Low Pressure In 
All ACB Accumulators 

ACB4MOD 1.OOE+00 NSM-ON-52966 Is Not In Service 

4) 2.60E-04 3.2 SPCBOO9CHC 2.60E-04 SWYD PCB-9 Fails To Close On Demand 

5) 1.74E-04 2.2 SXFRCT3THM 1.74E-04 Transformer CT4 Is In Maintenance 

6) 1.18E-04 OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
FACTORDEX 1.00E+00 Overload Susceptibility Factor 

1.5 SU327UVCOM 1.18E-04 Common Cause Failure Of Startup Bus Undervoltage Relay 

7) 7.44E-05 0.9 SXFRCT3THF 7.44E-05 Transformer CT3 Faulted
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8) 4.56E-05 0.6 SYPCBO9CHT 4.56E-5 Switchyard Power Circuit Breaker 9 Transfers Open 

9) 4.56E-05 0.6 SYPCB30CHT 4.56E-5 Switchyard Power Circuit Breaker 30 Transfers Open 

10) 2.60E-05 0.3 SPCB008CHO 2.60E-05 SWYD PCB-8 Fails to Trip On Demand 

11) 2.60E-05 0.3 SPCB012CHO 2.60E-05 SWYD PCB-12 Fails To Trip On Demand 

12) 2 .60E-05 0.3 SPCBO1SCHO 2.60E-05 SWYD PCB-15 Fails To Trip On Demand 

13) 2.60E-05 0.3 SPCB017CHO 2.60E-05 SWYD PCB-17 Fails To Trip On Demand 

14) 2.60E-05 0.3 SPCB021CHO 2.60E-05 SWYD PCB-21 Fails To Trip On Demand 

15) 2.60E-05 0.3 SPCB024CHO 2.60E-05 SWYD PCB-24 Fails To Trip On Demand 

16) 2.60E-05 0.3 SPCBO26CHO 2.60E-05 SWYD PCB-26 Fails To Trip On Demand 

17) 2.60E-05 0.3 SPCB028CHO 2.60E-05 SWYD PCB-28 Fails To Trip On Demand 

0 0 *
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18) 2.60E-05 0.3 SPCBO33CHO 2.60E-05 SWYD PCB-33 Fails To Trip On Demand 

19) 2.59E-05 0.3 SPC87T1RYT 2.59E-05 Main Step Up Transformer Differential Relay 87T Spurious Open 

20) 2.59E-05 0.3 SPC871XRYT 2.59E-05 Transformer lX Differential Relay 87T-1X Spurious Operation 

21) 2.59E-05 0.3 SPC872XRYT 2.59E-05 Transformer 2X Differential Relay 87T-2X Spurious Operation 

22) 1.03E-05 0.1 AB1PSWTPST 1.03E-05 Air Circuit Breaker 1 Accumulator Pressure Switch Fails Low 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

23) 1.03E-05 0.1 AB2PSWTPST 1.03E-05 Air Circuit Breaker 2 Accumulator Pressure Switch Fails Low 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

24) 1.03E-05 0.1 AB3PSWTPST 1.03E-05 Air Circuit Breaker 3 Accumulator Pressure Switch Fails Low 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

25) 9.60E-06 0.1 SPC14KVBHF 9.60E-06 13.8 kV Bus Faulted 

26) 9.60E-06 0.1 KK10VERBHF 9.60E-06 Fault Occurs On The Overhead Power Path
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27) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB48UX4RYT 8.64E-06 Auxiliary Relay 8UX-4 Spurious Operation 

28) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB28UX2RYT 8.64E-06 Auxiliary Relay 8UX-2 Spurious Operation 

29) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB38UX3RYT 8.64E-06 Auxiliary Relay 8UX-3 Spurious Operation 

30) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SK294GBRYT 8.64E-06 Keowee Unit 2 94GB Auxiliary Relay Spurious Operation 

31) 8.64E-06 ACB4MOD 1.OOE+00 NSM-ON-52966 Is Not In Service 
0.1 SK194GBRYT 8.64E-06 Keowee Unit 1 94GB Auxiliary Relay Spurious Operation 

32) 8.64E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
0.1 SB18UX1RYT 8.64E-06 Auxiliary Relay SUX-1 Spurious Operation 

33) 8.64E-06 0.1 SPCD87LRYT 8.64E-06 Line Differential Relay 87L Spurious Operation 

* *



Table A.2-7 (Page 5 of 9) 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

34) 8.64E-06 0.1 SY86YA9RYT 8.64E-06 Yellow Bus Lockout Auxiliary Relay 86YA9 Spuriously Picks Up 

35) 8.64E-06 0.1 SYR86BYRYT 8.64E-06 Yellow Bus Lockout Relay 86BY Spuriously Picks Up 

36) 8.64E-06 0.1 SY62XXFRYT 8.64E-06 Breaker Failure Relay 62X Spuriously Picks Up 

37) 8.64E-06 0.1 SY62X1FRYT 8.64E-06 Breaker Failure Relay 62X1 Spuriously Picks Up 

38) 8.64E-06 0.1 SYPL86TRYT 8.64E-06 PCB 30 LOR 86T Spuriously Picks Up 

39) 8.64E-06 0.1 SY87LXXRYT 8.64E-06 Differential Auxiliary Relay 87LX Spuriously Picks Up 

40) 8.64E-06 0.1 SYPL87LRYT 8.64E-06 Differential Relay 87L Spuriously Picks Up 

41) 8.64E-06 0.1 SYXX87TRYT 8.64E-06 Differential Relay 87T Spuriously Picks Up 

42) 8.64E-06 0.1 SPC62ABRYT 8.64E-06 ACB Back-up Trip Timer 62AB Spurious Operation 

43) 8.64E-06 0.1 SPC631XRYT 8.64E-06 Auxiliary Relay 63H1X Spurious Operation



TableA.2-7(Page 6 of 9) 
Table A4.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

44) 8.64E-06 0.1 SY51TN2RYT 8.64E-06 230kV Neutral Ground Relay Spuriously Picks Up 

45) 8.64E-06 0.1 SPC94TKRYT 8.64E-06 Auxiliary Relay 94T/K Spurious Operation 

46) 8.64E-06 0.1 SYS63FPRYT 8.64E-06 Fault Pressure Relay 63FP Spuriously Picks Up 

47) 8.64E-06 0.1 SYSX50BRYT 8.64E-06 Transformer CT3 Fault Detector Relay SOB Spuriously Picks Up 

48) 8.64E-06 0.1 SY30R94RYT 8.64E-06 PCB 30 Relay 94 Spuriously Picks Up 

49) 8.64E-06 0.1 SY51TN4RYT 8.64E-06 4.16kV Neutral Ground Relay Spuriously Picks Up 

50) 8.64E-06 0.1 SYE2362RYT 8.64E-06 E23 Bkr Failure Relay 62B Spuriously Picks Up 

51) 8.64E-06 0.1 SPC51TNRYT 8.64E-06 Main Step Up Transformer Neutral Ground Relay 51TN Spurious 

52) 8.64E-06 0.1 SPCR86TRYT 8.64E-06 Lock Out Relay 86T Spurious Operation 

53) 8.64E-06 0.1 SY51TN6RYT 8.64E-06 6.9kV Neutral Ground Relay 51TN Spuriously Picks Up 

0 0



Table A.2-7 (Page 7 of 9) 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

54) 8.64E-06 0.1 SY94L1XRYT 8.64E-06 Protective Relay 94L Spuriously Picks Up 

55) 8.64E-06 0.1 SYP86TXRYT 8.64E-06 PCB 30 LOR 86TX Spuriously Picks Up 

56) 8.64E-06 0.1 SY86YJ3RYT 8.64E-06 Yellow Bus Lockout Aux Relay 86YJ30 Spuriously Picks UP 

57) 8.64E-06 0.1 SY86BUIRYT 8.64E-06 CT3 6.9kV Start Up Bus Lockout Relay Spuriously Picks Up 

58) 8.64E-06 0.1 SY86CT3RYT 8.64E-06 Transformer CT3 Lockout Relay Spuriously Picks Up 

59) 8.64E-06 0.1 SYE1362RYT 8.64E-06 E13 Bkr Failure Relay 62B Spuriously Picks Up 

60) 8.64E-06 0.1 SY87BYXRYT 8.64E-06 Yellow Bus X Phase Differential Relay 87BYX Spuriously Picks 

61) 8.64E-06 0.1 SYP3062RYT 8.64E-06 PCB 30 Breaker Failure Relay 62B Spuriously Picks Up 

62) 8.64E-06 0.1 SY62X2FRYT 8.64E-06 Breaker Failure Relay 62X2 Spuriously Picks Up 

63) 8.64E-06 0.1 SYX87TBRYT 8.64E-06 Differential Relay 87B Spuriously Picks Up



(Page 8 of 9) 
Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

64) 8.64E-06 0.1 SY87BYYRYT 8.64E-06 Yellow Bus Y Phase Differential Relay 87BYY Spuriously Picks 

65) 8.64E-06 0.1 SY87BYZRYT 8.64E-06 Yellow Bus Z Phase Differential Relay 86BYZ Spuriously Picks 

66) 8.64E-06 0.1 SYP2862RYT 8.64E-06 PCB 28 Breaker Failure Relay 62B Spuriously Picks Up 

67) 5.44E-06 -OMOD 1.00E+00 Startup Bus UV Sensing Mod Is In Service 
OFACTORDEX 1.00E+00 Overload Susceptibility Factor 

<0.1 S327E1VRYT 2.33E-03 Unit 3 Startup Bus Undervoltage Trip Relay 27E1 Fails 
<0.1 S327EUVRYT 2.33E-03 Unit 3 Startup Bus Undervoltage Trip Relay 27E Fails 

68) 5.16E-06 0.1 AB4PSWTPST 5.16E-06 Air Circuit Breaker 4 Accumulator Pressure Switch Indicates 
ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 

69) 1.80E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD1C3CCCDT 1.80E-06 Bkr 3CC In 125V dc Distribution Center 1DA Transfers Position 

70) 1.80E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD1C3CLCDT 1.80E-06 Bkr 3CL In 125V dc Distribution Center 1DA Transfers Position



TableA.2-7(Page 9 of9) 
Table A.2-7 

Keowee Emergency Power Paths Dominant Minimal Cut Sets 

Cut Sets For Gate OPATHTOP: Overhead Path Fails To Connect Keowee To Oconee 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

71) 1.80E-06 ACB4MOD 1.O0E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD2C3CCCDT 1.80E-06 Bkr 3CC In 125V dc Distribution Center 2DA Transfers Position 

72) 1.80E-06 ACB4MOD 1.00E+00 NSM-ON-52966 Is Not In Service 
<0.1 AD2C3CLCDT i.POE-06 Bkr 3CL In 125V dc Distribution Center 2DA Transfers Position 

73) 1.68E-06 <0.1 SPCGLASSWT 1.86E-06 Break Glass Switch Spurious Operation 

Total: 8.08E-03
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87T Spuriously Ground Relay Differential Relay Relay 62X1 

Picks Up Spuriously Picks Up 87BYY Spuriously Spuriously Picks Up 
Picks Up 

I SYXX87TRYT |S5TNRTII SY87BYYRYT II SY62X1iFRYT| 

I -- I I - - I 
Fault Pressure Transformer CT3 Yellow Bus Z Phase Breaker Failure 

Relay 63FP Lockout Relay Differential Relay Relay 62X2 
Spuriously Picks Up Spuiously Picks Up 86BYZ Spuriously Spuriously Picks Up 

Picks Up 

3 SY86CT3RYT |SY87BYZRT I SY62X2FRYT 

I r 
Differential Relay CT3 6.9kV Start Up Yellow Bus Lockout BreakerFaur 
87B Spuriously Bus Lockout Relay Relay 86BY Relay62 

Picks Up Spuriously Picks Up Spriously Picks Up Spuriously PcsU 

I SYX87TBRYT I Y6BIY SYRS6BYRYT IISY62XXFRYT| 

I I 

CT3AssciaedTransformer CT3 Yellow Bt LIckou Breaker Failure Fault Detector Auxiliar Relayo 
Relay Actuates Relay SOB 86YA9 Spuriously 

I SY2BFT3I SYSX5BRYT |I SY86YA9RYTI 
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CT3 Associated Power Circuit Power Circuit 
Breaker Failure Breaker 30 Fails Breaker 9 Fails Open 
Relay Actuates Open 

Page 21 S S62 FC3 Page 1 I YC TPIPage 1 

PCB 28 Breaker E13 Bkr Failure PCB 30 LOR 86T PCB 30 Relay 94 Differential Relay Dfferential 
Failure Relay 628 Relay 628 Spuriously Picks Up Spuriously Picks Up 87L Spuriously Auxiliary Relay 

Spuriously Picks Up Spuriously Picks Up Picks Up 87LX Spuriously 
Faicks Up 

| SYP2862RYT II SYE1362RYT IISYPLATRYT I Y09RTII SYPL87LRiYT II SYB7MXYTI 

PCB 30 Breaker E23 Bkr Failure PCB 30 LOR 86TX Protective Relay 
Failure Relay 6219 Relay 62B Spuriously Picks Up 94L Spuriously 

Spurously Picks Up Spuriously Picks Up Picks Up 

I SYP362eRYT PoweSYE23r2RYT P t I SYP86TXRYT T I SY94L-1XRYT 
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Fault Occurs at ACB Unmodified Circuit 
1 While Unit 1 Is Results In 94GB 
Generating to the Actuation Input 

Grid 

SABIFAULT S94GBMOD 
Page 17 Page 17 

Keowee Unit 1 Is Fault Occurs at ACB- NSM-ON-52966 Is Not Either Unit 94GB 
Supplying The Grid 1 When The BReaker In Service Relay Picks-up 

Trips 

KU1RNNG AB1FALTDEX ACB4MO7D 94GB 

Spurious Operation ACB Air Supply 
Of Keowee Unit 1 Fails Causing Low 

94GB Relay Pressure In All ACB 
Accumulators 

Page 19 

Spurious Operation 
Of Keowee Unit 2 

94GB Relay 

Page 20 
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Overhead Path Fails 
on Overload 

Page 1 |OVRLOAD 

I I 

Overload Overload Sensing 
Susceptibility Fails 

Factor 

OFACTORDEX |OVRLOAOSI 
Page 25 
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Overload Sensing 
Fails 

Page 24 OVRLOADS 

Failure to Loadshed Failure to Loadshed 
RCPs After Startup RCPs Before Startup 

Bus UV Sensing ModS Bus UV Mod In 
In Service Service 

OVRLDMDIE| OVRLDNTF 

Startup Bus UV UV Sensing Mod Startup Bus UV Overhead Path 
Sensing Mod Is In Fails to Prevent Modification Is Not Overload Without 

Service Overhead Path Complete Startup Bus UV 
Overload Modification 

Page 26 (O ge 26 

Startup Bus UV 
Sensing Mod Is In 

Service 
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UV Sensing Mod Overhead Path 
Fails to Prevent Overload Without 
Overhead Path Startup Bus UV 

Overload Modification 
INOMODF AOMODWO 

Page 25 Page 25 WOF 

Common Cause Common Cause Unit 1 Startup Bus Unit 2 Startup Bus 
Failure of Unit 1 Failure of Unit 3 Undervoltage Relay UV Aux Relay 27EX 

SU Bus Undervoltage SU Bus Undervoltage 27E Fails Fails to Pick Up 
Relays Relays J L I 
UVCO SU327UVCOM S127EUVRYT SXVRYD 

Unit 1 UV Unit 2 UV Unit 1 Startup Bus Common Cause 
Modification Fails Modification Fails UV Aux Relay 27EX Failure of Unit 3 

to Prevent Overload to Prevent Overload Fails to Pick Up SU Bus Undervoltage 
I IRelays 

F OMODU2FXVRY SU327UVCOM 
Page 27 P age 28 

Common Cause Unit 3 UV Unit 2 Startup Bus Unit 3 UV 
Failure of Unit 2 Modification Fails Undervoltage Relay Modification Fails 

SU Bus Undervoltage to Prevent Overload 27E Fails to Prevent Overload Relays 
SSU227 OMOVRY OMODU3F 

Page 29 Page 29 
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Unit 1 UV 
Moification Fails 

to Prevent Overload 

Page 26 OMODU1F 

1 . - I 
Unit 1 Startup Bus Unit 1 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

S127EUVF IS127E1UVFI 

Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus Unit 1 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervollage Relay UV Aux Relay 27EX1 

27E .Fails Fails to Pick Up 27E1 Fails Fails to Pick Up 

I S127EUVRYT I S127EXVRYD| 
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Unit 2 UV 
Modification Fails 

to Prevent Overload 

OMODU2F 
Page 

26 

7 

Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

IS227EUVF I S227E1 UVF| 

Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus Unit 2 Startup Bus 
Undervoltage Relay UV Aux Relay 27EX Undervoltage Relay UV Aux Relay 27EX1 

27E Fails Fails to Pick Up 27EI Fails Fails to Pick Up 

S227EUVRYT I | S227EXVRYD |227EX1RYD 
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Unit 3 UV 
Modification Fails 

to Prevent Overload 

Page 26 OMODU3F 
Page 26 

Unit 3 Startup Bus Unit 3 Startup Bus 
Undervoltage Trip Undervoltage Trip 

Ckt E Fails Ckt El Fails 

S327EUVF IIS327E1 UVFI 

Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Startup Bus Unit 3 Standby Bus 
Undervoltage Trip UV Trip Aux Relay Undervollage Trip UV Aux Relay 27EX1 
Relay 27E Fails 27EX Fails to Pick Relay 27E1 Fails Fails to Pick Up 

Up 

I S327 ErYTcy Po e Pah S37XVY TrS3n S327GEX1RYD22 
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Underground Path 
Fails To Connect 

Keowee To Oconee At 
CT4 

UPATHTOP 

Underground Feeder Fault Occurs On The 
Lockout Relay 86EF Underground Power 

Picks Up Path 

U86F KK1NBHFI 

Page 31 .  

CT4 In Maintenance Latent Human Error 
(not allowed with on CT4 Maintenance 

KU2 in maint) 

MAINT |mer c ST 4LHE I 
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DiffeentiLoku ely R6Ela6C4 
87TAcuats OR puioulyPicks Up 

86EFE 

|rU7eTCTRelyT |ra| soU86 CT4Y 

CT4 NeuraloundSKBea Failue 
RActuates cot4 ea 2XK 

Ocr ReICT Spuriously Picks Up 

I U51TNC4RYT I|U2S1Y 

Spros fCT4Auiar LockoutReaSKBrarFile 
8iCT4preniouly Relay 6BXK 
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=e nt N- P Zone~ Gate/Event Name Page Zone~ Gate/Event Name Page Zone Gate/Event Name Paq Zone 
1R94GB 19 OMODNOT 25 S27XSC2RYD 5 SDCDYA9CDT 3 
1R94GB 23 OMODU1F 26 S27XTD1RYD 5 SDCDYB 11 
2R94GB 20 OMODU1F 27 S27XTD2RYD 5 SDCDYB 12 
2R94GB 23 OMODU2F 26 S327E1UVF 29 SDCDYB 13 
94GB 23 OMODU2F 28 S327E1VRYT 29 SDCDYB 14 
AB1FALTDEX 23 OMODU3F 26 S327EUVF 29 SDCDYB 15 
AB1PSWTPST 19 OMODU3F 26 S327EUVRYT 29 SDCDYB4CDT 12 
AB2PSWTPST 20 OMODU3F 29 S327EX1RYD 29 SDCDYB6CDT 13 
AB3PSWTPST 19 OMODWOF 25 S327EXVRYD 29 SDCDYB8CDT 14 
AB4PSWTPST 20 OMODWOF 26 S94GBMOD 17 SDCDYC 5 
ACB1 19 OPATHTOP 1 S94GBMOD 23 SDCDYE 2 
ACB2 20 OPATHTOPB 1 SAB1FAULT 17 SDCDYE 3 
ACB2DISC 1 OPATHTOPC 1 SAB1FAULT 23 SDCDYE 7 
ACB20PEN 1 OVRLDMD 25 SB18UX1RYT 19 SDCDYE 8 
ACB3 19 OVRLDNT 25 SB28UX2RYT 20 SDCDYE 9 
ACB4 20 OVRLOAD 1 SB38UX3RYT 19 SDCDYE 10 
ACB4MOD 23 OVRLOAD 24 SB48UX4RYT 20 SDCDYE8CDT 7 
ACBAIRPDEX 23 OVRLOADS 24 SDCAIDDDIF 3 SDCDYE9CDT 2 
ADIC3CCCDT 19 OVRLOADS 25 SDCDA12CDT 8 SDCDYE9CDT 3 
AD1C3CLCDT 19 PCB90PEN 1 SDCDA15CDT 9 SDCDYF 11 
AD2C3CCCDT 20 PCB90PEN 2 SDCDA17CDT 10 SDCDYF 12 
AD2C3CLCDT 20 S127E1UVF 27 SDCDB01CDT 11 SDCDYF 13 
ASWYDISO 1 S127E1VRYT 27 SDCDB13CDT 15 SDCDYF 14 
FIREPROT 17 S127EUVF 27 SDCDC12CDT 5 SDCDYF 15 
FIREPROT 18 S127EUVRYT 26 SDCDE12CDT 8 SDCDYF4CDT 12 
KK10VERBHF 1 S127EUVRYT 27 SDCDE15CDT 9 SDCDYF6CDT 13 
KK1UNDRBHF 30 S127EX1RYD 27 SDCDE17CDT 10 SDCDYF8CDT 14 
KU1RNNG 23 S127EXVRYD 26 SDCDFO1CDT 11 SDCDYG 5 
KU2RNNG 1 S127EXVRYD 27 SDCDF13CDT 15 SDCEIDDDIF 3 
KU2SWYD 1 S227E1UVF 28 SDCDG16CDT 5 SEG122INIT 8 
L27XSTARYD 2 S227E1VRYT 28 SDCDYA 2 SEG152INIT 9 
L27XSTBRYD 2 S227EUVF 28 SDCDYA 3 SEG94F1AF 16 
MAINT 30 S227EUVRYT 26 SDCDYA 7 SEG94F1DF 4 
OFACTORDEX 24 S227EUVRYT 28 SDCDYA 8 SEG94F1DF 11 
OMOD 25 S227EX1RYD 28 SDCDYA 9 SEG94F2AF 8 
OMOD 25 S227EXVRYD 26 SDCDYA 10 SEG94F2AF 16 
OMODF 25 S227EXVRYD 28 SDCDYA8CDT 7 SEG94F2BF 8 
OMODF 26 S27XSC1RYD 5 SDCDYA9CDT 2 SEG94F2BF 9 
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Gate/Event Name Pge Zone Gate/Event Name Page Zone Gate/Event Name Page Zone Gate/Event Name Page Zone 
SEG94F2CF 9 SPC51TNRYT 18 SPCB17TF 6 SPCISLTCPT 3 
SEG94F2DF 4 SPC62ABRYT 17 SPCB17TF 10 SPCISLTCPT 5 
SEG94F2DF 11 SPC631XRYT 18 SPCB21TC1 11 SPCISOCCH1 5 
SEG94V1AF 16 SPC871XRYT 18 SPCB21TC2 11 SPCISOCCH2 5 
SEG94V1DF 4 SPC872XRYT 18 SPCB21TCF 6 SPCISOF 5 
SEG94V1DF 11 SPC87T1RYT 18 SPCB21TCF 11 SPCISOF 5 
SEG94V2AF 8 SPC94TKRYT 17 SPCB21TF 6 SPCISOF 6 
SEG94V2AF 16 SPCB008CHO 7 SPCB24TC1 12 SPCISOLATE 3 
SEG94V2BF 8 SPCB009CHC 3 SPCB24TC2 12 SPCISOLATE 4 
SEG94V2BF 9 SPCB009CHO 2 SPCB24TCF 12 SPCR86TRYT 17 

SEG94V2CF 9 SPCB012CHO 8 SPCB24TF 6 SU127UVCOM 26 
SEG94V2DF 4 SPCB015CHO 9 SPCB24TF 12 SU227UVCOM 26 
SEG94V2DF 11 SPCB017CHO 10 SPCB26TC1 13 SU327UVCOM 26 
SEGTP1ANIT 12 SPCB021CHO 6 SPCB26TC2 13 SU327UVCOM 26 
SEGTP1ANIT 13 SPCB024CHO 12 SPCB26TCF 13 SXFRCT3THF 1 
SEGTP1ANIT 14 SPCB026CHO 13 SPCB26TF 6 SXFRCT3THM 1 
SEGTP1ANIT 15 SPCBO28CHO 14 SPCB26TF 13 SY30R94RYT 22 
SEGTP1ANIT 16 SPCBO33CHO 15 SPCB28TC1 14 SY51TN2RYT 21 
SEGTP1BNIT 2 SPCB08TCF 7 SPCB28TC2 14 SY51TN4RYT 21 
SEGTP1BNIT 7 SPCB08TF 1 SPCB28TCF 14 SY51TN6RYT 21 
SEGTP1BNTT 8 SPCB08TF 6 SPCB28TF 6 SY62BFCT3 21 
SEGTP1BNIT 9 SPCB08TF 7 SPCB28TF 14 SY62BFCT3 22 
SEGTP1BNIT 10 SPCB09CF 1 SPCB33TC1 15 SY62X1FRYT 21 
SEGTP1DNIT 11 SPCBO9CF 3 SPCB33TC2 15 SY62X2FRYT 21 
SEGTP2ANIT 12 SPCBO9TCF 2 SPCB33TCF 15 SY62XXFRYT 21 
SEGTP2ANIT 13 SPCB12TC1 8 SPCB33TF 6 SY86BUIRYT 21 

SEGTP2ANIT 14 SPCB12TC2 8 SPCB33TF 15 SY86CT3LOR 1 
SEGTP2ANIT 15 SPCB12TCF 8 SPCB8TC1F 7 SY86CT3LOR 21 
SEGTP2ANIT 16 SPCB12TF 6 SPCB8TC2F 7 SY86CT3RYT 21 
SEGTP2BNIT 2 SPCB12TF 8 SPCB9CDC1 3 SY86YA9RYT 21 

SEGTP2BNIT 7 SPCB15TC1 9 SPCB9CDC2 3 SY86YBSLOR 1 
SEGTP2BNIT 10 SPCB15TC2 9 SPCB9TC1F 2 SY86YBSLOR 21 

SEGTP2DNIT 11 SPCB15TCF 9 SPCB9TC2F 2 SY86YJ3RYT 21 
SEGTPSCH1F 2 SPCB15TF 6 SPCBSFC1 6 SY87BYXRYT 21 
SEGTPSCH2F 2 SPCB15TF 9 SPCBSFC2 6 SY87BYYRYT 21 

SK194GBRYT 19 SPCB17TC1 10 SPCCB9CF 3 SY87BYZRYT 21 

SK294GBRYT 20 SPCB17TC2 10 SPCD87LRYT 18 SY87LXXRYT 22 

SPC14KVBHF 17 SPCB17TCF 10 SPCGLASSWT 18 SY94L1XRYT 22 
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GateEv n Nam PaeZn Gate/Event Name Page Zone Gate/Event Name Page Zone Gate/Event Name Pe Zone 

SYE1362RYT 22 

SYE2362RYT 22 

SYP2862RYT 22 

SYP3062RYT 22 

SYP86TXRYT 22 

SYPCBO9CHT 1 

SYPCB30CHT 1 

SYPCB30TRP 1 

SYPCB30TRP 22 

SYPCB9TRP 1 

SYPCB9TRP 22 

SYPL86TRYT 22 

SYPL87LRYT 22 

SYR86BYRYT 21 

SYS63FPRYT 21 

SYSX50BRYT 21 

SYX87TBRYT 21 
SYXX87TRYT 21 

U5086EFRYT 31 

U5186EFRYT 31 

U51TNC4RYT 31 

U62BSK1RYT 31 
U62BSK2RYT 31 

U86CT4XRYT 31 

U86EF 30 

U86EF 31 

U86TCT4RYT 31 
U87TCT4RYT 31 

UACXCT4THF 31 

UPATHTOP 30 

UXX86EFRYT 31 

XFMR186T 1 

XFMR186T 17 

XFMRPROT 17 

XFMRPROT 18 
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A.3 EXTERNAL GRID TROUBLE PROTECTION SYSTEM 

A.3.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the External Grid 
Trouble Protection System (EGTPS). This model is combined with the high-level model 
and remaining system models to form an integrated model for assessing the reliability of 
Keowee. Other objectives are to identify major contributors to system unreliability, 
significant potential human errors and common-cause failure modes.  

The scope of this analysis is limited to EGTPS equipment required to support a Keowee 
emergency start and run under load following a loss of off-site power condition.  

A.3.2 SYSTEM DESIGN 

The EGTPS provides detection of impending collapse or degraded voltage on the 230 kV 
grid or the 230 kV Switchyard when voltage and/or frequency on the 230 kV red and 
yellow buses deteriorates to system actuation set points. When the system actuates, it 
provides Emergency Start (ES) signals to the Keowee hydro units. The system then 
provides the breaker manipulation logic to isolate the 230 kV switchyard yellow bus and 
establish the overhead power path from the Keowee unit aligned to the overhead power 
path through the isolated switchyard yellow bus to the startup transformers of all three 
Oconee units.  

The EGTPS contains two undervoltage and two underfrequency initiation channels 
consisting of networks of undervoltage relays and underfrequency relays. A channel is 
actuated when two out of three phases of both switchyard yellow bus and switchyard red 
bus sensing relays detect undervoltage or underfrequency conditions. When a channel is 
actuated, four tripping relays ("94" relays) carry out the EGTPS function.  

Figure A.3-1 is a logic diagram of the EGTPS Channel 1. When channel 1 is actuated: 

1. Relays 94/ViA or 94/FlA actuate trip coil #1 of Power Circuit Breakers (PCBs) 
24, 26, 28, and 33.  
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2. Relays 94/V1B or 94/FlB actuate trip coil #1 of PCBs 8, 12, 15, and 17; they 
also actuate EGTPS Trouble Relay 27X/STA which in turn provides the Channel 1 
Keowee Emergency Start signal and actuates PCB 9 trip coil #1.  

3. Relays 94/VIC or 94/FIC actuate statalarms and event recorders.  

4. Relays 94/VID or 94/FID actuate trip coil #1 of PCB 21 and the close coils of 
PCBs 9, 18, 27, and 30.  

For channel 2: 

1. Relays 94/V2A or 94/F2A actuate the trip coil #2 of PCBs 12, 24, 26, 28, and 33.  

2. Relays 94/V2B or 94/F2B actuate the trip coil #2 of PCBs 8, 12, 15, and 17; they 
actuate EGTPS Trouble Relay 27X/STB which provides the Channel 2 Keowee 
Emergency Start signal and actuates PCB 9 trip coil #2.  

3. Relays 94/V2C or 94/F2C actuate the trip coil #2 of PCB 15 and statalarms and 
event recorders.  

4. Relays 94/V2D or 94/F2D actuate trip coil #2 of PCB 21 and the close coils of 
PCBs 9, 18, 27 and 30.  

Other system outputs are switchyard isolation confirmed signals which are generated when 
all of the following PCBs are opened to isolate the switchyard: 

1. PCB 8 4. PCB 17 7. PCB 26 
2. PCB 12 5. PCB 21 8. PCB 28 
3. PCB 15 6. PCB 24 9. PCB 33 

The switchyard isolation confirmed relay 27X/SCl(2) operates the switchyard isolation 
auxiliary relay SIA(B), which in turn operates the Keowee Unit 1 and Keowee Unit 2 
Switchyard Isolated Interposing Relays [lSIXA(B) and 2SIXA(B)]. The switchyard 
isolated interposing relays provide the close permissive in the automatic close circuits of 
ACB- 1 and ACB-2. Also, the PCB 9 automatic close circuit requires operation of a 
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switchyard isolation complete time delay relay, 27XTD/SCI or 27XTD/SC2. The time 

delay provides adequate time (about 4 seconds) for Reactor Coolant Pump Switchgear 

breakers to open before PCB 9 closes re-energizing the switchyard and the main feeder 

buses through the yellow bus and the startup transformers. This portion of the EGTPS is 

modeled in the switchyard isolation model (Appendix A.2).  

Undervoltage Channel 1 is composed of six undervoltage relays (27B), each connected to 

a phase of the yellow and red buses. When a 27B ac relay detects undervoltage and drops 

out, an associated auxiliary dc relay (27X) is picked up. When two auxiliary relays of the 

same phase (one on the yellow bus and one on the red bus) are picked up concurrently, a 

phase undervoltage auxiliary relay (27X/RY) picks up. When two out of three 27X/RY 

relays (X,Y,and Z phases) are picked up, the Channel 1 tripping relays (the 94 relays) are 

picked up.  

Underfrequency Channel 1 is composed of six underfrequency relays (81B), connected to 

the phases of the yellow and red buses in a configuration similar to that of the 

undervoltage relays. When an 81 B ac relay detects underfrequency and drops out, an 

associated auxiliary dc relay (8 IX) picks up. A phase underfrequency auxiliary relay picks 
up when yellow bus and red bus same phase relays pick up. When two out of three 

81X/RY relays (X,Y, and Z phases) pick up, the Channel 1 tripping relays again pick up.  

The Channel 2 undervoltage and underfrequency components of the EGTPS are 

configured similarly, but different manufacturer components are used to minimize common 

mode failures.  

A.3.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

The 230 kV Switchyard DC Power System (Appendix A.9) provides control power to 

both channels of the EGTPS.  
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External Control Systems 

The EGTPS interfaces with the Oconee Unit 1 Keowee Emergency Start System. It does 

not require any external controls for its operation.  

A.3.4 INSTRUMENTATION AND CONTROLS 

The EGTPS panels are located in the 230 kV switchyard relay house. There are six green 

lights on the EGTPS undervoltage Channel 1 panel. Each light indicates the trip status of 

the red and yellow bus phase undervoltage relays. The lights turn on for an undervoltage 

condition. Three red indicating lights per channel indicate when both red and yellow buses 

are experiencing undervoltage on one particular phase. Six green lights on the EGTPS 

underfrequency Channel 1 panel similarly indicate the trip status of the red and yellow bus 

phase underfrequency relays. Three red lamps indicate simultaneous underfrequency 

conditions on like phases of the red and yellow bus. A pair of blue lamps for each channel.  

are connected in two out of three logic to indicate whenever one of the three logic inputs 

are satisfied. A single, normally on, lamp on each channel related panel of undervoltage 

and underfrequency indicates the presence of 125 Vdc control power. The EGTPS panels 

and their associated channels are identified as follows: 

Panel SBR- 17 Undervoltage Channel 1 

Panel SRF- 17 Underfrequency Channel 1 

Panel RF- 17 Undervoltage Channel 2 

Panel RB- 17 Underfrequency Channel 2 

A Switchyard Isolation Confirmed signal is generated when the switchyard PCB auxiliary 

contacts show that the switchyard yellow bus has been isolated from the grid and the 

switchyard PCBs are aligned to supply power to the unit startup transformers via the 

overhead power path. The "SWYD ISOLATED SIGNAL" indicating lights are located 

on the Switchyard Isolated Signal test panels. Both channels' test panels are in the 

switchyard relay house.  

Statalarms pertaining to the EGTPS are located in the Oconee Unit 1/2 Control Room on 
Annunciator Alarm Panels SAl5 and SA16. These alarms are listed in Table A.3-4.  
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A.3.5 LOCATION WITHIN THE PLANT 

The External Grid Trouble Protection System is physically located in the Switchyard Relay 

House. The undervoltage and underfrequency sensor relays are on each phase of the 

switchyard red and yellow buses in the 230 kV switchyard.  

A.3.6 NORMAL OPERATION 

The system is normally operating, monitoring the voltage and frequency of the grid at the 

230 kV Switchyard. Routine testing of both voltage and frequency channels assures their 

operability.  

A.3.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

The EGTPS is designed to initiate the emergency response necessary to recover from a 

LOOP event. The system is battery powered in order to be capable of performing its 

function if ac power is lost. The system (1) provides signals to start the Keowee 

emergency generators; (2) provides signals to isolate the switchyard from the grid; and 

(3) establish a power path from the Keowee unit (connected to the overhead) to the 

startup transformers after a time delay (4-5 seconds) to assure necessary load shed is 

accomplished.  

A Keowee emergency start and energizing of Transformer CT4 can also be accomplished 

by the Main Feeder Bus Monitors and the Engineered Safeguards Actuation System 

associated with each Oconee unit. For the overhead power path, however, operation of 

the EGTPS is necessary to isolate the switchyard and establish the connection between 

Keowee and the startup transformers of the Oconee units.  
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A.3.8 TEST AND MAINTENANCE 

Testing 

The EGTPS Logic And Switchyard Isolation Logic Test is performed quarterly to verify 

operation of system logic associated with the EGTPS and Switchyard Isolation, and to 

verify the actuation set-point of time delay relays for PCB-9 close permissive. Since 

system actuation requires 2 out of 3 logic, the individual voltage and frequency channels 

can be tested without disabling the system or disabling a single channel.  

Installed test circuitry is used to verify that each channel's red and yellow bus, X, Y, and Z 

phases undervoltage and underfrequency conditions can be detected. Logic operation is 

verified by observing statalarms, switchyard event recorder printouts, and indicating lights.  

Nine pushbuttons (one per breaker) are provided in the switchyard relay house to simulate 

the response of each PCB affected by a switchyard isolation signal.  

The Degraded Grid and Switchyard Isolation Functional Test is performed one channel at 

a time on a refueling frequency. The test includes (1) functional verification of overhead 

ACB and PCB-9 operation during switchyard isolation, (2) demonstration of the 

operability of the Degraded Grid Protection System (DGPS), (3) demonstration of the 

ability of the overhead Keowee unit to energize the 230 kV Yellow Bus for all three 

Oconee units' Startup Transformers and carry the shutdown loads of Oconee Unit 1, and 

(4) demonstration of the capability to realign the 230 kV Yellow Bus back to the system 

grid while Oconee loads are being fed from the Overhead Keowee unit. The test is 

directly associated with the switchyard isolation model (Appendix A.2) and the Keowee 

emergency start model (Appendix A.5), but is mentioned here since it requires de

energizing the EGTPS while the DGPS logic is verified. The verification of DGPS 

operability is estimated to require about three hours to complete. Following the DGPS 

verification, the EGTPS is enabled. Prior to the test, a Lee Gas Turbine is aligned to 

energize CT-5.  

The EGTPS testing requirements are listed in Table A.3-2.  
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A.3.9 OPERATING EXPERIENCE 

There have been no reported instances of EGTPS failures.  

A.3.10 ASSUMPTIONS 

A.3.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. Undervoltage Channel 2 is similar in operation and redundant to undervoltage 

Channel 1. (The major difference between the two channels is that each channel 
uses different manufacturer components to minimize common mode failures.) 

2. Underfrequency Channel 2 is similar in operation and redundant to underfrequency 
Channel 1. (The major difference between the two channels is that each channel 
uses different manufacturer components to minimize common mode failure.) 

A.3.10.2 OPERATIONAL ASSUMPTIONS 

1. Both Channels of undervoltage detection and underfrequency detection are 
assumed operational.  

A.3.10.3 MODELING ASSUMPTIONS 

1. Only the undervoltage and underfrequency detection functions of the EGTPS are 
modeled in this section of the analysis. The Switchyard Isolation Complete 
function is covered in Appendix A.2.  

A.3.11 FAULT TREE ANALYSIS 

A.3.1 1.1 TOP EVENT SUCCESS CRITERIA 

Success of the EGTPS System requires that the initiating event (LOOP) is detected, the 
output tripping relays provide signals to their output functions and at least one channelized 
EGTPS Trouble Relay (27X/STA or 27X/STB) actuates.  
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A.3.11.2 DETAILED FAILURE CRITERIA0 

1. Start relay operations are the desired final actions of the EGTPS channels in this 

section of the analysis and their failures are top events of the fault tree.  

Progressively lower levels of the fault tree involve the circuit components 

necessary to generate the final actions in reverse order. Thus, the circuit 

components which sense the initiator for which they are designed are at the bottom 

of the fault trees.  

A.3.11.3 DESCRIPTION OF FAULT TREE 

The EGTPS System fault tree is shown in Figure A.3-2. The Fault Tree Modeling 

Guidelines (Appendix B) were followed in developing the fault tree. A list of all fault tree 

transfers is presented in Table A.3-3.  

A.3.11.4 HUMAN INTERACTIONS 

There are no human reliability events in the EGTPS fault tree, since the human 

interactions are very few in this system and immediate feedback of inappropriate action is 

expected.  

A.3.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. EGTPS statalarms are listed in Table A.3-4.  

System reliability data is listed in Table A.3-5.  
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A.3.11.6 COMMON CAUSE ASSESSMENT 

Common cause failure of electromagnetic relays may result in the failure of the Channel 1 

detection circuits. This may include both undervoltage detection and underfrequency 

detection. Similarly for the Channel 2 detectors common cause failure of solid state relays 

may involve the solid state undervoltage devices and the solid state frequency devices.  

Thus, a common cause failure probability is included for the same channel undervoltage 

and underfrequency components. The common-cause events are quantified in Appendix 

C.2.  

A.3.12 RESULTS 

Reliability of the EGTPS is defined as the probability that the system will succeed in 

providing Keowee Emergency Start signals when a LOOP occurs. The system model 

yields a probability of approximately 3E-05 for a channel [up to and including the EGTPS 

Trouble Relay 27X/STA(B)] to fail to provide a Keowee Emergency Start signal.  

Table A.3-6 lists the dominant minimal cut sets for the External Grid Trouble Protection 

System. The dominant contributor to failure is "EGTPS Trouble Relay 27X/STA(B) Fails 

To Pick Up". "Common Cause Failure Of The UV and UF Detection Circuits" are the 

next highest contributors to channel unreliability.  

A.3.13 REFERENCES 

A.3.13.1 DOCUMENTS 

1. OSS-0254.00-00-2005, Rev. 2, Keowee Emergency Power Design Basis Document.  

2. OSS-0254.00-00-2004, Rev. 1, 230 kV Switchyard Design Basis Document.  

A.3.13.2 PROCEDURES 

1. PT/O/A/0610/02, Change 14, External Grid Trouble Protective System Logic And 

Switchyard Isolation Logic Test.  
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Table A.3-1 

EGTPS Power Supplies 

Panelboard 
Component Power Supply 1  Number 

EGTPS 

Undervoltage Ch. 1 230 kV Switchyard 125 Vdc 

Control Power System 

DC 1DA DYC-13 
Underfrequency Ch. 1 DC IDA DYC-14 
Undervoltage Ch. 2 DC 2DA DYG-12 
Underfrequency Ch. 2 DC 2DA DYG-18 

External Grid Trouble Switchyard Isolated System 
SWYD Isolate Complete Ch. 1 DC IDA DYC-12 
SWYD Isolate Complete Ch. 2 DC 2DA DYG-16 

1 MCC = Motor Control Center 

DC = Distribution Center



Table A.3-2 

EGTPS Test Procedures 

Procedure Test Frequency Description 

PT/O/A/0610/02, Quarterly Verify operation of system logic 
EGTPS Logic And associated with EGTPS and 
Switchyard Isolation switchyard isolation circuits.  
Logic Test.



Table A.3-3 

EGTPS Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

SDCDYC Loss of Power on 125 V dc EGTPS Channel 1 
SWYD DC Panelboard DYC 

SDCDYG Loss of Power on 125 V dc EGTPS Channel 2 
SWYD DC Panelboard DYG



Table A.3-4 

EGTPS Statalarms 

Point No. Alarm Actuator 

SA15-1 CHANNEL #1 TEST Test Pushbuttons 
SAl5-2 CHANNEL #1 UNDERFREQUENCY 94/FIC 
SA15-3 CHANNEL #2 TEST Test Pushbuttons 
SA15-4 CHANNEL #2 UNDERFREQUENCY 94/F2C 
SA15-5 CHANNEL #1 DC SUPPLY FAILURE 74B/V1 & 74B/F1 
SA15-6 CHAN. #1 UNDERVOLTAGE INITIATED 27X 
SA15-7 CHAN #2 UNDERVOLTAGE INITIATED 27X 
SA15-9 CHANNEL #1 UNDERVOLTAGE 94/VIC 
SA15-10 CHAN. #1 UNDERFREQUENCY INITIATED 81X 
SA15-11 CHANNEL #2 UNDERVOLTAGE 94/V2C 
SA15-12 CHAN #2 UNDERFREQUENCY INITIATED 81X 
SA16-1 EGTPS CHAN. #1 VOLTAGE RELAY COIL 74M 

TROUBLE 

SA16-2 EGTPS CHAN.#1 FREQ. RELAY COIL 74M 
TROUBLE 

SA16-3 EGTPS CHAN.#2 VOLTAGE RELAY COIL 74M 
TROUBLE 

SA16-4 EGTPS CHAN.#2 FREQ. RELAY COIL 74M 
TROUBLE 

SA16-5 CHAN. #1 SWYD ISOLATED TEST Test Pushbuttons 
SA16-6 CHAN. #2 SWYD ISOLATED TEST Test Pushbuttons
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Table A.3-5 

EGTPS Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Probability 

LOEGTPSCOM Common Cause Failure of UV And UF Detection Circuits 1.78E-06 
L27BRX1RYD Snsng Rly 27B/RX1 Fails to Drop Out on Undervoltage 3.30E-O5 1 D 3.30E-05 
L27BRX2RYD Snsng Rly 27B/RX2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BRY1RYD Snsng Rly 27B/RY1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-O5 
L27BRY2RYD Snsng Rly 27B/RY2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-O5 
L27BRZ1RYD Snsng Rly 27B/RZ1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-O 
L27BRZ2RYD Snsng Rly 27B/RZ2 Fails to Drop Out on Undervoltage 3.30E-O5 1 D 3.30E-05 
L27BYX1RYD Snsng Rly 27B/YX1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYX2RYD Snsng Rly 27B/YX2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYY1RYD Snsng Rly 27B/YY1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-O5 
L27BYY2RYD Snsng Rly 27B/YY2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYZ1RYD Snsng Rly 27B/YZ1 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27BYZ2RYD Snsng Rly 27B/YZ2 Fails to Drop Out on Undervoltage 3.30E-05 1 D 3.30E-05 
L27XPX1RYD Ch 1 Phase X UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XPX2RYD Ch 2 Phase X UV Aux. Relay Fails To Pick Up 3.30E-O5 1 D 3.30E-O5 
L27XPY1RYD Ch 1 Phase Y UV Aux. Relay Fails to Pick Up 3.30E-05 1 D 3.30E-05 
L27XPY2RYD Ch 2 Phase Y UV Aux. Relay Fails to Pick Up 3.30E-05 1 D 3.30E-05 
L27XPZ1RYD Ch 1 Phase Z UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XPZ2RYD Ch 2 Phase Z UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRX1RYD Red Bus Phase X1 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRX2RYD Red Bus Phase X2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRY1RYD Red Bus Phase Yl UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRY2RYD Red Bus Phase Y2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRZ1RYD Red Bus Phase Z1 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XRZ2RYD Red Bus Phase Z2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XSTARYD Ch 1 EGTPS Trouble Relay 27X/STA Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XSTBRYD Ch 2 ECTPS Trouble Relay 27X/STB Fails To Pick Up 3.30E-05 1 D 3.30E-O5 
L27XYX1RYD Yellow Bus Phase X1 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYX2RYD Yellow Bus Phase X2 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-O 
L27XYY1RYD Yellow Bus Phase Y1 UV Aux. Relay Fails To Pick Up 3.30E-O5 1 D 3.30E-05 
L27XYY2RYD Yellow Bus Phase Y2 UV Aux. Relay Fails To Pick Up 3.30E-O5 1 D 3.30E-05 
L27XYZ1RYD Yellow Bus Phase Z1 UV Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L27XYZ2RYD Yellow Bus Phase Z2 UV Aux. Relay Fails To Pick Up 3.30E-O5 1 D 3.30E-O5
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Table A.3-5 

EGTPS Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Probability 

L81BRXlRYD Sensing Rly 81BL/RX1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRX2RYD Sensing Rly 81BL/RX2 Fails To Drop Out On Underfreq. 3.30E-O5 1 D 3.30E-05 
L81BRY1RYD Sensing Rly.8.lBL/RYl Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRY2RYD Sensing Rly 81BL/RY2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BRZlRYD Sensing Rly 81BL/RZ1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-O5 
L81BRZ2RYD Sensing Rly 81BL/RZ2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYX1RYD Sensing Rly 81BL/YX1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYX2RYD Sensing Rly 81BL/YX2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYY1RYD Sensing Rly 81BL/YY1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYY2RYD Sensing Rly 81BL/YY2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYZ1RYD Sensing Rly 81BL/YZ1 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81BYZ2RYD Sensing Rly 81BL/YZ2 Fails To Drop Out On Underfreq. 3.30E-05 1 D 3.30E-05 
L81XPX1RYD Ch 1 Phase X Underfreq. Aux. Relay Fails To Pick Up 3.30E-O5 1 D 3.30E-05 
L81XPX2RYD Ch 2 Phase X Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPY1RYD Ch 1 Phase Y Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPY2RYD Ch 2 Phase Y Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPZ1RYD Ch 1 Phase Z Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XPZ2RYD Ch 2 Phase Z Underfreq. Aux. Relay Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRX1RYD Red Bus Phase X1 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRX2RYD Red Bus Phase X2 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRYlRYD Red Bus Phase Y1 Underfreq. Aux. Rly Fails To Pick Up 3.30E-O5 1 D 3.30E-O5 
L81XRY2RYD Red Bus Phase Y2 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRZ1RYD Red Bus Phase Zl Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XRZ2RYD Red Bus Phase Z2 Underfreq. Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYX1RYD Yellow Bus Phase X1 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYX2RYD Yellow Bus Phase X2 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYY1RYD Yellow Bus Phase Y1 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYY2RYD Yellow Bus Phase Y2 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYZ1RYD Yellow Bus Phase Zl UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
L81XYZ2RYD Yellow Bus Phase Z2 UF Aux. Rly Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94F1ARYD EGTPS Underfrequency Relay 94/FlA Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94F1BRYD EGTPS Underfrequency Relay 94/FiB Fails To Piqk Up 3.30E-05 1 D 3.30E-05 

0 0 *
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Table A.3-5 

EGTPS Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Probability 

LC94F1DRYD EGTPS Underfrequency Relay 94/F1D Fails To Pick Up 3.30E-05 1 D 3.30E-OS LC94F2ARYD EGTPS Underfrequency Relay 94/F2A Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94F2BRYD EGTPS Underfrequency Relay 94/F2B Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94F2CRYD EGTPS Underfrequency Relay 94/F2C Fails To Pick Up 3.30E-O5 1 D 3.30E-OS LC94F2DRYD EGTPS Underfrequency Relay 94/F2D Fails To Pick Up 3.30E-05 1 D 3.3OE-05 LC94V1ARYD EGTPS Undervoltage Relay 94/V1A Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94V1BRYD EGTPS Undervoltage Relay 94/V1B Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94V1DRYD EGTPS Undervoltage Relay 94/VlD Fails To Pick Up 3.30E-05 1 D 3.30E-05 
LC94V2ARYD EGTPS Undervoltage Relay 94/V2A Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94V2BRYD EGTPS Undervoltage Relay 94/V2B Fails To Pick Up 3.30E-05 1 D 3.30E-05 LC94V2CRYD EGTPS Undervoltage Relay 94/V2C Fails To Pick Up 3.30E-OS 1 D 3.30E-05 LDCYC13CDT Switchyard 125 Vdc Panelboard DYC Bkr 13 Xfrs Open 7.50E-08 24 H 1.90E-06 LDCYC14CDT Switchyard 125 Vdc Panelboard DYC Bkr 14 Xfrs Open 7.50E-08 24 H 1.80E-06 LDCYG12CDT Switchyard 125 Vdc Panelboard DYG Bkr 12 Xfrs Open 7.50E-08 24 H 1.80E-06 LDCYG18CDT Switchyard 125 Vdc Panelboard DYG Bkr 18 Xfrs Open 7.50E-08 24 H 1.80E-06 

1 D = Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94FlAF: EGTPS Channel 1 Relay 94/FlA Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F1ARYD 3.30E-05 EGTPS Relay 94/FlA Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC14CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05 

*0 0
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94FlDF: EGTPS Channel 1 Relay 94/FlD Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F1DRYD 3.30E-05 EGTPS Relay 94/F1D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC14CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 14 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94F2AF: EGTPS Channel 2 Relay 94/F2A Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F2ARYD 3.30E-05 EGTPS Relay 94/F2A Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG18CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94F2CF: EGTPS Channel 2 Relay 94/F2C Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F2CRYD 3.30E-05 EGTPS Relay 94/F2C Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG18CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94F2DF: EGTPS Channel 2 Relay 94/F2D Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94F2DRYD 3.30E-05 EGTPS Relay 94/F2D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG18CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 18 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V1AF: EGTPS Channel 1 Relay 94/VIA Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V1ARYD 3.30E-05 EGTPS Relay 94/V1A Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC13CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94VlDF: EGTPS Channel 1 Relay 94ND Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V1DRYD 3.30E-05 EGTPS Relay 94/V1D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC13CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYC Breaker 13 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V2AF: EGTPS Channel 2 Relay 94N2A Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1). 3.30E-05 90.0 LC94V2ARYD 3.30E-05 EGTPS Relay 94/V2A Fails to Pick Up 

2) 1.80E-06 4.9 LDCYC12CDT 1.90E-06 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V2CF: EGTPS Channel 2 Relay 94/V2C Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V2CRYD 3.30E-05 EGTPS Relay 94/V2C Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG12CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3 .66E-05
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Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEG94V2DF: EGTPS Channel 2 Relay 94/V2D Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 90.0 LC94V2DRYD 3.30E-05 EGTPS Relay 94/V2D Fails to Pick Up 

2) 1.80E-06 4.9 LDCYG12CDT 1.80E-06 Switchyard 125 Vdc Panelboard DYG Breaker 12 Transfers Open 

3) 1.78E-06 4.9 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total:3 .66E-05
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Table A.3-6 

EGTPS Dominait Minimal Cutsets 

Cutsets For Gate SEGTPSCH IF: EGTPS Channel 1 Keowee Start Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 94.8 L27XSTARYD 3.30E-O5 Ch 1 EGTPS Trouble Relay 27X/STA Fails to Pick Up 

2) 1.78E-06 5.1 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3. 4E-05



(Page 12 of 12) 
Table A.3-6 

EGTPS Dominant Minimal Cutsets 

Cutsets For Gate SEGTPSCH2F: EGTPS Channel 2 Keowee Start Signal Fails 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.30E-05 94.8 L27XSTBRYD 3.30E-05 Ch 2 EGTPS Trouble Relay 27X/STB Fails to Pick Up 

2) 1.78E-06 5.1 LOEGTPSCOM 1.78E-06 Common Cause Failure of UV and UF Detection Circuits 

Total: 3.48E-05
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Figure A.3-1 Logic Diagram External Grid Trouble Protection System Channel 1
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Page 1 Page 1 
Page 3 Page 3 
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Gate~n NamePaci ZoQne Gate/Event Name Pacie ZDGate/Event Name Paae Zone Gate/Event Name Zn 
LOEGTPSCOM 4 L27XPZ2RYD 13 L81BRZ2RYD 12 L81XYX1RYD 5 
LOEGTPSCOM 4 L27XPZ2RYD 13 L81BRZ2RYD 12 L81XYX1RYD 5 
LOEGTPSCOM 11 L27XRX1RYD 6 L81BYX1RYD 5 L81XYX2RYD 12 
LOEGTPSCOM 11 L27XRX1RYD 6 L81BYX1RYD 5 L81XYX2RYD 12 
L27BRX1RYD 6 L27XRX2RYD 13 L81BYX2RYD 12 L81XYY1RYD 5 
L27BRX1RYD 6 L27XRX2RYD 13 L81BYX2RYD 12 L81XYY1RYD 5 
L27BRX2RYD 13 L27XRY1RYD 6 L81BYY1RYD 5 L81XYY2RYD 12 
L27BRX2RYD 13 L27XRY1RYD 6 L81BYY1RYD 5 L81XYY2RYD 12 
L27BRY1RYD 6 L27XRY2RYD 13 L81BYY2RYD 12 L81XYZIRYD 5 
L27BRY1RYD 6 L27XRY2RYD 13 L81BYY2RYD 12 L81XYZ1RYD 5 
L27BRY2RYD 13 L27XRZ1RYD 6 L81BYZ1RYD 5 L81XYZ2RYD 12 
L27BRY2RYD 13 L27XRZ1RYD 6 L81BYZ1RYD 5 L81XYZ2RYD 12 
L27BRZ1RYD 6 L27XRZ2RYD 13 L81BYZ2RYD 12 LC94F1ARYD 2 
L27BRZ1RYD 6 L27XRZ2RYD 13 L81BYZ2RYD 12 LC94F1BRYD 1 
L27BRZ2RYD 13 L27XSTARYD 1 L81XPX1RYD 5 LC94F1DRYD 3 
L27BRZ2RYD 13 L27XSTBRYD 7 L81XPX1RYD 5 LC94F2ARYD 8 
L27BYX1RYD 6 L27XYX1RYD 6 L81XPX2RYD 12 LC94F2BRYD 7 
L27BYX1RYD 6 L27XYX1RYD 6 L81XPX2RYD 12 LC94F2CRYD 9 
L27BYX2RYD 13 L27XYX2RYD 13 L81XPY1RYD 5 LC94F2DRYD 10 
L27BYX2RYD 13 L27XYX2RYD 13 L81XPY1RYD 5 LC94V1ARYD 2 
L27BYY1RYD 6 L27XYY1RYD 6 L81XPY2RYD 12 LC94V1BRYD 1 
L27BYY1RYD 6 L27XYY1RYD 6 L81XPY2RYD 12 LC94V1DRYD 3 
L27BYY2RYD 13 L27XYY2RYD 13 L81XPZ1RYD 5 LC94V2ARYD 8 
L27BYY2RYD 13 L27XYY2RYD 13 L81XPZ1RYD 5 LC94V2BRYD 7 
L27BYZ1RYD 6 L27XYZ1RYD 6 L81XPZ2RYD 12 LC94V2CRYD 9 
L27BYZ1RYD 6 L27XYZ1RYD 6 L81XPZ2RYD 12 LC94V2CRYD 10 
L27BYZ2RYD 13 L27XYZ2RYD 13 L81XRX1RYD 5 LDCYC13CDT 4 
L27BYZ2RYD 13 L27XYZ2RYD 13 L81XRX1RYD 5 LDCYC14CDT 4 
L27XPX1RYD 6 L81BRX1RYD 5 L81XRX2RYD 12 LDCYG12CDT 11 
L27XPX1RYD 6 L81BRX1RYD 5 L81XRX2RYD 12 LDCYG18CDT 11 
L27XPX2RYD 13 L81BRX2RYD 12 L81XRY1RYD 5 SDCDYC 4 
L27XPX2RYD 13 L81BRX2RYD 12 L81XRY1RYD 5 SDCDYC 4 
L27XPY1RYD 6 L81BRY1RYD 5 L81XRY2RYD 12 SDCDYG 11 
L27XPY1RYD 6 L81BRY1RYD 5 L81XRY2RYD 12 SDCDYG 11 
L27XPY2RYD 13 L81BRY2RYD 12 L81XRZ1RYD 5 SEG94F1AF 2 
L27XPY2RYD 13 L81BRY2RYD 12 L81XRZ1RYD 5 SEG94F1BF 1 
L27XPZ1RYD 6 L81BRZ1RYD 5 L81XRZ2RYD 12 SEG94F1DF 3 
L27XPZ1RYD 6 L81BRZ1RYD 5 L81XRZ2RYD 12 SEG94F1F 1 
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Gate/Event Name Pge Zone Gate/Event Name Page ZQDe Gate/Event Name Page ZQn Gate/Event Name age Zone 
SEG94F1F 2 SEGX2Z2UF 12 
SEG94F1F 3 SEGX2Z2UV 13 
SEG94F1F 4 SEGY1Z1UF 5 

SEG94F2AF 8 SEGY1Z1UV 6 
SEG94F2BF 7 SEGY2Z2UF 12 

SEG94F2CF 9 SEGY2Z2UV 13 
SEG94F2DF 10 SY20F3UFC1 4 

SEG94F2F 7 SY20F3UFC1 5 
SEG94F2F 8 SY20F3UFC2 11 

SEG94F2F 9 SY20F3UFC2 12 

SEG94F2F 10 SY20F3UVC1 4 

SEG94F2F 11 SY20F3UVC1 6 

SEG94V1AF 2 SY20F3UVC2 11 

SEG94V1BF 1 SY20F3UVC2 13 
SEG94V1DF 3 
SEG94V1F 1 
SEG94V1F 2 
SEG94V1F 3 
SEG94V1F 4 

SEG94V2AF 8 
SEG94V2BF 7 

SEG94V2CF 9 
SEG94V2DF 10 

SEG94V2F 7 

SEG94V2F 8 
SEG94V2F 9 
SEG94V2F 10 
SEG94V2F 11 
SEGTP1BNIT 1 

SEGTP2BNIT 7 

SEGTPSCH1F 1 

SEGTPSCH2F 7 

SEGX1Y1UF 5 

SEGX1Y1UV 6 

SEGX1Z1UF 5 

SEGX1Z1UV 6 
SEGX2Y2UF 12 

SEGX2Y2UV 13 
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AIR CIRCUIT BREAKERS
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A.4 AIR CIRCUIT BREAKERS 

A.4.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Air Circuit Breakers 
(ACBs). This model is combined with the high-level model and remaining system models 
to form an integrated model for assessing the reliability of Keowee. Other objectives are 
to identify major contributors to component unreliability, significant potential human 
errors and common-cause failure modes.  

The scope of this analysis is limited to ACB equipment required to support a Keowee 
emergency start and run under load following a loss of offsite power.  

A.4.2 SYSTEM DESIGN 

A.4.2.1 AIR CIRCUIT BREAKER 1 

ACB-1 provides the electrical connection for Keowee Unit I to the Keowee main step-up 
transformer. This breaker must be closed for Keowee Unit 1 to provide power to the grid 
or to supply Oconee emergency power through the overhead path. Air is used both to 
provide motive force for opening and closing the breaker as well as the insulating medium 
for extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 
4000 A.  

ACB-1 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-1 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus.  

A simplified elementary diagram for ACB-1 is included as Figure A.4-1.  
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A.4.2.2 AIR CIRCUIT BREAKER 2 

ACB-2 provides the electrical connection for Keowee Unit 2 to the main step-up 
transformer. This breaker must be closed for Keowee Unit 2 to provide power to the grid 
or to supply Oconee emergency power through the overhead path. Air is used both to 
provide motive force for opening and closing the breaker as well as the insulating medium 
for extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 
4000 A.  

ACB-2 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-2 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus.  

A simplified elementary diagram for ACB-2 is included as Figure A.4-2.  

A.4.2.3 AIR CIRCUIT BREAKER 3 

ACB-3 provides the electrical connection for Keowee Unit 1 to transformer CT4 at 
Oconee through the underground path. This breaker must be closed for Keowee Unit 1 to 
provide emergency power through the underground path. Air is used both to provide 
motive force for opening and closing the breaker as well as the insulating medium for 
extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 2000 
A.  

ACB-3 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-3 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus. A motor operated 
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disconnect switch is provided between ACB-3 and the Keowee Unit 1 generator for 
isolation purposes (this disconnect has been disabled).  

A simplified elementary diagram for ACB-3 is included as Figure A.4-3.  

A.4.2.4 AIR CIRCUIT BREAKER 4 

ACB-4 provides the electrical connection for Keowee Unit 2 to transformer CT4 at 
Oconee through the underground path. This breaker must be closed for Keowee Unit 2 to 
provide emergency power through the underground path. Air is used both to provide 
motive force for opening and closing the breaker as well as the insulating medium for 
extinguishing the arc when opening the breaker. This breaker is rated for 15 kV and 2000 
A.  

ACB-4 contains an air accumulator normally charged to 150 psig. This accumulator 
stores enough air at the nominal operating pressure for three to four operations of the 
breaker. Typical pressure drops during operation are 25 psig during the opening operation 
and 2 psig during the closing operation.  

ACB-4 is provided with disconnect switches on either side of the breaker that can be used 
to isolate the breaker at both ends from the 13.8 kV electrical bus. A motor operated 
disconnect switch is provided between ACB-4 and the Keowee Unit 2 generator for 
isolation purposes (this disconnect has been disabled).  

A simplified elementary diagram for ACB-4 is included as Figure A.4-4.  

A.4.2.5 AIR CIRCUIT BREAKER 5 

ACB-5 provides the electrical connection for transformer IX at Keowee to 600 V ac load 
center lX. This breaker must be closed for load center 1X to receive power from the 13.8 
kV bus through transformer lX. Air is used as the insulating medium for extinguishing 
the arc when opening the breaker. Operation of the breaker is electromechanical, air 
pressure is not required for breaker operation.  

* A simplified elementary diagram for ACB-5 is included as Figure A.4-5.  
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A.4.2.6 AIR CIRCUIT BREAKER 6 

ACB-6 provides the electrical connection for transformer 2X at Keowee to 600 V ac load 
center 2X. This breaker must be closed for load center 2X to receive power from the 13.8 
kV bus through transformer 2X. Air is used as the insulating medium for extinguishing 
the arc when opening the breaker. Operation of the breaker is electromechanical, air 
pressure is not required for breaker operation.  

A simplified elementary diagram for ACB-6 is included as Figure A.4-6.  

A.4.2.7 AIR CIRCUIT BREAKER 7 

ACB-7 provides the electrical connection for transformer CX at Keowee to 600 V ac load 
center lX. This breaker must be closed for load center 1X to receive power from the 
4160 V ac underground supply from Oconee Unit 1, switchgear ITC-4, through 
transformer CX. Air is used as the insulating medium for extinguishing the arc when 
opening the breaker. Operation of the breaker is electromechanical, air pressure is not 
required for breaker operation.  

A simplified elementary diagram for ACB-7 is included as Figure A.4-7.  

A.4.2.8 AIR CIRCUIT BREAKER 8 

ACB-8 provides the electrical connection for transformer CX at Keowee to 600 V ac load 
center 2X. This breaker must be closed for load center 2X to receive power from the 
4160 V ac underground supply from Oconee Unit 1, switchgear ITC-4, through 
transformer CX. Air is used as the insulating medium for extinguishing the arc when 
opening the breaker. Operation of the breaker is electromechanical, air pressure is not 
required for breaker operation.  

A simplified elementary diagram for ACB-8 is included as Figure A.4-8.  
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A.4.3 SYSTEM BOUNDARIES 

Air Systems 

ACBs 1, 2, 3, and 4 receive air from the Generator ACB Air System. A check valve 
located at the ACB provides isolation on loss of the air supply. Leakage of air on loss of 
the supply is limited to 5 psi/hr, however, the nominal rate is 2 to 3 psi/hr. The Generator 
ACB Air System is required for long term operability of ACBs 1 through 4.  

Electrical Power Supplies 

Control power is furnished from 125 V dc distribution centers IDA (ACBs 1, 3, 5, and 7) 
and 2DA (ACBs 2, 4, 6, and 8). The power supplies for the modeled components are 
listed in Table A.4-1.  

External Control Systems 

Various ACBs receive Keowee emergency start signals, under-voltage relay inputs, 
generator lockout relay signals, or transformer lockout signals. The effect of these signals 
on breaker function is further described in Section A.4.4, Instrumentation and Controls.  

Other System Boundaries 

N/A 

A.4.4 INSTRUMENTATION AND CONTROLS 

A.4.4.1 EMERGENCY START RELAYS 

ACBs 1 and 2 receive emergency start signals to trip. This isolates the Keowee units from 
the switchyard while the Oconee loads are load shed. The emergency start signal also 
begins a timing sequence for both breakers. After 6.5 seconds, ACB- 1 receives a 
permissive to close if required. ACB-2 receives a similar permissive in 4 seconds. The 
stagger on the timing assures that both breakers would not attempt to close 
simultaneously, possibly tying the two units together when not synchronized.  
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A.4.4.2 UNDER-VOLTAGE RELAYS 

27T/1X and 27T/2X 

UV relays 27T/1X and 27T/2X (which are model MG-6 relays) monitor voltage on the 
13.8 kV bus. They provide a permissive to close to ACB-l (27T/1X) and ACB-2 
(27T/2X). These permissives prevent automatic closure of the ACB if the 13.8 kV bus 
happens to be energized from some other source, e.g. the other unit or from the grid, 
when the unit may not be synchronized with the other source.  

27/IX, 27/2X, 27/CX1, and 27CX2 
UV relays 27/iX, 27/2X, and 27/CX1 and 27/CX2 (which are model MG-6 relays) 
monitor voltage on the 600 V ac side of transformers IX, 2X, and CX respectively. These 
relays incorporate a 4 second time delay so that a momentary loss of voltage does not 
result in a control action. Through auxiliary relays, these UV relays provide control 
functions for ACBs 5, 6, 7, and 8.  

* ACB-5 receives a signal from 27/IX to trip if voltage is lost at transformer IX and a 
permissive to close if voltage is available from transformer IX.  

* ACB-6 receives a signal from 27/2X to trip if voltage is lost at transformer 2X and a 

permissive to close if voltage is available from transformer 2X.  

* ACB-7 receives a signal from 27/CX1 to trip if voltage is lost at transformer CX and 
a permissive to close if voltage is available from transformer CX.  

* ACB-8 receives a signal from 27/CX2 to trip if voltage is lost at transformer CX and 
a permissive to close if voltage is available from transformer CX.  

A.4.4.3 LOCKOUT RELAYS 

Generator lockout relays 86E-1 (Unit 1) and 86E-2 (Unit 2) provide trip signals to their 
respective output breakers, ACBs 1 and 3, and ACBs 2 and 4.  

Main step-up transformer lockout relay 86T provides control to prevent closure of, or to 
trip, those ACBs which are required to isolate the overhead transformer, ACBs 1, 2, 5, 
and 7.  
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CT4 lockout relay 86EF provides a trip signal to those breakers which are required to 
isolate the underground feeder bus, ACBs 3 and 4.  

Transformer CX lockout relay provides a trip signal to those breakers which are required 
to isolate the transformer, ACBs 6 and 8.  

Load center lockout relays 86S/1X, load center lX, and 86S/2X, load center 2X, provide 
a trip signal to those breakers which are required to isolate their respective load centers, 
ACBs 5 and 7, and ACBs 6 and 8.  

A.4.4.4 INTERLOCKS BETWEEN ACBS 

On each Keowee unit the underground and overhead breakers are interlocked such that 
the overhead breaker (ACB-1 or ACB-2) can not close automatically if its respective 
underground breaker (ACB-3 or ACB-4) is aligned to the underground path. Alignment 
to the underground path is indicated when both the breaker and its associated disconnect 
are closed.  

The underground supply breakers (ACB-3 and ACB-4) are interlocked with each other 
such that ACB-3(4) can not be closed from the control room if ACB-4(3) is aligned to the 
underground path. Alignment to the underground path is indicated when both the breaker 
and its associated disconnect are closed.  

The auxiliary power breakers are interlocked with each other so that a 600 V ac load 
center can be fed from only one source at a time. ACB-5 and ACB-7 are interlocked such 
that ACB-5(7) can not close automatically or manually from the control room if ACB-7(5) 
is closed.  

A.4.4.5 INTERLOCKS WITH OTHER KEOWEE SYSTEMS/COMPONENTS 

The overhead supply breakers (ACB-1 and ACB-2) are interlocked with the generator 
field breaker of its respective unit such that the ACB can not close unless the generator 
field breaker is closed.  

A.4-7



ACBs 5, 6, 7, and 8 have automatic or manual control as selected on switchgear IX and 
2X. This feature is further described in Section A.4.7.3.  

A.4.5 LOCATION WITHIN THE PLANT 

The ACBs are located within the Keowee powerhouse on the operating floor, elevation 
702'. Additionally, ACBs 3 and 4 are located within a missile protected vault.  

A.4.6 NORMAL OPERATION 

ACB-1 or ACB-2 is closed when its respective Keowee unit is being used to generate to 
the grid. When the unit is not generating to the grid, the breaker is open.  

The underground supply breaker (ACB-3 or ACB-4) on the Keowee unit dedicated to the 
underground path is closed at all times. If that unit is generating to the grid, the 
underground path is energized all the way through transformer CT4 at Oconee.  

Current operating restrictions do not allow the Keowee unit dedicated to the underground 

to generate to the grid.  

The Keowee unit dedicated to the underground path receives auxiliary ac power from 
transformer CX by closing its respective load center feeder breaker from transformer CX, 
ACB-7 (Unit 1) or ACB-8 (Unit 2). For the underground unit, the supply from 
transformer CX becomes the preferred source of ac power in an emergency start situation.  
This is further described in Section A.4.7.3.  

The Keowee unit dedicated to the overhead path receives auxiliary ac power through its 
respective transformer on the 13.8 kV bus (IX or 2X) This is accomplished by closing the 
appropriate load center feeder breaker, ACB-5 (Unit 1) or ACB-6 (Unit 2). For the 
overhead unit, the 13.8 kV bus transformer becomes the preferred source of auxiliary ac 
power in an emergency start situation. This is further described in Section A.4.7.3.  

At least every 30 days the unit assigned to the underground supply is swapped to the 
overhead and vice versa.  

A.4-8



A.4.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

A.4.7.1 ACB-1 AND ACB-2 

If ACB-1 or ACB-2 is closed when an emergency start signal is received, the breaker is 
tripped. After a time delay of 6.5 seconds on Unit I and 4 seconds on Unit 2, the trip 
signal is removed and a permissive is present to allow the breaker to close as required.  
For the unit not aligned to the underground path, the overhead ACB will close if the 
following conditions are met: 
* there is no main step-up transformer lockout 
* the 13.8 kV bus is de-energized 
* the unit's generator field breaker is racked in and closed 
* the ACB's disconnect is closed 
* the main step-up transformer disconnect is closed 
* the unit's underground supply ACB is open or the disconnect is open 
* a train A or B switchyard isolate complete signal is present 
* air pressure in the ACB accumulator is above the block setpoint 

A.4.7.2 ACB-3 AND ACB-4 

Normally, either ACB-3 or ACB-4 is closed. No breaker operation is required if the unit 
designated to the underground path starts successfully.  

When NSM-ON-52966 is placed in service, the operation of ACBs 3 and 4 will be altered.  
If the unit aligned to the underground path is generating to the grid when an emergency 
start signal is received, the corresponding underground supply breaker will open and then 
close in order to connect the unit to the underground path. The opening operation is 
intended to protect the Oconee loads from the potential over-frequency condition.  

A.4.7.3 ACBS 5, 6, 7, AND 8 

As noted in Section A.4.6, each unit's auxiliary ac power system has a preferred source of 
power depending on whether the unit is designated for the underground or the overhead 
path. ACBs 5 and 7 are controlled and interlocked to provide power to Unit I from any 
available source. ACBs 6 and 8 are similarly controlled for Unit 2. The following 
description of breaker operation is applicable to these pairs of breakers.  
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If voltage is lost to the preferred source of auxiliary ac power, a 4 second time delay 
begins. If voltage is not restored within this interval, the ACB closed on the preferred 
source is tripped. At this time, a 30 second timing sequence begins. During this interval, 
the ACB to the preferred source will re-close if voltage is available from this source even 
if voltage is available at the alternate source as well. If voltage is available only on the 
alternate source, then the ACB to the alternate supply will close. This ACB will remain 
closed as long as voltage is available on this supply even if the preferred source is re
energized. Under-voltage relays at the transformers provide the voltage sensing for 
control of the ACBs.  

A.4.8 TEST AND MAINTENANCE 

Testing 

The test procedures applicable to the ACBs are detailed in Table A.4-3.  

Maintenance 

The maintenance procedures applicable to the ACBs are detailed in Table A.4-4.  

A.4.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.4-5.  

A.4.10 ASSUMPTIONS 

A.4.10.1 SYSTEM DESIGN ASSUMPTIONS 

Adequate air pressure is available for ACB operations as long as the pressure is above the 
alarm setpoint.  

A.4.10.2 OPERATIONAL ASSUMPTIONS 

1. The underground and overhead unit assignments are swapped at least every 30 
days.  
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2. One channel of the under-voltage relays 27T/IX and 27T/2X are tested every 
refueling outage.  

3. Under-voltage relays 27/1X, 27/2X, 27/CX1, and 27/CX2 are tested on an annual 
basis.  

4. The time delay relays 52-lTD and 52-2TD are tested annually.  

A.4.10.3 MODELING ASSUMPTIONS 

The following assumptions have been made in the development of the fault trees for the 
Air Circuit Breakers.  

1. The breaker failure type codes (CHO, CHT, CHC) are not included as they would 
be redundant to modeling the failures of the breaker component parts.  

2. ACB-1, 2, 3, 4 trip and closing coils are adequately modeled as solenoid valves.  

3. Passive failures of air piping and check valve failures which could go undetected 
by the low pressure alarm and result in breaker failure are not probabilistically 
significant.  

4. Mis-positioning of valves on the breaker air plumbing is considered in the 
quantification of the latent human error.  

5. Breaker, disconnect, and relay contacts are not modeled as moving independently 
of the primary device. That is, the contacts fail only when the primary device fails.  

6. ACBs 1 and 2 control power fuses blown or control power disconnects left open 
would be alarmed. These failures are not modeled due to the low probability of 
going undetected.  

7. The presence of a main step-up transformer lock-out (86T) or a switchgear 
lockout (86S/IX or 86S/2X) prior to a LOOP would be indicated on the statalarm 

panel and therefore these failures are not included in the ACB-5, 6, 7, 8 fail to 
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close gates. Failures of these relays are included as run failures in the breaker 
transfers open logic.  

8. Relays 83S1X and 83S2X identify the primary and alternate supplies for 
switchgear centers lX and 2X respectively. Transfer of the relay out of the 
correct position does not contribute to failure since the auto-throwover logic 
always causes the switchgear to connect to which ever source is available 
regardless of whether it is the primary or alternate.  

9. Leaving the control power disconnects in the open position is considered in the 
quantification of the open and close latent human errors for ACBs 5, 6, 7, 8.  

Failure (transfers position) of under-voltage relay (27/1X, 27/2X, 27CX1, or 27CX2) 
prior to the LOOP could result in a plant configuration different than that assumed for the 
analysis. Since this transfer of ACBs 5, 6, 7, or 8 would be expected to be detected early, 
the exposure to this failure is small and would not contribute to the breaker failure 
probability. Failure of these relays prior to the mission is not included in the tree.  

A.4. 11 FAULT TREE ANALYSIS 

A.4.1 1.1 TOP EVENT SUCCESS CRITERIA 

Air circuit breaker operation is successful if the breaker moves to the required position 
and remains in that position for the required 24 hour mission .  

A.4.11.2 DETAILED FAILURE CRITERIA 

N/A 

A.4.11.3 DESCRIPTION OF FAULT TREE 

The ACBs fault tree is shown in Figure A.4-9. The Fault Tree Modeling Guidelines 
(Appendix B) were followed in developing the fault tree. A list of all fault tree top events 
(19 events in all) is presented in Table A.4-8. A list of all fault tree transfers is presented 
in Table A.4-6.  
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The specific failure of a breaker (failure to open or failure to close) that is required for the 
Keowee analysis is explicitly included as a top event (e.g., Air Circuit Breaker 2 Fails To 
Close, and Air Circuit Breaker 7 Fails To Open). In some cases the operation of one of 
the ACBs is dependent on operation of one of the other ACBs and these intra-model 
transfers are included.  

Failure events considered in the trees include breaker failures due to either mechanical or 
electrical problems. In general, adequate generic data bases are available for electrical 
components, relays, switches, fuses, and solenoids. These failures are modeled explicitly 
through the basic events involving failures of these components. The mechanical failures 
have been developed from the plant specific data collected on the Keowee breakers.  
These generally are modeled as undeveloped events in the fault trees.  

The tree structure allows the analysis of the Keowee reliability with the features of NSM
ON-52966, described in Appendix E. The branches of the tree that incorporate this NSM 
have an impact on the solution only when the event defining the inclusion of this 
modification is set appropriately.  

Human events impacting the model are described in Section A.4.11.4.  

Common-cause events impacting the model are described in Section A.4.11.6.  

A.4.11.4 HUMAN INTERACTIONS 

The success or failure of the Air Circuit Breakers to perform their function is impacted by 
several human actions. Those events explicitly included in the system fault tree are 
discussed below. Refer to Section 5.5 and Appendix C.3 for information on the 
quantification of human error events.  

ACBxOPENLHE, ACBxCLOSLHE 

(x = 1 through 8 as appropriate) 

These basic events account for the potential of the plant personnel to fail to properly 
restore the ACBs. Post-maintenance testing is expected to detect the majority of errors.  
However, some errors may escape detection and fail the breaker at some future time.  
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ABEOPRCRECABPOPRCREC 

These events consider the opportunity for the operators to close ACBs 2 and 4 
respectively in order to complete the power path alignment. The fault tree includes these 
possible operator actions to recover from potential failures, mostly control system failures.  

A.4.11.5 RELIABILITY DATA 

Reliability data used in the Air Circuit Breaker analysis are listed in Table A.4-9.  

Section 5.3 discusses development of the reliability data. For the base case solution, the 
plant-specific failure rate data and generic failure rate data were combined using a 
Bayesian update.  

A.4.11.5.1 Exposure Times 

Time dependent failures require an exposure time for determination of the failure 
probability. Failure times have been established based on the consideration of the time 
since the last test or operation of the component. Table A.4-9 contains a brief explanation 
of the rational used in determining the exposure time for each time dependent failure.  

A.4.11.5.2 Undeveloped Events 

The following undeveloped events (DEX) are included in the ACB fault tree. Refer to 
Table A.4-9 for descriptions of these events. In quantifying these events, Air Circuit 
Breakers 1,2,3 and 4 are considered in the same component population. Even though the 
current carrying capacity of ACBs 3 and 4 is different than that of ACBs 1 and 2, they are 
identical in the construction of the openning and closing mechanisms. Including all four 
breakers in the same component population is appropriate. ACBs 5, 6, 7, and 8 are 
considered together as a component population.  
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AB1MECHDEX (AB[2,31MECHDEX): Air Circuit Breaker 1(23) Fails To Open Due 
To Mechanical Failure.  

The 2/28/90 event, from Table A.4-5, involving a bad blast valve is considered a failure of 
ACB-2 to open since the blast valve functions to extinguish the arc when the breaker 
opens.  

ABlMECHDEX, AB2MECHDEX, and AB3MECHDEX are quantified by considering 
the one component failure to open in the population over the total demands to open for 
the population.  

1/(Unit I starts + Unit 2 starts +(2 x (6 1+10)) = 1.5 1E-04/demand 

With one breaker demand for the emergency operation of Keowee, AB 1 MECHDEX = 

AB2MECHDEX = AB3MECHDEX = 1.5 1E-04 

AB2MCH2DEX AB[3,4]MCH2DEX: Air Circuit Breaker 2 (3,4) Fails To Close Due To
Mechanical Failure.  

The 8/21/87 and 11/28/92 events, from Table A.4-5, are failures of ACB-2 and ACB-3 to 
close 

AB2MCH2DEX, AB3MCH2DEX and AB4MCH2DEX are quantified by considering the 
two component failures to close over the total demands of the four breakers to close.  

2/(Unit 1 starts + Unit 2 starts +(2 x (61+10)) = 3.02E-04/demand 

With one breaker demand for the emergency operation of Keowee, AB2MCH2DEX = 

AB3MCH2DEX = AB4MCH2DEX = 3.02E-04 

ACBAIRPDEX: ACB Air Supply Fails Causing Low Pressure In All ACB Accumulators 

Failure of the ACB Air System may lead to loss of air pressure. All of the ACBs leak to 
varying degrees, therefore, loss of the compressors eventually leads to loss of air pressure 
in all of the ACB accumulators.  

This event is developed on the assumption that the loss of air supply is dominated by a 
common cause failure of the air compressors to start during a black start of the Keowee 
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units. From the Catawba PRA data, the air compressor fails to start value is 1.00E-02.  
Using a generic Beta factor of 0.1 the common cause failure to start is calculated to be 
1.00E-03. This value is then doubled to provide some allowance for failure modes not 
explicitly considered.  

The value of ACBAIRPDEX = 2.OOE-03 

This failure is included in the ACB4CLOSE gate logic. The demand for ACB-4 to close is 
a recovery action and may come late enough in the mission for the air pressure to decay to 
a low value due to leakage.  

AB6MECHDEX (AB7MECHDEX): Air Circuit Breaker 6(7) Fails To Open Due To 
Mechanical Failure.  

There are no failure to open events for ACBs 5, 6, 7, or 8 in the event data base.  

These breakers are manipulated during the monthly swap of the unit alignments.  
Additionally, they are tested annually.  

AB5MECHDEX, AB6MECHDEX, AB7MECHDEX, and AB8MECHDEX are 
quantified by using the chi-squared distribution as discussed in Section 5.3.  

0.455/(2x4x(61+10)) = 8.01E-04/demand 

With one breaker demand for the emergency operation of Keowee, AB5MECHDEX 
AB6MECHDEX = AB7MECHDEX = AB8MECHDEX = 8.01 E-04 

AB5MCH2DEX (AB[6, 7, 81MCH2DEX): Air Circuit Breaker 5([6, 7, 81) Fails To Close 
Due To Mechanical Failure.  

The failure to close events on 10/19/92 for ACBs 5 and 7 resulted from impact spring 
failures. Other failure to close events for ACBs 5, 6, 7, and 8 contained in Table A.4-5 
are all due to the X-relay failures or to the slow relay pick-up experienced when the X
relays were first replaced. The X-relays have all been replaced and timers installed to 
correct the pick-up problem, therefore, these events are not included in the failure 
computation for these basic events.  
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Since the breaker controls are modeled explicitly, failures of these components, if they 
were still part of the breaker construction, would have been modeled in the control 
component failures and not included in the DEX calculation. The DEX calculation 
includes those failures that are mechanical in nature and not explicitly modeled elsewhere.  
Two failure to close events, applicable to the current breaker construction, are found in 
Table A.4-5.  

AB5MCH2DEX, AB6MCH2DEX, AB7MCH2DEX, and AB8MCH2DEX are quantified 
by using the chi-squared distribution as discussed in Section 5.3.  

2/(4x(6 I + 10)) = 7.04E-03/demand 

With one breaker demand for the emergency operation of Keowee, AB5MCH2DEX = 

AB6MCH2DEX = AB7MCH2DEX = AB8MCH2DEX = 7.04E-03 

ABlACCUDEX (ABl3. 4. 51 ACCUDEX): Air Circuit Breaker 1([2. 3, 41) Accumulator 
Air Pressure Low.  

The different current carrying capacities of ACBs I and 2, and 3 and 4 are not believed to 
affect the availability of adequate air pressure in the accumulators. They are considered a 
single population for the calculation of these basic events. The accumulator pressure DEX 
for a breaker is applied to both the failure to open and failure to close gates for the 
respective breaker.  

No ACB failures due to low air pressure are identified in Table A.4-5.  

ABlACCUDEX, AB2ACCUDEX, AB3ACCUDEX, and AB4ACCUDEX are quantified 
by using the chi-squared distribution as discussed in Section 5.3. The number of unit 
starts is much larger than the ACB 3 and 4 operations and is assumed to dominate the 
total demands.  

0.455/(2x(Unit I starts + Unit 2 starts)) = 3.5 1E-05/demand 

With one breaker demand for the emergency operation of Keowee, AB I ACCUDEX = 

AB2ACCUDEX = AB3ACCUDEX = AB4ACCUDEX = 3.5 1E-05.  
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AK2GATEDEX: Wicket Gate Limit Switch Indicates Gate Position Is Below No-load 
Settingz 

This event is having the gate position limit switch falsely indicate that the gate position is 
below no load. There are no reported failures of this device in the Keowee operational 
data.  

This failure is quantified as a spurious operation of a limit switch over the 24 hour mission.  
From the McGuire PRA, the spurious operation of a limit switch occurs with the failure 
rate of 8.80E-07/hour.  

For the 24 hour nission, AK2GATEDEX = 2.11 E-05.  

YKl(2)86N2DEX: Keowee Unit 1(2) Normal Lock-out Actuates 

The events on 8/1/88, 8/18/88, and 5/10/84, from Table C.1-1 of Appendix C, are 
actuations of the normal lockout relay.  

YKl86N2DEX and YK286N2DEX are quantified by considering the 3 failures over the 
total run hours of the Keowee units.  

3/(Unit I run hours+Unit 2 run hours) = 3.09E-4/hour 

For the 24 hour mission, YK186N2DEX = YK286N2DEX = 7.41E-03.  

A.4.11.6 COMMON-CAUSE ASSESSMENT 

AB23BKRCOM, AB24BKRCOM 

These events consider the potential for the breakers that are required to close (either 2 &3 
or 2 & 4) failing to do so due to a common cause. These ACBs share many common 
elements in their design and construction. The potential for common cause failures of the 
breakers is assumed to exist.  

Quantification of these events is discussed in the common cause failure analysis, described 
in Section 5.4 and Appendix C.2.  
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A.4.12 RESULTS 

Tables A.4-10 through A.4 -28 lists the dominant minimal cut sets (failure sequences) for 
the Air Circuit Breaker top events. A list of dominant contributors to unavailability is 
given in Tables A.4-29 through A.4-47.  

The dominant contributors to the unavailability of the Air Circuit Breakers tend to be the 
control relay failures, latent human errors and breaker mechanical failures.  

A.4.13 REFERENCES 

A.4.13.1 DOCUMENTS 

1. OSS-0254.00-00-2005, Keowee Emergency Power Design Basis Document 

A.4.13.2 PROCEDURES 

1. MP/O/A/2000/053, Monthly Surveillance Test of ACB No. 3 and No. 4 Interlock 

2. PT/O/A/0620/016, Keowee Hydro Emergency Start Test 

3. MP/O/A/2000/068, Monthly Surveillance Test Of Overhead Emergency Feed Path 
"B" Finger 

4. OP/1/A/2000/50, Unit No. 1 Electromechanical Relay ACB Trip Test 

5. OP/O/A/2000/044, Keowee Emergency Power Path And Auxiliary Alignment 

6. OP/O/A/2000/045, Auxiliary Power Transfer Test 

7. MP/O/A/2001/02, ACB Inspection and Maintenance 

8. OP/O/A/2000/005, ACB No. 1 

9. OP/O/A/2000/007, ACB No. 3 
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10. OP/O/A/2000/009, ACB No. 5 

11. AP/0/A/2000/002, Keowee Hydro Station Emergency Start 

12. OP/0/A/2000/049, Auxiliary Power Transfer Test 

A.4.13.3 DRAWINGS 

1. K-700, Rev. 9, One Line Diagram, Relays and Meters 13.8-230kV.  

2. KEE-27-1, Rev. 4, Keowee Hydro Station Units No. I & 2, Elementary Diagram, 

600V Switchgear No. 1X ACB-5 and ACB-7.  

3. KEE-27-2, Rev. 4, Keowee Hydro Station Units No. 1 & 2, Elementary Diagram, 

600V Switchgear No. 2X ACB-6 and ACB-8.  

4. KEE-27-3, Rev. 4, Keowee Hydro Station Units No. I & 2, Elementary Diagram, 

600V Switchgear No. IX Auto Thrower Relaying.  

5. KEE-27-3-1, Rev. 1, Keowee Hydro Station Units No. 1 & 2, Elementary 

Diagram, 600V Switchgear No. 2X Auto Thrower Relaying.  

6. KEE- 1l2-2, Rev. 9, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Field Breaker.  

7. KEE-212-2, Rev. 9, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Excitation System Generator Field Breaker.  

8. KEE-113, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System Start-up Controls.  

9. KEE-213, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Master Control System Start-up Controls.  

10. KEE-113-5, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 
Master Control System Turbine Miscellaneous Relaying.  
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11. KEE-213-5, Rev. 5, Keowee Hydro Station Unit No. 2. Elementary Diagram, 
Master Control System Turbine Miscellaneous Relaying.  

12. KEE- 114, Rev. 12, Keowee Hydro Station Unit No. 1. Elementary Diagram.  
Generator Control ACB-1 Control Circuit.  

13. KEE-214, Rev. 9, Keowee Hydro Station Unit No. 2. Elementary Diagram.  
Generator Control ACB-2 Control Circuit.  

14. KEE- 1l4-1, Rev. 13, Keowee Hydro Station Unit No. 1, Elementary Diagram.  
Generator Control ACB-3 Control Circuit.  

15. KEE-214-1, Rev. 10, Keowee Hydro Station Unit No. 2, Elementary Diagram, 
Generator Control ACB-4 Control Circuit.  

16. KEE- 114-3, Rev. 11, Keowee Hydro Station Unit No. 1, Elementary Diagram, 
Generator Control Normal and Emergency Lockout.  

17. KEE-214-3, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 
Generator Control Normal and Emergency Lockout.  
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Table A.4-1 

Air Circuit Breaker Power Supplies 

Component Power Supplyl Compartment Number 

ACB-1 125 V dc DC IDA 3CL 

ACB-2 125 V de DC 2DA 3CL 

ACB-3 125 V dc DC IDA 3CC 

ACB-4 125 V dc DC 2DA 3CC 

ACB-5 125 V dc DC 1DA 4AL 

ACB-6 125 V dc DC 2DA 2AL 

ACB-7 125 V de DC IDA 4AL 

ACB-8 125 V dc DC 2DA 2AL 

1 DC = Distribution Center



TableA.4-2(Page 1 of 2) 
Table A.4-2 

Air Circuit Breaker External Controls 

Component Signal 

ACB-1 Emergency Start Relays 1ESRX/1A and IESRX/1B to Open 

ACB-2 Emergency Start Relays 2ESRX/1A and 2ESRX/IB to Open 

Switchyard Isolate Complete Signal to Close 

Generator Field Breaker Is Closed Permissive to Close 

Overhead Transformer Lock-out Permissive (no lock-out) 

ACB-3 None (pre-modification) 

IESRX/1A and IESRX/1B to Open (post-modification) 

Overfrequency Relays Signal to Close (post-modification)
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Table A.4-2 

Air Circuit Breaker External Controls 

Component Signal 

ACB-4 Close on Indication of Main Transformer Lock-out and Unit 1 
Generator Emergency Lock-out (post-modification) 

ACB-5 None 

ACB-6 None 

ACB-7 None 

ACB-8 None



Table A.4-3 

Air Circuit Breaker Test Procedures 

Procedure Test Frequency Description 

MP/0/A/2000/053 Monthly Monthly Functional test of interlock circuitry 
Surveillance Test of ACB No. 3 between ACB No. 3 and ACB No. 4.  and No. 4 Interlock 

PT/O/A/0620/016 Keowee Hydro Periodic Demonstrate the operability of each 
Emergency Start Test Keowee unit's emergency start circuitry 

from each control room.  

MP/O/A/2000/068 Monthly Monthly Test of interlock circuitry between ACB Surveillance Test Of Overhead No. I and ACB No. 3, and between ACB Emergency Feed Path "B" Finger No. 2 and ACB No. 4.  
Circuitry.  
OP/O/A/2000/049 Auxiliary Power Annually Verifies proper operation of the auto 
Transfer Test 

throwover circuits on ACBs 5 through 8.



Table A.4-3 (Page 2 of 2) 

Air Circuit Breaker Test procedures 

Procedure 
Test Frequency Description 

OP/1/A/2000/,50 Unit No. lElectro-Mechani Quarterly Verify tripping of ACB No. I and ACB 
Rela ACB T.I etc No. 3 on actuation of the GENERATOR 

GROUND FAULT OVERVOLTAGE 
relay 59GN- I 

OP/0/A/2000/044Motl 

Keowee Emergency Power Path Monthly Change the alignment of the Keowee units 
And Auxiliary Alignment and the auxiliary power source.  

OP/[}/A/2000/
0 44  Proi O/Auliary PwPeriodic 

Demonstrate the ability of the 600 V ac Auxiliary Power Transfer Test 
load center to close its auxiliary and 
normal feeder breakers with the 
appropriate time delays.



Table A.4-4 

Air Circuit Breaker Mantenance Prcedures 

Procedure 
Maintenance Frequency Description 

M/O/A/2001/ 0 2  Annual 
Establishes the requirements ACB Inspection and 
for the inspection and Maintenace 
maintenance of the ACBs.  

OP/O/A/2000/005 As needed Removal from service and 
ACB No. 1Ieoa rm evc n 

restoration to service of 
ACB No. 1 

OP/O/A/2000/00 7  As needed Removal from service and ACB No. 3 Rmvlfo evc n 
restoration to service of 
ACB No. 3 

OP/O/A/2000/009 As needed Removal from service and 
ACB No. 5 Rmvlfo evc n 

restoration to service of 
ACB No. 5
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Table A.4-5 

Air Circuit Breaker Significant Operating Events 

Date Unit Component Event Summary 

1-31-87 1 ACB-5 Oconee was performing a test on PCB 8 and 9 
when ACB-5 tripped. Would not re-close.  

8-21-87 1 ACB-3 Oconee attempted to line unit I up to the under
ground but they could not get ACB-3 to close due 
to a loose terminal.  

2-28-90 2 ACB-2 ACB-2 out of service to replace a bad Blast Valve 
Pin in ACB-2.  

3-1-92 1 ACB-5 After Oconee had completed the performance of a 
Switchyard test and had closed PCB's 8 & 9, 
ACB-5 failed to close automatically.  

7-17-92 2 ACB-8 Keowee Operator found blown fuse in ACB-8 
closing circuit during a time when Unit 1 was out 
of service and Unit 2 was lined up to feed CT4 
and the standby busses with Unit 2 auxiliaries 
being fed through ACB-6. This made Unit 2 
technically inoperable.  

9-29-92 2 ACBh2 During the performance of post-mod. testing, it 
was discovered that ACB-2 did not close immed
iately after opening ACB-l as the procedure 
required.  

10-19-92 1 ACB-5, ACB-7 Oconee LOOP Event - Initially Unit 1 was 
generating to the grid and Unit 2 was lined up to 
the underground path. When the Swyd Isolation 
and the 1st ES actuation occurred, ACB- 1 tripped 
and then re-closed. Unit 2 started and was 
supplying CT4. The K Operator tripped ACB- I 
which de-energized all of Keowee's auxiliaries.  
ACB-5 and ACB-7 failed to transfer as designed 
to re-energize the SX Swgr.  an0h s Satain curd C- rpe
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Table A.4-5 

Air Circuit Breaker Significant Operating Events 

Date Unit Component Event Summary 

10-19-92 2 ACB-8 Oconee LOOP Event - Following the Keowee 
Operator tripping ACB-1 and relay operation in 
the Oconee 230 KV switchyard causing a Main 
Transformer lockout, ACB-8 failed to close to re
energize 2X.  

10-20-92 1 ACB-5 While testing the ACB5/ACB7 swap-over 
function, ACB 5 failed to close when ACB 7 was 
tripped.  

10-22-92 1 ACB-I Unit I had just been shut down and a cabinet 
inspection team was performing a cabinet 
inspection in Cabinet lLCl at Keowee when they 
discovered a broken lug on Emergency Start 
Timer 52-lTD (contact 4A) which trips ACB-1 
on receipt of an ES signal.  

11-24-92 2 ACB-6, ACB-8 While attempting to tie Keowee Unit 2 to the 
overhead after a successful Emergency Start Test 
of both units, feeder breakers for load center 2X, 
ACB-6 and ACB-8, would not close manually, 
which left Keowee Unit-2 without power.  

11-28-92 2 ACB-2 Keowee Unit 2 was started for system generation 
but ACB-2 would not close either automatically 
or manually. The operator found a smoking relay 
in the ACB-2 cabinet.
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Table A.4-6 

Air Circuit Breaker Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

YKlSTRTINT Keowee 1 Emergency Start Aux ACB-1 

Relays 1ESRX/lA & 1ESRX/IB Fail 

YK2STRTINT Keowee 2 Emergency Start Aux ACB-2, ACB-4 

Relays 2ESRX/1A & 2ESRX/1B Fail 

XDIDASRCES Loss of Power to 125 V dc ACB-1, ACB-4 

Distribution Center IDA During Start 

XD2DASRCES Loss of Power to 125 V dc ACB-2 

Distribution Center 2DA During Start 

XFMRI86T Main Step-up Transformer Lock Out ACB-2, ACB-5, 

Relay 86T Actuates ACB-6 

KU2STARTR Keowee Unit 2 Start Is Required ACB-2 

SPCISLTCPT Switchyard Isolate Complete Signal ACB-2 

Fails 

KU2RNNG Keowee Unit 2 Is Supplying The Grid ACB-2 

K2NOMAIN Keowee Unit 2 Is Not In ACB-2 

Maintenance
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Table A.4-6 

Air Circuit Breaker Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

KUIRNNG Keowee Unit I Is Supplying The Grid ACB-2, ACB-3 

NTACB4MOD NSM-ON-52966 Is In Service ACB-2, ACB-3, 

ACB-4 

FLDTRANS2 Keowee Unit 2 Field Breaker ACB-2 

Transfers Open 

GK286E2 Keowee Unit 2 Emergency Lock Out ACB-2, ACB-4 

Due To Spurious Actuation Of 

Generator Protective Relay 

U86EF Underground Feeder Lock Out Relay ACB-3, ACB-4 

86EF Picks UP 

GKl86El Keowee Unit 1 Emergency Lock Out ACB-3 

Due To Spurious Actuation Of 

Generator Protective Relay 

GKl86ElX Keowee Unit I Emergency Lock Out ACB-3 

Due To Spurious Actuation Of 

Generator Protective Relay



TableA.4-6(Page 
3 of 3) 

Table A.4-6 

Air Circuit Breaker Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

XDIDAR Loss Of Power On Keowee 1 125 V ACB-3, ACB-4 

dc Distribution Center IDA During 

Run 

XD2DAR Loss Of Power On Keowee 2 125 V ACB-4 

dc Distribution Center 2DA During 

Run 

YK2STR2INT Keowee 2 Emergency Start Aux ACB-4 

Relays 2ESRX/2A & 2ESRX/2B Fail



Table A.4-7 

Air Circuit Breaker Statalarms 

Point No. Alarm Actuator 

1SAl-21 ACB-1 AIR PRESS LOW 63TXI 

ISA1-22 ACB-3 AIR PRESS LOW 63TX3 
1SA2-41 EMERG. START ACB 1 CLOSED 52-1/b 
1SA2-42 EMERG. START ACB 3 CLOSED 52-3/b 
1SA1-50 UNIT 1 DC SUPPLY FAILURE "8" series relay 
2SA1-21 ACB-2 AIR PRESS LOW 63TX2 
2SA1-22 ACB-4 AIR PRESS LOW 63TX4 

2SA2-41 EMERG. START ACB 2 CLOSED 52-2/b 
2SA2-42 EMERG. START ACB 4 CLOSED 52-4/b 
2SAl-50 UNIT 2 DC SUPPLY FAILURE "8" series relay



Table A.4-8 

Air Circuit Breaker Fault Tree Top Events 

Gate Name Description 

ACB1OPEN Air Circuit Breaker 1 Fails To Open 

ACB2CLOSE Air Circuit Breaker 2 Fails To Close 

ACB20PEN Air Circuit Breaker 2 Fails To Open 

ACB2TRANS Air Circuit Breaker 2 Transfers Open 

ACB3CLOSE Air Circuit Breaker 3 Fails To Close 

ACB30PEN Air Circuit Breaker 3 Fails To Open 

ACB3TRANS Air Circuit Breaker 3 Transfers Open 

ACB4CLOSE Air Circuit Breaker 4 Fails To Close 

ACB4TRANS Air Circuit Breaker 4 Transfers Open 

ACB5CLOSE Air Circuit Breaker 5 Fails To Close 

ACB5TRANS Air Circuit Breaker 5 Transfers Open 

ACB6CLOSE Air Circuit Breaker 6 Fails To Close 

ACB60PEN Air Circuit Breaker 6 Fails To Open 

ACB6TRANS Air Circuit Breaker 6 Transfers Open 

ACB7CLOSE Air Circuit Breaker 7 Fails To Close 

ACB70PEN Air Circuit Breaker 7 Fails To Open 

ACB7TRANS Air Circuit Breaker 7 Transfers Open 

ACB8CLOSE Air Circuit Breaker 8 Fails To Close 

ACB8TRANS Air Circuit Breaker 8 Transfers Open
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AA1271PR6D Transformer 1X Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/1X Fails To Pick Up required.  

AA1271XR6T Transformer 1X Undervoltage 3.63E-07 /H 30 H Rule 4: Indicated by computer 1.09E-05 
Relay 27/1X Spuriously De- point.  
energizes 

AA127C1R6T Transformer CX Undervoltage 3.63E-07 /H 24 H Rule 3: Would align the unit 1 8.71E-06 
Relay 27/CX1 Spuriously.De- auxiliaries to transformer 1X.  
energizes This is not the assumed initial 

condition for the KPRA.  
Indicated by computer point.  

AA127CPR6D Transformer CX Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/CX1 Fails To Pick Up required.  

AA127R1RYT Auxiliary Relay 27X/CX1 3.60E-07 /H 24 H Rule 3: Would align the unit 1 8.64E-06 
Spurious Operation auxiliaries to transformer lx.  

This is not the assumed initial 
condition for the KPRA.  
Indicated by computer point.  

AA127XlRYD Auxiliary Relay 27X/1X Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AA127X1RYT Auxiliary Relay 27X/1X Spurious 3.60E-07 /H 384 H Rule 6:Spurious operation of the 1.38E-04 
Operation relay would be detected during 

the monthly swap by the trip of 
ACB-5.  

AA127X2R6D Transformer CX Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/CX1 Fails To Drop Out required.  

AA127XCRYD Auxiliary Relay 27/CX1 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AA186CXRYT Transformer CX Differential 3.60E-07 /H 24 H Rule 3: Indicated, and would 8.64E-06 
Lock Out Relay 86CX Spurious place Keowee in a different 
Operation condition than assumed for the 

analysis.  
AAl86SlRYT Switchgear 1X Lockout Relay 3.60E-07 /H 24 H Rule 3: Would put switchgear 1X 8.64E-06 

86S/1X Spurious Operation in maintenance.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

S 0i0
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AA187CXRYT Transformer CX Differential 3.60E-07 /H 24 H Rule 3: Would align the unit 1 8.64E-06 
Relay 87CX Spurious Operation auxiliaries to transformer lx.  

This is not the assumed initial 
condition for the KPRA.  
Indicated by computer point.  

AA2272PR6D Transformer 2X Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/2X Fails To Pick Up required.  

AA2272XR6D Transformer 2X Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/2X Fails To Drop Out required.  

AA2272XR6T Transformer 2X Undervoltage 3.63E-07 /H 24 H Rule 3: Would align the unit 2 8.71E-06 
Relay 27/2X Spuriously De- auxiliaries to transformer CX.  
energizes This is not the assumed 

condition for the KPRA.  
Indicated by computer point.  

AA227C2R6T Transformer CX Undervoltage 3.63E-07 /H 30 H Rule 4: Indicated by computer 1.09E-05 
Relay 27/CX2 Spuriously De- point.  
energizes 

AA227C2RYD Auxiliary Relay 27X/CX2 Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Operate On Demand required.  

AA227CPR6D Transformer CX Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay 27/CX2 Fails To Pick Up required.  

AA227R2RYT Auxiliary Relay 27X/CX2 3.60E-07 /H 384 H Rule 6:Spurious operation of the 1.38E-04 
Spurious Operation relay would be detected during 

the monthly swap by the trip of 
ACB-8.  

AA227T2R6D Transformer #1 Undervoltage 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Relay (27T/2X) Fails To Drop required.  
Out 

AA227X2RYD Auxiliary Relay 27X/2X Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AA227X2RYT Auxiliary Relay 27X/2X Spurious 3.60E-07 /H 24 H Rule 3: Would align the unit 2 8.64E-06 
Operation auxiliaries to transformer CX.  

This is not the assumed 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

condition for the KPRA.  
Indicated by computer point.  

AA286S2RYT Switchgear 2X Lockout Relay 3.60E-07 /H 24 H Rule 3: Would put switchgear 2X 8.64E-06 
86S/2X Spurious Operation in maintenance.  

ABOO4ECCDT DC Circuit Breaker 1DA-4EC 7.50E-08 /H 30 H Rule 4: Indicated by rounds. 2.25E-06 
Transfers Position 

AB0O86TRYD Keowee Main Tx Lock Out Relay 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
86T Fails To Operate On Demand required.  

ABO624CRYD Time Delay Relay 62-4c Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Operate On Demand required.  

AB086E1RYD Emergency Lock Out Relay 86E-1 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate On Demand required.  

ABO86TGRYD General Keowee Main Tx Lock Out 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Sensing Relay Fails To required.  
Operate 

AB152TCSVO Air Circuit Breaker 1 Trip Coil 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Fails To Operate required.  

ABlACCUDEX Air Circuit Breaker 1 3.51E-05 3.SlE-05 
Accumulator Air Pressure Low 

AB1FALTDEX Fault Occurs at ACB-1 When The 0 0.00E+00 
BReaker Trips 

AB1MECHDEX Air Circuit Breaker 1 Fails To 1.51E-04 1.51E-04 
Open Due To Mechanical Failure 

ABlOPENLHE Air Circuit Breaker 1 Fails To 2.60E-04 2.60E-04 
Open Due To A Latent Human 
Error 

AB1PS02PST Air Circuit Breaker 1 4.30E-07 /H 12 H Rule 5: Last demanded at unit 5.16E-06 
Accumulator Pressure Switch PS2 start.  
Fails Low 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

ABlRS2ZR6D Air Circuit Breaker 1 Relay 52Z 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate I . required.  

AB21521SWT Control Switch 152-2 Spurious 7.OOE-08 /H 30 H Causes trip of ACB-2. Half time 2.10E-06 
Operation between rounds plus the mission.  

AB22BV1RYT Backup Undervoltage Relay 2BV1 3.60E-07 /H 24 H Rule 3: Results in emergency 8.64E-06 
Spurious Operation lock-out.  

AB23BKRCOM Common Cause Failure Of Air 1.12E-04 1.12E-04 
Circuit Breakers 2 And 3 To 
Close 

AB24BKRCOM Common Cause Failure Of Air 1.12E-04 1.12E-04 
Circuit Breakers 2 And 4 To 
Close 

AB251G2RYT Air Circuit Breaker 2 3.60E-07 /H 24 H Rule 3: Indicated by event 8.64E-06 
Overcurrent Ground Relay 51G-2 recorder.  
Spurious Operation 

AB252CCSVO Air Circuit Breaker 2 Close 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Coil Fails To Operate required.  

AB252TCSVO Air Circuit Breaker 2 Trip Coil 2.90E-05 /D 1 D 1 demand per emergency start 2..90E-05 
Fails To Operate required.  

AB252TCSVT Air Circuit Breaker 2 Trip Coil 3.90E-07 /H 36 H Rule 6 method. Causes trip of 1.40E-05 
Spurious Operation ACB-2.  

AB252Y2R6D Air Circuit Breaker 2 Relay 52Y 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Failed To Drop Out Following required.  
Last Demand 

AB252Y2R6T Air Circuit Breaker 2 Y-relay 3.63E-07 /H 12 H Rule 6 method. Causes trip of 4.36E-06 
Spurious Operation ACB-2.  

AB2ACCUDEX Air Circuit Breaker 2 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB2CLOSLHE Air Circuit Breaker 2 Fails To 2.60E-04 2.60E-04 
Close Due To A Latent Human 
Error 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB2KEYISWT Air Circuit Breaker 2 Key 7.OOE-08 /H 12 H Rule 6 method. Causes trip of 8.40E-07 
Interlock Switch Transfers Open ACB-2.  

AB2MCH2DEX Air Circuit Breaker 2 Fails.To 3.02E-04 3.02E-04 
Close Due To Mechanical Failure 

AB2MECHDEX Air Circuit Breaker 2 Fails To 1.51E-04 1.51E-04 
Open Due To Mechanical Failure 

AB20PENLHE Air Circuit Breaker 2 Fails To 2.60E-04 2. 60E-04 
Open Due To A Latent Human 
Error 

AB2PSO2PST Air Circuit Breaker 2 4.30E-07 /H 12 H Half of the time since the last 5.16E-06 
Accumulator Pressure Switch PS2 start. Causes failure of ACB-2 
Fails Low to close.  

AB2PUSHPBT Trip Pushbutton On ACB2 2.40E-07 /H 36 H Rule 6 method. Causes trip of 8.64E-06 
Spurious Operation ACB-2.  

AB2R462RYT Air Circuit Breaker 2 Negative 3.60E-07 /H 24 H Rule 3: Indicated by event 8.64E-06 
Sequence Relay 46-2 Spurious recorder.  
Operation 

AB2R52XR6D Air Circuit Breaker 2 Relay 52X 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB2R52ZR6D Air Circuit Breaker 2 Relay 52Z 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB2R52ZR6T Air Circuit Breaker 2 Relay 52Z 3.63E-07 /H 36 H Rule 6 method. Causes trip of 1.31E-05 
Spurious Operation ACB-2.  

AB31523SWT Control Switch 152-3 Spurious 7.00E-08 /H 24 H Trips ACB-3. 1.68E-06 
Operation 

AB352CCSVO Air Circuit Breaker 3 Close 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Coil Fails To Operate required.  

AB352TCSVO Air Circuit Breaker 3 Trip Coil 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 
Fails To Operate required.  

AB352TCSVT Air Circuit Breaker 3 Trip Coil 3.90E-07 /H 24 H Trips ACB-3. 9.36E-06 
Spurious Operation 

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C. 1-4 
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB352Y2R6D Air Circuit Breaker 3 Relay 52Y 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Failed To Drop Out Following required.  
Last Demand 

AB352Y2R6T Air Circuit Breaker 3 Y-relay 3.63E-07 /H 360 H Rule 5.ACB-3 would not close. 1.31E-04 
Spurious Operation 

AB3ACCUDEX Air Circuit Breaker 3 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB3CLOSLHE Air Circuit Breaker 3 Fails To 2.60E-04 2.60E-04 
Close Due To Latent Human Error 

AB3MCH2DEX Air Circuit Breaker 3 Fails To 3.02E-04 3.02E-04 
Close Due To Mechanical Failure 

AB3MECHDEX Air Circuit Breaker 3 Fails To 1.51E-04 1.51E-04 
Open Due To Mechanical Failure 

AB3PS02PST Air Circuit Breaker 3 4.30E-07 /H 372 H Assumed ACB-3 would have to open 1.60E-04 
Accumulator Pressure Switch PS2 half way through the mission to 
Fails Low allow recovery by closing ACB-4.  

AB3PUSHPBT Trip Pushbutton On ACB3 2.40E-07 /H 24 H Trips ACB-3. 5.76E-06 
Spurious Operation 

AB3R52XR6D Air Circuit Breaker 3 Relay 52X 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB3R52ZR6D Air Circuit Breaker 3 Relay 52Z 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB3R52ZR6T Air Circuit Breaker 3 Relay 52Z 3.63E-07 /H 24 H Trips ACB-3. 8.71E-06 
Spurious Operation 

AB41523SWT Control Switch 152-4 Spurious 7.00E-08 /H 24 H Assumed that recovery via ACB-4 1.68E-06 
Operation was needed at the beginning of 

the mission.  
AB452CCSVO Air Circuit Breaker 4 Close 2.90E-05 /D 1 D 1 demand per emergency start 2.90E-05 

Coil Fails To Operate required.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB452TCSVT Air Circuit Breaker 4 Trip Coil 3.90E-07 /H 24 H Assumed that recovery via ACB-4 9.36E-06 
Spurious Operation was needed at the beginning of 

the mission.  
AB452Y2R6D Air Circuit Breaker 4 Relay 52Y 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 

Failed To Drop Out Following required.  
Last Demand 

AB452Y2R6T Air Circuit Breaker 4 Y-relay 3.63E-07 /H 372 H Half the time since the last 1.35E-04 
Spurious Operation- operation and assume ACB-4 is 

needed half way through the 
mission (360+12) 

AB4ACCUDEX Air Circuit Breaker 4 3.51E-05 3.51E-05 
Accumulator Air Pressure Low 

AB4CLOSLHE Air Circuit Breaker 4 Fails To 2.60E-04 2.60E-04 
Close Due To A Latent Human 
Error 

AB4CLSESWC Air Circuit Breaker 4 Close 1.OOE-05 /D 1 D 1 demand per emergency start 1.00E-05 
Switch Fails To Close On Demand required.  

AB4KEYISWT Air Circuit Breaker 4 Key 7.OOE-08 /H 372 H Half the time since the last 2.60E-05 
Interlock Switch Transfers Open operation and assume ACB-4 is 

needed half way through the 
mission (360+12) 

AB4LORESWT Air Circuit Breaker 4 7.OOE-08 /H 372 H Half the time since the last 2.60E-05 
Local/Remote Switch Contact operation and assume ACB-4 is 
Transfers Position needed half way through the 

mission (360+12) 
AB4MCH2DEX Air Circuit Breaker 4 Fails To 3.02E-04 3.02E-04 

Close Due To Mechanical Failure 

AB4PSO2PST Air Circuit Breaker 4 4.30E-07 /H 372 H Half the time since the last 1.60E-04 
Accumulator Pressure Switch PS2 operation and assume ACB-4 is 
Indicates Low Pressure needed half way through the 

mission (360+12) 
AB4PUSHPBT Trip Pushbutton On ACB-4 2.40E-07 /H 24 H Assumed that recovery via ACB-4 5.76E-06 

Spurious Operation was needed at the beginning of 
the mission.  

1 D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4



(Page 8 of 16) 
Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB4R52XR6D Air Circuit Breaker 4 Relay 52X 2.49E-04 /D 1 D 1 demand per emergency start 2.49E-04 
Fails To Operate required.  

AB4R52ZR6T Air Circuit Breaker 4 Relay 52Z 3.63E-07 /H 24 H Assumed that recovery via ACB-4 8.71E-06 
Spurious Operation was needed at the beginning of 

the mission.  
AB51OAlFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 

For X, Y And CC Fail position indication.  

AB51431LHE Manual/Auto Control Switch 3.20E-04 3.20E-04 
143/1 Left In Manual 

AB51431RYT Auxiliary Relay 143X/1 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spuriously Energizes alignment was swapped. ACB 5 

would fail to close.  
AB51431SWT Manual/Auto Control Switch 7.00E-08 /H 360 H Half the time since the unit 2.52E-05 

143/1 Spuriously Transfers Into alignment was swapped. ACB 5 
Manual would fail to close.  

AB552CCRYD Air Circuit Breaker 5 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Coil CC Fails On Demand required.  

AB5S2TCRYT Air Circuit Breaker 5 Trip Coil 3.60E-07 /H 384 H Rule 6:Half the time since the 1.38E-04 
52TC Spurious Operation unit alignment was swapped plus 

the mission. ACB 5 would fail 
to close or remain closed.  

AB552Y2RYT Air Circuit Breaker 5 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. ACB 5 

would fail to close.  
AB583S5RYD Time Delay Relay 83S5 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

Pick Up required.  
AB5CLOSLHE Air Circuit Breaker 5 Fails To 2.60E-04 2.60E-04 

Close Due To A Latent Human 
Error 

AB5KEYISWT Air Circuit Breaker 5 Key 7.00E-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. ACB 5 

would fail to close.  

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB5MCH2DEX Air Circuit Breaker 5 Fails To 7.04E-03 7.04E-03 
Close Due To Mechanical Failure 

AB5PUSHPBT Trip Pushbutton On ACB5 2.40E-07 /H 384 H Rule 6: Contributes to unit run 9.22E-05 
Spurious Operation failure by preventing closure of 

ACB 5.  
AB5R52XRYD Air Circuit Breaker 5 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

Fails To Operate - required.  

AB5RS2YRYD Air Circuit Breaker 5 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

AB610AlFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For X, Y And CC Fail position indication.  

AB610AFFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For Relay 27X/2X Fail position indication.  

AB61432LHE Manual/Auto Control Switch 3.20E-04 3.20E-04 
143/2 Left In Manual 

AB61432SWT Manual/Auto Control Switch 7.00E-08 /H 360 H Half the time since the unit 2.52E-05 
143/2 Spuriously Transfers Into alignment was swapped. ACB 6 
Manual would fail to close.  

AB652CCRYD Air Circuit Breaker 6 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Coil CC Fails On Demand required.  

AB652TCRYD Air Circuit Breaker 6 Trip Coil 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
52TC Fails Fails To Operate required.  

AB652TCRYT Air Circuit Breaker 6 Trip Coil 3.60E-07 /H 24 H Rule 1: Actuation prior to the 8.64E-06 
52TC Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB652Y2RYT Air Circuit Breaker 6 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. Would 

prevent ACB 6 from closing.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB6CLOSLHE Air Circuit Breaker 6 Fails To 2.60E-04 2.60E-04 
Close Due To A Latent Human 
Error 

AB6KEYISWT Air Circuit Breaker 6 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. Would 

prevent ACB 6 from closing.  
AB6MCH2DEX Air Circuit Breaker 6 Fails To 7.04E-03 7.04E-03 

Close Due To Mechanical Failure 

AB6MECHDEX Air Circuit Breaker 6 Fails To 8.01E-04 8.01E-04 
Open Due To Mechanical Failure 

AB60PENLHE Air Circuit Breaker 6 Fails To 3.20E-03 3.20E-03 
Open Due To A Latent Human 
Error 

AB6PUSHPBT Trip Pushbutton On ACB6 2.40E-07 /H 24 H Rule 1: Actuation prior to the 5.76E-06 
Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB6R52XRYD Air Circuit Breaker 6 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate required.  

AB6RS2YRYD Air Circuit Breaker 6 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

AB71OAlFUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For X, Y And CC Fail position indication.  

AB710AFFUF One Or More Air Circuit Breaker 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
7 Control Power Fuses Fail monitoring lights.  

AB752CCRYD Air Circuit Breaker 7 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Coil CC Fails On Demand required.  

AB752TCRYD Air Circuit Breaker 7 Trip Coil 3.30E-O5 /D 1 D 1 demand per emergency start 3.30E-05 
TC Fails On Demand required.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB752TCRYT Air Circuit Breaker 7 Trip Coil 3.60E-07 /H 24 H Rule 1: Actuation prior to the 8.64E-06 
52TC Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB752Y2RYT Air Circuit Breaker 7 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. Would 

prevent ACB 7 from closing.  
AB7CLOSLHE Air Circuit Breaker 7 Fails To 2.60E-04 2.60E-04 

Close Due To A Latent Human 
Error 

AB7KEYISWT Air Circuit Breaker 7 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. Would 

prevent ACB 7 from closing.  
AB7MCH2DEX Air Circuit Breaker 7 Fails To 7.04E-03 7.04E-03 

Close Due To Mechanical Failure 

AB7MECHDEX Air Circuit Breaker 7 Fails To 8.01E-04 8.01E-04 
Open Due To Mechanical Failure 

AB70PENLHE Air Circuit Breaker 7 Fails To 3.20E-03 3.20E-03 
Open Due To A Latent Human 
Error 

AB7PUSHPBT Trip Pushbutton On ACB7 2.40E-07 /H 30 H Rule 1: Actuation prior to the 7.20E-06 
Spurious Operation emergency start would place the 

units in a configuration that is 
abnormal and not consistent with 
the modeling assumptions.  

AB7R52XRYD Air Circuit Breaker 7 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate required.  

AB7R52YRYD Air Circuit Breaker 7 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

AB810A1FUF One Or More Control Power Fuses 3.60E-06 /H 6 H Rule 2: Indicated by loss of 2.16E-05 
For X, Y And CC Fail position indication.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4 
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AB81432RYT Auxiliary Relay 143X/2 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spuriously Energizes alignment was swapped. ACB 8 

would fail to close.  
AB852CCRYD Air Circuit Breaker 8 Close 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

Coil CC Fails On Demand required.  

AB852TCRYT Air Circuit Breaker 8 Trip Coil 3.60E-07 /H 384 H Rule 6: Would prevent ACB 8 from 1.38E-04 
52TC Spurious Operation closing or remaining closed.  

AB852Y2RYT Air Circuit Breaker 8 Y-relay 3.60E-07 /H 360 H Half the time since the unit 1.30E-04 
Spurious Operation alignment was swapped. ACB 8 

would fail to close.  
AB86E1ARYD Emergency Lock Out Aux. Relay 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

86E-la Fails To Operate On required.  
Demand 

AB86E1GRYD Keowee Unit 1 Emergency Lock 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Out Sensing Relay Fails To required.  
Operate 

AB883S8RYD Time Delay Relay 83S8 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick Up required.  

AB8KEYISWT Air Circuit Breaker 8 Key 7.OOE-08 /H 360 H Half the time since the unit 2.52E-05 
Interlock Switch Transfers Open alignment was swapped. ACB 8 

would fail to close.  
AB8MCH2DEX Air Circuit Breaker 8 Fails To 7.04E-03 7.04E-03 

Close Due To Mechanical Failure 

AB8PUSHPBT Trip Pushbutton On ACB8 2.40E-07 /H 384 H Rule 6: Would prevent ACB 8 from 9.22E-05 
Spurious Operation closing or remaining closed.  

AB8R52XRYD Air Circuit Breaker 8 Relay 52X 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Fails To Operate required.  

AB8R52YRYD Air Circuit Breaker 8 Relay 52Y 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Failed To Drop Out At Last required.  
Demand 

ABEOPRCRHE Operators Fail To Close Air 1 1.00E+00 
Circuit Breaker 2 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

ABPOPRCRHE Operators Fail To Close Air 9.OOE-03 9.OOE-03 
Circuit Breaker 4 

ACB4MOD NSM-ON-52966 Is Not In Service 1 1.OOE+00 
ACBAIRPDEX ACB Air Supply Fails Causing 2.OOE-03 2. 00E-03 

Low Pressure In All ACB 
Accumulators 

ACBTRIPCHE Operators Trip Generator.Output 0 0.00E+00 
ACBs 

AD1B4ALCDT Breaker 4AL In 125 V dc 7.50E-08 /H 30 H Breaker position change would be 2.25E-06 
Distribution Center 1DA discovered by loss of lights 
Transfers Open during rounds. It is assumed 

that the demand for ACB 5 could 
come at any time during the 
mission.  

AD1C3CCCDT Breaker 3CC In 125V dc 7.50E-08 /H 24 H Rule 1: Loss of power is 1.80E-06 
Distribution Center 1DA alarmed.  
Transfers Position 

AD1C3CLCDT Breaker 3CL In 125V dc 7.50E-08 /H 24 H Rule 1: Loss of power is 1.80E-06 
Distribution Center 1DA alarmed.  
Transfers Position 

AD1SCLRCDT Breaker 3CL In 125V dc 7.50E-08 /H 12 H The need for the recovery is 9.00E-07 
Distribution Center 1DA assumed to occur half way 
Transfers Position (Rec) through the mission.  

AD2B2ALCDT Breaker 2AL In 125V dc 7.50E-08 /H 30 H Breaker position change would be 2.25E-06 
Distribution Center 2DA discovered by loss of lights 
Transfers Open during rounds. It is assumed 

that the demand for ACB 6 could 
come at any time during the 
mission.  

AD2B3CCCDT Breaker 3CC In 125V dc 7.50E-08 /H 12 H The need for ACB 4 is assumed to 9.OOE-07 
Distribution Center 2DA occur half way through the 
Transfers Position mission.  

AD2C3CLCDT Breaker 3CL In 125V dc 7.50E-08 /H 24 H Rule 1: Breaker transferring 1.80E-06 
Distribution Center 2DA open would result in overhead 
Transfers Position transformer lock-out.  

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4 

* 0
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AK1141XRYD Auxiliary Relay 14GOV/1X Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Pick-up required.  

AK114GVDEX KU1 Magnetic Speed Switch 1.00E-04 1.00E-04 
System Fails 

AK121TDRYD Time Delay Relay 2-lTD Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick-up required.  

AK152TDRYD Time Delay Relay .52-lTD Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Pick-up required.  

AK152TDRYT Time Delay Relay 52-lTD 3.60E-07 /H 4380 H Tested annually. 1.58E-03 
Spurious Operation 

AK152XGRYD Relay 52XG/1 Fails To Pick Up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
When The Unit Is Started required.  

AK152XGRYT Relay 52XG/1 Spuriously Drops 3.60E-07 /H 2 H Relay used to indicate that unit 7.20E-07 
Out While The Unit Is Running 1 is generating to the grid.  

Assumed that the unit generates 
4 hours per day and used half of 
that time as the exposure time.  

AK1AX34RYT Relay 52AX/34 Spuriously Drops- 3.60E-07 /H 6 H Rule 2: Failure would be 2.16E-06 
out indicated during the rounds by 

loss of indicating light.  
AK1GV1XRYD Relay 14GOV/1X Fails To Pick-up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 

required.  
AK10FRQCOM KUl CCF Of 2/3 Overfrequency 3.30E-06 3.30E-06 

Relays To Reset When Frequency 
Drops 

AK1X34XRYT Relay 52AX/34X Spuriously 3.60E-07 /H 6 H Rule 2: Failure would be 2.16E-06 
Drops-out indicated during the rounds by 

loss of indicating light.  
AK212OSSST Turbine Overspeed Switch 4.20E-06 /H 36 H Rule 6: With other events could 1.51E-04 

Indicates Overspeed result in trip of ACB 2.  

AK2142XRYD Auxiliary Relay 14GOV/2X Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Pick-up required.  

AK214GVDEX KU2 Magnetic Speed Switch 1.00E-04 1.00E-04 
System Fails 

1D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor2  Probability 

AK222TDRYD Time Delay Relay 2-2TD Fails To 3 .30E-05 /D 1 D 1 demand per emergency start 3 .30E-05 
Pick-up required.  

AK252TDRYD Time Delay Relay 52-2TD Fails 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
To Operate required.  

AK252TDRYT Time Delay Relay 52-2TD 3.60E-07 /H 4380 H Tested annually. 1.58E-03 
Spurious Operation 

AK252WORYD KU2 Relay 52W Fails To Pick-up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
required.  

AK252XGRYD Auxiliary Relay 52XG/2 Fails To 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
Pick-up required.  

AK2GATEDEX Wicket Gate Limit Switch 2.11E-05 2.11E-05 
Indicates Gate Position Is 
Below No-load Setting 

AK2GV2XRYD Relay 14GOV/2X Fails To Pick-up 3.30E-05 /D 1 D 1 demand per emergency start 3.30E-05 
required.  

AK20FRQCOM KU2 CCF Of 2/3 Overfrequency 3.30E-06 3.30E-06 
Relays To Reset When Frequency 
Drops 

KU2RNNG Keowee Unit 2 Is Generating To 1.00E+00 1.00E+00 
The Grid 

WK1SPD2DEX Keowee Unit 1 Governor Failure 1.20E-04 1.20E-04 
Creates Overspeed Condition 

WK2SPD2DEX Keowee Unit 2 Governor Failure 1.20E-04 1.20E-04 
Creates Overspeed Condition 

KA1BKRSCOM CCF of 1X Aux Power Breakers 3.10E-04 3.10E-04 
ACB-5 & -7 

XA2BKRSCOM CCF of Aux Power Breakers ACB-6 3.10E-04 3. 10E-04 
& -8 

XA56BKRCOM Common Cause Failure Of ACB-5 3.10E-04 3.10E-04 
And ACB-6 To Close 

XA78BKRCOM Common Cause Failure Of ACB-7 3.10E-04 3. 10E-04 
And ACB-8 To Close 

YK286N2DEX Keowee Unit 2 Normal Lockout 7.41E-03 7.41E-03 
Activates 

1 D=Demand, H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

0 0 0
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Table A.4-9 

Air Circuit Breaker Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rational For Factor 2  Probability 

YK299SXRYT Shutdown Auxiliary Relay 99SX 3.60E-07 /H 24 H Rule 1 8.64E-06 
Spuriously Drops Out 

YKEMSRTCHE Operator Incorrectly Resets 0 0.OOE+00 
Keowee Emergency Start Signals 

1D=Demand, H=Hour 
2Rules for assigning basic event factors are discussed in Table C.1-4



Table A.4-10 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB IOPEN: ACB-I Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.58E-03 68.4% AK152TDRYT 1.58E-03 Time Delay Relay 52-lTD Spurious Operation 

2) 2.60E-04 11.3% AB10PENLHE 2.60E-04 Air Circuit Breaker 1 Fails To Open Due To A Latent Human Error 
3) 2.49E-04 10.8% AB1R52ZR6D 2.49E-04 Air Circuit Breaker 1 Relay 52Z Fails To Operate 

4) 1.51E-04 6.5% AB1MECHDEX 1.51E-04 Air Circuit Breaker 1 Fails To Open Due To Mechanical Failure 
5) 3.51E-05 1.5% ABlACCUDEX 3.51E-05 Air Circuit Breaker 1 Accumulator Air Pressure Low 

6) 2.90E-05 1.3% AB152TCSVO 2.90E-05 Air Circuit Breaker 1 Trip Coil Fails To Operate 

7) 5.16E-06 0.2% ABlPS02PST 5.16E-06 Air Circuit Breaker 1 Accumulator Pressure Switch PS2 Fails Low 
8) 1.80E-06 0.1% AD1C3CLCDT 1.80E-06 Breaker 3CL In 125V dc Distribution Center 1DA Transfers Position 

Total Event Probability = 2.31E-03



Table A.4-11 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB2CLOSE: ACB-2 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.02E-04 26.0% AB2MCH2DEX 3.02E-04 Air Circuit Breaker 2 Fails To Close Due To Mechanical 
Failure 

2) 2.49E-04 21.5% AA227T2R6D 2.49E-04 Transformer #1 Undervoltage Relay (27T/2X) Fails To 
Drop Out 

ABEOPRCRHE 1.00E+00 Operators Fail To Close Air Circuit Breaker 2 

3) 2.49E-04 21.5% AB2R52XR6D 2.49E-04 Air Circuit Breaker 2 Relay 52X Fails To Operate 

4) 2.49E-04 21.5% AB252Y2R6D 2.49E-04 Air Circuit Breaker 2 Relay 52Y Failed To Drop Out 
Following Last Demand 

5) 3.51E-05 3.0% AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 

6) 3.30E-05 2.8% ABEOPRCRHE 1.00E+00 Operators Fail To Close Air Circuit Breaker 2 

AK252TDRYD 3.30E-05 Time Delay Relay 52-2TD Fails To Operate 

7) 2.90E-05 2.5% AB252CCSVO 2.90E-05 Air Circuit Breaker 2 Close Coil Fails To Operate 

Total Event Probability = 1.16E-03



Table A.4-12 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB2CPEN: ACB-2 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.58E-03 68.4% AK252TDRYT 1.58E-03 Time Delay Relay 52-2TD Spurious Operation 
KU2RNNG 1.OOE+00 Keowee Unit 2 Is Supplying The Grid 

2) 2.60E-04 11.3% AB20PENLHE 2.60E-04 Air Circuit Breaker 2 Fails To Open Due To A Latent 
Human Error 

3) 2.49E-04 10.8% AB2R52ZR6D 2.49E-04 Air Circuit Breaker 2 Relay 52Z Fails To Operate 
4) 1.51E-04 6.5% AB2MECHDEX 1.51E-04 Air Circuit Breaker 2 Fails To Open Due To Mechanical 

Failure 
5) 3.51E-05 1.5% AB2ACCUDEX 3.51E-05 Air Circuit Breaker 2 Accumulator Air Pressure Low 
6) 2.90E-05 1.3% AB252TCSVO 2.90E-05 Air Circuit Breaker 2 Trip Coil Fails To Operate 
7) 5.16E-06 0.2% AB2PSO2PST 5.16E-06 Air Circuit Breaker 2 Accumulator Pressure Switch PS2 

Fails Low 
8) 1.80E-06 0.1% AD2C3CLCDT 1.80E-06 Breaker 3CL In 125V dc Distribution Center 2DA 

Transfers Position 
9) 1.20E-08 0.0% AK214GVDEX 1.00E-04 KU2 Magnetic Speed Switch System Fails 

WK2SPD2DEX 1.20E-04 Keowee Unit 2 Governor Failure Creates Overspeed 
Condition 

10) 3.96E-09 0.0% AK252TDRYD 3.30E-05 Time Delay Relay 52-2TD Fails To Operate 
WK2SPD2DEX 1.20E-04 Keowee Unit 2 Governor Failure Creates Overspeed 

Condition 
11) 3.96E-09 0.0% AK2GV2XRYD 3.30E-05 Relay 14GOV/2X Fails To Pick-up 

WK2SPD2DEX 1.20E-04 Keowee Unit 2 Governor Failure Creates Overspeed 
Condition 

Total Event Probability = 2.31E-03 

0 0



Table A.4-13 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB2TRANS: ACB-2 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.40E-05 21.9% AB252TCSVT 1.40E-05 Air Circuit Breaker 2 Trip Coil Spurious Operation 
2) 1.31E-05 20.5% AB2R52ZR6T 1.31E-05 Air Circuit Breaker 2 Relay 52Z Spurious Operation 
3) 8.64E-06 13.5% AB2R462RYT 8.64E-06 Air Circuit Breaker 2 Negative Sequence Relay 46-2 

Spurious Operation 
4) 8.64E-06 13.5% AB2PUSHPBT 8.64E-06 Trip Pushbutton On ACB2 Spurious Operation 
5) 8.64E-06 13.5% AB251G2RYT 8.64E-06 Air Circuit Breaker 2 Overcurrent Ground Relay 51G-2 

Spurious Operation 
6) 8.64E-06 13.5% AB22BV1RYT 8.64E-06 Backup Undervoltage Relay 2BVl Spurious Operation 
7) 2.10E-06 3.3% AB21521SWT 2.10E-06 Control Switch 152-2 Spurious Operation 

Total Event Probability = 6.38E-05



Table A.4-14 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB3CLOSE: ACB-3 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.02E-04 20.8% AB3MCH2DEX 3.02E-04 Air Circuit Breaker 3 Fails To Close Due To Mechanical 
Failure 

2) 2.60E-04 17.9% AB3CLOSLHE 2.60E-04 Air Circuit Breaker 3 Fails To Close Due To Latent 
Human Error 

3) 2.49E-04 17.2% AB3R52XR6D 2.49E-04 Air Circuit Breaker 3 Relay 52X Fails To Operate 
4) 2.49E-04 17.2% AB352Y2R6D 2.49E-04 Air Circuit Breaker 3 Relay 52Y Failed To Drop Out 

Following Last Demand 5) 1.60E-04 11.0% AB3PSO2PST 1.60E-04 Air Circuit Breaker 3 Accumulator Pressure.Switch PS2 
Fails Low 

6) 1.31E-04 9.0% AB352Y2R6T 1.31E-04 Air Circuit Breaker 3 Y-relay Spurious Operation 
7) 3.51E-05 2.4% AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 
8) 3.30E-05 2.3% AK121TDRYD 3.30E-05 Time Delay Relay 2-1TD Fails To Pick-up 
9) 2.90E-05 2.0% AB352CCSVO 2.90E-05 Air Circuit Breaker 3 Close Coil Fails To Operate 

Total Event Probability = 1.45E-03 

0 0 0



Table A.4-15 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB30PEN: ACB-3 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.49E-04 39.8% AB3R52ZR6D 2.49E-04 Air Circuit Breaker 3 Relay 52Z Fails To Operate 

2) 1.60E-04 25.6% AB3PSO2PST 1.60E-04 Air Circuit Breaker 3 Accumulator Pressure Switch PS2 

Fails Low 

3) 1.51E-04 24.1% AB3MECHDEX 1.51E-04 Air Circuit Breaker 3 Fails To Open Due To Mechanical 
Failure 

4) 3.51E-05 5.6% AB3ACCUDEX 3.51E-05 Air Circuit Breaker 3 Accumulator Air Pressure Low 

5) 2.90E-05 4.6% AB352TCSVO 2.90E-05 Air Circuit Breaker 3 Trip Coil Fails To Operate 

Total Event Probability= 6.26E-04



Table A.4-16 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB3TRANS: ACB-3 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 9.36E-06 36.7% AB352TCSVT 9.36E-06 Air Circuit Breaker 3 Trip Coil Spurious Operation 

2) 8.71E-06 34.2% AB3R52ZR6T 8.71E-06 Air Circuit Breaker 3 Relay 52Z Spurious Operation 

3) 5.76E-06 22.6% AB3PUSHPBT 5.76E-06 Trip Pushbutton On ACB3 Spurious Operation 

4) 1.68E-06 6.6% AB31523SWT 1.68E-06 Control Switch 152-3 Spurious Operation 

Total Event Probability = 2.55E-05 

0 0 0



Table A.4-17 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB4CLOSE: ACB-4 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 9.OOE-03 72.6% ABPOPRCRHE 9.OOE-03 Operators Fail To Close Air Circuit Breaker 4 

ACB4MOD 1.OOE+00 NSM-ON-52966 Is Not In Service 

2) 2.OOE-03 16.1% ACBAIRPDEX 2.OOE-03 ACB Air Supply Fails Causing Low Pressure In All ACB 

Accumulators 

3) 3.02E-04 2.4% AB4MCH2DEX 3.02E-04 Air Circuit Breaker 4 Fails To Close Due To Mechanical 
Failure 

4) 2.60E-04 2.1% AB4CLOSLHE 2.60E-04 Air Circuit Breaker 4 Fails To Close Due To A Latent 

Human Error 

5) 2.49E-04 2.0% AB452Y2R6D 2.49E-04 Air Circuit Breaker 4 Relay 52Y Failed To Drop Out 
Following Last Demand 

6) 2.49E-04 2.0% AB4R52XR6D 2.49E-04 Air Circuit Breaker 4 Relay 52X Fails To Operate 

7) 1.60E-04 1.3% AB4PSO2PST 1.60E-04 Air Circuit Breaker 4 Accumulator Pressure Switch PS2 

Indicates Low Pres 

8) 1.35E-04 1.1% AB452Y2R6T 1.35E-04 Air Circuit Breaker 4 Y-relay Spurious Operation 

Total Event Probability = 1.24E-02



Table A.4-18 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB4TRANS: ACB-4 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 9.36E-06 36.7% AB452TCSVT 9.36E-06 Air Circuit Breaker 4 Trip Coil Spurious Operation 

2) 8.71E-06 34.2% AB4RS2ZR6T 8.71E-06 Air Circuit Breaker 4 Relay 52Z Spurious Operation 

3) 5.76E-06 22.6% AB4PUSHPBT 5.76E-o6 Trip Pushbutton On ACB-4 Spurious Operation 

4) 1.68E-06 6.6% AB41523SWT 1.68E-06 Control Switch 152-4 Spurious operation 

Total Event Probability = 2.55E-05



Table A.4-19 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB5CLOSE: ACB-5 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 52.9% AB5MCH2DEX 7.04E-03 Air Circuit Breaker 5 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-03 24.1% AB70PENLHE 3.20E-03 Air Circuit Breaker 7 Fails To Open Due To A Latent 
Human Error 

3) 8.01E-04 6.0% AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical 
Failure 

4) 3.20E-04 2.4% AB51431LHE 3.20E-04 Manual/Auto Control Switch 143/1 Left In Manual 

5) 3.10E-04 2.3% XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 

6) 3.10E-04 2.3% XA56BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 

7) 2.60E-04 2.0% AB5CLOSLHE 2.60E-04 Air Circuit Breaker 5 Fails To Close Due To A Latent 
Human Error 

8) 2.49E-04 1.9% AA1271PR6D 2.49E-04 Transformer 1X Undervoltage Relay 27/1X Fails To Pick 
Up 

9) 2.49E-04 1.9% AA127X2R6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX1 Fails To Drop 
Out 

10) 1.30E-04 1.0% AB51431RYT 1.30E-04 Auxiliary Relay 143X/1 Spuriously Energizes 

11) 1.30E-04 1.0% AB552Y2RYT 1.30E-04 Air Circuit Breaker 5 Y-relay Spurious Operation 

Total Event Probability = 1.33E-02



Table A.4-20 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB5TRANS: ACB-5 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.38E-04 35.6% AA127X1RYT 1.38E-04 Auxiliary Relay 27X/1X Spurious Operation 

2) 1.38E-04 35.6% AB552TCRYT 1.38E-04 Air Circuit Breaker 5 Trip Coil 52TC Spurious 
Operation 

3) 9.22E-05 23.8% AB5PUSHPBT 9.22E-05 Trip Pushbutton On ACBS Spurious Operation 

4) 1.09E-05 2.8% AA1271XR6T 1.09E-05 Transformer 1X Undervoltage Relay 27/1X Spuriously De
energizes 

5) 8.64E-06 2.2% AA186S1RYT 8.64E-06 Switchgear 1X Lockout Relay 86S/1X Spurious Operation 

Total Event Probability = 3.88E-04



Table A.4-21 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB6CLOSE: ACB-6 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 79.9% AB6MCH2DEX 7.04E-03 Air Circuit Breaker 6 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-04 3.6% AB61432LHE 3.20E-04 Manual/Auto Control Switch 143/2 Left In Manual 

3) 3.10E-04 3.5% XAS6BKRCOM 3.10E-04 Common Cause Failure Of ACB-5 And ACB-6 To Close 

4) 3.10E-04 3.5% XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 

5) 2.60E-04 3.0% AB6CLOSLHE 2.60E-04 Air Circuit Breaker 6 Fails To Close Due To A Latent 
Human Error 

6) 2.49E-04 2.8% AA2272PR6D 2.49E-04 Transformer 2X Undervoltage Relay 27/2X Fails To Pick 
Up 

7) 1.30E-04 1.5% AB652Y2RYT 1.30E-04 Air Circuit Breaker 6 Y-relay Spurious Operation 

Total Event Probability = 8.81E-03



Table A.4-22 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB60PEN: ACB-6 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 68.4% AB6OPENLHE 3.20E-03 Air Circuit Breaker 6 Fails To Open Due To A Latent 
Human Error 

2) 8.01E-04 17.1% AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical 
Failure 

3) 3.20E-04 6.8% AB61432LHE 3.20E-04 Manual/Auto Control Switch 143/2 Left In Manual 

4) 2.49E-04 5.3% AA2272XR6D 2.49E-04 Transformer. 2X Undervoltage Relay 27/2X Fails To Drop 
Out 

Total Event Probability = 4.68E-03 

B e 0



Table A.4-23 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB6TRANS: ACB-6 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 8.71E-06 21.6% AA2272XR6T 8.71E-06 Transformer 2X Undervoltage Relay 27/2X Spuriously De
energizes 

2) 8.64E-06 21.4% AA227X2RYT 8.64E-06 Auxiliary Relay 27X/2X Spurious Operation 

3) 8.64E-06 21.4% AB652TCRYT 8.64E-06 Air Circuit Breaker 6 Trip Coil 52TC Spurious 
Operation 

4) 8.64E-06 21.4% AA286S2RYT 8.64E-06 Switchgear 2X Lockout Relay 86S/2X Spurious Operation 

5) 5.76E-06 14.3% AB6PUSHPBT 5.76E-06 Trip Pushbutton On ACB6 Spurious Operation 

Total Event Probability = 4.04E-05



Table A.4-24 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB7CLOSE: ACB-7 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 79.9% AB7MCH2DEX 7.04E-03 Air Circuit Breaker 7 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-04 3.6% AB51431LHE 3.20E-04 Manual/Auto Control Switch 143/1 Left In Manual 

3) 3.10E-04 3.5% XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 

4) 3.10E-04 3.5% XA1BKRSCOM 3.10E-04 CCF of 1X Aux Power Breakers ACB-5 & -7 

5) 2.60E-04 3.0% AB7CLOSLHE 2.60E-04 Air Circuit Breaker 7 Fails To Close Due To A Latent 
Human Error 

6) 2.49E-04 2.8% AA127CPR6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX1 Fails To Pick 
Up 

7) 1.30E-04 1.5% AB752Y2RYT 1.30E-04 Air Circuit Breaker 7 Y-relay Spurious Operation 

Total Event Probability = 8.81E-03 

0 0 0



0 0 0 

Table A.4-25 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB70PEN: ACB-7 Fails To Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 68.4% AB70PENLHE 3.20E-03 Air Circuit Breaker 7 Fails To Open Due To A Latent 
Human Error 

2) 8.01E-04 17.1% AB7MECHDEX 8.01E-04 Air Circuit Breaker 7 Fails To Open Due To Mechanical 
Failure 

3) 3.20E-04 6.8% AB51431LHE 3.20E-04 Manual/Auto Control Switch 143/1 Left In Manual 

4) 2.49E-04 5.3% AA127X2R6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX1 Fails To Drop 
Out 

Total Event Probability = 4.68E-03



Table A.4-26 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB7TRANS: ACB-7 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 8.71E-06 14.7% AA127ClR6T 8.71E-06 Transformer CX Undervoltage Relay 27/CX1 Spuriously 
De-energizes 

2) 8.64E-06 14.6% AA127R1RYT 8.64E-06 Auxiliary Relay 27X/CX1 Spurious Operation 

3) 8.64E-06 14.6% AB752TCRYT 8.64E-06 Air Circuit Breaker 7 Trip Coil 52TC Spurious 
Operation 

4) 8.64E-06 14.6% AA187CXRYT 8.64E-06 Transformer CX Differential Relay 87CX Spurious 
Operation 

5) 8.64E-06 14.6% AA186S1RYT 8.64E-06 Switchgear 1X Lockout Relay 86S/lX Spurious Operation 

6) 8.64E-06 14.6% AA186CXRYT 8.64E-06 Transformer CX Differential Lock Out Relay 86CX 
Spurious Operation 

7) 7.20E-06 12.2% AB7PUSHPBT 7.20E-06 Trip Pushbutton On ACB7 Spurious Operation 

Total Event Probability = 5.91E-05 

0 e S



Table A.4-27 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB8CLOSE: ACB-8 Fails To Close 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 7.04E-03 54.2% AB8MCH2DEX 7.04E-03 Air Circuit Breaker 8 Fails To Close Due To Mechanical 
Failure 

2) 3.20E-03 24.6% AB60PENLHE 3.20E-03 Air Circuit Breaker 6 Fails To-Open Due To A Latent 
Human Error 

3) 8.01E-04 6.2% AB6MECHDEX 8.01E-04 Air Circuit Breaker 6 Fails To Open Due To Mechanical 
Failure 

4) 3.20E-04 2.5% AB61432LHE 3.20E-04 Manual/Auto Control Switch 143/2 Left In Manual 

5) 3.10E-04 2.4% XA2BKRSCOM 3.10E-04 CCF of Aux Power Breakers ACB-6 & -8 

6) 3.10E-04 2.4% XA78BKRCOM 3.10E-04 Common Cause Failure Of ACB-7 And ACB-8 To Close 

7) 2.49E-04 1.9% AA227CPR6D 2.49E-04 Transformer CX Undervoltage Relay 27/CX2 Fails To Pick 
Up 

8) 2.49E-04 1.9% AA2272XR6D 2.49E-04 Transformer 2X Undervoltage Relay 27/2X Fails To Drop 
Out 

9) 1.30E-04 1.0% AB81432RYT 1.30E-04 Auxiliary Relay 143X/2 Spuriously Energizes 

10) 1.30E-04 1.0% AB852Y2RYT 1.30E-04 Air Circuit Breaker 8 Y-relay Spurious Operation 

Total Event Probability = 1.30E-02



Table A.4-28 

Air Circuit Breaker Dominant Minimal Cut Sets 

Cut Sets for Gate ACB8TRANS: ACB-8 Transfers Open 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 1.38E-04 34.1% AA227R2RYT 1.38E-04 Auxiliary Relay 27X/CX2 Spurious Operation 
2) 1.38E-04 34.1% ABB52TCRYT 1.38E-04 Air Circuit Breaker 8 Trip Coil 52TC Spurious 

Operation 
3) 9.22E-05 22.8% AB8PUSHPBT 9.22E-05 Trip Pushbutton On ACB8 Spurious Operation 
4) 1.09E-05 2.7% AA227C2R6T 1.09E-05 Transformer CX Undervoltage Relay 27/CX2 Spuriously 

De-energizes 
5) 8.64E-06 2.1% AA286S2RYT 8.64E-06 Switchgear 2X Lockout Relay 86S/2X Spurious Operation 
6) 8.64E-06 2.1% AA187CXRYT 8.64E-06 Transformer CX Differential Relay 87CX Spurious 

Operation 
7) 8.64E-06 2.1% AA186CXRYT 8.64E-06 Transformer CX Differential Lock Out Relay 86CX 

Spurious Operation 

Total Event Probability=4.05E-04



Table A.4-29 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability1  Contribution2 

Air Circuit Breaker 1 Fails To Open 

1 AK152TDRYT 1.58E-03 68.3% 

Time Delay Relay 52-1TD Spurious Operation 

2 ABIOPENLHE 2.59E-04 11.2% 

Air Circuit Breaker 1 Fails To Open Due To A 
Latent Human Error 

3 AB1R52ZR6D 2.49E-04 10.8% 

Air Circuit Breaker 1 Relay 52Z Fails To Operate 

4 ABlMECHDEX 1.51E-04 6.5% 

Air Circuit Breaker 1 Fails To Open Due To 
Mechanical Failure 

5 ABlACCUDEX 3.51E-05 1.5% 

Air Circuit Breaker 1 Accumulator Air Pressure 
Low 

6 AB152TCSVO 2.89E-05 1.3% 

Air Circuit Breaker 1 Trip Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-30 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 2 Fails To Close 

1 AB2MCH2DEX 2.82E-04 26.1% 
Air Circuit Breaker 2 Fails To Close Due To 
Mechanical Failure 

2 ABEOPRCRHE 2.49E-04 24.3% 
Operators Fail To Close Air Circuit Breaker 2 

3 AB252Y2R6D 2.49E-04 21.5% 
Air Circuit Breaker 2 Relay 52Y Failed To 

Drop Out Following Last Demand 
4 AB2R52XR6D 2.49E-04 21.5% 

Air Circuit Breaker 2 Relay 52X Fails To Operate 

5 AA227T2R6D 3.51E-05 21.5% 
Transformer #1 Undervoltage Relay (27T/2X) 
Fails To Drop Out 

6 AB2ACCUDEX 3.31E-05 3.0% 
Air Circuit Breaker 2 Accumulator Air 
Pressure Low 

7 AK252TDRYD 2.90E-05 2.9% 
Time Delay Relay 52-2TD Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-31 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 2 Fails To Open 

1 AK252TDRYT 1.58E-03 68.3% 
Time Delay Relay 52-2TD Spurious Operation 

2 AB20PENLHE 2.59E-04 11.2% 
Air Circuit Breaker 2 Fails To Open Due To A 
Latent Human Error 

3 AB2R52ZR6D 2.49E-04 10.8% 
Air Circuit Breaker 2 Relay 52Z Fails To Operate 

4 AB2MECHDEX 1.51E-04 6.5% 
Air Circuit Breaker 2 Fails To Open Due To 
Mechanical Failure 

5 AB2ACCUDEX 3.51E-05 1.5% 
Air Circuit Breaker 2 Accumulator Air Pressure 
Low 

6 AB252TCSVO 2.89E-05 1.3% 
Air Circuit Breaker 2 Trip Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-32 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution2 

Air Circuit Breaker 2 Transfers Open 

1 AB252TCSVT 1.40E-05 22.0% 
Air Circuit Breaker 2 Trip Coil Spurious 
Operation 

2 AB2R52ZR6T 1.31E-05 20.5% 
Air Circuit Breaker 2 Relay 52Z Spurious 
Operation 

3 AB2PUSHPBT 8.61E-06 13.5% 
Trip Pushbutton On ACB2 Spurious Operation 

4 AB22BV1RYT 8.61E-06 13.5% 
Backup Undervoltage Relay 2BV1 Spurious 
Operation 

5 AB2R462RYT 8.61E-06 13.5% 
Air Circuit Breaker 2 Negative Sequence Relay 
46-2 Spurious Operation 

6 AB251G2RYT 8.61E-06 13.5% 
Air Circuit Breaker 2 Overcurrent Ground Relay 
51G-2 Spurious Operation 

7 AB21521SWT 2.10E-06 3.3% 
Control Switch 152-2 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-33 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability1  Contribution 2 

Air Circuit Breaker 3 Fails To Close 

1 AB3MCH2DEX 3.OOE-04 21% 
Air Circuit Breaker 3 Fails To Close Due To 
Mechanical Failure 

2 AB3CLOSLHE 2.60E-04 18% 
Air Circuit Breaker 3 Fails To Close Due To Latent 
Human Error 

3 AB352Y2R6D 2.48E-04 17% 
Air Circuit Breaker 3 Relay 52Y Failed To Drop 
Out Following Last Demand 

4 AB3R52XR6D 2.48E-04 17% 
Air Circuit Breaker 3 Relay 52X Fails To Operate 

5 AB3PSO2PST 1.60E-04 11% 
Air Circuit Breaker 3 Accumulator Pressure Switch 
PS2 Fails Low 

6 AB352Y2R6T 1.30E-04 9% 
Air Circuit Breaker 3 Y-relay Spurious Operation 

7 AB3ACCUDEX 3.49E-05 2% 
Air Circuit Breaker 3 Accumulator Air Pressure 
Low 

8 AK121TDRYD 3.29E-05 2% 
Time Delay Relay 2-lTD Fails To Pick-up 

9 AB352CCSVO 2.89E-05 2% 
Air Circuit Breaker 3 Close Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-34 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 3 Fails To Open 

1 AB3R52ZR6D 2.49E-04 39.8% 
Air Circuit Breaker 3 Relay 52Z Fails To 
Operate 

2 AB3PSO2PST 1.60E-04 25.6% 
Air Circuit Breaker 3 Accumulator Pressure 
Switch PS2 Fails Low 

3 AB3MECHDEX 1.51E-04 24.1% 
Air Circuit Breaker 3 Fails To Open Due To 
Mechanical Failure 

4 AB3ACCUDEX 3.51E-05 5.6% 
Air Circuit Breaker 3 Accumulator Air Pressure 
Low 

5 AB352TCSVO 2.90E-05 4.6% 
Air Circuit Breaker 3 Trip Coil Fails To Operate 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-35 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 3 Transfers Open 

1 AB352TCSVT 9.36E-06 36.7% 
Air Circuit Breaker 3 Trip Coil Spurious 
Operation 

2 AB3R52ZR6T 8.7E-06 34.1% 
Air Circuit Breaker 3 Relay 52Z Spurious 
Operation 

3 AB3PUSHPBT 5.76E-06 22.6% 
Trip Pushbutton On ACB3 Spurious Operation 

4 AB31523SWT 1.68E-06 6.6% 
Control Switch 152-3 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-36 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 4 Fails To Close 

1 ACB4MOD 8.97E-03 72.3% 
NSM-ON-52966 Is Not In Service 

2 ABPOPRCRHE 8.94E-03 72.1% 
Operators Fail To Close Air Circuit Breaker 4 

3 ACBAIRPDEX 1.97E-03 15.9% 
ACB Air Supply Fails Causing Low Pressure In 
All ACB Accumulators 

4 AB4MCH2DEX 2.98E-04 2.4% 
Air Circuit Breaker 4 Fails To Close Due To 
Mechanical Failure 

5 AB4CLOSLHE 2.55E-04 2.1% 
Air Circuit Breaker 4 Fails To Close Due To A 
Latent Human Error 

6 AB452Y2R6D 2.46E-04 2.0% 
Air Circuit Breaker 4 Relay 52Y Failed To Drop 
Out Following Last Demand 

7 AB4R52XR6D 2.46E-04 2.0% 
Air Circuit Breaker 4 Relay 52X Fails To Operate 

8 AB4PSO2PST 1.57E-04 1.3% 
Air Circuit Breaker 4 Accumulator Pressure 
Switch PS2 Indicates Low Pres 

9 AB452Y2R6T 1.33E-04 1.1% 
Air Circuit Breaker 4 Y-relay Spurious Operation 

I The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-37 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 4 Transfers Open 

1 AB452TCSVT 9.36E-06 36.7% 
Air Circuit Breaker 4 Trip Coil Spurious 
Operation 

2 AB4R52ZR6T 8.7E-06 34.1% 
Air Circuit Breaker 4 Relay 52Z Spurious 
Operation 

3 AB4PUSHPBT 5.76E-06 22.6% 
Trip Pushbutton On ACB-4 Spurious Operation 

4 AB41523SWT 1.68E-06 6.6% 
Control Switch 152-4 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-38 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 5 Fails To Close 

1 AB5MCH2DEX 7.01E-03 52.7% 
Air Circuit Breaker 5 Fails To Close Due To 
Mechanical Failure 

2 AB70PENLHE 3.18E-03 23.9% 
Air Circuit Breaker 7 Fails To Open Due To A 
Latent Human Error 

3 AB7MECHDEX 7.93E-04 6.0% 
Air Circuit Breaker 7 Fails To Open Due To 
Mechanical Failure 

4 AB51431LHE 3.17E-04 2.4% 
Manual/Auto Control Switch 143/1 Left In 
Manual 

5 XAlBKRSCOM 3.07E-04 2.3% 
CCF of IX Aux Power Breakers ACB-5 & -7 

6 XA56BKRCOM 3.07E-04 2.3% 
Common Cause Failure Of ACB-5 And ACB-6 
To Close 

7 AB5CLOSLHE 2.57E-04 1.9% 
Air Circuit Breaker 5 Fails To Close Due To A 
Latent Human Error 

8 AA127X2R6D 2.46E-04 1.9% 
Transformer CX Undervoltage Relay 27/CX 1 
Fails To Drop Out 

9 AA1271PR6D 2.46E-04 1.9% 
Transformer 1X Undervoltage Relay 27/1X Fails 
To Pick Up 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-39 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 5 Transfers Open 

1 AB552TCRYT 1.38E-04 35.6% 
Air Circuit Breaker 5 Trip Coil 52TC Spurious 
Operation 

2 AA127X1RYT 1.38E-04 35.6% 
Auxiliary Relay 27X1X Spurious Operation 

3 AB5PUSHPBT 9.20E-05 23.7% 
Trip Pushbutton On ACB5 Spurious Operation 

4 AA1271XR6T 1.09E-05 2.8% 
Transformer lX Undervoltage Relay 27/1X 
Spuriously De-energizes 

5 AA186S1RYT 8.65E-06 2.2% 
Switchgear 1X Lockout Relay 86S/1X Spurious 
Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-40 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution2 

Air Circuit Breaker 6 Fails To Close 

1 AB6MCH2DEX 7.03E-03 79.8% 
Air Circuit Breaker 6 Fails To Close Due To 
Mechanical Failure 

2 AB61432LHE 3.17E-04 3.6% 
Manual/Auto Control Switch 143/2 Left In Manual 

3 XA2BKRSCOM 3.07E-04 3.5% 
CCF of Aux Power Breakers ACB-6 & -8 

4 XA56BKRCOM 3.07E-04 3.5% 
Common Cause Failure Of ACB-5 And ACB-6 To 
Close 

5 AB6CLOSLHE 2.58E-04 2.9% 
Air Circuit Breaker 6 Fails To Close Due To A 
Latent Human Error 

6 AA2272PR6D 2.47E-04 2.8% 
Transformer 2X Undervoltage Relay 27/2X Fails 
To Pick Up 

7 AB652Y2RYT 1.29E-04 1.5% 
Air Circuit Breaker 6 Y-relay Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-41 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution2 

Air Circuit Breaker 6 Fails To Open 

1 AB60PENLHE 3.20E-03 68.3% 
Air Circuit Breaker 6 Fails To Open Due To A 
Latent Human Error 

2 AB6MECHDEX 8.OOE-04 17.1% 
Air Circuit Breaker 6 Fails To Open Due To 
Mechanical Failure 

3 AB61432LHE 3.19E-04 6.8% 
Manual/Auto Control Switch 143/2 Left In 
Manual 

4 AA2272XR6D 2.48E-04 5.3% 
Transformer 2X Undervoltage Relay 27/2X Fails 
To Drop Out 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-42 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability1  Contribution 2 

Air Circuit Breaker 6 Transfers Open 

1 AA2272XR6T 8.73E-06 21.6% 
Transformer 2X Undervoltage Relay 27/2X 
Spuriously De-energizes 

2 AB652TCRYT 8.65E-06 21.4% 
Air Circuit Breaker 6 Trip Coil 52TC Spurious 
Operation 

3 AA227X2RYT 8.65E-06 21.4% 
Auxiliary Relay 27X/2X Spurious Operation 

4 AA286S2RYT 8.65E-06 21.4% 
Switchgear 2X Lockout Relay 86S/2X Spurious 
Operation 

5 AB6PUSHPBT 5.78E-06 14.3% 
Trip Pushbutton On ACB6 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-43 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 7 Fails To Close 

1 AB7MCH2DEX 7.03E-03 79.8% 
Air Circuit Breaker 7 Fails To Close Due To 
Mechanical Failure 

2 AB51431LHE 3.17E-04 3.6% 
Manual/Auto Control Switch 143/1 Left In 
Manual 

3 XAlBKRSCOM 3.07E-04 3.5% 
CCF of 1X Aux Power Breakers ACB-5 & -7 

4 XA78BKRCOM 3.07E-04 3.5% 
Common Cause Failure Of ACB-7 And ACB-8 
To Close 

5 AB7CLOSLHE 2.58E-04 2.9% 
Air Circuit Breaker 7 Fails To Close Due To A 
Latent Human Error 

6 AA127CPR6D 2.47E-04 2.8% 
Transformer CX Undervoltage Relay 27/CX1 
Fails To Pick Up 

7 AB752Y2RYT 1.29E-04 1.5% 
Air Circuit Breaker 7 Y-relay Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-44 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 7 Fails To Open 

1 AB70PENLHE 3.20E-03 68.3% 
Air Circuit Breaker 7 Fails To Open Due To A 
Latent Human Error 

2 AB7MECHDEX 8.OOE-04 17.1% 
Air Circuit Breaker 7 Fails To Open Due To 
Mechanical Failure 

3 AB51431LHE 3.19E-04 6.8% 
Manual/Auto Control Switch 143/1 Left In Manual 

4 AA127X2R6D 2.48E-04 5.3% 
Transformer CX Undervoltage Relay 27/CX 1 Fails 
To Drop Out 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-45 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 7 Transfers Open 

1 AA127C1R6T 8.69E-06 14.7% 
Transformer CX Undervoltage Relay 27/CX1 
Spuriously De-energizes 

2 AB752TCRYT 8.63E-06 14.6% 
Air Circuit Breaker 7 Trip Coil 52TC Spurious 
Operation 

3 AA127RlRYT 8.63E-06 14.6% 
Auxiliary Relay 27X/CX1 Spurious Operation 

4 AA186S1RYT 8.63E-06 14.6% 
Switchgear lX Lockout Relay 86S/1X Spurious 
Operation 

5 AA186CXRYT 8.63E-06 14.6% 
Transformer CX Differential Lock Out Relay 
86CX Spurious Operation 

6 AA187CXRYT 8.63E-06 14.6% 
Transformer CX Differential Relay 87CX Spurious 
Operation 

7 AB7PUSHPBT 7.21E-06 12.2% 
Trip Pushbutton On ACB7 Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-46 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Air Circuit Breaker 8 Fails To Close 

1 AB8MCH2DEX 6.99E-03 53.8% 
Air Circuit Breaker 8 Fails To Close Due To 
Mechanical Failure 

2 AB60PENLHE 3.17E-03 24.4% 

Air Circuit Breaker 6 Fails To Open Due To A 
Latent Human Error 

3 AB6MECHDEX 7.90E-04 6.1% 
Air Circuit Breaker 6 Fails To Open Due To 
Mechanical Failure 

4 AB61432LHE 3.16E-04 2.4% 
Manual/Auto Control Switch 143/2 Left In 
Manual 

5 XA2BKRSCOM 3.06E-04 2.4% 
CCF of Aux Power Breakers ACB-6 & -8 

6 XA78BKRCOM 3.06E-04 2.4% 
Common Cause Failure Of ACB-7 And ACB-8 
To Close 

7 AA227CPR6D 2.46E-04 1.9% 
Transformer CX Undervoltage Relay 27/CX2 
Fails To Pick Up 

8 AA2272XR6D 2.46E-04 1.9% 
Transformer 2X Undervoltage Relay 27/2X Fails 
To Drop Out 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 

2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.4-47 

Air Circuit Breaker Dominant Contributors To Unavailability 

Approximate 
Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Air Circuit Breaker 8 Transfers Open 

1 AA227R2RYT 1.38E-04 34.1% 

Auxiliary Relay 27X/CX2 Spurious Operation 
2 AB852TCRYT 1.38E-04 34.1% 

Air Circuit Breaker 8 Trip Coil 52TC Spurious 
Operation 

3 AB8PUSHPBT 9.19E-05 22.7% 
Trip Pushbutton On ACB8 Spurious Operation 

4 AA227C2R6T 1.09E-05 2.7% 
Transformer CX Undervoltage Relay 27/CX2 
Spuriously De-energizes 

5 AA286S2RYT 8.63E-06 2.1% 
Switchgear 2X Lockout Relay 86S/2X Spurious 
Operation 

6 AA187CXRYT 8.63E-06 2.1% 
Transformer CX Differential Relay 87CX 
Spurious Operation 

7 AA186CXRYT 8.63E-06 2.1% 
Transformer CX Differential Lock Out Relay 
86CX Spurious Operation 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent
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A.5 KOE MREC TR 

A.5.1 OBJECTIVES 

The objective of this analysis is to develop a logic model of the Keowee Emergency 

Starting Sequences from the point that the individual Oconee units recognize the need for 

Keowee emergency start, to the positioning of electrical relays and solenoids that cause 

the Keowee turbine wicket gates to come under the control of their hydraulic governor 

units. This model is combined with the high-level model and remaining system models to 

form an integrated model for assessing the reliability of Keowee. Other objectives are to 

identify major contributors to system unreliability, significant potential human errors and 

common-cause failure modes.  

The scope of this analysis is limited to instrumentation and control equipment required to 

support a Keowee emergency start and run under load following a loss of off-site power 

event for an Oconee unit.  

A.5.2 EMERGENCY START DESIGN 

Each Keowee unit has its own automatic startup equipment contained in separate cubicles 

within the Keowee control room. The initiation of emergency startup is accomplished by 

control signals from either Oconee control area. Normal startup is by operator action 

while emergency startup is automatic. On emergency automatic startup, both units are 

started simultaneously; the unit tied to the underground feeder supplies that feeder to 

Transformer CT4, and the other unit is available to supply the Oconee Startup 

Transformers through a 230 kV overhead transmission line and the Oconee 230 kV 

switchyard. Each unit is capable of accepting full emergency power load as it accelerates 

from zero to rated speed and voltage within 23 seconds of the receipt of the emergency 

start signal. If the units are operating when the emergency start signal occurs, they are 

separated from the network, the switchyard yellow bus is isolated, and the unit not tied to 

the underground power path will reconnect to the 230 kV overhead transmission line in 

about 6.5 seconds (Unit 1) or 4.0 seconds (Unit 2) after the switchyard isolate complete 

signal is received.  
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A diagram of the Keowee emergency start logic is provided as Figure A.5- 1. The diagram 

shows the kinds of events or initiators that will actuate the Oconee 1, Channel A Keowee 

Emergency Start Relay KA. Not shown is the completely redundant Channel B that 

actuates Oconee 1, Keowee Emergency Start Relay KB. Each channel is sensitive to 

Engineered Safeguards (ESG) System initiators, Main Feeder Bus Monitor initiators, and 

External Grid Trouble Protection System (EGTPS) initiators, as well as a manual 

Emergency Start Pushbutton Switch in the Oconee 1 & 2 Control Room, and a manual 

Emergency Start Key-Switch in the Oconee 1 & 2 Cable Room. After a Keowee 

Emergency Start Relay has been picked up, it seals itself in until the signal is intentionally 

cleared by manual reset. The ESG System contact is also sealed in when the ESG System 

is actuated; therefore, when a Keowee Emergency Start Signal is initiated by an ESG 

signal, the ESG signal must be cleared before the Keowee Emergency Start signal can be 

cleared.  

The Oconee 2 Keowee Emergency Start Relays, CR2A and CR2B, are similarly actuated 

by automatic signals from the Unit 2 ESG System, and the Unit 2 Main Feeder Bus 

Monitor System. The relays can be manually actuated by Unit 2 local locked selector 

switches, 2SSW'A' for Channel A, and 2SSW'B' for Channel B. The Channel A, Keowee 

Emergency Start Relay CR2A is shown in Figure A.5-1. It should be noted that there is 

no EGTPS input to the Oconee 2 Keowee Emergency Start Relays.  

The Oconee 3, Keowee Emergency Start Relays, CR3A and CR3B, are actuated by 

automatic signals from the Unit 3 ESG System, and the Unit 3 Main Feeder Bus 

Monitoring System. The relays can be manually actuated by individual manual Emergency 

Start Pushbutton Switches in the Oconee 3 Control Room and manual Emergency Start 

Key-Switches in the Oconee 3 Cable Room. There is no EGTPS input to the Oconee 3 

Keowee Emergency Start Relays.  

The Keowee emergency start signal can be provided by any one of the Oconee units, but 

the EGTPS Keowee Emergency Start signal is applied to Oconee Unit 1 only. The 

EGTPS through relay STA provides a Keowee Start signal to Oconee Unit 1, Channel A 

Emergency Start Relay KA in the Oconee Unit 1 Control Room. The Channel B EGTPS, 

Keowee Emergency Start signal is applied through relay STB and actuates Emergency 

Start Relay KB in the Oconee 1 Control Room. The KA relay actuates four Emergency 

Start auxiliary relays at Keowee. Two of these are used in the Keowee Unit 1 Start Logic, 
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and the other two are used in the Unit 2 Start Logic. The four relays are described as 

follows: 

1. Channel A Emergency Start Auxiliary Relay lESRX/2A or Channel B counterpart 

1ESRX/2B must be picked up to complete one of several permissives that must be 

satisfied before the Keowee 1 Shutdown Auxiliary Relay (99SX) can be picked up, 

and 99SX must be picked up to start Keowee Unit 1.  

2. Channel A Emergency Start Auxiliary Relay 1ESRX/1A or Channel B counterpart 

1ESRX/1B must be picked up, or all of the Keowee 1 normal start permissives 

must be satisfied to satisfy one of three conditions needed to actuate the Keowee 1 

Master Relays 4A and 4B. The other two necessary conditions are Emergency 

Lockout Relay 86E-1 "not tripped" and the Unit 1 Startup Inhibit Key Switch 

3SUI "Uninhibited". 'Master Relay 4A picked up' is also one of the several 

permissives that must be satisfied to pick up 99SX in logic description 1 above.  

3. Channel A Emergency Start Auxiliary Relay 2ESRX/2A or Channel B counterpart 

2ESRX/2B must be picked up to complete one of the permissives necessary to 

pickup the Keowee 2 Shutdown Auxiliary Relay (99SX). The Keowee Unit 2 

logic is similar to the Keowee Unit 1 logic.  

4. Channel A Emergency Start Auxiliary Relay 2ESRX/lA or Channel B counterpart 

2ESRX/1B must be picked up, or all of the Keowee 2 normal start permissives 

must be satisfied to satisfy one of three conditions needed to actuate the Keowee 2 

Master Relays 4A and 4B. The other two necessary are Emergency Lockout 

Relay 86E-2 "not tripped" and the Unit 2 Startup Inhibit Key Switch 3SUI 

"Uninhibited".  

In addition to energizing the Master Relays and the Shutdown Auxiliary Relays, the 

Emergency Start Auxiliary Relays have the following functions: 

1. Energize the closing circuits of the Generator Field Breaker 41.  

2. Energize the closing circuits of the Generator Excitation Supply Breaker 41-52.  

3. Energize the closing circuits of the Field Flashing Breaker 31.  
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4. Energize the trip circuits of overhead breakers ACB- 1 and ACB-2 to ensure the 

separation of Keowee Units from the 230kV Switchyard.  

5. Energize the Partial Shutdown (Emergency Load) Solenoids 99SN.  

6. Block the Dashpot Bypass Solenoid 99BP.  

7. Block operation of the governor speed changer motor by the autosynchronizer.  

8. Block operation of the Motor Generator Relay 83.  

9. Block operation of the Lockout Auxiliary Relays 86EX-1 and 86EX-2 from any 

normal lockout relay actuation.  

10. Inhibit load frequency control.  

11. Block operation of the synchronizing relay.  

12. Bypass the normal lockout relay functions.  

After the Shutdown Auxiliary Relay 99SX is energized as part of the emergency start 

sequence, the following actions take place: 

1. The Shutdown Solenoid 99SD and the Partial Shutdown (Emergency Load) 

Solenoid 99SN are energized, and then the wicket gates open toward the preset 

50% position.  

2. At 37 RPM the Emergency Load Solenoid 99SN automatically de-energizes and 

the wicket gates move to the no load setting.  

3. At 122 RPM the Emergency Load Solenoid again energizes and the unit comes 

under governor control accelerating to 128.6 RPM.  

The Keowee unit tied to the underground power path is now available to supply power to 

the Standby Bus via CT-4 and the SK breakers. The Keowee unit tied to the overhead 
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power path will automatically energize the 230kV Switchyard by closing the overhead 

path ACB (ACB-1 or ACB-2) if switchyard isolation has occurred (ACB- 1 closes 6.5 

seconds after switchyard isolation or ACB-2 closes 4 seconds after switchyard isolation).  

When a Keowee Unit is operating in the Emergency Mode, actuation of any of the 

following devices will trip the unit: 

1. The Startup Inhibited Key operated switch 3SUI in the "inhibit" position 

2. Emergency Lockout Relay 86E 

3. Turbine Guide Bearing Low Oil Level Relay 63TB/1X 

4. Generator Bearing High Oil Level Relay 63BL/HX 

5. Generator Bearing Low Oil Level Relay 63BL/LXTD 

6. Generator Overspeed Switch (12) open, indicating the unit speed is greater than 

the trip setpoint.  

A.5.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

Control power for Channel A Emergency Start Auxiliary Relays (for Keowee 1 and 2) is 

supplied by 125 Vdc Distribution Center 1DA, and control power for Channel B 

Emergency Start Auxiliary Relays (for Keowee 1 and 2) comes from 125 Vdc Distribution 

Center 2DA. The Keowee Unit 1 turbine and governor startup control power is from 

Distribution Center IDA, and the Keowee Unit 2 turbine and governor startup control 

power is from Distribution Center 2DA.  

Control power for Oconee Units 1, 2, and 3, Channel A Keowee Emergency Start logic 

and Relays KA, CR2A, and CR3A comes from 125 Vdc Panelboards 1DIA, 2DIA, and 

3DIA respectively. Similarly, control power for the Channel B Keowee Emergency Start 
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logic and Relays KB, CR2B, and CR3B is from 125 Vdc Panelboards 1DIB, 2Df1, and 

3DIB3 respectively.  

External Control Systems 

The EGTPS (Appendix A. 3) provides the Keowee emergency start signals when it senses 

a loss of power in the 230 kV switchyard. Automatic emergency start signals are also 

provided to Keowee by the Engineered Safeguards Actuation System in each unit and by 

the Main Feeder Bus Monitor System in each unit 

A.5.4 INSTRUMENTATION AND CONTROLS 

Oconee 1 

The Oconee 1&2 Control Room has all the alarms and controls for normal operation of 

the Keowee Units. All controls of importance located on the Keowee control boards are 

duplicated in the Oconee 1&2 Control Room.  

When Oconee 1, Channel A(B) Keowee Emergency Start Relay KA (KB) is actuated the 

following indication is available: 

A red light on Emergency Power Switching Logic Panel 3, EPSLP3.  

A statalarm in the Control Room, 1SA15-28 (1SA14-28) Keowee Emergency 

Start Channel A (B) Logic Initiate.  

The status of the emergency start relay KA (KB) is also monitored by computer.  

An amber light is provided on EPSLP3 to indicate the availability of DC control power to 

the Channel A (B) Keowee emergency start logic.  

A statalarm in the Control Room, 1SAl5-29 (ISA14-29) Keowee Emergency Start 

Channel A (B) Logic DC Power Lost, indicates the loss of DC control power to the 

Channel A (B) emergency start logic.  
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A red coil monitor light is provided on EPSLP3 to monitor the circuit continuity through 

the Emergency Start Relay KA (KB). The light is lit when relay KA (KB) is de-energized.  

The status of the coil monitor relays is monitored by computer.  

On 1EPSLP3 Channel A (B) one red coil monitoring light monitors the continuity through 

the four Keowee emergency start auxiliary relays. The light is lit when the relays are de

energized. The status of the coil monitor relay is monitored by the plant computer.  

A red light on EPSLP3 and a statalarm, 1SA15-30 (lSA14-30) on lVB2 Switchyard 

Isolation Confirmed Channel A (B) Logic, indicates when the switchyard isolation 

auxiliary relay SIA (SIB) is energized. The status of the switchyard isolation relays are 

also monitored by the plant computer.  

Oconee 2 

When Oconee 2 Channel A (B) Keowee Emergency Start Relay CR2A (CR2B) is 

actuated the following indication is available: 

A red light on EPSLP3.  

A statalarm in the Control Room, 2SA15-28 (2SA14-28) Keowee Emergency 

Start Channel A (B) Logic Initiate.  

The status of the emergency start relay CR2A (CR2B) is also monitored by 

computer.  

An amber light is provided on EPSLP3 to indicate the availability of DC control power to 

the Channel A (B) Keowee emergency start logic.  

A statalarm in the Control Room, 2SA15-29 (2SA14-29) Keowee Emergency Start 

Channel A (B) Logic DC Power Lost, indicates the loss of DC control power to the 

Channel A (B) Keowee emergency start logic.  

A red coil monitor light is provided on EPSLP3 to monitor the circuit continuity through 

the Emergency Start Relay CR2A (CR2B). The light is lit when relay CR2A (CR2B) is 

de-energized. The status of the coil monitor relays is monitored by computer.  
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Oconee 3 

When Oconee 3 Channel A (B) Keowee Emergency Start Relay CR3A (CR3B) is 

actuated the following indication is available: 

A red light on EPSLP3.  

A statalarm in the Control Room, 3SA15-28 (3SA14-28) Keowee Emergency 

Start Channel A (B) Logic Initiate.  

The status of the emergency start relay CR3A (CR3B) is monitored by computer.  

An amber light is provided on EPSLP3 to indicate the availability of DC control power to 

the Channel A (B) Keowee emergency start logic.  

A statalarm in the Control Room, 3SA15-29 (3SA14-29) Keowee Emergency Start 

Channel A (B) Logic DC Power Lost, indicates the loss of DC control power to the 

Channel A (B) Keowee emergency start logic.  

A red coil monitor light is provided on EPSLP3 to monitor the circuit continuity through 

the Emergency Start Relay CR3A (CR3B). The light is lit when relay CR3A (CR3B) is 

de-energized. The status of the coil monitor relays is monitored by computer.  

Keowee 

The Keowee Control Room has sufficient controls, alarms, and indications to start, 

control, and run both units in manual or automatic control.  

A.5.5 LOCATION WITHIN THE PLANT 

The automatic startup circuitry for the Keowee units is in separate cubicles of the Keowee 

control room. The Oconee emergency power start signal circuitry is located in each 

Oconee control room and the cable rooms.  
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A.5.6 NORMAL OPERATION 

This analysis concerns emergency startup of the Keowee hydro-electric generators. The 

generator and the governor itself work the same for normal starts as they do for 

emergency starts. The difference between a normal start and run operation and an 

emergency start and run operation is the much greater number of permissive interlocks 

that must be satisfied to keep the master relays picked up during the normal start and run 

operation.  

A.5.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

The initiating event analyzed in this study is the LOOP. The LOOP initiates a dual 

channel EGTPS response and a dual channel Main Feeder Bus Monitor response in the 

affected Oconee unit(s). EGTPS Train A Output Relay STA or the Train B Output Relay 

STB actuates the Oconee 1 Keowee Emergency Start Relay KA or KB respectively. The 

unit 1 KA relay, the unit 2 CR2A relay, or the unit 3 CR3A relay will actuate the Keowee 

Channel A Emergency Start Auxiliary Relays, 1ESRX/1A, 1ESRX/2A, 2ESRX/1A, and 

2ESRX/2A. The unit 1 KB relay, the unit 2 CR2B relay, or the unit 3 CR3B relay will 
actuate the Keowee Channel B Emergency Start Auxiliary Relays, 1ESRX/1B, 

1ESRX/2B, 2ESRX/1B, and 2ESRX/2B. Keowee Unit 1(2) emergency start initiation is 

complete when any of the following emergency start auxiliary relay pairs are actuated: 

1. 1ESRX/lA and 1ESRX/2A (2ESRX/1A and 2ESRX/2A) 

2. 1ESRX/1A and 1ESRX/2B (2ESRX/1A and 2ESRX/2B) 

3. 1ESRX/1B and lESRX/2A (2ESRX/1B and 2ESRX/2A) 

4. 1ESRX/1B and 1ESRX/2B (2ESRX/1B and 2ESRX/2B) 
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A.5.8 TEST AND MAINTENANCE 

Testing 

The Degraded Grid and Switchyard Isolation Functional Test is performed during Oconee 
Unit I refueling. The test includes (1) functional verification of overhead ACB and PCB-9 
operation during switchyard isolation, (2) demonstration of the operability of the 
Degraded Grid Protection System (DGPS), (3) demonstration of the ability of the 

overhead Keowee unit to energize the 230 kV Yellow Bus for all three Oconee Units' 
Startup Transformers, and (4) demonstration of the capability to realign the 230 kV 
Yellow Bus back to the system grid while Oconee loads are being fed from the overhead 

Keowee unit.  

A.5.9 OPERATING EXPERIENCE 

There have been no reported instances of Keowee Emergency Start signal failures.  

A.5.10 ASSUMPTIONS 

A.5.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The Keowee Start/Run Model is comprised of the control circuitry that must be 

actuated to emergency start the Keowee turbine units through actuation of the 

governor control system. Keowee controls are assumed to be in their normal 

operating positions.  

2. The EGTPS and Keowee support systems are assumed to be in their normal 

operating configurations.  

A.5.10.2 OPERATIONAL ASSUMPTIONS 

1. The hot start sequence is challenged when the Keowee unit is running on the grid 

at the time the emergency start signal occurs.  
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2. The cold start sequence is challenged when the unit is idle, standing by for 

emergency operation at the time the emergency start occurs.  

A.5.10.3 MODELING ASSUMPTIONS 

1. The Keowee Start/Run model is a support system for the Keowee Hydro Unit 

Governor and Turbine System. The top events provide the sequence control logic 

component failures to the Keowee Hydro Unit Governor and Turbine System as 

follows: 

a. The Keowee Start/Run model top gate YK1CLDSTRT (Keowee 1 

Governor Control Fails During A Cold Start Sequence) is one of three OR 

gate inputs to the Keowee Hydro Unit Governor and Turbine top event, 

(Keowee Unit 1 Governor or Turbine Fails During a Cold Start).  

b. The Keowee Start/Run model top gate YK1HOTSTRT (Keowee 1 

Governor Control Fails During A Hot Start Sequence) is one of three OR 

gate inputs to the Keowee Hydro Unit Governor and Turbine top event, 

(Keowee 1 Governor Control Fails During a Cold Start).  

c. YK1RUNCNTL (Keowee 1 Governor Control Fails During Run) is one of 

three OR gate inputs to Keowee Hydro Unit Governor and Turbine System 

gate Keowee Unit 1 Governor Fails With the Unit Running.  

2. The Keowee Unit 2 model is symmetric to the Unit 1 model.  

3. Conditioning logic is applied in the high level logic model.  

A.5.11 FAULT TREE ANALYSIS 

A.5.1 1.1 TOP EVENT SUCCESS CRITERIA 

Success of the Keowee Start/Run function requires that the governor control successfully 

starts the Keowee Unit and governor control continues without failure for 24 hours.  
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A.5.11.2 DETALED FAILURE CRITERIA 

1. Failure of Keowee governor control during a cold start is the result of demand 
failures of the relays, solenoids, and a battery that must function during the 
Keowee emergency start sequence when the Keowee unit is initially in a standby 
state. This includes the transmittal of the start signal and proper operation of the 
turbine speed switches as the unit starts and approaches operating speed.  

2. Failure of Keowee governor control during a hot start involves the same potential 
failures that are involved in cold start except for the speed switches. There is no 
noticeable difference between the history of hot start and the history of cold start 

failure rates.  

3. Failure of Keowee governor control during run is influenced by time related 
failures of breakers, relays, solenoids, and switches over the 24 hr mission time of 
the emergency generator.  

A.5.11.3 DESCRIPTION OF FAULT TREE 

The Keowee Start/Run fault tree is shown in Figure A.5-2. The Fault Tree Modeling 

Guidelines (Appendix B) were followed in developing the fault tree. A list of all fault tree 
transfers is presented in Table A.5-4. Modules were not developed for the Keowee fault 
trees.  

Human reliability analysis was performed as described in Appendix C.3. Human events 
impacting the model are described in Section A.5.11.4.  

Common-cause analysis was performed as described in Appendix C.2. Common-cause 
events impacting the model are described in Section A.5.11.6.  

A.5.11.4 HUMAN INTERACTIONS 

Human actions by the operators or maintenance technicians can adversely affect Start/Run 
function circuit reliability. The normal Start/Run functions are initiated nearly every day 
and much more frequently than the emergency start functions. Any latent human error is 
expected to be discovered in the daily exercise of the function.  
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YKEMSRTCHE 

This commission error event accounts for the potential of an operator to reset an 

emergency start signal.  

A.5.11.5 RELIABILITY DATA 

Section 5.3 discusses development of the reliability data. For the base case solution, the 

plant-specific failure rate data and generic failure rate data were combined using a 

Bayesian update.  

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. Keowee Start/Run statalarms are listed in Table 

A.5-6.  

System reliability data is listed in Table A.5-6.  

A.5.11.6 COMMON-CAUSE ASSESSMENT 

The common cause failures of the Keowee Start/Run control circuitry are included in the 

Keowee PRA high level logic tree.  

A.5.12 RESULTS 

Reliability of the Keowee Start/Run function is defined as the probability that the system 

will succeed in supporting Keowee emergency operation (black start plus a 24 hour run).  

The system model yields a governor control failure probability of approximately 1.7E-04 

for a cold start, and 2.OE-04 for a 24-hr run. The model solution for failure of a hot start 

(unit running at the time the LOOP occurs) results in cut sets below the solve truncation 

limit of 1.OE-08. Thus, the reliability of each unit's governor control cold start is 99.98%, 

and the 24 hr run reliability is 99.98%.  
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Table A.5-7 and -8 lists the dominant minimal cut sets (failure sequences) for the Keowee 
Start/Run functions. The relative contribution to the total for each failure is shown in 

these tables.  
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Table A.5-1 

Keowee Start And Run Control Power Supplies 

Compartment 

Component Power Supply Number 

Keowee Emergency Keowee #1, 125 Vdc Power Supply 1DA-4CR 

Start Channel A Distribution Center IDA 

Keowee Emergency Keowee #2, 125 Vdc Power Supply 2DA-2CC 

Start Channel B Distribution Center 2DA 

ONS 1 Channel A, Keowee ONS1 125 Vdc Vital I&C Power 1DIA-2 

Emergency Start Relay, KA Distribution Center 1DIA 

ONS 1 Channel B, Keowee ONS 1125 Vdc Vital I&C Power 1DIB-2 

Emergency Start Relay, KB Distribution Center 1DIB 

ONS2 Channel A, Keowee ONS2 125 Vdc Vital I&C Power 2DIA-2 

Emergency Start Relay CR2A Distribution Center 2DIA 

ONS2 Channel B, Keowee ONS2 125 Vdc Vital I&C Power 2DIB-2 

Emergency Start Relay CR2B Distribution Center 2DIB 

ONS3 Channel A, Keowee ONS3 125 Vdc Vital I&C Power 3DIA-2 

Emergency Start Relay CR3A Distribution Center 3DIA 

ONS3 Channel B, Keowee ONS3 125 Vdc Vital I&C Power 3DIB-2 

Emergency Start Relay CR3B Distribution Center 3DIB



Table A.5-2 

Keowee Start And Run Control Test Procedures 

Procedure Test Frequency Description 

PT/O/AO610/22 ONS 1 Refueling Degraded Grid and 

Switchyard Isolation 

Functional Test.  

("Black Start" of both 

Keowee units is demonstrated 

in this test.)



Table A.5-3 

Keowee Start And Run Control Significant Operating Events 

Date Unit Component Event Summary 

5/30/85 1/2 Emergency Unit I was Emergency Started for test. The unit 

Start Switch operated as designed, but the Emergency Start 

Switch would not reset. Further Emergency Start 

testing was postponed until the problem was 

resolved. Two broken wires and a loose connection 

were found in the circuitry.  

4/23/86 1 Key At time 1520 an attempt to start Unit 1 for an 

Interlock operability check after maintenance failed. The 

Switch problem was an out of adjustment Key Interlock 

Switch. At time 1824 Unit 1 was started 

successfully.
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Table A.5-4 

Keowee Start And Run Control Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

XD1DASRCES Loss Of Power On Keowee 1 Keowee 1 Shtdwn Sol. 99SD, 

125 Vdc Distribution Center IDA Keowee 1 Emer. Load Sol.  

During Start 99SN 

XD2DASRCES Loss Of Power On Keowee 2 Keowee 2 Shtdwn Sol. 99SD, 

125 Vdc Distribution Center 2DA Keowee 2 Emer. Load Sol.  

During Start 99SN 

XDIDAR Loss Of Power To Keowee 1 Shutdown Aux. Rly. 99SX 

125 Vdc Dist. Cntr. IDA Keowee 1 Shtdwn. Solenoid 

During Run Keowee 1 Emer. Load Sol.  

XD2DAR Loss Of Power To Keowee 2 Shutdown Aux. Rly. 99SX 

125 Vdc Dist. Cntr. 2DA Keowee 2 Shtdwn. Solenoid 

During Run Keowee 2 Emer. Load Sol.  

XD1DA Loss Of Power On Keowee 1 Keowee 1 Emergency Start 

125 Vdc Dist. Cntr. IDA Aux. Rly 1ESRX/1A 

XD2DA Loss Of Power On Keowee 2 Keowee 2 Emergency Start 

125 Vdc Dist. Cntr. 2DA Aux. Rly lESRX/lB 

DIDIADEX Loss Of Power On 125 Vdc Oconee 1 Channel A Keowee 

Panelboard IDIA Emergency Start Relay KA
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Table A.5-4 

Keowee Start And Run Control Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

D1DIBDEX Loss Of Power On 125 Vdc Oconee 1 Channel B Keowee 

Panelboard 1DIB Emergency Start Relay KB 

D2DIA Loss Of Power On 125 Vdc Oconee 2 Channel A Keowee 

Panelboard 2DIA Emergency Start Relay CR2A 

D2DIB Loss Of Power On 125 Vdc Oconee 2 Channel B Keowee 

Panelboard 2DIB Emergency Start Relay CR2B 

D3DIA Loss Of Power On 125 Vdc Oconee 3 Channel A Keowee 

Panelboard 3DIA Emergency Start Relay CR3A 

D3DIB Loss Of Power On 125 Vdc Oconee 3 Channel B Keowee 

Panelboard 3DIB Emergency Start Relay CR3B 

SEGTPSCH1F EGTPS Channel 1 Oconee 1 Channel A Keowee 

Keowee Start Signal Emergency Start Relay KA 

SEGTPSCH2F EGTPS Channel 2 Oconee 1 Channel B Keowee 

Keowee Start Signal Emergency Start Relay KB 

YO1MFBMA Oconee 1 MFB Monitor Chan. A Oconee 1 Channel A Keowee 

Keowee Start Signal Emergency Start Relay KA
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Table A.5-4 

Keowee Start And Run Control Fault Tree Transfers 

Transfer Gate Nane Description Components Supplied 

YO1MFBMB Oconee 1 MFB Monitor Chan. B Oconee 1 Channel B Keowee 
Keowee Start Signal Emergency Start Relay KB 

YO2MFBMA Oconee 2 MFB Monitor Chan. A Oconee 2 Channel A Keowee 
Keowee Start Signal Emergency Start Relay CR2A 

YO2MFBMB Oconee 2 MFB Monitor Chan. B Oconee 2 Channel B Keowee 
Keowee Start Signal Emergency Start Relay CR2B 

YO3MFBMA Oconee 3 MFB Monitor Chan A Oconee 3 Channel A Keowee 
Keowee Start Signal Emergency Start Relay CR3A 

YO3MFBMB Oconee 3 MFB Monitor Chan B Oconee 3 Channel B Keowee 

Keowee Start Signal Emergency Start Relay CR3B
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Table A.5-5 

Keowee Start And Run Control Statalarms 

Point No. Alarm Actuator 

ALARM PANELS ON 1VB2 

1SA14-28 KEO. EMERG. START CHNL. B KB 

LOGIC INITIATE 

1SA14-29 KEO. EMERG. START CHNL. B 8ESB 

LOGIC DC PWR LOST 

1SA14-30 SWYD ISOLATION CONFIRMED SIB 

CHNL. B LOGIC 

1SA15-28 KEO. EMERG. START CHNL. A KA 

LOGIC INITIATE 

1SA15-29 KEO. EMERG. START CHNL. A 8ESA 

LOGIC DC PWR LOST 

1SA15-30 SWYD ISOLATION CONFIRMED SIA 

CHNL. A LOGIC 

1SA16-19 13.8KV FEEDER DE-ENERGIZED TDUVX
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Table A.5-5 

Keowee Start And Run Control Statalarms 

Point No. Alarm Actuator 

ALARM PANELS ON 2VB2 

2SA14-28 KEO. EMERG. START CHNL. B CR2B 

LOGIC INITIATE 

2SA14-29 KEO. EMERG. START CHNL. B 8ESB 

LOGIC DC PWR LOST 

2SA15-28 KEO. EMERG. START CHNL. A CR2A 

LOGIC INITIATE 

2SA15-29 KEO. EMERG. START CHNL. A 8ESA 

LOGIC DC PWR LOST
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Table A.5-5 

Keowee Start And Run Control Statalarms 

Point No. Alarm Actuator 

ALARM PANELS ON 3VB2 

3SA14-28 KEO. EMERG. START CHNL B CR3B 

LOGIC INITIATE 

3SA14-29 KEO. EMERG. START CHNL B 8ESB 

LOGIC DC PWR LOST 

3SA15-28 KEO. EMERG. START CHNL A CR3A 

LOGIC INITIATE 

3SA15-29 KEO. EMERG. START CHNL. A 8ESA 

LOGIC DC PWR LOST
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

D1DIAXXDEX Loss Of Power On 125 V dc Panelboard 6.50E-06 
1DIA 

D1DIBXXDEX Loss Of Power On 125 V dc Panelboard 6.50E-06 
1DIB 

D2DIAXXDEX Loss Of Power On 125 V dc Panelboard 6.50E-06 
2DIA 

D2DIBXXDEX Loss of Power on 125 V dc Panelboard 6.50E-06 
2DIB 

D3DIAXXDEX Loss Of Power On 125 V dc Panelboard 6.50E-06 
3DIA 

D3DIBXXDEX Loss Of Power On 125 Vdc Panelboard 6.S5E-06 
3DIB 

ED13BR2CDT Breaker 3BR In 125V dc Distribution 7.50E-08 /H 24 H 1.80E-06 
Center 1DA Transfers Open 

ED23BR2CDT Breaker 3BR In 125V dc Distribution 7.50E-08 /H 24 H 1.80E-06 
Center 2DA Transfers Open 

EUlC1RORYD ONS1 ESG Chan. 1 Ro Relay Fails To 3.30E-05 /D 1 D (No credit taken for a start l.OOE+OO 
Pick Up signal from Oconee Engineered 

Safeguards System.) 
EU1C2RORYD ONS1 ESG Chan. 2 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.OOE-00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

EU2C1RORYD ONS2 ESG Chan. 1 Ro Relay Fails to 3.30E-05 /D D (No credit taken for a start 1JJOE+OO 
Pick Up signal from Oconee Engineered 

Safeguards System.) 

060500
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

EU2C2RORYD ONS2 ESG Chan. 2 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.OOE+00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

EU3C1RORYD ONS3 ESG Chan. 1 Ro Relay Fails to 3.30E-05 /D 1 D (No credit taken for a start 1.OOE+00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

EU3C2RORYD ONS3 ESG Chan. 2 Ro Relay Fails to .3.30E-05 /D 1 D (No credit taken for a start 1.OOE+00 

Pick Up signal from Oconee Engineered 
Safeguards System.) 

GK186ElRYT Keowee 1 Emergency Lockout Relay 86E- 3.60E-07 /H 24 H 8.64E-06 

1 spuriously Picks Up 
GK286E2RYT Keowee 2 Emergency Lockout Relay 86E- 3.60E-07 /H 24 H 8.64E-06 

2 Spuriously Picks Up 
XD104CCCDT Breaker 1DA-4CC Transfers Open 7.50E-08 /H 24 H 1.80E-06 

XD104CRCDT Breaker 1DA-4CR Transfers Open 7.50E-08 /H 6 H 3.96E-07 

XD202CCCDT Breaker 2DA-2CC Transfers Open 7.50E-08 /H 24 H 1.80E-06 

XD204CCCDT Breaker 2DA-4CC Transfers Open 7.50E-08 /H 24 H 1.80E-06 

YK114X3SSD Keowee 1 Speed Switch 14-3 Fails to 1.80E-05 /D 1 D 1.80E-05 

Open at 65 rpm 
YK13SUISWT KHU#1 Startup Inhibit Sw 3SUI Xfrs to 7.OOE-08 /H 24 H 1.68E-06 

Inhibit 
YK14AMRRYT Keowee 1 Master Relay 4A Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK14BMRRYT Keowee 1 Master Relay 4B Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YK163BHLST Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 3.10E-07 /H 24 H 7.44E-06 
63BL/H Sprsly Clsd 

YK163BHRYT Keowee 1 Gen Thrst Brng Oil Lvl Hi 3.60E-07 /H 24 H 8.64E-06 
Rly 63BL/HX Sprsly Picks Up 

YK163BLLST Keowee 1 Gen Thrst Brng Oil Lvl Lo Sw 3.10E-07 /H 24 H 7.44E-06 
63BL/L Spuriously Operates 

YK163BLRYT Keowee 1 Gen Thrst Brng Oil Lvl Lo .3.60E-07 /H 24 H 8.64E-06 
Rly 63BL/LXTD Sprsly PIcks Up 

YK163TBLST Keowee 1 Turb Guide Brng Lo Lvl 3.10E-07 /H 24 H 7.44E-06 
Sensor Sw Spuriously Closes 

YK163TBRYT Keowee 1 Turb Gd Brng Oil Lv1 Lo Rly 3.60E-07 /H 24 H 8.64E-06 
63TB/1X Sprsly Picks Up 

YK186N1DEX Keowee 1 Normal Lockout Actuates 9.89E-03 

YK199SDRYD Keowee 1 Shutdown Solenoid 99SD Fails 3.30E-O5 /D 1 D 3.30E-05 
To Pick Up 

YK199SDRYT Keowee 1 Shutdown Solenoid Spuriously 3.60E-07 /H 24 H 8.64E-06 
Drops Out 

YK199SNRYD K1 Emergency Load Solenoid 99SN Fails 3.30E-05 /D 1 D 3.30E-O5 
To Pick Up/Drop Out 

YK199SNRYT Emergency Load Solenoid 99SN 3.60E-07 /H 24 H 8.64E-06 
Spuriously Drops Out 

YK199SXRYD Keowee 1 Shutdown Solenoid Aux Relay 3.30E-05 /D 1 D 3.30E-05 
99SX Fails to Pick Up 

YK199SXRYT Shutdown Auxiliary Relay 99SX 3.60E-07 /H 24 H 8.64E-06 
Spuriously Drops Out 

YK1D4CRFUF Fuse 1DA-4CR Fails 3.60E-06 /H 6 H 2.16E-05 

0 0
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YK1ES1ARYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 
lESRX/1A Fails To Pick Up 

YK1ES1BRYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

1ESRX/lB Fails To Pick Up 
YK1ES2ARYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

1ESRX/2A Fails To Pick Up 
YK1ES2BRYD Keowee 1 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

1ESRX/2B Fails To Pick Up 
YK1MR4ARYD Keowee 1 Start Master Relay 4A Fails 3.30E-05 /D 1 D 3.30E-05 

To Pick Up 
YK1MR4BRYD Keowee 1 Start Master Relay 4B Fails 3.30E-05 /D 1 D 3.30E-05 

To Pick Up 
YKlSS12SST Keowee 1 Overspeed Switch 12 4.21E-06 /H 24 H 1.01E-04 

Spuriously Picks Up 
YK1SS13SSD Keowee 1 Speed Switch 13 Fails to 1.80E-05 /D 1 D 1.80E-05 

Close at 122 rpm 
YK214X3SSD KHU#2 Speed Switch 14-3 Fails to Open 1.80E-05 /D 1 D 1.80E-05 

at 65 rpm 
YK23SUISWT KHU#2 Startup Inhbt Sw 3SUI Sprsly 7.OOE-08 /H 24 H 1.68E-06 

Xfrs to Inhibit 
YK24AMRRYT Keowee 2 Master Relay 4A Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK24BMRRYT Keowee 2 Master Relay 4B Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK263BHLST Keowee 2 Gen Thrst Brng Oil Lvl Hi Sw 3.10E-07 /H 24 H 7.44E-06 

63BL/H Sprsly Clsd
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

YK263BHRYT Keowee 2 Gen Thrst Brng Oil Lvl Hi 3.60E-07 /H 24 H 8.64E-06 
Rly 63BL/HX Sprsly Picks Up 

YK263BLLST Keowee 2 Gen Thrst Brng Oil Lvl Lo Sw 3.10E-07 /H 24 H 7.44E-06 
63BL/L Sprsly Opens 

YK263BLRYT Keowee 2 Gen Thrst Brng Oil Lvl Lo 3.60E-07 /H 24 H 8.64E-06 
Rly 63BL/LXTD Sprsly Picks Up 

YK263TBLST Keowee 2 Turb.Guide Brng Lo Lvl 3.10E-07 /H 24 H 7.44E-06 
Sensor Sw Sprsly Closes 

YK263TBRYT Keowee 2 Turb Gd Brng Oil Lvl Lo Rly 3.60E-07 /H 24 H 8.64E-06 
63TB/1X Sprsly Picks Up 

YK286N2DEX Keowee Unit 2 Normal Lockout 7.41E-03 
Activates 

YK299SDRYD Keowee 2 Shutdown Solenoid 99SD Fails 3.30E-05 /D 1 D 3.30E-05 
To Pick Up 

YK299SDRYT Keowee 2 Shutdown Solenoid Spuriously 3.60E-07 /H 24 H 8.64E-06 

Drops Out 
YK299SNRYD Keowee 2 Emergency Load Solenoid 99SN 3.30E-OS /D 1 D 3.30E-05 

Fails To Operate 
YK299SNRYT Emergency Load Solenoid 99SN 3.60E-07 /H 24 H 8.64E-06 

Spuriously Drops Out 
YK299SXRYD Keowee 2 Shutdown Solenoid Aux Relay 3.30E-05 /D 1 D 3.30E-05 

99SX Fails to Pick Up 
YK299SXRYT Shutdown Auxiliary Relay 99SX 3.60E-07 /H 24 H 8.64E-06 

Spuriously Drops Out 
YK2D2CCFUF Fuse 2DA-2CC Fails 3.60E-06 /H 6 H 2.16E-O5
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YK2ES1ARYD Keowee 2 Emergency Start Aux Relay 3.30E-OS /D 1 D 3.30E-05 
2ESRX/1A Fails To Pick Up 

YK2ES1BRYD Keowee 2 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

2ESRX/1B Fails to Pick Up 
YK2ES2ARYD Keowee 2 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

2ESRX/2A Fails to Pick Up 
YK2ES2BRYD Keowee 2 Emergency Start Aux Relay 3.30E-05 /D 1 D 3.30E-05 

2ESRX/2B Fails to Pick Up 
YK2MR4ARYD Keowee 2 Start Master Relay 4A Fails 3.30E-05 /D 1 D 3.30E-05 

To Pick Up 
YK2MR4BRYD Keowee 2 Start Master Relay 4B Fails 3.30E-05 /D 1 D 3..30E-0S 

to Pick Up 
YK2SS12SST Keowee 2 Overspeed Switch 12 4.21E-06 /H 24 H 1.01E-04 

Spuriously Picks Up 
YK2SS13SSD Keowee 2 Speed Switch 13 Fails to 1.80E-05 1 D 1.80E-05 

Close at 122 rpm 
YKEMSRTCHE Operator Incorrectly Resets Keowee (Event included for sensitivity 0.OOE+00 

Emergency Start Signals study only.) 

YO1DIA2CDT DC Circuit Breaker 1DIA-2 Transfers 7.50E-08 /H 30 H 2.25E-06 
Position 

YO1DIB2CDT DC Circuit Breaker 1DIB-2 Transfers 7.50E-08 /H 30 H 2.25E-06 

Position 
YO1OPSARHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 

start switch SlA Operator action.) 

YO1OPSBRHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 
start switch SlB Operator action.)
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 
Event Name Description Failure Ratel Factor Rationale For Factor2  Probability 

YO1S1AFSWC Control Switch SlA Fails To Close On 1.OOE-05 /D 1 D 1.OOE-05 
Demand 

YO1S1BFSWC Control Switch S1B Fails To Close On 1.OOE-05 /D 1 D 1.OOE-05 
Demand 

YO1XXKARYD ONS1 Ch A Keowee Emergency Start 3.30E-05 /D 1 D 3.30E-05 
Relay KA Fails to Pick Up 

Y01XXKBRYD Oconee Unit 1 Chan. B Keowee 3.30E-05 /D 1 D 3.30E-05 
Emergency Start Relay Fails 

YO2CR2ARYD ONS2 Ch A Keowee Emergency Start 3.30E-05 /D 1 D 3.30E-05 
Relay CR2A Fails to Pick Up 

YO2CR2BRYD ONS2 Keowee Emergency Start Relay 3.30E-05 /D 1 D 3.30E-05 
CR2B Fails to Pick Up 

YO2DIA2CDT Breaker 2DIA-2 Transfers Position 7.50E-08 /H 30 H 2.25E-06 

YO2DIB2CDT Breaker 2DIB-2 Transfers Position 7.50E-08 /H 30 H 2.25E-06 

YO2SSWARHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.00E+00 
Start Switch 2SSW'A' Operator action.) 

YO2SSWASWC Control Switch 2SSW'A' Fails To Close 1.00E-05 /D 1 D 1.00E-05 
On Demand 

YO2SSWBRHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 
Start Switch 2SSW'B* Operator action.) 

YO2SSWBSWC Control Switch 2SSW'B' Fails To Close 1.OOE-05 /D 1 D 1.OOE-05 
On Demand 

YO3CR3ARYD ONS3 Ch A Keowee Emergency Start 3.30E-05 /D 1 D 3.30E-05 
Relay CR3A Fails To Pick Up 

YO3CR3BRYD ONS3 Keowee Emer Start Relay CR3B 3.30E-05 /D 1 D 3.30E-05 
Fails to Pick Up
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Table A.5-6 

Keowee Start and Run Control Reliability Data 

Failure 

Event Name Description Failure Ratel Factor Rationale For Factor 2  Probability 

YO3DIA2CDT Breaker 3DIA-2 Transfers Open 7.50E-08 /H 30 H 2.25E-06 

YO3DIB2CDT Breaker 3DIB-2 Transfers Open 7.50E-08 /H 30 H 2.25E-06 

YO30PFARHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 

Start Switch 3S1A Operator action.) 

YO30PFBRHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.OOE+00 

Start Switch 351B Operator action.) 

YO3SlAFSWC Control Switch SlA Fails To Close On 1.00E-05 /D 1 D 1.OOE-05 

Demand 
YO3S1BFSWC Control Switch SlB Fails To Close On 1.OOE-05 /D 1 D 1.OOE-05 

Demand 
YO3SSWARHE Operator fails to operate Keowee 1 D (No credit taken for Oconee 1.00E+00 

Start Switch 3SSW'A* Operator action.) 

YO3SSWASWC Control Switch 3SSW'A' Fails To Close 1.00E-05 /D 1 D 1.00E-05 

On Demand 
YO3SSWBRHE Operator Fails to Operate Keowee 1 D (No credit taken for Oconee 1.00E+00 

Start Switch 3SSW'B' Operator action.) 

YO3SSWBSWC Control Switch 3SSWIB' Fails To Close 1.OOE-05 /D 1 D 1.00E-05 

On Demand 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.



TableA.5-7(Page 1 of 1) 
Table A.5-7 

Keowee Start and Run Control Dominant Minimal Cut Sets 

Cut Sets For Gate YKlCLDSTRT: Keowee 1 Governor Control Fails During A Cold Start Sequence 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 3.30E-05 19.6 YK199SDRYD 3.30E-05 Keowee 1 Shutdown Solenoid 99SD Fails To Pick Up 

2) 3.30E-05 19.6 YK199SNRYD 3.30E-05 K1 Emergency Load Solenoid 99SN Fails To Pick 
Up/Drop Out 

3) 3.30E-05 19.6 YK199SXRYD 3.30E-05 Keowee 1 Shutdown Solenoid Aux Relay 99SX Fails to 
Pick Up 

4) 3.30E-05 19.6 YK1MR4ARYD 3.30E-05 Keowee 1 Start Master Relay 4A Fails To Pick Up 

5) 1.80E-05 10.7 YK1SS13SSD 1.80E-05 Keowee 1 Speed Switch 13 Fails to Close at 122 rpm 

6) 1.80E-05 10.7 YK114X3SSD 1.80E-05 Keowee 1 Speed Switch 14-3 Fails to Open at 65 rpm 

Total: 1.68E-04 

0 0 0
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Table A.5-8 

Keowee Start and Run Control Dominant Minimal Cut Sets 

Cut Sets For Gate YKlRUNCNTL: Keowee 1 Governor Control Fails During Run 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

1) 1.01E-04 51.0 YKlSS12SST 1.01E-04 Keowee 1 Overspeed Switch 12 Spuriously Picks Up 

2) 8.64E-06 4.4 YK163BHRYT 8.64E-06 Keowee 1 Gen Thrst Brng Oil Lvl Hi Rly 63BL/HX Sprsly Picks 

3) 8.64E-06 4.4 YK163BLRYT 8.64E-06 Keowee 1 Gen Thrst Brng Oil Lvl Lo Rly 63BL/LXTD Sprsly Pcks 

4) 8.64E-06 4.4 YK163TBRYT 8.64E-06 Keowee 1 Turb Gd Brng Oil Lvi Lo Rly 63TB/1X Sprsly Picks Up 

5) 8.64E-06 4.4 YK14AMRRYT 8.64E-06 Keowee 1 Master Relay 4A Spuriously Drops Out 

6) 8.64E-06 4.4 GK186E1RYT 8.64E-06 Keowee 1 Emergency Lockout Relay 86E-1 Spuriously Picks Up 

7) 8.64E-06 4.4 YK199SDRYT 8.64E-06 Keowee 1 Shutdown Solenoid Spuriously Drops Out 

8) 8.64E-06 4.4 YK199SXRYT 8.64E-06 Shutdown Auxiliary Relay 99SX Spuriously Drops Out 

9) 8.64E-06 4.4 YK199SNRYT 8.64E-06 Emergency Load Solenoid 99SN Spuriously Drops Out 

10) 7.44E-06 3.8 YK163TBLST 7.44E-06 Keowee 1 Turb Guide Brng Lo Lv Sensor Sw Spuriously Closes



Table .5-8,(Page 2 of 2) 
Table A.5-8.  

Keowee Start and Run Control Dominant Minimal Cut Sets 

Cut Sets For Gate YK1RUNCNTL: Keowee 1 Governor Control Fails During Run 

CS Cut Set Percent of Event Name Probability Description 
No. Frequency Total 

11) 7.44E-06 3.8 YK163BLLST 7.44E-06 Keowee 1 Gen Thrst Brng Oil Lvl Lo Sw 63BL/L Spuriously Oper 

12) 7.44E-06 3.8 YK163BHLST 7.44E-06 Keowee 1 Gen Thrst Brng Oil Lvl Hi Sw 63BL/H Sprsly Clsd 

13) 1.80E-06 0.9 ED13BR2CDT 1,80E-06 Breaker 3BR In 125V dc Distribution Center 1DA Transfers Ope 

14) 1.80E-06 0.9 XD104CCCDT 1.80E-06 Breaker 1DA-4CC Transfers Open 

15) 1.68E-06 0.8 YK13SUISWT 1.68E-06 KHU#l Startup Inhibit Sw 3SUI Xfrs to Inhibit 

Total: 1.98E-04 

S S
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Gate/Event Name Eaie zone Gate/Event Name Eagg Zofn Gate/Event Name Pata Zone Gate/Event Name Eage Zone 

D1DIAXXDEX 15 XD2DASRCES 2 YK1LOPERMF 11 YK299SNRYD 4 

D1DIBXXDEX 19 XD2DASRCES 18 YK1LOPERMF 11 YK299SNRYD 4 

D2DIAXXDEX 16 YK114X3SSD 3 YK1MR4ARUN 11 YK299SNRYT 9 

D2DIBXXDEX 20 YK13SUISWT 11 YK1MR4ARUN 11 YK299SNSRT 4 

D3DIAXXDEX 17 YK13SUISWT 13 YK1MR4ARYD 3 YK299SXRYD 4 

D3DIBXXDEX 21 YK14AMRRYT 11 YK1MR4ASRT 3 YK299SXRYT 9 

ED13BR2CDT 9 YK14BMRRYT 13 YK1MR4BRUN 13 YK299SXSRT 4 

ED23BR2CDT 9 YK163BHLST 11 YK10PFAIL 9 YK2CLDSRTF 1 

ESCONDNOT 15 YK163BHRYT 11 YK1OPFAL 10 YK2CLDSTRT 1 

ESCONDNOT 16 YK163BLLST 11 YK1RUNCNTL 9 YK2D2CCFUF 18 

ESCONDNOT 17 YK163BLRYT 11 YK1S122RPM 3 YK2ES1ARYD 6 

ESCONDNOT 19 YK163TBLST 11 YK1SS12SST 11 YK2ES1BRYD 6 

ESCONDNOT 20 YK163TBRYT 11 YK1SS13SSD 3 YK2ES2ARYD 8 

ESCONDNOT 21 YK186N1DEX 10 YK1SS65RPM 3 YK2ES2BRYD 8 

EUlC1RORYD 15 YK199SDRYD 1 YK1STR2INT 3 YK2ESRX1A 6 

EU1C2RORYD 19 YKi99SDRYT 9 YK1STR2INT 7 YK2ESRX1B 6 

EU2C1RORYD 16 YK199SNCF 1 YK1STRTINT 2 YK2ESRX2A 8 

EU2C2RORYD 20 YK199SNCF 3 YKlSTRTINT 3 YK2ESRX2B 8 

EU3CRORYD 17 YK199SNRYD 3 YK2STRTINT 5 YK2HOTSTRT 2 

EU3C2RORYD 21 YK199SNRYD 3 YK2SXRUNF 9 YK2LOPERMF 12 

GK186ERYT 11 YK199SNRYD 3 YK2SXRUNF 11 YK2LOPERMF 12 

GK186ERYT 13 YK199SNRYT 9 YK214X3SSD 4 YK2MR4ARUN 12 

GK286E2RYT 12 YK199SNSRT 3 YK23SUISWT 12 YK2MR4ARUN 12 

GK286E2RYT 13 YK199SXRYD 3 YK23SUISWT 13 YK2MR4ARYD 4 

SEGTPSCHEF 15 YK199SXRYT 9 YK24AMRRYT 12 YK2MR4ASRT 4 

SEGTPSCH2F 19 YK199SXSRT 3 YK24BMRRYT 13 YK2MR4BRUN 13 

XD104CCCDT 11 YK1CLDSRTF 1 YK263BHLST 12 YK2SPFAIL 9 

XD104CCCDT 13 YK1CLDSTRT 1 YK263BHRYT 12 YK2SPFAIL 10 

XD104CRCDT 14 YK1D4CRFUF 14 YK263BLLST 12 YK2RUNCNTL 9 

XD1DAR 9 YKIES1ARYD 5 YK263BLRYT 12 YK2S122RPM 4 

XD1DASRCES 1 YK1ES1BRYD 5 YK263TBLST 12 YK2SS12SST 12 

XD1DASRCES 2 YK1ES2ARYD 7 YK263TBRYT 12 YK2SS13SSD 4 

XD1DASRCES 14 Y'K1ES2BRYD 7 YK286N2DEX 10 YK2SS65RPM 4 

XD202CCCDT 18 YK1ESRX1A 5 .YK299SDRYD 1 YK2STR2INT 4 

XD204CCCDT 12 YK1ESRX1B 5 YK299SDRYT 9 YK2STR2INT 8 

XD204CCCDT 13 YK1ESRX2A 7 YK299SNCF 1 YK2STRTINT 2 

XD2DAR 9 YK1ESRX2B 7 YK299SNCF 4 YK2STRTINT 4 

XD2DASRCES 1 YK1HOTSTRT 2 YK299SNRYD 4 YK2STRTINT 6 
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Gate/Event Name- Pa zon Gate/Event Name_ paqi Z_=l Gate/Event Name Paa ZoQne~ Gate/Event Name Pat Zone 

YK2SXRUNF 9 YO2DIA2CDT 16 YO3SSWAF 17 

YK2SXRUNF 12 YO2DIB2CDT 20 YO3SSWARHE 17 

YKEMSRTCHE 10 YO2ESGAF 16 YO3SSWASWC 17 

YKEMSRTCHE 10 Y02ESGBF 20 Y03SSWBF 21 

YKESAINITF 14 YO2KESCHAF 14 YO3SSWBRHE 21 

YKESBINITF 18 YO2KESCHAF 16 YO3SSWBSWC 21 

YKESRXA 5 YO2KESCHBF 18 

YKESRXA 6 YO2KESCHBF 20 

YKESRXA 7 YO2KSCHAIF 16 

YKESRXA 8 YO2KSCHBIF 20 

YKESRXA 14 YO2MFBMA 16 

YKESRXB 5 YO2MFBMB 20 

YKESRXB 6 YO2SSWAF 16 

YKESRXB 7 YO2SSWARHE 16 

YKESRXB 8 YO2SSWASWC 16 

YKESRXB 18 YO2SSWBF 20 

YO1DIA2CDT 15 YO2SSWBRHE 20 

YO1DIB2CDT 19 YO2SSWBSWC 20 

YO1ESGAF 15 YO3CR3ARYD 17 

YO1ESGBF 19 YO3CR3BRYD 21 

YO1ESIl 15 YO3DIA2CDT 17 

YO1ESI2 19 YO3DIB2CDT 21 

YO1KESCHAF 14 YO3ESGAF 17 

YO1KESCHAF 15 YO3ESGBF 21 

YO1KESCHBF 18 YO3KESCHAF 14 

YO1KESCHBF 19 YO3KESCHAF 17 

YO1KSCHAIF 15 YO3KESCHBF 18 

YO1KSCHBIF 19 YO3KESCHBF 21 

YO1MFBMA 15 YO3KSCHAIF 17 

YO1MFBMB 19 YO3KSCHBIF 21 

YO1OPSARHE 15 YO3MFBMA 17 

YO1OPSBRHE 19 YO3MFBMB 21 

YO1S1AFSWC 15 YO30PFARHE 17 

YO1S1BFSWC 19 YO30PFBRHE 21 

YO1XXKARYD 15 YO3S1AFSWC 17 

YO1XXKBRYD 19 YO3S1BFSWC 21 

YO2CR2ARYD 16 YO3S3A 17 

YO2CR2BRYD 20 Y03S3B 21 
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A.6 GENERATOR EXCITATION 

A.6.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Generator Excitation 

system. This model is combined with the high-level model and remaining system models 

to form an integrated model for assessing the reliability of Keowee. Other objectives are 

to identify major contributors to component unreliability, significant potential human 

errors and common cause failure modes.  

The scope of this analysis is limited to generator excitation equipment required to support 

a Keowee emergency start (no Keowee Auxiliary ac Power available) and run under load 

for the required mission.  

A.6.2 SYSTEM DESIGN 

A simplified diagram of the generator excitation subsystem is shown in Figure A.6- 1. This 

subsystem consists primarily of three breakers (field, field flashing, and field supply) and 

the excitation cabinets containing the voltage and base adjust equipment.  

Generator output voltage is regulated by applying a variable dc voltage to the generator 

field. Initial generator output is established by providing 125 V dc to the generator field 

from the station auxiliary dc power system. Once generator output is available, the 

generator output voltage is stepped down and rectified in order to maintain the required 

field necessary to assure proper generator output. The rectification and regulation is 

accomplished in the voltage regulator.  

The voltage regulator consists of two primary subsystems, the base adjust and the voltage 

adjust. The base adjust provides a pre-set voltage to the field that is sufficient to establish 

the design output generator voltage, 13.8 kV. The voltage adjust provides the means to 

monitor the generator output and adjust the voltage applied to the field in order to 

maintain the design voltage over varying load conditions. The range of the voltage adjust 

is approximately ±10% of the rated output. The dc voltage to the field is controlled by 

varying the firing angle on the thyristors that rectify the output of the excitation 

transformer for use in generator excitation.  
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The setting of the base adjust is such that the Keowee output voltage is sufficient to 
supply power for the Oconee loads even if the voltage adjust subsystem fails to perform as 
designed.  

A.6.2.1 GENERATOR FIELD BREAKER 

The generator field breaker provides the connection to apply a dc voltage to the generator 
field. This dc voltage may be provided by one of two sources. The Keowee dc 

distribution center via the field flashing breaker, or from the voltage regulator cabinets.  
The field breaker closes on a start signal and remains closed as long as the generator is 

required.  

A.6.2.2 GENERATOR FIELD FLASHING BREAKER 

The generator field flashing breaker provides the connection to the excitation system from 

the Keowee auxiliary dc power system. The field flashing breaker closes on a generator 

start in order to provide the initial field voltage needed to establish generator output.  

Once the generator is able to supply itself, the field flashing breaker trips in order to 

prevent over-excitation of the generator or failure of the dc system.  

A.6.2.3 GENERATOR FIELD SUPPLY BREAKER 

The generator supply breaker provides the connection to the excitation system from the 

generator output. The generator output is supplied to the excitation transformer and from 

there to the regulator cabinets. This breaker closes on a generator start signal and remains 

closed as long as the generator is required.  

A.6.2.4 BASE ADJUST 

The base adjust provides a pre-set voltage to the field that is sufficient to establish the 

design output generator voltage, 13.8 kV. The setting of the base adjust is such that the 

Keowee output voltage is sufficient to supply power for the Oconee loads even if the 

voltage adjust subsystem fails to perform as designed.  
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A.6.2.5 VOLTAGE ADJUST 

The voltage adjust provides the means to monitor the generator output and adjust the 

voltage applied to the field in order to maintain the design voltage over varying load 

conditions. The range of the voltage adjust is approximately ±10% of the rated output.  

The dc voltage to the field is controlled by varying the firing angle on the thyristors that 

rectify the output of the excitation transformer for use in generator excitation. Successful 

operation of the voltage adjust is not required in order to supply emergency power to 

Oconee.  

A.6.3 SYSTEM BOUNDARIES 

Electrical Power Supplies 

Control and field flashing power is furnished from 125 V dc distribution centers 1DA 

(Unit 1) and 2DA (Unit 2). The power supplies for the modeled components are listed in 

Table A.6-1.  

External Control Systems 

All three (per unit) excitation breakers receive emergency start signals. The field breakers 

also receive a close permissive from the unit master relay 4A. The field and field flashing 

breakers also receive generator emergency lockout signals. The effect of these signals on 

breaker function is further described in Section A.6.4, Instrumentation and Controls.  

External controls are listed in Table A.6-2.  

Other System Boundaries 

The excitation transformer is connected to the generator output and thereby receives 

power for maintenance of the field voltage. The excitation system connects to the 

generator in order to supply the field voltage.  

A.6.4 INSTRUMENTATION AND CONTROLS 

A.6.4.1 EMERGENCY START RELAYS 

The field, field flashing, and supply breakers all receive two trains of emergency start 

signals to close.  
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A.6.4.2 LOCKOUT RELAYS 

Generator lockout auxiliary relay 86EX-1, one per unit, provides trip signals to the field 

and field flashing breakers on an emergency lockout following an emergency start. The 

normal lockout also trip the breakers on non-emergency starts.  

A.6.4.3 INTERLOCKS WITH OTHER KEOWEE SYSTEMS/COMPONENTS 

The generator field breaker is interlocked with of its respective overhead supply breaker, 

ACB-1 or ACB-2, such that the ACB can not close unless the generator field breaker is 

closed.  

A.6.5 LOCATION WITHIN THE PLANT 

The excitation system equipment is located within the Keowee powerhouse on the 

operating floor, elevation 702'.  

A.6.6 NORMAL OPERATION 

During a normal start, all three excitation breakers close. The field flashing breaker is 

controlled by a time delay relay and a voltage build-up relay which trip the breaker. The 

time delay is long enough for the system to establish generator output so that the field 

supply is self sustaining. Back-up is provided by the voltage adjust and by the voltage 

build-up relay to trip the breaker if trouble is sensed.  

The supply and field breakers then remain closed as long as generator operation is 

required.  

A.6.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

During an emergency start all three excitation breakers close on receipt of the emergency 

start signal. The field flashing breaker is controlled by a time delay relay which trips the 

breaker. This time delay is long enough for the system to establish generator output so 

that the field supply is self sustaining. Back-up is provided by the voltage adjust and by 

the voltage build-up relay to trip the breaker if trouble is sensed.  
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The supply and field breakers then remain closed as long as generator operation is 
required. The normal lockouts are bypassed during emergency operation.  

A.6.8 TEST AND MAINTENANCE 

Testing 

The test procedures applicable to the generator excitation system are detailed in Table 

A.6-3.  

Maintenance 

The maintenance procedures applicable to the generator excitation system are detailed in 

Table A.6-4.  

A.6.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.6-5.  

A.6.10 ASSUMPTIONS 

A.6.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The voltage adjust is not required to be operational for a successful emergency 

start and run. The base adjust portion of the voltage regulator is sufficient for the 

emergency load requirement.  

2. The voltage build-up relay functions as a backup to the trip timer on the field 

flashing breaker. If the field flashing breaker fails to trip from the time delay, 

excessive volts at the generator output would be sensed for the corresponding 

frequency and result in actuation of the voltage build-up relay.  
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A.6.10.2 OPERATIONAL ASSUMPTIONS 

1. The underground and overhead unit assignments are swapped at least every 30 
days.  

2. The overhead unit is operated daily and the underground unit is tested weekly.  

A.6.10.3 MODELING ASSUMPTIONS 

The following assumptions have been made in the development of the fault trees for the 
Excitation System.  

1. The breaker failure type codes (CHO, CHT, CHC) are not included as they would 
be redundant to modeling the failures of the breaker component parts.  

2. Having the Field Flashing Breaker remain closed at inappropriate times results in 
excitation failure.  

3. The Voltage build-up Relay SV only has power available to it when the unit is 
generating. This should eliminate the potential for spurious operation prior to a 
unit start. This failure is not included in the field flashing breaker fails to close 
logic.  

4. The Voltage build-up Relay SV provides a back-up to the 31/TD relay for tripping 
the Field Flashing Breaker (FFB). That is, should the 3 1/TD fail to trip the 
breaker, the generator voltage would exceed the allowed level at rated speed and 
an FFB trip signal would be generated by the SV relay.  

5. Following generation from Keowee to the grid, a failure of the voltage adjust "as 
is" does not result in failure of that unit to supply Oconee. Voltages on the 
Oconee power system have been adequate prior to the loss of power and should 
continue to be adequate when power is restored from Keowee.  

6. Transfer of the voltage adjust into auto is not required, since a base adjust setting 
of 13.8 kV provides adequate voltage to supply the Oconee loads.  
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7. The above assumptions preclude the need for a hot start failure of the excitation 

system.  

8. The excitation cabinet fan failures are assumed to be dominated by the component 

failures that fail both the main and reserve fans. Independent failures of the main 

and reserve fans themselves to start or run are not included.  

9. If a trip signal is present when a close signal is received a breaker will close and 

then trip immediately. This failure is included in the fail to close logic.  

10. The excitation breakers have their dc control power monitored and alarmed. If 

the dc control power breaker were to transfer open this would be immediately 

known by the operators. Breaker spurious operation prior to the mission is not 

included in the fault tree.  

A.6.11 FAULT TREE ANALYSIS 

A.6.11.1 TOP EVENT SUCCESS CRITERIA 

1. The Supply Breaker and Field Breaker should close and remain closed.  

2. The Field Flashing Breaker should close, subsequently open and remain open.  

A.6.11.2 DETAILED FAILURE CRITERIA 

N/A 

A.6.11.3 DESCRIPTION OF FAULT TREE 

The Generator Excitation System fault tree is shown in Figure A.6-5. The Fault Tree 

Modeling Guidelines (Appendix B) were followed in developing the fault tree. A list of all 

fault tree top events is presented in Table A.6-8. A list of all fault tree transfers is 

presented in Table A.6-6.  

There are four top events in the system fault tree. These are the failure to "cold start", 

and the failure to run, for each unit.  
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Failure events considered in the tree include breaker failures due to either mechanical or 
electrical problems. In general, data are available for electrical components, relays, 
switches, and fuses. These failures are modeled explicitly through the basic events 
involving failures of these components. The mechanical failures have been developed 
from the plant specific data collected on the Keowee breakers (Refer to Section A.6.11.5).  
These generally are modeled as undeveloped events in the fault trees.  

The development of the tree provides for the analysis of the Keowee reliability following 
the implementation of NSM-ON-52966. Some branches of the tree only have an impact 
on the solution when the event defining the inclusion of this modification is set 
appropriately.  

Human events impacting the model are described in Section A.6.11.4.  

Common cause events impacting the model are described in Section A.6.11.6.  

A.6.11.4 HUMAN INTERACTIONS 

The success or failure of the Generator Excitation System to perform its function is 

impacted by several human actions. Those events explicitly included in the system fault 

tree are discussed below. Quantification of the human error events is presented in Section 

5.5 and Appendix C.3.  

EKXYYYCLHE 

(X = unit number, YYY = breaker designator) 

These basic events account for the potential for plant personnel to fail to properly restore 

the excitation breakers to a condition for proper closing. Post-maintenance testing is 
expected to detect the majority of errors. However, some errors may escape detection 
and fail the breaker.  
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EKXFLSOLHE 

(X = unit number) 

This basic event accounts for the potential for plant personnel to fail to properly restore 

the field flashing breaker to a condition for proper opening. Post-maintenance testing is 

expected to detect the majority of errors. However, some errors may escape detection 

and fail the breaker.  

EKXBASELHE 

(X = unit number) 

This basic event accounts for the potential for the base adjust to be set incorrectly.  

EKXBASEREC 

(X = unit number) 

The recovery events consider the potential for the operators to identify and correct an 

incorrect base adjust setting. Unit voltage is readily observable and the base adjust setting 

is changeable from the control room.. The recoveries are applied to the final cut sets and 

are not included in the tree.  

A.6.11.5 RELIABILITY DATA 

Reliability data used in the Generator Excitation System analysis are listed in Table A.6-9.  

Section 5.3 and Appendix C. 1 discuss development of the reliability data. For the base 

case solution, the plant-specific failure rate data and generic failure rate data are combined 

using a Bayesian update.  

A.6.11.5.1 Exposure Times 

Time dependent failures require an exposure time for determination of the failure 

probability. Failure times have been established based on the consideration of the time 

since the last test or operation of the component. Table A.6-9 contains a brief explanation 

of the rational used in determining the exposure time for each time dependent failure.  
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A.6.11.5.2 Undeveloped Events 

The following undeveloped events are included in the generator excitation fault tree. Each 
of the three breakers (field, field flashing, and supply) are considered to be in a separate 
component population for quantifying the undeveloped events. The Unit 1 and Unit 2 
breakers, performing the same function, are considered to be in the same population. The 
base and voltage adjust equipment are considered as separate component populations. As 
with the breakers the two units are combined within the population.  

EK1SPYMDEX (EK2SPYMDEX): Keowee Unit 1(2) Supply Breaker Fails To Close 

Due To Mechanical Failure 

The 9/16/93, 4/23/86, and 4/24/86 events, from Table A.6-5, are all failures of the supply 

breaker to close.  

EKlSPYMDEX and EK2SPYMDEX are quantified by considering the three component 

failure to close in the population over the total demands for the population.  

3/(Unit 1 starts + Unit 2 starts) = 4.62E-04/demand 

With one breaker demand for the emergency operation of Keowee, EKlSPYMDEX = 

EK2SPYMDEX = 4.62E-04 

EKlFLDMDEX (EK2FLDMDEX): Keowee Unit 1(2) Field Breaker Fails To Close Due 

To Mechanical Failure 

No failures of the generator field breakers are found in the data of Table A.6-5.  

EKlFLDMDEX and EK2FLDMDEX are quantified by considering one component 

failure to close in the population over twice the total demands for the population.  

1/(2x(Unit 1 starts + Unit 2 starts)) = 7.7 1E-05/demand 

With one breaker demand for the emergency operation of Keowee, EKlFLDMDEX 

EK2FLDMDEX = 7.7 1E-05 
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EKlFLSMDEX (EK2FLSMDEX): Keowee Unit 1(2) Field Breaker Fails To Close Due 
To Mechanical Failure 

No failures of the generator field flashing breakers are found in the data of Table A.6-5.  

EK1FLSMDEX and EK2FLSMDEX are quantified by considering one component failure 

to close in the population over twice the total demands for the population.  

1/(2x(Unit 1 starts + Unit 2 starts)) = 7.7 1E-05/demand 

With one breaker demand for the emergency operation of Keowee, EKlFLSMDEX = 

EK2FLSMDEX = 7.7 1E-05 

EKIBASEDEX (EK2BASEDEX): Keowee Unit 1(2) Base Adjust Fails To Establish 

Correct Unit Voltage 

The 2/24/87, 3/27/90, 9/20/92, and 9/20/93 events, from Table A.6-5, are failures of the 

base adjust to set the correct voltage.  

EKlBASEDEX and EK2BASEDEX are quantified by considering four component failure 

in the population over the total demands for the population.  

4/(combined unit starts) = 6.17E-04/demand 

With one demand for the emergency operation of Keowee, EKlBASEDEX = 

EK2BASEDEX = 6.17E-04 

EKlBAS2DEX (EK2BAS2DEX): KHU-1(2) Base Adjust Fails To Maintain Generator 

Output Within Acceptable Range 

There are no events, from Table A.6-5, that are failures of the base adjust to maintain 

correct voltage.  

EKlBAS2DEX and EK2BAS2DEX are quantified by considering four component failure 

in the population over the total demands for the population.  

1/(2x(combined unit run hours)) = 5.15E-05/hour 
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With a 24 hour mission for emergency operation of Keowee, EK1BAS2DEX = 

EK2BAS2DEX = 1.24E-03 

EKlVREGDEX (EK2VREGDEX): KHU-1(2) Voltage Adjust Failure Drives Generator 

Output Too High/Low 

The 5/4/93 event, from Table A.6-5, seem to be a failure where the voltage adjust drives 

the generator voltage outside the necessary range.  

EK1VREGDEX and EK2VREGDEX are quantified by considering one component failure 

in the population over the total run hours for the population.  

1/(2x(combined unit run hours)) = 1.03E-4/hour 

With a 24 hour mission for emergency operation of Keowee, EK1VREGDEX = 

EK2VREGDEX = 2.47E-03 

EKlDIODDEX (EK2DIODDEX): Keowee Unit 1(2) Exciter Fan Supply Diode Bridge 

Fails 

The diode bridge is a group of.5 diodes. EK1DIODDEX and EK2DIODDEX are 

quantified by assuming a failure rate 5 times the diode failure rate from the data base.  

5 x 2.4E-06/hour = 1.20E-05/hour 

With a 24 hour mission for emergency operation of Keowee, EKlDIODDEX = 

EK2DIODDEX = 2.88E-04.  

A.6.11.6 COMMON CAUSE ASSESSMENT 

Refer to Section 5.4 and Appendix C.2 for detailed information on the quantification of 

the common cause events. All of the Excitation System common cause events are 

included in the high level logic model and not in the system fault tree.  

E12EXCTCOM 

This event considers the potential for both Keowee units to fail because the excitation 

breakers do not perform as required due to a common cause.  
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EKSTARTCOM 

This event represents the potential for both Keowee units to fail to start due to common 

cause failure of the excitation systems.  

EKOORUNCOM 

This event represents the potential for both Keowee units to fail to run due to common 

cause failure of the excitation systems.  

A.6.12 RESULTS 

Tables A.6-10 through A.6 -13 lists the dominant minimal cut sets (failure sequences) for 

the Generator Excitation System top events. A list of dominant contributors to 

unavailability is given in Tables A.6-14 through A.6-17. The dominant contributors to the, 

unavailability of the Generator Excitation System are the latent human errors and the 

undeveloped events.  

A.6.13 REFERENCES 

A.6.13.1 DOCUMENTS 

1. OSS-0254.00-00-2005, Keowee Emergency Power Design Basis Document 

2. EP-1020-19V, Westinghouse Instruction Manual - Vertical Waterwheel Generator 

A.6.13.2 PROCEDURES 

1. PT/O/A/0620/016, Keowee Hydro Emergency Start Test 

2. PT/O/A/0620/016, Keowee Hydro Operation 

3. OP/0/A/2000/013, Generator No. 1 

4. OP/0/A/2000/041, Keowee Modes Of Operation 
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A.6.13.3 DRAWINGS 

1. K-700 Rev. 9, One Line Diagram, Relays and Meters 13.8-230kV.  

2. KEE-112, Rev. 7A, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Supply Breaker.  

3. KEE-112-1, Rev. 6A, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Field Flashing Breaker.  

4. KEE- 112-2, Rev. 9, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Field Breaker.  

5. KEE- 112-3, Rev. 7, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Exciter Lockout And Fan Control.  

6. KEE- 112-4, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Max. Excit. Pnl & M. 0. Base Adj..  

7. KEE- 112-5, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, M.  

0. Auto Voltage Adjuster.  

8. KEE- 112-6, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Regulator Controls.  

9. KEE-112-7, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Regulator Controls.  

10. KEE-212, Rev. 6, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Excitation System Generator Supply Breaker.  

11. KEE-212-1, Rev. 5, Keowee Hydro Station Unit No. 2. Elementary Diagram, 

Excitation System Generator Field Flashing Breaker.  
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12. KEE-212-2, Rev. 6, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Excitation System Generator Field Breaker.  

13. KEE-212-3, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Exciter Lockout And Fan Control.  

14. KEE-212-4, Rev. 3, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Max. Excit. Pnl & M. 0. Base Adj..  

15. KEE-212-5, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, M.  

0. Auto Voltage Adjuster.  

16. KEE-212-6, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Regulator Controls.  

17. KEE-212-7, Rev. 4, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Regulator Controls.  

18. KEE- 113, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System Start-up Controls.  

19. KEE-213, Rev. 8, Keowee Hydro Station Unit No. 2. Elementary Diagram, 

Master Control System Start-up Controls.  

20. KEE-113-5, Rev. 8, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Master Control System Turbine Miscellaneous Relaying.  

21. KEE-213,-5 Rev. 5, Keowee Hydro Station Unit No. 2. Elementary Diagram, 

Master Control System Turbine Miscellaneous Relaying.  

22. KEE- 114, Rev. 12, Keowee Hydro Station Unit No. 1, Elementary Diagram, 

Generator Control ACB-1 Control Circuit.  

23. KEE-214, Rev. 9, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Generator Control ACB-2 Control Circuit.  
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24. KEE- 114-3, Rev. 11, Keowee Hydro Station Unit No. 1, Elementary Diagram.  

Generator Control Normal and Emergency Lockout.  

25. KEE-214-3, Rev. 8, Keowee Hydro Station Unit No. 2, Elementary Diagram, 

Generator Control Normal and Emergency Lockout.  
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Table A.6-1 

Generator Excitation Power Supplies 

Component Power Supply1  Compartment Number 

Generator Field Breaker 125 V dc DC IDA 4DR 

(Unit 1) 

Generator Field Flashing 125 V dc DC IDA 4DR 

Breaker (Unit 1) 

Generator Field Supply 125 V dc DC iDA 4DR 
Breaker (Unit 1) 

Generator Field Breaker 125 V dc DC 2DA 
(Unit 2) 

Generator Field Flashing 125 V dc DC 2DA 
Breaker (Unit 2) 

Generator Field Supply 125 V dc DC 2DA 
Breaker (Unit 2) 

Base Adjust (Unit 1) 125 V dc DC IDA 4DR 

Base Adjust (Unit 2) 125 V dc DC 2DA 

Field Flashing Supply 125 V dc DC IDA 3D 
(Unit 1) 

Field Flashing Supply 125 V dc DC 2DA 2D 
(Unit 2) 

1 DC = Distribution Center



Table A.6-2 

Generator Excitation External Controls 

Component Signal 

All Unit 1 Emergency Start Relays 1ESRX/lA and IESRX/1B to Close 

Breakers 

All Unit 2 Emergency Start Relays 2ESRX/1A and 2ESRX/1B to Close 

Breakers 

Unit 1 Master Close Unit 1 Field Breaker 

Relay 4A 

Unit 2 Master Close Unit 2 Field Breaker 

Relay 4A



Table A.6-3 

Generator Excitation Test Procedures 

Procedure Test Frequency Description 

PT/O/A/0620/016 Keowee Hydro Periodic Demonstrate the operability of each 

Emergency Start Test Keowee unit's emergency start circuitry 

from each control room.  

PT/O/A/0620/016 Keowee Hydro Periodic Periodically test the operation of the 

Operation Keowee Hydro Units From The Oconee 

Control Room.



Table A.6-4 

Generator Excitation Maintenance Procedures 

Procedure Maintenance Frequency Description 

OP/O/A/2000/013 As needed Removal from service and 

Geierator No. 1 restoration to service of 

Generator No. 1
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

2-24-87 2 Voltage Unit 2 was started for system generation but it 
Regulator tripped due to no VARs. Keowee received a Hi 

Limit light on the Voltage Adjust. Found reset 
switch on the Base Adjust not running back to 
reset position.  

3-27-90 1 Voltage Started Unit 2 for system generation but unit 
Regulator would not start. Found problem to be due to the 

70B cam switch not resetting to its preset 
position. This caused the 7RBX relay to drop out.  

9-20-92 2 Voltage Unit 2 started from Keowee for system generatio  

Regulator but voltage regulator did not come on. Unit 2 
started in manual and paralled from Keowee.  
70BX relay wasn't picked up so this stopped unit 
from starting.  

9-20-93 1 Voltage During. Keowee Emer. Start test, unit I failed to 
Regulator reach rated voltage of 13.8 during test, only 13.3 

Ky. The base adjuster had failed and was 
replaced.  

5-7-84 2 Voltage Unit 2 started for system generation but received a 
Regulator Normal Lockout. The voltage regulator would not 

come on in auto (unit would run in manual). The 
cause of the problem was determined to be due to 
the Base Adjuster having a preset position (S3
S4) which gave a low no-load machine voltage 
(12.8kV instead of rated 13.8kV) which did not 
match the Volts Adjust setting of 13.8kV setting 
when the voltage reg. came on in auto. The 

mismatch caused a time delay greater than the 
Volts-Hertz time delay relay setting which shut 
down the unit. The Base Adjust was reset to 
13.8kV and the unit started several times 
successfully.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

5-22-89 2 Voltage Started Unit 2 for system generation. After the 
Regulator unit paralled the operator could not get the VARs 

to come up. Received a #2 incomplete start 
statalarm and the unit tripped.  

10-17-90 2 Voltage Unit 2 started and paralleled but the Voltage 
Regulator Regulator did not come on.  

10-18-90 2 Voltage Started Unit 2 for system generation but the 
Regulator Voltage Regulator did not come on.  

9-6-92 2 Voltage Started Unit 2 for system generation but the 
Regulator Voltage Regulator failed to come on.  

7-4-84 2 Voltage Unit 2 started for system generation but received a 
Regulator Normal Lockout due to Regulator problems. The 

Voltage Regulator went into automatic before the 
generator was up to rated speed (ie. rated volts at 
less than rated frequency). This caused the V/Hz 
relay to operate which in time tripped the lockout 
after a time delay.  

10-4-91 2 Voltage Unit 2 started for syste~m generation. Unit shut 
Regulator down by incomplete start.  

4-12-93 2 Voltage Unit 2 Keowee Alarm lockout due to Field Flash 
Regulator Breaker failure during startup for system 

#2 Field Flash generation. Closing coil had burned.  
Breaker 

9-6-91 2 Voltage Started Unit 2 for system generation. Field 
Regulator Breaker failed to close. Problem was due to the 

Field Breaker 99SY relay being open.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

4-23-86 2 Voltage At 1540 Oconee started Unit 2 to check 
Regulator operability, but ACB-2 failed to close. Started the 

#2 Spplyunit from Keowee and observed that the Supply 
#2Supp Breaker did not close.Upon inspection, the 

Breakerbreaker did not appear to be jacked all the way in.  

The breaker had moved back in its slot enough to 
break contact.  

4-24-86 2 Voltage At 0649 Oconee attempted to start Unit 2 for 
Regulator system generation, but the Supply Breaker did not 

#2close. The unit was then started from Keowee.  

#21Supp The Field breaker closed but the Supply Breaker 
Breier-failed to close. The next start attempt from 

Keowee was successful but the following attempt 
from Oconee was not. The problem was 
determined to be due to a corroded latch release 
plungerin the Generator Supply Breaker. This 
latch release plunger prevented the breaker from 
operating as expected.  

9-16-93 1 Voltage Keowee unit 1 failed to emergency start per 
Regulator PT/OA/0620/16 due to the Field Supply and Field 

TSashing breakers failing to close. The supply 

Breaker breaker did not close due to a'trip free' operation 
caused by a missing cotter pin in the pin that 
connects the close solenoid armature to the 
breaker toggle mechanism. As a result, the closing 
coil remained energized because the auxiliary 
contacts did not function to energize the y-relay to 
drop out the x-relay which de-energizes the close 
coil.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

5-4-93 1 Voltage Keowee unit 1 Voltage Regulator 005. Unit 1 
Regulator was shut down while generating to the grid due to 

VARs going in the hole. The unit did not respond 
to the Voltage Adjust or the Base Adjust 
controls.  

5-28-86 1 Voltage Oconee started Unit 1 for system generation but 
Regulator the Field Breaker did not close. The unit was 

Fieldstarted and ran in local manual satisfactorily.  
Fiel Breker Oconee performed an operability test on unit land 

it worked fine. No problem was identified.  

2-6-88 1 Voltage Started Unit 1 for system generation. The 
Regulator unitrolled off but excitation did not close.  

Fiel Breker Abortedstart on #1. Started Unit 1 again and 
Field Breaker everythingworked okay.  

3-15-88 1 Voltage Started Unit 1 for system generation but 
Regulator theExcitation Breakers failed to close. Aborted 

Field Breaker start.Started, paralleled, placed Unit 1 on LFC.  
Unitstarted fine this start.  

5-23-88 1 Voltage When doing retest on Unit 1 the unit came on but 
Regulator the excitation supply did not close. The unit 

Fiel Breker shutdown due to an incomplete sequence. Did 
Field Breaker anotherstart and the unit worked okay.  

9-28-88 1 Voltage Started Unit 1 for weekly PM. Unit would not 
Regulator start up. Shut down unit. Started unit and 

paralled. Shut down unit. Started Unit 1 but it did 
not parallel. Shut unit down. Unit 1 started, 
paralled, and on LFC.  

6-3-91 2 Voltage Unit 2 started for system generation but the 
Regulator Voltage Regulator failed to come on. Attempted a 

2nd start and the regulator worked fine.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

11-20-84 2 #2 Supply Oconee started Unit 2 for operability test to take 
Breaker Unit 1 out of service for annual PMG inspection 

X Relay Coil but the #2 Supply Breaker failed to close. The 
breaker was removed and inspected but the cause 
of the problem was not found. Unit 2 was run 
several times successfully with no re-occurrence of 

the problem.  

12-4-84 2 #2 Supply Oconee attempted an auto start of Unit 2 but the 

Breaker Supply Breaker failed to close. Replaced X-relay 

X Relay Coil coil and adjusted mechanical linkage to relay.  
Tested breaker successfully 15 times.  

7-28-87 1 #1 Supply With both units shut down, the Keowee operator 
Breaker discovered that the unit 1 Supply Breaker closing 

X Relay coil was burning. Replaced closing coil and 41 AX 
relay (x relay).  

2-9-89 1 #1 Field Supply Oconee started Unit 1 to test the Overhead Path, 
Breaker but the Supply Breaker did not close. Problem was 

Xdetermined to be due to the X Relay sticking.  

SRelay Replaced relay and the worked fine.  

2-12-90 1 #1 Field Breaker Started Unit 1 for system generation but excitation 

X Relaybreakers did not close. Problem was found to be 
SRelay due to X Relay coil sticking. Replaced X Relay 

unit tested satisfactorily.  

12-26-90 1 Field Breaker Started Unit 1 for system generation but Generator 
ut Excitation Breakers did not close in. A 2nd start 

(X-Rlay)attempt was successful.  

1-16-91 1 Field Breaker Started Unit 1 for weekly preventative 
o maintenance but Generator Excitation Breakers did 
not close in. A 2nd start attempt was successful.  

1-21-91 1 Field Breaker Oconee started Unit 1 for test but Generator 
Excitation Breakers did not close in. A 2nd start 
attempt was successful.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

2-1-91 1 Field Breaker Started Unit 1 for system generation but 

(X-Rlay) Generator Excitation Breakers did not close in.A 
(X-Relay 2nd start attempt was successful.  

3-31-91 1 Field Breaker Started Unit 1 for system generation but 

(X-Rlay) Generator Excitation Breakers did not close in.A 
(X-Relay 2nd start attempt was successful.  

4-7-91 1 Field Breaker Started Unit 1 for system generation. The Field 

(X-Relay Supply Breaker did not close in. A 2nd 
startattempt was successful. Supply Breaker 
wasreplaced with spare breaker and both 
testedsatisfactorily. Cause of problem unknown.  

5-31-91 1 Field Breaker Unit 1 started for system generation. Unit rolled 

( off but the Supply, Field, and Field 
reaFlashingBreakers failed to close.  

6-7-91 1 Field Breaker Started Unit 1 for system generation but 

(X-Relay) excitation didn't close in. Immediately 
attemptedanother start and unit started and closed 
insatisfactorily.  

6-11-91 1 #1 Field Supply Oconee started Unit 1 for PT. The Field Supply 
Breaker Breaker failed to close. The problem was found to 
X Relay be due to the X Relay not resetting after thelast 

shutdown. Relay was reset and Unit 1 ran 
satisfactorily.  

1-29-92 1 Field Supply Started Unit 1 for system generation but the 
Breaker generator excitation did not close in. Checked 

X -Relay) circuitry with no problems found. Restarted 
unitand everything worked as designed. Keowee 
operators to check that X-Coil has reset aftereach 
Unit 1 and Unit 2 shutdown.
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Table A.6-5 

Generator Excitation Significant Operating Events 

Date Unit Component Event Summary 

2-13-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 2/13/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. Checking 

X-Relay the X-Relay within 14 minutes after the occurrence 
revealed that the X-Relay coil had reset on its own.  
Unit 1 was operability tested satisfactorily.  

2-20-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 2/20/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. Unit 1 

X-Relay was taken out of service to troubleshoot problenv 
with X-Relay failing to reset. The Field Breaker was 
removed and cleaned and some burrs were removed 

is from the X-Relay cylinder. Unit 1 was operability 
tested satisfactorily.  

3-17-92 1 Voltage Replaced X-Relay on Unit 1 Field Breaker per 
Regulator procedure MP/0/A/2001/3 and per Gary Edens 

Field Breaker X- request. Relay installed failed during functional test.  

Relay Failed relay was replaced by another relay and 
functionally tested satisfactorily.  

5-1-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 5/1/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. Checking 

X-Relay the X-Relay within 30 minutes after the occurrence 
revealed that the X-Relay coil had reset on its own.  
Unit 1 was operability tested satisfactorily.  

6-12-92 1 Voltage After a normal shutdown of Unit 1 for system 
Regulator generation on 6/12/92, it was discovered that the 

Field Breaker Unit 1 Field Flashing Breaker X-Relay had not reset 
as designed. This made Unit 1 inoperable. The relay 

X-Relay was manually reset and Unit I was operability 
tested satisfactorily.



Table A.6-6 

Generator Excitation Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

YK1STRTINT Keowee 1 Emergency Start Aux KU-I Field Breaker 

Relays 1ESRX/1A & 1ESRX/IB Fail 

YK2STRTINT Keowee 2 Emergency Start Aux KU-2 Field Breaker 

Relays 2ESRX/1A & 2ESRX/1B Fail 

XD1DASRCES Loss of Power to 125 V dc All Unit 1 

Distribution Center IDA During Start equipment 

XD2DASRCES Loss of Power to 125 V dc All Unit 2 

Distribution Center 2DA During Start equipment 

GKl86El Keowee Unit 1 Emergency Lock Out KU-1 Field Breaker 

Due To Spurious Actuation Of 

Generator Protective Relay 

GK286E2 Keowee Unit 2 Emergency Lock Out KU-2 Field Breaker 

Due To Spurious Actuation Of 

Generator Protective Relay 

YKlMR4ASRT Keowee 1 Master Relay 4A Fails To KU-1 Field Breaker 

Picks Up On Start 

YK2MR4ASRT Keowee 2 Master Relay 4A Fails To KU-2 Field Breaker 

Picks Up On Start 

NTACB4MOD NSM-ON-52966 Is In Service KU-1 and KU-2 

Field Breakers



Table A.6-7 

Generator Excitation Statalarms 

Point No. Alarm Actuator 

1SA2-31 GEN. #1 REGULATOR TRIP 94RB/1X 

1SA2-33 GEN. #1 EXCITATION LOW 40X 

1SA2-34 GEN. #1 MAX EXCITATION TIMING 76TX 

1SA2-35 GEN. #1 MAX EXCITATION LIMITING 76LX 

1SA2-36 GEN. #1 REG COOLING FAILURE 74F 

ISA2-37 GEN. #1 VOLTS/CYCLE LIMITING KI 

1SA2-38 GEN. #1 REG. BLOWN FUSE ALARM 74B 

1SA2-39 GEN. #1 EXCITATION RES FAN RUNNING 2BR 

2SA2-31 GEN. #2 REGULATOR TRIP 94RB/1X 

2SA2-33 GEN. #2 EXCITATION LOW 40X 

2SA2-34 GEN. #2 MAX EXCITATION TIMING 76TX 

2SA2-35 GEN. #2 MAX EXCITATION LIMITING 76LX 

2SA2-36 GEN. #2 REG COOLING FAILURE 74F 

2SA2-37 GEN. #2 VOLTS/CYCLE LIMITING Ki 

2SA2-38 GEN. #2 REG. BLOWN FUSE ALARM 74B 

2SA2-39 GEN. #2 EXCITATION RES FAN RUNNING 2BR



Table A.6-8 

Generator Excitation Fault Tree Top Events 

Gate Name Description 

KUlGEXCLD Keowee Unit 1 Generator Excitation Fails During A Cold Start 

KU1GEXRUN Keowee Unit 1 Generator Excitation Fails While The Unit Runs 

KU2GEXCLD Keowee Unit 2 Generator Excitation Fails During A Cold Start 

KU2GEXRUN Keowee Unit 2 Generator Excitation Fails While The Unit Runs
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate 1 Factor Rational For Factor 2  Probability 

ACB4MOD NSM-ON-52966 Is Not In Service 0.5 5.00E-01 
EDllD3DCDT Breaker 3D In 125V dc 7.50E-08 /H 84 H Rule 5: Would prevent field from 6.30E-06 

Distribution Center 1DA flashing.  
Transfers Open 

ED13BR2CDT Breaker 3BR In 125V dc 7.50E-08 /H 24 H Rule 1 : Would result in field 1.80E-06 
Distribution Center 1DA breaker trip.  
Transfers Open 

ED22D3DCDT Breaker 2D In 125V dc 7.50E-08 /H 24 H Rule 5: Would prevent field from 1.80E-06 
Distribution Center 2DA flashing.  
Transfers Open 

ED23BR2CDT Breaker 3BR In 125V dc 7.50E-08 /H 24 H Rule 1 : Would result in field 1.80E-06 
Distribution Center 2DA breaker trip.  
Transfers Open 

EK131TDRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Time Delay Relay 31/TD 
Fails To Operate 

EK131TDRYT Keowee Unit 1 Field Flashing 3.60E-07 /H 84 H Rule 5: Would prevent field 3.02E-05 
Breaker Time Delay Relay 31/TD flashing breaker from closing in 
Spurious Operation and staying closed.  

EK14152SWT KHU1 Generator Supply Breaker 7.00E-08' /H 84 H Rule 5: Failure prior to start 5.88E-06 
Trip Control Switch 141-52/T would keep supply breaker from 
Spurious Operation closing in and staying closed.  

EK1415TSWT Spurious Operation Of The KHU1 7.00E-08 /H 24 H Rule 1: Failure during mission 1.68E-06 
Supply Breaker Trip Switch fails run.  

EK1415YRYD KHU1 Generator Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Y-relay Failed To Drop-out At 
Last Operation 

EK1415YRYT KHUl Generator Supply Breaker 3.60E-07 /H 84 H Rule 5: Failure prior to start 3.02E-05 
Y-relay Spurious Operation would keep supply breaker from 

closing.  

EK141AXR6D Keowee Unit 1 Relay 41/AX 2.49E-04 /D 1 D 1 demand on unit start. 2.49E-04 
Fails To Pick-up And Latch 

EK141AXR6T Keowee Unit 1 Relay 41/AX 3.63E-07 /H 24 H Rule 1: Results in run failure. 8.71E-06 
Spuriously Resets 

EK141CFRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Close Coil Fails To 
Operate On Demand 

EK186E2RYT Keowee Unit 1 Lockout 3.60E-07 /H 6 H Rule 2: Indicated by computer 2.16E-06 
Auxiliary Relay 86EX-2 Is point.  
Picked-up 

I D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4
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Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate Factor Rational For Factor 2  Probability 

EK186EXRYT Keowee Unit 1 Gen Lockout 3.60E-07 /H 84 H Rule 5: Would prevent field 3.02E-05 
Auxiliary Relay 86EX-1 flashing breaker from closing in 
Spurious Actuation and staying closed.  

EK186X2RYT Keowee Unit 1 Generator 3.60E-07 /H 24 H Rule 1: Results in run failure. 8.64E-06 
Lockout Auxiliary Relay 86EX-1 
Spurious Actuation 

EK188SVRYD Keowee Unit 1 Fan Control 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 88SV Fails On Demand 

EK188SVRYT Keowee Unit 1 Fan Control 3.60E-07 /H 108 H Rule 6: Excitation cabinet 3.89E-05 
Relay 88SV Prior To Or During overheating fails run.  
The Run 

EK1901ARYT Keowee Unit 1 Relay 90X1A 3.60E-07 /H 84 H Rule 5: Failure prior to start 3.02E-05 
Spurious Operation would keep field flashing breaker 

from closing.  

EKl99SXRYD Auxiliary Relay 99SX1 Fails To 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Pick-up 

EK199SYRYD Keowee Unit 1 Relay 99SY Fails 3.30E-05 I./D 1 D 1 demand on unit start. 3.30E-05 
To Pick-up 

EK199SYRYT Keowee Unit 1 Relay 99SY Drops 3.60E-07 /H 24 H Rule 1: Trips field breaker, 8.64E-06 
Out fails unit run.  

EK1BAS2DEX KHU-1 Base Adjust Fails To 1.24E-03 1.24E-03 
Maintain Generator Output 
Within Acceptable Range 

EK1BASEDEX Keowee Unit 1 Base Adjust 6.17E-04 6.17E-04 
Fails To Establish Correct 
Unit Voltage 

EK1BASELHE Keowee Unit 1 Base Adjust Is 3.20E-03 3.20E-03 
Set Incorrectly 

EK1DIODDEX Keowee Unit 1 Exciter Fan 2.88E-04 2.88E-04 
Supply Diode Bridge Fails 

EK1EXC1TGF Keowee Unit 1 Gen Excitation 9.80E-07 /H 84 H Rule 5: Failure prior to mission 8.23E-05 
Transformer Is Failed fails the unit start.  

EK1EXC2TGF Keowee Unit 1 Generator 9.80E-07 /H 24 H Rule 1: Failure during the 2.35E-05 
Excitation Transformer Fails mission fails the unit run.  

EK1F30AFUF Keowee Unit 1 Excitation 3.60E-06 /H 24 H Rule 1: Failure during the 8.64E-05 
Cabinet Fan Fuses Fail mission fails the unit run.  

EK1F31XRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit starl. 3.30E-05 
Breaker Relay 31/X Fails To 
Pick-up On Demand 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor 2  Probability 

EK1F41CRYD Keowee Unit 1 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

EK1FAN1TLF Keowee Unit 1 Generator 7.50E-07 /H 24 H Rule 1: Fails the unit run due to 1.80E-05 
Excitation Fan Power overheating of the excitation 
Transformer Fails cabinets.  

EK1FLDCLHE Keowee Unit 1 Field Breaker 2.60E-04 2.60E-04 
Fails To Close Due To Latent 
Human Error 

EK1FLDMDEX Keowee Unit 1 Field Breaker 7.71E-05 7.71E-05 
Fails To Close Due To 
Mechanical Failure 

EK1FLSCLHE Keowee Unit 1 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Close Due To 
Latent Human Error 

EK1FLSMDEX Keowee Unit 1 Field Flashing 7.71E-05 7.71E-05 
Breaker Fails To Close Due To 
Mechanical Failure 

EK1FLSOLHE Keowee Unit 1 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Open Due To 
Latent Human Error 

EK1R31TRYD Keowee Unit 1 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Trip Coil 31/T Fails 
To Operate 

EK1R31YRYD KHU1 Gen Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Y-relay Failed To Drop 
Out At Last Operation 

EK1R31YRYT KHU1 Generator Field Flashing 3.60E-07 /H 84 H Rule 5: Fails unit start by 3.02E-05 
Breaker Y-relay Spurious preventing closure of the field 
Operation flashing breaker.  

EK1R41XRYD Keowee Unit 1 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41/X Fails To Pick-up On 
Demand 

EK1R41YRYD KHU1 Generator Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Y-relay Failed To Drop-out At 
Last Operation 

EK1R41YRYT Keowee Unit 1 Generator Field 3.60E-07 /H 84 H Rule 5: Fails unit start by 3.02E-05 
Breaker Y-relay Spurious preventing closure of the field 
Operation breaker.  

EK1R9A1RYT Keowee Unit 1 Relay 90X1A/TD 3.60E-07 /H 84 H Rule 5: Fails unit start by 3.02E-05 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor 2  Probability 

Spurious Operation preventing closure of the field 
flashing breaker.  

EK1R9C1R6T Keowee Unit 1 Relay 90X1C 3.63E-07 /H 84 H Rule 5: Fails unit start by 3.05E-05 
Spurious Operation preventing closure of the field 

flashing breaker.  

EKlSl41SWT KHU1 Field Breaker Trip 7.0OE-08 /H 84 H Rule 5: Fails unit start by 5.88E-06 
Control Switch 141/T Spurious preventing closure of the field 
Operation breaker.  

EK1S31TSWT KHU1 Field Flashing Breaker 7.OOE-08 /H 84 H Rule 5: Fails unit start by 5.88E-06 
Trip Control Switch 131/T preventing closure of the field 
Spurious Operation flashing breaker.  

EK1S41CRYD Keowee Unit 1 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

EK1S41TSWT Keowee Unit 1 Field Breaker 7.00E-08 /H 24 H Rule 1: Causes field breaker to 1.68E-06 
Trip Control Switch Transfers transfer open during the run.  
Position 

EK1S41XRYD Keowee Unit 1 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41-52X Fails To Pick-up 
On Demand 

EK1SPYCLHE Keowee Unit 1 Supply Breaker 2.60E-04 2.60E-04 
Fails To Close Due To Latent 
Human Error 

EK1SPYMDEX Keowee Unit 1 Supply Breaker 4.62E-04 4.62E-04 
Fails To Close Due To 
Mehanical Failure 

EK1VHSVRYD Keowee Unit 1 Voltage Build-up 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay Fails To Trip Field 
Flashing Breaker 

EK1VREGDEX KHU-1 Voltage Adjust Failure 2.47E-03 2.47E-03 
Drives Generator Output Too 
High/Low 

EK231TDRYD Keowee Unit 2 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Time Delay Relay 31/TD 
Fails To Operate 

EK231TDRYT Keowee Unit 2 Field Flashing 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Breaker Time Delay Relay 31/TD preventing closure of the field 
Spurious Operation flashing breaker.  

EK24152SWT KHU2 Generator Supply Breaker 7.00E-08 /H 12 H Rule 5: Fails unit start by 8.40E-07 

I D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

* * 0



(Page 5 of 9) 
Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate Factor Rational For Factor 2  Probability 

Trip Control Switch Spurious preventing closure of the supply 
Operation breaker.  

EK2415TSWT Spurious Operation Of The KHU2 7.OOE-08 /H 24 H Rule 1: Fails unit run by causing 1.68E-06 
Supply Breaker Trip Switch the supply breaker to transfer 

open.  

EK2415YRYD KHU2 Gen Supply Breaker Y- 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
relay Failed To Drop-out At 
Last Operation 

EK2415YRYT KHU2 Generator Supply Breaker 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Y-relay Spurious Operation preventing closure of the supply 

breaker.  

EK241AXR6D Keowee Unit 2 Relay 41/AX 2.49E-04 /D 1 D 1 demand on unit start. 2.49E-04 
Fails To Pick-up And Latch 

EK241AXR6T Keowee Unit 2 Relay 41/AX 3.63E-07 /H 24 H Rule 1: Fails unit run by causing 8.71E-06 
Spuriously Resets the excitation cabinet fans to 

fail.  

EK241CFRYD Keowee Unit 2 Field Flashing 3.30E-05, /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Close Coil Fails To 
Operat On Demand 

EK286E2RYT Keowee Unit 2 Lockout 3.60E-07 /H 6 H Rule 2: Fails unit start by 2.16E-06 
Auxiliary Relay 86EX-2 Is preventing closure of the supply 
Picked-up breaker. Indicated by computer 

point.  

EK286EXRYT Keowee Unit 2 Generator 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Lockout Auxiliary Relay 86EX-1 preventing closure of the field 
Spurious Actuation flashing breaker.  

EK286X2RYT Keowee Unit 2 Generator 3.60E-07 /H 24 H Rule 1: Fails the unit rin by 8.64E-06 
Lockout Auxiliary Relay 86EX-1 tripping the supply breaker.  
Spurious Actuation 

EK288SVRYD Keowee Unit 2 Fan Control 3.30E-05 /D 1 D 1 demand on unit start. 3 .30E-05 
Relay 88SV Fails On Demand 

EK288SVRYT Keowee Unit 2 Fan Control 3.60E-07 /H 36 H Rule 6: Fails unit run by failing 1.30E-05 
Relay 88SV Prior To Or During the excitation cabinet fans.  
The Run 

EK2901ARYT Keowee Unit 2 Relay 90X1A 3.60E-07 /H 12 H Rule 5: Fails unit start by 4.32E-06 
Spurious Operation preventing closure of the field 

flashing breaker.  

EK299SXRYD Auxiliary Relay 99SX2 Fails To 3.30E-05 /D . 1 D 1 demand on unit start. 3.30E-05 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4
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Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor2  Probability 

Pick-up 
EK299SYRYD Keowee Unit 2 Relay 99SY Fails 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 

To Pick-up 
EK299SYRYT Keowee Unit 2 Relay 99SY Drops 3.60E-07 /H 24 H Rule 1: Fails unit run by 8.64E-06 

Out tripping the field breaker.  

EK2BAS2DEX KHU-2 Base Adjust Fails To 1.24E-03 1 .24E-03 
Maintain Generator Output 
Within Acceptable Range 

EK2BASEDEX Keowee Unit 2 Base Adjust 6.17E-04 6.17E-04 
Fails To Establish Correct 
Unit Voltage 

EK2BASELHE Keowee Unit 2 Base Adjust Is 3.20E-03 3.20E-03 
Set Incorrectly 

EK2DIODDEX Keowee Unit 2 Exciter Fan 2.88E-04 2.88E-04 
Supply Diode Bridge Fails 

EK2EXC1TGF Keowee Unit 2 Generator 9.80E-07 /H 12 H Rule 5: Fails the unit start by 1.18E-05 
Excitation Transformer Is failing excitiation.  
Failed 

EK2EXC2TGF Keowee Unit 2 Generator 9.80E-07 /H 24 H Rule 5: Fails the unit run by 2.35E-05 
Excitation Transformer Fails failing excitiation.  

EK2F30AFUF Keowee Unit 2 Excitation 3.60E-06 /H 24 H Rule 5: Fails the unit run by 8.64E-05 
Cabinet Fan Fuses Fail failing excitiation.  

EK2F31XRYD Keowee Unit 2 Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Relay 31/X Fails To 
Pick-up On Demand 

EK2F41CRYD Keowee Unit 2 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

EK2FAN1TLF Keowee Unit 2 Generator 7.50E-07 /H 24 H Rule 5: Fails the unit run by 1.80E-05 
Excitation Fan Power failing excitiation.  
Transformer Fails 

EK2FLDCLHE Keowee Unit 2 Field Breaker 2.60E-04 2.60E-04 
Fails To Close Due To. Latent 
Human Error 

EK2FLDMDEX Keowee Unit 2 Field Breaker 7.71E-05 7.71E-05 
Fails To Close Due To 
Mechanical Failure 

EK2FLSCLHE Keowee Unit 2 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Close Due To 
Latent Human Error 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4 

* * 0
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Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate' Factor Rational For Factor2  Probability 

EK2FLSMDEX Keowee Unit 2 Field Flashing 7.71E-05 7.71E-05 
Breaker Fails To Close Due To 
Mechanical Failure 

EK2FLSOLHE Keowee Unit 2 Field Flashing 2.60E-04 2.60E-04 
Breaker Fails To Open Due To 
Latent Human Error 

EK2R31TRYD Keowee Unit 2 Field Flashing 3.30E-05 */D 1 D 1 demand on unit start. 3.30E-05 
Breaker Trip Coil 31/T Fails 
To Operate 

EK2R31YRYD KHU2 Gen Field Flashing 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Breaker Y-relay Failed To Drop 
At Last Operation 

EK2R31YRYT KHU2 Generator Field Flashing 3.60E-07 /H 12 H Rule 5: Operation prior to start 4.32E-06 
Breaker Y-relay Spurious signal prevents closure of the 
Operation field flashing breaker.  

EK2R41XRYD Keowee Unit 2 Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41/X Fails To Pick-up On 
Demand 

EK2R41YRYD KHU2 Generator Field Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Y-relay Failed To Drop-out At 
Last Operation 

EK2R41YRYT KHU2 Generator Field Breaker 3.60E-07 /H 12 H Rule 5: Operation prior to start 4.32E-06 
Y-relay Spurious Operation signal prevents closure of the 

field breaker.  

EK2R9A2RYT Keowee Unit 2 Relay 90X1A/TD 3.60E-07 /H 12 H Rule 5: Operation prior to start 4.32E-06 
Spurious Operation signal prevents closure of the 

field flashing breaker.  

EK2R9C2R6T Keowee Unit 2 Relay 90X1C 3.63E-07 /H 12 H Rule 5: Operation prior to start 4.36E-06 
Spurious Operation signal prevents closure of the 

field flashing breaker.  

EK2S141SWT KHU2 Field Breaker Trip 7.00E-08 /H 12 H Rule 5: Operation prior to start 8.40E-07 
Control Switch Spurious signal prevents closure of the 
Operation field breaker.  

EK2S31TSWT KHU2 Field Flashing Breaker 7.00E-08 /H 12 H Rule 5: Operation prior to start 8.40E-07 
Trip Control Switch 131/T signal prevents closure of the 
Spurious Operation field flashing breaker.  

EK2S41CRYD Keowee Unit 2 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Close Coil Fails To Operate On 
Demand 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4



(Page 8 of 9) 
Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate Factor Rational For Factor2  Probability 

EK2S41TSWT Keowee Unit 2 Field Breaker 7.OOE-08 /H 24 H Rule 1: Fails unit by tripping 1.68E-06 
Trip Control Switch Transfers the field breaker.  
Position 

EK2S41XRYD Keowee Unit 2 Supply Breaker 3.30E-05 /D 1 D 1 demand on unit start. 3.30E-05 
Relay 41-52X Fails To Pick-up 
On Demand 

EK2SPYCLHE Keowee Unit 2 Supply Breaker 2.60E-04 2.60E-04 
Fails To Close Due To Latent 
Human Error 

EK2SPYMDEX Keowee Unit 2 Supply Breaker 4.62E-04 4.62E-04 
Fails To Close Due To 
Mehanical Failure 

EK2VHSVRYD Keowee Unit 2 Voltage Build-up 3.30E-05 /D 1 D 3.30E-05 
Relay Fails To Trip Field 
Flashing Breaker 

EK2VREGDEX KHU-2 Voltage Adjust Failure 2.47E-03 2.47E-03 
Drives Generator Output Too 
High/Low 

GK186E1 Keowee Unit 1 Emergency 0 0.00E+00 
Lockout Due To Actuation Of 
Generator Protective Relay 

GK286E2 Keowee Unit 2 Emergency 0 0.00E+00 
Lockout Due To Spurious 
Actuation Of Gen Protect Relay 

XD1DASRCES Loss Of Power To 125V dc 0 0.00E+00 
Distribution Center 1DA During 
Start 

XD2DASRCES Loss Of Power To 125 Vdc 0 0.00E+00 
Distribution Center 2DA During 
Start 

YK1MR4ASRT Keowee 1 Master Relay 4A Fails 0 0.00E+00 
to Pick Up On Start 

YK1STR2INT Keowee 1 Emergency Start Aux 0 0.OOE+00 
Relays 1ESRX/2A & 1ESRX/2B 
Fail 

YK1STRTINT Keowee 1 Emergency Start Aux 0 0.OOE+00 
Relays 1ESRX/1A & 1ESRX/1B 
Fail 

YK2MR4ASRT Keowee 2 Master Relay 4A Fails 0 0.00E+00 
to Pick Up On Start 

YK2STR2INT Keowee 2 Emergency Start Aux 0 0.OOE+00 

I D-Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4 

0 0 0
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Table A.6-9 

Generator Excitation Reliability Data 

Failure 
Event Name Description Failure Rate Factor Rational For Factor 2  Probability 

Relays 2ESRX/2A & 2ESRX/2B 
Fail 

YK2STRTINT Keowee 2 Emergency Start Aux 0 0. OE+00 
Relays 2ESRX/1A & 2ESRX/lB 
Fail 

1 D=Demand H=Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4



Table A.6-10 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KUlGEXRUN: Keowee Unit 1 Fails To Cold Start 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 49.8% EK1BASELHE 3.20E-03 Keowee Unit 1 Base Adjust Is Set Incorrectly 

2) 6.17E-04 9.6% EK1BASEDEX 6.17E-04 Keowee Unit 1 Base Adjust Fails To Establish Correct 
Unit Voltage 

3) 4.62E-04 7.2% EK1SPYMDEX 4.62E-04 Keowee Unit 1 Supply Breaker Fails To Close Due To 
Mechanical Failure 

4) 2.60E-04 4.0% EK1FLDCLHE 2.60E-04 Keowee Unit 1 Field Breaker Fails To Close Due To 
Latent Human Error 

5) 2.60E-04 4.0% EK1FLSCLHE 2.60E-04 Keowee Unit 1 Field Flashing Breaker Fails To Close 
Due To Latent Human Error 

6) 2.60E-04 4.0% EK1FLSOLHE 2.60E-04 Keowee Unit 1 Field Flashing Breaker Fails To Open 
Due To Latent Human Error 

7) 2.60E-04 4.0% EK1SPYCLHE 2.60E-04 Keowee Unit 1 Supply Breaker Fails To Close Due To 
Latent Human Error 

8) 2.49E-04 3.9% EK141AXR6D 2.49E-04 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 

9) 8.23E-05 1.3% EK1EXC1TGF 8.23E-05 Keowee Unit 1 Gen Excitation Transformer Is Failed 

10) 7.71E-05 1.2% EK1FLDMDEX 7.71E-05 Keowee Unit 1 Field Breaker Fails To Close Due To 
Mechanical Failure 

11) 7.71E-05 1.2% EK1FLSMDEX 7.71E-05 Keowee Unit 1 Field Flashing Breaker Fails To Close 
Due To Mechanical Failure 

Total Event Probability = 6.42E-03 

0 0 0
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Table A.6-11 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KUlGEXRUN: Keowee Unit 1 Fails While Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.47E-03 55.3% EK1VREGDEX 2.47E-03 KHU-1 Voltage Adjust Failure Drives Generator Output Too 
High/Low 

2) 1.24E-03 27.7% EK1BAS2DEX 1.24E-03 KHU-1 Base Adjust Fails To Maintain Generator Output 
Within Acceptable Range 

3) 2.88E-04 6.4% EK1DIODDEX 2.88E-04 Keowee Unit 1 Exciter Fan Supply Diode Bridge Fails 

4) 2.49E-04 5.6% EK141AXR6D 2.49E-04 Keowee Unit 1 Relay 41/AX Fails To Pick-up And Latch 
5) 8.64E-05 1.9% EK1F30AFUF 8.64E-05 Keowee Unit 1 Excitation Cabinet Fan Fuses Fail 
6) 3.89E-05 0.9% EK188SVRYT 3.89E-05 Keowee Unit 1 Fan Control Relay 88SV Prior To Or During 

The Run 
7) 3.30E-05 0.7% EK188SVRYD 3.30E-05 Keowee Unit 1 Fan Control Relay 88SV Fails On Demand 

8) 2.35E-05 0.5% EK1EXC2TGF 2.35E-05 Keowee Unit 1 Generator Excitation Transformer Fails 

9) 1.80E-05 0.4% EK1FAN1TLF 1.80E-05. Keowee Unit 1 Generator Excitation Fan Power Transformer 
Fails 

10) 8.71E-06 0.2% EK141AXR6T 8.71E-06 Keowee Unit 1 Relay 41/AX Spuriously Resets 

11) 8.64E-06 0.2% EK186X2RYT 8.64E-06 Keowee Unit 1 Generator Lockout Auxiliary Relay 86EX-1 
Spurious Actuation 

12) 8.64E-06 0.2% EK199SYRYT 8.64E-06 Keowee Unit 1 Relay 99SY Drops Out 

Total Event Probability = 4.47E-03



Table A.6-12 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KU2GEXCLD: Keowee Unit 2 Fails To Cold Start 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 3.20E-03 52.3% EK2BASELHE 3.20E-03 Keowee Unit 2 Base Adjust Is Set Incorrectly 

2) 6.17E-04 10.1% EK2BASEDEX 6.17E-04 Keowee Unit 2 Base Adjust Fails To Establish Correct 
Unit Voltage 

3) 4.62E-04 7.5% EK2SPYMDEX 4.62E-04 Keowee Unit 2 Supply Breaker Fails To Close Due To 
Mechanical Failure 

4) 2.60E-04 4.2% EK2FLDCLHE 2.60E-04 Keowee Unit 2 Field Breaker Fails To Close Due To 
Latent Human Error 

5) 2.60E-04 4.2% EK2FLSCLHE 2.60E-04 Keowee Unit 2 Field Flashing Breaker Fails To Close Due 
To Latent Human Error 

6) 2.60E-04 4.2% EK2FLSOLHE 2.60E-04 Keowee Unit 2 Field Flashing Breaker Fails To Open Due 
To Latent Human Error 

7) 2.60E-04 4.2% EK2SPYCLHE 2.60E-04 Keowee Unit 2 Supply Breaker Fails To Close Due To 
Latent Human Error 1 

8) 2.49E-04 4.1% EK241AXR6D 2.49E-04 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 

9) 7.71E-05 1.3% EK2FLDMDEX 7.71E-05 Keowee Unit 2 Field Breaker Fails To Close Due To 
Mechanical Failure 

10) 7.71E-05 1.3% EK2FLSMDEX 7.71E-05 Keowee Unit 2 Field Flashing Breaker Fails To Close Due 
To Mechanical Failure 

Total Event Probability = 6.12E-03 

0 0 0



Table A.6-13 

Generator Excitation Dominant Minimal Cut Sets 

Cut Sets for Gate KU2GEXRUN: Keowee Unit 2 Fails While Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.47E-03 55.5% EK2VREGDEX 2.47E-03 KHU-2 Voltage Adjust Failure Drives Generator Output 
Too High/Low 

2) 1.24E-03 27.9% EK2BAS2DEX 1.24E-03 KHU-2 Base Adjust Fails To Maintain Generator Output 
Within Acceptable 

3) 2.88E-04 6.5% EK2DIODDEX 2.88E-04 Keowee Unit 2 Exciter Fan Supply Diode Bridge Fails 

4) 2.49E-04 5.6% EK241AXR6D 2.49E-04 Keowee Unit 2 Relay 41/AX Fails To Pick-up And Latch 

5) 8.64E-05 1.9% EK2F30AFUF 8.64E-05 Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 

6) 3.30E-05 0.7% EK288SVRYD 3.30E-05 Keowee Unit 2 Fan Control Relay 88SV Fails On Demand 

7) 2.35E-05 0.5% EK2EXC2TGF 2.35E-05 Keowee Unit 2 Generator Excitation Transformer Fails 

8) 1.80E-05 0.4% EK2FAN1TLF 1.80E-05 Keowee Unit 2 Generator Excitation Fan Power 
Transformer Fails 

9) 1.30E-05 0.3% EK288SVRYT 1.30E-05 Keowee Unit 2 Fan Control Relay 88SV Prior To Or 
During The Run 

10) 8.71E-06 0.2% EK241AXR6T 8.71E-06 Keowee Unit 2 Relay 41/AX Spuriously Resets 

11) 8.64E-06 0.2% EK286X2RYT 8.64E-06 Keowee Unit 2 Generator Lockout Auxiliary Relay 86EX-1 
Spurious Actuation 

12) 8.64E-06 0.2% EK299SYRYT 8.64E-06 Keowee Unit 2 Relay 99SY Drops Out 

13) 1.80E-06 0.0% ED23BR2CDT 1.80E-06 Breaker 3BR In 125V dc Distribution Center 2DA 
Transfers Open 

14) 1.68E-06 0.0% EK2S41TSWT 1.68E-06 Keowee Unit 2 Field Breaker Trip Control Switch 
Transfers Position 

15) 1.68E-06 0.0% EK2415TSWT 1.68E-06 Spurious Operation Of The KHU2 Supply Breaker Trip 
Switch 

Total Event Probability = 4.45E-04



Table A.6-14 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution 2 

Keowee Unit 1 Generator Excitation Fails To Cold Start 

1 EKlBASELHE 3.19E-03 49.7% 
Keowee Unit 1 Base Adjust Is Set Incorrectly 

2 EKIBASEDEX 6.13E-04 9.6% 
Keowee Unit 1 Base Adjust Fails To Establish 
Correct Unit Voltage 

3 EKlSPYMDEX 4.59E-04 7.2% 
Keowee Unit 1 Supply Breaker Fails To Close 
Due To Mechanical Failure 

4 EKlFLSOLHE 2.58E-04 4.0% 
Keowee Unit 1 Field Flashing Breaker Fails To 
Open Due To Latent Human Error 

5 EKlFLSCLHE 2.58E-04 4.0% 
Keowee Unit 1 Field Flashing Breaker Fails To 
Close Due To Latent Human Error 

6 EK1FLDCLHE 2.58E-04 4.0% 
Keowee Unit 1 Field Breaker Fails To Close Due 
To Latent Human Error 

7 EKlSPYCLHE 2.58E-04 4.0% 
Keowee Unit 1 Supply Breaker Fails To Close 
Due To Latent Human Error 

8 EK141AXR6D 2.47E-04 3.9% 
Keowee Unit 1 Relay 41/AX Fails To Pick-up 
And Latch 

I The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.6-15 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailability 1  Contribution2 

Keowee Unit 1 Generator Excitation Fails While Unit Runs 

1 EKlVREGDEX 2.46E-03 55.1% 
KHU-1 Voltage Adjust Failure Drives Generator 
Output Too High/Low 

2 EKlBAS2DEX 1.23E-03 27.6% 
KHU- 1 Base Adjust Fails To Maintain Generator 
Output Within Acceptable Range 

3 EKIDIODDEX 2.87E-04 6.4% 
Keowee Unit 1 Exciter Fan Supply Diode 
Bridge Fails 

4 EK141AXR6D 2.48E-04 5.5% 
Keowee Unit 1 Relay 41/AX Fails To Pick-up 
And Latch 

5 EK1F30AFUF 8.58E-05 1.9% 
Keowee Unit 1 Excitation Cabinet Fan Fuses 
Fail 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.6-16 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Keowee Unit 2 Generator Excitation Fails To Cold Start 

1 EK2BASELHE 3.19E-03 52.1% 
Keowee Unit 2 Base Adjust Is Set Incorrectly 

2 EK2BASEDEX 6.12E-04 10.0% 
Keowee Unit 2 Base Adjust Fails To Establish 
Correct Unit Voltage 

3 EK2SPYMDEX 4.59E-04 7.5% 
Keowee Unit 2 Supply Breaker Fails To Close 
Due To Mechanical Failure 

4 EK2FLDCLHE 2.58E-04 4.2% 
Keowee Unit 2 Field Breaker Fails To Close 
Due To Latent Human Error 

5 EK2SPYCLHE 2.58E-04 4.2% 
Keowee Unit 2 Supply Breaker Fails To Close 
Due To Latent Human Error 

6 EK2FLSOLHE 2.58E-04 4.2% 
Keowee Unit 2 Field Flashing Breaker Fails To 
Open Due To Latent Human E 

7 EK2FLSCLHE 2.58E-04 4.2% 
Keowee Unit 2 Field Flashing Breaker Fails To 
Close Due To Latent Human 

8 EK241AXR6D 2.47E-04 4.0% 
Keowee Unit 2 Relay 41/AX Fails To Pick
up And Latch 

9 EK2FLSMDEX 7.65E-05 1.3% 
Keowee Unit 2 Field Flashing Breaker Fails To 
Close Due To Mechanical Failure 

10 EK2FLDMDEX 7.65E-05 1.3% 
Keowee Unit 2 Field Breaker Fails To Close 
Due To Mechanical Failure 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent



Table A.6-17 

Generator Excitation Dominant Contributors To Unavailability 

Approximate 

Mean Unavailability 

Rank Event Description Unavailabilityl Contribution 2 

Keowee Unit 2 Generator Excitation Fails While Unit Runs 

I EK2VREGDEX 2.47E-03 55.4% 
KHU-2 Voltage Adjust Failure Drives Generator 
Output Too High/Low 

2 EK2BAS2DEX 1.24E-03 27.8% 
KHU-2 Base Adjust Fails To Maintain Generator 
Output Within Acceptable 

3 EK2DIODDEX 2.87E-04 6.5% 
Keowee Unit 2 Exciter Fan Supply Diode Bridge 
Fails 

4 EK241AXR6D 2.48E-04 5.6% 
Keowee Unit 2 Relay 41/AX Fails To Pick-up And 
Latch 

5 EK2F30AFUF 8.59E-05 1.9% 
Keowee Unit 2 Excitation Cabinet Fan Fuses Fail 

1 The mean unavailability is the summation of the values of all cut sets in which the event appears 
2 The contribution to unavailability is calculated by dividing the mean unavailability by the overall system 

unavailability and then multiplying by 100 percent
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Gate/Event Name Paae Zon~ Gate/Event Name- Pace Zone Gate/Event Name Par Zone Gate/Event Name Paare Zone 
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A.7 KEUWEEENsTlu 

A.7.1 OBJECTIVES 

The main objective of this analysis is to develop a logic model of the Keowee Generator.  

This model is combined with the high-level model and remaining system models to form 

an integrated model for assessing the reliability of Keowee. Other objectives are to 

identify major contributors to system unreliability, significant potential human errors and 

common-cause failure modes.  

The scope of this analysis is limited to Generator equipment required to support a Keowee 

emergency start and run under load following a loss of offsite power event.  

A.7.2 SYSTEM DESIGN 

The Keowee Hydroelectric Station contains two vertical waterwheel driven electric 

generators rated at 87.5 MVA at a voltage of 13.8 kV. The generators are salient pole 

synchronous machines that operate at a speed of 128.6 rpm. A totally enclosed ventilation 

system with air to water heat exchangers removes the heat produced by the generator.  

The generators are of the "umbrella" design which utilizes a combined thrust and guide 

bearing located below the rotor. The bearings are completely submerged in an oil bath 

which both lubricates and cools the bearings. Heat is removed from the oil pot by water 

cooled heat exchangers.  

A simplified diagram showing the generator with its major components is provided in 

Figure A.7-1. The following paragraphs briefly describe the major components of the 

generator.  

High Pressure Oil Lift System 

The generator is equipped with a high pressure oil lift system which provides a positive oil 

film between the thrust bearing shoes and the runner during starting and stopping.  

However, this oil lift function is not required during an emergency start of the unit and 

once the unit begins operation, the bearings are self lubricating. A simplified diagram of 

the high pressure oil lift system is shown in Figure A.7-2.  
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Ventilation System 

The cooling air circulation pattern for the generator is shown in Figure A.7- 1. The air 

discharged from the surface air coolers is drawn upward into the upper bracket area of the 

unit. The air circulation is achieved by paddle type blowers mounted on the top and 

bottom of the rotor. The air from the upper bracket passes directly into the main machine 

just behind the rotor rim from the top and bottom of the rotor. The entire air volume 

passes over the field copper of the rotor and into the vent ducts of the stator. To 

complete the ventilation cycle, the air discharges into the frame behind the stator core and 

again passes through the surface air coolers.  

The generator is supplied with six water to air coolers evenly spaced about the generator 

enclosure which are capable of removing the heat due to machine losses to the air. The 

coolers are of the multipass type with air flow counter-current to the water flow. The 

cooling water is supplied by the Turbine Generator Cooling Water System (WL). The 

cooling water flow paths and valve arrangements are shown in Figure A.7-3.  

Thrust and Guide Bearings 

The generator has a flat pad, pivoted Kingsbury type bearing. The shoes of the bearing 

assembly are made of steel plate finished on the surface so that the babbit may be 

metallurgically bonded to the surface of the shoes. These shoes are capable of supporting 

the weight of the rotating parts of the unit and the external thrust created by the unit as it 

operates. Operating in conjunction with the thrust bearing is a segmental shoe type guide 

bearing. The guide bearing shoes are mounted on a shoe support ring and are properly 

positioned radially by means of individual jack screws.  

Lubrication of the bearings is provided by completely submerging the thrust and guide 

bearing assemblies in an oil bath. The oil is kept at a safe operating temperature by means 

of cooling coils within the oil pot. Cooling water to the coils is provided by the WL 

system. The bearing oil cooling flow path and associated valves are shown in Figure A.7

4.  
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Fire Protection Equipment 

The generator is protected from fires by a carbon dioxide fire protection system, which 

consists of initial and delayed discharge nozzles and thermostats located around the 

generator. In order to provide relief to prevent excessive pressure build-up within the air 

housing during C02 discharge, two doors in the upper bracket top deck serve as weight 

loaded C02 relief doors. The weight of each door is sufficient to maintain tight closure in 

normal operation. A pressure sensor in each C02 discharge line will lockout the 

generator upon C02 discharge. A simplified flow diagram of the generator fire protection 

system is shown in Figure A.7-5.  

Brake and Jack System 

The generator also has a combination air brake/oil jack system. The brakes have 

individually renewable wearing surfaces which operate against a segmental, renewable 

steel brake ring. Using compressed air, the brakes are used to slow and stop the unit 

during shutdown. The brake assemblies also serve as hydraulic jacks which can be used 

during maintenance to lift the entire rotor at least one inch.  

Protective Relays 

Keowee has three types of lockout relays. They are referred to as "emergency lockout," 

"normal lockout," and "alarm lockout" relays and are denoted by 86E, 86N and 30X 

respectively. The emergency lockout relay (86E) will prevent the Keowee unit from 

starting in either normal or emergency mode and trip the unit if it is running in either 

mode. The normal lockout relay (86N) will prevent the Keowee unit from starting in 

normal mode. It will not prevent an emergency start. This relay will also trip the unit if 

running in normal mode, not emergency mode. The alarm lockout relay (30X) will 

prevent the Keowee unit from starting in normal mode. It will not prevent an emergency 

start. This relay will not trip the unit if it is already running. Only the emergency lockout 

relay function and the relays that actuate it are modeled in the generator fault tree model.  
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A.7.3 SYSTEM BOUNDARIES 

Turbine Generator Cooling Water System 

Cooling water to the Generator air coolers and the Generator thrust bearing oil coolers is 

provided by the Turbine Generator Cooling Water (WL) System. A significant portion of 

the WL system supports the generator only, and has been incorporated into the 

"generator" model. This includes the air coolers, the oil coolers and their associated 

isolation and drain valves. Figure A.7-3 and A.7-4 show the WL components modeled in 

the generator model. The rest of the WL System is covered in the WL model and is 

described in Appendix A. 14.  

Generator Excitation 

The Generator Excitation System supplies dc voltage to the generator field coils. The 

Generator Excitation System model is described in Appendix A.6.  

Air Circuit Breakers 

Output of the generator is supplied to the 13.8 kV bus through the Air Circuit Breakers.  

The Air Circuit Breaker model is described in Appendix A.4 

A.7.4 INSTRUMENTATION AND CONTROLS 

There are no control functions associated with the actual generator of the Keowee Hydro 

Station. All control functions are provided through other systems such as the governor, 

exciter and voltage regulator systems. Instrumentation associated with the generator 

primarily monitors temperature, cooling water flow, and thrust bearing oil level.  

Protective trips are provided for fire protection actuation, bus differential voltage, 

generator ground faults, and high or low bearing oil level. Control room statalarms 

associated with the generator are listed in Table A.7-5.  

A.7.5 LOCATION WITHIN THE PLANT 

The Keowee generators are located within the generator enclosures which are between the 

operating floor and the turbine pit.  
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A.7.6 NORMAL OPERATION 

During normal operation, the Keowee generators are rated at 87.5 MVA at a voltage of 

13.8 kV, and operate at a speed of 128.6 rpm. The totally enclosed ventilation system 

with air to water heat exchangers removes the heat produced by generating electricity.  

The generators are run on a combined thrust and guide bearing located below the rotor.  

The bearings are completely submerged in an oil bath which both lubricates and cools the 

bearings. Heat is removed from the oil pot by water cooled heat exchangers.  

A.7.7 PERFORMANCE DURING KEOWEE EMERGENCY OPERATION 

Keowee Generator operation is the same during normal and emergency operation.  

However, during an emergency start or run, the normal lockout relay will not prevent a 

start or trip a running unit.  

A.7.8 TEST AND MAINTENANCE 

Tsting 

The Keowee Generator testing requirements are detailed in Table A.7-1.  

Maintenance 

The Keowee Generator maintenance requirements are listed in Table A.7-2.  

A.7.9 OPERATING EXPERIENCE 

A summary of significant operating events is provided in Table A.7-3. Three of these 

events were considered to represent failures that would have resulted in failure of the 

generator during emergency operation. These were the Unit 2 generator fault that 

occurred on 11/19/85, the Unit 2 fault that occurred on 12/2/92, and the Unit 2 accidental 

actuation of the generator C02 fire suppression system on 7/24/86.  
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A.7. 10 ASSUMPTIONS 

A.7.10.1 SYSTEM DESIGN ASSUMPTIONS 

1. The High Pressure Oil System is not required during an emergency start. The 

generator bearings are self lubricating as long as adequate oil level is maintained.  

2. To prevent generator failure due to over heating, all six generator air coolers are 

required to be functioning with full WL flow.  

3. To prevent generator failure due to bearing lubrication failure, all eight bearing oil 

coolers are required to be functioning with full WL flow.  

A.7.10.2 OPERATIONAL ASSUMPTIONS 

1. It is assumed that the Unit 1 generator is assigned to the underground path, and 

the Unit 2 generator is assigned to the overhead path. It is also assumed that Unit 

2 is operated daily. These assumptions are important when assigning exposure 

times for the calculation of failure probabilities.  

2. Failures of components that would result in a control room alarm need not be 

modeled as a failure of the generator to start. Failures of this type would alert the 

operators of a problem and the unit would be declared inoperable.  

A.7.10.3 MODELING ASSUMPTIONS 

1. The High Pressure Oil System is not required during an emergency start. The 

generator bearings are self lubricating as long as adequate oil level is maintained.  

However, if the High Pressure Oil system were to leak, proper oil level could not 

be maintained and the generator would fail due to inadequate bearing lubrication.  

Therefore, the High Pressure Oil system must remain leak tight during the running 

of the Keowee generator.  

2. The generator braking system is used to slow the generator following a unit 

shutdown. However, the braking system does not have adequate resistance to 
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prevent the starting or running of the generator. Therefore, spurious actuation of 

the braking system need not be modeled.  

3. If the Generator C02 Fire Protection system were to spuriously actuate, a 

generator emergency lockout would occur. Since the C02 system is self 

contained, spurious actuation will be treated as an undeveloped event. The 

exception will be the pressure sensor and relay in the C02 discharge line that 

generates the generator emergency lockout signal. These two components will be 

explicitly modeled.  

4. Failures of components that would result in a control room alarm need not be 

modeled as a failure of the generator to start. Failures of this type would alert the 

operators of a problem and the unit would be declared inoperable. These type 

failures are already captured by the maintenance or testing basic event. However, 

these failures should be modeled as a cause of a generator run failure. Examples of 

this type of component are spurious or actual high generator bearing oil level, or 

spurious operation of any of the generator lockout relays.  

5. If a generator air cooler should leak or if there is a failure of the cooler drain 

valves, water from the WL system could leak into the generator enclosure. It is 

assumed that this would result in failure of the generator.  

6. It is possible that the generator enclosure space heaters may be spuriously actuated 

and overheat the generator and its enclosure . Since the generator coolers operate 

only while the unit is running, they would not remove the heat produced by the 

heaters. This could lead to actuation of the generator fire suppression system, 

which would cause a generator lockout and prevent an emergency start of the unit.  

However, the likelihood of the coincident spurious actuation of the heaters and the 

need for Keowee to emergency start is very low. Additionally, generator stator 

high temperature is alarmed and would alert the Keowee operator of problems 

prior to initiation of the C02 fire suppression system. Therefore, spurious 

actuation of the generator enclosure space heaters will not be modeled as a failure 

mode for the generator failing to start.  

7. It is not necessary to model the inadvertent actuation of the space heaters as a way 

to fail the generator while running. The generator enclosure space heaters produce 
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a small fraction of the heat produced by the generator while running. The 

generator coolers could easily remove the small amount of excess heat produced 

by the heaters.  

8. It is assumed that the weekly test will uncover the failures that result in water 

leaking into the generator compartment (i.e. some valve transfers and heat 

exchanger leaks).  

9. It is assumed that the weekly test is not of sufficient duration to detect those 

failure that would result in eventual generating overheating (e.g. cooling water 

valve transfers).  

A.7. 11 FAULT TREE ANALYSIS 

A.7.11.1 TOP EVENT SUCCESS CRITERIA 

Success of the Keowee Generator requires that: 

* One of the two Keowee Generators starts and supplies adequate power to the Oconee 

station for twenty-four hours following a loss of offsite power.  

* To prevent generator failure due to overheating, all six generator air coolers are 

required to be functioning with full WL flow. Therefore, failure of any one of the 

coolers, or failure of any one of the manual valves in the cooler flow path will result in 

inadequate cooling and failure of the generator.  

* To prevent generator failure due to bearing lubrication failure, all eight bearing oil 

coolers are required to be functioning with full WL flow. Therefore, failure of any of 

the bearing oil coolers, or failure of any one of the manual valves in the cooler flow 

path will result in inadequate cooling of the bearing oil and failure of the generator.  

A.7.11.2 DETAILED FAILURE CRITERIA 

1. Actuation of any of the relays that cause "Emergency Lockout" will cause the 

generator to trip.  
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2. Spurious actuation of the generator fire suppression system will cause an 

"Emergency Lockout" and trip the operating unit.  

3. Failure to cool the generator enclosure will result in overheating and either failure 

or trip of the unit.  

4. Loss of the generator bearing oil will result in trip or failure of the generator.  

Also, failure to cool the generator bearing oil will result in failure of the generator.  

5. A cooling water leak in the generator enclosure will result in failure of the 

generator.  

6. The generator will not start if the neutral ground disconnect is open.  

A.7.11.3 DESCRIPTION OF FAULT TREE 

The Keowee Generator fault tree is shown in Figure A.7-6. The Keowee Generator fault 

tree contains four top events which serve as transfer points for the Keowee top logic 

model described in Appendix A.1. The top events of the generator fault tree are: 

KUlGENCLD Keowee Unit 1 Generator Fails 

During Cold Start 

KU2GENCLD Keowee Unit 2 Generator Fails 

During Cold Start 

KUIGENRUN Keowee Unit 1 Generator Fails 

While the Unit Runs 

KU2GENRUN Keowee Unit 2 Generator Fails 

While the Unit Runs 

The Fault Tree Modeling Guidelines (Appendix B) were followed in developing the fault 

tree. A list of all fault tree transfers is presented in Table A.7-4. Modules were not 

developed for the Keowee fault trees.  

Human reliability analysis was performed as described in Section 5.5 and Appendix C.3.  

Human events impacting the model are described in Section A.7.11.4.  
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Common-cause analysis was performed as described in Section 5.4 and Appendix C.2.  

Common-cause events impacting the model are described in Section A.7.11.6.  

A.7.11.4 HUMAN INTERACTIONS 

Human actions by the maintenance technicians and operators can adversely affect Keowee 

Generator reliability. Those events explicitly included in the system fault tree are 

discussed below.  

GKlBRGVLHE, GK2BRGVLHE 

These basic events account for the potential of the maintenance technicians to fail to 

properly restore the Generator Thrust Bearing Cooler isolation valves following 

maintenance. These valves are repositioned during maintenance on the thrust bearing heat 

exchangers. Post-maintenance testing is expected to detect the majority of errors.  

However, since the coolers would not be required until the generator is operating, there is.  

a possibility that a latent human error could exist that will not be discovered until an 

emergency start is required.  

These events were assigned a value of 2.6E-4 based on Figure C.3-1.  

GKlCOOLLHE, GKlCOOLLHE 

These basic events account for the potential of the maintenance technicians to fail to 

properly restore the generator air cooler isolation valves following maintenance or testing.  

These valves are repositioned during maintenance on the generator air cooler heat 

exchangers. Post-maintenance testing is expected to detect the majority of errors.  

However, since the generator coolers would not be required until the generator is 

operating, there is a possibility that a latent human error could exist that will not be 

discovered until an emergency start is required.  

These events were assigned a value of 2.6E-4 based on Figure C.3-2.  
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GK1NGDCLHE, GK2NGDCLHE 

These events represent a failure to close the neutral ground disconnects following 

maintenance or testing. These disconnects are opened and tagged per the procedures to 

remove the generators from service (OP/O/A/2000/13 and OP/O/A/2000/14 for Units 1 

and 2 respectively). These procedures include independent verification, and include a post

maintenance operability verification.  

During quantification of this event, credit was taken for the tag clearing being another 

level of verification.  

These events were assigned a value of 5.2E-5 based on Figure C.3-3.  

A.7.11.5 RELIABILITY DATA 

Significant events associated with the Keowee Generators are listed in Table A.7-3. Two 

of these events were considered to represent failures that would have resulted in failure 

during emergency operation of the Keowee station. These were the Unit 2 generator fault 

that occurred on 11/19/85 and the Unit 2 fault that occurred on 12/2/92. An additional 

event, the Unit 2 accidental actuation of the generator C02 fire suppression system on 

7/24/86, would have resulted in a failure, but was associated with a human error rather 

than equipment failure. This event was considered as a potential error of commission but 

was screened out because of the low likelihood of allowing maintenance on the fire 

protection system during a loss of power event.  

Section 5.3 of the main report discusses development of the reliability data. For the base 

case solution, the plant-specific failure rate data and generic failure rate data were 

combined using a Bayesian update.  

There are three basic events in the generator model which do not represent failure of a 

component, but instead represent "undeveloped events." These are, ABlFALTDEX, 

GKlFIREDEX, and GK2FIREDEX.  

AB lFALTDEX, Fault Occurs at ACB 1 

This event represents the probability that a fault will occur on ACB 1 when the unit 

has been operating on the grid. The probability of this event is set to zero for the 
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base case solution, since the underground unit is not allowed to generate to the 

grid. There have been no observed faults on any of the ACBs during the operating 

history of Keowee. Therefore, for sensitivity studies associated with operating the 

underground unit to the grid, the probability of AB 1FALTDEX is calculated as 

follows; 

ABlFALTDEX = .455/[2*(open and close demands)] 

= .455/[2*(2*(Unit 1 Starts + Unit 2 Starts))] 

= .455/[2*(2*(3390+3098))] 
= 1.75E-5/demand 

GKlFIREDEX (GK2FIREDEX), Spurious Actuation of Unit 1 (Unit 2) Gen.  

C02 Fire Suppression System 

This event represents the spurious action of the generator C02 fire suppression 

system. It is intended to represent the combination of any failures that would 

cause discharge of the C02 which would cause an Emergency Lockout. This 

would include instrumentation and control failures or valves which could transfer 

open. Not included are the pressure sensor in the C02 discharge line or the 

generator fire relay, which are explicitly modeled. As described above, there has 

been one inadvertent actuation of the CO2 system, however this event was due to 

human error and was treated as a potential error of commission. Therefore, there 

have been no spurious actuations of the C02 system during the operating history 

of Keowee and the probability of this undeveloped event is calculated as follows; 

GK1FIREDEX = 24 Hours*.455/[2(Unit 1 Avail. Hrs + Unit 2 Avail. Hrs)] 

= 24 * .455/[2(85,755 + 85,657)] 

= 3.19E-5 

As discussed in Section 5.3, consideration of relevant statalarms is part of the process of 

determining each basic event factor. Keowee Generator statalarms are listed in Table A.7

5.  

System reliability data is listed in Table A.7-6.  
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A.7.11.6 COMMON-CAUSE ASSESSMENT 

Common cause failures associated with the Keowee Generator are represented in the high

level fault tree by events: 

GKOCOOLCOM Common Cause Failure of 

Generator Air Cooling 

GKOLOCKCOM Common Cause Actuation of 

Generator Lockouts 

GKHPOILCOM Common Cause Failure of 

Generator Thrust Bearings 

Detailed descriptions of these events and their quantification are included in Appendix 

C.2.  

A.7.12 RESULTS 

Reliability of the Keowee Generator is defined as the probability that the system will 

succeed in supporting Keowee emergency operation (black start plus a 24 hour run). The 

Keowee Generator Unit 1 model yields a failure to start probability of approximately 

2.06E-04 and a failure to run probability of approximately 4.09E-3. The Keowee 

Generator Unit 2 model yields a failure to start probability of approximately 2.06E-04 and 

a failure to run probability of approximately 3.22E-3. Thus the reliability of the Keowee 

Generators to start and run for the required mission time are computed to be 

Unit 1 99.57% 

Unit 2 99.66% 

Tables A.7-7 through A.7-9 list the dominant minimal cut sets (failure sequences) for the 

Keowee Generators. Lists of dominant contributors to unavailability are shown in Tables 

A.7-10 through A.7-12. The dominant contributors to the unavailability of the Keowee 

Generators are generator faults, followed by latent human errors associated with restoring 

the generator following maintenance or testing.  
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Generators, 11/1/93.  
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Table A.7-1 

Keowee Generator Test Procedures 

Procedure Test Frequency Description 

IP/1/B/0400/005, Annual Calibration of Generator 

Moore Model 33 Nullmatic Guide Bearing, Generator 
Temperature Transmitter Thrust Bearing and 
Calibration Generator Bearing Oil 

Temperature Transmitters 

IP/1/A/0400/023, 18 Months Calibration of the 
Unit No. 1 C02 Fire Generator C02 Fire 

Protection Pressure Switch Protection System Pressure 
Calibration Switch 

IP/l/B/0400/003, Annual Calibration of Generator 

Barton Model 258 Indicating Cooling Water Flow 

Switch Calibration Indicator and Generator 

Thrust Bearing Cooling 

Water Flow Indacator 

MP/O/A/2000/026, Semi-Annual Verify Adequacy of C02 
Weighing C02 Cylinders Weight for Generator C02 

Fire Protection System
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Table A.7-1 

Keowee Generator Test Procedures 

Procedure Test Frequency Description 

MP/O/A/2000/059, 18 Months Verify Operability of 

Periodic Test of C02 Generator C02 Fire 

System Generator No. 1 Protection System 

MP/1/A/2000/019, Quarterly Inspection and 

Periodic Inspection of Maintenance of Generator 

Generator No. 1 Collector Ring, Brushes, 

Braking System and 

Change HP Oil Filter



Table A.7-2 

Keowee Generator Maintenance Procedures 

Procedure Test Frequency Description 

MP/O/A/2000/030, As Required Removal and Installation of 

Generator - Fire Generator Fire 

Extinguishing System - C02 Extinguishing System C02 

Cylinders - Removal and Cylinders 

Installation 

MP/1/A/2000/017, Weekly Preventive Maintenance 

Unit No. 1 Turbine, and Inspection of the 

Governor, and Generator Turbine, Governor and 

Weekly Preventative Generator 

Maintenance 

MP/1/A/2000/054, As Required Preventive Maintenance, 

Cleaning of Generator No. 1 Cleaning and Inspection of 

the Generator 

MP/1/A/2200/007, As Required Preventive Maintenance 

Unit No.1 Generator Brake and Inspection of the 

Maintenance Generator Braking System



TableA.7-3(Page 
of 3) 

Table A.7-3 

Keowee Generator Significant Operating Events 

Date Unit Component Event Summary 

6-15-85 1 Generator Air Oconee received a #1 Generator 

Brake System. Air Brake failure alarm. The unit 

Speed Switch, 14/2. was not running at the time. The 

problem was determined to be due 

to mercury speed switch, 14/2 not 

working properly. The switch was 

replaced.  

11-19-85 2 Generator Unit 2 was generating to the grid 

when it received a Normal Lockout 

due to a Generator Field Ground.  

The problem was due to the 

electrical connection between two 

generator rotor field poles having 

burned out. The root cause of the 

burned out connection was 

believed to be due to vibration.
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Table A.7-3 

Keowee Generator Significant Operating Events 

Date Unit Component Event Summary 

7-24-86 2 Generator C02 Fire Received #2 Keowee Emergency 

Supression System Lockout due to C02 actuation 

caused by electricians at Oconee 

performing NSM on Keowee Unit 

1 C02 switches. Event occurred 

when the wires were lifted for unit 

one but when testing the switch, the 

Unit 2 switch was depressed.  

8-1-88 2 Generator Cooling Unit 2 tripped while generating to 

Water Flow the grid due to Generator Cooling 

Indicator Swtich Water Alarm lockout. Operator 

readjusted cooling water flow 

which seemed to correct the 

problem.  

8-18-88 2 Generator Cooling Unit 2 tripped while generating to 

Water Alarm the grid due to Generator Cooling 

Circuit. Timer, Alarm lockout. Jumpered out 63CT 

63GCAT Timer contacts and restarted unit.  

Replaced 63CT Timer because it 

had a bad coil.
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Table A.7-3W 

Keowee Generator Significant Operating Events 

Date Unit Component Event Summary 

12-2-92 2 Generator Unit 2 started for operability test.  

The unit tripped by emergency 

lockout on #2 generator ground 

fault overcurrent (59GN2). Found 

nicked wire (53) between 290-IX 

and 290-4X with a nick in the 

insulation from a screw used to 

attach the cover plate of the 

Voltage Regulator. Problem was 

caused by I & E technicians as they 

were completing a Configuration 

Control Inspection of Safety 

Related cabinet wiring.



Table A.7-4 

Keowee Generator Fault Tree Transfers 

Transfer Gate Name Description Components Supplied 

NTACB4MOD NSM-ON-52966 Is In Service Unit 1 Generator Protective 

Relays 

FKl300 WL Fails To Supply Unit 1 Unit 1 Generator Thrust 

Generator Thrust Bearing Cooling Bearing Oil Coolers 

FK2300 WL Fails To Supply Unit 2 Unit 2 Generator Thrust 

Generator Thrust Bearing Cooling Bearing Oil Coolers 

FKl400 WL Fails To Supply Unit 1 Unit 1 Generator Air 

Generator Air Coolers - Coolers 

FK2400 WL Fails To Supply Unit 2 Unit 2 Generator Air 

Generator Air Coolers Coolers



Table A.7-5 

Keowee Unit 1 Generator Statalarms 

(Unit 2 Alarms are Similar) 

Point No. Alarm Actuator 

ISAl-31 GEN. #1 BRG OIL LEVEL HIGH 63PL/HX 

1SAl-32 GEN. #1 BRG OIL LEVEL LOW 63BL/LX 

1SAl-33 GEN. #1 AIR BRAKE PRESS. LOW 63AX 
1SAl-34 GEN. #1 C02 SYS. FAULT 63FTX1 

1SAl-35 GEN. #1 FIRE C02 RELEASE 63FX 

1SAl-38 GEN. #1 C02 ISOLATION VALVES OPEN NA 
1SAl-39 GEN. #1 C02 ISOLATION VALVES NA 

CLOSED 

1SAl-40 GEN. NO. 1 FIRE ZIU-2 

1SA2-21 GEN. #1 BRG. OIL TEMP. HIGH 26GBX 

1SA2-22 GEN. #1 THRUST BRG. TEMP. HIGH 38B2X 

1SA2-23 GEN. #1 GUIDE BRG. TEMP. HIGH 38G2X 

1SA2-25 GEN. #1 COOLER WTR. DISC. TEMP. 30GWX 

HIGH 

1SA2-26 GEN. #1 COOLER AIR DISC. TEMP. HIGH 30GAX 
1SA2-27 GEN. #1 COOLER WTR. DISC. TEMP. 63BC/ATX 

HIGH 

1SA2-28 GEN. #1 COOLER WATER FLOW FAIL 63GC/ATX 
1SA2-29 GEN. #1 GROUND 64FX 

1SA2-30 GEN. #1 STATOR TEMP. HIGH 30SX 
1SA2-43 GEN. #1 RELAY POTS. VOLTAGE FAIL. 60R 

1SA2-44 GEN. #1 METER POTS. VOLTAGE FAIL. 60M 
1SA2-2 UNIT NO. 1 NORMAL LOCKOUT 86N-1 
1SA2-3 UNIT NO. 1 EMERGENCY LOCKOUT 86E-1
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Table A.7-6 

Keowee Generator Reliability Data 

Event Narne Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

AB1FALTDEX Fault Occurs at ACB 1 0.0 

GK10001HGR Keowee Unit 1 Generator Fault While the Unit 9.46E-05 /H 24 H Rule 1: Generates Emergency Lockout 2.27E-03 
Runs Alarm 

GK10001HGS Keowee Unit 1 Generator Fault Causes Unit 1.54E-04 /D 1 D Chalenged Each Time the Unit Starts 1.54E-04 
Start Failure 

GK1063FPST Keowee 1 Gen CO2 Sys Press Switch 63F 5.30E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.27E-05 
Spurious Operation Alarm and Fire CO2 Release Alarm 

GK112TDRYT Time Delay Relay 12XTD/1 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Alarm 

GK112XlRYT Relay 12X/1 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Alarm 

GKl3SUIRYT Keowee Unit 1 Startup Inhibit Switch 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Auxiliary Relay S3SUIX Spurious Actuation Alarm 

GK13SUISWT Keowee Unit 1 Startup Inhibit Switch 3SUI 7.30E-08 /H 24 H Rule 1: Generates Emergency Lockout 1.75E-06 

Spurious Operation Alarm 
GK140G1RYT Keowee Unit 1 Loss Of Generator Field Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-0S 

40G1 Spurious Actuation Alarm 
GK159GNRYT Keowee Unit 1 Generator Ground Fault Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

59GN1 Spurious Actuation Alarm 
GK162TDRYT Keowee Unit 1 Generator Backup Trip Timer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

62-lTD Spurious Operation Alarm 
GK163FXRYT Keowee Unit 1 Generator Fire Relay 63FX 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

Spurious Actuation Alarm 
GK186ElRYT Keowee 1 Emergency Lockout Relay 86E-1 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

Spuriously Picks Up Alarm 
GKl87GlRYT Keowee Unit 1 Generator Differential Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

87G-1 Spurious Actuation Alarm 
GK187GBRYT Keowee Unit 1 Generator Bus Differential 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 

Relay 87GB Spurious Actuation Alarm 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK187TERYT Keowee Unit 1 Exitation Transformer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Differential Relay 87T-lE Spur. Actuation Alarm 

GK1BRGVLHE Keowee 1 Gen. Brng Oil Cooling Flow Path 2.60E-04 
Vlvs Mispositioned After Maintenance 

GK1COOLLHE Keowee 1 Gen. Air Cooler WL Flow Path Vlvs 2.60E-04 
Mispositioned After Maintenance 

GKlFIREDEX Spurious Actuation of Unit 1 Gen. C02 Fire 7.OOE-05 
Supression System 

GK1GAC1HXF Generator Air Cooler 1GAHW-1 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK1GAC1HXL Heat Exchanger 1GAC1 Leaks 2.60E-07 /H 108 H Rule 6 9. 98E-0S 

GK1GAC2HXF Generator Air Cooler 1GAHW-2 Fails 4.40E-07 /H 24 H Can Only occur While the Unit is 1.06E-05 
Running 

GK1GAC2HXL Heat Exchanger 1GAC2 Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GK1GAC3HXF Generator Air Cooler 1GAHW-3 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK1GAC3HXL Heat Exchanger 1GAC3 Leaks 2.60E-07 /H 108 H Rule 6 9. 98E-05 

GK1GAC4HXF Generator Air Cooler 1GAHW-4 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK1GAC4HXL Heat Exchanger 1GAC4 Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GK1GAC5HXF Generator Air Cooler 1GAHW-5 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK1GAC5HXL Heat Exchanger 1GAC5 Leaks 2.60E-07 /H 108 H Rule 6 9. 98E-05 

GK1GAC6HXF Generator Air Cooler 1GAHW-6 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor 2  Failure 
Probability 

GK1GAC6HXL Heat Exchanger 1GAC6 Leaks 2.60E-07 /H 108 H Rule 6 9.98E-05 

GKlHPO1HXF Generator Thrust Bearing Cooler 1HPOHX-1 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK1HPO2HXF Generator Thrust Bearing Cooler 1HPOHX-2 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK1HPO3HXF Generator Thrust Bearing Cooler 1HPOHX-3 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-OS 

Fails Running 

GK1HPO4HXF Generator Thrust Bearing Cooler 1HPOHX-4 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK1HPOSHXF Generator Thrust Bearing Cooler 1HPOHX-5 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1HPO6HXF Generator Thrust Bearing Cooler 1HPOHX-6 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1HPO6VVT Genrator Bearing Oil Leak Because Manual 1.60E-08 /H 24 H Rule 1: Generates an Emergency Lockout 3.84E-07 

Valve 1HPO-6 Transfers Position Alrm and Brg. Oil Level Low Alarm 

GK1HPO7HXF Generator Thrust Bearing Cooler 1HPOHX-7 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK1HPO8HXF Generator Thrust Bearing Cooler 1HPOHX-8 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 

GK1NGDCLHE Failure to Close the Unit 1 Neutral Ground 5.20E-05 
Disconnect Following Maintenance 

GK10121SST Speed Switch 12/1 Falsely Indicates High 4.30E-06 /H 24 H Rule 1: Generates Emergency Lockout 1.03E-04 

Speed Alarm 

GK1WL16VVT Manual Valve 1WL-16 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL17VVT Manual Valve 1WL-17 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL18VVT Manual Valve 1WL18 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GKlWL19VVT Manual Valve 1WL19 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 
GK1WL20VVT Manual Valve 1WL-20 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 
GKlWL21VVT Manual Valve 1WL-21 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL22VVT Manual Valve 1WL22 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL23VVT Manual Valve 1WL23 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 
GK1WL24VVT Manual Valve 1WL-24 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL2SVVT Manual Valve 1WL-25 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL26VVT Manual Valve 1WL26 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL27VVT Manual Valve 1WL27 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL28VVT Manual Valve 1WL-28 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL29VVT Manual Valve 1WL-29 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL30VVT Manual Valve 1WL30 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL31VVT Manual Valve 1WL31 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL32VVT Manual Valve 1WL-32 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL33VVT Manual Valve 1WL-33 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL34VVT Manual Valve 1WL34 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL3SVVT Manual Valve 1WL35 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL36VVT Manual Valve 1WL-36 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL37VVT Manual Valve 1WL-37 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4: 
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GKlWL38VVT Manual Valve 1WL38 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL39VVT Manual Valve 1WL39 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL41VVT Keowee 1 Manual Valve 1WL-41 Transfers 1.60E-08 /H 384 H Rule 6 6. 14E-06 
Position to Block Discharge Path 

GK1WL44VVT Manual Valve 1WL-44 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL45VVT Manual Valve 1WL-45 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GKlWL46VVT Manual Valve 1WL-46 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL47VVT Manual Valve 1WL-47 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL48VVT Manual Valve 1WL-48 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL49VVT Manual Valve 1WL-49 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL50VVT Manual Valve 1WL-50 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL51VVT Manual Valve 1WL-51 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GKlWL52VVT Manual Valve 1WL-52 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL53VVT Manual Valve 1WL-53 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL54VVT Manual Valve 1WL-54 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL55VVT Manual Valve 1WL-55 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL56VVT Manual Valve 1WL-56 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WLS7VVT Manual Valve 1WL-57 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL58VVT Manual Valve 1WL-58 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WLS9VVT Manual Valve 1WL-59 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK1WL60VVT Manual Valve 1WL-60 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GKlWL61VVT Manual Valve 1WL-61 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GKlWL62VVT Manual Valve 1WL-62 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL63VVT Manual Valve 1WL-63 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL64VVT Manual Valve 1WL-64 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GKlWL65VVT Manual Valve 1WL-65 Transfers Position 1.60E-08 /H 384 H Rule 6 6. 14E-06 

GK1WL66VVT Manual Valve 1WL-66 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL67VVT Manual Valve 1WL-67 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL68VVT Manual Valve 1WL-68 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL69VVT Manual Valve 1WL-69 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GK1WL70VVT Manual Valve 1WL-70 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL71VVT Manual Valve 1WL-71 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GKlWL72VVT Manual Valve 1WL-72 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

GKlWL73VVT Manual Valve 1WL-73 Transfers Position 1.60E-08 /H 384 H Rule 6 6.14E-06 

CKlWL74VVT Manual Valve 1WL-74 Transfers Position 1.60E-08 /H 108 H Rule 6 6.14E-06 

GK1WL75VVT Manual Valve 1WL-75 Transfers Position 1.60E-08 /H 108 H Rule 6 6. 14E-06 

GK1WL76VVT Manual Valve 1WL76 Transfers Position and 1.60E-08 /H 384 H Rule 6 6. 14E-06 
Blocks Discharge Path 

GK1WL78VVT Manual Valve 1WL78 Transfers Position and 1.60E-08 /H 384 H Rule 6 6. 14E-06 
Blocks Discharge Path 

SD= Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.  
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK20001HGR Keowee Unit 2 Generator Fault While the Unit 9.46E-05 /H 24 H Rule 1: Generates Emergency Lockout 2.27E-03 
Runs Alarm 

GK20002HGS Keowee Unit 2 Generator Fault Causes Unit 1.54E-04 /D 1 D Chalenged Each Time the Unit Starts l.54E-04 
Start Failure 

GK2063FPST Keowee 2 Gen CO2 Sys Press Switch 63F 5.30E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.27E-05 
Spurious Operation Alarm and Fire C02 Release Alarm 

GK212TDRYT Time Delay Relay 12XTD/2 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Alarm 

GK212X2RYT Relay 12X/2 Spuriously Picks-up 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Alarm 

GK23SUIRYT Keowee Unit 2 Startup Inhibit Switch 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
Auxiliary Relay S3SUIX Spurious Actuation Alarm 

GK23SUISWT Keowee Unit 2 Startup Inhibit Swtich 3SUI 7.30E-08 /H 24 H Rule 1: Generates Emergency Lockout 1.75E-06 
Spurious Operation Alarm 

GK240G1RYT Keowee Unit 2 Loss Of Generator Field Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
40G1 Spurious Actuation Alarm 

GK259GNRYT Keowee Unit 2 Generator Ground Fault Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
59GN2 Spurious Actuation Alarm 

GK262TDRYT Keowee Unit 2 Generator Backup Trip Timer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-OS 
62-2TD Spurious Operation Alarm 

GK263FXRYT Keowee Unit 2 Generator Fire Relay 63FX 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-O5 
Spurious Actuation Alarm 

GK286E2RYT Keowee 2 Emergency Lockout Relay 86E-2 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-O5 
Spuriously Picks Up Alarm 

GK287G2RYT Keowee Unit 2 Generator Differential Relay 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-05 
87G-2 Spurious Actuation Alarm 

GK287GBRYT Keowee Unit 2 Generator Bus Differential 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-OS 
Relay 87GB Spurious Actuation Alarm 

GK287TERYT Keowee Unit 2 Excitation Transformer 5.20E-07 /H 24 H Rule 1: Generates Emergency Lockout 1.25E-OS 
Differential Relay 87T-2E Spur. Actuation Alarm 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2BRGVLHE Keowee 2 Gen. Brng Oil Cooling Flow Path 2.60E-04 
Vlvs Mispositioned After Maintenance 

GK2COOLLHE Keowee 2 Gen. Air Cooler WL Flow Path Vlvs 2.60E-04 
Mispositioned After Maintenance 

GK2FIREDEX Spurious Actuation of Unit 2 Gen. C02 Fire 7.OOE-05 
Supression System 

GK2GAC1HXF Generator Air Cooler 2GAHW-1 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC1HXL Heat Exchanger 2GAC1 Leaks 2.60E-07 /H 36 H Rule 6 9. 36E-06 

GK2GAC2HXF Generator Air Cooler 2GAHW-2 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC2HXL Heat Exchanger 2GAC2 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC3HXF Generator Air Cooler 2GAHW-3 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-OS 
Running 

GK2GAC3HXL Heat Exchanger 2GAC3 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC4HXF Generator Air Cooler 2GAHW-4 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-O5 
Running 

GK2GAC4HXL Heat Exchanger 2GAC4 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC5HXF Generator Air Cooler 2GAHW-5 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC5HXL Heat Exchanger 2GAC5 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

GK2GAC6HXF Generator Air Cooler 2GAHW-6 Fails 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Running 

GK2GAC6HXL Heat Exchanger 2GAC6 Leaks 2.60E-07 /H 36 H Rule 6 9.36E-06 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.  
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2HPO1HXF Generator Thrust Bearing Cooler 2HPOHX-1 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Fails Running 

GK2HPO2HXF Generator Thrust Bearing Cooler 2HPOHX-2 4.40E-07 /H 24 H Can only occur While the Unit is 1.06E-05 
Fails Running 

GK2HPO3HXF Generator Thrust Bearing Cooler 2HPOHX-3 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-O5 
Fails Running 

GK2HPO4HXF Generator Thrust Bearing Cooler 2HPOHX-4 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Fails Running 

GK2HPOSHXF Generator Thrust Bearing Cooler 2HPOHX-5 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 
Fails Running 

GK2HPO6HXF Generator Thrust Bearing Cooler 2HPOHX-6 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-05 

Fails Running 
GK2HPO6VVT Genrator Bearing Oil Leak Because Manual 1.60E-08 /H 24 H Rule 1: Generates an Emergency Lockout 3.84E-07 

Valve 2HPO-6 Transfers Position Alrm and Brg. Oil Level.Low Alarm 

GK2HPO7HXF Generator Thrust Bearing Cooler 2HPOHX-7 4.40E-07 /H 24 H Can only Occur While the Unit is 1.06E-05 

Fails Running 

GK2HPO8HXF Generator Thrust Bearing Cooler 2HPOHX-8 4.40E-07 /H 24 H Can Only Occur While the Unit is 1.06E-O5 

Fails Running 
GK2NGDCLHE Failure to Close the Unit 2 Neutral Ground S.20E-OS 

Disconnect Following Maintenance 

GK20121SST Speed Switch 12/2 Falsely Indicates High 4.30E-06 /H 24 H Rule 1: Generates Emergency Lockout 1.03E-04 

Speed Alarm 
GK2WL16VVT Manual Valve 2WL-16 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WLl7VVT Manual Valve 2WL-17 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL18VVT Manual Valve 2WL18 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WL19VVT Manual Valve 2WL19 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table At.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2WL20VVT Manual Valve 2WL-20 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL2lVVT Manual Valve 2WL-21 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL22VVT Manual Valve 2WL22 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL23VVT Manual Valve 2WL23 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL24VVT Manual Valve 2WL-24 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL25VVT Manual Valve 2WL-25 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 
GK2WL26VVT Manual Valve 2WL26 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL27VVT Manual Valve 2WL27 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL28VVT Manual Valve 2WL-28 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL29VVT Manual Valve 2WL-29 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WL30VVT Manual Valve 2WL30 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL31VVT Manual Valve 2WL31 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL32VVT Manual Valve 2WL-32 Transfers Position 1.60E-08 /H 36 H Rule 6 S.76E-07 

GK2WL33VVT Manual Valve 2WL-33 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WL34VVT Manual Valve 2WL34 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL35VVT Manual Valve 2WL35 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL36VVT Manual Valve 2WL-36 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL37VVT Manual Valve 2WL-37 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL38VVT Manual Valve 2WL38 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.  
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Factor Rationale For Factor2  Failure 
Probability 

GK2WL39VVT Manual Valve 2WL39 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL41VVT Keowee 2 Manual Valve 2WL-41 Transfers 1.60E-08 /H 36 H Rule 6 5.76E-07 

Position to Block Discharge Path 
GK2WL44VVT Manual Valve 2WL-44 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL45VVT Manual Valve 2WL-45 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL46VVT Manual Valve 2WL-46 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL47VVT Manual Valve 2WL-47 Transfers Position 1.60E-08 /H 36 H Rule 6 5. 76E-07 

GK2WL48VVT Manual Valve 2WL-48 Transfers Position .1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL49VVT Manual Valve 2WL-49 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL5OVVT Manual Valve 2WL-50 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL51VVT Manual Valve 2WL-51 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WLS2VVT Manual Valve 2WL-52 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL53VVT Manual Valve 2WL-53 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL54VVT Manual Valve 2WL-54 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WLS5VVT Manual Valve 2WL-55 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL56VVT Manual Valve 2WL-56 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL57VVT Manual Valve 2WL-57 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL58VVT Manual Valve 2WL-58 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL59VVT Manual Valve 2WL-59 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL60VVT Manual Valve 2WL-60 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C. 1-4.
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Table A.7-6 

Keowee Generator Reliability Data 

Event Name Description Failure Ratel Factor Rationale For Factor2  Failure 
Probability 

GK2WL61VVT Manual Valve 2WL-61 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL62VVT Manual Valve 2WL-62 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL63VVT Manual Valve 2WL-63 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL64VVT Manual Valve 2WL-64 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL65VVT Manual Valve 2WL-65 Transfers Position 1.60E-08 /H 36 H Rule 6 5 .76E-07 

GK2WL66VVT Manual Valve 2WL-66 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL67VVT Manual Valve 2WL-67 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL68VVT Manual Valve 2WL-68 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL69VVT Manual Valve 2WL-69 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL70VVT Manual Valve 2WL-70 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL71VVT Manual Valve 2WL-71 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL72VVT Manual Valve 2WL-72 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL73VVT Manual Valve 2WL-73 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL74VVT Manual Valve 2WL-74 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL75VVT Manual Valve 2WL-75 Transfers Position 1.60E-08 /H 36 H Rule 6 5.76E-07 

GK2WL76VVT Manual Valve 2WL76 Transfers Position and 1.60E-08 /H 36 H Rule 6 5.76E-07 
Blocks Discharge Path 

GK2WL78VVT Manual Valve 2WL78 Transfers Position and 1.60E-08 /H 36 H Rule 6 5.76E-07 
Blocks Discharge Path 

1 D = Demand, H = Hour 
2 Rules for assigning basic event factors are discussed in Table C.1-4.  
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Table A.7-7 

Keowee Generator Dominant Minimal Cut Sets 

Cut Sets for Gates KUlGENCLD/KU2GENCLD - Keowee Unit 1/2 Generator Fails During Cold Start 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

KU1GENCLD - Keowee Unit 1 Generator Fails During A Cold Start 

1) 1.54E-04 74.8% GK10001HGS 1.54E-04 Keowee Unit 1 Generator Fault Causes Unit Start 
Failure 

2) 5.20E-05 25.2% GK1NGDCLHE 5.20E-05 Failure to Close the Unit 1 Neutral Ground Disconnect 
Following 

Total Event Probability = 2.06E-04 

KU2GENCLD - Keowee Unit 2 Generator Fails During A Cold Start 

1) 1.54E-04 74.8% GK20002HGS 1.54E-04 Keowee Unit 2 Generator Fault Causes Unit Start 
Failure 

2) 5.20E-05 25.2% GK2NGDCLHE 5.20E-05 Failure to Close the Unit 2 Neutral Ground Disconnect 
Following Maintena 

Total Event Probability = 2.06E-04



Table A.7-8 

Keowee Generator Dominant Minimal Cut Sets 

Cut Sets for Gate KUlGENRUN - Keowee Unit 1 Generator Fails While the Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.27E-03 66.0% GK10001HGR 2.27E-03 Keowee Unit 1 Generator Fault While the Unit Run 
2) 2.60E-04 7.6% GK1BRGVLHE 2.60E-04 Keowee 1 Gen. Brng Oil Cooling Flow Path Vlvs Mi 
3) 2.60E-04 7.6% GK1COOLLHE 2.60E-04 Keowee 1 Gen. Air Cooler WL Flow Path Vlvs Mispo 

Total Event Probability = 3.44E-03 

0 0e



Table A.7-9 

Keowee Generator Dominant Minimal Cut Sets 

Cut Sets for Gate KU2GENRUN - Keowee Unit 2 Generator Fails While the Unit Runs 

CS Cut Set Percent of 
No. Frequency Total Event Name Probability Description 

1) 2.27E-03 70.5% GK20001HGR 2.27E-03 Keowee Unit 2 Generator Fault While the Unit Runs 
2) 2.60E-04 8.1% GK2BRGVLHE 2.60E-04 Keowee 2 Gen. Brng Oil Cooling Flow Path Vlvs 

Mispositioned After Mainte 3) 2.60E-04 8.1% GK2COOLLHE 2.60E-04 Keowee 2 Gen. Air Cooler WL Flow Path Vlvs 
Mispositioned After Maint 4) 7.OOE-05 2.2% GK2FIREDEX 7.OOE-05 Spurious Actuation of Unit 2 Gen. C02 Fire Supression 
System 

Total Probability = 3.22E-03



Table A.7-10 

Keowee Generator Dominant Contributors To Unavailability 

For Gates KU1GENCLD/KU2GENCLD - Keowee Unit 1/2 Generator Fails During Cold 

Start 

Mean Approximate 

Rank Event Description Unavailabilityl Unavailability 

Contribution 2 

1 GK10001HGS 1.54E-04 74.8% 

GK20002HGS 

Keowee Unit 1/2 Generator 

Fault Causes Unit Start Failure 

2 GKINGDCLHE/ 5.20E-05 25.2% 

GK2NGDCLHE 

Failure to Close the Unit 1/2 

Neutral Ground Disconnect 

Following Maintenance 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.7-11 

Keowee Generator Dominant Contributors To Unavailability 

For Gate KUlGENRUN - Keowee Unit 1 Generator Fails While the Unit Runs 

Mean Approximate 

Rank Event Description Unavailability1  Unavailability 

Contribution 2 

1 GK10001HGR 2.27E-03 65.9% 
Keowee Unit 1 Generator Fault 
While the Unit Run 

2 GKlCOOLLHE 2.59E-04 7.5% 
Keowee 1 Gen. Air Cooler WL 
Flow Path Vlvs Mispositioned 

3 GKlBRGVLHE 2.59E-04 7.5% 
Keowee 1 Gen. Brng Oil Cooling 
Flow Path Vlvs Mispositioned 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.



Table A.7-12 

Keowee Generator Dominant Contributors To Unavailability 

For Gate KU2GENRUN - Keowee Unit 2 Generator Fails While the Unit Runs 

Mean Approximate 

Rank Event Description Unavailability I Unavailability 

Contribution2 

1 GK20001HGR 2.27E-03 70.4% 
Keowee Unit 2 Generator Fault 
While the Unit Runs 

2 GK2BRGVLHE 2.59E-04 8.1% 
Keowee 2 Gen. Brng Oil Cooling 
Flow Path Vlvs Mispositioned 
After Mainte 

3 GK2COOLLHE 2.59E-04 8.1% 
Keowee 2 Gen. Air Cooler WL 
Flow Path Vlvs Mispositioned 
After Maint 

4 GK2FIREDEX 6.99E-05 2.2% 
Spurious Actuation of Unit 2 
Gen. C02 Fire Supression System 

1 Mean unavailability is defined as the summation of the values of all cut sets in which 

the event appears.  

2 The contribution to unavailability is calculated by dividing the mean unavailability by 

the overall system unavailability and then multiplying by 100 percent.  
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Keowee Unit 2 
Generator Cooling 

Fails 

GK2GENCOOL 
Page 21 

Gails To Supply Keowee 2 Generator Keowee 2 Manual Keowee 2 Gen. Air 

Uit 2 Generator F Air Cooler Fails Valve 2WL-41 Transfe Cooler WIL Flow Path 

Air Coolers rs Position to Block Vvs Mispositioned 
Discharge Path After Maintenance 

FK240 IGK241 0 | KW4VT||GK2COOLLHEI 

WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-1 Cooler 2GAHW-4 
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WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-1 Cooler 2GAHW-2 

r GK2411 A GK2412 
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Manual Valve 2WL-36 Generator Air Manual Valve 2WL-32 Generator Air 
Transfers Position Cooler 2GAHW-1 Fails Transfers Position Cooler 2GAHW-2 Fails 

GK2WL36VVT I GK2GAC1 HXF | |GK2WL32VVT GK2GAC2HXF 

Manual Valve 2WL-37 Manual Valve 2WL-33 
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WL Fails to Cool WL Fails to Cool 
Generator Air Generator Air 

Cooler 2GAHW-3 Cooler 2GAHW-4 

GK2413 GK2414 
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Manual Valve 2WL-28 Generator Air Manual Valve 2WL-24 Generator Air 

Transfers Position Cooler 2GAHW-3 Fails Transfers Position Cooler 2GAHW-4 Fails 

r GK2WL2iVVT GK2GAC3HXF GK2WI24VVT GK2GAC4HXF 

Manual Valve 2WL-29 Manual Valve 2WL-25 
Transfers Position Transfers Position 
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Manual Valve 2WL-20 Generator Air Manual Valve 2WL-16 Generator Air 
Transfers Position Cooler 2GAHW-5 Fails Transfers Position Cooler 2GAHW-6 Fails 

r GK2WL20VVT |GK2GAC5HXF GK2WL16VVT GK2GAC6HXF 

Manual Valve 2WL-21 Manual Valve 2WL-17 
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Manual Valve 2WL18 Manual Valve 2WL30 
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Manual Valve 2WL22 Manual Valve 2WL34 
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Keowee Unit 2 Gen.  
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Page 21 

Heat Exchanger Heat Exchanger 
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I I 
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Heat Exchanger 1 f Heat Exchanger 
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Gate/Event Name Pacfe Zo.ne Gate/Event Name- Pacg ZoQne Gate/Event Name Pace Zone Gate/Event-Name- Pace Zon 

AB1FALTDEX 3 GK1316B 12 GK187TERYT 3 GK1WL16VVT 18 

ACB4MOD 5 GK1317 6 GK1BRGDSCH 4 GK1WL17VVT 18 

FK1300 5 GK1317 13 GK1BRGDSCH 5 GK1WL18VVT 19 

FK1400 15 GK1317A 13 GK1BRGSUP 2 GK1WL19VVT 19 

FK2300 24 GK1317B 13 GK1BRGSUP 5 GK1WL20VVT 18 

FK2400 34 GK1318 6 GK1BRGVLHE 5 GK1WL21VVT 18 

GAB1FAULT 3 GK1318 14 GK1COOLLHE 15 GK1WL22VVT 19 

GK10001HGR 2 GK1318A 14 GK1FIREDEX 2 GKlWL23VVT 19 

GK10001HGS 1 GK1318B 14 GK1GAC1HXF 16 GK1WL24VVT 17 

GK1063FPST 4 GK13SUI 3 GK1GAC1HXL 20 GK1WL25VVT 17 

GK1120 5 GK13SUI 4 GK1GAC2HXF 16 GK1WL26VVT 19 

GK112TDRYT 5 GK13SUIRYT 4 GK1GAC2HXL 20 GK1WL27VVT 19 

GK112X1RYT 5 GK13SUISWT 4 GK1GAC3HXF 17 GK1WL28VVT 17 

GK1310 5 GK140G1RYT 3 GK1GAC3HXL 20 GK1WL29VVT 17 

GK1310 6 GK1410 15 GK1GAC4HXF 17 GK1WL30VVT 19 

GK1311 6 GK1411 15 GK1GAC4HXL 20 GK1WL31VVT 19 

GK1311 7 GK1411 16 GK1GAC5HXF 18 GK1WL32VVT 16 

GK1311A 7 GK1412 15 GK1GAC5HXL 20 GK1WL33VVT 16 

GK1311B 7 GK1412 16 GK1GAC6HXF 18 GKlWL34VVT 19 

GK1312 6 GK1413 15 GK1GAC6HXL 20 GK1WL35VVT 19 

GK1312 8 GK1413 17, GK1GENCOOL 2 GK1WL36VVT 16 

GK1312A 8 GK1414 15 GK1GENCOOL 15 GK1WL37VVT 16 

GK1312B 8 GK1414 17 GK1HPO1HXF 7 GK1WL38VVT 19 

GK1313 6 GK1415 15 GK1HPO2HXF 8 GK1WL39VVT 19 

GK1313 9 GK1415 18 GK1HPO3HXF 9 GK1WL41VVT 15 

GK1313A 9 GK1416 15 GK1HPO4HXF 10 GK1WL44VVT 7 

GK1313B 9 GK1416 18 GK1HPO5HXF 11 GK1WL45VVT 7 

GK1314 6 GK159GNRYT 3 GK1HPO6HXF 12 GK1WL46VVT 7 

GK1314 10 GK162TDRYT 3 GK1HPO6VVT 5 GK1WL47VVT 7 

GK1314A 10 GK163FX 3 GK1HPO7HXF 13 GK1WL48VVT 8 

GK1314B 10 GK163FX 4 GK1HPO8HXF 14 GK1WL49VVT 8 

GK1315 6 GK163FXRYT 4 GK1HXLEAK 2 GKlWL50VVT 8 

GK1315 11 GK186E1 2 GK1HXLEAK 20 GK1WL51VVT 8 

GK1315A 11 GK186E1RYT 2 GK1MODTRIP 3 GK1WL52VVT 9 

GK1315B 11 GK186E1X 2 GK1MODTRIP 5 GK1WL53VVT 9 

GK1316 6 GK186E1X 3 GK1NGDCLHE 1 GK1WL54VVT 9 

GK1316 12 GK187G1RYT 3 GK10121SST 5 GKlWL55VVT 9 

GK1316A 12 GK187GBRYT 3 GK1SUPRT 2 GK1WL56VVT 10 
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Gate/Event Name 10- GK212 27ate/Event Page Zone Gate/EventName Pagr Z3ne Gate/Event Name Pa2e Zne 

GK1WL57VVT 10 GK2312A 27 GK2414 34 GK2HPO2HXF 26 

GK1WL58VVT 10 GK2312B 27 GK2414 36 GK2HPO2HXF 27 

GK1WL59VVT 10 GK2313 25 GK2415 34 GK2HPO3HXF 28 

GK1WL61VVT 11 GK2313 28 GK2415 37 GK2HPO4HXF 29 

GK1WL61VVT 11 GK2313A 28 GK2416 34 GK2HPO6HXF 30 

GKlWL62VVT 11 GK2313B 28 GK2416 37 GK2HPO6HXF 31 

GK1WL63VVT 11 GK2314 25 GK259GNRYT 22 GK2HPO6VVT 24 

GK1WL64VVT 12 GK2314 29 GK262TDRYT 22 GK2HPO7HXF 32 

GK1WL65VVT 12 GK2314A 29 GK263FX 22 GK2HPO8HXF 33 

GK1WL66VVT 12 GK2314B 29 GK263FX 23 GK2HXLEAK 21 

GK1WL67VVT 12 GK2315 25 GK263FXRYT 23 GK2HXLEAK 39 

GKlWL68VVT 13 GK2315 30 GK286E2 21 GK2MODTRIP 22 

GK1WL69VVT 13 GK2315A 30 GK286E2 22 GK2MODTRIP 24 

GK1WL70VVT 13 GK2315B 30 GK286E2RYT 22 GK2NGDCLHE 1 

GK1WL71VVT 13 GK2316 25 GK287G2RYT 22 GK20121SST 24 

GK1WL72VVT 14 GK2316 31 GK287GBRYT 22 GK2SUPRT 21 

GK1WL73VVT 14 GK2316A 31 GK287TERYT 22 GK2WL16VVT 37 

GK1WL74VVT 14 GK2316B 31 GK2BRGDSCH 23 GK2WL17VVT 37 

GK1WL75VVT 14 GK2317 25 GK2BRGDSCH 24 GK2WL18VVT 38 

GK1WL76VVT 4 GK2317 32 GK2BRGSUP 21 GK2WL19VVT 38 

GK1WL78VVT 4 GK2317A 32: GK2BRGSUP 24 GK2WL20VVT 37 

GK1WLLEAK 2 GK2317B 32 GK2BRGVLHE 24 GK2WL21VVT 37 

GK1WLVLEAK 2 GK2318 25 GK2COOLLHE 34 GK2WL22VVT 38 

GK1WLVLEAK 19 GK2318 33 GK2FIREDEX 21 GK2WL23VVT 38 

GK20001HGR 21 GK2318A 33 GK2GAC1HXF 35 GK2WL24VVT 36 

GK20002HGS 1 GK2318B 33 GK2GAC1HXL 39 GK2WL25VVT 36 

GK2063FPST 23 GK23SUI 22 GK2GAC2HXF 35 GK2WL26VVT 38 

GK2120 24 GK23SUI 23 GK2GAC2HXL 39 GK2WL27VVT 38 

GK212TDRYT 24 GK23SUIRYT 23 GK2GAC3HXF 36 GK2WL28VVT 36 

GK212X2RYT 24 GK23SUISWT 23 GK2GAC3HXL 39 GK2WL29VVT 36 

GK2310 24 GK240G1RYT 22 GK2GAC4HXF 36 GK2WL30VVT 38 

GK2310 25 GK2410 34 GK2GAC4HXL 39 GK2WL31VVT 38 

GK2311 25 GK2411 34 GK2GAC5HXF 37 GK2WL32VVT 35 

GK2311 26 GK2411 35 GK2GAC5HXL 39 GK2WL33VVT 35 

GK2311A 26 GK2412 34 GK2GAC6HXF 37 GK2WL34VVT 38 

GK2311B 26 GK2412 35 GK2GAC6HXL 39 GK2WL35VVT 38 

GK2312 25 GK2413 34 GK2GENCOOL 21 GK2WL36VVT 35 

GK2312 27 GK2413 36 GK2GENCOOL 34 GK2WL37VVT 35 
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Gate/Event Gate/E Z.fl Gate/Event Name pnge can Gate/Event Name Eaga Zone Gate/Event Name PEge Zone 

GK2WL38VVT 38 GK2WLVLEAK 21 

GK2WL39VVT 38 GK2WLVLEAK 38 

GK2WL41VVT 34 GMODTRIP1 5 

GK2WL44VVT 26 GMODTRIP2 24 

GK2WL45VVT 26 KU1GENCLD 1 

GK2WL46VVT 26 KU1GENRUN 2 

GK2WL47VVT 26 KU1RNNG 3 

GK2WL48VVT 27 KU2GENCLD 1 

GK2WL49VVT 27 KU2GENRUN 21 

GK2WL50VVT 27 NTACB4MOD 5 

GK2WL51VVT 27 NTACB4MOD 5 

GK2WL52VVT 28 NTACB4MOD 24 

GK2WL53VVT 28 

GK2WL54VVT 28 

GK2WL55VVT 28 

GK2WL56VVT 29 

GK2WL57VVT 29 

GK2WL58VVT 29 

GK2WL59VVT 29 

GK2WL60VVT 30 

GK2WL61VVT 30 

GK2WL62VVT 30 

GK2WL63VVT 30 

GK2WL64VVT 31 

GK2WL65VVT 31 

GK2WL66VVT 31 

GK2WL67VVT 31 

GK2WL68VVT 32 

GK2WL69VVT 32 

GK2WL70VVT 32 

GK2WL71VVT 32 

GK2WL72VVT 33 

GK2WL73VVT 33 

GK2WL74VVT 33 

GK2WL75VVT 33 

GK2WL76VVT 23 

GK2WL78VVT 23 

GK2WLLEAK 21 
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