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1.0 Executive Summary

1.1 Background and Objectives

The R. E. Ginna Probabilistic Risk Assessment (PRA) Project conducted a full scope Level 1 and
Level 2 PRA of initiating events and internal plant flooding events for Rochester Gas and
Electric Corporation's (RG&E's) R. E. Ginna Nuclear Power Plant.

In January of 1989, anticipating the release of USNRC's Generic Letter 88-20, RG&E began
assembling an internal team to conduct a PRA for Ginna. This core team eventually included
new hires with extensive previous utility PRA experience. Many other experienced RG&E
personnel were also temporarily assigned to assist the core team as required. In the end, RG&E
personnel contributed over 20,000 hours to this project; this represents over one-half of the total
hours spent completing the project.

In 1990, RG&E contracted with Science Applications International Corporation's (SAIC)
Clearwater, Florida office to provide Level 1 / Level 2 PRA consulting services, and with
EBASCO Services (through SAIC as a subcontractor) to perform a containment structural
analysis. RG&E brought in Gabor, Kenton and Associates in 1993 to provide additional Level
2 consulting services.

RG&E's objectives for the R. E. Ginna PRA Project were twofold: 1) To provide technical
response to USNRC Generic Letter 88-20 consistent with RG&E's voluntary commitments; and,
2) Provide a firm foundation for future use of PRA methods and models in the operation of
Ginna. To that end, RG&E management decided to conduct a full scope Level 1 / Level 2 PRA.
Further, it was decided that all work on the project would be conducted to quality assurance
standards consistent with 10 CFR 50 Appendix B.

In the past, PRAs have established rigid "cutoff" dates at the beginning of their projects; that is,
a "snapshot" of the plant as of the established cutoff date would be modeled. No plant
modifications subsequent to the cutoff date would be included in the final PRA models. Changes
in PRA technology (most notably, the introduction of personal computer based solution software
that allows rapid and inexpensive requantification cycles) allowed RG&E to be flexible with the
concept of a model cutoff date, except for the collection and analysis of plant specific data.
Therefore, the PRA model described in this report represents the actual configuration of the
Ginna plant as of preparations for the 1994 annual refueling outage with a very few minor
exceptions.
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1.2 Plant Familiarization

Ginna is RG&E's only nuclear generating unit. RG&E announced plans to build a nuclear power
plant on the south shore of Lake Ontario about 16 miles northeast of Rochester, New York in
August of 1965. Actual construction began June 29, 1966, and initial criticality was achieved
on October 4, 1969. Commercial operation was declared on June 1, 1970. Initial licensed output
was 1300 MWt and 420 MW net electrical power. On March 1, 1972, licensed output was
increased to 1520 MWt and 490 MW net electrical power. RG&E is currently licensed by the
United States Nuclear Regulatory Commission to operate Ginna through September 18, 2009.

Ginna features a two-loop Westinghouse pressurized water reactor nuclear steam supply system
consisting of two hot legs, two U-tube steam generators, a pressurizer, and two cold legs with
a reactor coolant pump in each cold leg. The secondary system consists of a turbine generator,
a condenser, and a feedwater and condensate system. Auxiliaryequipment includes a radioactive
waste disposal system, fuel handling systems, a main transformer, a circulating water system
drawing water from Lake Ontario, and engineered safety features systems. The turbine generator
and condenser systems were also supplied y Westinghouse. Other initial plant structures and the
balance of plant and auxiliary systems were designed either by Gilbert Associates, Incorporated
or RG&E personnel.

The reactor containment building was designed by Gilbert Associates; Incorporated. It is a
reinforced concrete, vertical right cylinder with a flat base and a hemispherical dome. A welded
steel liner is attached to the inside face of the concrete shell to provide leak-tightness. The
concrete cylinder is founded on rock by post-tensioned rock anchors. The cylinder wall is pre-
stressed vertically by tendons coupled to the rock anchors.

1.3 Methodology

There were three distinct technical activities in the overall Ginna PRA: Level 1 analysis for
internal initiating events; Level 1 analysis for internal plant flooding; and, Level 2 analysis.

1.3.1 Level 1 Analysis for Internal Initiating Events

The R. E. Ginna PRA Project utilized standard small event tree / large linked fault tree Level 1

methodology. Functional event trees were developed for each unique class of identified internal
initiating events, and top logic was developed to link these functional failures to system-level
failure criteria.
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Fault trees were developed for each of the systems identified in the top logic with the exception
of the Main Feedwater System and the Reactor Protection System; these two systems were
modeled using simplified Boolean expressions. Fault trees were also developed for systems
required to support those systems identified in the top logic. A total of 14 separate, quality
assurance-controlled System Work Packages were developed during the course of this project.

Fault tree basic events were quantified with a mixture of generic data from throughout the
nuclear industry and Ginna specific data. Plant specific data analysis included initiating event
frequencies and equipment for which plant specific data was requested in Generic Letter 88-20.
An eight-year (January 1, 1980 through December 31, 1988) data window was established for
quantifying failure rates and maintenance unavailabilities. Licensee Event Reports and Ginna
Station Event Reports were also reviewed for this period.

Human failure events were quantified in two phases. In the first phase, conservative screening
values were assigned to all human failure events identified in the logic models pri'or to model
quantification. In the second phase, refined values were assigned only to those human failure
events that appeared in the results. These refined values were calculated using the Technique for
Human Error Rate Prediction (THERP) for time-independent human failure events and the SAIC
time-reliability correlation (TRC) for time-dependent human failure events.

SAIC's Computer Assisted Fault Tree Analysis (CAFTA) code was used to build, integrate, and
solve the fault trees and event trees. Model development, integration and solution was performed
on personal microcomputers using either the Intel 80386DX33 or 80486DX33 microprocessor
and 16 Mb of random access memory.

1.3.2 Level 1 Analysis for Internal Plant Flooding Initiating Events

The integrated plant model used for the Level 1 internal initiating events analysis was modifie
for assessing the risk of core damage from internal plant flooding initiating events. All basic
events in the model were linked to the equipment identification number (EIN) of an appropriate
piece of equipment in the plant. Components not directly modeled in the internal initiating
events fault trees were also accounted for at this stage.

A complex relational database was developed for the EINs in the model that included detailed
location information. A set of flood areas / flood zones were developed from studying plant
layout drawings and from an extensive series of walkdowns. Potential flood initiators were
cataloged for each of the flood areas / flood zones.

The CAFTA code was used to develop and quantify over 1,200 top events through a series of
screening analyses. In the final analysis, remaining sequences were evaluated for true
vulnerabilities, and frequencies were refined.

a
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1.3.3 Level 2 Analyses

Preliminary steps to the Level 2 Analysis task included compilation of a Ginna-specific model
for the Modular Accident Analysis Program (MAAP), and a containment ultimate failure pressure
structural analysis. The first step of the Level 2 Analysis task proper is to use minimal cut sets
from the Recovery Analysis task as inputs to determine the status of systems identified in the
Containment Systems Event Tree (CSET). Once the CSET is solved, the end state frequencies
are binned into Plant Damage States (PDSs). The results of the PDS grouping are then input into
the Containment Event Tree (CET) to calculate containment failure frequencies.. The Modular
Accident Analysis Program (MAAP) was used to determine source terms.

1.4 Summary of Major Findings

The total calculated core damage frequency from internal initiating events was 8.23E-05 / year.
The dominant contributors to this frequency were loss of instrument air at about 27% of the total
core damage frequency; a tube rupture in steam generator B (EMS01B) at about 23.5% of the
total core damage frequency; small-small break LOCAs at about 12.1% of the total core damage
frequency; and, a tube rupture in steam generator A (EMS01A) at about 10.4% of the total core
damage frequency. Other initiating events contributing to the total calculated core damage
frequency were interfacing systems LOCAs (9.6%); medium break LOCAs (7.2%); small break
LOCAs (6.2%); and, large break LOCAs (3.9%).

Figure 1-1 shows a breakdown of calculated core damage frequency by sequence; Figure 1-2
shows a breakdown of calculated core damage frequency by initiating event.

Dominant contributors to risk include:

~ Operator response to steam generator tube ruptures;

~ PORV and / or safety valve LOCAs;

~ Failures of the recirculation function;

~ Isolation of the ruptured steam generator during a SGTR event;

~ Failures of safety (high pressure) injection; and,

~ Restoration of off-site power.

Several notable inter-system. dependencies were discovered during the course of the Ginna PRA
project. While these dependencies are not dominant contributors to calculated risk, they are
discussed as follows:
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Reliance of major safety functions on the B Station Battery (BTRYB) — Several
important safety functions require 125,VDC power from the B Station Battery. These
functions include automatic opening of Reactor Coolant System (RCS) PORVs 430 and
431C, and operation ofTurbine Driven AFW Pump DC Lube Oil Pump PLO11. Because
of these dependencies, loss of BTRYB is more risk significant than loss of BTRYA.

-Single-point failure of switch to off-site power —Normally, power generated on-site is
used for loads such as Reactor Coolant Pumps PRC01A and PRC01B; Main Feedwater
Pumps PFW01A and PFW01B; Circulating Water Pumps PCW01A and PCW01B;
Instrument AirCompressors CIA02A, CIA02B and CIA02C and Service AirCompressor
CSA02; and other large, 4160 VAC loads and 480 VAC non-vital loads. Following a
turbine trip, Turbine Lube Oil Pressure Switches 63-3/AST, 63-4/AST and 63-5/AST
energize Turbine Trip Auxiliary Relays 63/X3, 63/X4 and 63/X5 (powered from Main
Control Board 125 VDC Distribution Panel A [DCPDPCB04A]). These relays, in
conjunction with Station 13A 115 kVAC Circuit Breakers AuxiliaryRelay 52Z, energize
Turbine Auto Stop Timer Relay 62AST, which willenergize Generator Primary Lockout
Relay 86P/1G. Either 86P/1G or Generator Backup Lockout Relay 86BU/1G (powered
from Main Control Board 125 VDC Distribution Panel A [DCPDPCB04A]) must energize
and signal Generator Auxiliary Lockout Relay 86X/1G (powered from Main Control
Board 125 VDC Distribution Panel B [ DCPDPCB04B]) to energize in order for the
circuit breakers feeding 4160 VAC buses 11A and 11B to automatically switch over to
being fed from Auxiliary Transformers 12A (PXYD012A) and 12B (PXYD012B),
respectively. Thus, failure of 125 VDC from either DCPDPCB04A or DCPDPCB04B
following a turbine trip would result in failure to automatically switch to the off-'site
sources.

The total calculated core damage frequency for internal plant flooding sequences is 5.05E-06 per
year of operation. This conservative estimate is dominated'by feedwater line break initiating
events on the turbine building mezzanine level (4.01E-06 / year, about 79% of the total). In
these sequences, the bulk of the serious damage comes from the high energy line break's initial
destructive force; the effects of high energy line breaks (destruction of block walls between the
Turbine Building and the Intermediate Building, etc.) are conservatively included in the internal
initiating events models. Additional failures assumed to be caused from the flooding nature of
these sequences include a loss of the 4160 VAC / 480 VAC electrical buses that are located at
the east end of the floor. In reality, loss of this equipment during a feedwater line break would
not be a certainty; the buses and the main feedwater lines are located at opposite ends of the
building, with the main condenser and much other heavy equipment located in between.

The Level 2 analysis clearly shows that the dominant contributors to the calculated release
frequency are the containment bypass sequences. Steam generator tube ruptures and interfacing
systems LOCAs (ISLOCAs) account for approximately 42% of the total core damage frequency.

The second most important set of core damage sequences impacting the Level 2 results are loss
of containment isolation sequences. These sequences would result in early radionuclide releases.
This class of sequences represents about 3% of the total core damage frequency.
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The Level 2 analysis indicates that the structural integrity of the Ginna containment is very
unlikely to be significantly challenged by the physical processes and loading mechanisms that
occur at or before containment failure. The conditional probability of early containment failure
due to in-vessel steam explosions, direct containment heating, hydrogen combustion and related
phenomena is calculated to be approximately 0.05%

As a result of the high reliability of containment heat removal systems (principally the
containment recirculating fan coolers) the threat of long-term containment overpressure failure
is negligible. The Ginna systems analysis for core damage and containment systems indicates
that, for all significant core damage sequences with AC power available or recovered,
containment heat removal would also be available. Hence, long-term overpressurization of
containment resulting from steam production is negligible.
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Figure 1-1

Total Calculated Core Damage Frequency for Internal Initiating Events by Sequence

Tube Ruptures 32.8%

PORV / SV LOCAs 26.3%

Transients 3.0%

Large LOCAs 3.8%

Small LOCAs 6.0%

Small-Small LOCAs 11.7%
Medium LOCAs 7.0%

ISLOCAs 9.4%

Rochester Gas & Electric CorPoration R. E. Ginna PRA Project

1-7



Figure 1-2
Total Calculated Core Damage Frequency for Internal Initiating Events by Initiating Event

Loss of Inst. Air 27.0%
Tube Rupture in SG B 23.5%

Large LOCA 3.9%

Small-Small LOCA 12.1%

Tube Rupture in SG A 10.4%

Small LOCA 6.2%

Medium LOCA 7.2%

I S LOCA 9.6%
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2.0 Examination Description

2.1 Introduction

This document is being submitted to the United States Nuclear Regulatory Commission (USNRC)
to meet Rochester Gas and Electric (RG&;E) Corporation's commitments made in response to
Generic Letter 88-20. Specifically, this document reports the results (and the methodology used
to generate the results) of the R. E. Ginna Probabilistic Risk Assessment project, a full Level 1

and Level 2 probabilistic risk assessment (PRA) for internal initiating events and internal plant
flooding, conducted on the R. E. Ginna Nuclear Power Plant in Ontario, New York.

2.2 Conformance with Suggested Methodologies in Generic Letter 88-20 and NUREG-1335

USNRC Generic Letter 88-20, issued November 23, 1988, asked all licensees to perform an
individual plant examination for severe accident vulnerabilities. Supplement 1 to Generic Letter
88-20 initiated this examination period and provided submittal guidance in the form of NUREG-
1335, Individual Plant Examination Submittal Guidance.

After considering the requests contained in Generic Letter 88-20, RG8~E voluntarily initiated a
full Level 1 and Level 2 PRA program for Ginna. When weighing the options presented in the
generic letter, it was felt that the insights gained from a PRA program would be beneficial to the
safe and efficient operation of Ginna.

Additional guidelines and objectives in Generic Letter 88-20 include:

The licensee staff should be used to the maximum extent possible in the perfonnance of
the IPE. As discussed in Section 5, RG&E personnel contributed over 20,000 hours to
this project, fillingmany key roles.

Unresolved Safety Issue (USI) A-46 should be resolved as part of the IPE. Consideration
of decay heat removal is basic to the performance of a PRA. As can be seen from the
discussion in Section 3.4.6, results of this PRA have resolved this issue for Ginna.

Vulnerabilities identified during the IPE process should be corrected where appropriate.
Section 3.4.2 and Section 6 discuss the results of the Ginna PRA, and how those results
have been addressed.

The containment analysis should include consideration of the insights gained froin the
NRC's Containment Performance Improvement Program. These insights have been fully
considered in the Level 2 PRA. See section 4 for details.
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The results of the IPE should be reported in a format consistent with NUREG-1335. This
document follows the table of contents and the guidelines given in NUREG-1335 except
for minor omissions of sections dealing with support state methodology. The Ginna PRA
utilizes the large linked fault tree approach, and not the support state approach; sections
on the support state methodology have, therefore, been omitted.

2.3 General Methodology

In the interests of effective project management, the Ginna PRA was organized into thirteen
major tasks. These tasks are discussed in Sections 2.3.1 through 2.3.13.

2.3.1 Accident Sequence Analysis

This task began by identifying the initial list of internal initiating events (see Section 3.1.1);
additional initiating events were later added as a result of insights from the Systems Analysis
task. Functional event sequence diagrams (FESDs) were then constructed to provide analysts
with insights into potential accident sequences. Event trees were constructed (see Section 3.1.2)
for each of the unique accident sequence groups.

2.3.2 Systems Analysis

The Systems Analysis task is traditionally the major focus of the Level 1 portion of the PRA.
Using the success criteria established in the Accident Sequence Analysis task, analysts prepared
work packages containing detailed logic models for 14 groups of systems (see Section 3.2.1).

2.3.3 Data Analysis

The initial stage of the Data Analysis task involved reviewing Ginna plant records for a period
from January 1980 through December 1988. Using the data collected from these reviews and
a collection of generic failure data from throughout the industry (see Section 3.3.1), analysts
compiled a set of Ginna-specific failure data (see Section 3.3.2) needed to quantify the logic
models constructed in the Accident Sequence Analysis and Systems Analysis tasks. Also
included in this analysis was consideration of plant-specific common cause data (Section 3.3.4),
test and maintenance unavailability data (Section 3.3:5), and initiating event frequency data
(Section 3.3.6).
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2.3.4 Human Reliability Analysis

Human failure events of two types are defined in the logic models constructed in the Systems
Analysis Task: Latent human errors that took place prior to the transient being analyzed; and,
errors committed after the start of the transient being analyzed. These events were then given
conservative screening values prior to the quantification of the logic models. Following the
initial quantification, dominant human failure events were put through a more detailed analysis
(see Section 3.3.3). This analysis also quantified identified nonrecovery events from the initial
quantification. The detailed quantification process included analysis of the accident sequences,
analysis of the appropriate Ginna procedures, interviews with Ginna licensed operators and
observation of selected transients in the Ginna control room simulator.

2.3.5 Quantification

With the advent of PRA quantification software based on personal computer technology,
quantification has become a very iterative process. The logic models developed in the Accident
Sequence Analysis and the Systems Analysis tasks and the plant specific data developed in the
Data Analysis task are integrated into many accident sequence logic models and solved in this
task.

2.3.6 Recovery Analysis

The Recovery Analysis task uses the minimal cut sets from the Quantification task as its input.
This task is used to examine these preliminary results in detail. Sometimes, errors are discovered
in logic and / or data. These errors are corrected and fed back to the Quantification task for
requantification; hence, the iterative nature of the analysis. Nonrecovery events are assigned as

appropriate; conservative screening values are usually assigned first. Ifthe sequence in question
still remains above the cutoff standard, these nonrecovery events are quantified in detail by the
Human Reliability Analysis task. The output of the Recovery task is a completed list of
quantified minimal cut sets for each of the sequences defined in the Accident Sequence Analysis
task.
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2.3.7 Level 2 Analysis

Preliminary steps to the Level 2 Analysis task included compilation of a Ginna-specific model
for the Modular Accident Analysis Program (MAAP),and a containment ultimate failure pressure
structural analysis. The first step of the Level 2 Analysis task proper is to use minimal cut sets
from the Recovery Analysis task as inputs to determine the status of systems identified in the
Containment Systems Event Tree (CSET) (see Section 4.3.1). Once the CSET is solved, the end
state frequencies are binned into Plant Damage States (PDSs) as described in Section 4.3. The
results of the PDS grouping are then input into the Containment Event Tree (CET) to calculate
containment failure frequencies as shown in Section 4.5. The Modular Accident Analysis
Program (MAAP) was used to determine source terms (see Section 4.7).

2.3.8 Internal Flooding Analysis

Although internal flooding is classified as an external initiating event, Generic Letter 88-20
specifically asked that it be included in the IPE process. Taking the completed, integrated plant
logic model developed in the Quantification task, this task assigned an appropriate Ginna
Equipment Identification Number (EIN) to each of the basic events. Thus, a complete list of
modeled plant equipment was developed. From this list, a second list of equipment requiring
either AC power or DC power (or both) was developed. A database was constructed using this
second list that included detailed information on the location of each of these pieces of powered
equipment. In addition, support equipment not included in the PRA logic model was added to
the database for each of the pieces of modeled equipment. An analysis was conducted to break
the plant into appropriate flood areas and zones, and to determine potential flood initiators in
each of those areas / zones.

The main flood analysis was completed in several phases. In the first screening analysis, a list
of failed basic events and flood initiating events was generated for each flood area / zone. If
there were no failed basic events in a zone, those zones were dropped from further consideration.
The zones remaining after this phase were then examined to determine if, for example, water
could pool on the floor, or if a broken line or tank could potentially spray sensitive equipment
in the logic model..

For any remaining areas / zones, a detailed analysis was conducted. This detailed analysis
included measuring the height of each piece of modeled equipment in the zone; evaluating
potential flood-induced failure modes of each piece of modeled equipment; and, quantifying
potential flood initiating events.
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2.3.9 Sensitivity, Uncertainty and Modifications Evaluation

The sensitivity of the calculated core damage frequency to changes in data and modeling
assumptions was evaluated in this task. Importance measures were calculated, and potential risk-
reducing improvements were identified and evaluated.

2.3.10 Technology Transfer and Documentation

Contractor personnel from Science Applications International Corporation (SAIC) and Gabor,
Kenton and Associates (GKA) conducted training for RG&E employees with no prior PRA
experience prior to the start of the applicable tasks. A majority of the technology transfer
occurred through on the job training in each of the tasks.

Quality of documentation was stressed throughout the Ginna PRA project. A minimum of one
work package was published under the project quality assurance program for each of the
technical tasks.

2.3.11 Project Management

In addition to overseeing the various contracts, this task was responsible for serving as the
integrating function for all of the project's technical tasks. Adherence to quality assurance
procedures and quality of documentation were stressed throughout the project.

2.3.12 Quality Assurance

The Ginna PRA project was conducted entirely under a quality assurance program designed to
meet the requirements of 10 CFR 50 Appendix B. This program, administered under the Science
Applications International Corporation (SAIC) quality assurance structure, included two sets of
project-specific procedures:

Project Quality Assurance Procedures (PQAPs) were written to relate the needs of the
Ginna PRA project directly back to the criteria of 10 CFR 50 Appendix B, 10 CFR 50
Part 21 and the SAIC corporate quality assurance program. PQAPs included
Organization; Stop Work Orders; Handling of Safety Concerns (10 CFR 50 21

Notifications): Quality Assurance Program; Indoctrination and Training; Certification of
Audit Personnel; Review of Work Packages and Technical Reports; Control of RG&E
Supplied Documents; Preparation of Project Quality Assurance Procedures (PQAPs);
Preparation of Task Quality Assurance Procedures (TQAPs); Document Control;
Temporary Changes to Work Packages; Corrective Action; Quality Assurance Records;
Audit Planning: Conduct and Records; and, Software Control.
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Task Quality Assurance Procedures (TQAPs) were written for each of the technical tasks.
A TQAP explicitly describes how work is to be done on each task, what inputs the task
is to use, how the task is to be documented, and what outputs the task is expected to
generate for each of the other tasks.

All work packages were reviewed extensively by both SAIC and RG&E personnel under the
project quality assurance program. In addition, periodic quality assurance audits were conducted
by RG&E and SAIC auditors.

2.3.13 Software

In addition to commercially available personal computer software such as WordPerfect, Microsoft
Access and Lotus 1-2-3, the Ginna PRA project used the CAFTA+ suite of PRA software and
the Risk Management Query System (RMQS) package from Science Applications International
Corporation and the Modular Accident Analysis Program (MAAP) 3.0B Version l9 from the
Electric Power Research Institute. All non-commercially available packages were treated under
a project-specific software quality control program.

2.4 Requested Information

2.4.1 Containment Building Information

Most of the plant layout and containment building information used in the Ginna PRA project
may be found-in the Ginna Updated Safety Analysis Report (UFSAR). Additional information
on the Ginna containment may be found in Section 4.

2.4.2 Other PRAs Reviewed

The Ginna PRA staff reviewed many of the PRAs available in the literature (WASH-l400.
NUREG-1150, NSAC/60, etc.) during this project. Due to the considerable prior experience of
the Ginna PRA staff, the project's collective memory included knowledge of these studies and
many other plant-specitic PRAs.

RG&E personnel on the Ginna PRA staff also kept in close touch with their counterparts who
were conducting PRAs for the other Westinghouse two-loop pressurized water reactors at Point
Beach, Kewaunee and Prairie Island. In January of 1992, the RG&E project manager and lead
data analyst assisted Wisconsin Electric Power Company (WEPCO) in an extensive, week;long
review of the Point. Beach PRA.
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2.4.3 PRA Basis Documentation

A vast quantity of information was used during the Ginna PRA project, including:

Ginna Updated Final Safety Analysis Report (UFSAR);

Ginna Technical Specifications;

Ginna plant procedures;

Licensee Event Reports (LERs);

RG&E controlled drawings;

System Training Descriptions;

Information from the former Ginna Master Equipment Database (GMEDB);

Information from the new Configuration Management Information System (CMIS);

Interviews with operators and many other experienced Ginna personnel;

Plant walkdowns; and,

Control room simulator observations.

2.4.4 Plant Walkdowns

Walkdowns were conducted throughout the Ginna PRA project as a primary source of
information on plant configuration, operations and maintenance.

Systems walkdowns were conducted when appropriate during the Systems Analysis task by each
of the RG&E and contractor analysts. Information gathered during these walkdowns was used
to judge the appropriateness of some aspects of the plant logic models, including such things as

proper electric power interfaces.

Extensive walkdowns were conducted by RG&E personnel over a 30 month period to facilitate
construction of the internal flooding analysis equipment location database and to answer questions
raised during other portions ot the PRA. The close proximity of Ginna to the RG&E engineering
offices (25 miles) meant that the RG&E systems analysts could conduct walkdowns as required.
The flood walkdowns were later also used for supplemental information during the Human
Reliability Analysis task.
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Containment walkdowns were conducted during the 1991 and 1992 refueling outages.
Information from these walkdowns was used in the Level 2 analysis for such things as selected
dimensions required by the MAAP input model.
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3.1.1

Level 1 Analysis

Identification of Initiating Events

Introduction

The objective of this task was to define classes of events that formally begin the task of defining
potential accident sequences for Ginna. The risk at Ginna was then assessed and quantified by
identifying subsequent events that lead to core damage (found in the Level 1 PRA) and / or lead
to containment vulnerability (found in the Level 2 PRA). Each "sequence" is really a family of
sequences of a functionaVsystemic type. As such, it must begin with an upset condition within
the plant, such as a loss of coolant accident (LOCA), or a shock from outside the plant, such as
a flood. This special event is called the initiating event (IE). The Level 1 PRA only dealt with
the first type of IE, internal IEs.

In the Level 1 portion of the PRA, the IE may be a component failure or a human action that
causes a demand for an automatic or manual reactor trip. With only rare exceptions, such an
event willbe safely accommodated using safety grade or other plant equipment according to the
emergency operating procedures (EOPs) or other procedures. Only on those instances in which
multiple systems or components are postulated to fail will there arise the pos'sibility of inadequate
core cooling (ICC) so as to challenge the integrity of the core and, even less likely,
simultaneously propagate to a challenge to containment integrity.

Adequate core cooling following a trip is a matter of shutting down the reactor, i.e., removing
the active heat source, and transferring the residual decay heat from the core through the water
media to an ultimate heat sink, such as by steaming to atmosphere outside the containment.
Hence the failure to shutdown the reactor when demanded, called ATWS (anticipated transient
without scram), and a failure somewhere in the path to the heat sink are the two general potential
kinds of core damage opportunities. Further, the intended heat sink path at Ginna, as is typical
of a PWR, is a linked set of water systems from the reactor pressure vessel (RPV), through the
steam generators (SGs), and finally out the power conversion system (PCS). Breach in the
integrity of any heat sink subsystem is a potential kind of core damage opportunity, namely a
LOCA, a steam generator tube rupture (SGTR), or one of a variety of PCS failures. Since the
only way to damage the core is to disturb this plant heat balance, all core damage sequences must
eventually appear functionally like one of these kinds.

Ginna, however, is not only a diversely arranged collection of systems, but is complexly
interlinked, with each major system redundantly designed to enhance its reliability. As a result,
challenges to the core are not only rare,'ut must be convoluted, in the sense that multiple
failures or propagating failures, such as common-cause failures, must arise in order to challenge
the highly buffered safety barriers of the plant. Hence, some important initiators may not at firs
appear as much as a challenge as the "classical" IEs, such as LOCAs. But because of system
interactions, these transients may in fact dominate the risk importance ranking of sequences and
must be identified.
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3.1.1.2 General Analysis Approach

The principal product of the Initiating Events Analysis is a preliminary list of the most important
IE classes for Ginna. Later development in the systems analyses may add to this list those
system-induced or other special IEs that for plant-specific reasons are also important or lead to
varieties of the classical IEs that need separate modeling. The preliminary list anticipates some
of the typically modeled special IEs.

I

The process of identifying initiating events hence was performed in three basic steps:

Development of a preliminary, as-complete-as-possible, list of IEs;

2. Grouping of these according to equivalent plant impact; and,

Finalizing the IE list by adding initiators that were identified in systems work.

The preliminary list of IEs was obtained by:

The top-down considerations such as outlined in the introduction;

2. Examining Ginna systems and actuations;

Examining the Ginna emergency procedures;

Examining Ginna LERs;

Examining the EPRI list of initiators; and,

Reviewing the PRAs of other 2-loop Westinghouse plants.

All initiating events involve loss ofprimary integrity, i.e., LOCAs ofvarious types, or non-LOCA
transients that automatically trip the reactor or induce procedurally directed manual trip.
Figure 3.1.1-1 indicates a typical breakdown of internal IEs as usually developed in PRAs. The
LOCAs are often partitioned as to whether the radiation or leakage remains contained or not, or
equivalently whether the LOCA breaches only the RCS primary boundary or not. Transients
involve heat balance problems —overcooling, undercooling, and overpower. A variety of
transients are not initially of this type, e.g., loss of station power. Figure 3.1.1-1 indicates
prototypical kinds of IEs for each of the six subcategories.
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Generic Letter 88-20, NUREG-1335, and NUREG/CR-3485 list several of the standard PRA
initiator classes:

1. LOCAs (small-small; small, medium, large);

2. SGTRs;

3. ISLOCAs (interfacing systems LOCAs);

4. Loss of off-site power; and,

5. "Other transients", e.g., turbine trips, loss of main feedwater, etc.

This list is consistent with the core cooling challenges described above and Figure 3.1.1-1 but
not in as much detail. The list for Ginna includes and extends these IE classes and is "complete"
in this sense. To expand on the other transient category, LERs from 1980 to 1990 and the EPRI
work on initiators was reviewed and the preliminary list was completed.

The IEs in the preliminary list were then grouped into larger IE classes. The criterion for
grouping together any two initiators was whether they would produce an equivalent impact on
the plant. For example, PORV challenging IEs could be grouped together because of their
potential for inducing a LOCA. (Notice that this grouping is not done, since one of the major
headings on each transient event tree includes the possibility of PORV opening, and the net result
is the same.) Table 3.1.1-1 lists the issues that past PRAs address in distinguishing IEs and the
manner in which the IE analysis disposed of the issues (again, their acronyms are spelled out in
the list of initiators at the end of the section).

Another example: Turbine trips and reactor trips are essentially equivalent when the reactor
power is over 50% and may be grouped together (see Figure 3.1.1-2). This "routine" trip
category would also include any transient which the operators would need only to use EOP ES-
0.1, Reactor Trip Response in their response, which includes transients for which there is
sufficient availability within the PCS. A loss of support system or subsystem can be included
in this category were the lost support not to contribute immediately to the failure of a safety
system. However, the support system IEs have been a major focus of recent PRAs and this tactic
is not usually pursued.

The result of these two steps is an initial list of grouped IE classes, which is the product of the
of the subtask which this section documents.
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The third step was to await the system modeling and computer solution to identify support
system failures, e.g., a dc bus, that need to be extracted from the routine trip category and
modeled separately.

Section 3.1.1.3 describes the grouping process and its results. Section 3.1.1.4 summarizes and
presents the initial list of initiating events for the Ginna PRA. Section 3.1.1.5 lists references for
this section.

3.1.1.3 Ginna-Specific Considerations

This section discusses some Ginna design features which have been identified because of their
potential impact on initiating event selection and grouping. Ginna consists of front line, or power
production systems that directly provide the nuclear energy conversion to electricity and support
systems that cool, energize, or operate equipment in the production systems. Each of these is
reviewed for initiating event potential. The section is divided into power production systems,
support systems, EOPs, and LERs.

Power Production Systems

Because of the dependencies between systems in the plant, it is conceivable, ifnot likely, for the
upset of any system to lead to a transient. Typically, only the power production systems —the
reactor, the feedwater and condensate system, and the PCS —are instrumented so as to produce
a reactor trip. Table 3.1.1-2 (from Figure 7.2-1 of the Ginna UFSAR [Ref. 3.1.1-7] and
surrounding text) indicates the designed trip signals for the reactor. Note that most of the trip
criteria are symptom oriented, e.g., high power range, rather than system oriented, e.g., turbine
generator trip. This allows for a functional protection irrespective of the peculiar systemic fault
but does not allow easy identification of systemic IEs. Table 3.1.1-3 is a list of automatic or
manual trip requirements on a system or component basis.

Trips arise with problems with reactor power, the RCS boundary, SG level maintenance and the
PCS. Reactor power problems include reactivity insertion (too much reactivity at power) and loss
of shutdown (ATWS). The RCS boundary, including the SGs and the high and low pressure
safety injection systems interfaces, result in the variety of LOCAs/SGTRs.
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3.1.1.3.1.1 Main Feedwater

On reactor trip, the feedwater regulatory valves open. These valves remain open until SG levels
reach 67%, or the RCS temperature drops below 554'F or an SI signal is produced (Figure 3.1.1-
3). If the overcooling is sufficient to initiate SI, the MFW pumps are tripped and reactor trip
follows. Otherwise the FW pumps recirculate and FW is isolated. Either condition is equivalent
to a (recoverable) loss of MFW.

Any condition that leads to a low steam generator level would lead to an actuation signal for
auxiliary feedwater (Figure 3.1.1-4). Hence, AFW is indeed auxiliary feedwater rather than
emergency feedwater, being the preferred post-trip source of water to the SGs.

Figures 3.1.1-5 through 3.1.1-8 are plots of pressurizer level, pressurizer pressure, RCS wide
range pressure, and steam generator pressures from a reactor trip from full power run on the
Ginna control room simulator; Figures 3.1.1-9 through 3.1.1-12 show the same parameters for
a loss of off-site power transient. Notice that the plant's response induced by these different
initiators is essentially alike. However, since the emergency diesel generators (EDGs) are
required for the latter transient but not necessarily the former, these transients are distinguished.

Notice also that a crucial point demonstrated by these transients is that the case of solely a loss
of feedwater initiator does not challenge the RCS PORVs without accompanying further failures.
NUREG-0611, pg. II-12 and 13 [Ref. 3.1.1-8] also supports this, namely whenever the reactor
trips and the steam valves open, the RCS pressure will be maintained below the PORV setpoint.
Table 3.1.1-4 indicates the conditions needed to challenge the PORVs from various information
sources, namely a failure of both the steam dump valves and pressurizer spray valves, a transient
too fast or too strong for these valves to work adequately or transients that lead to SG dryout.

F

To bound the situation, however, the UFSAR Chapter 15 cases (USFAR, Figures 2-3,'-6, -9, -12)
include a slow reactor trip (the reactor is assumed not to trip on turbine trip until the high
pressurizer trip signal is reached) along with failure of automatic steam dump. In this case, the
RCS pressure is calculated to reach some 2500 psig, above the PORV setpoint of 2335 psig.

Table 3.1.1-5 [Ref. 3.1.1-9] shows how the operation of the reactor coolant pumps (RCPs) affects
an extended loss of feedwater to the SGs.
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3.1.1.3.1.2 Steam Generator

There is nothing unusual about the Ginna SGs to warrant identifying any new initiators.
However, the event in January 1982 [Ref. 3.1.1-10] necessitates that this initiator class be
considered without any other considerations. Table 3.1.1-6 [Ref. 3.1.1-11] shows a generic
timeline for a single tube rupture event, similar to that at Ginna.

3.1.1.3.1..3 Main Steam

Turbine trip is essentially the same as reactor trip (Figure 3.1.1-2). The sources of turbine trip
are listed in Table 3.1.1-7. A steamline break downstream of the MSIV would act simply as a
loss of load, since the MSIV would close.

3.1.1.3.1.4 Reactor Coolant System

Four inadvertent SI actuations have occurred at Ginna [Ref. 3.1.1-12]. These all occurred at
shutdown [Ref. 3.1.1-5], but this initiator may need distinguishing anyway. Table 3.1.1-8 shows
the actuation logic for SI.

Various pipe sizes in the RCS and interfacing systems would lead to a variety in equivalent
diameters for LOCAs. A particular LOCA type is a LOCA induced by the failure of an RCP
seal.

3.1.1.3.2 Support Systems

3.1.1.3.2.1 Off-Site Power

Station power is normally generated on-site. However, two independent lines enter substations
12A and 12B to provide off-site ac ifneeded. The emergency equipment are aligned to the buses
from these off-site sources and hence no fast transfer is necessary at Ginna. Loss of off-site
power will be distinguished as a separate initiator, since it is topical and produces distinct plant
demands. Also, separate transformer initiators will be distinguished to account for the
independent off-site sources. Notice that these initiators are not failures of the separate
emergency buses but the off-site sources themselves.
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3.1.1.3.2.2 Other Support Systems.

Several support systems directly lead to reactor trip or a required manual trip (see Table 3.1.1-3).
System initiators will be reviewed and finalized during the Systems Analysis.

3.1.1.3.3 Westinghouse Low Pressure Emergency Operating Procedures

The Ginna EOPs [Ref. 3.1.1-1] include subprocedures that address the generic IE classes listed
in section 1 (typically the E series). They also include loss of heat sink (which includes loss of
main and auxiliary feedwater, FR-H.1) and high SG level (FR-H.3), due for example, to excessive
feedwater. Since excessive feedwater will trip the reactor and thus cause a loss of feedwater
(flow), then this initiator may not need to be distinguished as a separate variety of feedwater
transient.

3.1.1.3.4 Ginna Licensee Event Reports (LERs) Since 1980

Ginna LERs [Ref. 3.1.1-5] were examined as a sanity check for the top-down analysis. Table
3.1.1-9 summarizes these LERs.

The dominant cause of trips is the B steam generator. Not only did a tube in this SG burst,
causing the 1982 event [LER 82-3], but subsequently in 1988 a tube leak in SG B was large
enough to force a manual shut down [LER 88-4]. In all, indications of plugging in SG B occur
much more frequently than in SG A.

There have been two station ac power losses, one in 1981 [LER 81-7] and one in 1988 [LER 88-
6]. However, the new second independent source will reduce the frequency of a loss of off-site
power considerably.

There have been 3 trips caused when operators were attempting to manually control feedwater
flow to the SGs for whatever reason [LERs 85-6, 85-7, and 85-8. The pending digital feedwater
control system may eliminate these initiators. There have been 4 inadvertent SI actuations [LERs
84-6, 85-4 (2), and 89-3], all with the reactor at zero power, although one [LER 84-6] occurred
when the RCS pressure was some 2000 psig. About 25% of the reactor trips in the LERs were
induced by errors by operators or other personnel.

Seven trip/shutdowns involved post-trip problems, including the SGTR event. Following two
trips, shrinkage in the pressurizer was enough to drive the level below the tech spec level of 12%
[LERs 83-7 and 83-21].
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The PORV opened on the 1982 SGTR [LER 82-3] and also following a manual turbine trip while
the reactor was at zero power in 1983 [LER 83-23]. These events do not seem inconsistent with
the assumption made according to the UFSAR and simulator information that PORVs generally
will not be challenged from trips at power.

3.1.1.3.5 EPRI Initiating Event Types

Table 3.1.1-10 lists the EPRI transient types for PWRs [Ref. 3.1.1-6]. Type 13, startup of
inactive coolant pump, is assumed not to be possible, since Technical Specification 3.1.1.1.a
requires all RCPs to operate at above 8.5% power [Ref. 3.1.1-13]. Also, type 41, fire within
plant, is excluded since it is not an internal event in the PRA sense. As before, the preliminary
IE category is listed for each EPRI type (their acronyms are spelled out in the preliminary list
of initiators in Table 3.1.1-13).

3.1.1.3.6 PRAs For Other Westinghouse Two-Loop Plants

The Initiating Event Notebook from the Point Beach PRA [Ref. 3.1.1-14] was reviewed for other
initiators since Point Beach is a sister plant. Along with experience of past PRAs several other
transient types were identified (Table 3.1.1-11) and various LOCAs and steamline or feedline
breaks were identified (Table 3.3.3-12). The net result is a list of 54 initiating event types, one
of which [Item 13] is not applicable to Ginna because of technical specifications and one of
which [Item 41] is out of scope of internal initiators.

3.1..1.4 Identification And Grouping Of Initiators

3.1.1.4.1 Transient Initiating Events

3.1.1.4.1.1 Reactor Trip

The reactor trip category of transient initiating events includes all initiators which cause a reactor
trip and /or recoverable losses of main feedwater, condensate, turbine bypass, and the condenser
for decay heat removal. Inadvertent actuation of Safety Injection is also included under the
reactor trip initiator.
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Following receipt of a valid reactor trip signal, the reactor trip breakers will operi, and the control
rods will fall into the core within about one second. A turbine trip is initiated simultaneously.
The main feedwater regulating valves automatically go to their full open position; this action
helps to overcome the large reduction in steam generator downcomer level that results from the
shrink phenomena. The feedwater regulating valves are controlled automatically to maintain pre-
determined levels. The auxiliary feedwater pumps willautomatically start on low steam generator
level, and the condenser steam dump system will automatically operate to maintain the average
reactor coolant system (RCS) temperature at the no-load value of 547<F.

RCS volume decreases following a trip, resulting in a drop in pressurizer level. RCS volume is
automatically increased by the positive-displacement charging pumps, which will maintain
pressurizer level at 20%. Ifpressurizer level continues to decrease, the pressurizer heaters will
be automatically deenergized (to prevent burnout), and the letdown isolation valve will be
automatically closed. The electrical distribution system will automatically transfer house loads
to off-site power, and the nuclear instrumentation system will automatically energize the source
range detectors when appropriate. Finally, control room operators will dispatch auxiliary

'operators throughout the plant to finish securing the steam plant.

3.1.1.4.1.2 Loss Of Off-Site Power - Pre Reactor Trip

A loss of off-site power is defined as a complete loss of all alternating current electrical power
from all off-site sources caused by a failure of: 1) The RG&E transmission network up to, but
not including, the breaker connecting RG&E Station 204 to Ginna station auxiliary transformer
PXYD12A; and 2) The Transmission network up to, but not including, RG&E Station 13A (the
Ginna switchyard).

3.1.1.4.1.3 Loss Of Off-Site Power - Post Reactor Trip

This event is analogous to the loss of off-site power described in Section 4.1.2, but it may happen
following the occurrence of any of the other initiating events described in this work package.
A turbine trip / reactor trip may challenge the transient stability of the transmission grid due to
the sudden loss of generation at Ginna. While the Ginna switchyard feeding RG&E transmission
Circuit 767, and RG&E Station 204 feeding RG&E transmission Circuit 751 are electrically
independent, it will be conservatively assumed that a loss of Ginna gnerating capacity could fail
both of the off-site power sources. Partial losses of off-site power following a reactor trip will
not be considered.
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3.1.1.4.1.4 Loss Of Main Feedwater

This event includes any initiating event which results in unrecoverable loss of main eedwater
pumps PFWOlA and PFW01B.

3.1.1.4.1.5 Main Feedwater Line Breaks

A main feedwater line break on the feedwater lines to either steam generator, will result in high
energy relaease that could potentially damage and / or destroy equipment and instrumentation
located in the general vicinity of the break. These feedwater line breaks could occurr on the lines
feeding either steam generator inside Containment, upstream of the isolating check valves; on the
lines feeding either steam generator that run through the Intermediate Building; or, in the Turbine
Building.

3.1.1.4.1.6 Excessive Feedwater

A feedwater overfill would cause overcooling and shrinkage in the reactor coolant system. Water
overflowing into the main steam lines is a further potential problem of this initiating event.

3.1.1.4.1.7 Steam Line Breaks

Any main steam line break could result in rapid overcooling of the Reactor Coolant System and
actuation of SI. A steam line break also could damage an / or destroy equipment and
instrumentation in the area of the break. Steam line breaks could occurr on either main steam
line inside Containment; inside the Turbine Building; or, on either main steam line inside the
Intermediate Building. Breaks that would not be of concern from a high-energy line break
standpoint include failure (open) of one or more of the steam dump valves; inadvertent operation
of the main steam safety valves (open) on steam generator A; or, failure of the main steam safety
valves (open) on steam generator B or a break in the portion of the steam generator B main
steam line that runs outside of Containment, from the outer Containment wall to the outer
Intermediate Building wall.
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3.1.1.4.1.8 Loss Of Instrument Air Pressure

Loss of air pressure to air operated valves and instrumentation throughout the plant would result
in a reactor trip to do upset conditions in the feedwater / condensate systems. This initiating
event would also complicate trip recovery due to air operated valves going to their "fail safe"
positions.

3.1.1.4.1.9 Anticipated Transients Without Scram (ATWS)

This initiating event includes any failures to scram the reactor when a valid trip signal is present.

3.1.1.4.1.10 Loss Of Safety-Related Service Water Header A or B

These two initiating events are defined as a total loss of flow from either one of the two 20"
safety-related headers in the Service Water System (see Section 3.2.1.13).

3.1.1.4.1.11 Loss Of Component Cooling Water

This initiating event is defined as a complete loss of flow from the Component Cooling Water
System.

3.1.1.4.1.12 Loss Of A 480 VAC Bus

A review of Ginna procedures and past analyses [Ref. 3.1.1-16] has concluded that failure of any
one of the 480 VAC buses will not cause a reactor trip.

3.1.1.4.1.13 Loss Of A 125 VDC Bus

Loss of power on the 125 VDC system would result in the following failures [Ref. 3.1.1-16]:
I

Failure of BTRYA or DCPDPCB03A: Isolates all letdown, closes of all steam dump
AOVs to main condenser A, defeats train A ESFAS automatic and manual steam line
isolation and feedwater line isolation and ESFAS train A reset and block, isolates the
long-term nitrogen supply to PORV 430, isolates one train of the reactor head vent
solenoid valves, initiates train A of containment isolation, fails closed ARV 3410 and trips
main feedwater pump PFW01A; and,
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Failure of BTRYB or DCPDPCB03B: Isolates all letdown, closes of all steam dump
AOVs to main condenser B, fails closed PORVs 430 and 431C, isolates all Control Room
outside air dampers, defeats train B ESFAS steam line automatic and manual isolation and
feedwater line isolation and ESFAS train B reset and block, isolates the long-term
nitrogen supply to PORV 431C, isolates one train of the reactor head vent solenoid
valves, initiates train B of containment isolation, fails closed ARV 3411, trips main
feedwater pump PFW01B, trips both circulating water pumps on high condenser pit level,

3.1.1.4.1.14 Loss Of Control Building Ventilation

Ginna control building ventilation consists of a single train that cools and circulates air to the
control room. The battery rooms are cooled by a single train of HVAC, while the relay room
is cooled by non-safety related coolers. However, the failure of the ventilation systems for these
rooms should not result in a reactor trip, since the areas are subject to operator inspections on
a regular basis. If room heatup becomes a concern in any of these areas, temporary measures
would be taken [Ref. 3.1.1-15].

3.1.1.4.1.15 Loss Of A 120 VAC Instrument Bus

The 120 VAC system consists of Bus 1A (IBPDPCBAR), Bus 1B (IBPDPCBBW), Bus 1C
(IBPDPCBCB), and Bus lD (IBPDPCBDY). Buses 1A and 1C are supplied from both inverters
and constant voltage transformers; Buses 1B and 1D are supplied only by constant voltage
transformers. Review of Ginna procedure P-10, Instrument Bus Failure Reference Manual [Ref.
3.1.1-18] indicates that failure of one of these instrument buses willnot result in a reactor trip.

3.1.1.4.2 Loss Of Coolant Accident (LOCA) Initiating Events

3.1.1.4.2.1 Very Large Break LOCA

A very large. break LOCA is defined as a severe breach of the reactor coolant system resulting
in a leakage that is beyond the design capacity of the emergency core coolant systems. For the
purposes of the Ginna PRA. and for consistency with past risk assessments, a very large break
LOCA will be defined as a reactor pressure vessel rupture.
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3.1.1.4.2.2 Large Break LOCAs

A large break LOCA is defined as a break in the reactor coolant system greater than of equal to
5.5 inches effective diameter. A break of this size results in a leakage that is within the capacity
of the emergency core cooling system, where successful operation of low pressure injection with
the residual heat removal pumps are required to prevent core damage [Ref. 3.1.1-21].

3.1.1.4.2.3 Medium Break LOCAs

A medium break LOCA is defined as a break in the reactor coolant system greater than of equal
to 1.5 inches effective diameter and less than 5.5 inches effective diameter. A break of this size
results in a leakage that is within the capacity of one safety injection pump [Ref. 3.1.1-21].

3.1.1 4.2.3 Small Break LOCAs

A small break LOCA is defined as a break in the reactor coolant system between 1 and 1.5
inches effective diameter. Flow from this size break alone cannot remove enough decay heat to
prevent core damage; flow will be large enough, however, to require reactor coolant system
makeup in excess. of the capacity of one positive displacement charging pump. This class of
LOCAs also includes failures of the reactor coolant pump seals.

3.1.1.4.2.4 Small-Small Break LOCAs

A small-small break LOCA is defined as a break in the reactor coolant system of less than 1 inch
effective diameter. The RCS willnot depressurize to the Safety Injection setpoint due to the flow
out of the break alone. RCS inventory loss is small enough to allow rapid depressurization to
the RHR setpoint using the steam generators ifone accumulator is available.

3.1.1.4.2.5 Steam Generator Tube Rupture

A steam generator tube rupture is defined as a complete severance of a single tube. The resulting
primary to secondary leakage will require successful safety injection to prevent core damage.
A steam generator tube rupture could occurr in either steam generator.
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3.1.1.4.2.6 Interfacing Systems LOCAs

Interfacing systems LOCAs are defined as failures of pressure boundaries between high pressure
and low pressure systems that occur outside of containment. Interfacing system LOCAs are
treated separately via analysis. ISLOCAs are discussed in Section 3.1.3 [Ref. 3.1.1-20].

Summary List Of Initiating Events

The grouping of preliminary initiating events shown in Tables 3.1.1-10, 3.1.1-11, 3.1.1-12, and
3.1.1-13, and discussed above in Section 3.1.1.4, resulted in 32 initiating events that should be
investigated in the Ginna PRA. These 32 initiating events are shown in Table 3.1.1-14.
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Table 3.1.1-1
Issues That Help Distinguish Initiating Events

Issue Disposition

Event trips the reactor
Manual trip required

Challenges PORV .

Leaves PCS unavailable .

Leaves PCS recoverable

Involves feed water vs. steam from the SGs

Break is located upstream of MSIV .

Break is within containment

Break that requires secondary cooling

SGTR equivalent to burst in single tube
Break in excess of ECCS .

TRIP
TRIP

.......... SWnLOSS

......... CCWnLOSS............ IALOSS
. Event tree header only

MFWLOSS
...... MFWLOSSREC

MFWLB......... EXCESSFW
...... MFWLOSSREC

. EXCESSFW
PRESLB

POSTSLB
MFWLB
PRESLB

POSTSLB
xBLOCA

SGTR
ISLOCA

SSBLOCA
SB LOCA

SGTR
... RCSRUPTURE

R. E. Ginna PRA Project



Table 3.1.1-2
Reactor Trip

Primary trips
High power range level trip
High reactor coolant pressure
High pressurizer level
Manual trip
SI

Overpower hT trip
Overtemperarure hT trip

Nuclear overpower trip (With interlocks)
Source range level trip
Intermediate range level trip
Low power range level trip
Pump breaker trip
Low feedwater flow
Turbine generator trip (ifreactor power ) 50%)
Low reactor coolant flow
Low-low steam generator water level
Fixed low pressure trip
Turbine load
Average nuclear flux

Rochester Gas & Electric Corporation R E. Gnna PRA Project



Table 3.1.1-3
Automatic or Manual Trips from Ginna Systems

Automatic. Trip Source Ginna PltA ¹me

I. Loss of MG sets .

2. Loss of instrument bus
3. Loss of DC bus

.. TIOORXTRIP

.. TIOINSnBUS

.. TIOODCLOSS

Manual Trip Source Ginna Pilaf ¹me

4. Loss of instrument air .

5. Loss of component cooling water
6. 'oss of service water

.. TIOOIALOSS

.. TIOCCnLOSS
TIOSWnLOSS

Rochester Gas & Electric Corporation R. E. Ginna PRA Project



Table 3.1.1-4
Possible Transients that LiftPressurizer PORVs or Safeties at Ginna

UFSAR Chapter I5 Candidates For PORV Challenges

Decrease in steam flow
Load drop
Loss of vacuum
Turbine trip
Locked RCP rotor
Control rod withdrawal at power

PORV Challenges According to NURFG-06II [Ref. 8]

Loss of station power
Uncontrolled rod withdrawal at low power
Turbine governor or control valve closure
MSIV closure
Loss of load

UFSAR Chapter I5 Candidates For Pressurizer Safety Valve Challenges

ATWS
Locked RCP rotor

Ginna Past PORV Openings

1/25/82, LER 38 (82-005): PORV was liAed manually in depressurization efforts during SGTR
and stuck open and had to be blocked

6/19/83, LER 84 (84-024): PORV liAed followingTl'ecause both pzr spray vlvs failed to open
and control RCS pressure

10/23/86, LER 131 (86-008): PORV liAon runback and rod drop plus electric fault preventing
steam dump and pressurizer spray

11/28/86, LER 134 (86-011): PORV liAon loss of load (MSIVs) steam dump not sized to handle
pressure increase; pzr sprays could not act fast enough

Rochester Gas & Electric Corporation R E. Ginna PRA Project
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Table 3.1.1-5
Impact of RCP Trip on Loss of Heat Sink

Panm~eter Case 1 Case 2 Case 3

PORVs open
SG dry out

'0.75 (min)
33.10

37.83
42.50

35.80
40.93

Case 1 is all RCPs running
Case 2 is all RCPs tripped at reactor trip
Case 3 is all RCPs tripped 5 min after reactor trip

Reactor tripped at 28 sec; main feedwater lost at 10 sec.
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Table 3.1.1-6
Timeline for Single Tube, Double-Ended SGTR

Event Lsti'mated Occurrence Time (sec)

Tube failure
Reactor trip signal ....
Steam dump operation .

Turbine isolation: ..
SI signal...........
=MFW isolation
AFW actuation

0
.. 232
.. 233
.. 234
.. 250
.. 257
.. 310

Rochester Gas & Electric Corporation R E. Gnna PRA Project
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Table 3.1.1-7
Turbine Trip Sources

Shaft overspeed trip

Low bearing oil pressure trip

Solenoid trip by:
Reactor trip

Manual pushbutton
Trip of all main feedwater pumps
Generator. trip on fault
Trip of all circulating water pumps

Thrust bearing pressure (due to wearout) trip

Low vacuum trip (due to loss of circulating water or excessive air leakage through turbine
gland packing

R. E. Ginna PRA Project



Table 3.1.1-8
Actuation Logic for SI

Low pressurizer pressure (2/3 channels)
Low steam line pressure (2/3 channels)
High containment pressure (2/3 channels)
Manual

Rochester Gas & Electric Corporation R. E. Ginna PRA Project



Table 3.1.1-9
Trip Synopsis from LERs

Trips

Turbine trip
LOSP
SGTR
Inadvertent SI

induced)
Failure in manual FW control
Human induced
Other causes

At) 3% Power

2
2

2 (1 manual SD)
1 at 2000 psig SD

Shutdown

1 (manual trip)

3 (I human

Manual shutdowns

Post-trip/shutdown problems

SGTR
Pressurizer level drops below 12%
PORV opens
Manual turbine trip fails
Unknown P-T conditions

NOTE: The total of trips above do not necessarily include all Ginna trips in the
1980s, since trips did not initially need to be reported in the LER system.

R E. Gnna PRA Project
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Table 3.1.1-10
EPRI PWR Transient Types

Category Ginna PRA Name

l.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Loss of RCS flow (1 loop)
Uncontrolled rod withdrawal
CRDM problems and/or rod drop
Leakage from contmi rods
Leakage in primary system .

Low pressurizer pressure
Pressurizer leakage
High pressurizer prcssure
Inadvertent safety injection signal
Containmcnt pressure problems .

CVCS malfunction - boron dilution
Pressure/tcmpcrature/power imbalance - rod position error
Startup of inactive coolant pump
Total loss of RCS flow
Loss or reduction in fcedwatcr flow (1 loop)
Total loss of fcedwater flow (all loops)
Full of partial closure of MSIV (1 loop)
Closure of all MSIVs
Increase in fcedwater flow (1 loop)
Increase in feedwaler flow (all loops) ..
Feedwater flow instability - operator error
Fcedwater flow instability - miscellaneous mechanical causes .

Loss of condensate pumps (1 loop)
Loss of condensate pumps (all loops)
Loss of condenser vacuum
Steam generator leakage .

Condenser leakage ..
Miscellaneous leakage in secondary system
Sudden opening of steam relief valves
Loss of circulating water .

Loss of component cooling
Loss of service water system .

Turbine trip, throttle valve closure, EHC problems
Generator trip or generator caused faults
Loss of all off-site power
Pressurizer spray failure .

Loss of power to necessary plant systems ..
Spurious trips - cause unknown ......., .

Automatic trip - no transient condition
Manual trip - no transient condition .

Fire within plant

TIORXTRIPP
TIORXTRIPP

... TIRXTRIP

... TIRXTRIP

... TIRXTRIP

... TIRXTRIP

... TIRXTRIP
TIORXTRIPP
TIOORXTRIP

. TIORXTRIPP
TIOORXTRIP

Not possible at Ginna
TIORXTRIPP
TIORXTRIPP

TIFWLOSS
.. TIRXTRIP

...... TIRXTRIP

..... TIFWEXCS
TIFWEXCS
TIRXTRIP
TIRXTRIP
TIRXTRIP
TIRXTRIP
TIRXTRIP
TIRXTRIP
TIRXTRIP
TIRXTRIP
TISLBSVn
TIRXTRIP

...... TIOOOCCW

...... TIOOOSWn

...... TIRXTRIP
. TIRXTRIP

TlnnLOSP
TIRXTRIP

...TIRXTRIP

.. TIRXTRIP

.. TIRXTRIP

.. TIRXTRIP
Not an internal initiating event

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.1.1-11
Initiating Events Specific to Ginna or PRA Experience

Category Ginna PRA Name

42.
43.

45.

Loss of MG sets
Loss of instrument bus .

Loss of dc bus
Loss of instrument air

.. TIRXTRIP

.. TIINnBUS
TIOOODCn

.. TIIALOSS

Rochester Gas &, Electric Corporation R. E. Ginna PRA Project
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Table 3.1.1-12
SLBs, FWLBs, and LOCAs Specific to Ginna

46.
47.
48.
49.
50.
51.
52.
53.
54.

Category

Small-small break LOCA
Small break LOCA
Large break LOCA
LOCA in excess of ECCS
SGTR (single tube burst in either SG) .

SGTR (single tube burst in SG B)
Interfacing system LOCA
Steamline break downstream of MSIV .

Main feedwater break ..

Ginna PRA Naine

. LISSLOCA
LISBLOCA
LILBLOCA
LIRVRUPT
LIOSGTRn

.. LIOSGTRB

.. LIISLOCA
TISLBnnn
TIFLBnnn

" 3.1.1-28
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Table 3.1.1-13
Initiating Events Disposition

Categoiy Name

General lEs
1 Reactor trip with PCS available
2 Reactor trip challenging PORV
3 Loss of offsite power
4 Loss of offsite from one source
5 Unrecoverable loss of MFW pumps
6 Recoverable loss of MFW pumps
7 Main feedlinc break
8 Excessive fccdwater
9 Steam line break before MSIV
10 Steam line break after MSIV
11 Inadvertent Sl
12 Large LOCA
13 Small LOCA
14 Small-small LOCA
15 SGTR (either SG)
16 SGTR in SG B
17 Interfacing systems LOCA
18 LOCA in excess of ECCS

Support System IEs That Require Manual Reactor Trip
18 Loss of service water train n
19 Loss of component cooling water
20 Loss of instrument air

Other Support System IEs
21 Loss of ac bus n
22 Loss of dc bus n
23 Loss of room ventilation
24 Loss of inverter ventilation
25 Loss of instrurncnt bus

Designator

TIRXTRIP
TIORXTRIPP
TlnnLOSP
TIHALFLOSP
TIFWLOSS
TIMFWLOS SR
TIFLBnnn
TIFWEXCS
TISLBnnn
TISLBnnn
TIOINADVSI
LILBLOCA
LISBLOCA
LISSLOCA
LIOSGTRn
LIOSGTRB
LIISLOCA
LIRVRUPT

TIOOOSWn
TIOOCCW
TIIALOSS

TIOACnLOSS
TIOOODCn
TIOOCBHVAC
TIOOCBHVAC
TIOINSTBUS

Need to Distinguish

yes
no
yCS

no
yes
no
yes
yCS

yCS

yes
no
yCS

yes
yes
yCS

yes
yes
yCS

yCS

yes
yes

no I

yes
no
no
no

UFSAR Chapter 15 IE
26 Loss of MFW w/o RT/SD TIOMFWATWS no
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Table 3.1.1-14
Final Ginna PRA Initiating Events

1

2
3

4
5

6

Description

Reactor Trip ..
Loss Of Off-Site Power - grid
Loss Of Off-Site Power - Switchyard
Loss Of Off-Site Power Following Reactor Trip
Loss of Main Feedwater
Feedwater Line Break In Line For SG A Inside Containment

9
"

10
ll
12

13

14

15

16

17

18

19
20
21
22
23
24
25
26
27
28
29
30
31
32

Feedwater Line Break In Line For SG A Inside Intermediate Building
Feedwater Line Break In Line For SG B Inside Intermediate Building
Excessive Feedwater ..
Steam Line Break In Line For SG A Inside Containment .........
Steam Line Break In Line For SG B Inside Containment .........
Steam Line Break In Turbine Building
Steam Line Break In Line For SG A Inside Intermediate Building...
Steam Line Break In Line For SG B Inside Intermediate Building...
Steam Line Break Through The Steam Dump System .

Inadvertent Safety Valve Operation On SG A
Inadvertent Safety Valve Operation (Or Exterior SLB) On SG B....
Loss of Instrument Air
Reactor Vessel Rupture ..
Large LOCA . ~ .

Medium LOCA
Small LOCA ~

Small-Small LOCA ..
Steam Generator Tube Rupture In SG A .

Steam Generator Tube Rupture In SG B
Loss Of Service Water Safety-Related Header A
Loss Of Service Water Safety-Related Header B
Loss Of Component Cooling Water
Loss Of Main DC Distribution Panel A (DCPDPCB03A) .

Loss Of Main DC Distribution Panel B (DCPDPCB03B) .

7 Feedwater Line Break In Line For SG B Inside Containment
8 Feedwater Line Break In Turbine Building

Designator

TIRXTRIP

TIGRLOSP
TISWLOSP

ACLOPRTALL
TIFWLOSS
TjFLBACT
TIFLBBCT
TIOFLBTB
TIFLBAIB

'IFLBBIB

TIFWEXCS
TISLBACT

~ . TISLBBCT
TISLBOTB
TISLBAIB
TISLBBIB
TIOSLBSD
TISLBSVA
TISLBSVB
TIIALOSS
LIRVRUPT
LILBLOCA
LIMBLOCA
LISBLOCA
LISSLOCA
LIOSGTRA
LIOSGTRB
TIOOOSWA
TIOOOSWB
TIOOOCCW
TIOOODCA
TIOOODCB

R E. Ginna PRA Project
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Figure 3.1.1-1
General Classes of PWR Initiating Events..
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Figure 3.1.1-2
Turbine Trip and Reactor Trip Induce Each Other
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Figure 3.1.1-3
Reactor Trip Induces MWF Isolation and Possibly MFW Trip, the Latter Which Induces RT
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Figure 3.1'.1-4

Actuation of AFW Pumps

opening of both
FWP circuit breakers
OR
SI

low-low level
in either SG
OR
manual

MDAFWP A
starts

manual
only

MDAFWP B
starts

interlocked

MDSAFWP C
starts

MDSAFWP D
starts

interlocked

loss of both
4160 kv buses

TDAFWP
starts

Rochester Gas & Electric Corporation

3.1.1-34

R. E. Ginna PRA Project



Figure 3.1.1-5
Pressurizer Level Response During Simulation of a Reactor Trip
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Figure 3.1.1-6
Pressurizer Pressure Response During Simulation of a Reactor Trip
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Figure 3.1.1-7
RCS Pressure Response During Simulation of a Reactor Trip
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Figure3.1.1- 8

Steam Generators Pressure Responses During Simulation of a Reactor Trip
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Figure 3.1.1-9
Pressurizer Level Response During Simulation of a Loss of Off-Site Power
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Figure 3.1.1-10
Pressurizer Pressure Response During Simulation of a Loss of Off-Site Power
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Figure 3.1.1-1 1

RCS Pressure Response During Simulation of a Loss of Off-Site Power
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Figure 3.1.1-12
Steam Generator Pressure Response During Simulation of a Loss of Off-Site Power.
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3.1.2 Functional Event Trees

Introduction

For the purposes of this risk assessment, a core-damage accident is defined by an initiating event
and the consequent and subsequent success and failures of plant systems called upon to protect
the reactor core from damage. As a practical matter, it is not possible to identify and evaluate
the frequency of every possible core-damage sequence; the use of accepted PRA practices, such
as logic model development supplemented by a thorough review of plant operating history, gives
confidence that all important risk contributors have been identified.

Six subtasks must be accomplished in order to completely specify the core-damage accident
sequences:

Develop initial list of initiating events,

2. Establish success criteria,

3. Develop functional event sequence diagrams (FESDs),

4. Develop accident sequences,

5. Include system initiating events, and

6. Define and bin end states.

The complete list of initiating events, including both general (step 1) and system-level (step 5)
initiators, is given in Section 3.1.1[Ref. 3.1.2-2]. The FESDs (step 3), which relate post-trip
system operation and operator actions as specified in the Ginna Emergency Operating Procedures
(EOPs), are documented in the Functional Event Sequence Diagram Work Package [Ref. 3.1.2-3j.
Specification of plant damage states (PDSs) required to support the Level 2 (containment
performance) analysis is beyond the scope of this task; however, the development of core-damage
accident sequences has been accomplished while keeping in mind the importance of the Level
1 / Level 2 PRA interface. Thus, this section discusses the remaining subtasks (steps 2: 4. and
6), thereby providing the link among the initiating event definitions, FESD development, system
fault tree modeling, human reliability analysis (HRA) efforts, and the Level 2 analysis.

Rochester Gas & Electric Corporation R. E Gnna PRA Project
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Section 3.1.2.2 discusses the process used to determine success criteria. The accident sequences,
expressed in the form of event tree models, are presented in Section 3.1.2.3. The event tree top
logic models, which relate the occurrence of the event tree branches to system-level fault trees,
are described in Section 3.1.2.4. Section 3.1.2.5 describes the modeling interfaces between the
accident sequences and other PRA tasks (systems analysis, human reliability analysis, and the
Level 2 analysis). The event tree plots are shown in Figures 3.1.2-3 through 3.1.2-9.

3.1.2.2 Success Criteria Determination

The term success criteria refers to the minimal combination of plant systems and equipment that
must function in order to prevent core damage. Several types of success criteria, ranging in order
from global to specific, can be considered: core safety functions, sequence-level success criteria,
and system-level success criteria. Note that system-level success criteria are the interface
between the accident sequence analysis task and the systems analysis task (i.e., they specify
system-level fault tree top events), and thus only suggest the major front-line equipment
requirements. For example, a typical success criteria for safety injection (SI) could be
"one-of-three SI pumps"; this statement does not specify how the SI pump flow is routed to the
RCS nor does it consider the need for support systems (e.g., electric power, etc.). Such
considerations are addressed during system-level fault tree construction.

3.1.2.2.1 Core Safety Functions

In order to prevent a nuclear power plant severe accident, only one safety function'must be
accomplished: The preservation. of heat removal from the reactor core. This ultimate safety
function can be better understood by developing several intermediate safety functions that relate
reactor core heat removal to the operation of plant systems:

1. Control of reactivity;

2. Preservation of reactor coolant system (RCS) inventory; and,

3. Heat removal from the RCS.

Reactivity control directly relates to the amount of heat being generated within the core, which
dictates the rate at which energy must be removed from the core and RCS. Failure to control
reactivity may cause core power generation to exceed the plant's capacity to remove it. Further.
failure to limit core power may also challenge the RCS integrity, depending on how well the
other safety functions are performed.

Rochester Gas & Electric Corporation
n
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Similarly, the amount of RCS inventory determines in large measure whether core heat removal
can be provided. Core damage is assumed to occur for any significant durations of core
uncovery. In considering RCS inventory concerns, loss-of-coolant-accident (LOCA) break size
is the single parameter that dictates the necessary success criteria. Break size determines break
flow rate and subsequent RCS pressure which, in turn, determines required system response.

Heat removal from the RCS can be achieved in one of two ways. The typical way is by using
the steam generators and either forced or natural circulation of the RCS to transfer heat to the
secondary cooling system. The ultimate heat sink in this case is the atmosphere via steam vented
from the secondary side. A second method to remove heat from the RCS may occur
unintentionally; namely, by means of primary system cooling following a LOCA; plant systems
designed to maintain RCS inventory will quickly provide core cooling. In this situation, core
heat is transferred to the injected water, which spills out the break into the containment. The
ultimate heat sink is Lake Ontario via Service Water (SW), Component Cooling Water (CCW),
and the Residual Heat Removal (RHR) system heat exchangers once the injection systems have
been switched to the containment sump recirculation mode. Note that this second method of heat
removal can also be used following failure of the steam generators (i.e., the first method) by
opening both Power Operated Relief Valves (PORVs), intentionally creating a controlled LOCA.

It should be noted that heat removal and, to a lesser extent, RCS inventory control, can be phased
activities. This phasing has traditionally been referred to as short-tenn versus long-term. For
example, containment sump recirculation following a LOCA provides both long-term RCS
inventory control and heat removal. Depending on the LOCA break size, recirculation may be
initiated as soon as one-half hour (for large LOCAs) or up to several hours (for small LOCAs).
Since there is a range in the potential duration of each phase according to initiator type and
function considered, the distinction between short-term and long-term is only used colloquially
and is not made rigorous.

3.1.2.2.2 Sequence-Level and System-Level Success Criteria

The definition of sequence-level and system-level success criteria is a complex, iterative task that
involves consideration of the following items:

1. The impact of initiating events and subsequent system failures upon the core
safety functions define in Section 3.1.2.2.1;

2. The impact of initiating events upon plant system performance;

3. The needs of the Level 2 (containment perfor'mance) analysis; and,

~
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4. The plant thermal-hydraulic response to combinations of initiating events and
subsequent plant system failures.

As a beginning step in the identification of success criteria, the initiating events were grouped
according to the first three items given above. This process yielded groups of initiators that can
be expected to have a common core-damage accident sequence progression and, accordingly, a
common set of success criteria. Then, sequence-level and system-level success criteria for each
group of initiators were identified using thermal-hydraulic analyses.

3.1.2.2.2.1 Initiating Event Grouping

In general, accident sequences have been traditionally grouped according to initiating event type;
this categorization scheme has been followed in the Ginna PRA. Table 3.1.2-1 shows the
categorization of initiating events with respect to the first three influences listed above.

The impact of initiating events on the core safety functions is the major consideration in the
categorization process. It should be recalled that an initiating event is a combination of
equipment failures and/or operator actions that leads to a need for reactor trip. All initiators that
are followed by a subsequent failure of the reactor trip system have been placed under the
Anticipated Transient Without Scram (ATWS) category. Note that in this PRA, ATWS is not
caused by any single initiator; rather, it is the combination of initiator occurrence and reactor trip
system failure that leads to ATWS sequences.

Initiators leading to RCS inventory control challenges have been placed under the LOCA
category. Such initiators may either be direct (i.e., an RCS piping failure) or induced following
the occurrence of any transient initiator and subsequent system failures. For example, an
uncomplicated reactor trip event may progress to a reactor coolant pump (RCP)'seal LOCA if
all RCP support systems (seal injection and thermal barrier cooling) are lost; such accident
sequences are considered to be a subset of LOCAs with respect to success criteria determination.

The impacts of all initiators on the RCS heat removal function are taken into consideration by
embedding initiating events into the fault tree models as appropriate. This technique achieves
two purposes: (1) it minimizes the number of event trees used to delineate accident sequences
(as opposed to constructing an event tree for every initiator), and (2) it allows a detailed
treatment of initiator impacts on plant system performance. Thus, accident sequences have not
been grouped according to the impact of initiating events on the RCS heat removal function.
Further, the impact of initiating events on plant system performance has only an indirect
influence on the accident sequence grouping process, as noted in Table 3.1.2-1.
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3.1.2.2.2.2 Review of Thermal-Hydraulic Analyses
j

The Ginna UFSAR [Ref. 3.1.2-4] provided the starting point for determination of success criteria.
Use of the UFSAR is of limited use for a PRA project, however, since its analyses and results
are based on conservative assumptions about system performance and post-trip plant behavior.
Also, the UFSAR does not often provide the depth of information required to support the PRA
(e.g., accident scenarios timelines, which could be used to determine available operator cue times,
etc.). Thus, a series of thermal-hydraulic analyses [Refs. 3.1.2-5 - 3.1.2-41] were carried out
using the MAAP code [Ref. 3.1.2-42] to determine success criteria. Table 3.1:2-2 lists the
analyses performed and their results. A working definition of 1800'F for the hottest core node
(TCRHOT) was used to indicate the onset of core damage, but in most cases core heat removal
is either clearly lost or clearly maintained. Note that this table only shows the equipment which
was available, not necessarily what was used. For example, neither pressurizer PORV opens
during larger LOCAs but was assumed to be available.

3.1.2.2.2.3 Reactivity Control Success Criteria

For all initiating events except large LOCAs, the reactivity control safety function is achieved
if the reactor protection system (RPS) inserts at least one bank of its rod cluster control
assemblies (RCCAs). This success criteria is based on a recent Westinghouse Owners Group
(WOG) report that addresses the compliance of Westinghouse PWRs with the ATWS rule [Ref.
3.1.2-43, page 3-5] and states that "... the insertion of only one RCCA bank adds sufficient
reactivity to preclude peak RCS pressure concerns during the limiting ATWS events." Following
large LOCAs, the reactor is shutdown by the presence of boric acid in the RWST and by the loss
of moderator due to the LOCA. As such, reactivity control is not required to be identified
separately.
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3.1.2.2.2.4 RCS Inventory Success Criteria

As discussed in the Initiating Events Work Package [Ref. 3.1.2-2], RCS pressure will remain
below the PORV setpoint (2335 psig) following a reactor trip if pressurizer spray is operable.
Certain initiators inherently lower RCS pressure (e.g., LOCAs, steamline breaks, etc.), and the
PORVs willnot be challenged following such initiators. Note that several MAAP runs indicate
PORV liftduring SGTR and SSLOCA initiators; such results are not realistic since MAAP does
not consider RPS system delays and ESFAS actuation delays. In practice, the PORVs do not lift
following MSIV closure in response to SI actuation.

The Ginna UFSAR [Ref. 3.1.2-4], which discusses the ability of the Ginna ECCS design to meet
the requirements of 10 CFR 550.46, states that the makeup flow rate from one charging pump
is adequate to sustain pressurizer level at 2250 psia for a break size of 3/8-inch or less equivalent
diameter. MAAP run 9SOABCDE shows that two CVCS pumps will provide RCS inventory
control for a 3/8 inch LOCA, but does not demonstrate that only one CVCS is inadequate. The
Ginna PRA does not make the distinction of a LOCA small enough to discount inventory control
actions.

The result of the MAAP runs is that the LOCA break sizes for Ginna partition into four general
categories.

1. Small-small LOCA (SSLOCA) (1 cannot depressurize to SI setpoint on break
size alone; RCS inventory loss is small
enough to allow rapid RCS depressurization
to the RHR setpoint using the steam
generators if one accumulator is available.

2. Small LOCA (SLOCA) 1 to 1~/z cannot depressurize to SI setpoint on break
size alone; further, RCS inventory loss is
large enough that it is not possible to
depressurize to the RHR setpoint prior to
core uncovery

3. Medium LOCA (MLOCA) 1'/~ to 5'/~ slowly depressurizes below the RHR setpoint
on break size alone but SI is needed initially
to avoid core melt

4. Large LOCA (LLOCA) > 5~/~ depressurizes to the RHR setpoint essentially
immediately
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SSLOCA. MAAP run 9S11BCDE-2 and SLOCA32 demonstrates that 1/3 SI pumps is sufficient
for inventory makeup but not for core cooling. Hence, AFW is required for SSLOCAs. Note
that for small enough SSLOCAs (approximately a 3/8 inch break), 2 charging pumps are
sufficient to provide the inventory control role in place of SI (9SOABCDE); however, this was
not considered since the charging pumps are shed following an SI signal.

Note also that somewhere in the 1/4 inch size range, the break should be small enough to remain
within the capacity of one charging pump and could therefore be classified as a transient rather
than a LOCA. However, this distinction has not been made for the Ginna PRA project.

MAAP runs SLOCA21, SLOCA22, SLOCA23, SLOCA24, and SLOCA25 confirm the viability
of rapid RCS cooldown using the steam generators and accumulators to the RHR setpoint; this
action is, thus, a possible recovery of a complete SI system failure during SSLOCAs.

SLOCA. MAAP run 9S11BCDE-2 confirms that 1/3 SI pumps is sufficient for RCS inventory
makeup and core cooling, thus, AFW is not required for break sizes greater than one inch
equivalent diameter. However, the uncertainties inherent in a thermal-hydraulic code such as
MAAPmake it difficultto claim that rapid RCS cooldown is a viable recovery option for breaks
greater than one inch equivalent diameter (MAAP runs SLOCA26, SLOCA26B, and SLOCA27
indicate sensitivity to break discharge coefficients).

MLOCA. Runs 9S21BC2E, 9S31BCDE, 9S41BC2E, and 9$ 51BC2E demonstrate that 1/3 SI
pumps is sufficient for injection in MLOCAs. Meanwhile, runs 9S3AB12E and 9S4AB12E
indicate that the break is not large enough for RHR alone to prevent core damage. Therefore,
only 1/3 SI pumps is required until the RWST is depleted. Runs 9S21BCD2 and 9S21BC2E also
indicate that the gain from accumulators for a 2 inch LOCA is minimal enough to ignore the
accumulators in the MLOCA success criteria.

Finally, run 9S2A2C2E demonstrates that AFW alone is sufficient to reduce RCS pressure to the
RHR setpoint, but not prior to the onset of core damage. Since runs 9S21BC2E, 9S31BCDE,
and 9S41BC2E demonstrate that 1/3 SI pumps is sufficient for core cooling without AFW. the
availability of AFW is of no consequence.

LLOCA. The Ginna UFSAR [Ref. 3.1.2-4], particularly Figure 6.3-4, indicates that a,large
LOCA begins around the 10 inch equivalent break and maybe as small as a 6 inch equivalent
break. MAAP runs 9SSAB12E. 9S6AB12E, and 9S8AB12E show that adequate core cooling is
achieved using 1/2 RHR pumps as emergency core coolant injection for LOCAs as small as a

5 inch equivalent break. Note that MAAP run 9S51BC2E indicates that a 5 inch LOCA can also
be mitigated using 1/3 Sl pumps (i.e., no injection from the RHR pumps). Rather than create
a special category of LOCAs which can be mitigated using either 1/3 SI pumps or I/2 RHR
pumps, it was arbitrarily (but conservatively) assumed that LLOCAs encompassed any break
greater than 5.5 inches.
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SGTR. A steam generator tube has an inner diameter of 0.775 inch [Ref. 3.1.2-4, Table 5.4-2]
and since the standard SGTR that is modeled is the break of one tube, this scenario falls within
the SSLOCA category of LOCAs. Note that during an SGTR, the affected generator will be
fillingwith water, yet the LOCA characteristics of the SGTR will be reducing the RCS pressure
below the PORV setpoint. Hence, even on loss of all feed flow to the S/Gs, the bleed and feed
criteria of low S/G level per FR-H.1 [Ref. 3.1.2-44, step 10] will not occur and is not an option
for recovery. Therefore, this has not been included in the success criteria.

RCS inventory control following a SGTR event is complicated by the fact that this type of LOCA
bypasses the containment; however, the LOCA can be arrested if break flow is terminated by
equalizing RCS and ruptured steam generator pressure. Isolation of the ruptured steam generator
(e.g., closure of its MSIV, etc.) does not imply termination of break flow; the RCS willcontinue
to depressurize through the break, and the ruptured steam generator pressure will rise to its ARV
setpoint. (Note that the ARV setpoint is adjusted to 1050 psig in step 3a of E-3 [Ref. 3.1.2-45],
and the operator is not directed to isolate the ARV until steam generator pressure drops below
1050 psig.) Thus, in addition to isolation of the ruptured steam generator, RCS pressure must
be lowered below the ARV setpoint of 1050 psig as a necessary condition for break flow
termination.

Given the success of SI in the short term, the Ginna EOPs direct the plant operators to partially
cooldown and depressure the RCS to below the steam generator ARV setpoint, thereby ensuring
that the ARV and safety valves are closed. Note that SI flow must also be terminated once the
cooldown depressurization is completed to prevent completely filling the ruptured steam
generator, repressurizing it, and challenging its safety valves. An alternative approach, given the
failure of SI, is to rapidly cool the RCS to the RHR setpoint using the intact steam generator.
MAAP runs RUH2A, RUH2B, and RUH2C support this alternative option. Once the RHR
setpoint is reached, RHR cooling can be started to reduce the RCS pressure to atmospheric
pressure, thereby terminating the loss of RCS inventory. During the rapid RCS cooldown, RCS
inventory is maintained via reverse flow from the ruptured steam generator; thus, unlike the
similar situation for SSLOCAs, the accumulators are not needed.

At the time when RCS and ruptured steam generator pressures are equalized, the break flow rate
(which equals the SI flow rate) is about 1.2 to 1.3 ft'/s (540 to 580 gpm) [Ref. 3.1.2-46, p. 4-4].
The RWST is required to contain a minimum of 300,000 gallons at all times [Ref. 3.1.2-47); this
suggests that either (1) the RWST must be refilled or (2) the RCS must be cooled and
depressurized to atmospheric pressure within 8.6 to 9.3 hours if break flow is not terminated
(assuming that the equilibrium break flow rate is a reasonable average over the range of RCS
pressures).
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Another major concern during an SGTR event is preventing the ruptured steam generator from
overfilling. As noted above, overfilling the ruptured steam generator may lead to
repressurization; of particular concern is failure of the ruptured steam generator ARV to reclose
following liquid relief. Concerns have been expressed that the main steam header may collapse
following an overfill condition (due to water hammer, static load, etc.); however, it is noted that
the steam header was filled during the Ginna SGTR event on January 25, 1982.

Westinghouse has extensively studied steam generator overN1 following SGTR events [Ref.
3.1.2-46], calculating the time margin to overfill for a variety of scenarios. The Westinghouse
study determines a basecase margin to overfill of 14 minutes, using a conservative set of
assumptions (e.g., RCS pressure initiallyat 2000 psig, higher protection system setpoints, higher
decay heat, etc.); the sequence of events is shown in Table 3.1.2-3. The thermal-hydraulic
simulation used assumes that both the ARV and the safety valves have the same setpoint. Thus,
the resulting plot of steam generator pressure does not indicate ARV/SV closure upon the
completion of the RCS depressurization nor after SI termination; however, it is assumed that the
time of SI termination is, in fact, the time when the ruptured steam generator's pressure falls
below the safety valve setpoint.

Westinghouse considers two key elements in determining the margin to overfill following plant
equipment failures: (1) operator action times, and (2) plant response time. For example, failure
of the ARV to close on the ruptured steam generator would lead to a delay in the start of RCS
cooldown while the operators closed the associated block valve. Similarly, the duration of RCS
cooldown is affected by the availability of AFW. In general, the plant response time is
proportional to operator action times, but the relationship is not a one-to-one ratio. Additional
delays in operator action time following RCS cooldown have less effect since the
primary-to-secondary leak rate is lower during this time period. The impact of plant equipment
failures on the overfill margin, as calculated by Westinghouse, are summarized in Table 3.1.2-4.

The last scenario, failure to isolate MFW, requires additional explanation to ensure correct
interpretation. In the basecase, it was assumed that the MFW control system would initially
throttle MFW flow to compensate for leakage into the ruptured steam generator prior to reactor
trip, and further throttle MFW flow in response to reduced steam flow following turbine trip.
The assessment of failure to isolate MFW flow was based on the assumption that full MFW flow
was maintained until automatic MFW isolation occurred following the SI signal.

Westinghouse considered that (I) failure to isolate the steam supply to the turbine-driven AFW
pump and (2) failure of the safety valve on the ruptured steam generator to reclose were unlikely
events due to system design features. Accordingly, there is no estimate of the impact of these
failures on the overfill margin. However, the failure to prevent overfill of the steam generator
is assumed to require safety injection to makeup lost inventory.
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Seal LOCA. A special source of potential LOCA at Ginna involves the reactor coolant pump
(RCP) seals. The combined loss of seal injection'o the RCP shaft (CVCS) with the loss of
component cooling water (CCW) to the RCP thermal barrier cooling coil in either or both of the
RCPs can lead to a degradation in seal integrity and hence a LOCA. Each of these functions,
seal injection and thermal barrier cooling, helps maintain the seal's integrity and the functions
are redundant [Ref. 3.1.2-4, p. 5.4-42]. Note that failure of injection includes the potential failure
to discharge (letdown) as well.

The Ginna seal is a three-stage seal [Ref. 3.1.2-4, 5.4-1 and Figure 5.4-3] (i.e., there are three
seals within the sealing assembly of each RCP). The first stage is a variable orifice seal, variable
in the sense that by design, volumetric flow rate will increase as RCS pressure decreases. The
limiting failure case for a seal with respect to seal leak rate is the catastrophic failure of all three
seals in the seal assembly. However, another potential limiting case involves the failure of the
second and third seals with the variable orifice seal intact. Since the flow rate would increase
over time, the integrated flow might exceed that of the catastrophic failure case.

Westinghouse has extensively studied seal LOCAs [Ref. 3.1.2-48], including the development of
an event tree model to catalog the failure types of seal ruptures and thermal hydraulic exercise
of a code specifically developed to predict seal flow rates. The net result was that a seal LOCA
at Ginna can result in at most, 480 gpm/pump [Ref. 3.1.2-48, p. 10-27] or a total flow rate of 960
gpm. This represents the catastrophic failure of all three stages in both RCP seals. Using
standard conversions (see Table 3.1.2-5), this flow is equivalent to a fixed orifice diameter break
of 1.04 inches. Table 3.1.2-6 provides additional supporting information.

As noted above, a second limiting case may be the failure of the second and third stages of the
seal but the survival of the first stage. The first stage is a variable orifice seal such that leakage
from the failed stages will increase in volumetric flow rate as pressure in the RCS decreases,
until the RCS is saturated. At normal operating pressure this flow rate is much less than the
maximum flow calculated above, but as RCS depressurizes, the integrated flow might compare
to the catastrophic failure case.

Three MAAP runs (denoted by SBOI [0], SB02[~], SB03[O]) were performed (MAAP assumes
fixed orifice seals) to periodically increase the flow rate based on RCS pressure (0.25, 0.5, and
1.0 inches, respectively). These runs also assumed that 1 AFW and 1 SI train was available.
Figure 3.1.2-1 shows that RCS pressure easily drops to the SI setpoint of 1723 psig [Ref. 3.1.2-4.
Table 7.3-1].
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MAAP runs SLOCA22, SLOCA24, SLOCA25, and SLOCA27 also confirm that rapid RCS
depressurization using the steam generators to the RHR setpoint is a viable recovery for RCP seal
LOCAs. It is noted that a catastrophic failure of all three seal stages in both RCPs is equivalent
to a 1.04 inch equivalent diameter break and, thus, suggests that a RCP seal LOCA is an
SLOCA. However, this result is based on a conservative set of assumptions (primarily, that all
three seal stages fail at the same time); further, the basic scheme used to calculate this equivalent
break size is uncertain (e.g., the discharge coefficient used by MAAP is not strictly applicable
to RCP seal LOCAs).

Hence, the MAAP runs support the initial assessment that a seal LOCA falls in the SSLOCA
category, no matter the seal failure mechanism or number of RCPs affected.

PORV LOCA. According to MAAP runs 9FB12A, 9FB12D, and 9FB12H, a single PORV is
enough to depressurize the RCS to the SI setpoint without the aid of AFW. Hence, this LOCA
is classified as a MLOCA. In addition, a PORV diameter is 3 inches [Ref. 3.1.2-4, Table 5.4-2]
which also falls in the MLOCA category.

3.1.2.2.2.5 RCS Heat Removal Success Criteria

Steam generator cooling is the preferred RCS heat removal scheme for transients (i.e., non-LOCA
initiating events) as well as small LOCAs, Seal LOCAs and SGTR sequences. Since each steam
generator can remove 50% of the rated thermal power, one steam generator can easily remove
the entire decay heat load of the reactor. In order to use the steam generators to remove decay
heat, there must be an adequate source of feedwater and a steam vent path. The UFSAR [Ref.
3.1.2-4, p. 10.5-2] states that, "the turbine-driven auxiliary feedwater pump can supply 200% of
the required feedwater for removal of decay heat from the plant"; since this pump provides 400
gpm, the implied success criteria for steam generator feedwater is 200 gpm. Feedwater source
characteristics are shown in Table 3.1.2-7. The steam vent path can be provided by the steam
dump system, the atmospheric relief valves (ARVs), or by the steam generator safety valves
when either AFW, MFW, or SAFW is providing the feedwater. Ifthe condensate booster pumps
are being used to feed the steam generators, then the ARVs must be used to depressurize the
steam generators below the condensate booster pump shutoff head. It should also be noted that
a large steamline break will fail the TDAFW as a source of heat removal (i.e., fails driving
source).

Primary bleed and feed cooling (BAF) is an alternate method of decay heat removal for transients
and small LOCAs in the event that steam generator cooling is lost. The Ginna Emergency
Operating Procedures (step 12a of FR-H.1 [Ref. 3.1.2-44]), require operators to "Check SI pumps
- AT LEAST ONE RUNNING", indicating that the success criteria for the "feed" portion of
bleed and feed as 1/3 SI pumps. Steps 13c and 19 of FR-H.1 require the opening of both
PORVs, thus suggesting the success criteria for the "bleed" portion of bleed and feed to be 2/2
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PORVs. MAAP also supports this success criteria. However; MAAP runs 9FB12A, 9FB12D,
and 9FB12H indicate that 1/2 PORVs may also be sufficient. Since these options are not
provided in the EOPs, the 1/3 SI pumps and 2/2 PORVs is identified as the success criteria for
the Ginna PRA. The remaining options can be considered for recovery as necessary.

RCS heat removal is generally achieved for medium and large LOCAs if the RCS inventory
control function is achieved. These types of LOCAs are similar to primary bleed and feed in that
the SI pumps and RHR pumps supply cooling water to the reactor (the "feed" function) while
the break itself removes hot water from the RCS (the "bleed" function). Initially,cooling water
is supplied by the refueling water storage tank (RWST). Later, water is recirculated from the
containment sump.

It should be noted that it is conservatively assumed that containment heat removal is required to
support the recirculation function; failure of containment heat removal leads to containment
failure due to overpressurization and, thus, loss of the containment sump inventory and the
recirculation function. Failure of the containment heat removal systems (containment fan coolers
and containment spray) is analogous to the failure of other support systems (e.g., CCW, electric
power, etc.) with respect to the Level 1 analysis, and therefore is not explicitly stated in the RCS
heat removal success criteria. However, the status of containment heat removal is of primary
importance to the Level 2 analysis, and the Level 1 event trees directly address the operability
of the containment heat. removal systems to aid in the determination of plant damage states.

3.1.2.2.2.6 Success Criteria Summary

A summary of the sequence-level and system-level success criteria is presented in Table 3.1.2-8.

3.1.2.2.3 Initiators and Inter-System Dependencies Affecting the Safety Functions

The success of the systems that provide the three safety functions discussed in Section 3.1.2.2.1
can be affected by the initiator or subsequent failures of other systems. Most of these kinds of
dependencies were identified in the system and model development efforts, where the system
interactions were easier to understand. However, some initial dependencies were identified as
guidance to the event tree development or as peripheral information from the task. This
information is synopsized in Table 3.1.2-9, which indicates how the various initiators used in the
PRA model impact some of the systems associated with the safety functions. A description of
each initiator is provided in the Initiating Events Work Package [Ref. 3.1.2-2].
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An initiator dependency may be'a challenge, i.e., it causes an automatic demand for a safety
system and hence is an opportunity for its subsequent failure, or a system interaction, i.e, is a
direct source of the inoperability of the system. The reactivity and inventory control
dependencies are challenges (with the exception of seal cooling failures) and the heat removal
dependencies are faults of the affected system. For example, SI is challenged either by LOCAs
which actually lower RCS inventory or by transients, such as steamline breaks, which lower
pressurizer level because of shrinkage due to overcooling. In addition, at Ginna, system
interaction between the instrument air system and the pressure control system (pressurizer and
PORVs) means that a loss of pressurizer spray, which challenges the PORVs, can be caused by
a loss of instrument air which also fails the PORVs closed and hence challenges the pressurizer
SRVs. A loss of service water will lead to a manual trip in which charging is tripped and CCW
is lost which fails (if only temporarily) all seal cooling, challenging seal integrity. Finally, a
steamline or main feedline break in the Intermediate Building produces a steam environment that
is assumed to fail all of the auxiliary feedwater pumps. A steamline or feedline break in the
Turbine Building is assumed to fail the MFW pumps, instrument air system, and the auxiliary
feedwater pumps (due to the block wall which exists between the Turbine and Intermediate
Buildings).

Figure 3.1.2-2 is a "bubble chart" indicating the system-level dependencies among frontline and
support systems. The chart is self-explanatory. "Connections" are by way of heat exchangers
(e.g., service water to component cooling water), direct air cooling (e.g., the Intermediate
Building and Standby Auxiliary Feedwater Pump Building heating, ventilation and air
conditioning of the standby auxiliary and auxiliary feedwater pump rooms), and direct water
injection (e.g, safety injection into the RCS). Two connections are noted but a decision was
made in the PRA based on information from plant personnel that these were not significant
supports. Realize also that timing enters some of the connections between bubbles, e.g., the
CCW/SW heat exchange may begin immediately but is not required typically until late in a

sequence and the HVAC interaction is a long-duration evolution, potentially many hours.

Each of the initiator and inter-system dependencies, as well as others identified in the course of
the PRA, is modeled at the most appropriate gate(s) in the logic model. Initiators amount to
another kind of basic event and connections between systems are indicated by transfer gates in
the models.
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3.1.2.3 Event Tree Development

Core-damage accident sequences have been delineated by translating the success criteria
established in Section 3.1.2.2 into Boolean logic. The overall approach used is the "small event
tree - large fault tree" method, in which a relatively small set of event trees are developed to
address all possible accident sequences. Initiator-specific and sequence-specific effects are
captured by embedding initiating events and logic flags into the fault tree models as appropriate,
thereby uniquely configuring each fault tree for each accident sequence. This approach was
selected because RG&E intends to maintain the Ginna PRA as a "living PRA"; there is only one
fault tree per system (not several which contain subtle differences according to the various
initiating events and sequences), thus allowing ready and consistent update to plant "as-built"
conditions.

Event trees have been developed for transients, SSLOCAs, SLOCAs, MLOCAs, LLOCAs,
SGTRs, and ATWS events. Very large LOCAs (reactor vessel rupture, initiator LIORPVRUPT)
by definition cause break flow rates that exceed the capacity of the ECCS; thus, they lead directly
to core damage and no event model is required. Interfacing system LOCAs (ISLOCAs) are
discussed separately [Ref. 3.1.2-49].

Event tree end states represent one of three possibilities: (1) safe, stable shutdown; (2) core
damage; or (3) a transfer to another event tree. The event trees generally address sequences
which occur during the first 24 hours following the occurrence of an initiator.

The following sections describe each event tree.

3.1.2.3.1 Transient Event Tree

The transient event tree is a straightforward translation of the success criteria developed in
Section 3.1.2.2. Failure of the reactivity control safety function (Event K) is immediately
transferred to the ATWS event tree. Two types of transient-induced LOCAs (failure to maintain
the RCS integrity safety function) are considered: (1) RCP seal LOCAs (Event Ql), which are
transferred to the SSLOCA event tree, and (2) PORV LOCAs (Event Q2), which are transferred
to the MLOCA event tree. The RCS heat removal safety function is addressed in four events
(Bl, L1, UH1, and Pl). Events Bl (AFW) and Ll (MFW and SAFW) address failure to remove
decay heat using the steam generators. Note that two events have been used since AFW is the
preferred source of steam generator feedwater following reactor trip; the use of MFW and SAFW
is a recovery action. Events UH1 (failure of SI flow) and Pl (failure of the PORVs) address
primary bleed-and-feed. Two events have been used to separate the core-damage sequences
arising from failure to achieve bleed-and-feed for the Level 2 analysis. Initial success of
bleed-and-feed is transferred to the MLOCA event tree for consideration of the low pressure
recirculation function and containment heat removal function. (Note: It is conservatively
assumed that containment failure due to overpressure results in a loss of low pressure
recirculation capability following bleed-and-feed.)
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The transient event tree generates 32 core-damage sequences, as described in the following
sections.

3.1.2.3.1.1 Sequence T/B 1/L1/FC/XCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCS integrity is preserved (no RCP seal LOCA - success of Event Ql,
and no PORV LOCA - success of Event Q2). Allsteam generator cooling is lost (Events B 1 and
L1), and bleed-and-feed cooling is commenced (success of Events UH1 and Pl). Upon RWST
depletion, low pressure recirculation is achieved (success of Event XL). The containment fan
coolers fail to operate (Event FC), necessitating the use of the containment spray system to
prevent containment overpressurization due to continued addition of RCS inventory from the
PORVs (the bleed path for bleed-and-feed cooling). It is assumed that the containment fan
coolers fail while the RWST is in use (i.e., during Events UH1 or Pl). Containment spray
injection operates (success of Event UCS); however, containment spray recirculation fails
(Event XCS). Thus, core cooling is lost when the containment fails since the sump inventory
is depleted through the ruptured containment (required to sustain low pressure recirculation).

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.

3.1.2.3.1.2 Sequence T/B 1/L1/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCS integrity is preserved (no RCP seal LOCA - success of Event Ql,
and no PORV LOCA - success of Event Q2). Allsteam generator cooling is lost (Events B 1 and
Ll), and bleed-and-feed cooling is commenced (success of Events UH1 and Pl). Upon RWST
depletion, low pressure recirculation is achieved (success of Event XL). The containment fan
coolers fail to operate (Event FC), necessitating the use of the containment spray system to
prevent containment overpressurization due to continued addition of RCS inventory from the
PORVs (the bleed path for bleed-and-feed cooling). It is assumed that the containment fan
coolers fail while the RWST is in use (i.e., during Events UHl or Pl). Containment spray
injection fails (Event UCS); thus, core cooling is lost shortly after recirculation begins since the
containment sump inventory is depleted through the ruptured containment (required to sustain low
pressure recirculation).

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.
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3.1.2.3.1.3 Sequence T/B 1/L1/XL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCS integrity is preserved (no RCP seal LOCA - success of Event Ql,
and no PORV LOCA - success of Event Q2). Allsteam generator cooling is lost (Events B 1 and
Ll), and bleed-and-feed cooling is commenced (success of Events UH1 and Pl). Upon RWST
depletion, low pressure recirculation is not achieved (Event XL); thus, core cooling is lost.

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.

3.1.2.3.1.4 Sequence T/B 1/L 1/P 1

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event. K). RCS integrity is preserved (no RCP seal LOCA - success of Event Ql,
and no PORV LOCA - success of Event Q2). Allsteam generator cooling is lost (Events B I and
Ll), and the SI pumps are started in preparation for bleed-and-feed cooling is commenced
(success of Event UH1). However, the PORVs fail to open (Event Pl) and, thus, core cooling
is lost due to failure to establish a bleed path.

This sequence is totally defined in the transient event tree.

3.1.2.3.1.5 Sequence T/B 1/L1/UH1

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCS integrity is preserved (no RCP seal LOCA - success of Event Ql,
and no PORV LOCA - success of Event Q2). Allsteam generator cooling is lost (Events B 1 and
L1), and bleed-and-feed cooling is required to reestablish core cooling. However, the Sl pumps
fail to operate (Event UH1) and, thus, core cooling is lost due to failure to establish a feed
source.

This sequence is totally defined in the transient event tree.
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3.1.2.3.1.6 Sequence T/Q2/FC/XCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is preserved (success of Event Ql); however, a PORV
or SV sticks open following its liftdue to loss of pressurizer spray or fast closure of the MSIVs
(Event Q2). High pressure injection is established (success of Event UH2), thus providing
short-term RCS inventory control and heat removal. Upon RWST depletion, low pressure
recirculation is achieved (success of Event XL). The containment fan coolers fail to operate
(Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the LOCA. It is assumed
that the containment fan coolers fail while the RWST is in use (i.e., during Event UH2).
Containment spray injection operates (success of Event UCS); however, containment spray
recirculation fails (Event XCS). Thus, core cooling is lost when the containment fails since the
sump inventory is depleted through the ruptured containment (required to sustain low pressure
recirculation).

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.

3.1.2.3.1.7 Sequence T/Q2/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is preserved (success of Event Ql); however, a PORV
or SV sticks open following its liftdue to loss of pressurizer spray or fast closure of the MSIVs
(Event Q2). High pressure injection is established (success of Event UH2), thus providing
short-term RCS inventory control and heat removal. Upon RWST depletion, low pressure
recirculation is achieved (success of Event XL). The containment fan coolers fail to operate
(Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the LOCA. It is assumed
that the containment fan coolers fail while the RWST is in use (i.e., during Event UH2).
Containment spray injection fails (Event UCS); thus, core cooling is lost shortly after
recirculation begins since the containment sump inventory is depleted through the ruptured
containment (required to sustain low pressure recirculation).

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.
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3.1.2.3.1.8 Sequence T/Q2/XL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is preserved (success of Event Ql); however, a PORV
or SV sticks open following its liftdue to loss of pressurizer spray or fast closure of the MSIVs
(Event Q2). High pressure injection is established (success of Event UH2), thus providing
short-term RCS inventory control and heat removal. Upon RWST depletion, low pressure
recirculation is not achieved (Event XL); thus, core cooling is lost.

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.

3.1.2.3.1.9 Sequence T/Q2/UH2

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is preserved (success of Event Ql); however, a PORV
or SV sticks open following its liftdue to loss of pressurizer spray or fast closure of the MSIVs
(Event Q2). High pressure injection is not established (Event UH2) and, thus, core cooling is
lost due to failure to establish an injection source.

This sequence originates in the transient event tree, and terminates in the medium LOCA event
tree.

3.1.2.3.1.10 Sequence T/Q 1/FC/XCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates to replenish RCS inventory (success of Event UH2); RCS pressure
is maintained below the shutoff head of the SI pumps through use of the steam generators and
AFW (success of Event Bl). Upon RWST depletion, high pressure recirculation is achieved
(success of Event XH). The containment fan coolers fail to operate (Event FC), necessitating the
use of the containment spray system to prevent containment overpressurization due to continued
addition of RCS inventory from the RCP seal LOCA. It is assumed that the containment fan
coolers fail while the RWST is in use (i.e., during Event UH2). Containment spray injection
operates (success of Event UCS); however, containment spray recirculation fails (Event XCS).
Thus, core cooling is lost when the containment fails since the sump inventory is depleted
through the ruptured containment (required to sustain high pressure recirculation).

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.
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3.1.2.3.1.11 Sequence T/Q 1/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates to replenish RCS inventory (success of Event UH2); RCS pressure
is maintained below the shutoff head of the SI pumps through use of the steam generators and
AFW (success of Event B 1). Upon RWST depletion, high pressure recirculation is achieved
(success of Event XH). The containment fan coolers fail to operate (Event FC), necessitating the
use of the containment spray system to prevent containment overpressurization due to continued
addition of RCS inventory from the RCP seal LOCA. It is assumed that the containment fan
coolers fail while the RWST is in use (i.e., during Event UH2). Containment spray injection fails
(Event UCS); thus, core cooling is lost shortly after recirculation begins since the containment
sump inventory is depleted through the ruptured containment (required to sustain high pressure
recirculation) ~

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.

3.1.2.3.1.12 Sequence T/Q 1/XH

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates to replenish RCS inventory (success of Event UH2); RCS pressure
is maintained below the shutoff head of the SI pumps through use of the steam generators and
AFW (success of Event B 1). Upon RWST depletion, high pressure recirculation is not achieved
(Event XH); thus, core cooling is lost.

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.

3.1.2.3.1.13 Sequence T/Q 1/B 1/FC/XCS

Following the occurrence ot a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates to replenish RCS inventory (success of Event UH2); RCS pressure
is maintained below the shutoff head of the SI pumps through use of the steam generators and
MFW or SAFW (success of Event Ll; note that AFW is unavailable - Event Bl). Upon RWST
depletion, high pressure recirculation is achieved (success of Event XH). The containment fan
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coolers fail to operate (Event FC), necessitating the use of the containment spray system to
prevent containment overpressurization due to continued addition of RCS inventory from the RCP
seal LOCA. It is assumed that the containment fan coolers fail while the RWST is in use (i.e.,
during Event UH2). Containment spray injection operates (success of Event UCS); however,
containment spray recirculation fails (Event XCS). Thus, core cooling is lost when the
containment fails since the sump inventory is depleted through the ruptured containment (required
to sustain high pressure recirculation).

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.

3.1.2.3.1.14 Sequence T/Q 1/B 1/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates to replenish RCS inventory (success of Event UH2); RCS pressure
is maintained below the shutoff head of the SI pumps through use of the steam generators and
MFW or SAFW (success of Event Ll; note that AFW is unavailable - Event Bl). Upon RWST
depletion, high pressure recirculation is achieved (success of Event XH). The containment fan
coolers fail to operate (Event FC), necessitating the use of the containment spray system to
prevent containment overpressurization due to continued addition of RCS inventory from the RCP
seal LOCA. It is assumed that the containment fan coolers fail while the RWST is in use (i.e.,
during Event UH2). Containment spray injection fails (Event UCS); thus, core cooling is lost
shortly after recirculation begins since the containment sump inventory is depleted through the
ruptured containment (required to sustain high pressure recirculation).

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.

3.1.2.3.1.15 Sequence T/Q 1/B 1/XH

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates to replenish RCS inventory (success of Event UH2); RCS pressure
is maintained below the shutoff head of the SI pumps through use of the steam generators and
MFW or SAFW (success of Event Ll; note that AFW is unavailable - Event B 1). Upon RWST
depletion, high pressure recirculation is not achieved (Event XH); thus, core cooling is lost.

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.
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3.1.2.3.1.16 Sequence T/Ql/B1/Ll/FC/XCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates in an attempt to replenish RCS inventory (success of Event UH2);
however, RCS pressure remains above the shutoff head of the SI pumps due to failure of all
steam generators feedwater (AFW failure - Event B1, MFW and SAFW failure - Event Ll).
Bleed-and-feed cooling is initiated by opening the PORVs (success of Event P2). Upon RWST
depletion, low pressure recirculation is achieved (success of Event XL). The containment fan
coolers fail to operate (Event FC), necessitating the use of the containment spray system to
prevent containment overpressurization due to continued addition of RCS inventory from the RCP
seal LOCA and the PORVs (the bleed path for bleed-and-feed cooling). It is assumed that the
containment fan coolers fail while the RWST is in use (i.e., during Event UH2). Containment
spray injection operates (success of Event UCS); however, containment spray recirculation fails
(Event XCS). Thus, core cooling is lost when the containment fails since the sump inventory
.is depleted through the ruptured containment (required to sustain low pressure recirculation).

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the medium LOCA event tree.

/
r@.W-'->. -.,

'.-1.,;,F7;-'. Sequence T/Q 1/B 1/L1/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates in an attempt to replenish RCS inventory (success of Event UH2);
however, RCS pressure remains above the shutoff head of the SI pumps due to failure of all
steam generators feedwater (AFW failure - Event Bl, MFW and SAFW failure - Event Ll).
Bleed-and-feed cooling is initiated by opening the PORVs (success of Event P2). Upon RWST
depletion, low pressure recirculation is achieved (success of Event XL). The containment fan
coolers fail to operate (Event FC), necessitating the use of the containment spray system to
prevent containment overpressurization due to continued addition of RCS inventory from the RCP
seal LOCA and the PORVs (the bleed path for bleed-and-feed cooling). It is assumed that the
containment fan coolers fail while the RWST is in use (i.e., during Event UH2). Containment
spray injection fails (Event UCS); thus, core cooling is lost shortly after recirculation begins since
the containment sump inventory is depleted through the ruptured containment (required to sustain
low pressure recirculation).

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the medium LOCA event tree.
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3.1.2.3.1.18 Sequence T/Q 1/B 1/L1/XL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection operates in an attempt to replenish RCS inventory (success of Event UH2);
however, RCS pressure remains above the shutoff head of the SI pumps due to failure of all
steam generators feedwater (AFW failure - Event Bl, MFW and SAFW failure - Event Ll).
Bleed-and-feed cooling is initiated by opening the PORVs (success of Event P2). Upon RWST
depletion, low pressure recirculation is not achieved (Event XL); thus, core cooling is lost.

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the medium LOCA event tree.

3.1.2.3.1.19 Sequence T/Q 1/B 1/L1/P2

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Q1), starting a small-small LOCA. High
pressure injection operates in an attempt to replenish RCS inventory (success of Event UH2);
however, RCS pressure remains above the shutoff head of the SI pumps due to failure of all
steam generators feedwater (AFW failure - Event Bl, MFW and SAFW failure - Event Ll).
Since the steam generators are not operating (Events Bl and L1), it is not possible to rapidly
depressurize to LPI conditions. Bleed-and-feed cooling is the only method to restore core
cooling; note that the SI pumps are already operating in response to the RCP seal LOCA.
However, the PORVs fail to open (Event P2) and, thus, core cooling is lost due to failure to
establish a bleed path. (Note: the bleed path must be larger than that produced by a seal LOCA.)

This sequence originates in the transient event tree, transfers'o the small-small LOCA event tree,
and terminates in the medium LOCA event tree.

3.1.2.3.1.20 Sequence T/Q 1/UH2/FC/XCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); since AFW is available (success of Event Bl), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection operates (success
of Event UL); upon RWST depletion, low pressure recirculation is achieved (success of Event
XL). The containment fan coolers fail to operate (Event FC), necessitating the use of the
containment spray system to prevent containment overpressurization due to continued addition
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of RCS inventory from the RCP seal LOCA. It is assumed that the containment fan coolers fail
while the RWST is in use (i.e., during Event UL). Containment spray injection operate's (success
of Event UCS); however, containment spray recirculation fails (Event XCS). Thus, core cooling
is lost when the containment fails since the sump inventory is depleted through the ruptured
containment (required to sustain low pressure recirculation).

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.2.1.3.1.21 Sequence T/Q 1/UH2/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); since AFW is available (success of Event B1), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection operates (success
of Event UL); upon RWST depletion, low pressure recirculation is achieved (success of Event
XL). The containment fan coolers fail to operate (Event FC), necessitating the use of the
containment spray system to prevent containment overpressurization due to continued addition
of RCS inventory from the RCP seal LOCA. It is assumed that the containment fan coolers fail
while the RWST is in use (i.e., during Event UL). Containment spray injection fails (Event
UCS); thus, core cooling is lost shortly after recirculation begins since the containment sump
inventory is depleted through the ruptured containment (required to sustain low pressure
recirculation).

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.22 Sequence T/Q 1/UH2/XL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); since AFW is available (success of Event B 1), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection operates (success
of Event UL); however. upon RWST depletion, low pressure recirculation is not achieved (Event
XL); thus, core cooling is lost.
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This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.23 Sequence T/Q 1/UH2/UL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Q1), starting a small-small LOCA. High
pressure injection fails (Event UH2); since AFW is available (success of Event B 1), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection does not operate
(Event UL); thus, core cooling is lost.

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.24 Sequence T/Q 1/UH2/UA

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); since AFW is available (success of Event B 1), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is not
maintained due to accumulator failure (Event UA). Thus, core cooling is lost during the RCS
depressurization period.

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.25 Sequence T/Q 1/UH2/P3SS

Following the occurrence of a transient initiator (Event'T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); a rapid RCS depressurization using the steam generators
to the RHR pump shutoff head also fails (Event P3SS) even though AFW is available (success
of Event B1). Thus, core cooling is lost while the RCS remains pressurized above the RHR
pump shutoff head.

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.
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3.1.2.3.1.26 Sequence T/Q I/UH2/BI/FC/XCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); even though AFW is failed (Event BI), MFW or SAFW
is available (success of Event Ll), a rapid RCS depressurization using the steam generators
(success of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head.
During the depressurization, RCS inventory is maintained via the accumulators (success of Event
UA). Low pressure injection operates (success of Event UL); upon RWST depletion, low
pressure recirculation is achieved (success of Event XL). The containment fan coolers fail to
operate (Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the RCP seal LOCA. It is
assumed that the containment fan coolers fail while the RWST is in use (i.e., during Event UL).
Containment spray injection operates (success of Event UCS); however, containment spray
recirculation fails (Event XCS). Thus, core cooling is lost when the containment fails since the
sump inventory is depleted through the ruptured containment (required to sustain low pressure
recirculation).

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.27 Sequence T/Q I/UH2/BI/FC/UCS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event QI), starting a small-small LOCA. High
pressure injection fails (Event UH2); even though AFW is failed (Event Bl), MFW or SAFW
is available (success of Event Ll), a rapid RCS depressurization using the steam generators
(success of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head.
During the depressurization, RCS inventory is maintained via the accumulators (success of Event
UA). Low pressure injection operates (success of Event UL); upon RWST depletion, low
pressure recirculation is achieved (success of Event XL). The containment fan coolers fail to
operate (Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the RCP seal LOCA. It is
assumed that the containment fan coolers fail while the RWST is in use (i.e., during Event UL).
Containment spray injection fails (Event UCS); thus, core cooling is lost shortly after
recirculation begins since the containment sump inventory is depleted through the ruptured
containment (required to sustain low pressure recirculation).

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.
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3.1.2.3.1.28
"

Sequence T/Ql/UH2/B1/XL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); even though AFW is failed (Event Bl), MFW or SAFW
is available (success of Event Ll), and a rapid RCS depressurization using the steam generators
(success of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head.
During the depressurization, RCS inventory is maintained via the accumulators (success of Event
UA). Low pressure injection operates (success of Event UL); however, upon RWST depletion,
low pressure recirculation is not achieved (Event XL); thus, core cooling is lost.

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.29 Sequence T/Q 1/UH2/B 1/UL

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); even though AFW is failed (Event Bl), MFW or SAFW
is available (success of Event Ll), and a rapid RCS depressurization using the steam generators
(success of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head.
During the depressurization, RCS inventory is maintained via the accumulators (success of Event
UA). Low pressure injection does not operate (Event UL); thus, core cooling is lost.

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree,
and terminates in the large LOCA event tree.

3.1.2.3.1.30 Sequence T/Q 1/UH2/B 1/UA

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); even though AFW is failed (Event Bl), MFW or SAFW
is available (success of Event LI), and a rapid RCS depressurization using the steam generators
(success of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head.
During the depressurization. RCS inventory is not maintained due to accumulator failure (Event
UA). Thus, core cooling is lost during the RCS depressurization period.

This sequence originates in the transient event tree, transfers to the small-small LOCA event tree.
and terminates in the large LOCA event tree.
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3.1.2.3.1.31 Sequence T/Q 1/UH2/B 1/P3SS

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Ql), starting a small-small LOCA. High
pressure injection fails (Event UH2); a rapid RCS depressurization using the steam generators
to the RHR pump shutoff head also fails (Event P3SS) even though MFW or SAFW is available
(success of Event Ll; note that AFW has failed - Event Bl). Thus, core cooling is lost while
the RCS remains pressurized above the RHR pump shutoff head.

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.

3.1.2.3.1.32 Sequence T/Q I/UH2/B1/L 1

Following the occurrence of a transient initiator (Event T), the reactor is successfully shutdown
(success of Event K). RCP seal integrity is lost (Event Q1), starting a small-small LOCA. High
pressure injection fails (Event UH2); a rapid RCS depressurization using the steam generators
to the RHR pump shutoff head is not possible since AFW (Event Bl), MFW, and SAFW (Event
L1) are not available. Thus, core cooling is lost while the RCS remains pressurized above the
RHR pump shutoff head.

This sequence originates in the transient event tree, and terminates in the small-small LOCA
event tree.

3.1.2.3.2 Small-Small LOCA Event Tree

The SSLOCA event tree is a straightforward translation of the success criteria developed in
Section 3.1.2.2. Failure of the reactivity control safety function (Event K) is immediately
transferred to the ATWS event tree. Given the success of high pressure injection (success of
Event UH2), the event tree addresses failure of steam generator heat removal (Events B 1 and Ll.
as used in the transient event tree) which is needed to ensure that RCS pressure falls below the
SI shutoff head, failure of primary bleed-and-feed given a complete loss of steam generator heat
removal (Event P2), the transition into high pressure recirculation (Event XH), and the status of
containment heat removal (Events FC, UCS, and XCS). (Similar to Section 3.1.2.3.1 above. it
is assumed that containment failure due to overpressure results in a loss of high pressure
recirculation capability.) The successful establishment of bleed-and-feed is transferred to the
MLOCAevent tree. Ifthere is no Sl flow, the SSLOCA event considers a rapid depressurization
of the RCS (Event P3SS) to the RHR setpoint to allow use of the low pressure injection system;
note that sequences in which the RCS is successfully depressurized are transferred to the LLOCA
event tree (to address failures in the accumulators, LPI, LPR, and containment heat removal).
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The SSLOCA event tree generates 23 core-damage sequences, as described in the, following
sections.

3.1.2.3.2.1 Sequence SS/FC/XCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully.
shutdown (success of Event K). High pressure injection operates to replenish RCS inventory
(success of Event UH2); RCS pressure is maintained below the shutoff head of the SI pumps
through use of the steam generators and AFW (success of Event Bl). Upon RWST depletion,
high pressure recirculation is achieved (success of Event XH). The containment fan coolers fail
to operate (Event FC), necessitating the use of the containment spray system to prevent
containment overpressurization due to continued addition of RCS inventory from the small-small
LOCA. It is assumed that the containment fan coolers fail while the RWST is in use (i.e., during
Event UH2). Containment spray injection operates (success of Event UCS); however,
containment spray recirculation fails (Event XCS). Thus, core cooling is lost when the
containment fails since the sump inventory is depleted through the ruptured containment (required
to sustain high pressure recirculation).

This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.2.2 Sequence SS/FC/UCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates to replenish RCS inventory
(success of Event UH2); RCS pressure is maintained below the shutoff head of the SI pumps
through use of the steam generators and AFW (success of Event Bl). Upon RWST depletion,
high pressure recirculation is achieved (success of Event XH). The containment fan coolers fail
to operate (Event FC), necessitating the use of the containment spray system to prevent
containment overpressurization due to continued addition of RCS inventory from the small-small
LOCA. It is assumed that the containment fan coolers fail'hile the RWST is in use (i.e.. during
Event UH2). Containment spray injection fails (Event UCS); thus, core cooling is lost shortly
after recirculation begins since the containment sump inventory is depleted through the ruptured
containment (required to sustain high pressure recirculation).

This sequence is totally dehned in the small-small LOCA event tree.
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3.1.2.3.2.3 Sequence SS/XH

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates to replenish RCS inventory
(success of Event UH2); RCS pressure is maintained below the shutoff head of the SI pumps
through use of the steam generators and AFW (success of Event B 1). Upon RWST depletion,
high pressure recirculation is not achieved (Event XH); thus, core cooling is lost.

This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.2.4 Sequence SS/B 1/FC/XCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates to replenish RCS inventory
(success of Event UH2); RCS pressure is maintained below the shutoff head of the SI pumps
through use of the steam generators and MFW or SAFW (success of Event Ll; n'ote that AFW
is unavailable - Event Bl). Upon RWST depletion, high pressure recirculation is achieved
(success of Event XH). The containment fan coolers fail to operate (Event FC), necessitating the
use of the containment spray system to prevent containment overpressurization due to continued
addition of RCS inventory from the small-small LOCA. It is assumed that the containment fan
coolers fail while the RWST is in use (i.e., during Event UH2). Containment spray injection
operates (success of Event UCS); however, containment spray recirculation fails (Event XCS).
Thus, core cooling is lost when the containment fails since the sump inventory is depleted
through the ruptured contaihment (required to sustain high pressure recirculation).

This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.2.5 Sequence SS/B 1/FC/UCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates to replenish RCS inventory
(success of Event UH2); RCS pressure is maintained below the shutoff head of the Sl pumps
through use of the steam generators and MFW or SAFW (success of Event Ll; note that AFW
is unavailable - Event BI). Upon RWST depletion, high pressure recirculation is achieved
(success of Event XH). The containment fan coolers fail to operate (Event FC), necessitating the
use of the containment spray system to prevent containment overpressurization due to continued
addition of RCS inventory from the small-small LOCA. It is assumed that the containment fan
coolers fail while the RWST is in use (i.e., during Event UH2). Containment spray injection fails
(Event UCS); thus, core cooling is lost shortly after recirculation begins since the containment
sump inventory is depleted through the ruptured containment (required to sustain high pressure
recirculation).

Rochester Gas & Electric Corporation

3.1.2-29



f



This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.2.6 Sequence SS/B 1/XH

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates to replenish RCS inventory
(success of Event UH2); RCS pressure is maintained below the shutoff head of the SI pumps
through use of the steam generators and MFW or SAFW (success of Event Ll; note that AFW
is unavailable - Event B 1). Upon RWST depletion, high pressure recirculation is not achieved
(Event XH); thus, core cooling is lost.

This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.2.7 Sequence SS/B 1/Ll/FC/XCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates in an attempt to replenish RCS
inventory (success of Event UH2); however, RCS pressure remains above the shutoff head of the
SI pumps due to failure of all steam generators feedwater (AFW failure - Event Bl, MFW and
SAFW failure - Event Ll). Bleed-and-feed cooling is initiated by opening the PORVs (success
of Event P2). Upon RWST depletion, low pressure recirculation is achieved (success of Event
XL). The containment fan coolers fail to operate (Event FC), necessitating the use of the
containment spray system to prevent containment overpressurization due to continued addition
of RCS inventory from the small-small LOCA and the PORVs (the bleed path for bleed-and-feed
cooling). It is assumed that the containment fan coolers fail while the RWST is in use (i.e.,
during Event UH2). Containment spray injection operates (success of Event UCS); however,
containment spray recirculation fails (Event XCS). Thus, core cooling is lost when the
containment fails since the sump inventory is depleted through the ruptured containment (required
to sustain low pressure recirculation).

This sequence originates in the small-small LOCA event tree, and terminates in the medium
LOCA event tree.
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3.1.2.3.2.8 Sequence SS/B 1/L1/FC/UCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates in an attempt to replenish RCS
inventory (success of Event UH2); however, RCS pressure remains above the shutoff head of the
SI pumps due to failure of all steam generators feedwater (AFW failure - Event Bl, MFW and
SAFW failure - Event Ll). Bleed-and-feed cooling is initiated by opening the PORVs (success
of Event P2). Upon RWST depletion, low pressure recirculation is achieved (success of Event
XL). The containment fan coolers fail to operate (Event FC), necessitating the use of the
containment spray system to prevent containment overpressurization due to continued addition
of RCS inventory from the small-small LOCA and the PORVs (the bleed path for bleed-and-feed
cooling). It is assumed that the containment fan coolers fail while the RWST is in use (i.e.,
during Event UH2). Containment spray injection fails (Event UCS); thus, core cooling is lost
shortly after recirculation begins since the containment sump inventory is depleted through the
ruptured containment (required to sustain low pressure recirculation).

This sequence originates in the small-small LOCA event tree, and terminates in the medium
LOCA event tree.

3.1.2.3.2.9 Sequence SS/B 1/Ll/XL

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates in an attempt to replenish RCS
inventory (success of Event UH2); however', RCS pressure remains above the shutoff head of the
SI pumps due to failure of all steam generators feedwater (AFW failure - Event B 1, MFW and
SAFW failure - Event Ll). Bleed-and-feed cooling is initiated by opening the PORVs (success
of Event P2). Upon RWST depletion, low pressure recirculation is not achieved (Event XL);
thus, core cooling is lost.

This sequence originates in the small-small LOCA event tree, and terminates in the medium
LOCA event tree.
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3.1.2.3.2.10 Sequence SS/B 1/L1/P2

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection operates in an attempt to replenish RCS
inventory (success of Event UH2); however, RCS pressure remains above the shutoff head of the
SI pumps due to failure of all steam generators feedwater (AFW failure - Event Bl, MFW and
SAFW failure - Event Ll). Since the steam generators are not operating (Events Bl and Ll),
it is not possible to rapidly depressurize to LPI conditions. Bleed-and-feed cooling is the only
method to restore core cooling; note that the SI pumps are already operating in response to the
small-small LOCA. However, the PORVs fail to open (Event P2) and, thus, core cooling is lost
due to failure to establish a bleed path.

This sequence originates in the small-small LOCA event tree, and terminates in the medium
LOCA event tree.

3.1.2.3.2.11 Sequence SS/UH2/FC/XCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); since AFW is
available (success of Event B 1), a rapid RCS depressurization using the steam generators (success
of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head. During the
depressurization, RCS inventory is maintained via the accumulators (success of Event UA). Low
pressure injection operates (success of Event UL); upon RWST depletion, low pressure
recirculation is achieved (success of Event XL). The containment fan coolers fail to operate
(Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the small-small LOCA. It
is assumed that the containment fan coolers fail while the RWST is in use (i.e., during Event
UL). Containment spray injection operates (success of Event UCS); however, containment spray
recirculation fails (Event XCS). Thus, core cooling is lost when the containment fails since the
sump inventory is depleted through the ruptured containment (required to sustain low pressure
recirculation).

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.
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3.1.2.3.2.12 Sequence SS/UH2/FC/UCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); since AFW,is
available (success of Event B 1), a rapid RCS depressurization using the steam generators (success
of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head. During the
depressurization, RCS inventory is maintained via the accumulators (success of Event UA). Low
pressure injection operates (success of Event UL); upon RWST depletion, low pressure
recirculation is achieved (success of Event XL). The containment fan coolers fail to operate
(Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the small-small LOCA. It
is assumed that the containment fan coolers fail while the RWST is in use (i.e., during Event
UL). Containment spray injection fails (Event UCS); thus, core cooling is lost shortly after
recirculation begins since the containment sump inventory is depleted through the ruptured
containment (required to sustain low pressure recirculation).

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.13 Sequence SS/UH2/XL

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); since AFW is
available (success of Event B 1), a rapid RCS depressurization using the steam generators (success
of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head. During the
depressurization, RCS inventory is maintained via the accumulators (success of Event UA). Low
pressure injection operates (success of Event UL); however, upon RWST depletion, low pressure
recirculation is not achieved (Event XL); thus, core cooling is lost.

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.14 Sequence SS/UH2/UL

Following the occurrence of a small-small LOCA (Event SS), the reactor is successt'ully
shutdown (success of Event K). High pressure injection fails (Event UH2); since AFW is
available (success of Event B l), a rapid RCS depressurization using the steam generators (success
of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head. During the
depressurization, RCS inventory is maintained via the accumulators (success of Event UA). Low
pressure injection does not operate (Event UL); thus, core cooling is lost.
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This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.15 Sequence SS/UH2/UA

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); since AFW is
available (success of Event B I), a rapid RCS depressurization using the steam generators (success
of Event P3SS) is successful in lowering pressure to the RHR pump shutoff head. During the
depressurization, RCS inventory is not maintained due to accumulator failure (Event UA). Thus,
core cooling is lost during the RCS depressurization period.

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.16 Sequence SS/UH2/P3SS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); a rapid RCS
depressurization using the steam generators to the RHR pump shutoff head also fails (Event
P3SS) even though AFW is available (success of Event Bl). Thus, core cooling is lost while the
RCS remains pressurized above the RHR pump shutoff head.

This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.2.17 Sequence SS/UH2/B I/FC/XCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); even though AFW
is failed (Event Bl), MFW or SAFW is available (success of Event Ll), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection operates (success
of Event UL); upon RWST depletion, low pressure recirculation is achieved (success ot Event
XL). The containment fan coolers fail to operate (Event FC), necessitating the use of the
containment spray system to prevent containment overpressurization due to continued addition
of RCS inventory from the small-small LOCA. It is assumed that the containment fan coolers
fail while the RWST is in use (i.e., during Event UL). Containment spray injection operates
(success of Event UCS): however, containment spray recirculation fails (Event XCS). Thus, core
cooling is lost when the containment fails since the sump inventory is depleted through the
ruptured containment (required to sustain low pressure recirculation).
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This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.18 Sequence SS/UH2/B 1/FC/UCS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); even though AFW
is failed (Event Bl), MFW or SAFW is available (success of Event Ll), a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection operates (success
of Event UL); upon RWST depletion, low pressure recirculation is achieved (success of Event
XL). The containment fan coolers fail to operate (Event FC), necessitating the use of the
containment spray system to prevent containment overpressurization due to continued addition
of RCS inventory from the small-small LOCA. It is assumed that the containment fan coolers
fail while the RWST is in use (i.e., during Event UL). Containment spray injection fails (Event
UCS); thus, core cooling is lost shortly after recirculation begins since the containment sump
inventory is depleted through the ruptured containment (required to sustain low pressure
recirculation).

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.19 Sequence SS/UH2/B 1/XL

Following. the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); even though AFW
is failed (Event Bl), MFW or SAFW is available (success of Event Ll), and a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection operates (success
of Event UL); however. upon RWST depletion, low pressure recirculation is not achieved (Event
XL); thus, core cooling is lost.

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.
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3.1.2.3.2.20 Sequence SS/UH2/B 1/UL

'ollowingthe occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); even though AFW
is failed (Event B1), MFW or SAFW is available (success of Event Ll), and a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is
maintained via the accumulators (success of Event UA). Low pressure injection does not operate
(Event UL); thus, core cooling is lost.

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.21 Sequence SS/UH2/B 1/UA

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); even though AFW
is failed (Event B1), MFW or SAFW is available (success of Event Ll), and a rapid RCS
depressurization using the steam generators (success of Event P3SS) is successful in lowering
pressure to the RHR pump shutoff head. During the depressurization, RCS inventory is not
maintained due to accumulator failure (Event UA). Thus, core cooling is lost during the RCS
depressurization period.

This sequence originates in the small-small LOCA event tree, and terminates in the large LOCA
event tree.

3.1.2.3.2.22 Sequence SS/UH2/B 1/P3SS

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); a rapid RCS
depressurization using the steam generators to the RHR pump shutoff head also fails (Event
P3SS) even though MFW or SAFW is available (success of Event Ll;note that AFW has failed-
Event B1). Thus, core cooling is lost while the RCS remains pressurized above the RHR pump
shutoff head.

This sequence is totally defined in the small-small LOCA event tree.

Rochester Gas & Electric Corporation R. E Ginna PRA Project

3.1.2-36



3.1.2.3.2.23 Sequence SS/UH2/B 1/Ll

Following the occurrence of a small-small LOCA (Event SS), the reactor is successfully
shutdown (success of Event K). High pressure injection fails (Event UH2); a rapid RCS
depressurization using the steam generators to the RHR pump shutoff head is not possible since
AFW (Event B1), MFW, and SAFW (Event Ll) are not available. Thus, core cooling is lost
while the RCS remains pressurized above the RHR pump shutoff head.

This sequence is totally defined in the small-small LOCA event tree.

3.1.2.3.3 Small LOCA Event Tree

The SLOCA event tree is a straightforward translation of the success criteria developed in
Section 3.1.2.2. Failure of the reactivity control safety function (Event K) is immediately
transferred to the ATWS event tree. SI system failure (Event UH2) leads directly to core damage
since, as discussed in Section 3.1.2.2, it is not possible to rapidly depressurize the RCS to the
RHR setpoint prior to significant core voiding. Note that for SLOCAs, the break itself will
depressurize the RCS below the SI pump shutoff head; hence, the steam generators are not
required and do not appear in the SLOCA event tree. The remaining events address the transition„
into high pressure recirculation (Event XH) and the status of containment heat removal (Events
FC, UCS, and XCS). (Similar to Section 3.1.2.3.1 above, it is assumed that containment failure
due to overpressure results in a loss of high pressure recirculation capability.)

The SLOCA event tree generates four core-damage sequences, as described in the following
sections.

3.1.2.3.3.1 Sequence S/FC/XCS

Following the occurrence of a small LOCA (Event S), the reactor is successfully shutdown
(success of Event K). The SI pumps operate (success of Event UH2) to provide high pressure
injection. Upon RWST depletion, high pressure recirculation is achieved (success of Event XH).
The containment fan coolers fail to operate (Event FC), necessitating the use of the containment
spray system to prevent containment overpressurization due to continued addition of RCS
inventory from the LOCA. It is assumed that the containment fan coolers fail while the RWST
is in use (i.e., during Event UH2). Containment spray injection operates (success of Event UCS);
however, containment spray recirculation fails (Event XCS). Thus, core cooling is lost when the
containment fails since the sump inventory is depleted through the ruptured containment (required
to sustain high pressure recirculation).

This sequence is totally detined in the small LOCA event tree.
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3.1.2.3.3.2 Sequence S/FC/UCS

Following the occurrence of a small LOCA (Event S), the reactor is successfully shutdown
(success of Event K). The SI pumps operate (success of Event UH2) to provide high pressure
injection. Upon RWST depletion, high pressure recirculation is achieved (success of Event XH).
The containment fan coolers fail to operate (Event FC), necessitating the use of the containment
spray system to prevent containment overpressurization due to continued addition of RCS
inventory from the LOCA. It is assumed that the containment fan coolers fail while the RWST
is in use (i.e., during Event UH2). Containment spray injection fails (Event UCS); thus, core
cooling is lost shortly after recirculation begins since the containment sump inventory is depleted
through the ruptured containment (required to sustain high pressure recirculation).

This sequence is totally defined in the small LOCA event tree.

3.1.2.3.3.3 Sequence S/XH

Following the occurrence of a small LOCA (Event S), the reactor is successfully shutdown
(success of Event K). The SI pumps operate (success of Event UH2) to provide high pressure
injecti'on. Upon RWST depletion, high pressure recirculation is not achieved (Event XH); thus,
core cooling is lost.

This sequence is totally defined in the small LOCA event tree.

3.1.2.3.3.4 Sequence S/UH2

Following the occurrence of a small LOCA (Event S), the reactor is successfully shutdown
(success of Event K). However, the SI pumps fail to operate (Event UH2) and, thus, core
cooling is lost due to loss of RCS inventory.

This sequence is totally defined in the small LOCA event tree.

3.1.2.3.4 Medium LOCA Event Tree

I'he

MLOCA event tree is a straightforward translation of the success criteria developed in
Section 3.1.2.2. Failure of the reactivity control safety function (Event K) is immediately
transferred to the ATWS event tree. SI system failure (Event UH2) leads directly to core
damage. The remaining events address the transition into low pressure recirculation (Event XL)
and the status of containment heat removal (Events FC, UCS, and XCS). (Similar to Section
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3.1.2.3.1 above, it is assumed that containment failure due to overpressure results in a loss of low
pressure recirculation capability.)

The MLOCA event tree generates four core-damage sequences, as described in the following
sections.

3.1.2.3.4.1 Sequence M/FC/XCS

Following the occurrence of a medium LOCA (Event M), the reactor is successfully shutdown
(success of Event K). The SI pumps operate (success of Event UH2) to provide high pressure
injection. Upon RWST depletion, low pressure recirculation is achieved (success of Event XL).
The containment fan coolers fail to operate (Event FC), necessitating the use of the containment
spray system to prevent containment overpressurization due to continued addition of RCS
inventory from the LOCA. It is assumed that the containment fan coolers fail while the RWST
is in use (i.e., during Event UH2). Containment spray injection operates (success of Event UCS);
however, containment spray recirculation fails (Event XCS). Thus, core cooling is lost when the
containment fails since the sump inventory is depleted through the ruptured containment (required
to sustain low pressure recirculation).

This sequence is totally defined in the medium LOCA event tree.

3.1.2.3.4.2 Sequence M/FC/UCS

Following the occurrence of a medium LOCA (Event M), the reactor is successfully shutdown
(success of Event K). The SI pumps operate (success of Event UH2) to provide high pressure
injection. Upon RWST depletion, low pressure recirculation is achieved (success of Event XL).
The containment fan coolers fail to operate (Event FC), necessitating the use of the containment
spray system to prevent containment overpressurization due to continued addition of RCS
inventory from the LOCA. It is assumed that the containment fan coolers fail while the RWST
is in use (i.e., during Event UH2). Containment spray injection fails (Event UCS); thus, core
cooling is lost shortly after recirculation begins since the containment sump inventory is depleted
through the ruptured containment (required to sustain low pressure recirculation).

This sequence is totally detained in the medium LOCA event tree.
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3.1.2.3.4.3 Sequence M/XL

Following the occurrence of a medium LOCA (Event M), the reactor is successfully shutdown
(success of Event K). The SI pumps operate (success of Event UH2) to provide high pressure
injection. Upon RWST depletion, low pressure recirculation is not achieved (Event XL); thus,
core cooling is lost.

This sequence is totally defined in the medium LOCA event tree.

3.1.2.3.4.4 Sequence M/UH2

Following the occurrence of a medium LOCA (Event M), the reactor is successfully shutdown
(success of Event K). However, the SI pumps fail to operate (Event UH2) and, thus, core
cooling is lost due to loss of RCS inventory.

This sequence is totally defined in the medium LOCA event tree.

3.1.2.3.5 Large LOCA Event Tree

The LLOCA event tree is a straightforward translation of the success criteria developed in
Section 3.1.2.2. No reactivity control event is required per the success criteria. Modeled events
include: (1) failure of the accumulators (Event UA), (2) failure of low pressure injection (Event
UL), (3) failure of low pressure recirculation (Event XL), and (4) the status of containment heat
removal (Events FC, UCS, and XCS). (Similar to Section 3.1.2.3.1 above, it is assumed that
containment failure due to overpressure results in a loss of low pressure recirculation capability.)

The LLOCA event tree generates five core-damage sequences, as described in the followin'g
sections.

3.1.2.3.5.1 Sequence A/FC/XCS

Following the occurrence of a large LOCA (Event A), the core is immediately reflooded by the
accumulators (success of Event UA). Low pressure injection operates to maintain short-term
RCS inventory control and cooling (success of Event UL). Upon RWST depletion, low pressure
recirculation is achieved (success of Event XL). The containment fan coolers fail to operate
(Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued addition of RCS inventory from the LOCA. It is assumed
that the containment fan coolers fail while the RWST is in use (i.e., during Events UH1'or Pl).
Containment spray injection operates (success of Event UCS); however, containment spray
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recirculation fails (Event XCS). Thus, core cooling is lost when the containment fails since the
sump inventory is'depleted through the ruptured containment (required to sustain low pressure
recirculation).

This sequence is totally defined in the large LOCA event tree'.

3.1.2.3.5.2 Sequence A/FC/UCS

Following the occurrence of a large LOCA (Event A), the core is immediately reflooded by the
accumulators (success of Event UA). Low pressure injection operates to maintain short-term
RCS inventory control and cooling (success of Event UL). Upon RWST depletion, low pressure
recirculation is achieved (success of Event XL). The containment fan coolers fail to operate
(Event FC), necessitating the use of the containment spray system to prevent containment
overpressurization due to continued, addition of RCS inventory from the LOCA. It is assumed
that the containment fan coolers fail while the RWST is in use (i.e., during Events UH1 or Pl).
Containment spray injection fails (Event UCS); thus, core cooling is lost shortly after
recirculation begins since the containment sump inventory is depleted through the ruptured
containment (required to sustain low pressure recirculation).

This sequence is totally defined in the large LOCA event tree.

3.1.2.3.5.3 Sequence A/XL

Following the occurrence of a large LOCA (Event A), the core is immediately reflooded by the
accumulators (success of Event UA). Low pressure injection operates to maintain short-term
RCS inventory control and cooling (success of Event UL). Upon RWST depletion, low pressure
recirculation is not achieved (Event XL); thus, core cooling is lost.

This sequence is totally defined in the large LOCA event tree.

3.1.2.3.5.4 Sequence A/UL

Following the occurrence of a large LOCA (Event A), the core is immediately reflooded by the
accumulators (success of Event UA). However, the RHR pumps fail to operate (Event UL) and.
thus, core cooling is lost due to loss of RCS inventory.

This sequence is totally deflined in the large LOCA event tree.
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3.1.2.3.5.5 Sequence A/UA

Following the occurrence of a large LOCA (Event A), core reflood does not occur due to failure
of the accumulators (Event UA). As previously discussed, it is assumed that the RHR pumps
alone (low pressure injection) cannot supply water fast enough to prevent core damage without
the accumulators.

3.1.2.3.6 Steam Generator Tube Rupture Event Tree

In addition to accounting for the success criteria developed in Section 3.1.2.2, the SGTR event
tree has been developed in consideration of (1) the needs of the human reliability analysis and
the Level 2 analysis, and (2) the impact of various equipment failures upon the plant response.
The SGTR event tree proceeds in a chronological manner (i.e., from left to right across the event
headings); this ordering is not the most efficient with respect to minimization of the total number
of sequences, but was selected to assist in understanding and use of the event tree.

The first two events (Event Il and I2) address failure to isolate the ruptured steam generator
steam header (excluding the ARV) and the AFW supply; failure of either implies overfill of the
ruptured steam generator. Overfill is an important plant condition for two reasons:

1. Liquid flow through the ruptured steam generator ARV will occur, increasing the
probability that it will fail to reclose when RCS and ruptured steam generator
pressures are reduced, and

2. The likelihood that the rupture location remains submerged during core-damage
accident progression is increased if the ruptured steam generator is in an overfill
condition.

The third isolation-related event (Event I3) pertains to reclosure of the ruptured steam generator
ARV; it is located after events which address the conditions necessary for the ARV to reclose
(i.e., after RCS cooldown and depressurization, which implies the need for cooling from the

'ntactsteam generator). Event 13 has been split into two events (I3S and I3L) to address the
different reclosure probabilities following steam or liquid flow through the ARV. The occurrence
of Events Il or I3 implies a continual loss of RCS inventory unless the RCS is completely
depressurized; Event I2 is not a directly threat to RCS inventory control, but rather establishes

~ the boundary conditions for Event 13 (either steam or liquid relief).

If the SI system is operating (success of Event UH2), the plant operators will perform a short
RCS cooldown and depressurization (Event D) to quickly reclose the ruptured steam generator
ARV. Once the ruptured ARV is reclosed (implying that pressure is less than 1070 psig). RCS
inventory control is regained. However, failure to establish RCS inventory control (caused by
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either a failed-open ARV - Event I3, or an unisolated steam header - Event Il) necessitates the
need to rapidly depressurize the RCS in order to terminate break flow and RCS inventory loss.
Two events are important: (1) Event P3TR, which represents use of the intact steam generator
ARV to cool the plant to the RHR setpoint, and (2) Event SC, which represents the establishment
of RHR cooling. It is assumed that once RHR cooling is established, the break flow can be
controlled either through (1) continued depressurization to atmospheric pressure, or (2) use of
normal RCS makeup (e.g., CVCS).

If the SI system is not working (Event UH2), it is also possible to rapidly depressurize the RCS
to the RHR setpoint prior to significant core voiding.

The SGTR event tree generates 27 core-damages, as described in the following sections.

3.1.2.3.6.1 Sequence R/13S/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); AFW is also isolated
(success of Event 12), preventing overfill from this source. SI operates to replenish RCS
inventory (success of Event UH2), and AFW is supplied to the intact S/G (success of Event B 1).
RCS cooldown and depressurization are achieved to reduce RCS pressure below the S/G ARV
setpoint, and SI flow is terminated (success of Event D); these actions prevent the ruptured S/G
from overfilling. However, the ARV on the ruptured S/G fails to reseat following steam relief
(Event I3S), leading to a constant loss of RCS inventory through the broken tube and stuck-open
ARV. A cooldown to RHR conditions is commenced (success of Event P3TR), but RHR cannot
be established (Event SC).

This sequence is totally deflned in the SGTR event tree.

3.1.2.3.6.2 Sequence R/D

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event 11); AFW is also isolated
(success of Event 12), preventing overfill from this source. SI operates to replenish RCS
inventory (success of Event UH2), and AFW is supplied to the intact S/G (success of Event B 1).
However, RCS cooldown or depressurization is not successful (Event D), leading to eventual core
uncovery when the RWST is depleted.

This sequence is totally deflined in the SGTR event tree.
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3.1.2.3.6.3 Sequence R/B 1/13S/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); AFW is also isolated
(success of Event I2), preventing overfill from this source. SI operates to reple'nish RCS
inventory (success of Event UH2). AFW to the intact S/G fails (Event Bl), and MFW or SAFW
is used to ensure steam generator cooling (success of Event Ll). RCS cooldown and
depressurization are achieved to reduce RCS pressure below the S/G ARV setpoint, and SI flow
is terminated (success of Event D); these actions prevent the ruptured S/G from overfilling.
However, the ARV on the ruptured S/G fails to reseat following steam relief (Event 13S), leading
to a constant loss of RCS inventory through the broken tube and stuck-open ARV. A cooldown
to RHR conditions is commenced (success of Event P3TR), but RHR cannot be established
(Event SC).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.4 Sequence R/B 1/D

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event I1); AFW is also isolated
(success of Event I2), preventing overfill from this source. SI operates to replenish RCS
inventory (success of Event UH2). AFW to the intact S/G fails (Event B 1), and MFW or SAFW
is used to ensure steam generator cooling (success of Event Ll). However, RCS cooldown or
depressurization is not successful (Event D), leading to eventual core uncovery when the RWST
is depleted.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.5 Sequence R/B 1/L 1

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event I1); AFW is also isolated
(success of Event 12), preventing overfill from this source. SI operates to replenish RCS
inventory (success of Event UH2). However, intact steam generator cooling is lost due to failure
of AFW (Event Bl), MFW. and SAFW (Event Ll); thus, RCS'cooldown and depressurization
is not possible, and the core uncovers when the RWST is depleted. Note that operators cannot
utilize feed and bleed since the water level in the ruptured steam generator prevents entering
procedure FR-H.1.

This sequence is totally define in the SGTR event tree.

Rochester Gas & Electric Corporation

3.1.2-44



7 ~ '+ ~ ' ~



3.1.2.3.6.6 Sequence R/UH2/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of,Event Il);AFW is also isolated
(success of Event I2), preventing overfill from this source. SI fails to operate (Event UH2), but
AFW is available to ensure cooling of the intact steam generator (success of Event Bl). A
cooldown to RHR conditions is commenced and completed before substantial voiding occurs in
the RCS (success of Event P3TR), but RHR cannot be established (Event SC).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.7 Sequence R/UH2/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); AFW is also isolated
(success of Event I2), preventing overfill from this source. SI fails to operate (Event UH2), but
AFW is available to ensure cooling of the intact steam generator (success of Event Bl).
However, a cooldown to RHR conditions is not completed before substantial voiding occurs in
the RCS (Event P3TR).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.8 Sequence R/UH2/B 1/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event I 1); AFW is also isolated
(success of Event I2), preventing overfill from this source. SI fails to operate (Event UH2) and
AFW fails to operate (Event Bl), but MFW or SAFW operates to ensure cooling of the intact
steam generator (success of Event Ll). A cooldown to RHR conditions is commenced and
completed before substantial voiding occurs in the RCS (success of Event P3TR), but RHR
cannot be established (Event SC).

This sequence is totally detained in the SGTR event tree.
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3.1.2.3.6.9 Sequence R/UH2/B 1/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); AFW is also isolated
(success of Event I2), preventing overfill from this source. SI fails to operate (Event UH2) and
AFW fails to operate (Event B 1), but MFW or SAFW operates to ensure cooling of the intact
steam generator (success of Event Ll). However, a cooldown to RHR conditions is not
completed before substantial voiding occurs in the RCS (Event P3TR).

'This sequence is totally defined in the SGTR event tree.

,3.1.2.3.6.10 Sequence R/UH2/B 1/L 1

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il);AFW is also isolated
(success of Event I2), preventing overfill from this source. SI operates to replenish RCS
inventory (success of Event UH2). However, intact steam generator cooling is lost due to failure
of AFW (Event Bl), MFW, and SAFW (Event Ll); thus, RCS cooldown and depressurization
is not possible, leading to relatively short-term core uncovery when the RWST is depleted. Note
that operators cannot use feed and bleed since the water level in the ruptured steam generator
prevents entering procedure FR-H.1.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.11 Sequence R/I2/I3L/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI operates to replenish RCS inventory
(success of Event UH2), and AFW is supplied to the intact S/G (success of Event Bl). RCS
cooldown and depressurization are achieved to reduce RCS pressure below the S/G ARV
setpoint, and SI flow is terminated (success of Event D). However, the ARV on the ruptured S/G
fails to reseat following liquid relief caused by the overfill (Event I3L), leading to a constant loss
of RCS inventory through the broken tube and stuck-open ARV. A cooldown to RHR conditions
is commenced (success of Event P3TR), but RHR cannot be established (Event SC).

This sequence is totally deflined in the SGTR event tree.
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3.1.2.3.6.12 Sequence R/I2/l3L/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI operates to replenish RCS inventory
(success of Event UH2), and AFW is supplied to the intact S/G (success of Event Bl). RCS
cooldown and depressurization are achieved to reduce RCS pressure below the S/G ARV
setpoint, and SI flow is terminated (success of Event D). However, the ARV on the ruptured S/G
fails to reseat following liquid relief caused by the overfill (Event I3L), leading to a constant loss
of RCS inventory through the broken tube and stuck-open ARV. A cooldown to RHR conditions
is not achieved prior to core uncovery (Event P3TR) since liquid flow through the stuck open
ARV does not provide the necessary cooldown.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.13 Sequence R/I2/D

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI operates to replenish RCS inventory
(success of Event UH2), and AFW is supplied to the intact S/G (success of Event B 1). However,
RCS cooldown or depressurization is not successful (Event D), leading to eventual core uncovery
when the RWST is depleted.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.14 Sequence R/12/B 1/13L/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event 12). SI operates to replenish RCS inventory
(success of Event UH2). AFW to the intact S/G fails (Event Bl), and MFW or SAFW is used
to ensure steam generator cooling (success of Event Ll). RCS cooldown and depressurization
are achieved to reduce RCS pressure below the S/G ARV setpoint, and SI flow is terminated
(success of Event D). However, the ARV on the ruptured S/G fails to reseat following liquid
relief due ~to the overfill (Event 13L), leading to a constant loss of RCS inventory through the
broken tube and stuck-open ARV. A cooldown to RHR conditions is commenced (success of
Event P3TR), but RHR cannot be established (Event SC).

This sequence is totally define in the SGTR event tree.

Rochester Gas & Electric Corporation R. E Ginna PRA Project

3.1.2-47



3.1.2.3.6.15 Sequence R/12/B 1/I3L/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI operates to replenish RCS inventory
(success of Event UH2). AFW to the intact S/G fails (Event Bl), and MFW or SAFW is used
to ensure steam generator cooling (success of Event Ll). RCS cooldown and depressurization
are achieved to reduce RCS pressure below the S/G ARV setpoint, and SI flow is terminated
(success of Event D). However, the ARV on the ruptured S/G fails to reseat following liquid
relief due to the overfill (Event l3L), leading to a constant loss of RCS inventory through the
broken tube and stuck-open ARV. A cooldown to RHR conditions is not achieved prior to core
uncovery (Event P3TR) since liquid flow through the stuck open ARV does not provide the
necessary cooldown.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.16 Sequence R/l2/B 1/D

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI operates to replenish RCS inventory
(success of Event UH2). AFW to the intact S/G fails (Event Bl), and MFW or SAFW is used
to ensure steam generator cooling (success of Event Ll). However, RCS cooldown or
depressurization is not successful (Event D), leading to eventual core uncovery when the RWST
is depleted.

This sequence is totally detmed in the SGTR event tree.

3.1.2.3.6.17 Sequence R/12/B 1/L 1

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event 12). SI operates to replenish RCS inventory
(success of Event UH2). However, intact steam generator cooling is lost due to failure of AFW
(Event B1), MFW, and SAFW (Event LI); thus, RCS cooldown and depressurization is not
possible, and the core uncovers when the RWST is depleted.

'I

This sequence is totally define in the SGTR event tree.
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3.1.2.3.6.18 Sequence R/12/UH2/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI fails to operate (Event UH2), but AFW is
available to ensure cooling of the intact steam generator (success of Event Bl). A cooldown to
RHR conditions is commenced and completed before substantial voiding occurs in the RCS
(success of Event P3TR), but RHR cannot be established (Event SC).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.19 Sequence R/12/UH2/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI fails to operate (Event UH2), but AFW is
available to ensure cooling of the intact steam generator (success of Event Bl). However, a
cooldown to RHR conditions is not completed before substantial voiding occurs in the RCS
(Event P3TR).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.20 Sequence R/12/UH2/B 1/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event I1); however, AFW is
not isolated in time to prevent overfill (Event I2). SI fails to operate (Event UH2) and AFW fails
to operate (Event Bl), but MFW or SAFW operates to ensure cooling of the intact steam
generator (success of Event LI). A cooldown to RHR conditions is commenced and completed
before substantial voiding occurs in the RCS (success of Event P3TR), but RHR cannot be
established (Event SC).

This sequence is totally defined in the SGTR event tree.
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3.1.2.3.6.21 Sequence R/12/UH2/B 1/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI fails to operate (Event UH2) and AFW fails
to operate (Event Bl), but MFW or SAFW operates to ensure cooling of the intact steam
generator (success of Event Ll). However, a cooldown to RHR conditions is not completed
before substantial voiding occurs in the RCS (Event P3TR).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.22 Sequence R/12/UH2/B 1/Ll
l

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is isolated (success of Event Il); however, AFW is
not isolated in time to prevent overfill (Event I2). SI operates to replenish RCS inventory
(success of Event UH2); further, intact steam generator cooling is lost due to failure of AFW
(Event B1), MFW, and SAFW (Event Ll). Thus, RCS cooldown and depressurization is not
possible, leading to relatively short-term core uncovery.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.23 Sequence R/11/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of.
Event K). The ruptured S/G steam header is not isolated (Event Il), causing a continual loss of
RCS inventory until the RCS is completely depressurized. Note that SI operation may delay this
sequence, but eventually SI willfail due to RWST depletion. AFW flow is available to the intact
steam generator (success of Event Bl), and a cooldown to RHR conditions is commenced and
completed before substantial voiding occurs in the RCS (success of Event P3TR). However.
RHR cannot be established (Event SC).

This sequence is totally defined in the SGTR event tree.
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3.1.2.3.6.24 Sequence R/I1/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is not isolated (Event Il), causing a continual loss of
RCS inventory until the RCS is completely depressurized. Note that SI operation may delay this
sequence, but eventually SI will fail due to RWST depletion. AFW is available to ensure cooling
of the intact steam generator (success of Event Bl). However, a cooldown to RHR conditions
is not completed before substantial voiding occurs in the RCS (Event P3TR).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.25 Sequence R/I 1/B 1/SC

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is not isolated (Event Il), causing a continual loss of
RCS inventory until the RCS is completely depressurized. Note that SI operation may delay this
sequence, but eventually SI will fail due to RWST depletion. AFW fails to operate (Event Bl),
but MFW or SAFW operates to ensure cooling of the intact steam generator (success of Event
L1). A cooldown to RHR conditions is commenced and completed before substantial voiding.
occurs in the RCS (success of Event P3TR), but RHR cannot be established (Event SC).

This sequence is totally defined in the SGTR event tree.

3.1.2.3.6.26 Sequence R/I1/B 1/P3TR

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is not isolated (Event Il), causing a continual loss of
RCS inventory until the RCS is completely depressurized. Note that SI operation may delay this
sequence, but eventually SI will fail due to RWST depletion. AFW fails to operate (Event B I),
but MFW or SAFW operates to ensure cooling of the intact steam generator (success of Event
L1). However, a cooldown to RHR conditions is not completed before substantial voiding occurs
in the RCS (Event P3TR).

This sequence is totally defined in the SGTR event tree.
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3.1.2.3.6.27 Sequence R/I1/B 1/Ll

Following the occurrence of a SGTR (Event R), the reactor is successfully shutdown (success of
Event K). The ruptured S/G steam header is not isolated (Event Il), causing a continual loss of
RCS inventory until the RCS is completely depressurized. Note that SI operation may delay this
sequence, but eventually Sl will fail due to RWST depletion. Intact steam generator cooling is
lost due to failure of AFW (Event B 1), MFW, and SAFW (Event Ll); thus, RCS cooldown and
depressurization is not possible, leading to relatively short-term core uncovery.

This sequence is totally defined in the SGTR event tree.

3.1.2.3.7 Anticipated Transients Without Scram Event Tree

The ATWS event tree is based on the work of the Westinghouse Owners Group [Ref. 3.1.2-43],
including the underlying success criteria and placement of events in the event tree. The generic
ATWS event tree developed by the WOG has been adapted to the Ginna plant by linking
Ginna-specific fault tree models for major systems (e.g., MFW, AFW, etc.). The reactivity
control safety function has been parsed into two events: (1) Event KM, which addresses
mechanical failures of the control rod drive system, and (2) Event KE, which addresses failures
of the RPS and scram breakers. This distinction has been made to account for possible recovery
options using the control rods. Ifthe scram failure is due to mechanical causes (Event KM), then
the control rods are assumed to be stuck in their pre-trip positions; no further recoveries (e.g.,
manual rod insertion, etc.) are possible. If the scram failure is due to failures in the RPS or the
scram breakers (Event KE), then manual rod insertion is possible and is considered in the ATWS
event tree. (Note that failure to trip the control rod drive MG sets is considered under Event
KE.) The RCS integrity safety function involves seven events (PL, MF, RI, AM, FF, PF, and
PR). During an ATWS event, RCS pressure may exceed 3200 psig (the maximum allowable
limit for RCS integrity) depending on: (1) the initial power level (Event PL), (2) the availability
of MFW (Event MF), (3) whether or not manual rod insertion occurs (Event RI), (4) whether or
not AMSAC actuates, (5) the availability of AFW given that MFW is not available, (6) the time
in the fuel cycle, and (7) operation of the pressurizer SVs and PORVs. In the event tree
structure, the first six events establish boundary conditions for the actual primary pressure relief
event (Event PR). Event PR is split into four events (Events PR1, PR2, PR3, and PR4) to
account for the various combinations of manual rod insertion success/failure and AFW flow: the
influence of fuel cycle life is considered in the top logic for these four events.

The ATWS event tree generates 24 core-damage sequences, as described in the following
sections.
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3.1.2.3.7.1 Sequence IE/KE/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is less than
40% (success of Event PL); thus, RCS integrity is assured since there is no possibility of a
pressure pulse greater than 3200 psig. Short-term core cooling is provided by 50% of the total
installed AFW capacity (success of Event PF). However, the reactor must be rendered subcritical
to ensure long-term core cooling; emergency boration fails (Event LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.2 Sequence IE/KE/PF

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is less than
40% (success of Event PL); thus, RCS integrity is assured since there is no possibility of a
pressure pulse greater than 3200 psig. Short-term core cooling is not provided due to complete
failure of AFW (Event PF), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.3 Sequence IE/KE/PL/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL); RCS integrity is assured due to continued MFW operation (success of
Event MF). However, the reactor must be rendered subcritical to ensure long-term core cooling;
emergency boration fails (Event LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.4 Sequence IE/KE/PL/MF/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
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are inserted (success of Event RI), AMSAC actuates (success of Event AM), and full AFW is
available (success of Event FF); RCS pressure is maintained less than 3200 psig (success of
Event PR1) due to either a combination of favorable core life and SV/PORV operation.
However, the reactor must be rendered subcritical to ensure long-term core cooling; emergency
boration fails (Event LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.5 Sequence IE/KE/PL/MF/PR1

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are inserted (success of Event RI), AMSAC actuates (success of Event AM), and full AFW is
available (success of Event FF); however, RCS pressure exceeds 3200 psig (Event PRl) due to
either an unfavorable core life and/or failure of the pressurizer SVs and/or PORVs.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.6 Sequence IE/KE/PL/MF/FF/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is-greatei: than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are inserted (success of Event RI), AMSAC actuates (success of Event AM), and 50% AFW is
available (failure of Event FF, and success of Event PF); RCS pressure is maintained less than
3200 psig (success of Event PR2) due to either a combination of favorable core life and
SV/PORV operation. However, the reactor must be rendered subcritical to ensure long-term core
cooling; emergency boration fails (Event LT), leading to core damage.

This sequence is totally detained in the ATWS event tree.
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3.1.2.3.7.7 Sequence IE/KE/PL/MF/FF/PR2

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are inserted (success of Event RI), AMSAC actuates (success of Event AM), and 50% AFW is
available (failure of Event FF, and success of Event PF); however, RCS pressure exceeds 3200
psig (Event PR2) due to either an unfavorable core life and/or failure of the pressurizer SVs
and/or PORVs.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.8 Sequence IE/KE/PL/MF/FF/PF

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are inserted (success of Event RI) and AMSAC actuates (success of Event AM); however, no
AFW is available (failure of Events FF and PF), leading to loss of RCS integrity due to
overpressurization.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.9 Sequence IE/KE/PL/MF/AM,

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are inserted (success of Event RI); however, AMSAC fails to actuate (Event AM), leading to loss
of RCS integrity due to overpressurization.
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This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.10 Sequence IE/KE/PL/MF/RI/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are not inserted (Event RI), AMSAC actuates (success of Event AM), and full AFW is available
(success of Event FF); RCS pressure is maintained less than 3200 psig (success of Event PR3)
due to either a combination of favorable core life and SV/PORV operation. However, the reactor
must be rendered subcritical to ensure long-term core cooling; emergency boration fails (Event
LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.11 Sequence'E/KE/PL/MF/RI/PR3

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are not inserted (Event RI), AMSAC actuates (success of Event AM), and full AFW is available
(success of Event FF); however, RCS.pressure exceeds 3200 psig (Event PR3) due to either an
unfavorable core life and/or failure of the pressurizer SVs and/or PORVs.

This sequence is totally defined in the ATWS event tree.
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3.1.2.3.7.12 Sequence IE/KE/PL/MF/RUFF/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are not inserted (Event RI), AMSAC actuates (success of Event AM), and 50% AFW is available
(failure of Event FF, and success of Event PF); RCS pressure is maintained less than 3200 psig
(success of Event PR4) due to either a combination of favorable core life and "SV/PORV
operation. However, the reactor must be rendered subcritical to ensure long-term core cooling;
emergency boration fails (Event LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.13 Sequence IE/KE/PL/MF/RI/FF/PR4

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are not inserted (Event RI), AMSAC actuates (success of Event AM), and 50% AFW is available
(failure of Event FF, and success of Event PF); however, RCS pressure exceeds 3200 psig (Event
PR4) due to either an unfavorable core life and/or failure of the pressurizer SVs and/or PORVs.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.14 Sequence IE/KE/PL/MF/RUFF/PF

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (l) whether or not the control rods are manually inserted. (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are not inserted (Event RI) and AMSAC actuates (success of Event AM); however, no AFW is
available (failure of Events FF and PF), leading to loss of RCS integrity due to
overpressurization'.
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This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.15 Sequence IE/KE/PL/MF/RUAM

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater than 3200 psig
is possible, depending on (1) whether or not the control rods are manually inserted, (2) whether
or not AMSAC actuates to trip the turbine, (3) the amount of feedwater available, (4) the time
in core life, and (5) operation of the pressurizer SVs and PORVs. In this sequence, control rods
are not inserted (Event RI) and AMSAC fails to actuate (Event AM), leading to loss of RCS
integrity due to overpressurization.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.16 Sequence IE/KM/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to a
mechanical malfunction of the control rods (Event KM). Reactor power prior to the initiator is
less than 40% (success of Event PL); thus, RCS integrity is assured since there is no possibility
that a pressure pulse greater than 3200 psig. Short-term core cooling is provided by 50% of the
total installed AFW capacity (success of Event PF). However, the reactor must be rendered
subcritical to ensure long-term core cooling; emergency boration fails (Event LT), leading to core
damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.17 Sequence IE/KM/PF

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to a

mechanical malfunction of the control rods (Event KM). Reactor power prior to the initiator is
greater than 40% (Event PL): RCS integrity is assured due to continued MFW operation (success
of Event MF). However, the reactor must be rendered subcritical to ensure long-term core
cooling; emergency boration fails (Event LT). leading to core damage.

This sequence is totally detained in the ATWS event tree.
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3.1.2.3.7.18 Sequence IE/KM/PL/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to an
electrical malfunction in the RPS (Event KE). Reactor power prior to the initiator is greater than
40% (Event PL); RCS integrity is assured due to continued MFW operation (success of
Event MF). However, the reactor must be rendered subcritical to ensure long-term core cooling;
emergency boration fails (Everit LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.19 Sequence IE/KM/PL/MF/LT

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to a
mechanical malfunction of th'e control rods (Event KM). Reactor power prior to the initiator is
greater than 40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater
than 3200 psig is possible, depending on (1) whether or not AMSAC actuates to trip the turbine,
(2) the amount of feedwater available, (3) the time in core life, and (4) operation of the
pressurizer SVs and PORVs. Note that manual control rod insertion is not possible due to the
mechanical failure of the control rods. In this sequence, AMSAC actuates (success of Event
AM)and fullAFW is available (success of Event FF); RCS pressure is maintained less than 3200
psig (success of Event PR3) due to either a combination of favorable core life and SV/PORV
operation. However, the reactor must be rendered subcritical to ensure long-term core cooling;
emergency boration fails (Event LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.20 Sequence IE/KM/PL/MF/PR3

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to a

mechanical malfunction of the control rods (Event KM). Reactor power prior to the initiator is
greater than 40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater
than 3200 psig is possible, depending on (1) whether or not AMSAC actuates to trip the turbine,
(2) the amount of feedwater available, (3) the time in core life, and (4) operation of the
pressurizer SVs and PORVs. Note that manual control rod insertion is not possible due to the
mechanical failure of the control rods. In this sequence, AMSAC actuates (success of Event
AM)and full AFW is available (success of Event FF); however, RCS pressure exceeds 3200 psig
(Event PR3) due to either an unfavorable core life and/or failure of the pressurizer SVs and/or
PORVs.

This sequence is totally defined in the ATWS event tree.
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3.1.2.3.7.21 Sequence IE/KM/PL/MF/FF/LT

Following the occurrence of an initiating, event (Event IE), the reactor fails to trip due to a
mechanical malfunction of the control rods (Event KM). Reactor power prior to the initiator is
greater than 40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater
than 3200 psig is possible, depending on (1) whether or not AMSAC actuates to trip the turbine,
(2) the amount of feedwater available, (3) the time in core life, and (4) operation of the
pressurizer SVs and PORVs. Note that manual control rod insertion is not possible due to the
mechanical failure of the control rods. In this sequence, AMSAC actuates (success of Event
AM) and 50% AFW is available (failure of Event FF, and success of Event PF); RCS pressure
is maintained less than 3200 psig (success of Event PR4) due to either a combination of
favorable core life and SV/PORV operation. However, the reactor must be rendered subcritical
to ensure long-term core cooling; emergency boration fails (Event LT), leading to core damage.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.22 Sequence IE/KM/PL/MF/FF/PR4

Following the occurrence of an initiating event (Event IE); the reactor fails to trip due to a
mechanical malfunction of the control rods (Event KM). Reactor power prior to the initiator is
greater than 40% (Event PL) and MFW fails (Event'MF); thus, an RCS pressure pulse greater
than 3200 psig is possible, depending on (1) whether or not AMSAC actuates to trip the turbine,
(2) the amount of feedwater available, (3) the time in core life, and (4) operation of the
pressurizer SVs and PORVs. Note that manual control rod insertion is not possible due to the
mechanical failure of the control rods. In this sequence, AMSAC actuates (success of Event
AM) and 50% AFW is available (failure of Event FF, and success of Event PF); however. RCS
pressure exceeds 3200 psig (Event PR4) due to either an unfavorable core life and/or failure of
the pressurizer SVs and/or PORVs.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.23 Sequence IE/KM/PL/MF/FF/PF

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to a
mechanical malfunction of the control rods (Event KM). Reactor power prior to the iniuator is
greater than 40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater
than 3200 psig is possible. depending on (1) whether or not AMSAC actuates to trip the turbine,
(2) the amount of feedwater available, (3) the time in core life, and (4) operation of the
pressurizer SVs and PORVs. Note that manual control rod insertion is not possible due to the
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mechanical failure of the control rods. In this sequence, AMSAC actuates (success of Event
AM); however, no AFW is available (failure of Events FF and PF), leading to loss of RCS
integrity due to overpressurization.

This sequence is totally defined in the ATWS event tree.

3.1.2.3.7.24 Sequence IE/KM/PL/MF/AM

Following the occurrence of an initiating event (Event IE), the reactor fails to trip due to a
mechanical malfunction of the control rods (Event KM). Reactor power prior to the initiator is
greater than 40% (Event PL) and MFW fails (Event MF); thus, an RCS pressure pulse greater
than 3200 psig is possible, depending on (1) whether or not AMSAC actuates to trip the turbine,
(2) the amount of feedwater available, (3) the time in core life, and (4) operation of the
pressurizer SVs and PORVs. In this sequence, AMSAC fails to actuate (Event AM), leading to
loss of RCS integrity due to overpressurization.

This sequence is totally defined in the ATWS event tree.

3.1.2.4 Supporting Top Logic

The Ginna PRA uses a common set of top logic fault trees to represent the failure (downbranch)
of the events in the core-damage event trees. Table 3.1.2-10 indicates the usage of the various
top logic fault trees in the various event trees. The following sections describe the top logic fault
trees.

3.1.2.4.1 Event AM

Event AM accounts for the initiation of AFW by the ATWS Mitigation System Actuation
Circuitry (AMSAC). This circuitry actuates all AFW pumps and sends a turbine trip signal. The
probability that AMSAC fails is based on generic Westinghouse data.

3.1.2.4.2 Event B 1

Event B1 accounts for achieving steam generator cooling with AFW. Note that AFW is the
normal steam generator supply following reactor trip at Ginna; the MFW system is placed in
standby. A long-term source of water was assumed to be required since a single CST only
provides enough water to remove decay heat for two hours after a reactor from full power [Ref.
3.1.2-4, Section 10.5.2.2). The preferred contingency is to go to a closed loop flow configuratio
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from the main condenser hotwell back through the CSTs. This cooling mode is essentially
permanent assuming the availability of the hotwell, etc. Further contingencies are detailed in
EOP ER-AFW.1 [Ref. 3.1.2-50] and are modeled in the AFW system fault tree model.

3.1.2.4.3 Event D

Event D accounts for cooldown and depressurization of the RCS following SGTRs in accordance
with steps 13 and 20 of EOP E-3 [Ref. 3.1.2-45]. This event is only applicable when SI is in
operation (success of Event UH2). Failure of Event D implies that RCS and ruptured S/G
pressure remains above the adjusted ARV setpoint (1070 psig) and, thus, that
primary-to-secondary break flow is not terminated. The only cooldown mechanism modeled is
use of the intact steam generator ARV.

3.1.2.4.4 Event FC

Event FC accounts for the availability of the containment fan coolers following reactor trip. The
occurrence of Event FC implies that all four containment fan coolers have failed. This event is
important whenever the containment is being pressurized (e.g., during LOCAs and bleed-and-feed
operations) as it implies the need to start the containment spray system (Events UCS and XCS).

. Containment failure due to overpressurization is important to both the Level 1 (core damage
assessment) and the Level 2 (containment performance assessment) analyses. For the Level l

analysis, containment failure implies loss ofcontainment sump recirculation capability (both HPR
and LPR). For the Level 2 analysis, containment failure implies a direct radionuclide release
pathway to the environment.

3.1.2.4.5 Event FF

Event FF accounts for the availability of all three AFW pumps sending flow to both steam
generators following an ATWS event. Event FF is used in the ATWS event tree in combination
with another AFW-related event (Event PF), manual control rod insertion (Event RI), and primary
relief events (Events PRl, PR2, PR3, and PR4) to determine ifRCS pressure exceeds 3200 psig.

3.1.2.4.6 ~ Event I 1

Event I1 accounts for isolation of the steam side of the ruptured S/G following SGTR. The
occurrence of Event 11 implies that the ruptured S/G steam header is not isolated, leading tn a

constant loss of RCS inventory until the RCS is completely depressurized. There are several
pathways which must be isolated, including the SVs, the MSIV, the turbine-driven AFW pump
steam supply, the blowdown lines, the blowdown sample lines, and various vent and drain valves
(the ruptured S/G ARV is treated separately by Events 13S and 13L). These pathways are of
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varying size and, hence, the time required to void the RCS (and time required to deplete the
RWST) is a function of which pathway is not isolated.

3.1.2.4.7 Event 12

Event 12 accounts for isolation of AFW into the ruptured S/G following SGTR. The occurrence
of Event 12 implies that AFW is not isolated in time to prevent overfill of the ruptured S/G,
leading to liquid flow through the ARV.

3.1.2.4.8 Event 13L

Event 13L accounts for failure of the ruptured S/G ARV to reclose following liquid flow through
the valve caused by ruptured S/G overfill following SGTR.

3.1.2.4.9 Event 13S

Event l3S accounts for failure of the ruptured S/G ARV to reclose following steam flow through
the valve; this condition implies that no overfill of the ruptured S/G occurs following SGTR.

3.1.2.4.10 Event KE

Event KE accounts for the availability of the electrical portions of the reactor scram function
(including the RPS, the reactor scram breakers, and failure of the plant operators to trip the
control rod drive MG sets within one minute). Failure of Event KE implies that the RPS signal
has failed and that the operator has failed to initiate a manual scram. The probability of Event
KE is based on generic Westinghouse data.

3.1.2.4.11 Event KM

Event KM accounts for the availability of the mechanical portions of the reactor scram function
(including the control rod drives). Failure of Event KM implies that the control rods cannot be
inserted into the reactor core by any means. The probability of Event KM is based on generic
Westinghouse data.
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3.1.2.4.12 Event L1

Event Ll accounts for some of the possible activities of restoring steam generator cooling
following the loss of AFW. The occurrence of Event Ll represents the failure of all of these
restoration events. Restoration of steam generator cooling includes four possibilities:
(1) restoration of AFW, (2) restoration of MFW, (2) use of SAFW, and (4) implementation of
secondary system blowdown to use condensate flow. Event Ll models the MFW and SAFW
options only. Restoration of AFW is considered on a cut-set-basis during the recovery analysis.
The bleed-and-feed cooling criterion would typically arise before sufficient depressurization to
use condensate cooling could be affected, particularly after subtracting the time taken up by the
preferred secondary restoration activities. Hence, the blowdown/condensate option is
conservatively not model.

3.1.2.4.13 Event LT

Event LT accounts for the ultimate shutdown of the reactor following an ATWS event using
emergency boration.

3.1.2.4.14 Event MF

Event MF accounts for the availability of MFW following an ATWS event; the occurrence of
Event MF implies that MFW has failed. The loss of MFW following an ATWS poses a
challenge to the RCS integrity critical safety function since peak RCS pressure may exceed 3200
psig. The Event MF top logic is a simplified fault tree model, accounting for major MFW
support systems and the impact of initiating events which directly fail MFW.

3.1.2.4.15 Event P 1

Event Pl accounts for the availability of the PORVs during bleed-and-feed operations initiated
following transient initiators. The occurrence of Event Pl implies that either PORV has failed
to manually open. Note that bleed-and-feed in the transient event tree is modeled using both
Events UH1 and Pl; failure to open the PORVs in accordance with step 13 of EOP FR-H. 1 [Ref.
3.1.2-44] is included within the definition of event RCHFDOIBAF, which appears in the Event
UH1 top logic.
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3.1.2.4.16 Event P2

Event P2 accounts for the availability of the PORVs during bleed-and-feed operations initiated
following SSLOCAs. The occurrence of Event P2 implies that either PORV has failed to
manually open. Note that bleed-and-feed in the SSLOCA event tree is modeled using both
Events UH2 and P2; failure to open the PORVs in accordance with step 13 of EOP FR-H.1 [Ref.
3.1.2-44] is included within the definition of event RCHFD01BAF, which appears in the Event
P2 top logic. The treatment of bleed-and-feed for SSLOCAs differs from that of transients with
respect to the human error modeling since the SI pumps are automatically started during
SSLOCAs by ESFAS.

3.1.2.4.17 Event P3SS

Event P3SS accounts for rapid RCS cooldown and depressurization to the RHR setpoint using
the steam generators following SSLOCAs. The occurrence of Event P3SS implies that the RCS
is not cooled to the RHR setpoint in accordance with step 19 of EOP E-2 [Ref. 3.1.2-51] (which
transfers to ES-1.2 [Ref. 3.1.2-52]) prior to core uncovery. Event P3SS is a recovery action for
failure of the SI pumps (Event UH2) in the SSLOCA event tree. The only cooldown mechanism
modeled is use of the steam generator ARVs since the turbine bypass system is unavailable due
to closure of the MSIVs by the SI signal.

3.1.2.4.18 Event P3TR

Event P3TR accounts for rapid RCS cooldown and depressurization to the RHR setpoint using
the intact steam generator following SGTRs. The occurrence of Event P3SS implies that the
RCS is not cooled to the RHR setpoint in accordance with EOP ES-3.1 [Ref. 3.1.2-53] prior to
core uncovery. Event P3SS is a recovery action for failure of the SI pumps (Event UH2) in the
SGTR event tree. The only cooldown mechanism modeled is use of the intact steam generator
ARV.

3.1.2.4.19 Event PF

Event PF accounts for the availability of 50% AFW flow (i.e., either the turbine-driven pump or
both motor-driven pumps) following an ATWS event. Event PF is used in the ATWS event tree
in combination with another AFW-related event (Event FF), manual control rod insertion (Event
RI), and primary relief events (Events PRl, PR2, PR3, and PR4) to determine if RCS pressure
exceeds 3200 psig.
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3.1.2.4.20 Event PL

Event PL accounts for the reactor power level immediately prior to an ATWS event; the
occurrence of Event PL means that power is greater than 40%. High initial power is one of the
conditions that may lead to challenge of the RCS integrity critical safety function following an
ATWS. The Event PL probability has been quantified from plant-specific data.

3.1.2.4.21 Event PR 1

Event PR1 accounts for maintenance of RCS integrity following an ATWS, given that manual
rod insertion has succeeded and 100% AFW flow is available. The failure of Event PRI implies
that RCS peak pressure has exceeded 3200 psig. The probability of Event PR1 is based on the
operability of the PORVs and pressurizer SVs at various times in the fuel cycle.

3.1.2.4.22 Event PR2

Event PR2 accounts for maintenance of RCS integrity following an ATWS, given that manual
rod insertion has succeeded and 50% AFW flow is available. The failure of Event PR2 implies
that RCS peak pressure has exceeded 3200 psig. The probability of Event PR2 is based on the
operability of the PORVs and pressurizer SVs at various times in the fuel cycle.

3.1.2.4.23 Event PR3

Event PR3 accounts for maintenance of RCS integrity following an ATWS, given that manual
rod insertion has failed and l00% AFW flow is available. The failure of Event PR3 implies that
RCS peak pressure has exceeded 3200 psig. The probability of Event PR3 is based on the
operability of the PORVs and pressurizer SVs at various times in the fuel cycle.

3.1.2.4.24 Event PR4

Event PR4 accounts for maintenance of RCS integrity following an ATWS, given that manual
rod insertion has failed and 50% AFW flow is available. The failure of Event PR4 implies that
RCS peak pressure has exceeded '3200 psig. The probability of Event PR4 is based on the
operability of the PORVs and pressurizer SVs at various times in the fuel cycle.
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3.1.2.4.25 Event Ql

Event Ql accounts for the possibility for transient-induce LOCAs due to failure of one or both
RCP seal assemblies. Seal LOCA is assumed to occur upon the loss of both RCP seal support
system (seal injection from CVCS and thermal barrier cooling via CCW) when the RCP is
operating. Additional logic (gate TNOTQ1) models failure of the RCPs to operating following
a reactor trip (e.g., due to loss of electrical power supply, etc.). Sequences which contain the
success of Event Ql are reviewed, and cut sets which appear that are common with either the
Event Ql cut sets or the TNOTQ1 cut sets are removed (using the Delete-Term option in
CAFTA). Sequences which contain the failure of Event Ql are transferred to the SSLOCA event
tree.

3.1.2.4.26 Event Q2

Event Q2 accounts for the possibility of'transient-induced LOCAs due to stuck-open PORVs or
pressurizer SVs. Following an uncomplicated reactor trip, the pressurizer spray valves open to
limit RCS pressure below the PORV setpoint; failure of pressurizer spray is assumed to cause
a PORV challenge [Ref. 3.1.2-2]. Ifboth PORVs fail to open, it is assumed that the pressurizer
SVs will be challenged. Certain initiators inherently cause low RCS pressure immediately after
reactor trip, and additional logic (gate TNOTQ2) has been developed accordingly. Sequences
which contain the success of Event Q2 are reviewed, and cut sets which appear that are common
with either the Event Q2 cut sets or the TNOTQ2 cut sets are removed (using the Delete-Term
option in CAFTA)..Sequences which contain the failure of Event Q2 are transferred to the
MLOCA event tree.

3.1.2.4.27 Event RI

Event RI accounts for the achievement of manual control rod insertion by the operators within
the first minute of an ATWS sequence (step 1 of FR-S.1 [Ref. 3.1.2-54]). Note that success of
this event does not preclude the need for long-term reactor shutdown. Event RI is used in the
ATWS event tree in combination with AFW-related events (Event FF and PF) and primary relief
events (Events PR1, PR2. PR3, and PR4) to determine ifRCS pressure exceeds 3200 psig.

3.1.2.4.28 Event SC

Event SC accounts for the availability of the RHR system following SGTR events. The
occurrence of Event SC implies that normal RHR cooling, in accordance with EOP ES-3. I {Ref.
3.1.2-53], step 10 has not been established.
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3.1.2.4.29 Event UA

Event UA accounts for the availability of the accumulators during LLOCA sequences. Failure
of Event UA implies that both accumulators have failed and inject their contents into the RCS.

3.1.2.4.30 Event UCS

Event UCS accounts for the availability of the containment spray system in the injection mode.
Initial results of the Level 2 analysis suggest that the containment spray system is not required
following LOCAs or bleed-and-feed operations ifat least one containment fan cooler is operating
(success of Event FC). The occurrence of Event UCS implies that both containment spray trains
have failed. Containment failure due to overpressurization is important to both the Level I (core
damage assessment) and the Level 2 (containment performance assessment) analyses. For the
Level 1 analysis, containment failure implies loss of containment sump recirculation capability
(both HPR and LPR). For the Level 2 analysis, containment failure implies a direct radionuclide
release pathway to the environment.

3.1.2.4.31 Event UH 1

Event UH1 accounts for manual actuation and operation of the SI system during primary
bleed-and-feed operations. Failure of Event UH1 implies loss of flow from all SI pump trains.
The logic for Event UHl.includes a human failure event (RCHFD01BAF) which represents
failure to implement bleed-and-feed in accordance with EOP FR-H.1 [Ref. 3.1.2-44]. step I l.
Note that bleed-and-feed is modeled using both Events UH1 and Pl; failure to open the PORVs
in accordance with EOP FR-H. 1 [Ref. 3.1.2-44], step 13 is included within the definition of event
RCHFD01BAF.

3.1.2.4.32 Event UH2

Event UH2 accounts for automatic actuation and operation of the SI system during SSLOCA,
SLOCA, MLOCA, and SGTR sequences. Failure of Event UH2 implies loss of flow from all
SI pump trains. Actuation failures are modeled within the ESFAS fault tree, which is linked to
the SI fault tree during the quantification process.

3.1.2.4.33 Event UL

Event UL accounts for the injection phase during a large LOCA. Since 1/2 RHR pumps is
sufficient, the occurrence of Event UL implies the failure of both RHR trains. The RHR system
fault tree model considers the possibility of flow diversion through a broken RHR pipe which
is directly connected to the RCS.

Rochester Gas & Electric Corporation R. E Ginna PRA Project

3.1.2-68



3.1.2.4.34 Event XCS

Event XCS accounts for the availability of the containment spray system in the recirculation
mode. Initial results of the Level 2 analysis suggest that the containment spray system is not
required following LOCAs or bleed-and-feed operations if at least one containment fan cooler
is operating (success of Event FC). The occurrence of Event XCS implies that both containment
spray trains have failed. Containment failure due to overpressurization is important to both the
Level 1 (core damage assessment) and the Level 2 (containment performance assessment)
analyses. For the Level 1 analysis, containment failure implies loss of containment sump
recirculation capability (both HPR and LPR). For the Level 2 analysis, containment failure
implies a direct radionuclide release pathway, to the environment.

3.1.2.4.35 Event XH

Event XH accounts for the implementation of high pressure recirculation (HPR) from the
containment sump. The MAAP runs performed to establish success criteria (see Section 3.1.2.2)
indicates that the RCS pressure will remain above the RHR setpoint at the time when the RWST
is depleted for SSLOCAs and SLOCAs. HPR is accomplished by supplying the SI pumps with
containment sump water which is provided by the RHR system; note that decay heat is removed
using the RHR heat exchangers.

3.1.2.4.36 Event XL

Event XL accounts for the establishment of low pressure, cold leg recirculation from the
containment sump. The occurrence of Event XL represents the failure of both RHR trains in
sump recirculation mode to provide flow cooled by the RHR heat exchangers to the RCS.

3.1.2.5 Modeling Interfaces

Definition of accident sequences necessarily involves consideration of how the various PRA
technical tasks interact to generate the final project results. Among the most important tasks are
the systems analysis task (fault tree development), the human reliability analysis, and the Level 2
analysis (particularly. the development of plant damage states). The following sections
summarize these interfaces.

3.1.2.5.1 Systems Analysis

The top logic links the various system-level fault trees to the occurrence of the event tree
headings; Table 3.1.2-1 l provides a complete of the various system-level top events involved.
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3.1.2.5.2 Human Reliability Analysis

An important consideration in defining human failure events (HFEs) in the integrated model
(including the top logic and the system-level fault trees) is the treatment of dependencies; this
issue is particularly difficult to treat across the various system-level fault trees since these fault
trees have been developed by several analysts. Thus, a search of the top logic and all
system-level fault trees was conducted to (1) identify all HFEs, (2) relate the HFEs to the event
tree headings, and (3) ensure that their dependencies are considered. Table 3.1.2-12 lists all
HFEs which appear in the integrated model, and shows how they relate to the accident sequence
events. It should be noted that the final system-level fault trees may contain other HFEs which
are not used in the Level 1 analysis (e.g., they pertain to the Level 2 analysis, or are otherwise
not used). The summary of the MAAP runs presented Section 3.1.2.2 provides detailed timing
information for possible use in the quantification of the HFEs (e.g., cue times, available response
times, etc.).

3.1.2.5.3 Level 2 Analysis

As noted in Section 3.1.2.1, the definition of plant damage states (PDSs) is performed by the
Level 2 analysis [Ref. 3.1.2-55]; however, the core-damage events trees have been structured, in
part, to support the assignment of PDSs. For example, the failure of primary bleed-and-feed may
be caused by either failure of the Sl system or failure of the PORVs to open. The specific failure
involved is of great importance to the Level 2 analysis since it establishes the initial and
boundary conditions for the post-core-melt accident progression analysis (e.g., the presence or
absence of injection tlow, the RCS pressure, etc.). The following sections discuss how the
core-damage event tree structure is useful in assigning PDS vectors to the Level 1 results.

3.1.2.5.3.1 Containment Bypass

Containment bypass is indicated for all ISLOCA and certain SGTR sequences.

3.1.2.5.3.2 Containment Isolation Status

This attribute is not generally addressed in the Level 1 PRA; the closure of certain containment
penetrations is modeled where such closures impact system performance (e.g., IA to the
containment, etc.). Note that failures of support systems (e.g., DC power) which lead to core
damage may also preclude closure of certain containment penetrations.
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3.1.2.5.3.3 Transient or LOCA Type

The initiating event type is readily discernable from the event tree which generates the
core-damage sequence.

3.1.2.5.3.4 Reactor Shutdown

The reactor is not shutdown (i.e., is generating significant fission power) in all ATWS
core-damage sequences.

3:1.2.5.3.5 Station Blackout

This attribute is not generally addressed in the Level 1 PRA. There is no separate event tree for
station blackout; rather, station blackout sequences arise from the transient sequences due to
failures in the AC power system. In general, station blackout sequences willbe initiated by one
of the two initiators related to loss of offsite power (TIOOGRLOSP and TIOOSWLOSP); however,
the Level 1 PRA is also capable of producing station blackout sequences with other initiators (in
such cases, the loss of offsite power occurs after reactor trip).

3.1.2.5.3.6 Power Recovery

Restoration of offsite power is considered in the recovery analysis of the Level 1 PRA.

3.1.2.5.3.7 RCS Pressure

RCS pressure at the time of core damage may be inferred from the event tree structure on a
sequence-specific basis.

3.1.2.5.3.8 'tatus of In-Vessel Injection

The occurrence of Events UH1 or UH2 indicate failure of all SI during the injection phase: Event
XH addresses failures of high pressure recirculation. Failure of low pressure injection is
indicated by the occurrence of Event UL; Event UX addresses low pressure recirculation. Failure
of the accumulators is indicated by the occurrence of Event UA.

In certain cases, it is possible to infer if the RHR pumps are operating in a "deadhead" situation
(i.e., RCS pressure is above the RHR pump shutoff head). Note that the Level 1 event trees do
not always ascertain the operation of each injection source." For example, the SLOCA event tree
does not contain Event UL since low pressure injection cannot be used to mitigate an SLOCA;
note that the RHR pumps would be automatically Started on all LOCAs. It is not generally
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correct to assume RHR system operation since the failures which cause the sequence to progress
to core damage may also imply failure of the RHR

system.'nitial

experience with the Level 1 sequences suggests that the most probable injection source
failures are not recoverable.

3.1.2.5.3.9 Containment Fan Coolers

The containment fan coolers are known to be failed whenever Event FC occurs.

3.1.2.5.3.10 Containment Spray

The containment spray system is known to be failed whenever Events UCS (injection) or XCS
(recirculation) occur.

3.1.2.5.3.11 Steam Generator Isolated

The steam side of the ruptured steam generator is known to be unisolated whenever Events Il,
I3S, or I3L occur. Failure to isolate AFW to the ruptured steam generator occurs whenever
Event I2 occurs.

3.1.2.5.3.12 Steam Generator Break Covered

This attribute is not explicitly modeled in the Level 1 PRA. Overfill of the ruptured steam
generator is indicated by the occurrence of Events Il or I2; however, the time and duration of
overfill with respect to the onset of core damage is not specified.

3.1.2.6

3.1.2-1
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Table 3.12-1
CATEGORIZATIONOF INITIATORSIVITHRESPECT TO SUCCESS CRITERIA

Initiator
Type

Impact on Core
Safety Functions

Impact on Plant
System Perfonnance

Level 2 Analysis
Considerations

transients

Reactivity Control

None; transients followed

by reactor trip system
failure are grouped under
the A I WS category.

RCS Inventory Control

None; transient-induced

LOCAs (e.g., RCP seal

LOCAs and PORV

LOCAs) are grouped
under the LOCA category.

RCS Ileat Removal

Major impact, depending
on the specific initiator
involved.

Major impact, depending
on the specific initiator
involved. Note that
initiators arc defined, in
patt, due to their impact
on post-uip plant system
operation.

No specific effects; note
that initiators which fail
plant systems designed to
prevent core damage may
also fail containment
systenis (e.g. ~ CS, CIS).

LOCAs None; LOCAs followed by
reactor trip system failure
are grouped under the
ATWS category.

htajor impact; LOCA
break size dictates the
amount of RCS niakeup
required to ensure that the
reactor core is covered.

htajor impact, depending
on the LOCA break size
and the occurrence of
transient-induced LOCAs.
For medium and large
LOCAs, the systems used

to provide RCS inventory
control are also used to
ensure RCS heat removal.
'ihe initiator leading to a

transient-induced LOCA
may degrade plant system
performance.

Major impact, depending
on Ihe location of the

LOCA. LOCAs in Sl or
RHR injection piping will
partially failure these

systenis. ISLOCAs may
fail plant systems due to
dynanuc effects (e.g. ~ pipe
whip) or steam llooding.

LOCAs are subdivided
according to their ability
to bypass the
containment:

~ No bypass

~ Bypass

ISLOCAs

SGTRs

ATWS Major impact; ATWS
represents failure of the
RPS.

Major impact ifthc peak
pressure exceeds the RCS
design pressure limit.

hfajor impact, depending
on the specific initiator
involved.

No specific effects; plant
system performance
impacts related to
transients and LOCAs
also apply to ATWS.

No specific effects; Level
2 considerations for
transients and LOCAs
also apply to ATWS.
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Tatde S.IS-2
SUMMARYOF MAAPRUNS TO SUPPORT SUCCESS CRITERIA
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~ reach RHR sbarolf bead st
tuu~.T h

~ reach RHR shutoff Lead a
tin~0 L

RUHID ~ 4 9E.3 h"2 (ane tubs)
~ hot lad ofSN
' 50 h above tube

~hect

~ RUHTC withrurpured SN safety
valve fnled opca wbca it Erst

liIts

~ no oars sadt, bet RCS vaidraS

RUHIE ~ 4 9E.3 h'2 (arw tube)
~ hot leS of SN

0 50 h above tube

~ beet

~ RUH2C with rapcared S/0 safety
vdvs failed opca at 20 n

~ nspanse shaoet idenncal with
RUH2D

RUHTF

RUH20

RUIITH

SOTR

~ 4.9E 3 h'2 (one tdw)
~ hot laS ofSN
~ 030 h above tahe

~ beet

~ 49E 3 h"2 (ane tube)
bat IcS ofSN

~ 0.50 h above tube

sheet

~ 4 9F-3 It'2 (one tube)
~ bot IcS ofS/0
~ 030 h sbcwe tube

~beet

~ RUHTD «ith VPSElw03

~ RUH2D with VFSEtu0.2

~ RUH20 with(steat S/0 ARV
opened wide at 30 n

~ better caatdowa/dcprussurirsnan

than RUH2D

~ care nell occarr; nat anaukh

rn to reach RHR
ebutolf bead
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Table XIS0
SUSDIARY OF MAAPRUNS TO SUPPORT SUCCESS CRITERIA

Cac

RUHSI

IOCd Sac ~S~
~ 4.9F 3 h"2 (ono ttke)
~ bot leg ofS/0
~ 0 50 h above tabs

~beet

CVCS
lteops

SI
Itsopr

RHR
Itcopc A rem»cd»ocr FOR Y/

Otr»r Io/r/cdreed

Resctdny Ccv»k//cv»

~ RUHSO with iatsct SN ARV
opened «i*at c5 rs

Core

Above
ISOOP Rsrss//r

~ tbie MAAPna saddeete that rapid
RCS coddowa csn bo delayed ap
as 30 rs foBoaing tho fsilara to
isdate the raptared SN header

~ s e5 ra delay wae acceptsMe, bat
MAAPsappcct testa eaSScetd

naiad tbs 30 at case (RUH2H) to
~cocnrnt fcc aay certainties

SLOCASI

SLOCA22

SLOCA2e

LOCA

LOCA

~ S 9E 3 h'2 (I Ot tach)
~ cold leS

~ $ 9E-3 h"2 (I Ot inch)
~ cold lcS (RCP node)

'.9E.3 h 2 (I Ot inch)
~ cold leS

~ 5.9E.3 h'2 (I.OI inch)
~ cold Icp (RCP node)

~ isdate eao SN st rim~
~ C/D on oOer SN st tits~5 sa

v scctaadstors Mocbd at XO I»ia

~ isd ate ono S/O at tun wO$

C/D oa caber SN st tun~ Ill
~ scccanatators Moctd st 300 pria
~ tried to force C/D at l00 F/h
~ (SLOCA2l anth RCP LOCA,

dclsyd dcpressanrsaocl, and

rapid cool dowa)

~ isdato one SN at tira~
~ C/D oa other SN at rirn~ ra
~ sccaraslstcrs Mocbd at S00 prie
~ trid to face C/D at I00 F/h
~ (SLOCA2l «ith delayed

depree sarirsrica and rapid
cooldowa)

~ isdata one SN at tire~
~ C/D oa ocher SN at tire~ ra
v scccmdstors Mocbd st 300 pris .
~ trid to force C/D at l00 F/h
~ VIS Etw03
~ (SLOCA22 with VFSE~S)

~ reach RHR ebatoffbead et

time 3.5h
~ PORV Iitb MAAP raodehaS issoe

~ halo chaabe hon SLOCA2 I
~ PORV hib MAAPreodehnS rssae

~ liCe chsndo hera SLOCA2I

~ ccnpariMe to SLOCA22
~ PORV lih; MAAPanode!in'ssue

SLOCA25 ~ 5.9E.S It'2 (I Ot inch)
~ cold Icd (RCP node)

v Isolate one SN at tun~
~ C/D oa ocher SN at rira~ ra
~ sccamalatcre Moctd st 300 pris
~ tried to force C/D st l00 F/h
~ VFSEPvO.T
~ (SLOCA22 with VFSEPEky)

~ TCRHOT ~Iibbdy incrcssce, bat
tuned aroand by RHR how

~ PORV lih. MAAP rsoddinS issue
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TeMo*IS-2
SUSURARV OF MAAPRUNS TO SUPPORT SUCCESS CRITERIA

SOCd Sao mt~ CVCS
Aoepr

SI
Aaspr

RHR
Aoepr d coaaadaers FOR Vs

OI/srr Inure/ roof
Jl oooeday Ccvaduwer

Core

Above
l6001

SLOCA26 LOCA ~ 5.9E-3 B"2 (I.OI inch)
~ cdd le8 (RCP sade)

0 2 ~ isdato or» S/0 at tuse@I
~ C/D ea od»r 8/O at tun~ m
~ ecccmetatore Moched at 300 prie
~ tried to force C/D at 100 F/h
~ VFSEM.7
~ FCDBRK I.O
~ (SLOCA25 with FCDBRK I 0)

r yoo ~ ceca encore» aod beats ep to
2000F aves wide sccemalatcn

~ PORV hh; MAAP saodehod isn»

SLOCA26B LOCA ~ $ 9E.I tt'2 (I Ol tach)
~ coM loe (RCP soda)

~ C/D on bah 5/O at tuaoNIO m
~ accmaalatcn Meshed et 300 peia
~ tried to force C/D at 100 F/h
~ VISE~7
~ FCDBRK 10
~ (SLOCA26 as(ad bah S/O

ARVs)

yeo ~ cere boats ep to 2000F
~ PORV lilt, MAAPsaodolia8»sno

S LOCA27

9FB11A

~ S 9E.S tt"2 (I Ol inch)
~ cold lo8 (RCP node)

N/A

~ Bdato one S/O at rim~
~ C/D os od»r 8/O at 6m~5 m
~ access!store Mooted at 300 prie
~ tried to face C/D at 100 F/h
~ VFS &0.7
~ FCDBRK 10
~ (5LOCA26 with eerier

cooldews)

~ so MFW or SAFW

~ axe se»overs, bat only hosts ep to
1000F

~ an tmaperaoae roaches 2500 F.
bet does aot So to ocn melt

~ BAF cee at tune 085.7 ~

9FBI2D N/A ~ 9FB12A . except d»t I CVCS

palp ir inYiiallyoperario8 (tau»d
otfderind Mood»od-food)

~ ccn tsmperaon roaches 1800F,

bst does sot molt
~ BAF cae at ttm~ 8 ~

9FB I20 N/A ~ 9FBI2A with 2 PORVe ~ brief core encovssy

BAF cee at time 1385.'I s

~ RWST depleted at 6mo 13.5 h

9FBI2H LMFW N/A ~ 9FB I2A with I PORV ssd 2 Sl ~ BAF coe at dms 1385.7 ~

' rerirc at e»MI IOI 8 ~

FBI3E I.MFW N/A ~ so MFW or SAFW
~ ddoy d» start of BAF anni 03 h

~/ter cae is received

~ S/O level reached Stt at tuseHks h
~ BAFiitiatedat tuse I h
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TsMe S.IS-2
SUbMARY OF MAAPRUNS TO SUPPORT SUCCESS CRITERIA

Cae
LOCA Stre real Locrrtwr CVCS

Iteepr
SI

Irespc
RHR
Itenpr IQRVr

Other In/no/ cesf

Secesksy Ccvagnonr

Cave

Abc«a
I$00P

9$ 0ABCDE LOCA ~ 7.7'f 2 (I/5 inch)
~ bot leg

~ so MFW ar SAFW ~ 2 CVCS pmnfe can provide oore

coaEng for very small LOCAr,
sacs that CYCS pampa sro tripped

- by S I rigseI
~ PORY Iiih MAAPmodobsg ieroe

SLOCA)2

9S I IBCDE LOCA

9$ 11BCDE.2 LOCA

' I E.1 lt'2 (0 75 inch)
'cdd Ieg

~ 5 C E-3 6"2 (I isch)
~ bat leg

~ 5 CE-3 6'2 (I inch)
~ hat Ieg

~ renal of9511 BCDE-2 «ith 0.75

mch dis LOCA to oosgnn need

far 5/O cooling far SSLOCAe

~ so MfW or SAFW

~ reran of951 1 BCDE erithaot

CVCS pampa

~ crag/me that 5/0 coabsg ie seeded

far LOCAe c I inch dis

~ indeterminate; CVCS Bow may ho

provikng core coolisg (CVCS

fo tripped by 5 I rigssI)

~ cas6nee that 5/O cooling ie nat
seeded far LOCAe > I inch dia

~ RWST depleted at time I3.5 h

9$ 2IBCD2 LOCA ~ 2 2E-2 (I'2 (2 inch)
~ bot leg

0 . I ~ so MfW a SAFW ~ RWST depleted at time 10.9 h

952 IBC2E fAICA ~ 2 2E-2 R'2 (2 inch)
~ bot leg

~ 2.2E 1 6'2 (2 inch)
~ bat leg

~ so MFW cr SAFW ~ oaagnae MLOCA eaoceee criteria
~ RWSTdcplcted at time ll h

~ feel heatap rtsrtr at rim~$2 h
~ foci roaches IS00F at tna~.72 h
~ RCS preenao above RHR pomp

~batalf Lead derisg feel bearep

953 IBCDE LOCA ~ d9E 2 It'2 (3 inch)
~ bot lcg

~ so MFW ar SAFW ~ RWSTdcpletedattime lib
~ RCS preeeare below RHR parap

ehatolf bcad at IIme ol leclla
~witcbavcr

9S)AB12E LOCA ~ 49E-2 It'2 (3 inch)
~ bot lcg

~ so MFW or SAFW ~ cos6nse that Sl ir rwprired fcr 3

inch dra LOCAe; RCS «illnot

depress«its to RH R pmnp ehatoff
head friar to core damage

954 IBC2E LOCA ~ 5 7E.2 lt"2 (1 inch)
~ bat leg

~ so MFW ar SAFW ~ RWST depleted at rime !0.2 h

95cAB12E LOCA ~ $ 7E-2 6"2 (4 inch)
~ bat leg

~ so MFW ar SAFW ~ cosgnae that Sl ie r«pared for c

inch dis LOCAr, RCS will sot
dcpreerarire to RHR pcmp ehatoff
head prior to core damage
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ToMe S.l 2-2
SUMMARYOt MAAPRUNS TO SUPPORT SUCCESS CRITERIA

Cae
LOCA Sue naILocouoo CVCS

Iaeotc
SI

IaeoIac

RHR
Iaeogc A roueedceocr IOR Ve

Ochce Iedoad coot

S oeeo4y Cceokcaone

Coco

Abore
I|bbdt Rendu

9SIA812F LOCA ~ 1.4E.I h"2 ($ isch)
~ Loc leS

0 ~ so MFW cr SAFW so ~ RWST defleaed ol CioaV2S h

9SSIBC2E ~ 1.4E 1 B'2 ($ hach)
~ hcc leS

~ so MFW cr SAFW so ~ RWST defleaod cr licoWS h

9S6A 812 E ~ 2 OE 1 8"I (d iocL)
Loc log

~ so MFW cr SAfW so ~ RWST defleced oc ciao~.l L

9SSABIIE ~ LSE 1 R"2 (S ascL)
~ hoc leS

~ so LlfW or SAFW so ~ RWST deflecod a ciao~.l h
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Table 3.1.1-3
CONSERVATIVE BASECASE SGTR TIME SEQUENCE AS DETERMINED BY WESTINGHOUSE

Event

Isolation of ruptured S/G

Start RCS cooldown

Time (s)

600

904

Notes

S/G isolation is assumed to occur at
either 10 m, or when S/G rcachcs 33%

The delay from S/G isolation to the
start of cooldown is assumed to be 5 m

Complete RCS cooldown

Start RCS depressurization

Complete RCS depressurization

Terminate SI

1354

1476

1538

1618

Thc delay from completion of S/G
cooldown to the start of
dcprcssurization is assumed to be 2 m

The delay from completion of
dcprcssurization to SI termination is
160 s (assumed 1 m delay, plus 100 s

to reach SI termination criterion)
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Table 3.1.1A
EFFECT OF PLANT EQUIPMENT FAILURES ON OVERHLLMARGIN AS DEB%MINED

BY WESTINGHOUSE

Equipment Failure

failure to isolate AFW to
ruptured S/G

ruptured S/G AVR fails open
at 10m

failure to close ruptured S/G
MSIV (analysis assumed a loss
of offsite power; thus, the
steam dump was closed)

failure to isolate MFW

A ssumed
Delay (m)

5,20, 30

3.9

Decrease
in OverfillMargin

(m)

3.9

Extrapolated Delay
Required ro Cause

Overfill (m)

failure to isolate the
ruptured S/G ARV does
not impact thc overfill
margin
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Table 3.1.1-5
SEAL LOCA SUPPORT CALCULATIONS

S/andard fonrrula:

Q v m whcrc Q is the volumetric flow rate (gpm)

v is the specific volume (p', A'/Ib-m)

m is the mass flow rate (Ib-m/s)~

MAAPIorrrrula [42]

m AaGCs where

G

Cq

I

As is thc area of thc brcak (inr)

is thc mass flux (Ib-m/At-s)
is brcak discharge cocflicicnt (0.75 pcr [42])~

Aa ~ (Ar)

5.4542 10'

Pcr ASME steam tables:

v (A'/Ib-m) at 550'F p 41200

0.02135
p 4250 p 4300

0.021335 0.02132

whcrc d is thc diamctcr of thc brcak (in)

The value of 0.021335 for 2250 psi is used.

This results in:

Q 0.021335 (tAb.m) ~ 7 48 (g/ft') ~ 60 (s/m) ~ 5.4542 10'Ar) ~ 0.75
~ G (lb-m/A -s) ~ d'gprn)t

or Q 0.039169 ~ 22,767 ~

d'r

Q 891.8 d (gpm).

(gpm) whcrc G is calculated in Table 6

Hcncc, d 1.04 In when Q 960 gpm.

~ Note that the units must be convcrtcd for consistency.

f Units arc convcrtcd for consistency.
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Table 3.1.14
MASS FLUX CALCULATION

(Supports Table 3.L I-S)

MAAPJ'annula [42]:

whcrc G is thc mass flux(lb-m/ft-s)
p, is the upstream pressure (psi
r is max (tl~, pe/pg
v is specific volume (ft /lb-m

pa is thc downstream prcssure (psi)
is min (ti, pgpg

ti is 0.83 - (0.15/0.22) x
x is water quality ((

0.2)'ata:

P, 2250 (Ibfin ) p~ ~ 1050 (ib/in ) ps 14.7 (Ib/in )

For LOCAs x 0; hcncc, tl 0.83.

Thus, tl~ min (0.83, 1050/2250) 0.47 and r max (0.47, 14.7/2250) 0.47

This results in:

G ( 2 ~ 2250 (lbfin ) ~ 144 (in'/fl') ~ 32.2 (Ib-m-fgb-s ) ~ (1 - 0.47))
~ 0.021335 (fAb-m) t

or G ~ 518339454.7 (lb-m /ft'-s')

or Q 22,767 (lb-m/ft -s).t

i Note that the units must be convcrtcd for consistency.

f Units are converted for consistency.

f This value is consistent with other Westinghouse calculations.
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Table 3.1.1-7
FEEDWATER SOURCE CIIARACTERISTICS

System

Auxiliary Fccdwatcr
(AFW)

Main Fecdwatcr
(MFW)

Standby Auxiliary
Fccdwatcr (SAFW)

Condensatc

Pump
Conflgurutfon

2 motor4rivcn
1 turbine-driven

2 motor-driven

2 motor-driven

3 motor driven

Pump
Chturtetertstles

200 gpm at 1085 psig
400 gpm at 1085 psig

7400 gpm at 1015 psig

200 gpm at 1085 psig

9400 gpm

UFSAR /Ref.
3. L1-4J

R%tenee

p. 10.5-5

p. 10.4-6

p. 10.5-6

p. 10.4-3
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Table 3.1.2.8
SEQUENCE-LEVEL AM)SYSTEM LEVELSUCCESS CRITERIA

Initiator
Group

transients

SSLOCAs
(( I")

SLOCAs
(I"-I.S")

MLOCAs
(I.S"-S.S")

LLOCAs
() S.S")

Reactivity Control

RPS

RPS

not required

RCS Inventory Control

RCP seal integrity:
RCP seal injection or
thermal bamer cooling
for all RCPs
and
PORV/SV dosuret
pressurizer spray or
PORV recloswe/isolation and
SV reclosure (following failure of PORVs to
lift)

HPI:
S/G cooling to allow RCS depressurization to
Sl pump shutoff head and
I/3 Sl putnps

OI'PI
and LPRt

rapid cooldown to LPI conditions using the
steam generators and

I/2 accumulators and

I/2 IUIR pumps

HPI and HPRt
I/3 Sl pumps (HPI) and

I/2 RHR pumps (HPR)

HPI:
l/3 SI pumps
and
LPR:
l/2 RHR pumps

LPI nnd LPR:
I/2 RHR pumps
and
short-term core liood:
I/2 accumulators

RCS /feat Removal

I/2 steam generators:
I/3 AFWPs or
1/2 MFWPs or
I/2 SAFWPS
and
I/8 stcam dump valves or
I/2 ARVs or
I/10 S/G SVs
or
bleed nnd feed:
2/2 PORVs and
I/3 SI pumps (HPI) and

I/2 RHR pumps (LPI) and

I/2 RHR heat exchangers (LPR)

I/2 steam generators:
I/3 AFWPs or
I/2 MFWPs or
I/2 SAFWPS
and

I/g stcam dump valves or
I/2 ARVs or
I/10 S/G SVs

ot'leed
and feed:

2/2 PORVs and

I/3 SI pumps (HPI) and

I/2 RIIR pumps (LPI) and
I/2 IUIR heat exchangers (LPR)
or
LPI nnd LPRt
I/2 MR pumps and
I/2 IUIR heat exchangers (LPR)

HPI nnd HPR:
I/3 SI pumps (HPI) and
I/2 MR pumps (HPR) and
I/2 RHR heat exchangers (HPR)

HPI:
I/3 Sl pumps
and
LPR:
I/2 IUIR pumps and
I/2 RIIR heat exchangers

LPI and LPR:
I/2 RIIR pumps and
l/2 RHR heat exchangers
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Table 3.1.2-8
SEQUENCE-LEVEL AIv'D SYSTEM LEVELSUCCESS CRITERIA

In/t/ator
Group

SGTRs

Reactivity Control

RPS

'CS Inventory Control

high pressure break IIow terndnatlon:
I/3 Sl pumps (HPI) and
S/G isolation and
equalization of RCS and S/G pressures below
the S/G safety valve setpoint

ot'PI
and LPRt

rapid cooldown to LPI condiuons using the
steam generators and
I/2 RIIR pumps

RCS /lear Removal

1/2 steam generators:
1/3 AFWPs or
I/2 hIFWPs or
I/2 SAFWPS
and
1/8 steam dump valves or
I/2 ARVs or
I/10 S/G SVs
or
LPI and LPR:
I/2 RHR pumps and
I/2 RHR heat exchangers (LPR)
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Table 3.1.2-8
SEQUENCE-LEVEL AND SYSTEM.LEVELSUCCESS CRITERIA

initiator
Group

ATWS

Reactivity Control

achieve subct1tlcality
within 10 min:
emergency boration
using I/3 CVCS putnps
of
trip rod MG sets

RCS inventory Control

maintenance of RCS pressure less than
3200 psig:
power < 40%
of
power > 40% and

MFW
or
AMSAC and

2/2 PRZR SVs and

manual rod insertion and

100% AFW and
> 76 days into fuel cycle
of
<-76 days into fuel cycle and
'/2 PORVS

of
manual rod insertion and
S0% A&Vand

> 83 days into fuel cycle
or
19 to 83 days in fuel cycle and
I/2 PORVS
or
< 19 days into fuel cycle and

2/2 PORVs

ot'00%
AFW and

> 193 days into fuel cycle

OI'39
to 193 days into fuel cycle and

I/2 PORVS

OI'2

to 139 days into fuel cycle and
2/2 PORVs

OI'00%
AFW and

> 209 days into fuel cycle
or
ISS to 209 days into fuel cycle and
I/2 PORVS
or
I I I to ISS days into fuel cycle and
2/2 PORVs

RCS /teat Removal

I/2 steam generators:
I/3 AFWPs or
I/2 MWPs or
I/2 SAFWPS
and
I/8 steam dump valves or
I/2 ARVs or
I/10 S/G SVs
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Table 3.1.1-9
ilfATRIXOF PROXlilfATEINITIATINGEVENT EFFECTS

I RXTRIP
OOGRLOSP
OOSWLOSP
OMFWLOSS
OFWEXCES
OOLOSSSW
OCCWLOSS
OOIALOSS
ODCBATI'A
ODCBATH3
OMFWLBAI
OMFWLBBI
OMFWLBAO
OMFWLBBO
OPRSLBOA
OPRSLBOB
OOPRSLBO
OOMFWLB0
OPRSLBSD
PRSLBSVA
PRSLBSVB

IOSSBLOCA
LIOOSBLOCA

IOOMBLOCA
IOOLBLOCA
1000SGTRA

LIOOOSGTRB
ISLOCAs

Reactivity ontro

X

X

X

X

X

m
m
m

SI

Inventory ontro

PV V

Heat Rent ova

MF AF

Legend

manual trip ot t e reactor assume
n automauc reactor trip resu ts

condition for automauc safety
njection actuation results

c enge to e P RVs results

c a enge to the R RVs results
a ossof se coomg( erma barrier

nd injection) results
loss of main feedwater results (i.e., not

merely isolation)
tai ure of a l auxi iary feedwater

esults
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Table 3.1.1-10
USAGE OF TOP LOGIC IN THE EVENT TREES

Event Transient SSLOCA SLOCA

Event Tree

MLOCA LLOCA SGTR ADVS

B1

D

FC

12

13L

13S

X

X

L1

LT

P1

P3SS

P3TR

PF

PL

PR1

PR2

PR3

PR4

Q1

Q2

X
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Table 3.1.1-10
USAGE OF TOP LOGIC IN THE EVENT TREES

Event Tree

Event Transient SSLOCA SL0 CA MLOCA LLOCA SGTR ADVS

SC

UA

UCS

X

XCS

XH

X
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Table 3.1.1-11
SYSTEM-LEVELTOP EVENTS

Ga/e

AC040 No Power on Bus I IA

Description System Top Logic

LI, i%IF, TNOTQI

AC140 No Power on Bus 118

AF100 No Flow To Either S/G From Any AFW Train

AF400 Turbine-Driven AFW Pump Train Fails To Provide Flow to S/Gs

AF493 Air-Operated Valve 4297 Fails To Close To Isolate S/G A PDAFW Pump)

AF497 Air-Operated Valve 4298 Fails To Close To Isolate S/G 8 PDAFW Pump)

AF500 Motor-Driven AFW Pump Train A Fails To Provide Flow To S/Gs

AF586 Failure To Qose MOV 4007 To Isolate S/G A When Required

AF600 Motor-Driven AFW Pump Train 8 Fails To Provide Flow To S/Gs

AF686 Failure To Close MOV 4008 To Isolate S/G 8 When Required

AF800 Less Than Full AFW Bow To Either S/G

AF900 Failure Of Standby Auxiliary Feedwater To Both Steam Generators

CC010 CCW Not.Available To RCP A Pump Seal

CC020 CCW Not Available To RCP 8 Pump Seal

CR400 Failure to Provide Bow From Containment Sprays During Recirculation

CS300 Failure to Provide Flow From Containment Spray During Injection

CT312 Failure of Main Stcam Safety Valves to Reclose

CT313 Failure of TDAFW Steam Admission Line from S/G A

CI315 Failure of MSIV 3517 to Close

CH26 Failure of Miscellaneous Manual Valves for Penetration 401 to Qose

CT330 Failure of Containment Penetration 206b (S/G A Blowdown Sample Line)

Cr335 Failure of Containment Penetration 32l (S/G A Blowdown Line)

CT342 Failure of Main Stcam Safety Valves to Reclose

CT343 Failure of TDAFW Steam Admission Line From S/G 8

Cr345 Failure of MSIV 3516 to Close

CT356 Failure of Miscellaneous Manual Valves for Penetration 402 to Close

AFW

AFW

AFW

CCW

CCW

CIS

CIS

CIS

CIS

CIS

CIS

CIS

CIS

CIS

CIS

Ll, MF, TNOTQI

PF

12

12

PF

12

PF

12

LI

Ql

XCS

UCS
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Gare

DC303

DC505

HV800

IA000

MS511

MS551

RC100

RC 150

Table 3.1.1-11
SYSTEM-LEVELTOP EVENTS

Description

Failure of Containment Penetration 207b (S/G 8 Blowdown Sample Line)

Failure of Containment Penetration 322 (S/G 8 Blowdown Line)

No Boron Injection From CVCS

Loss Of Seal Injection Or Return To RCP A

Loss Of Seal Injection Or Return To RCP 8

No DC Power To Bus I IA (Normal) and Bus 128 (Emergency) (Circuit E25)

No DC Power To Bus I IB (Normal) and Bus 12A (Emergency) (Circuit EI04)

Failure of Containment HVACSystem (Fow of Four Fail)

No Air to 2" Instrument Air llead~r by Both Dryers

ARV Failure For S/G A

ARV Failure For S/G 8

Failure Of Pressurizer Spray (Manual Actuation)

Failure Of Pressurizer Spray (Automatic Actuauon)

System

CIS

CIS

AC

AC

HVAC

IA

TGP

TGP

PPC

Top Logic

LT

Ql

TNOTQI

TNOTQI

Ll, MF

D. P3SS.
P3TRI ~ P3TR2

D. P3SS.

P3TR I. P3TR2

Q2

RC250

Both Pressurizer PORVS Fail To Automatically Open On Demand

Either Pressurizer PORV Fails to Automatically Open On Demand

Either Pressurizer PORV Fails To Open When Manually Demanded

PPC PRI, PR2. PR3. PR4

PR2, PR3. PR4

D, Pl. P2

RC600

RH200

SI100

SI500

SW200

PORV Block Valve 515 Fails To Oose On Demand

PORV Block Valve 516 Fails To Close On Demand

Failure To Provide Any Flow From RHR In Injecuon Phase

Failure Of RHR Sump Recirculation

Failure To Deliver Bow From I Of 3 Sl Pumps To The RCS During Injection

Inadequate Flow From Both Accumulators g SI03A and TS 1038)

Failwc To Deliver Bow From I Of 3 Sl Pumps To The RCS During Recirculation

Loss of SW Flow to IA Compressors CIA02A. CIA02C and Relay Room AC Units

PPC

RHR

RHR

SI

Sl

SI

SW

Q2

UL

XL

UHI~ UH2

XH

LI. MF
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Table 3.1.1-12
APPEARANCE OF HUMANFAILURES EVENTS

Evens

AFHFD04297

Location
Screening

Probability

1.00e.01

Description

Operators fail to close air operated valve
4297 to isolate S/G A

Event 12

¹res

AFHFD04298

AFHFDIATRP

AFHFDIBTRP

AFHFDAFWAB

1.00e.OI

1.00e+00

AFW 1.00e+00

Operators fail to close air operated valve
4298 to isolate S/G B

Operators fail to reopen MOV 4M7 after
Pump IA trips

Operators fall to reopen MOV 4M8 after
Pump IB trips

Operators fail to open cross-tie valves
between AlWmotor. driven trains

Event 12

Event Bl

Event Bl

Event Bl

1.00e.OI Operators fail to close 4M7 to isolate
S/G A

Event 12

AFHFDC4008

AFHFDPCD04

AFHFDSAFWX

AFHFDSWX03

AFW

1.00e.01

1.00e+00

1.00e-04

1.00e+00

Operators fail to close 4M8 to isolate
S/G B

Operators fail to provide water to the
CSTs from the Hotwell

Operators fail to start SAFW Pump IC
and ID

Operators fail to perform suction transfer
from CST to SW

Event 12

Event Bl

Event Bl,

Event Bl

AFHFDXSAFW

CCHFDSTART

CSHFDRECIR

CrHFDISOLA

CrHFDISOLB

CVHFDBORAT

HVHFDRELRM

CCW

CS.
top loy'c

CIS.
top loyc

CIS,
top loy'c

top logic

HVAC

1.00e+00

I 00e-OI

l.00e Ol

I.OOe Ol

I.OOc+00

Operators fail to open cross.tie valves
between SAFW trains and/or isolate

Operator fails to start a CCW pump
following an event with both a LOOP
and Sl

Operators fail to switch to containment
spray recirculation mode

Operators fail to isolate S/G A after
failure of tubes

Operators fail to isolate S/G B after
failure of tubes

Operators fail to implement emergency
boration

Operator fails to start HVAC in Relay
Room following a LOOP

Event LI

no event.speciTic connotation

Event XCS

Event I I

Event I I

Event LT

no «vent. specific connotation
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Table 3.1.1-12
APPEARANCE OF HUiMIANFAILURES EVENTS

Event. Location
Screening

Probability Description /Votes

HVHFD CTMT HVAC 1.00e+00 Operator fails to re.stan containment
cooling

Event FC

IAHFDCNTBK IA, SW 1.00e.OI

MFHFDMFIOO top logic 1.00e.01

RCHFDOORCP top loy'c 1.00e-Ol

RCHFDOI BAF top logic 1.00e.01

RCHFDCDOSS top logic 1.00e-01

Operators fail to restore IA to the
containment (AOV 5392, SW to IA
compressors)

Operator fails to reestablish main
feedwater flow

Operators fail to trip RCPs alter loss of
CCW support

Operators fail to implement bleed and

feed

Operator fails to cooldown to RHR after
SI fails —SSLOCA

no event-specific connotation

Event Ll

Event Ql

Events UHI and P2

Event P3SS

RCHFDCDDPR top logic 1.00e.01

RCHFDCDTRI top logic 1.00e.01

RCHFDCDTR2 top logic 1.00e-01

Operators fails to cooMown and

depressurizc RCS during SGTR given SI
operation

Failure to cooldown to RHR after
ruptured S/G isolation fails

Operator fails to cooldown to RHR after
SI fails - SGTR

Event D

Event P3TRI

Event P3TR2

RCHFDP LOCA top logic 1.00e.01 Operators fail to close PORV block valve
(515/516) to tertninate LOCA

Event Q2

RCHFDSCRAM top logic I.OOc Ol Operators fail to trip rod drive MG sets

during A'PVS
Event KE

RHHFDOSGTR top logic 1.00e+00 Failure to establish and maintain RHR
cooling following SGTR

Event SC; includes an estimate of RHR
system reliability in addition to human
elrof

RPHFDOOMRI top logic 2.10e Ol

RRHFDRCROA top logic 1.00e.01

RRHFDRCROM top loy'c 1.00e.01

RRHFDRCROS top loyc 1.00c Ol

RRHFDRCRSS top loy'c 1.00e Ol

Operators fail to manually insert rods

Failure to Switch to Recirculation After
LLOCA

Failure to Switch to Recirculation After
MLOCA

Failure to Switch to Recirculation After
S LOCA

Failure to Switch to Recirculation After
SS LOCA

Event RI

Event XL; replacement for event
RRIIFDRECRC in LLOCA sequences

Event XL; replacement for event
RRHFDRECRC in MLOCA. PORV
LOCA (T/Q2), and bleed and feed
sequences (transients, SSLOCAs)

Event XH; replaceinent for event
RRHFDRECRC in SLOCA sequence

Event XH; replace for event
RRHFDRECRC in SSLOCA and RCP
seal LOCA g/Ql) sequences

S WHFDSWOI A I,OOc.01 Operators fail to stan PSWOIA after no
auto start or failure of other pump

no event specific connotauon
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Table 3.1.1 ~ 12

APPEARAlilCE OF HIIANFAILURES EVENTS

Event

SWHFDSWOII1

SWHFDSWOIC

Locate'on

SW

SW

Screening
Probabtliry

1,00e.01

1.00e-01

Dtscriptio

Operators fail to start PSWOlB after no
auto start or failure of other pump

Operators fail to start PSWOIC after no
auto start of failure of other pump

lVotes

no event. specific connotation

no event.speafic connotation

SWHFDSWOID SW 1.00e.01 Operators fail to start PSWOID after no
auto start or failure of other pump

no event. specific connotation
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Figure3.1.2-1
A Seal LOCA is a SSLOCA
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Figure 3.1.2-2
Bubble Chart of System
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Figure 3.1.2-3
Transient Event Tree
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Figure 3.1.2-4
Small-Small LOCA Event Tree
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Figure 3.1.2-5
Small LOCA Event Tree
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Figure 3.1.2-6
Medium LOCA Event Tree
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Figure 3.1.2-7
Large LOCA Event Tree
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Figure 3.1.2-8
Steam Generator Tube Rupture Event Tree
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Figure 3.1.2-9
Anticipated Transients Without SCRAM (ATWS) Event Tree
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3.1.3 Special Event Tree - Interfacing Systems Loss of Coolant Accidents

Introduction

This section discusses the assessment of the core damage potential from interfacing systems
LOCAs (ISLOCAs) for the R.E. Ginna Nuclear Power Plant. The assessment of ISLOCAs has
changed over the years as PRA techniques have improved and analysts have increased their
understanding of the scenarios involved. The following provides a brief overview of the
techniques which have been used previously and provides the basis for method to be used in the
Ginna PRA Project.

The first nuclear power plant PRA, WASH-1400 [Ref. 3.1.3-1], identified as its fifth PWR
sequence type, a LOCA that resulted in a loss of Reactor Coolant System (RCS) inventory
outside the Containment Building, referred to as sequence V. This event eventually became
known as an ISLOCA. To be considered as a potential ISLOCA sequence, a system must
penetrate containment and connect with the RCS so as to provide a high/low pressure interface
that could overpressurize and challenge plant safety systems. Steam Generator Tube Ruptures
(SGTRs) can be included within this type of LOCA, but historically have been distinguished as
a separate LOCA initiator for various reasons (initiators LIOOOSGTRA and LIOOOSGTRB for the
Ginna PRA). A breach of two or more of the three-stage seals of the reactor coolant pumps
(RCPs) is also included within this type of LOCA, but is separately assessed as well since it
typically includes the loss of systems such as component cooling water and CVCS that can be
better evaluated within the overall logic model.

The main concern of WASH-1400 was with respect to the pressure boundary interface between
the RCS and the Residual Heat Removal (RHR) system, an interface consisting of check valves.
The failure of two or more check valves not only could initiate an ISLOCA, but could fail the
entire RHR system due to the surge of high pressure water into a system that is designed for
much lower pressures. This would assure core damage (whether early or late) based entirely on
the initiator alone. The WASH-1400 estimate for the ISLOCA frequency was 6x10'/yr, which
was acknowledged to be approximately an order of magnitude high ifappropriately consideration
was taken for testing the status of the valve.

Several years later, the Oconee PRA [Ref. 3.1.3-2] more explicitly detailed a frequency analysis
of the initiator types related to ISLOCAs. This analysis recognized the possibility of several
different types of valve failure scenarios: rupture-rupture, leak-leak, and rupture-leak. The
analysis also recognized the possibility that the LOCA may remain within containment since a
portion of piping for many low pressure systems begins inside containment. These considerations
made the assessment of ISLOCAs much more difficult to quantify.
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More recent NRC studies (NUREG/CR-4550 for Surry and Sequoyah) assumed that the WASH-
1400 frequency of ISLOCA applied (which it obviously did for Surry) and used a value of
1.00E—06/yr for the initiator and thus core damage frequency with minimal additional study
[Refs. 3.1.3-3 and 3.1.3-4]. In addition, several industry reports have been released documenting
various methods of performing detailed ISLOCA evaluations, including the evaluation of the type
of valve and piping failures caused by overpressurization [Refs. 3.1.3-5 - 3.1.3-9]. The approach
to be used for the Ginna PRA is a compilation of these methods, designed to identify all potential
ISLOCA scenarios but only perform detailed evaluations, of the most likely sequences.

3.1.3.2 Methodology

The RCS at Ginna "communicates" with other water systems, many of which are designed to a
lower pressure than the approximately 2250 psi normal operating pressure of the primary system.
Ultimately, some of these systems'ater must be taken outside containment where pumps or
other equipment of the system are housed. Any system leaving containment is normally provided
with at least two isolation boundaries or valves which are designed to close and isolate
containment following an accident (i.e., for non-emergency lines). These isolation valves also
typically serve to provide a barrier between the RCS and low pressure interfacing systems where
applicable. As discussed above, any breach of a RCS interface that results in water exiting the
RCS and containment is called an interfacing systems LOCA.

Since piping that interfaces with the RCS varies in diameter from less than an inch to 10 or more
inches, it is impossible to categorize a priori an ISLOCA as a small, medium or large LOCA.

'nothercharacteristic of ISLOCAs is that, because of the surge of high pressure water into a
system that is typically designed for much lower pressures, the low pressure interfacing system
is failed. Hence, the potential likelihood of an ISLOCA must also be accompanied by an
assessment of the consequence of the event.

's

such, the assessment of the ISLOCA impact on core damage risk for Ginna consisted of the
following tasks:

l. Identifying the systems that interface with the RCS and exit the containment through a

mechanical penetration. This effectively deter mined the penetrations that contain high/low
pressure interfaces.

2. Identifying the scenarios for each identified penetration, i.e., the equipment and the types
of failures that could lead to an ISLOCA, and identifying the consequences.
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Screening each scenario and if it is greater than the 1.00E-06/yr truncation limit used in
the NUREG/CR-4550 studies, recover the scenario, where appropriate, and quantify it in
detail.

3.1.3.3 Identification of Water Systems Interfaces With the RCS

Figure 3.1.3-1 (developed from [Ref. 3.1.3-10]) shows the major connections to the RCS that also
leave the containment (a break inside containment is assessed as a LOCA within the plant
model). The bases for including or excluding each line shown on Figure 3.1.3-1 is discussed
below

3.1.3.3.1 Penetrations 111 and 140

These two penetrations contain the Residual Heat Removal (RHR) piping used for: (1) low
pressure safety injection, (2) the suction line from RCS Hot Leg A, and (3) the injection lines
for RHR during shutdown or non-emergency conditions. Since the RHR piping lines are not
designed for full RCS pressure and temperature conditions, these two penetrations were included
in the ISLOCA assessment.

3.1.3.3.2 Penetrations 101 and 113

These two penetrations contain the high pressure Safety Injection (SI) lines to both RCS cold and
hot legs. The SI system for Ginna is not normally operating and has a design pressure of only
1750 psig [Ref. 3.1.3-11, Table 6.3-3] which is lower than the normal RCS operating pressure
of 2250 psig. Therefore, these two penetrations were included in the ISLOCA assessment. In
addition, there is a SI pump test line that is common to both penetrations. This test line exits
containment through penetration 110b and was also included.

3.1.3.3.3 Penetrations 100 and 102

These two penetrations contain the Chemical and Volume Control System (CVCS) lines
associated with normal and alternate charging [Ref. 3.1.3-12]. Both of these lines are designed
for full RCS system pressure and temperature with normal charging being used during power
operation. In order for a pipe break outside containment to result in an ISLOCA, multiple valves
would have to fail to close that are installed for such circumstances. Since the CVCS piping is
designed for these conditions, penetrations 100 and 102 were excluded from further consideration
as a possible ISLOCA location. It is noted that the CVCS fault tree model includes a pipe break
in these lines with respect to causing a system failure [Ref. 3.1.3-13]. Section 9.3.4.4.5.1 of Ref.
3.1.3-11 provides additional information with respect to a break of the CVCS piping related to
these penetrations.
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3.1.3.3.4 Penetration 112

This penetration contains the CVCS piping associated with letdown [Ref. 3.1.3-14]. The letdown
line contains orifices which reduce primary system pressure prior to exiting containment;
consequently, the piping leaving containment is not rated for full RCS pressure and temperature.
Since there are three air-operated containment isolation valves (200A, 200B, and 202)
downstream of the orifices, any failure of an orifice must include a failure of the associated valve
to close in order for an ISLOCA to occur. As such, this penetration could potentially be ignored
from an ISLOCA standpoint,due to the low frequency of an orifice failure. 'However, the
penetration piping is connected to the lines associated with penetration 111 which is being
addressed with respect to ISLOCAs. Therefore, this penetration was included in the ISLOCA
evaluation.

3.1.3.3.5 Penetrations 205, 206a, and 207a

These three penetrations contain the RCS Hot Leg sample lines, and the pressurizer liquid and
steam sample lines [Ref. 3.1.3-15]. These systems are operated on an intermittent basis and can
be used during full power, shutdown, or post-accident conditions. Consequently, the lines are
designed for full RCS system pressure and temperature [Ref. 3.1.3-11, Table 9.3-2]. There are
also two air-operated valves in the line for all three penetrations which close on a containment
isolation signal (CIS), the loss of air, or power. There is also a throttled valve outside
containment to reduce the sampling system pressure for each line. In addition, the line exiting
containment for penetration 205 is only 3/8 inch and has a "delay coil" which provides at least
a 60 second transient period for fluid leaving containment [Ref. 3.1.3-11, Section 9.3.2.1.2.2].
Therefore, based on the system design, these penetrations were not included in the ISLOCA
assessment.
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3.1.3.3.6 Reactor Coolant Drain Tank Pentrations

There is only one line which directly connects the RCS to the Reactor Coolant Drain Tank
(RCDT) [Ref. 3.1.3-16]. The remaining lines connected to the RCDT are associated with
leakoffs from the RCPs and the Reactor Vessel 0-rings and are not considered as credible LOCA
paths. The 2 inch line in question contains two normally closed manual valves whose failure
would create a leak path from the RCS to the RCDT inside containment. However, the tank has
a 1 inch relief valve with a setpoint of 25 psig and a capacity of 30 gpm [Ref. 3.1.3-17] that
leads to Containment Sump A. This would provide immediate indication of a leak and would
produce an initial, though limited, release path from the tank. It is noted that there are also
several other lines from the tank that exit containment. However, each of these lines has two
containment isolation valves which will close on a CIS. Therefore, at least 4 valves must fail
before a release path outside of containment is created. Consequently, the lines associated with
the RCDT were not considered for the ISLOCA assessment.

3.1.3.3.7 Excess Letdown Heat Exchanger Penetrations

Excess letdown is used to balance the flow between the normal letdown and charging portions
of CVCS, and for additional letdown when necessary. The cooling water supply for the excess
letdown heat exchanger is provided by component cooling water which is not designed for RCS
temperature and pressure and which penetrates containment through penetrations 124a and 124c.
Consequently, the heat exchanger is the high/low pressure interface and a break in the heat
exchanger tubes could produce an ISLOCA. Therefore, penetrations 124a and 124c were.
included in the ISLOCA assessment.

3.1.3.3.8 Reactor Coolant Pump Penetrations

The reactor coolant pumps have a three-stage seal assembly that utilizes CVCS as the source for
seal injection and return [Ref. 3.1.3-12]. The failure of the seal assembly is considered in the
plant model [Ref. 3.1.3-18] and is not evaluated further in this analysis. However, component
cooling water (CCW) is used for the RCP thermal barrier cooling coil and provides a high/low
pressure interface that penetrates containment. Therefore, a break in the cooling coil was
considered as a possible ISLOCA location and penetrations 125, 126, 127, and 128 were
included. It is noted that these penetrations are not typically included in an ISLOCA evaluation.
However, NRC Information Notice 89-54, "Potential Overpressurization of the CCW System",
required extensive assessment of these penetrations and consequently, they were included in the
analysis.
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3.1.3.3.9 Comparison to UFSAR Listing Of Containment Isolation Valves

The Ginna UFSAR contains a list of all mechanical penetrations for containment [Ref. 3.1.3-11,
Table 6.2-15]. A review of this table was performed to identify all penetrations that included
lines which interfaced with the RCS to ensure that all potential ISLOCA locations were
identified.

3.1.3.4 Identification of ISLOCA Scenarios and Their Consequences

An assessment of each of the penetrations identified in Table 3.1.3-1 as requiring evaluation with
respect to their ISLOCA potential is provided below. This assessment essentially consisted of
determining what combination of equipment failures could result in an ISLOCA and the
consequences of these failures. Initially, it was conservatively assumed that the introduction of
primary system fluid into low pressure piping outside of containment would result in an ISLOCA.
This assumption greatly streamlines the'evaluation of the ISLOCA scenarios and is only
addressed further if the frequency of the event is too high, i.e., greater than 1.00E-06/yr.
However, it is noted that Refs. 3.1.3-5 and 3.1.3-6 both show that most low pressure piping can
withstand RCS pressures and temperatures for short periods of time before leaking or rupturing,
depending on the type of component in the line and ISLOCA sequence. Ginna Station P&IDs
and [Ref. 3.1.3-19] were relied on extensively to determine the potential break locations outside
of containment while [Ref. 3.1.3-18] was used to evaluate the consequences. The assignment of
failure probabilities and frequencies for the identified scenarios is provided in Section 3.1.3.5.

3.1.3.4.1 Penetration 101

Figure 3.1.3-2 shows a simplified diagram of the equipment and layout related to containment
penetration 101 [Ref. 3.1.3-20]. This penetration contains a 4 inch line from the SI pumps that
splits into two separate injection lines: one 2 inch line to Hot Leg A and one 10 inch line
(containing accumulator TSI03B) to Cold Leg A. Consequently, there are two potential paths
for initiating the ISLOCA for this penetration. The first path from Hot Leg A requires the failure
of two check valves (877B and 878H) and a locked closed motor-operated valve (MOV 878C).
The second path from Cold Leg A requires the failure of two check valves (867B and 878J).

The SI lines associated with this penetration are seamless or welded stainless steel piping as
described in Table 3.1.3-2. As shown on this table, the SI system piping downstream of the
pumps is designed and tested for high pressure service and based on [Ref. 3.1.3-6] would most
likely withstand the introduction of primary system fluid except for potentially the flanges
associated with the pumps. However, it is conservatively assumed for the purposes of this
analysis that the piping does fail. There are essentially two general break locations for this
penetration as described below:
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(a) A break in the SI piping located between check valves 889B and 870B, and containment.
This location would fail SI Pumps B and C (assuming that Pump A has not failed to start
which causes 870B to close, and that the majority of water from Pump C goes out the
break since it is of lower pressure). However, it should be noted that this section of
piping is very short since check valves 889B and 870B are containment isolation valves
and are located close to the containment wall (only 105 feet of piping [Ref. 3.1.3-21]).
Therefore, a pipe break in this specific location is unlikely.

(b) A break in the SI piping located between SI Pump B and check valve 889B or a break
between SI Pump C and check valves 870A and 870B. However, these break locations
would only fail one pump unless a check valve were also assumed to fail (i.e., either
889B or 870B). Since these two check valves see different system operating conditions
than the check valves located in the Cold and Hot Leg injection lines, a common cause
failure of 889B or 870B with the check valves initiating the ISLOCA was not considered
credible. In addition, 889B and 870A are verified to close during quarterly testing of the
pumps [Ref. 3.1.3-22]. Consequently, since an independent check valve failure would
have to be included, the failure of both pumps given a pipe break in either location was
not considered further. It should be noted that this same reasoning is used for not
considering the potential for three SI pumps failing in scenario (a) described above.

Since scenario (b) requires the failure of an additional check valve than (a) and only one SI pump
is affected (versus two), this scenario was also not considered any further. Section 3.1.3.5.1
provides the screening assessment of scenario (a).

3.1.3.4.2 Penetration 110b

Figure 3.1.3-3 shows a simplified diagram of the equipment and layout related to containment
penetration 110b. This penetration contains the SI pump test line to the Reactor Water Storage
Tank (RWST) and is directly related to penetrations 101 and 113 (Figures 3.1.3-2 and 3.1.3-5,
respectively). The isolation valves located between the test line and the RCS and whose failure
initiates the ISLOCA are discussed in Sections 3.1.3.4.1 and 3.1.3.4.4.

Table 3.1.3-3 provides information related to the test line design parameters. Tables 3.1.3-2 and
3.1.3-5 provide additional information.

As can be seen from Table 3.1.3-3, the SI test line piping is designed for high pressure service
and based on [Ref. 3.1.3-6j would most likely withstand the introduction of primary system fiuid.
except for the branch line to the RWST containing manual valve 882 (the line downstream of
884 was not considered further since there are already three normally closed manual valves to
this point). Since a break in the branch line requires the additional failure of manual valve 882,
this branch line was ignored and only the following potential ISLOCA scenario was considered:
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(a) A break in the SI test line between manual valve 879 and containment. This break
location can be assumed to fail at least two SI pumps since it is essentially equivalent to
the break described in Section 3.1.3.4.2, scenario (a). The loss of the third SI pump
would require the failure of an additional check valve (872A or 872B); however, since
these check valves encounter different system operating conditions than the check valves
located in the Cold and Hot Leg injection lines, a common cause failure of the check
valve was not considered credible. Consequently, an independent check valve failure
would have to be included in addition to the failure of valves isolating the RCS in order
to fail all three SI pumps. Since check valves 872A and 872B are verified to close during
quarterly testing of the pumps [Ref. 3.1.3-24], the independent failure rate was assumed
to be very low and only the scenario of two pumps failing was considered.

It should be noted that the section of piping considered for the pipe break is short since manual
valve 879 is a containment isolation valve and is located close to the containment wall.
Therefore, a pipe break in this specific location is unlikely. Section 3.1.3.5.2 provides the
screening assessment of scenario (a).

3.1.3.4.3 Penetrations 111 and 112

Figure 3.1.3-4 shows a simplified diagram of the equipment and layout related to containment
penetration 111 [Ref. 3.1.3-23] and 112 [Ref. 3.1.3-14]. Penetration 111 contains the RHR
injection lines to the reactor vessel (through MOVs 852A and 852B) and Cold Leg B (through
MOVs 720 and 721) while penetration 112 contains letdown piping associated with CVCS. As
can be seen from the figure, there are three potential paths for initiating an ISLOCA: one through
check valve 853A and normally closed MOV 852A, a second through check valve 853B and
normally closed MOV 852B, and the third through normally closed MOVs 720 and 721.

The RHR and CVCS lines are seamless or weldless stainless steel piping as described in Table
3.1.3-4.

As can be seen from Table 3.1.3-4, the introduction of primary system fluid into the RHR system
and CVCS would most likely result in an ISLOCA due to the design rating of the low pressure
piping. This is also supported by Appendix F of [Ref. 3.1.3-9] which indicates that the RHR
system will rupture given the loss of RCS integrity with a probability of 0.98. It is noted that
there is a relief valve located inside containment for this penetration (203) which relieves to the
Pressurizer Relief Tank with a setpoint of 600 psig and a capacity of 70,000 lb/hr (approximately
185 gpm) [Ref. 3.1.3-11. Section 5.4.5.3.1.2]. However, this capacity would not be sufficient to
relieve a significant loss of RCS integrity through the RHR injection lines. Therefore, the impact
of this relief valve was not considered further. There are essentially two general break locations
for these penetrations as described below:
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(a) A pipe break in the basement floor area of the Auxiliary Building. Any break in this
location (except between check valve 697B and the RHR HX Room) would prevent the
entire RHR system from injecting into the reactor vessel. In addition, a review of the
floor drains for the basement level indicates that they eventually drain to the Auxiliary
Building sump located in the RHR Pump Pit [Ref. 3.1.3-11, Section 11.2.2.5]. There are
two sump pumps located in the pit; however, these pumps are only rated for 50 gpm each
[Ref. 3.1.3-11, Section 5.4.5.3.5] and would not provide much relief for a large break.
Consequently, it is assumed that any ISLOCA in the basement area would result in the
loss of both RHR pumps due to flooding. Since a pipe break in the RHR Heat Exchanger
Room or the RHR Pump Pit requires the failure of at least one check valve in addition
to the ISLOCA initiator valves, these break locations were not considered further.

(b) A pipe break in the CVCS letdown line associated with penetration 112 outside of
containment. A break in this location initiallyhas two sources of RCS fluid; one through
the RHR injection lines (ISLOCA initiator) and the second through the normal CVCS
letdown line. However, normal letdown is automatically isolated upon a CIS which will

, occur quickly due to the drop in RCS pressure resulting from the pipe break. There is
also an air-operated containment isolation valve (371) located next to the containment
wall (2 feet [Ref. 3.1.3-24]). This AOV may not initially be able to close against the
high line pressure, but once the RCS pressure drops sufficiently, the spring in the valve
willforce it shut and thus isolate the ISLOCA. There is also a second air-operated valve
just downstream of AOV 371 which can be used if necessary. Consequently, RHR can
begin injection into the reactor vessel (relief valve 203 should close once the system
pressure drops to 600 psig). The only potential concern is the availability of sufficient
NPSH for the RHR pumps once the recirculation phase begins due to the lost inventory
outside of containment. However, operators are aware of this concern and should be able
to take necessary recovery actions (e.g., stopping one RHR pump). Therefore, this
ISLOCA sequence is not evaluated further since it will be automatically isolated.

It should be noted that there is significant piping inside containment (325 feet [Ref. 3.1.3-25 and
3.1.3-26]) which also has the potential of breaking. In addition, Appendix F of [Ref. 3.1.3-9]
shows that the dominating rupture point associated with the RHR piping is at the heat exchangers
which are protected by check valves 697A and 697B. Therefore, it is conservative to assume that
the piping will rupture between containment and these two check valves (135 feet ot piping [Ref.
3.1.3-27]). Section 5.4.5.3.2 of Ref. 3.1.3-11 provides additional details with respect to
overpressurization events during non-full power conditions. Section 3.1.3.5.2 provides the
screening assessment of scenario (a).
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3.1.3.4.4 Penetration 113

Figure 3.1.3-5 shows a simplified diagram of the equipment and layout related to containment
penetration 113. Note that this penetration is completely analogous to that of penetration 101.
That is, this penetration contains a 4 inch line from the SI pumps that splits into two separate
injection lines: one 2 inch line to Hot Leg B and one 10 inch line (containing accumulator
TSI03A) to Cold Leg B. Consequently, there are two potential paths for initiating the ISLOCA.
The first path from Hot Leg B requires the failure of two check valves (877A and 878F) and a
locked closed motor-operated valve (MOV 878A). The second path from Cold Leg B requires
the failure of two check valves (867A and 878G).

The SI lines are seamless or welded stainless steel piping as described in Table 3.1.3-5.

Since Table 3.1.3-5 confirms that penetrations 101 and 113 are completely analogous, the same
pipe break location will be considered for both penetrations, i.e., a break in the SI piping located
between check valves 889A and 870A, and containment. Section 3.1.3.5.3 provides the screening
assessment of this scenario. It is noted that this section of piping is of short length (100 feet
[Ref. 3.1.3-28]) since check valves 889A and 870A are containment isolation valves and located
close to containment by design.

3.1.3.4.5 Penetrations 124a and 124c

Figure 3.1.3-6 shows a simplified drawing of the equipment and layout related to containment
penetrations 124a and 124c [Ref. 3.1.3-29]. These penetrations contain the CCW supply and
return lines, respectively, for the excess letdown heat exchanger. Based on conversations with
Ginna Operations [Ref. 3.1.3-30], this system is normally isolated at both the component cooling
water and RCS lines and is in operation less than 2% of the time. However, a heat exchanger
tube failure has the potential to create an ISLOCA that would also fail the entire CCW system.
Based on the significance of this ISLOCA scenario, it was evaluated in more detail.

The RHR lines are seamless or welded carbon steel piping as described in Table 3.1.3-6.

As can be seen from Table 3.1.3-6, any introduction of RCS fluid into the component cooling
water line would most likely cause a pipe break. However, this ISLOCA scenario was not
investigated any further due to the following considerations:

(a) the excess letdown system is only used less than 2% of the time during power operation,

(b) the failure of AOV 310 (transfers open) in conjunction with a heat exchanger tube rupture
is considered very improbable during the remaining 98% of the time,
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(c) there is sufficient indication available to the operators to identify a break in the excess
letdown heat exchanger (including pressure and temperature indications on the RCS return
lines from the heat exchanger, and CCW radiation and surge tank level alarms),

(d) AOV 310 can be used to quickly isolate the break following identification of the rupture,

(e) there is a alarm procedure which provides instructions to operators on actions to be taken
if there are indications of a pipe break with a CCW/RCS interface [Ref. 3.1.3-31],

(f) CCW check valve 743 or AOV 745 would have to rupture to provide a leak path outside
of containment (AOV745 is located only 1 foot from the penetration [Ref. 3.1.3-32]), and

(g) the normal flow rate through the CCW heat exchanger is only 5,000 lb/hr or 10 gpm [Ref.
3.1.3-11, Table 9.3-7] while relief valve 744 is designed to relieve 20 gpm [Ref. 3.1.3-
17].

It is noted that air-operated valve 123 is the limiting factor for RCS flow through the excess
letdown heat exchanger and thus, RCS flowrate could be expected to increase if a tube rupture
were to occur. However, the RCS supply line is small (3/4 inch) and only one heat exchanger
tube is expected to rupture. Therefore, based on the above factors, these two penetrations were
removed from further consideration.

3.1.3.4.6 Penetrations 125 and 128

Figure 3.1.3-7 shows a simplified drawing of the equipment and layout related to containment
penetrations 125 and 128 [Ref. 3.1.3-32]. These penetrations contain the CCW return and supply
lines, respectively, for the RCP B thermal cooler and are normally in operation. A failure of the
coils carrying RCS fluid within the thermal cooler could potentially result in an ISLOCA within
the CCW system. As noted above, an ISLOCA would also fail the entire CCW system.

Table 3.1.3-6 shows that CCW piping can be expected to rupture ifRCS fluid is introduced into
the system due to the low pressure and temperature design (the piping for the RCPs is only
slightly larger than the excess letdown lines listed in the table). As shown on Figure 3.1.3-7,
there are two potential break locations as discussed below:

(a) A break in the CCW piping outside of containment for penetration 128. This break
location would quickly result in the loss of all CCW; however, it requires the failure of
check valve 750B and motor-operated valve 749B (located less than 6 inches from the
penetration [Ref. 3.1.3-33]) which automatically closes oh a CIS. The probability of two
valves failing to close in addition to a thermal barrier cooling coil rupture is considered
very low. Therefore, this break location was not considered further.
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(b) A break in the CCW piping outside of containment for penetration 125. This break
location'would require a failure of air-operated valve 754B and motor-operated valve 749
(automatically isolates on a CIS) to close. Since AOV 754B fails open on loss of power
or instrument air, the ability of the valve to successfully close is questionable. An
engineering analysis was performed on this break location in response to NRC IEN 89-54.
This analysis showed that the maximum leakage rate into the CCW system using industry
accepted critical crack propagation techniques is only 32 gpm [Ref. 3.1.3-34].
Consequently, ifboth 754B and 759A failed to close, the CCW system would not become
overpressurized, and in fact, operators would have over 30 minutes to respond to the
event before the CCW surge tank overfilled and began to relieve RCS fluid to the waste
holdup tank. Therefore, this break location was also not considered further.

Based on the above discussion, neither penetration 125 or 128 requires consideration as a
potential ISLOCA location. 4

3.1.3.4.7 Penetration 126 and 127

Figure 3.1.3-8 shows a simplified drawing of the equipment and layout related to containment
penetrations 126 and 127 [Ref. 3.1.3-32]. As can be seen, these penetrations are completely
analogous to penetrations 125 and 128 in that they contain the CCW supply and return lines,
respectively, for the RCP A thermal cooler. These lines are normally in operation and a failure
of the coils carrying RCS fluid within the thermal cooler could potentially result in an ISLOCA
within the CCW system. However, since these penetrations are exactly similar to penetrations
125 and 128, no further consideration of ISLOCAs is made for the reasons discussed in Section
3.1.3.4.6.

3.1.3.4.8 Penetration 140

Figure 3.1.3-9 shows a simplified diagram of the equipment and layout related to containment
penetration 140 [Ref. 3.1.3-25]. This penetration contains the RHR pump suction line from Hot
Leg A and is normally only used during shutdown conditions. As can be seen from Figure 3. l.3-
9, the only one potential ISLOCA path is through MOVs 700 and 701.

The RHR lines are seamless or weldless stainless steel piping as described in Table 3.1.3-7.

As can be seen from Table 3.1.3-7, the introduction of primary system fluid into the RHR pump
suction lines would most likely result in an ISLOCA due to the design rating of the low pressure
piping. This is also supported by Appendix F of [Ref. 3.1.3-9] which indicates that the RHR
system will rupture given the loss of RCS integrity with a probability of 0.98. There are two
potential pipe break locations for this penetration as described below:
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(a) A break in the RHR pump suction piping located outside of containment. As discussed
in Section 3.1.3.4.3 scenario (a), it is irrelevant whether the break occurs in the section
of piping in the Auxiliary Building basement or the RHR Pump Pit since the basement
level floor drains all lead to the Pump Pit. Therefore, a significant pipe break in this
section of piping would fail the RHR pumps due to flooding.

(b), A break in the suction line between the RWST and check valve 854. Normally, this pipe
break location would be ignored since it requires the independent failure of a third valve.
However, this break location would most likely fail RHR, SI, and CVCS by draining the
RWST and would therefore, quickly lead to core damage. Based on a review of periodic
test procedures related to RHR, check valve 854 is not specifically tested to ensure that
it correctly backseats. Nonetheless, it can be assumed that if 854 was not backseating
correctly, it would be discovered during shutdown conditions when RHR takes suction
through MOVs 700 and 701. Any leakage associated with 854 would be detected due to
increased radioactivity or level in the RWST. Also, a large hatch at the top of the RWST
is normally maintained open during power operation in order to provide operators with
visual indication of the water level. This large opening could provide some protection
against a tank rupture by allowing excess water to escape. Consequently, since it can be
conservatively assumed that the backseating of check valve 854 is verified once a year,
and there is some doubt whether the RWST would actually rupture, this ISLOCA path
was ignored.

O As discussed above, there is only ISLOCA location to be considered for this penetration. Section
3.1.3.5.4 provides the screening assessment of scenario (a).

3.1.3.5 Screening Evaluation of Ginna ISLOCA Scenarios

All of the ISLOCA scenarios identified in Section 3.1.3.4 involve the failure of at least two
valves as the initiator. Consequently, the calculation of ISLOCA frequencies involves the failure
of multiple valves and the consideration of timing issues. Previous PRAs have utilized several
different analytical models to determine ISLOCA frequencies and differ in the type of failure
modes considered and initial assumptions. Several of the more well-known analytical models
are summarized in Appendix E of IRef. 3.1.3-7] and after review, it was determined that the
techniques presented in [Ref. 3.1.3-5] will be utilized for the Ginna PRA since they provide the
most applicable information.
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Table 3.1.3-8 summarizes the analytical models to be used for determining the ISLOCA initiator
frequencies while Table 3.1.3-9 presents the failure data required by these analytical models. The
ISLOCA frequencies which are calculated are then multiplied by the average number of hours
that the reactor is critical in one year to define the frequency on a reactor year basis similar to
the remainder of the PRA. The data window for the Ginna PRA was from January 1, 1980
through December 31, 1988 or 78,912 hours [Ref. 3.1.3-35]. The number or reactor critical hours
in this same time period was 64,054 hours [Ref. 3.1.3-36] or 81% of the time. Therefore, each
frequency was multiplied by 7,110 hours (0.81 x 8760 hrs/yr).

The application of the data for the five scenarios described in Section 3.1.3.4 is provided below.
The final results are summarized in Section 3.1.3.6.

3.1.3.5.1 Evaluation of Penetration 101

Section 3.1.3.4.1 identifies two potential ISLOCA initiating event scenarios for this penetration.
The first scenario involves the failure of check valves 867B and 878J on the SI injection line to
Cold Leg A. The testing procedures for Ginna were reviewed and it was found that 867B is only
leak tested once every refueling outage or cold shutdown. However, any leakage through this
valve during power operation would be discovered very quickly due to changes in accumulator
TSI03B level, pressure, or boron concentration. Check valve 878J is verified for leakage on a

monthly basis by using the accumulator and opening the test line to the RWST to measure any
flow through the valve [Ref. 3.1.3-37]. Therefore, using equation 1 with T defined as 730 hours
(8760/12), and the data presented in Table 3.1.3-9, we find:

Q) = '/z (6.8E-07/hr) (730 hrs) + (6.8E-07/hr)(2.80E-04)

= 1.69E-10 + 1.90E-10 = 3.59E-10/hr

or, converting this to a reactor year frequency,

Q) = (7110 hrs/yr)(3.59E-10/hr) = 2.55E-06/yr

The second scenario involves the failure of check valves 877B, 878H, and MOV 878C located
'n

the SI injection line to Hot Leg B. This line is normally isolated as a SI path due to PTS
concerns and the check valves and MOV are only leak tested once every 40 months [Ref. 3.1.3-
38]. The position indication of the MOV is also verified each refueling outage and has its
breaker locked open to prevent inadvertent change of its position; however, this was
conservatively ignored. Therefore, using equation 4 with T defined as 28,800 hours (40 months
x 720 hours), and the data presented in Table 3.1.3-9, we find:
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Q) = (6.8E-07/hr) (2.78E-08/hr)(28,800 hrs) + (6.8E-07/hr) (1.07E-04)(28,800 hrs)
+ (6.8E-07/hr) (2.68E-04)(28,800 hrs) + 2(6.8E-07/hr)(2.78E-08/hr)(2.8E-04)(28,800 hrs)-

= 1.07E-11 + 1.42E-12 + 3.57E-12 + 3.05E-13 = 1.60E-11/hr .

or, converting this to a reactor year frequency,

Q) = (7110 hrs/yr)(1.60E-11/hr) = 1.13E-07/yr

The sum of these two scenarios is thus:

P,)io, = 2.55E-06/yr + 1.13E-07/yr = 2.66E-06/yr

This is a higher value than the 1.0E-06/yr truncation limit defined in Section 3.1.3.2 and is
dominated by the failure of check valves 867B and 878J. In addition, it is recognized that an
ISLOCA in the section of piping between check valves 889B and 870B, and containment could
also fail the entire RHR system since floor drains in the Auxiliary Building basement level lead
to the RHR Pump Pit (see Section 3.1.3.4.3). Therefore, an unisolable 3-4 inch LOCA outside
of containment in the SI lines would directly result in core damage since there is only one SI
pump available for injection purposes and no RHR for sump recirculation.

However, there are two very conservative assumptions in this scenario. First is the fact that the
check valve isolating accumulator TSI03B (842B) successfully isolates following the failure of
check valve 867B. There have been several industry observed failures of this check valve due
to the presence of boric acid, and in fact, a failure probability of 0.93 was calculated in Section
A.1.1.2.2 of [Ref. 3.1.3-5] for this check valve to close on demand. The second conservative
assumption is related to the failure of the SI piping located between check valves 889B and
870B, and containment. Based on Refs. 3.1.3-5 - 3.1.3-7, this section of piping should not be
expected to fail when exposed to RCS fluid. In fact, Appendix F of Ref. 3.1.3-5 identifies a
failure probability of 4.46E-04 for smaller rated piping when exposed to RCS pressures and
temperatures. Therefore, a failure probability of 0.1 can conservatively be applied to this
penetration as follows:

Pr)ioi (2 66E-06/yr)(0. 1) = 2.66E-07

This value is considered appropriate and conservative since the potential for human error
inducing the ISLOCA for this penetration is very small.

R. E. Ginna PRA Project
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3.1.3.5.2 Evaluation of Penetration 111

Section 3.1.3.4.3 identifies three potential ISLOCA initiating event scenarios for this penetration.
The first scenario involves the failure of motor-operated valves 721 and 720 on the normal RHR
injection line to Cold Leg B. The testing procedures for Ginna were reviewed and it was found
that these two MOVs are leak tested following each cold shutdown and refueling outage [Ref.
3.1.3-39]. In addition, MOV 721 has an interlock preventing the valve from opening when RCS
pressure is greater than 410 psig [Ref. 3.1.3-11, Section 5.4.5.3.1.2]. MOV 720 does not have
a pressure interlock and relies instead on a key locking device which removes control power to
the valve. Both MOVs also have their breakers locked open and positions verified each shift
[Ref. 3.1.3-40]. Therefore, since MOV 721 cannot be opened at power without first defeating
its associated interlock and MOV 720 has its control power removed, human initiated ISLOCA
events were ignored.

Reference 3.1.3-41 shows that Ginna averaged one cold shutdown a year in addition to the
refueling outage during the data window used for the Ginna PRA. Therefore, using equation 2
with T defined as 4380 hours (8760 hrs/2) and the data provided in Table 3.1.3-9, we find:

Q) = ((6.0E-07/hr)'+ (2.78E-08/hr)'+ (6.0E-07/hr)(2.78E-08/hr)) 4380 hrs
+ '/z ((6.0E-07/hr)(9.78E-08/hr) + (2.78E-08/hr)(9.78E-08/hr)) 4380 hrs

+ 2(6.0E-07/hr)(1.07E-04) + 2(2.78E-08/hr)(1.07E-04)

1.65E-09 + 1.34E-10 + 1.28E-10 + 5.95E-12 = 1.92E-09/hr

or, converting this to a reactor year frequency,

Q,) = (7110 hrs/yr)(1.92E-09/hr) = 1.37E-05/yr

The second and third scenarios involve the two low pressure safety injection lines to the reactor
vessel. These lines include a check valve (853A and 853B) and normally closed MOV (852A
and 852B) in series. Since these lines are used following a LOCA, the MOVs are not interlocked
to RCS pressure and do not have their power removed. The check valves and MOVs are also
leak tested following each cold shutdown and refueling outage [Ref. 3.1.3-46]. Therefore, using
equation 3 with T defined as 4380 hours (8760 hrs/2), and the data provided in Table 3.1.3-9,
we find:

2 Q) = 2 {(2.78E-08/hr + 6.00E-07/hr)(6.8E-07/hr)(4380 hrs)
+ i/2 (6.8E-07/hr)(9.78E-08/hr)(4380 hrs) + (6.8E-07/hr)(1.07E-04) )

= 2 (1.87E-09 + 1.46E-10 + 7.28E-11) = 4.18E-09/hr

or, converting this to a reactor year frequency,
I

Q) = (7110 hrs/yr)(4.18E-09/hr) = 2.97E-05/yr

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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The sum of these two scenarios is thus:

Pr)i ~ J
1.37E-05/yr + 2.97E-05/yr = 4.34E-05/yr

This is significantly higher than the 1.0E-06/yr truncation limitdefined in Section 3.1.3.2 and is
due mainly to the number of potential ISLOCA initiator paths. These scenarios are also very
important since they directly lead to core damage as a result of a 8 inch pipe break (i.e., large
LOCA) with no RHR available. However, it is somewhat conservative to assume that the
ISLOCA will occur in the section of piping between check valves 697A and 697B, and
containment. Appendix F of [Ref. 3.1.3-9] provides a pipe break probability of 4.0E-01 for 8

inch schedule 20 piping. Since Section 3.1.3.4.3 states that there is 3 times as much RHR piping
located inside containment versus that in the identified ISLOCA section, this probability was
reduced by a factor of three, or 1.33E-01. Therefore, the ISLOCA frequency for this penetration
is as follows:

Q)„, = (4.34E-05/yr)(0.133) = 5.79E-06/yr

There does not appear to be any other potential recovery paths for this ISLOCA scenario since
it cannot be isolated.

3.1.3.5.3 Evaluation of Penetration 113

As stated in Section 3.1.3.4.4, this penetration is completely analogous to penetration 101.
Therefore, the same ISLOCA frequency of 2.66E-07/yr is applied (see Section 3.1.3.5.1).

3.1.3.5.4 Evaluation of Penetration 140

Section 3.1.3.4.8 identifies one potential ISLOCA initiating event scenario that is equivalent to
the first scenario described in Section 3.1.3.5.2. That is, there are two normally closed MOVs
with the same interlocks and administrative controls. Therefore, the same ISLOCA frequency
of 1.37E-05/yr can be used. Since there are no check valves protecting the RHR system from
the RCS, the pipe rupture probability of 0.98 as calculated in Appendix F of [Ref. 3.1.3-9I can
be assumed appropriate. However, this probability was dominated by a failure of the RHR heat
exchangers (6.0E-01). As shown on Figure 3.1.3-9, there are two MOVs which are each located
approximately 25 feet from the penetration [Ref. 3.1.3-42]. These MOVs can be expected to
isolate the ISLOCA once operators have identified its location (there are pressure indicators
located between the pumps and the heat exchangers). Table A.3-5 of [Ref. 3.1.3-7] suggests a

human error probability of ().1 to close these valves immediately after the event. Therefore. the
final initiating event frequency for this penetration is as follows:

Q)„0 = (1.37E-05/yr)(0.1) = 1.37E-06/yr

Rochester Gas & Electric Corporation R. E. Ginna PRA Project



This ISLOCA scenario can be further r'ecovered once it is isolated if the RHR pumps have not
been flooded. However, this was not assessed in any detail because of the timing issues involved
(i.e., at what time is the pipe break isolated).

3.1.3.6 Final Results

Table 3.1.3-10 summarizes the results of the ISLOCA assessment for the Ginna PRA. As can
be seen, the dominating contributor to the ISLOCA frequency is with respect to penetrations 111
and 140.
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Penetration

100

101

102

106

108

110a

110b

112

113

120a

124a

124c

125

126

Table 3.1.3-1
Comparison to Ginna UFSAR Table 6.2-15

System Disposition

CV operates at RCS pressure and temperature

SI modeled

CV operates at RCS pressure and temperature

CV operates at RCS pressure and temperature

CV operates at RCS pressure and temperature

CV operates at RCS pressure and temperature

SI 'odeled
RH modeled

CV modeled

SI modeled

SI only connected to top of the accumulators

CC modeled

CC modeled

CC modeled

CC modeled

127

128

140

141

142

205

206a

207a

CC

CC

RH

RH

RH

modeled

modeled

modeled

connected to sump, not RCS

connected to sump, not RCS

operates at RCS pressure and temperature

operates at RCS pressure and temperature

operates at RCS pressure and temperature
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Table 3.1.3-2
Penetration 101 Piping Evaluation

Section of Piping
Type/

Schedule
Size

(in)

Design
Pressure

<e 6SO )t"I

Hydro Test
Pressure
(8 100') Flanges

RCS Cold Leg A to
Accumulator TSI03B

Accumulator TSI03B to 878D

RCS Hot Leg A to 878C

878C/878D to 888B and 870B

870B to PSI01C and PSI01A

888B to PSI01B

PSI01A, PSI01B, PSI01C
suction

316/140 10

316/160 2

316/160 2

316/80 4

316/80 3

316/80 3

304/40S 4

2580

2580

2580

1400

1400

1400

370

1733

1733

1733

1733

1733

1733

263

None

None

None

None

At
pumps

At pump

At
pumps

Rochester Gas & Electric Corporation
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Table 3.1.3-3
Penetration 110b Piping Evaluation

Section of Piping
Type/

Schedule
Size

(in)

Design
Pressure
(8 650')

Hydro Test
Pressure
(8 100') Flanges

872A/872B to 882 and 884

882 to RWST

316/80 0.75

304/10S 0.75

1400

<150

1733

not tested

FI-929

None

Rochester Gas & Electric Corporation
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Table 3.1.3-4
Penetration 111 Piping Evaluation

Section 'of Piping
Type/

Schedule
Size

(in)

Design
Pressure
(8 600')

Hydro Test
Pressure
(e ioo) Flanges

Rx Vessel to 852A and 852B 316/160 6 2580 2250 None

RCS to 720

852A/852B/720 to RHR
Pumps A and B

852A, 852B, and 720 to 135

(CVCS)

316/160 10

304/40S

304/40S 2

2580

600

600

2250

750

750

None

At
pumps

None
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Table 3.1.3-5
Penetration 113 Piping'Evaluation

Section of Piping
Type/

Schedule
Size

(in)

Design
Pressure
(8 650')

Hydro Test
Pressure
(8 100') Flan ges

RCS Cold Leg A to
Accumulator TSI03A

Accumulator TSI03A to 878B

RCS Hot Leg A to 878A

878A/878B to 888A and 870A

870A to PSI01C and PSI01B

888A to PSI01A

PSI01A, PSI01B, PSI01C
suction

316/140 10

316/160 2

316/160 2

316/80 4

316/80

316/80 3

304/40S 4

2580

2580

2580

1400

1400

1400

370

1733

1733

1733

1733

1733

263

None

None

None

None

At
pumps

At pump

At
pumps
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Table 3.1.3-6
Penetrations 124a and 124c Piping Evaluation

Section of Piping

CCW Piping (Associated with
HX)

Type/
Schedule

A106/40

Size

(in)

Design
Pressure
(I 500')

150

Hydro Test
Pressure
(8 700')

165

Flan ges

At
pumps

Rochester Gas & Electric Corporation
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Table 3.1.3-7
Penetration 140 Piping Evaluation

Section of Piping

RCS to 701

701 to 854 and RHR Pumps A
and B

854 to RWST

Type/
Schedule

316/160

304/40S

304/40S

Size

(in)

10

10

10

Design
Pressure
(8 600')

2580

600

150

Hydro Test
Pressure
(8 100')

2459

188

35

Flanges

None

At
pumps

None

Rochester Gas & Electric Corporation
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Table 3.1.3-8
ISLOCA Frequency Analytical Models

Configuration Equatiorr
Failure Modes

Included Assumptions

ISLOCA Related
Failure Modes
Not Included Source

Two check valves in
series (with accumulator
located inbetwccn)

Two normally closed
MOVs in series with no
pelTI1anenl pressure
indicator located
inbctween

Q,') = frit.'T + k A,,

T = time interval between leak tests

Q. j=(Qr+X '+X„X„)T+

Yr ( QL, + X„k, j T + ~A„
+ 2X„k,

T = time interval between leak tests

~ Leak or rupture )
150 gpm (X)

~ Probability
ol'ailureto reseat

on demand (A„)

~ Transfers open

(4)
~ ln(ernal leak (+
~ Rupture (X„)
~ Probability of

failing open while
indicating closed

(Xg

~ Failure to hold on
demand = failure to
reseat on demand

~ No credit taken for
leaking accumulator
check valve (i.e., use of
accumulator relief valve
to relieve prcssure)

~ Accumulator parameter
changes will identify
leak failures of first
check valve

~ Valve discs are stroked
and leak tested at staitup
and each cold shutdown

~ MOVs are not equipped
with stem mounted limit
switches

~ Both MOVs have

identical failure freq for
each failure mode

~ Both valves are inside
containment

Leak ( 150

gplll
~ Stuck open

~ Mispositioncd
MOV

[5, Section

4.3]

[Ref. 3.1.3-
5, Section

B.1.2]
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Table 3.1.3-8
ISLOCA Frequency Analytical Models

Conjiguration

A check valve and

normally closed MOV in
series with the check
valve on the high
pressure side and the

MOV on the low
pressure side

Equation

(A. (CV,MV))=(A yet+ A ya)

A,vT+ YQ A„vs+ A

T = lime interval between leak tests

Failure Modes
Included

CV:
~ Leak or mpture )

150 gpm (A,)

MOV:
~ Rupture (Aa)
~ Leak (Ar)
~ Probability of

failing open while
indicating closed

(Ag
~ Transfers open

(AT)

Assumptions

ISLOCA Related
Failure Modes
Hot Included

CV:
Stuck open

~ Failure to hold
on demand

Source

[Ref. 3.13-
5, Section

B. L2)
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Table 3.1.3-8
ISLOCA Frequency Analytical Models

ConJiguration Equation
Fai7ure Modes

Included Assumptions

ISLOCA Related
Failure Modes
Hot Included Source

Two check valves and a

normally closed hiOV in
series. Check valves are

on the high pressure

side.

(V(CV,CV,MV))= ~' vT'

X 'A v(„T + X 9 v(oT+

~~X„~.(,)T

T = time interval between tests

CV:
~ Leak or rupture )

150 gpm (A )
~ Probability of

failure to reseat
on demand ()t„)

MOV:
~ Rupture (X „)
~ Probability of

failing open while
indicating closed

(It/
~ Inadvertently

opened by
operator (Xg

~ Failure to hold on
demand = failure to

. reseat on den>and

CV:
~ Stuck open

MOV:

~ Mispositioned
at start ol
operating cycle

~ Spuriously
opens

[Ref. 3.13-
5, Section

1).2.1]
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Component

Table 3.1.3-9
Data for ISLOCA Events

Failure Mode Value Source

heck Valve leak or rupture > 150 gpm
failure to reseat on demand

6.80E-07/hr
2.80E-04/d

[7, Table A.2-1]
[7, Table A.2-1]

Motor-Operated Valve transfers open
internal leak
rupture
fails open while indicating closed
inadvertently opened by operator

9.78E-08/hr
6.00E-07/hr
2.78E-08/hr
1.07E-04/d
2.68E-04/d

[7, Table A.2-1]
[7, Table A.2-1]
[7, Table A.2-1]
[5, Section A.2.3]
[7, Table A.2-1]

5 = Ref. 3.1.3-5
7 = Ref. 3.1.3-7
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ISLOCA Penetration

Table 3.1.3-10
ISLOCA Frequency Summary

Frequency LOCA Size SI/RHR Status

101

113

140

TOTAL

2.66 x 10'/yr

5.79 x 10'/yr

2.66 x 10'/yr

1.37 x 10'/yr

7.69 x 10-'/yr

4 in diam. all SI is lost

10 in diam. all RHR is lost

4 in diam. all SI is lost

10 in diam. all RHR is lost

Rochester Gas & Electric Corporation
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Figure 3.1.3-1
Water systems connected to the RCS and their related penetrations (denoted as P@C)
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Figure 3.1.3-2
Penetration 101 (Safety Injection)
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Figure 3.1.3-3
Penetration 110b (SI Test Line)
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'Figure 3.1.3-4
Penetration 111 (Residual Heat Removal)
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Figure 3.1.3-5
Penetration 113 (Safety Injection).
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Figure 3.1.3-6
Penetrations 124a and 124c (CCW for Excess Letdown HX)
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Figure 3.1.3-7
Penetrations 125 and 128 (CCW for RCP 1B)
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Figure 3.1.3-8
Penetrations 126 and 127 (CCW for RCP 1A)
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Figure 3.1.3-9
Penetration 140 (Residual Heat Removal)
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3.1.4 Support Systems Event Trees

The Ginna PRA utilizes the small event tree / large, linked fault tree methodology. All
support systems are explicitly modeled via fault tree interfaces. No support system event
trees were required for the Ginna PRA.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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3.1.5 Sequence Grouping and Level 2 Interface

Sequence grouping and other functions of the Level 1 / Level 2 interface were carried out
under the Level 2 task; therefore, discussion of these functions is included in Section 4.3.

Rochester Gas 4 Electric Corporation R. E. Ginna PRA Project
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3.2 Systems Analysis

3.2.1 Systems Descriptions

Auxiliary Feedwater Systems

3.2.1.1.1 Purpose and Design Basis of the Auxiliary Feedwater Systems

The Auxiliary Feedwater (AFW) System, as defined for this analysis, consists of both the
AuxiliaryFeedwater System and the Standby Auxiliary Feedwater (SAFW) System. Top events
supported by the Auxiliary Feedwater System fault tree models include no flow to either steam
generator from any AFW train; turbine driven AFW pump train fails to provide flow to the steam
generators; motor driven AFW pump train A fails to provide flow to the steam generators; motor
driven AFW pump train B fails to provide flow to the steam generators; no AFW flow to either
steam generator; and, failure of standby auxiliary feedwater flow to both steam generators.

The main function of the Auxiliary Feedwater System is to maintain steam generator water
inventory when the Main Feedwater (MFW) System is not available. The AFW system is used
during plant startup, cooldown, shutdown operations, and emergency situations. Below
approximately 4% of reactor power, the MFW pumps cannot be used; consequently, the AFW
pumps provide water to maintain the desired level in the steam generators. In addition, AFW
provides emergency feedwater flow to the steam generators whenever the MFW System is not
supplying sufficient flow.

The purpose of the standby portion of the system is to provide backup feedwater in the event that
the AFW System is inoperable due to a high-energy line break in the Intermediate Building or
other similar common mode failure event. The Standby Auxiliary Feedwater System can be
brought into service by proceduralized operator actions in the control room.

The Auxiliary Feedwater System is considered an engineered safety feature (ESF) since it
protects the core and prevents the release of reactor coolant through pressurizer safety valves by
maintaining a secondary heat sink for residual heat removal. Any one of three AFW pumps. or
one of two SAFW pumps, supplying feedwater to one of two steam generators will sufficiently
cool the Reactor Coolant System to the temperature at which the Residual Heat Removal (RHR)
System can be utilized for heat removal.

Rochester Gas 8c Electric Corporation R. E. Ginna PRA Pmject
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The AFW System is designed to mitigate the consequences of the following design basis
accidents:

1. Loss of main feedwater transient.

a.

b.
C.

Loss of main feedwater with off-site power available.
Loss of main feedwater without off-site power available.
Rupture of feedwater line.

2. Rupture of a main steam line.

3. Loss of all AC power (off-site and on-site).

4. Loss-of-coolant accident (LOCA).

Following a reactor trip, decay heat is dissipated by evaporating water in the steam generators
and venting the generated steam either to the condensers through the steam dump, or to the
atmosphere through the steam generator safety valves or the atmospheric relief valves.
Consequently, steam generator water inventory must be maintained at a level sufficient to ensure
adequate heat transfer and continuation of the decay heat removal process. This water level can
be maintained by the AFW System which is capable of functioning for extended periods,
allowing time to proceed with an orderly cooldown of the plant to the point where the RHR
System can assume the burden of decay heat removal. The AFW System flow and the
emergency water supply capacity are sufficient to remove core decay heat, reactor coolant pump
heat, and sensible heat during the plant cooldown.

The AFW System is capable of supplying water at a pressure equal to or greater than the lowest
main steam safety valve setpoint plus accumulation (1085 psig) within one minute. The system
continues to operate until steam generator pressure falls to the point where the RHR System can
be operated. During periods of MFW System outage (e.g., loss of off-site electrical power for
periods greater than 24 hours), the AFW System will operate continuously to meet long-term
single failure design criterion.

The standby portion of the AFW System was installed to provide an independent system
capability following a high-energy line break or fire in the Intermediate Building which could
render the three AFW pumps inoperable. The SAFW System consists of two motor-driven
pumps located in a plant area separate from the AFW System. It is manually actuated and
aligned so that each SAFW pump supplies one steam generator.

Rochester Gas k, Electric Corporation R. E. Ginna PRA eject
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3.2.1.1.2 Auxiliary Feedwater Systems Description

The main portion of the AFW System consists of two motor driven pumps (PAF01A and
PAF01B) and one turbine-driven pump (PAF03). Normally, each motor driven pump supplies
one steam generator, but the alignment can be altered to allow either motor driven AFW pump
to supply either. or both steam generators. The turbine driven AFW pump is normally aligned
to supply feedwater to both steam generators. Each motor driven pump supplies the steam
generators through normally open, motor operated discharge valves (4007 and 4008) while the
turbine driven pump provides water through normally open, air operated valves (4297 and 4298).
The SAFW System consists of two motor-driven pumps (PSF01A and PSF01B) located in the
SAFW Pump Building separate from the main portion of the AFW System. SAFW is manually
actuated and aligned so that each pump supplies one steam generator.

The two main motor driven AFW pumps (PAF01A and PAF01B) are 480 VAC, 3 phase, 300
hp, 3600 rpm motors, capable of pumping 200 gpm at 1085 psig. Each pump contains an oil
pump which will start when the AFW pump starts. The AFW pumps have splash-lubricated
gears; the motors are of an open, drip-proof design powered from the ESF buses with emergency
diesel backups. The turbine driven auxiliary feedwater pump (PAF03) receives steam from either
or both steam generators and is capable of pumping 400 gpm at 1085 psig. It has both AC and
DC'lube oil pumps (PLO10 and PLO11, respectively) with the AC lube oil pump normally
running. The turbine driven pump will trip on overspeed, low bearing oil pressure of 3 psig, or.
low governor oil pressure of 25 psig sensed at the throttle trip valve. On any turbine trip, both
the governor valve (9519E) and the trip throttle valve (3652) willshut and require reset before
it can be used again.

The normal system lineup is for motor-driven AFW pump PAF01A to supply Steam Generator
A (EMS01A), and for pump PAF01B to supply Steam Generator B (EMS01B). However, the

,. motor driven AFW pumps can be remotely cross-connected to feed either one or both steam
generators. Airoperated discharge valves 4480 and 4481 are provided to allow bypassing of the
motor driven AFW pumps'ischarge motor operated valves 4007 and 4008, respectively, during
periods when low flow is required.

Turbine driven AFW pump PAF03 discharges into a common header; this common header
supplies flow to either one or both steam generators. A manual cross-connection (manual valves
4359 and 4360 and motor operated valves 4000A or 4000B) between motor driven AFW pumps
PAF01A and PAF01B and turbine driven AFW pump PAF03 is provided for an alternate
flowpath. This allows for continuous makeup to the steam generators during extended hot
shutdown conditions.

Rochester Gas & Electric Corporation R. E. Ginna PRA Boject
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All three AFW pumps have recirculation lines back to condensate storage tanks TCD02A and
TCD02B. The air operated recirculation valves for the motor-driven AFW pumps (air operated
valves 4304 and 4310) open automatically on high discharge pressure of 1350 psig. The turbine
driven AFW pump's recirculation valve (AOV 4291) is normally open, but automatically opens
on low flow of 100 gpm.

Water is supplied to the AFW pumps by means of gravity feed from the two 30,000 gallon
capacity condensate storage tanks located in the basement of the Service Building. For reactor
power operation, Technical Specifications require a minimum of 22,500 gallons in at least one
tank, with a single condensate storage tank supplying enough water to remove decay heat for two
hours after a reactor trip from full power. The Service Water System provides a backup water
supply to the AFW system. Feedwater can also be provided per plant procedures through the
yard fire hydrant system, the condenser hotwells, and outside condensate storage tank TCD03.

The SAFW System consists of two motor driven pumps, each capable of supplying 200 gpm at
1085 psig. The pumps are powered from ESF buses for reliable power supply. The pumps do
not have an automatic actuation capability; rather, they may be initiated and operated manually
from the main control board in the control room. In the event that the AFW pumps fail to
function properly after a high energy pipe break or fire in the Intermediate Building, or all means
of feedwater are lost, the operators are alerted to the condition by existing control room
indicators, alarms, and annunciators. The operators are instructed by procedures to manually
disconnect the affected AFW pump from the bus and place the respective SAFW pump into
operation on the associated bus. Flow to the steam generators is controlled by throttling the
associated standby pump discharge valve (motor operated valves 9704A and 9704B).

The normal water supply for SAFW is from the Service Water System through respective loops
which can be cross-connected ifnecessary. However, the Fire Service Water System can be used
if there is a total loss of Service Water by use of a fire hydrant connection located inside the
SAFW Building. The Condensate Test Tank (TCD01) with a 10,000 gallon capacity is provided
to store condensate quality water as a source of supply for periodic testing of the SAFW System.

Simplified flow diagrams for the Auxiliary Feedwater Systems are shown in Figures 3.2.l-l,
3.2.1-2 and 3.2.1-3.

R. E. Ginna PRA Project
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3.2.1.1.3 Auxiliary Feedwater Systems Electrical Depencencies~ ~

As part of the review for NUREG-0737, Item II.E.1.1, an evaluation was performed to determine
if there was an essential dependence of the turbine-driven auxiliary feedwater pump on AC
power. The only AC dependence discovered was the need for service water cooling of the lube
oil for the turbine driven AFW pump. The turbine driven AFW pump has both an AC lube-oil
pump (PLO10) and a DC lube oil pump (PLO11). These pumps direct the oil through a heat
exchanger (EAF01), which depends on the AC-powered Service Water System for cooling. In
the event of a total loss of AC power, lube oil cooling capability for the turbine driven AFW
pump would be lost due to the unavailability of AC power to the service water pumps.

Rochester Gas & Electric conducted a test on August 10, 1979, to demonstrate that the turbine
driven AFW pump could operate for two hours without lube oil cooling water flow. The test was
run for 1 hour and 45 minutes with the final 1 hour and 15 minutes of the test with the pump
at rated speed, but only 50% of required plant flow. The test showed that the pump and turbine
bearing temperatures remained well within allowable limits. RG&E also implemented a

procedure to ensure that the turbine driven AFW pump is periodically checked if all AC power
is lost. Based on the results of the recirculation flow test and the procedure, the Nuclear
Regulatory Commission concluded that the turbine driven Auxiliary Feedwater pump does not
have an essential AC power dependency.

3.2.1.1.4 Auxiliary Feedwater Systems Cooling Water Dependencies~ ~

The motor driven AFW pumps require service water cooling to the pump bearings and lube oil
coolers. The turbine driven AFW pump requires service water cooling for the lube oil cooler
only. The SAFW motor driven pumps do not require any cooling water.

3.2.1.1.5 Auxiliary Feedwater Systems Instrument Air Dependencies

The Auxiliary Feedwater System, as modeled in the Ginna PRA, requires air pressure to close
valves 4297 and 4298. the turbine driven AFW pump flow control valves to steam generators
EMS01A and EMS01B, respectively.

R. E. Ginna PRA Plea
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3.2.1.1.6 Auxiliary Feedwater Systems Actuation and Control Dependencies

The AFW System willautomatically actuate under various conditions to maintain steam generator
inventory. The turbine driven AFW (TDAFW) pump steam admission valves (motor operated
valves 3504A and 3505A) will open to start turbine driven AFW pump PAF03 and open the
pump discharge valve (motor operated valve 3996) on the following signals:

2/3 low-low level (17%) in both steam generators;
Loss of voltage on both 4160V buses (11A and 11B);
ATWAS Mitigation System Actuation Circuitry (AMSAC) actuation; or,
Manual actuation.

Motor driven AFW pumps PAF01A and PAF01B and their associated discharge motor operated
valves (4007 and 4008) are actuated on the following signals:

2/3 low-low level (17%) in either steam generator;
AMSAC actuation;
Manual actuation;
Both MFW pump breakers open; or,
Initiation of Engineered Safety Features Actuation System (ESFAS) train A or B.

The actuation scheme for the AFW motor-driven pumps is shown in Figures 3.2.1-4 and 3.2.1-5.

There is no automatic actuation of the SAFW System. However, a SAFW pump cannot be
started if any of the following conditions are true:

Low level in SAFW Condensate Test Tank TCD01 (when in test configuration);
Valve 9707A or 9707B starts to close (when in test configuration);
Valve 9629A or 9629B starts to close (when in normal configuration);
Auxiliary feedwater pump PAF01A or PAF01B breaker (BUS14/21C and
BUS16/14C respectively) closes (train dependent);
Initiation of ESFAS train A or B (train dependent);
Undervoltage on Bus 14 or 16 (train dependent);

Rochester Gas 8c Electric Corporation R. E. Ginna PRA eject
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3.2.1.1.7 Auxiliary Feedwater Systems Heating, Ventilation and Cooling Dependencies

An analysis performed for RG&E shows that the TDAFW pump area rises to 145'F after four
hours without any ventilation during a station blackout (SBO) event. This temperature rise was
acceptable for SBO purposes; however, it is unknown whether the equipment can survive in this
environment for extended periods of time. Consequently, it was conservatively assumed that
cooling was required for the three AFW pumps (PAF01A, PAF01B and PAF03). The SAFW
Pump Building requires ventilation if the doors to the building are not opened; freezing is a

concern during the winter months.

3.2.1.1.8 Auxiliary Feedwater Systems Controls and Instrumentation

The motor driven (PAF01A and PAF01B) and turbine driven (PAF03) AFW pumps each have
an automatically controlled minimum flow recirculation system sized and periodically tested to
ensure that sufficient minimum flow will be provided under all accident and normal operating
conditions to prevent pump damage from overheating. In addition, motor driven AFW pump
discharge motor operated valves 4007 and 4008 will close upon their respective pump trip.
These valves can then be manually reopened if necessary.

There is a primary and secondary flow instrumentation channel for each AFW pump. The
primary channel indicates flow (FT-2001 and FT-2002) and, for the motor driven pumps, controls
the individual discharge valves (motor operated valves 4007 and 4008). The secondary flow
instrumentation indicates flow only (FT-2013 and FT-2014). The primary and secondary
channels are powered from opposite 120 VAC instrument buses with flow indication provided
on the main control board by a dual-movement vertical scale indicator. In addition, redundant
level indications andlow level alarms in the control room are provided for the condensate storage
tanks (LT-2022A and LT-2022B). This allows the operators to anticipate the need to make up
water or transfer to an alternate supply and prevent low pump suction pressure..

The following is a description of the AFW bypass switches used for air operated valves 4480 and
4481:

NORM The motor driven AFW pumps will start and the bypass valves will close
on the following signals:

ESFAS signal (train dependent)
2/3 low-low level in either steam generator (closes both valves; starts both
motor driven AFW pumps)
Both MFW pump breakers (BUS11A/07 and BUS11B/25) open

Rochester Gas A Electric Corporation R. E. Ginna PRA Pmject
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0 DEF Defeats start signal to the motor driven AFW pumps when both MFW pump
breakers are open, and allows use of the bypass valves. However, when the main
turbine is latched, the defeat is automatically bypassed no matter what position the
switch is in. If the switch were left in the DEF position concurrent with a turbine
trip, both MFW pump breakers open, and a SI signal present, there is a 30 second
delay from the time of turbine trip to the start signal for AFW pump PAF01A, and
32 seconds for AFW pump PAF01B.

The SAFW pump (PSF01A and PSF01B) start / stop logic is manually controlled from the
control room or from a local station near the pumps in the Standby AFW Building. A switch
for transfer of control from local to the control room (43/SAFWP1C and 43/SAFWP1D) is
provided at the local control station. Control room indication provides the status of this transfer
switch. If the local mode switch is in test, the SAFW pumps will trip on 2 feet low level in
SAFW Condensate Test Tank TCD01, or if the manual suction valve (9707A or 9707B) to test
tank TCD01 is not open. A SAFW pump (PSF01A or PSF01B) cannot be started if the
corresponding motor driven auxiliary feedwater pump (PAF01A or PAFO IB) is connected to the
bus or if its associated suction valve (9629A or 9629B) is closed. The discharge valves (9701A
and 9701B), when in the automatic mode, will open when their associated auxiliary feedwater
pump is started and will then throttle back to less than 230 gpm. The discharge valve will close
when the SAFW pump is stopped. The pump recirculation valves (9710A and 9710B) are
controlled by flow controllers (FT-4084 and FT-4085 respectively) set to open when the
associated pump breaker is closed and flow is less than 80 gpm. Recirculation is back to SAFW
Condensate Test Tank TCDO I.

Alarms, controls, and indications for AFW are on the Main Control Board center right section.
Major AFW system control room indications are listed below:

AFW motor driven pump flow to each steam generator (two channels each);
AFW motor driven pump discharge pressure;
AFW turbine driven pump discharge flow (two channels);
AFW turbine driven pump flow to each steam gerierator (two channels each);
SAFW motor driven pump flow (one channel each);
SAFW motor driven pump discharge pressure;
Narrow-range steam generator level (three channels each);
Wide-range steam generator level (one channel each);
Main and standby auxiliary feedwater pump status indication;
Main and standby auxiliary feedwater valve position indication; and,
Condensate storage tank levels (two channels per tank).
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3.2.1.1.9 Location of Major Auxiliary Feedwater Systems Components

Motor driven auxiliary feedwater pumps PAF01A, PAF01B, turbine driven auxiliary feedwater
pump PAF03, their support equipment and major valves are located in the basement (elevation
253) of the Intermediate Building North (clean) side. Condensate storage tanks TCD02A and
TCD02B are in the basement (elevation 253) of the Service Building, in the Water Treatment
Room. Standby auxiliary feedwater pumps PSF01A, PSF01B, their support equipment and
condensate test tank TCDOI are located in the Standby Auxiliary Feedwater Building (elevation
271).

3.2.1.110 Normal Auxiliary Feedwater Systems Operation

Prior to reactor power reaching 27o to 4% during plant startup when the MFW pumps cannot be
used, AFW provides water to maintain the desired level in the steam generators. This is
normally done using the following method: One motor-driven AFW pump (PAF01A or PAF01B)
is started; the pump discharge valves (4007 and 4008) are closed; and, the bypass valves (4480
and 4481) are throttled to maintain the desired steam generator levels. An additional AFW pump
is then added ifnecessary. However, at or above an RCS temperature of 350'F, motor operated
valves 4007 and 4008 must be opened as required by Technical Specifications.

After the reactor is above 2% to 4% power, the AFW System is lined up to respond to any
potential loss of MFW flow to the steam generators. The motor driven AFW pumps are lined up
to supply their respective steam generators while the turbine driven AFW pump discharges to a

common header and then divides to provide flow to both steam generators. All valves in the
main system flowpaths, except for the TDAFW steam admission valves (3505A and 3505B). are
open when the reactor is at power.

The AFW System also supplies feedwater to maintain steam generator level during cooldown
operations. At approximately 2% to 4% reactor power, the MFW pumps will be turned off and
normally both motor driven AFW pumps will be used to supply feedwater to the steam
generators. The AFW motor driven pump crosstie valves (4000A and 4000B), discharge valves
(4007 and 4008), and the bypass valves (4480 and 4481) are aligned as needed to maintain the
desired steam generator levels.

The AFW System is also used to supply feedwater to the steam generators during shutdown
operations. This is normally accomplished by using one motor driven AFW pump (PAFOlA or
PAF01B) and opening the AFW motor driven pump crosstie valves (4000A or 4000B) to provide
flow to both steam generators.
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The SAFW System does not perform any functions during normal plant operation; however, the
SAFW pumps are aligned to provide flow to their respective steam generators with all valves in
the flowpath open except for the service water supply valves (9629A and 9629B).

3.2.1.1.11 Auxiliary Feedwater Systems Performance During Accident Conditions

The AFW System provides emergency feedwater flow to the steam generators whenever the
MFW System is not supplying sufficient flow. The motor driven auxiliary feedwater pumps will
start if the level in one steam generator decreases to a low-low level of 17% due to shrinking of
steam generator water inventory during a rapid power reduction, or a loss of MFW. In addition,
both bypass valves (4480 and 4481) will close and both discharge valves (4007 and 4008) will
throttle back to maintain a flow of less than 230 gpm (200 gpm minimum) to each steam
generator. The two motor driven AFW pumps (PAF01A and PAF01B) will also start and feed
the steam generators with the discharge valves (4007 and 4008) throttled between 200 to 230
gpm and the bypass valves closed upon an ESFAS signal (either train) or ifboth MFW pump
breakers open.

The turbine driven auxiliary feedwater pump (PAF03) willautomatically start ifthe level in both
steam generators decreases to a low-low level of 17%. The pump willalso start immediately on
loss of power (undervoltage) to both 4160 VAC service buses (Bus 11A and Bus 11B). Since
the condensate storage tanks (TCD02A and TCD02B) can only provide a limited amount of water
for AFW, additional condensate sources are required in the long term if the MFW and
Condensate Systems are not recovered. The most desired source of water is from the condenser
hotwell since the treated water it contains will not chemically contaminate the steam generators.

The SAFW system is started manually and only activated by the operators if all other forms of
feedwater are lost to the steam generators. IfSAFW is required, the system is aligned such that
each pump supplies one steam generator.

3.2.1.1.12 Auxiliary Feedwater Systems Test And Maintenance

The AFW and SAFW Systems are normally in standby during reactor power operation, ready to
supply emergency feedwater flow to the steam generators. Since AFW and SAFW are not
normally operating, they are periodically tested to ensure that the system will function as

designed. In addition, preventative maintenance is performed on the system components to
provide additional assurance of their reliability.
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Traditionally, many of the instrument calibrations performed on the AFW and SAFW Systems
resulted in declaring a train inoperable. Consequently, the unavailability of system trains was
relatively high since there were a large number of calibration-related events. However, it was
more recently determined that the calibration of the AFW flow transmitters did not result in the
trains being unavailable. In addition, other calibrations are not considered to render the
component inoperable since an auxiliary operator is stationed in the area during the test capable
of performing the necessary actions to recover the system. Therefore, no unavailability due to
instrument calibration was modeled.

Auxiliaryoperators perform walkdowns approximately every four hours in accordance with plant
procedures. Included with these walkdowns are verification of the AFW pump valve lineups, a
check of the pump casing temperatures, and confirmation that the TDAFW pump governor
(9519E) and trip throttle valve (3652) are properly latched. For SAFW, auxiliary operators check
the status of the pump's local / remote switch (43/SAFWP1C and 43/SAFWP1D) and SAFW
room cooling units (AFA01A and AFA01B).

3.2.1.1.13 Auxiliary Feedwater Systems Operating Experience

The following is a listing of Licensee Event Reports (LERs) which were generated against the
AFW and SAFW Systems between January 1, 1980 and May 22, 1990 [Ref. 18.1.13]. These
LERs were reviewed to ensure that the failure modes which have been historically observed for
the AFW and SAFW Systems are adequately addressed in the fault tree model.

83-001 On January 4, 1983, during the performance of S-30.5, Standby Auxiliary
Feedwater Pump Valve and Breaker Position Verification, service water suction
valve 9626A to SAFW pump PSFOIA was found in the closed position. The last
verification of the valve in the open position was made on December 22, 1982 by
a Shift Technical Advisor. A detailed investigation into the event could find no
reason for the mispositioned valve; however, it was attributed to either human
error or tampering. This event is addressed in the fault tree by failure to restore
equipment to service after maintenance or testing.

83-014 On March 29, 1983, technicians found that the output from steam generator level
transmitters LT-461, LT-462, LT-463, LT-471, and LT-473, was low by 2 to 2.5%
of span, which is approximately two inches of water. This event was attributed
to instrument drift and the transmitters were recalibrated. This specific event is
not addressed by the fault tree model since the level transmitters failing low is
success for initiating AFW. That is, if the level transmitters were reading two
inches of water too low, then AFW would be initiated earlier.
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87-006 On November 30, 1987 while investigating a problem with the SAFW room
cooling unit AFA01B control room indicating light, the associated breaker
(MCCL/02M) was found in the off position. The last verification of the breaker
in the on position was made on November 18, 1987. No root cause for the
mispositioned breaker could be found; however, locks were subsequently placed
on the SAFW room cooling units'reakers. This event is addressed in the fault
tree by failure to restore equipment to service after maintenance or testing.

3.2.1.1.14 Plant Specific Data Analysis for the Auxiliay Feedwater Systems

Maintenance and Testing Activities. There were numerous out-of-service events related to the
AFW and SAFW Systems [Ref. 18.1.14]. This can be attributed to Technical Specifications
which allow single trains of either system to be removed from service for extended periods. of
time. Consequently, an AFW or SAFW train was frequently removed from service for testing
or instrument calibration purposes. However, testing and preventative maintenance related
unavailabilities are typically not included in the model; only the failure to restore equipment
following testing and maintenance is included as a result of the LERs discussed in Section
3.2.1.1.13. In addition, a large portion of the calculated out-of-service time for AFW was
attributed to seismic and fire modifications. These events were not included since they are not
expected to reflect future performance of the AFW or SAFW Systems.

Common Cause Failures. On October 26, 1988, check valves 4003 and 4004 for the TDAFW
pump discharge lines were found to be leaking by [Ref. 18.1.15]. This resulted in air entering
the discharge lines, causing the TDAFW pump flow transmitters to read erratically. Since the
flow transmitters do not provide any automatic function with respect to the TDAFW pump, this
failure was not modeled.
There were no common cause failures related to the SAFW System.

Component Reliabilities. There were several events associated with component reliability for the
AFW and SAFW Systems. These are briefly described below.

In December 1983, workers applying insulation accidently stepped on the TDAFW pump trip
throttle valve (3652) and closed it. This event is addressed in the fault tree by failure of the
pump to start. In addition, on January 2, 1985, a faulty pressure switch for the TDAFW pump
caused arcing and high voltage spikes in the DC electrical distribution system resulting in
numerous control room alarms. The event reoccurred in June 1985. The pressure switch was
replaced and the failures stopped. This event is not addressed by the fault tree model since this
is an electrical distribution concern, not an AFW System concern.
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On June 14, 1985, SAFW pump PSF01B failed to trip from both the Main Control Board and
locally. The pump breaker BUS16/17C was then manually tripped to secure the pump. This
event is also not addressed in the fault tree model since the failure is related to the electrical
distribution system. That is, if an AFW and SAFW pump were to be operated simultaneously,
it is only a concern for degraded voltage on the bus, not a failure of the pumps.
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3.2.1.2

3.2.1.2.1

Component Cooling Water System

Purpose and Design Basis of the Component Cooling Water System

The Component Cooling Water (CCW) System is a support system that supports the Residual
Heat Removal (RHR), Safety Injection (SI) and Containment Spray (CS) Systems in their
performance of front line safety functions. Additionally, the CCW System is required to cool
the reactor coolant pump (RCP) thermal barriers in order to prevent an RCP seal loss of coolant
accident (LOCA).

The CCW System is a closed loop cooling water system designed to remove heat from various
pumps and coolers and the RHR heat exchangers and to transfer it to the Service Water (SW)
System for rejection to the ultimate heat sink. The CCW System consists of two pumps, two
heat exchangers, a surge tank, and distribution piping serving the various heat exchangers.

The CCW System provides necessary cooling to the following standby safety equipment that are
necessary to mitigate and/or prevent accidents and are modeled in the Ginna PRA:

SI Pumps PSI01A, PSI01B, and PSI01C;
CS Pumps PSI02A and PSI02B;
RHR Heat Exchangers EAC02A and EAC02B; and,
RHR Pumps PAC01A and PAC01B.

Additionally, during normal plant operation the CCW System operates to provide cooling to
reactor coolant pump (RCP) motor bearing heat exchangers ECH08A and ECH08B and thermal
barriers on RCPs PRC01A and PRC01B; excess letdown heat exchanger ECH03, non-
regenerative heat exchanger ECH05, RCP seal water heat exchanger ECH04; boric acid recycle
evaporator heat exchangers ECH01, ECH06, and ECH07; sample heat exchangers EAC01 (Failed
Fuel Radiation Monitor Heat Exchanger), EAC04A and EAC04B (Steam Generator Blowdown
Sample Heat Exchangers) EACOSA (Pressurizer Liquid Spray EAC05C (Pressurizer Steam Space
Sample Heat Exchanger); waste evaporator condenser EWD09, waste gas compressnrs heat
exchangers EWD01A and EWD01B; and the reactor support cooling pads.

The CCW System is designed to remove heat from plant components during plant operation.
plant cooldown, and during post accident conditions. The CCW System serves as an intermediate
system between the radioactive fluid systems and the Service Water System. This arrangement
reduces the probability of radioactive tluid leakage to the environment via the Service Water
System. Therefore, the design basis includes the detection of radioactivity entering the system
from any of the cooled components and the ability to isolate any component.
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During normal full-power operation at least one CCW pump and one heat exchanger are in
service to accommodate the normal heat removal lbads. Normally, both pumps and both heat
exchangers are used to remove the residual and sensible heat during plant shutdown. Ifone of
the pumps or one of the heat exchangers is inoperable, safe operation of the plant is not affected;
however, the time to achieve shutdown is extended.

3.2.1.2.2 Component Cooling Water System Description

The CCW System consists of centrifugal pumps PAC02A and PAC02B (and associated isolation
and check valves) arranged in parallel to discharge to a single header. This header then splits
to supply flow to the shell of two parallel CCW to service water (CCW-to-SW) heat exchangers
(EAC01A and EAC01B) and associated isolation valves. Leaving the CCW-to-SW heat
exchangers, the water returns to a single header which supplies water to the above mentioned
equipment, which are arranged in parallel. After cooling the equipment, the CCW enters to a
single header which supplies flow to the suction of the CCW pumps. A surge tank (TACOI),
which is normally vented to atmosphere, is connected to this suction header. A simplified CCW
System layout drawing is shown in Figure 3.2.1-6. A more detailed description of CCW to the
reactor coolant pump seals is shown on Figure 3.2.1-7.

The following describes the key CCW System components:

CCW Pumps PAC02A and PAC02B

Rated flow: 2980 gpm C 165 ft. total head
Capacity: 100%

Type: Horizontal centrifugal

CCW Heat Exchangers EACO1A and EACO1B

Heat transfer: 25.15 x 10'TU/hr.
Type: Shell and straight tube
Design pressure: 150 psig

System temperature control is accomplished by manually throttling service water isolation valves
4619 and 4620. Temperature of CCW supplied to various components should not normally
exceed 100'F. A maximum temperature of 120'F is allowable when the RHR System is in
service for plant cooldown.
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Potassium chromate concentration in the CCW system is maintained between 175 and 240 ppm
to minimize corrosion. Potassium chromate is added to surge tank TAC01 when needed and
introduced to the CCW System by operating with the surge tank recirculation valve (725) open
for 30 minutes.

Surge tank level is monitored and alarmed (high and low) in the control room. Makeup water
is manually provided from either the demineralized water system or the reactor makeup water
system. The CCW makeup systems are capable of coping with normal system leakage in post
accident operation. Additionally, leak off from pump seals is collected in the CCW pump seal
drain tank (TACO2) and can be manually pumped, using CCW pump seal drain tank pump
PACO1, to surge tank TAC01.

The CCW System penetrates the containment at eight locations with four process lines providing
cooling water to (1) the RCP A bearings and thermal barrier coolers, (2) the RCP B bearings and
thermal barrier coolers, (3) the excess letdown heat exchanger, and (4) the reactor support
coolers. However, only the isolation valves to and from the reactor support coolers receive an
automatic containment isolation signal. The two lines for the RCPs have motor operated isolation
valves to and from containment which can be used to isolate these lines ifnecessary. Automatic
isolation of these lines is not provided due to the potential for damaging the RCPs following a

spurious containment isolation signal. The excess letdown heat exchanger line is normally
isolated by air operated valve 745. This valve was scheduled to be upgraded to receive an
automatic containment isolation. signal during the 1992 refueling outage; however, for the
purposes of the PRA model, no containment isolation signal is assumed.

3.2.1.2.3 Component Cooling Water System Electrical Dependencies

The Component Cooling Water System requires electrical power to the following modeled loads:

Reactor coolant pump PRC01A seal injection flow isolation valve 749A (480 VAC Motor
Control Center C and 125 VDC Auxiliary Building Distribution Panel DCPDPAB01A):
Reactor coolant pump PRC01B seal injection flow isolation valve 749B (480 VAC Motor
Control Center D and 125 VDC Auxiliary Building Distribution Panel DCPDPAB01B):
Component cooling water pump PAC02A (480 VAC Bus 14 and 125 VDC Auxiliary
Building Distribution Panel DCPDPABO 1 A)
Component cooling water pump PAC02B (Bus 16 and 125 VDC Auxiliary Building
Distribution Panel DCPDPAB01B); and,
Pressure Switch PS-617 (120 VAC Instrument Bus D [IBPDPCBDY]).
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3.2.1.2.4 Component Cooling Water System Cooling Water Dependencies

Component Cooling Water System heat exchangers EAC01A and EAC01B are cooled by flow
from the Service Water System.

3.2.1.2.5 Component Cooling Water System Instrument Air Dependencies

The Ginna PRA Component Cooling Water System model does not require any support from the
Instrument Air Systems.

3.2.1.2.6 Component Cooling Water System Actuation and Control Dependencies

Component Cooling Water system pumps PAC02A and PAC02B receive signals from Bus 14

and Bus 16 undervoltage auxiliary relays (see Section 3.2.1.6) and the Engineered Safety Features
Actuation System (see Section 3.2.1.7). The running CCW pump(s) will automatically trip on
an undervoltage signal and a concurrent Sl signal from ESFAS.

3.2.1.2.7 Component Cooling Water System Heating, Ventilation and Air Conditioning
Dependencies

None of the Component Cooling Water System components modeled in the Ginna PRA require
any HVAC to operate.

3.2.1.2.8 Component Cooling Water System Controls and Instrumentation

The CCW System is instrumented such that the operators in the control room would expect to
receive several alarms and indications following any problem or upset. The CCW System has
the following control room instrumentation:

A temperature detector (TE-621 feeding TI-621 on the MCB) in the main outlet
line for the CCW-to-SW heat exchangers;

A pressure controller (PIC-617) on the single discharge header between the pumps
and the CCW-to-SW heat exchangers;

~ A temperature indicating alarm (TIA-616) in the combined CCW pumps inlet
header: and.
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Redundant water level instrumentation (level transmitter LT-618, level switch
LAH-618A, and level switch LAL-618B) at CCW surge tank TAC01.

The only automatic isolation signals to the in-containment portions of the CCW System are to
the motor operated valves (813 and 814) to the reactor support coolers.

The CCW pumps are normally manually started and stopped from a local operating station on
the 271 ft. level of the Auxiliary Building. Pump status indication is provided in the control
room. No valve manipulations are necessary. One pump is normally operating, and the second
is normally in automatic standby. A low discharge pressure, sensed by PIC-617, will start the
standby CCW pump via auxiliary relay PIC-617-X in rack M2.

The CCW and SW valves to all heat exchangers except for the RHR heat exchangers and the
standby CCW-to-SW heat exchanger are normally open. The RHR heat exchangers are isolated
with remotely operable motor operated valves 738A and 738B.

3.2.1.2.9 Location of Major Component Cooling Water System Components

Most CCW equipment, is located in the AuxiliaryBuilding. CCW pumps PAC02A and PAC02B,
CCW heat exchangers EAC01A and EAC01B, and CCW surge tank TAC01 are located on the
operating level (elevation 271 ft.) of the AuxiliaryBuilding. RHR pumps PAC01A and PACOI B
are located in the Auxiliary Building sub-basement at an elevation of 219 ft.. RHR heat
exchangers EAC02A and EAC02B are located in the basement of the auxiliary building at an
elevation of 235 ft.. The CCW System also serves equipment in the Intermediate Building. and
four CCW supply and return headers penetrate Containment.

3.2.1.2.10 Normal Component Cooling Water System Operation

One CCW pump and one CCW heat exchanger are normally in operation. The SW and CCW
outlet valves from the standby CCW heat exchanger are closed in accordance with plant
procedures. An example of this configuration is shown in Figure 3.2.1-8. The inlet valves to
the RHR heat exchangers are normally shut during reactor operation, and the inlet and outlet
valves to all other CCW-cooled equipment are normally open.

When the CCW System is placed into service during startup operations, the valve alignment is
checked, and both pumps are started and vented. One CCW pump is then placed in the auto
standby start mode. The CCW pump starting procedure is used to alternate the running and
standby CCW pumps during the monthly performance test. As each CCW heat exchanger is
placed into service, it is vented.

R. E. Ginna PRA eject

3.2.1-18



3.2.1.2.11 Component Cooling Water System Performance During Accident Conditions

No immediate change in status is required from the CCW System during accident conditions.
One CCW pump and its associated CCW heat exchanger are adequate for all accidents. If an
accident progresses to the point at which RHR is to be manually initiated, two motor operated
valves need to be opened to allow flow to the RHR heat exchangers.

On transients in which power is lost, CCW pump feeder breakers (BUS14/23A and BUS16/16B)
remain closed and the operating pump starts as soon as the Emergency Diesel Generator breaker
closes to energize the bus. Loss of Instrument Air does not affect the CCW System since the
only modeled air operated valves in the system, the CCW supply valves to the RCP thermal
barriers (754A and 754B) fail open on loss of air pressure.

On transients in which power is lost and an SI signal is received, the CCW pumps are tripped.
The CCW pumps have to be manually started for the recirculation phase of the accident.

CCW has four sets of containment penetrations since it serves the PRC01A and PRCOI B seals
and bearing coolers, reactor support coolers and excess letdown coolers. The CCW lines inside
containment are not missile protected; thus, following medium and large LOCAs, these CCW
lines could be damaged and require manual isolation.

Plant emergency operating procedures provide the steps necessary to respond to a loss of CCW
while the plant is at power. If CCW to an RCP is interrupted for greater than two minutes or
if a RCP motor bearing temperature exceeds 200'F, then the reactor must be tripped, initiating
a loss of CCW event. Upon loss of CCW, the EOP directs the operator to check the status of
the pumps, then the surge tank, and then to continue looking for valve alignment problems or
significant leakage.

3.2.1.2.12 Component Cooling Water System Test and Maintenance

Technical Specifications state that both CCW pumps and heat exchangers shall be operable
whenever the reactor is in a mode above cold shutdown. However, the allowed outage time for
a CCW pump or a CCW heat exchanger is 24 hours, so maintenance can be performed during
reactor operations. Since CCW is a normally operating system, the only technical specification-
required surveillance for the equipment are those required by Section XI of the ASME Boiler and
Vessel Code.
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A periodic test is performed once per month. At 'this time In-Service Inspection / In-Service
Testing (ISI / IST) data is taken for each CCW pump and the pumps are alternated. Procedures
require verifying that CCW pump discharge pressure is within an acceptable range, cycling RHR
inlet valves 738A and 738B, and verifying that CCW pump discharge check valves 723A and
723B are fully opening when the associated pump is running.

3.2.1.2.13 Component Cooling Water System Operating Experience

One Licensee Event Report (LER) involving the CCW System has been noted:

82-023 October 16, 1982 —In this event, a nipple in the pump discharge vent piping was
broken, taking the B CCW pump out of service. The apparent cause of the
problem was a person stepping on the nipple. This event was apparently an
isolated incident that did not cause system failure, thus has no implications on the
CCW model. Normal plant traffic will not cause damage to the CCW System.

On July 14, 1984, high lake temperatures caused the CCW System to provide extra flow to non-
regenerative heat exchanger ECH05 which resulted in low flow alarms associated with the RCPs.
A second CCW pump was started and SW flow was increased. Since the non-regenerative heat
exchanger is isolated on an SI signal and this high temperature problem has only occurred once
in the plant's life, this combination of conditions is probabilistically unlikely and not included
in the Ginna PRA model.

3.2.1.2.14 Plant Specific Data Analysis for the Component Cooling Water System

No interesting incidents were noted for the Component Cooling Water System in any of the
Ginna PRA plant specific data analyses.
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3.2.1.3

3.2.1.3.1

Containment Isolation System
/

Purpose and Design Basis of the Containment Isolation System

The Containment Isolation System is designed to isolate non-essential process lines that penetrate
the containment in order to maintain the total leakage of radioactivity within design limits in the
event of an accident. In addition, the system ensures that essential process lines and penetrations
remain capable of maintaining containment integrity both during and following the performance
of their safety related activities. The Containment Isolation System utilizes both automatic and
normally closed isolation valves, and the physical design of piping systems (e.g., closed systems)
and penetrations to perform its function.

The Containment Isolation System, as part of the Primary Containment System, is used in
conjunction with the Engineered Safety Features Actuation System (ESFAS) to limit radioactive
material release during a design basis accident within the guidelines of 10 CFR $ 100. This
criteria is met by ensuring that no more than 0.2 percent by weight of air inside the containment
vessel is released in any 24 hour period at the design pressure of 60 psig. The Containment
Isolation System is designed to provide at least two barriers against the leakage of radioactive

'luids to the environment in the event of a loss-of-coolant accident (LOCA). These barriers, in
the'form of gland seals, closed systems, isolation valves, and flanges, are defined for each
process line and penetration depending on its function. The current criteria outlining the isolation
requirements for process lines are contained in 10 CFR )50 Appendix A, General Design Criteria
(GDC) 54, 55, 56, and 57. Since Ginna was designed and built prior to the issuance of these
criterion, the Containment Isolation System was reviewed in detail during the NRC's Systematic
Evaluation Program (SEP) and, more recently, by RG&E and compared against the current
regulations. Consequently, there may be exemptions with respect to the current GDCs or other
standards which are reflected as necessary in the Ginna PRA model.

3.2.1.3.2 Containment Isolation System Description

The Containment Isolation System is designed to provide two barriers between the containment
atmosphere and the environment following a design basis accident. Automatic isolation of
process lines is used as necessary so that no manual operation is required for immediate isolation
of containment. Automatic isolation is initiated by a containment isolation signal (CIS) which
is generated by a safety injection signal or by manual actuation from the control room. The
safety injection signals which initiate containment isolation are as follows:

(1) Pressurizer Inw pressure

(2) Steam line low pressure

(3) Containment high pressure

> 1723 psig
> 514 psig

4 psig
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All valves which receive an automatic CIS close within 60.seconds to limit the release of
radioactive materia. In addition to the containment isolation signal, certain components also
receive a containment ventilation isolation signal which ensures that nonessential ventilation
systems are quickly isolated. Containment ventilation isolation is produced by a safety injection
(SI) signal, manual containment isolation, manual containment spray, or by high containment
radioactivity. Table 3.2.1-1 identifies those components which receive a containment isolation
and/or containment ventilation isolation signal.

There are five classes of active mechanical penetrations at Ginna. All inactive or spare
penetrations have at least one end capped and welded, and as such, are considered an extension
of the containment liner. Consequently, these type of penetrations are not considered in context
of the Ginna PRA Containment Isolation System model. The five types of active mechanical
penetrations at Ginna are briefly described below:

Class 1 - Penetrations in this class contain normally operating outgoing lines connected to the
Reactor Coolant System. GDC 55 requires at least one automatic and one manual isolation valve
in series for these type of penetrations.

Class 2 - Penetrations in this class contain normally operating outgoing lines'which are not
'onnected to the Reactor Coolant System and which are not protected against missiles throughout

their length inside containment. GDC 56 requires at least one automatic or one remotely
operated stop valve for these type of penetrations.

Class 3 - There are two subclasses identified for Class 3 penetrations. Class 3a penetrations
contain incoming lines which are connected to open systems outside containment. GDC 56
requires a check valve and either a remote-operated valve or closed manual valve, or two remote-
operated valves for these type of penetrations. Class 3b penetrations contain incoming lines
which are connected to closed systems outside containment. GDC 55 requires at least one check
valve or two remote-operated valves for these type of penetrations.

Class 4- Penetrations in this class contain normally operating incoming and outgoing lines which
are connected to a closed system inside the containment and are protected against missiles
throughout their length. The definition of a closed system is one in which no system fluid
communicates directly with either primary coolant or containment atmosphere. GDC 57 requires
either a locked closed, remote manual, or automatic isolation valve for these type of penetrations.

Class 5 - Penetrations in this class contain lines which may be opened to the containment
atmosphere, but which are normally closed during reactor operation. GDC 56 which applies to
these type of penetrations. requires either two isolation valves in series, an isolation valve and
open blind flange, or two blind flanges.
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In addition to these five classes are the equipment and personnel hatches which utilize redundant
gland seals. Table 3.2.1-1 provides a listing of all active mechanical penetrations and their
corresponding valves and class type which were initially considered in preparation of the Ginna
PRA Containment Isolation System model.

3.2.1.3.3 Containment Isolation System Electrical Dependencies

Table 3.2.1-1 shows electrical system interfaces for the Containment Isolation System. All air
operated containment isolation valves fail closed on loss of power while all motor operated
valves which are required to close can be supplied power from the diesel generators.

3.2.1.3.4 Containment Isolation System Cooling Water Dependencies

There are no cooling water systems required for operation of the Containment Isolation System.

3.2.1.3.5 Containment Isolation System Instrument Air Dependencies

Table 3.2.1-1 lists the instrument air header by building for each air operated valve in the
Containment Isolation System. All air operated containment isolation valves fail closed on loss
of air. Consequently, failure of the Instrument Air System does not fail the Containment
Isolation System function.

3.2.1.3.6 Containment Isolation System Actuation and Control Dependencies

All containment isolation valves which receive a containment isolation signal (CIS) or
containment ventilation isolation signal are identified on Table 3.2.1-1. These valves all go to
the closed or isolated position following receipt of these signals. Since a CIS is generated for
all types of safety injection (SI) signals, Table 3.2.1-1 also identifies the associated ESFAS train
for these components.

3.2.1.3.7 Containment Isolation System Heating, Ventilation and Cooling Dependencies

There are no HVAC interfaces required for proper Containment Isolation System operation.
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3.2.1.3.8 Containment Isolation System Control and Instrumentation

Automatic initiation of the Containment Isolation System occurs as a result of an Engineered
Safety Features Actuation Signal (ESFAS) which is produced by high containment pressure, low
pressurizer pressure, or low steam line pressure. An actuation signal causes all automatic
isolation valves to close within 60 seconds to quickly isolate nonessential penetrations. The
integrity of all essential penetrations is maintained by their design and either check valves or
remote valves following completion of their mission.

There are two trains of containment isolation signals available. All automatic containment
isolation valves receive a signal from at least one of these two trains depending on the power
source for the valve. In other words, a motor operated containment isolation valve which
receives power from 480 VAC Motor Control Center D will obtain a CIS from Train B.
However, several components receive signals from both trains for additional redundancy. An
automatic CIS is produced from master ESFAS relays SIA-1 (for Train A) or SIB-1 (for Train
B). These master relays actuate Containment Isolation Auxiliary Relays C15X and C25X,
respectively. The auxiliary relays in turn actuate (i.e., deenergize) individual relays associated
with each valve. The individual relays are located in Containment Isolation Relay Racks CI-Al
(powered from 125 VDC Main Control Board Distribution Panel DCPDPCB04A/VP) and CI-A2
(powered from 125 VDC Main Control Board Distribution Panel DCPDPCB04B/UP) which
receive power from Main DC Distribution Panels 1A (DCPDPCB03A) and 1B (DCPDPCB03B),
respectively. These relays then perform one of the following actions. For air operated valves,
deenergizing the relay causes contacts in the control circuit to pick up which deenergizes the
associated solenoid valve and results in the valve closing. Consequently, any loss of power to
the relay causes the valve to close. For motor operated valves, deenergizing the relay causes the
contacts in the control circuit to close, which enables 125 VDC control power to energize the
closing logic for the valve. Any loss of power to the relay will cause the valve to close unless
125 VDC control power for the valve is also lost.

The Containment Isolation System can also be initiated manually from the control room by
depressing one of two buttons on the main control board left panel. Status indication of
automatic containment isolation valves is provided on the main control board upper let't panel.
A dim white status light indicates that the valve is open while a bright white status light indicates
that the valve is closed. An open / closed indication is also provided on the containment
isolation reset panel located to the left of the main control board panels by use of red (open) and
green (closed) lamps.
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Following actuation of the Containment Isolation System, the components which are
automatically isolated can only be recovered individually, not en masse. This design approach
was implemented as a result of the Three Mile Island accident and prevents an inadvertent loss
of containment integrity while performing recovery actions. Consequently, resetting the
containment isolation signal will not result in the automatic reopening of any containment
isolation valve. Individual valves can be reopened following reset of the system for recovery
purposes by the operators.

The containment ventilation isolation signal is produced by a safety injection (SI) signal, manual
actuation of containment isolation, manual actuation of containment spray, or high containment
radioactivity. This signal causes components directly connected to containment atmosphere to
rapidly close (e.g., mini-purge valves) to rapidly close or stop operating (e.g., mini-purge fans)
in order to prevent any radioactive material from escaping containment. These components
typically isolate within 3 seconds.

In addition to a CIS and containment ventilation isolation signal, certain components receive
other types of isolation signals. The main steam isolation valves (MSIVs) and main feedwater
isolation check valves are normally open containment isolation valves; however, these valves do
not receive a CIS. The MSIVs willclose upon receipt of a high-high steam flow coincident with
a safety injection signal, high steam flow and low T,„, coincident with a safety injection signal,
or a high-high containment pressure of 18 psig. The main feedwater isolation check valves close
after main feedwater is isolated.

3.2.1.3.9 Location of Major Containment Isolation System Components

Containment isolation relays are located in racks CIA1 and CIB1, which are located in the Relay
Room of the Control Building at an elevation of 271 ft. Containment isolation valves are located
in the Intermediate Building, the Auxiliary Building, and Containment.

3.2.1.3.10 Normal Containment Isolation System Operation

The Containment Isolation System is a standby safety system and has no normal operating
function. However, certain process lines which are infrequently used or only active during
shutdown periods utilize seals, blind flanges or locked closed valves while at power. As such,
these type of penetrations are always in their fail-safe or isolated position for the purposes of this
work package. All other penetrations are typically open if it is associated with a normally
operating system, or use check valves if it is a standby essential system which interfaces with
the Reactor Coolant System.
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3.2.1.3.11 Containment Isolation System Performance During Accident Conditions

During accident conditions, the Containment Isolation System is automatically actuated by
ESFAS. If a loss of off-site power or bus undervoltage condition occurs coincident with the
accident initiator, all motor operated containment isolation valves are loaded onto the diesels after
the associated buses are energized. In addition, all air operated valves fail to the closed position
following loss of instrument air or 125 VDC control power. The MSIVs and main feedwater
isolation check valves close following receipt of the previously-discussed signals.

Following receipt of an ESFAS signal, operators are instructed to verify that containment
isolation and containment ventilation isolation has occurred and that all valve status lights are
"bright". Ifautomatic isolation has not occurred, operators are procedurally directed to manually
initiate containment isolation. Upon receiving a manual or automatic signal, all automatic
containment isolation valves are designed to close within 60 seconds. Operators are trained to
manually close the containment isolation valve, or a secondary valve, ifcontrol room indication
shows the valve to still be open. These valves can then only change position ifoperators reset
the Containment Isolation System by use of a key switch and intentionally operate the valve.
However, containment isolation would normally be maintained throughout the accident and valves
would only be manipulated for recovery purposes such as re-establishing instrument air to
containment.

3.2.1.3.12 Containment Isolation System Test And Maintenance

The Containment Isolation System is normally in standby during reactor operation. Complete
system tests cannot be performed when the reactor is operating because the tests would require
isolation of normally operating systems. Consequently, annual tests are performed each refueling
outage to ensure that containment isolation valves close upon receipt of a CIS. Containment
isolation valve leak rate testing is also performed annually during refueling outages. The only
scheduled testing at power of containment isolation valves is periodic stroke testing; however.
the only components which were modeled in the Ginna PRA that are stroke tested are motor
operated valve 313 and air operated valves 1003A, 1003B, 1723, 1728, 5735, 5736, 5737, 5738.
7445, 7478, 7970, and 7971. These valves are tested on a quarterly basis.

Since the Containment Isolation System is normally in standby, the primary technique of ensuring
that the system is in its proper configuration is through review of valve position indications in
the control room and system walkdowns. The review of valve position indications is
accomplished when the operators are instructed by procedures to,check certain plant parameters
every eight hours.
There is no regularly scheduled maintenance for the Containment Isolation System during periods
of power operation.
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3.2.1.3.13 Containment Isolation System Operating Experience

The following is a listing of Licensee Event Reports (LERs) which were generated against the
Containment Isolation System between January 1, 1980 and May 22, 1990. These LERs were
reviewed to ensure that all failure modes which have been historically observed are adequately
addressed in the Ginna PRA model.

81-015

81-021

On September 23, 1981 while at 100% power, Health Physics personnel performed
procedure PC-23.2, Conraimnent Atmospheric Sampling and Analysis During
Contaimnent Isolation, as a training exercise. This procedure required that a non-
automatic containment isolation valve in the containment air sample system be
opened to perform a gas sample. Consequently, containment integrity was
breached for approximately 5 minutes in violation of Technical Specification 3.6.
The root cause of the event was attributed to a procedural error since the
procedure did not include an initial plant condition required for the performance
of the sample. This error was subsequently corrected and as such, this event is
not considered in the Containment Isolation model. In addition, as a result of
LER 90-017, all plant procedures were reviewed to ensure that they included the
necessary restrictions on initial plant conditions.

On December 22, 1981 while at 100% power, a periodic test identified that
containment gas radiation monitor return line check valve 1599 was not sealing
tight. Inspection of the valve found that dirt had deposited on the seat. Air was
then blown through the non-maintainable valve to clear it out and the valve was
retested satisfactorily. This event is not included in the model since check valve
1599 was replaced by an air operated valve in 1982. See LERs 82-011, 82-015,
and 82-019.

82-001 On January 7, 1982 while at 100% power, operations discovered that a post
maintenance leak test was not performed on AOV 966B, containment isolation
valve for the pressurizer liquid sample. A generic procedure was used for the
maintenance activity which required leak rate testing ifpossible. However, since
the test procedure required that the plant be at cold shutdown, maintenance
personnel determined that it was not possible to perform the test. Following the
discovery of this discrepancy, the procedure was temporarily changed to allow
performance of the test at power. The failure to perform post maintenance testing
was not modeled since this does not indicate that the valve is inoperable, only that
the maintenance activity may not have resolved the initial problem. If this were
the case. additional failure events would be found in the plant-specific data
analysis task indicating a high component failure rate.
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82-011 On April 23, 1982 during the annual refueling outage, local leak rate testing
identified that containment gas radiation monitor return line check valve 1599 was
not sealing tight. Inspection of the valve found that dirt had deposited on the seat.
The valve was then replaced with a bolted bonnet type check valve that would
enable maintenance to be performed in the future. This event is not included in
the model since check valve 1599 was replaced by an air operated valve in 1982.
See LERs 81-021, 82-015, and 82-019.

82-015 On June 22, 1982 while at 100% power, a periodic test identified that containment
gas radiation monitor return line check valve 1599 was not sealing tight.
Inspection of the valve found that dirt had deposited on the seat. Air was then
blown through the valve to clear it out and the valve was retested satisfactorily.
This event is not included in the model since check valve 1599 was replaced by
an air operated valve in 1982. See LERs 81-021, 82-011, and 82-019.

82-019 On September 1, 1982 while at 100% power, a periodic test identified that
containment gas radiation monitor return line check valve 1599 was leaking
excessively. Inspection of the valve found that graphite from the vanes of the
radiation monitor vacuum pump was depositing on the valve internals. In
addition, wear on the valve was occurring when it was in the open position. After
several unsuccessful attempts to clean the valve, action was taken to replace 1599
with a new air operated valve. Consequently, this event is not included in the
model. See LERs 81-021, 82-011, and 82-015.

82-028 On December 19, 1982 while at 55% power, AOV 846, containment isolation
valve for nitrogen supply to the accumulators, was found to be opening and
closing sluggishly. The valve was disassembled and galling was found on the
stem plug in the cage assembly. The galling was most likely attributed to foreign
material that was introduced during previous piping modifications which had
accumulated in the tight clearance between the stem plug and cage assembly. The
galled surfaces were redressed and the valve seat was replaced. This event is
addressed in the model by failure of 846 to close. See LER 83-022.

83-003 On January 8, 1983 while at 100% power, containment sump "A" isolation AOV
1728, failed to close. The valve diaphragm was replaced and post maintenance
testing was performed satisfactorily. This event is addressed in the model by
failure of 1728 to close.
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83-012 On March 23, 1983 while at 100% power, it was discovered that the leakage rate
associated with the containment personnel hatch was above administrative limits.
Further investigation found that maintenance activities performed on October 7,
1982 included repacking of the shaft area of the hatch. However, the maintenance
procedure incorrectly only required seal leak testing of the door. Allmaintenance
procedures were then reviewed to ensure that the proper post maintenance test was
being performed. The failure to perform post maintenance testing was not
modeled since this does not indicate that the hatch is inoperable, only that the
maintenance activity may not have resolved the initial problem. If this were the
case, additional failure events would be found in the plant-specific data analysis
task indicating a high component failure rate.

83-022 On July 25, 1983 while at 100% power, AOV 846, containment isolation valve
for nitrogen supply to the accumulators, was found seized in the mid position.
The valve was disassembled and galling was found on the stem plug in the cage
assembly. The assembly has a very tight clearance and any scratch on the
surfaces could have caused the galling. A new stem plug and cage assembly was
installed and the valve seat was replaced. In addition, a seismic support located
on the valve operator was modified. This event is addressed in the model by
failure of 846 to close. See LER 82-028.

87-004 On April 24. 1987 while at 100% power, Containment Isolation System Train B
actuated after personnel bumped a relay in the safeguards cabinet while
performing a field walkdown for the electrical drawing upgrade program. All
valves isolated as required and after the cause of the event was discovered,
operations reset the system. Allpersonnel who are required to work in safeguards
cabinets were then instructed on the precautions which must be used. This event
is not included in the Containment Isolation model since this type of personnel
error constitutes success of the system. However, the spurious actuation of
containment isolation is considered by systems which contain automatic
containment isolation valves. In addition, this event demonstrates that spurious
actuation of Containment Isolation Train B will not result in a reactor trip.

87-005 On May 14, 1987 while at 100% power, a manufacturing discrepancy caused
containment particulate radiation monitor R-11 to register high resulting in a

spurious containment ventilation isolation signal. All components that were
required to isolate performed their function. This event is not included in the
Containment Isolation model since this type of actuation constitutes success of the
system. However, the spurious actuation of containment ventilation isolation is
considered by systems which contain automatic containment ventilation isolation
valves or dampers.
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88-007 On August 4, 1988 while at 100% power, an inadvertent containment ventilation
isolation occurred due to containment particulate radiation monitor R-11 de-
energizing. The cause was determined to be a random failure of an internal bridge
rectifier power supply which opened the AC fuse supplying power to the R-11
drawer. All components that were required to isolate performed their function.
This event is not included in the containment isolation model since this type of
actuation constitutes success of the system. However, the spurious actuation of
containment ventilation isolation is considered by systems which contain automatic
containment ventilation isolation valves or dampers.

89-011 On September 20, 1989 while at 99% power, a spurious containment ventilation
isolation occurred. All components that were required to isolate performed their
function and no root cause could be determined. This event is not included in the
containment isolation model since this type of actuation constitutes success of the
system. However, the spurious actuation of containment ventilation isolation is
considered by systems which contain automatic containment ventilation isolation
valves or dampers.

89-013 On October 20, 1989 while at 99% power, a containment ventilation isolation
occurred due to containment gas radiation monitor R-12 reaching its alarm
setpoint. All components that were required to isolate performed their function.
The root cause was determined to be a Health Physics technician drawing a local
containment sample which interrupted flow to the R-12 monitor. Since the
monitor has a pressure compensation input that amplifies the gain to the R-12
RMS monitor, as the pressure in the sensing lines decreased, the gain increased
to cause a higher indication. This event is not included in the containment
isolation model since this type of actuation constitutes success of the system.
However, the spurious actuation of containment ventilation isolation is considered
by systems which contain automatic containment ventilation isolation valves or
dampers. See LER 89-014.

89-014 On October 23, 1989 while at 99% power, a containment ventilation isolation
occurred due to containment gas radiation monitor R-12 reaching its alarm
setpoint. All components that were required to isolate performed their function.
The root cause was determined to be a Health Physics technician drawing a local
containment sample which interrupted flow to the R-12 monitor. Since the
monitor has a pressure compensation input that amplifies the gain to the R-12
RMS monitor, as the pressure in the sensing lines decreased, the gain increased
to cause a higher indication. This event is not included in the containment
isolation model since this type of actuation constitutes success of the system.
However. the spurious actuation of containment ventilation isolation is considered
by systems which contain automatic containment isolation valves or dampers. See
LER 89-()13.
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3.2.1.3.14 Plant-Specific Data Analysis for the Containment Isolation System

A review was performed of the data analysis task work packages to ensure that all significant
events are appropriately addressed by the fault tree models. These events are listed below.

Maintenance and Testing Activities. There were no unusual maintenance or testing activities
observed for the Containment Isolation System.

Common Cause Failures. There were two common cause failure events that were discovered in
the data analysis task. The first event occurred on October 26, 1983 when the fuses for 1787 and
1728 were found to be blown causing the valves to fail close. Since this is the fail-safe (i.e.,
success) position for these valves, this type of event is not addressed by the models. The second
event occurred on June 18, 1985 when steam generator sample valves 5735 and 5736 both failed
to close during an operational check of the steam generator blowdown radiation monitor. The
local auto/open switches for both valves had been left in the open position which prevented 'the

radiation monitor from closing the valve. A trouble card was submitted to provide a sign-off
adjacent to the auto/open switches to leave them in the auto position. This event is not addressed
in the Ginna PRA model since a containment isolation signal would have closed the valve if
necessary.

Component Reliabiliries. There were several events associated with component reliability for
valves in the Ginna PRA Containment Isolation System model. These are briefly described
below.

During testing on May 19, 1983, AOVs 1003A and 1003B both failed to close following receipt
of a containment isolation signal. However, these valves had been opened for the test using the
Waste Disposal Panel control auto/open switch which cause's the containment isolation signal
contact to be bypassed. An operator tag was placed at the Waste Disposal Panel to prevent
future occurrences. This event is addressed in the fault tree model as a latent human error.

On January 18, 1988, only the "A" train of containment ventilation isolation tripped during
performance of P7-17.2. The relay K-850-R-12 contact pair associated with the "B" train failed
to operate. This event is addressed in the Containment Isolation System model by failure to
receive an actuation signal.

On April 10, 1981, smoke was observed in Containment Isolation Relay Rack 1B and was soon
determined to be from the relay associated with Purge Exhaust Fan 1B (ACF01B). The relay
rack eventually tripped causing MOV 313 and AOVs 371 and 5392 to close. A second smoke
related event occurred in the same cabinet on October 20, 1981. For this event, smoke was
observed coming from the relay for AOV 7443 causing AOVs 7443, 7444, 7445, 7970. and 797 I

to close. These events are not included in the containment isolation model since this failure
mode constitutes success of the system. However, the spurious closing of the subject valves is
considered by those systems which require them to remain open.
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3.2.1.4 Containment Spray System

3.2.1.4.1 Purpose and Design Basis of the Containment Spray System

The Containment Spray (CS) System, in conjunction with the Containment Recirculation Fan
Coolers and the Emergency Core Cooling System, is designed to remove heat from containment
during emergency situations, and to thus maintain the containment pressure within structural
design limits. The Containment Spray System is also capable of removing airborne iodine and
particulate fission product inventories from the containment atmosphere following a postulated
accident consequently minimizing fission product leakage to the environment.

The Containment Spray System, in conjunction with the Containment Recirculation Fan Coolers
and the Emergency Core Cooling System, is designed to remove sufficient heat from the
containment atmosphere following 'an accident to maintain the containment pressure below the
60 psig limitestablished by the structural design analysis of the containment. The Containment
Spray System is also capable of reducing the iodine and particulate fission product inventories
in the containment atmosphere, so that the off-site radiation exposure resulting from a Loss of
Coolant Accident (LOCA) is within the guideline values of 10 CFR $ 100. To this end, sodium
hydroxide (NaOH) is added to the borated Containment Spray solution during the injection phase
of Containment Spray operation in order to improve the removal of radionuclides from the
containment atmosphere. The system is designed to provide a spray solution with a pH of 8.3
to 9.1. The high pH of the spray, together with the design flow rate, will insure adequate
particulate removal. The large area to volume ratio of the spray droplets in the containment
atmosphere enhances the absorption of iodine from the air.

3.2.1.4.2 Containment Spray System Description

The Containment Spray System delivers borated water, initially drawn from Refueling Water
Storage Tank (RWST) TSI01 and blended with sodium hydroxide from the spray additive tank.
to the spray nozzles located in the dome of containment. When a low level is reached in the
RWST and continued spray is required, the spray pump suction is fed from the discharge of the
residual heat removal pumps. The system consists of the RWST, two pumps, two liquid jet
eductors, a spray additive tank, two spray headers, spray nozzles, and the necessary piping,
valves, instrumentation and controls.

Automatic initiation of the Containment Spray System occurs when sensors monitoring
containment pressure detect a hi-hi containment pressure of 28 psig. Actuation signals generated
in the Engineered Safety Features Actuation System (ESFAS) start the spray pumps and open the
spray additive valves and the discharge valves to the spray header. The CS System is also
capable of manual initiation and control from the control room.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-32



The Containment Spray System utilizes two 200 hp Ingersoll-Rand horizontal centrifugal pumps
(PSI01A and PSI01B) with a design flow rate of 1200 gpm. The system incorporates a liquid
jet eductor in each train (SSI01 and SSI02) to entrain the NaOH solution and mix it with the
borated water from the RWST. Once the caustic solution leaves the spray pump discharge, it
passes through'motor operated discharge valves, into containment, through two 6" spray headers
and into two spray rings, each with a 1200 gpm capacity. The spray rings have 89 and 90
Spraco Model 1173 nozzles respectively. The nozzles are at varying angle orientations and
relative header positions to insure a minimum of 90% area coverage and uniform heat and fission
product removal.

A simplified flow diagram of the Containment Spray System is shown in Figure 3.2.1-9.

3.2.1.4.3 Containment Spray System Electrical Dependencies

Table 3.2.1-2 shows the electrical system interfaces for the Containment Spray System. Air
operated valves 836A and 836B fail open on loss of electrical power. Loss of power to the
RWST level transmitters (LT-920 and LT-921) causes the level transmitter readout on the main
control board (MCB) to go to zero which will also cause a lo-lo level annunciator alarm. Loss
of power to the transmitter alarms causes a lo-lo annunciator alarm. Only one (LT-931) of the
NaOH additive tank level transmitters transmits a readout to the MCB and annunciators. A loss
of power to the alarm or to the transmitter willcause an annunciator alarm. A loss of power to
the local NaOH level transmitter (LT-932) will cause a local low level readout.

3.2.1.4.4 Containment Spray System Cooling Water Dependencies

The containment spray pump mechanical shaft seals are cooled by water taken from the discharge
of the CS pumps and cooled by the Component Cooling Water System [Ref. 18.3.26]. The
containment spray pumps require a total of 30 gpm (15 gpm per pump) of cooling water from
the Component Cooling System.

3.2.1.4.5 Containment Spray System Instrument Air Dependencies

Spray additive outlet isolation valves 836A and 836B are air operated valves. These valves will
fail open on loss of instrument air.
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3.2.1.4.6 Containment Spray System Actuation and Control Systems Dependencies

The CS pumps will start and the spray additive valves and the discharge valves to the spray
header will open on a signal from the Engineered Safety Features Actuation System when
containment pressure reaches 28 psig. Pump PSI02A starts and 836A, 860A and 860C open on
a signal from the ESFAS A train. Pump PSI02B starts and 836B, 860B and 860D open on a
signal from the ESFAS B safeguards train.

3.2.1.4.7 Containment Spray System Heating, Ventilation and Cooling Dependencies

Service Water System cooling to the CS pump area coolers (AAA03A,AAA03B and AAA03C)
is not required for operation of the CS pumps.

3.2.1.4.8 Containment Spray System Controls and Instrumentation

Automatic initiation of the Containment Spray System occurs when at least two of three
instruments on both sensing networks in the Engineered Safety Features Actuation System detect
a hi-hi containment pressure of 28 psig. Actuation signals generated in the ESFAS start the spray
pumps and open the spray additive valves and the discharge valves to the spray header.

CS System operation can be initiated manually from the main control board (MCB) in the control
room by depressing two buttons simultaneously. CS pumps PSI02A and PSI02B can be
controlled by two pull-stop / stop / auto / start switches located on the main control board. The
motor operated RWST outlet valves to the CS pumps (896A and 896B) have key switches and
close / auto / open switches on the MCB. In order to change the position of these valves, the
key must be inserted and turned and the switch must be turned. The CS pump discharge valves
(860A, 860B, 860C and 860D) have close / auto / open switches on the MCB. The air operated
spray additive valves (836A and 836B) have off / normal and manual / auto switches on the
MCB. The MCB also provides level indications for the RWST and NaOH tank and flow
indication for NaOH. The CS reset button will reset the ESFAS logic and cause the spray
additive discharge valves to return to the position called for by their controllers.

3.2.1.4.9 Location of Major Containment Spray System Components

The Containment Spray System functional components are located in the Auxiliary Building and
in Containment. The centerline of CS pumps PSI02A and PSI02B is 1.5'bove the basement
floor elevation of 235 ft..

The RWST (TSI01) has its base at the Auxiliary Building basement floor (elevation 235 ft.) and
extends through all levels of the Auxiliary Building). The RWST sits on a 6" concrete pad and
has a cylinder height of 8I ft..
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Spray Additive Tank (NaOH Tank) TSI02 is on the basement floor of the Auxiliary Building at
column L, row 10A.

The spray nozzles are located at the top of the containment dome (89 nozzles at an elevation of
361'" and 90 nozzles at an elevation of 372'".

3.2.1.4.10 Normal Containment Spray System Operation

The Containment Spray System is a standby safety system and has no normal operating function.
It is aligned in the standby mode during normal plant operation with the pumps off and in
automatic control. The pump discharge valves (860A, 860B, 860C and 860D) and the sodium
hydroxide additive valves (836A and 836B) are closed and in automatic control. The charcoal
filter dousing valves (875A, 875B, 876A and 876B) are closed with the breakers locked open.
All other valves in the system flow path are open. A head of at least 20 feet of water is
maintained in the CS lines to keep the time delay from CS actuation to initiation within
prescribed limits.

3.2.1.4.11 Containment Spray System Performance During Accident Conditions

During accident conditions the Containment Spray System is automatically actuated by the
ESFAS ifcontainment pressure reaches 28 psig. If a loss of offsite power or bus undervoltage
condition occurs coincident with the accident initiator, the CS pumps load onto the diesel
generators anytime after the buses are energized and the ESFAS signal is present. The CS
system can also be manually initiated from the control room. Upon receiving a manual or
automatic signal, both CS pumps start and the motor operated discharge valves open. The same
coincident signal opens the air operated spray additive valves from the sodium hydroxide tank.
Operators willmanually reset containment spray, ensure that the NaOH tank outlet valves close,
close the pump discharge valves and put the CS pumps in automatic control per procedures if
containment pressure drops below 4 psig. The pu'mps take suction from the RWST and deliver
the borated water to the spray ring headers. Approximately 5% of the pump discharge is diverted
through the additive eductor to provide suction from the spray additive tank. This flow diversion
also provides for a minimum recirculation flow path for the containment spray pumps.
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When the RWST level reaches 28%, the operators are directed by procedures to transfer suction
of the containment spray and safety injection pumps from the RWST to the residual heat removal
pump discharge. The residual heat removal pumps are realigned to take a suction from the sump
instead of from the RWST. At the 28% RWST level, if any CS pump is idle or if the plant is
using the emergency diesel generators, the operators willplace the idle pump or the pump on the
emergency diesel generator with the maximum load in the pull-stop position. When the RWST
level drops to 15%, operato'rs will manually reset the CS System which will cause the spray
additive valves to close. The remaining pump(s) will then be placed in the pull-stop position and
the pump discharge valves willbe closed. The operators will then close the RWST outlet valves
and shift the spray pump suction to either Residual Heat Removal (RHR) suction train. If
containment spray had actuated prior to the switch to recirculation, it may be restarted if the
Technical Support Center determines that it is needed. Ifcontainment pressure is greater than
37 psig, one CS pump will then be manually restarted and one CS pump discharge valve and
NaOH additive valve will be opened. When containment pressure is less than 32 psig, the
operating CS pump will be placed in the pull-stop position and the pump discharge and NaOH
additive valves will be closed. For more detailed information concerning RHR alignment for
recirculation see Section 3.2.1.11.

3.2.1.4.12 Containment Spray System Test and Maintenance

The Containment Spray System is a principal plant safeguard system that is normally in standby
during reactor operation. Complete system tests cannot be performed when the reactor is
operating because a CS System test requires the system to be temporarily disabled. The method
of assuring operability of the system is therefore to combine annual system tests with more
frequent component tests. System tests are performed during annual plant shutdowns and
component tests are performed periodically during plant operation. There is no regularly
scheduled maintenance for the CS System during periods of power operation.

During their routine plant tours, conducted per procedures every four hours, the operators check.
among other things, the NaOH tank room, the CS pumps and the general pump area. The
operators are also required by procedures to check certain plant parameters every eight hours
when the reactor is at power. These checks include verfying RWST level and NaOH tank level
as indicated on the MCB; verifying the positions of valves and breaker switches as indicated on
the MCB; verifying that the A and B containment spray pump breaker switches are in the
automatic position; and, verfying that CS pump discharge valves 860A, 860B, 860C and 860D
are closed, RWST outlet valves 896A and 896B are open with the key switches in the ot'f
position and NaOH valves 836A and 836B are closed with the controls in the normal and auto
positions.
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3.2.1.4.13 Containment Spray System Operating Experience

The following is a listing of Licensee Event Reports (LERs) which have been generated against
the Containment Spray System. These LERs were reviewed to ensure failure modes which have
been historically observed have been addressed in the Ginna PRA Containment Spray System
model.

82-014 On June 24, 1982 with the reactor at 100% power, check valve 862B failed to
close at the required differential pressure during surveillance testing of the CS
System. The valve had shown wear on the pin and swing arm but spare part
delivery had been delayed, resulting in the valve repair being scheduled for the
following outage. Inspection at that time seemed to indicate that the valve may
have been slightly rotated during initial installation. Check valve failure has been
modeled.

82-016 On July 22, 1982 with the reactor at 100% power, check valve 862B failed to seat
at the required differential pressure during surveillance testing of the CS System.
The valve had shown wear on the pin and swing arm but spare part delivery had
been delayed, resulting in the valve repair being scheduled for the

following'utage.

Check valve failure has been modeled.

82-021 On September 23, 1982 check valve 862B failed to promptly close during
surveillance testing of the CS System. Repairs consisted of machining the seat
and disc assembly of the valve to assure proper closure. Check valve failure has
been modeled.

82-026 On October 26, 1982 check valve 862B failed to close promptly during
surveillance testing of the CS System. Maintenance was performed and the valve
was retested successfully. PT-3 underwent a review to determine if the success
criteria were too stringent and as a result, the procedure was revised. Check valve
failure has been modeled.

83-004 On January l4, 1983 check valve 862B failed to close promptly during
surveillance testing of the CS System. The valve also failed the leakage test with
the revised success criteria. Maintenance was performed and the valve was
retested successfully. A revised test method was developed to more effectively
demonstrate valve operability. Check valve failure has been modeled.
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83-019 On June 13, 1983 while in the process of changing modes from cold shutdown to
hot shutdown, the CS pumps were found to be in the pull-stop position at RCS
temperature of 207'F. This is contrary to direction given in Operating Procedure
0-1.1D (Pre-Heatup Plant Requirement Check List) which requires CS System
operability. The procedure was changed to give specific instructions addressing
the necessity of having the CS pumps operable. This type of failure is imbedded
in the pump common cause failure probability.

87-007 On December 18, 1987 a design flaw was discovered showing that a common
power supply was utilized to power a motor operated valve on each train of high
head recirculation. A postulated failure of the electrical power supply prior to
opening of the valves would result in both flow paths leading to the safety
injection and containment spray pumps being blocked. Power sources for the
valves have since been changed. Failure of a single power source failing both
trains of high head recirculation has not been modeled since it can no longer
occur.

3.2.1.4.14 Containment Spray System Plant Specific Data Analysis

The Ginna PRA data analysis task work packages were reviewed to ensure that all significant
events not already described in the Ginna PRA'odel were properly addressed. These events
are listed below.

The Common Cause Failure Data Worl'ackage contains a number of failures of Containment
Spray System components.

On December 22, 1981, MOVs 876A and 876B failed to open during their respective stroke tests.
The cause of the failure for 876A was slack in the wires interfering with the proper operation of
the torque switch. The cause of the failure of 876B was the valve sticking in the closed position
until manual operation freed it. MOVs 876A and 876B are not required to open for proper
operation of the Containment Spray System so this failure is not modeled.

On June 8, 1987, MOVs 86()A and 860B failed to fullyclose during their respective stroke tests.
860A apparently failed to close because of metal chips found around the stem to stem nut area.
No cause was identified for the failure of 860B. The failure of these valves to close has been

'odeled.
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The Plant Specific Data lVork Package contains a number of failures of the Containment Spray
System components.

On March 12, 1986, CS pump PSI02B was declared inoperable when the discharge pressure of
the pump only reached 234.57 psi during a test (the acceptable limitwas 240 psi). This was not
considered to be a failure since 235 psi was considered to be adequate for the pump to perform
its function due to system design margins.

On May 31, 1988 with CS pump PSI02B running, flames were observed emitting from the
outboard pump bearing area. The back-up packing gland and shaft sleeve were making contact
resulting in excessive heat and galling, which caused the pump to seize up. This event is
considered a failure to run.

There were numerous failures of MOVs 860A, 860B, 860C and 860D to open or close on
demand. These were primarily due to torque switch problems. One event involved loose packing
and the others had no root cause identified. These events are modeled as failures of the valves
to open and close.

~
There were five functional failures of AOVs 836A and 836B. The failure causes were primarily
due to controller component failures. Failure of the AOVs to open has been modeled.

On September 23, 1982, the breaker for valve 860B was found to be unlocked but in the correct
position (closed). This event was not considered to be a failure.
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3.2.1.5 Chemical and Volume Control System

3.2.1.5.1 Purpose and Design Basis of the Chemical and Volume Control System

The Chemical and Volume Control System (CVCS) is intended to control the quantity and
chemistry of the Reactor Coolant System (RCS) inventory, to provide seal injection flow to the
reactor coolant pump (RCP) seals, to process reactor coolant for reuse, and to supply water for
auxiliary pressurizer spray. By supplying the RCS with boric acid solution, a neutron poison,
the CVCS also can provide an alternate means for reactivity control. However, not all of these
functions are relevant to the accident sequence top events. The functions of importance to the
Ginna PRA model are briefly described below.

The RCPs circulate coolant through the reactor to the steam generators and, accordingly, operate
at the RCS pressure of approximately 2235 psig. They are motor-driven and the motor shafts
penetrate the reactor coolant pump casings to drive the pump impellers. The points at which the
shafts penetrate the casings are sealed to prevent the escape of reactor coolant; this function is
performed by the RCP seal assemblies. Each seal assembly requires a supply of cooling water
from the Component Cooling Water (CCW) System and a supply of injection water from the
CVCS. Some of this water. injected into the seal at a pressure slightly above that of the RCS,
flows along the shaft into the pump. A portion also flows along the shaft away from the RCP
and is collected and recovered. The supply of cool, clean water into the RCP seal keeps out
debris and prevents the seal from being damaged by the high-temperature reactor coolant.

Pressure in the RCS is maintained by the pressurizer, a reservoir at the high point in the system.
This reservoir is kept approximately half-full of reactor coolant; the remaining space is occupied
by steam. Electric heaters immersed in the liquid volume cr'cate steam to increase RCS pressure.
Relatively cool reactor coolant can be sprayed into the steam volume to condense steam and
reduce RCS pressure. Normal pressurizer spray is supplied from the discharges of the reactor
coolant pumps. An alternate supply is provided from the CVCS so that pressurizer pressure can
be controlled during cooldown when the RCPs are not operating.

The coolant mass requirements of the RCS will vary with operating conditions. The CVCS will
normally maintain a relatively constant letdown flow from the system and will vary the amount
of continuous makeup as required to meet changing RCS needs. This is accomplished by varying
the speed of one of the charging pumps. The charging flow also serves to replace seal leakoff
and other losses from the RCS.
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In the event that a reactor trip is demanded and reactor shutdown is not properly provided by the
reactor protection system, the CVCS provides an alternate means of shutting down the reactor
and ensuring that it remains shut down. A specified quantity (as controlled by Technical
Specifications) of boric acid solution is maintained in two boric acid storage tanks and can be
supplied by the boric acid transfer pumps to the suction of the charging pumps for this purpose.
Alternately, borated water from the RWST may be used.

The design basis for the CVCS is to provide redundancy of reactivity control. The CVCS
regulates the concentration of boric acid solution neutron absorber in the reactor coolant system
and is designed to prevent, under anticipated system malfunction, uncontrolled or inadvertent
reactivity changes which might stress the system beyond allowable limits.

The system meets design requirements for one of two independent reactivity control systems and
for reactivity holddown capability. In addition, the CVCS maintains the reactor coolant water
chemistry within limits specified in Technical Specifications.

3.2.1.5.2 Chemical and Volume Control System Description

Three positive displacement Charging Pumps (PCH01A, PCH0,1B, and PCH01C) provide flow
through the CVCS. The Charging Pumps can each pump 60 gpm each at 2385 psig. Their
normal suction supply is from Volume Control Tank (VCT) TCH04, while alternate suction
supply is from Refueling Water Storage Tank (RWST) TSI01. In addition, the Charging Pumps
can be supplied from Boric Acid Storage Tanks (BASTs) TCH07A and TCH07B, or the reactor
makeup water system via the Boric Acid Blender (KCH01 / TCH06). The Charging Pumps
discharge to a common pulsation dampener (SCH11) from which flow is directed either to the
RCP seal injection sub-system or to the RCS via one of the Regenerative Heat Exchangers
(ECH02A, ECH02B, or ECH02C).

The RCP seal supply is routed through a 5-micron filter (FCH08 and FCH09) to the thermal
barriers of both RCP seal assemblies. Approximately 8 gpm of the injection supply is delivered
in each RCP, with 1 - 3 gallons leaking away from the RCP and the balance entering the RCS.

Approximately 30 gpm of the CVCS flow is directed from the pulsation dampener, through a

backpressure control valve, to one of the Regenerative Heat Exchangers. The backpressure
control valve (air operated valve 142) is adjusted to ensure that RCP seal injection supply
pressure is 1 - 2 psi higher than RCS pressure. The Regenerative Heat Exchanger warms the
water being supplied to the RCS by removing heat from RCS letdown flow. Charging flow
exiting the Regenerative Heat Exchanger can be directed to either loop B cold leg (normal
alignment) or to loop B hot leg (alternate alignment). Flow from the Regenerative Heat
Exchanger may also be directed to the auxiliary pressurizer spray line through air operated valve
296. An additional charging path exists from the seal injection supply line to the loop A cold leg,
but this is normally kept isolated.
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The constant makeup to the RCS is balanced by a continuous letdown stream. Water is removed
from the B loop crossover pipe and routed to the shell side of the Regenerative Heat Exchanger.
From there, flow is routed through a system of orifices and valves to reduce pressure and then
to a non-regenerative heat exchanger cooled by flow from the Component Cooling Water (CCW)
System. After filtration and purification, the water is normally returned to the Volume Control
Tank. If VCT level is high, it may be diverted to one of the three CVCS Holdup Tanks
(TCH09A, TCH09B, or TCH09C).

An additional letdown path exists from the loop A crossover pipe. Flow from this point can be
routed through Excess Letdown Heat Exchanger ECH03 where it willbe cooled by CCW. Flow
exiting the Excess Letdown Heat Exchanger can be directed to Reactor Coolant Drain Tank
TWD01A or to the RCP seal water return line.

The CVCS also serves to adjust RCS boric acid concentration fo'r reactivity control. Relatively
high concentrations of boric acid can be supplied to the Charging Ppump suctions from the Boric
Acid Storage Tanks in order to increase the RCS boron concentration. In a similar fashion,
unborated water from Reactor Makeup Water Tank TCH15 can be supplied to the RCS to reduce
boric acid concentration.

A simplified flow drawing of relevant portions of the CVCS is provided in Figure 3.2.1-10.

3.2.1.5.3 Chemical and Volume Control System Electric Power Dependencies

Motor operated valves 313-(MCCC / DCPDPAB01A) and 350 (MCCD / DCPDPAB01B) and
pumps.PCH01A (BUS14/23B / DCPDPAB01A), PCH01B (BUS16/15B / DCPDPAB01B),
PCH01C (BUS16/15C / DCPDPAB01B), PCH03A (MCCC / DCPDPAB01A), PC03B (MCCD
/ DCPDPAB01B), PCH08A (MCCC / DCPDPAB01A), and PCH08B (MCCD / DCPDPAB01B)
require 125 VDC control power and 480 VAC motive power for operation. The air operated
valves discussed above also require 125 VDC power for normal operation.

3.2.1.5.4 Chemical and Volume Control System Cooling Water Dependencies

No coolin'g water support is required for the CVCS in the Ginna PRA fault tree models.

I
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3.2.1.5.5 Chemical and Volume Control System Instrument Air Dependencies

In the Ginna PRA CVCS model, instrument air is required to support valves 110A, 110B, 110C,
111, 112B,,112C, 142, 392A, 294, 270A, and 270B. The Charging Pump speed controllers also
require instrument air; air is used to increase the speed of these positive displacement pumps.
When air pressure goes to zero, the pumps fall back to thier minimum speed settings. The Ginna
PRA CVCS model requires availability of instrument air to the Charging Pumps in situations
where more than minimum speed is required (i.e., whenever the model success criteria call for
more than minimal flow to the RCP seals).

3.2.1.5.6 Chemical and Volume Control System Actuation and Control Dependencies

On an undervoltage concurrent with a safety injection signal, charging pumps PCHOIA, PCH01B
and PCH01C would be shed from their respective 480 VAC vital buses. These pumps are not
automatically reloded when the buses are re-energized; operator action would be required to
reload and restart a charging pump.

Motor operated valve 313 in the reactor coolant pump seals water return line receives a
containment isolation signal.

e 3.2.1.5.7 Chemical and Volume Control System Heating, Ventilation and AirConditioning
Dependencies

The three Charging Pumps are'n a room located in the basement of the Auxiliary Building.
Cooling of this room is provided by Charging Pump Cooling Units A and B (AAP07 and
AAP08). This ventilation system is described in Section 3.2.1.8.

3.2.1.5.8 Chemical and Volume Control System Control and Instrumentation

The CVCS is controlled from the control room. Two Charging Pumps will normally be in
service with one under automatic control and the other under manual control. The flow rate of
the charging pump under automatic control is adjusted to maintain pressurizer level.
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The CVCS supplies approximately 8 gpm to each RCP seal assembly. Labyrinth seal differential
pressure is monitored to ensure proper seal supply. Normal seal differential pressure is about
2 psi. A low differential pressure alarm sounds at 15" water dP. Seal temperatures are also
monitored.

The Boric Acid Storage Tanks each contain between 2000 and 3600 gallons of 12-13 weight
percent boric acid. Each has level indication and control room alarms. Alarms are set at 75%
(high), 40% (low) and 10% (low-low). Tank temperature is indicated and alarmed. The high
temperature alarm is set at 175'F and the low temperature alarm at 155'F. The Boric Acid
Transfer Pumps are controlled from the main control room and flow indication is provided there.

3.2.1.5.9 Location of Major Chemical and Volume Control System Components

The Chemical and Volume Control system is comprised of a diverse group of subsystems which
are located throughout the Auxiliary Building and Containment. The Volume Control Tank and
associated equipment are located on the operating floor of the Auxiliary Building at an elevation
of 271 ft.. Components relating to the RCP seal supply / return are located in Containment, as

are components relating to the Regenerative, Non-Regenerative, and Excess Letdown Heat
Exchangers.

Major system components are controlled from the control room. Some local controls exist as

well. Most components, except those in Containment, are readily accessible during normal
operation. During accident conditions with elevated RCS radiation levels, access to these
components could be difficult.

3.2.1.5.10 Normal Operation of the Chemical and Volume Control System

During normal power operation, the CVCS is continually letting down, purifying, and returning
reactor coolant to the RCS. Typical letdown flow is around 46 gpm. This flow is cooled by one
of the Regenerative Heat Exchangers, reduced in pressure and further cooled by Non-
Regenerative Heat Exchanger ECH05, which is cooled with CCW. This flow is then directed
through a filtration / purification system to the Volume Control Tank.

Two of the three Charging Pumps are normally in service, taking suction from the VCT. Usually,
one will be operating under manual control and one will be in automatic to provide pressurizer
level control. The discharge from the Charging Pumps is routed through a filter to the RCP seals

(typically, 8 gpm each) and through one of the Regenerative Heat Exchangers back to the RCS

(typically, 30 gpm).
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3.2.1.5.11 Chemical and Volume Control System Performance Under Accident Conditions

Chemical and Volume Control System functions modeled for Ginna PRA accident sequences are
the provision of water to the RCP seals, supply to the auxiliary pressurizer spray valve, provision
of charging flow by one or two pumps, and supply of concentrated boric acid to the RCS.

However, these functions are not part of the engineered safeguards for the plant. While the CVCS
remains in service following a routine reactor trip, normal charging flow and auxiliary pressure
spray capability will be interrupted in event of a safety injection (SI) signal. The Charging
Pumps are not automatically aligned to emergency power sources in the event that normal
sources are lost; however, they may be manually aligned. In event of an anticipated transient
without scram (ATWS), the CVCS will be used to shut down the reactor. The Charging Pumps
can be aligned'o supply borated water from the RWST to the RCS. Alternately, Boric Acid
Transfer Pumps PCH03A and PCH03B can pump 13% boric acid solution from the Boric Acid
Storage Tanks (TCH07A or TCH07B) to the suction of the Charging Pumps. The Charging
Pumps may then inject this into the RCS. At least 1800 gallons of boric acid solution are
maintained in the Boric Acid Storage Tanks at all times for this purpose.

3.2.1.5.12 Chemical and Volume Control System Test and Maintenance

The operating Charging'Pumps are exercised three times weekly to verify correct operation of
the speed control system. This exercise requires that the speed of each running pump be varied
to ensure that pump speed controllers are functioning and that the pump correctly responds to
changing conditions under automatic control. Once a week, the standby charging pump will be
placed in service and one of the operating pumps returned to standby.

II

Air operated valves 112B and 112C (charging pumps'uction from RWST and VCT) are tested
annually, while the plant is at cold shutdown.

The contents of the Boric Acid Storage Tanks are recirculated three times weekly to facilitate
sampling. This practice also serves to verify correct operation of the Boric Acid Transfer Pumps
and associated valves.

3.2.1.5.13 Chemical and Volume Control System Operating Experience

Licensee Event Reports (LERs) were reviewed to identify failures experienced by CVCS
components and subsystems. No new potential failure modes relevant to the Ginna PRA CVCS
model were identified.
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Technical Specifications requirements for the CVCS center on its boration functions.
Accordingly, most LERs describe problems with components required for boration. These
include:

80-006 On July 11, 1980, the boric acid concentration in storage tanks was discovered to
be too low (11.7% - 11.8%). The drop in concentration level was due to Ascanite
that had been saturated with water. Reagent checks are now made along with
more frequent sampling.

81-003 On January 15, 1981, a loss of borated water supply resulted from a valve which
had been partially closed. The valve was locked open to prevent future incidents.

81-006 ~ On March 23, 1981, a leak was found on a boric acid line. The break was caused
by corrosion. The pipe was isolated and repaired.

81-013 On July 14, 1981, a leak was found on a boric acid suction line, caused by
corrosion. The flow was rerouted and the pipe repaired.

82-027 On October 11, 1982, during startup from cold shutdown, a leak was found on a
boric acid pump discharge line. The leak was caused by inter-granular stress
corrosion cracking (IGSCC). The leaking pipe, along with other suspect piping
and fittings, was replaced.

83-009 On January 19, 1983, a boric acid transfer pump tripped on start due to failed
fuses. The fuses were replaced and the pump was restarted.

83-026 On September 15, 1983, it was discovered that the boric acid concentration in the
storage tanks was too low. This was caused by make-up water leaking into the
solution and diluting it. The leak was repaired and the concentration level
returned to normal.

83-028 On September 16, 1983, a bad weld on a valve outlet was found to be the source
of a boric acid leak. The weld was ground out and the leak stopped.

85-015 On June 20. 1985, two boric acid flowpaths were closed unexpectedly when
control logic resulted in the closure of critical valves. The logic was reset.

86-006 On August 16. 1986, due to an inadvertently closed valve, a boric acid transfer
pump failed to function. The valve was reopened and pump discharge pressure
returned to normal.
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88-002 On March 8, 1988, a lower than normal level of boric acid was detected in the
storage tanks. It was discovered that a level indication inaccuracy existed due to
plugged sensing lines. The sensing lines were cleared.

3.2.1.5.14 Plant Specific Data Analysis for the Chemical and Volume Control Systems

There were four ovserved instances of CVCS piping being plugged over the nine-year period of
the Ginna PRA data window. The majority of these incidents were in the boric acid blender and
boric acid tanks portion of the CVCS. See Section 3.3.2.3.1.6 for details.

There have been numerous failures reported of the relief valves to the volume control tank from
charging pumps PCHOI B and PCHOIC. See Section 3.3.2.3.1.7 for details.
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3.2.1.6 Electric Power Systems

3.2.1.6.1 Purpose and Design Basis of the Electric Power Systems

The Electric Power Systems support the operation of front-line systems and other support
systems. Requirements for Electric Power Systems models in the Ginna PRA were dictated by
the electric power requirements of components included in other Ginna PRA system models.

The Electric Power Systems may be broken up into the'following sub-systems for the purposes
of discussion and modeling: The off-site power distribution system; the on-site power
distribution system; the 4160 VAC Electrical Distribution System; the 480 VAC Electrical
Distribution System; the Emergency Power System; the 125 VDC Power System; the 120 VAC
Instrument Power System; and, the AC Power Panel System.

The Electric Power Systems provide separated uninterruptible sources of power for selected 125
VDC and 120 VAC loads. They also provide separated sources of 4160 VAC and 480 VAC
power for safety-related loads, including emergency backup with automatic sensing of loss of
normal supply and emergency diesel generator start and load. The Electric Power Systems also
provide for the automatic transfer of non-safety related loads from their normal onsite supply
(from Main Generator KCD01 through Unit AuxiliaryTransformer PXYD011) to off-site supplies
in the event of a turbine / generator trip.

The Electric Power Systems were initially designed in accordance with the Atomic Industrial
Forum (AIF) version of proposed AEC design criteria issued for comment on July 10, 1967.
This design criteria required an emergency power source to be provided to permit the functioning
of engineered safety features and protection systems, assuming a single active failure.

The Electric Power Systems also conform to NRC General Design Criteria (GDC) 17. Electrical
Power Systems. Both an on-site and off-site electric power systems are provided to permit the
proper functioning of systems important to safety, assuming the other system is not functioning.
On-site electric power supplies, including the batteries, emergency power supplies, and electrical
distribution system. have sufficient independence, redundancy and testability to ensure that plant
safety functions are provided, assuming a single failure.

The off-site electric power system from the transmission network of the on-site electrical
distribution system is supplied by two physically independent circuits which are designed to
minimize the likelihood of simultaneous failure.
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3.2.1.6.2 Electric Power Systems Description

The Ginna Electric Power Systems consist of an on-site distribution system supplied by three
power sources: Off-site power from the transmission system through Station Auxiliary
Transformers 12A (PXYD012A) and 12B (PXYD012B); on-site power from the Main Generator
(KCD01) through Transformer No. 6 in the Ginna switchyard (RG&E Transmision &Distribution
Substation 13A), throuth Circuit 767 to Unit Auxiliary Transformer 11 (PXYOD11); and
emergency on-site power from two emergency diesel generators (KDG01A and KDG01B).

Station AuxiliaryTransformers PXYD012A and PXYD012B are used to supply auxiliary power
during plant startup and shutdown. During normal power operation, Station Auxiliary
Transformers PXYD012A and PXYD012B supply safety-related (class 1E) loads. Plant auxiliary
power is supplied from the Main Generator via Circuit 767 to Unit Auxiliary Transformer
PXYD011. Following a turbine / generator trip with off-site power not available, the principle
source of power for vital loads is Emergency Diesel Generators KDG01A and KDG01B.

Simplified drawings of the Electric Power Systems are shown in Figures 3.2.1-11 through 13.

Off-Site Power Transmission System Description: Five 115 kVAC transmission circuits are

connected to the Ginna switchyard (RG&E Transmision &Distribution Substation 13A): Circuits
911 and 913 connect to the main RG&E transmission network via RG&E Substation 42; Circuits
908 and 912 connect to the 115 kVAC transmission network at RG&E Substations 121 and 122,

respectively; and Circuit 909 supplies nearby distribution demand.

Four 115 kVAC lines (Circuits 908, 911, 912 and 913) are connected using a "breaker-and-a-
half 'rrangement for added reliability for fault isolation. The breaker-and-a-half layout provides
the versatility of dual feed for each line and the ability to remove any breaker or transmission
line without deenergizing any other part of the substation. The individual capacity of Circuits
908, 911, 912, and 913 exceeds the power requirements of engineered safety features, the
requirements of auxiliary plant loads, and the requirements of Circuits 751 and 767, which
deliver 34.5 kVAC power to the plant when the Main Generator is not operating.

Circuit 767, one of the 34.5 kVAC off-site sources, is fed from 115 / 34.5 kVAC Transformer
No. 6 at RG&E Substation 13A (the Ginna switchyard, accross Lake Road from the plant) and
is routed underground to Station Auxiliary Transformer PXYD012B. Circuit 751 from RG&E
Transmision &Distribution Substation 204 (located at the intersection of Route 104 and Slocum
Road in Ontario Center), the, second 34.5 kVAC off-site source that feeds into the plant via
Station AuxiliaryTransformer PXYD012A, is run on wooden poles over a different route (along
North Slocum Road and Lake Road to the site) than the four 115 kVAC lines associated with
Substation 13A.
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Station AuxiliaryTransformers PXYD012A and PXYD012B step down 34.5 kVAC from off-site
Circuits 767 (Station AuxiliaryTransformer PXYD012B) and 751 (Station AuxiliaryTransformer
PXYD012A) to 4160 VAC for use by the 4160 VAC electrical distribution system. Station
Auxiliary Transformer PXYD012A normally supplies Bus 12A with power through 4160 VAC
circuit breaker 52/12AY and is capable of providing backup power to Bus 12B via 4160 VAC
breaker 52/12AX. Transformer 12B supplies normal power to Bus 12B through 4160 VAC
breaker 52/12BX, with a backup supply to Bus 12A via 4160 VAV breaker 52/12BY. In the
event of loss of power from either transformer, the lost bus may be supplied from the other
transformer by manually closing the alternate feed breaker to the deenergized bus from the Main
Control Board (MCB). Station AuxiliaryTransformers PXYD012A and PXYD012B are cooled
by oil to air heat exchangers.

On-Site Power System Description: Normal on-site power to non-safety related loads is
provided from Main Generator KCD01 when the plant is at power. The Main Generator
supplies electrical power rated at 520 megawatts and 19 kVAC to Unit Main Transformer
PXYDGSU and back through Unit Auxiliary Transformer PXYD011. The Main Generator
ratings are 520 MW, 608.4 MVA at a power factor of 0.85; 60 Hz at 1800 rpm, with 60 psig
hydrogen pressure.

Unit Main Transformer PXYDGSU is rated at 578 MVAwith a primary voltage of 19 kVAC and
a secondary voltage of 115 kVAC. It is oil cooled with an oil-to-air heat exchanger system.
Unit Auxiliary Transformer PXYD011 steps down voltage from the output of the Unit Main
Generator for use in the station's 4160 VAC distribution system. It also supplies normal power
to 4160 VAC Buses 11A and 11B. Unit Auxiliary Transformer PXYD011 is oil-cooled. A
disconnect link is located in the supply line to Unit Auxiliary Transformer PXYD011; the
disconnect link may be removed to allow maintenance.

4160 VAC Electrical Distribution System Description: The 4160 VAC Electrical Distribution
System provides power to non-safety 4160 VAC loads. It also provides normal power to the 480
VAC Electrical Distribution System. Power is supplied to the 4160 VAC distribution system via
Station Auxiliary Transformers PXYD012A and PXYD012B and Unit Auxiliary Transformer
PXYD011 through associated feeder breakers and power lines. These feeder breakers may be
opened, closed, or tripped locally at the switchgear and from the Main Control Board in the
control room. The feeder breakers trip automatically on bus undervoltage or transformer faults;
these faults also prevent normal closing.

There are four 4160 VAC buses: 11A, 11B, 12A, and 12B. Buses 11A and 11B are normally
supplied from Unit Auxiliary Transformer 11 when the main generator is on line. During
shutdown, Bus 11A receives power from Bus 12A and Bus 11B receives power from Bus 12B.
Buses 12A and 12B are normally supplied from station auxiliary transformers 12A and 12B,
respectively.
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Loads supplied from 4160 VAC Buses 11A, 11B, 12A and 12B are shown in Table 3.2.1-8.

During normal operations, bus tie breakers 52/BTA-A (Bus 11A to Bus 12A at BUS12A/12) and
52/BTB-B (Bus 11B to Bus 12B at BUS12B/20) are open. These will automatically close on a
generator trip ifthere are no faults on the associated bus, ifbreakers for circuit 767 or circuit 751
are closed, and ifthe associated bus's synchro verifier relay (25AX/11T-12A and 25BX/11T-12B
for Bus 11A and Bus 11B, respectively) is satisfied. For most turbine trips there is a time delay
between turbine trip and generator trip of approximately 60 seconds generated by Turbine Auto
Stop Timer Relay 62AST.

480 VAC Electrical Distribution System Description: The 480 VAC electrical distribution
system supplies power for the plant's 480 VAC loads and is a power source for the 125 VDC
Power System, the 120 VAC Instrument Power system and the AC Power Panel System. The
system consists of six buses with associated station service transformers, breakers, and motor
control centers. The station service transformers receive power from the 4160 VAC buses and
step it down to 480 VAC to supply both safety-related and non-safety-related loads. Power for
non-safety Buses 13 and 15 is provided from Buses 11A and 11B. Power for safety-related
Buses 14, 16, 17, and 18 is provided from Buses 12A and 12B. If a loss of voltage occurs on
a safety-related 480 VAC bus, its associated diesel generator will start and re-energize the bus.

There are four undervoltage (UV) relays on each safeguards bus which sense either a loss of
voltage or degraded voltage on the safety-related buses. Two of the relays sense a no voltage
(-93 VAC) condition and two sense a variable degraded voltage over a set period of time.
Operation of any one relay willcause the associated diesel to start, while operation of either both
UV or both degraded voltage relays will trip the normal supply to the vital bus and place it on
the diesel.

Bus breakers are located in their respective 480 VAC switchgear. The breakers can be operated
from the main control board or locally. The breakers will trip automatically on bus undervoltage,
load shed signal (safeguard buses), respective station service transformer fault, or transformer
feeder breaker fault. DC control power is required for proper automatic and / or remote manual
operation of these breakers. DC control power for Buses 14, 16, 17, and 18 is either battery A
(Buses 14, 18) or battery B (Buses 16, 17) depending on which safeguards train the bus belongs
to. An emergency control power supply is provided from the battery supplying the opposite
safeguards train for the undervoltage circuits, diesel generators, and Buses 13-18. If a fault
interrupts the normal DC supply, the DC control power for these loads will automatically shift
to the emergency source. When the normal source of DC control power is restored. the control
power will shift back to normal. Motor control centers do not have alternate emergency DC
control power sources.
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An undervoltage signal will trip the following loads: On a loss of offsite power (LOOP) without
a safety injection (SI) signal, only the selected service water and running CCW pumps
automatically restart. Other major loads on 480 VAC Buses 14, 16, 17, and 18 must be manually
loaded.

Loads shed from 480 VAC Motor Control Center C and 480 VAC Motor Control Center D
under these circumstances are shown in Table 3.2.1- 9.

Load shed relays 86/MCCC and 86/MCCD remove 125 VDC control power from all shed loads,
except in the case of the boric acid evaporator package, where the supply breaker is tripped.
After the SI signal has been reset, these loads can be reset by pushing the 86/MCCC reset push
rod on 480 VAC Motor Control Center C for MCC C loads, or the 86/MCCD push rod on 480
VAC Motor Control Center D for MCC D loads. In addition, the boric acid evaporator package
requires that the breaker on 480 VAC Motor Control Center D be closed to reset this load after
the reset push rod for 86/MCCD on MCC D has been pressed.

The SI sequencer energizes selected loads which are necessary to mitigate the effects of design
basis accidents and safely shut down the unit. If a SI signal is not accompanied by a loss of
voltage, only the loads that are not already running are sequenced (no safety-related load
shedding). Loads that are sequenced on to the safety-related buses are shown in Table 3.2.1- 9.

t

Emergency Power System Description: Emergency AC power to 480 VAC Buses 14, 16, 17,
and 18 is supplied by two diesel generators. Diesel Generator KDG01A can provide power to
480 VAC Buses 14 and 18 while Diesel Generator KDG01B can provide power to 480 VAC
Buses 16 and 17. If there is not a normal supply of power to these safeguard buses from Unit
Main Generator KCD01 or from off-site power, the emergency'iesel generators will
automatically start and power their buses.

Each emergency diesel generator is driven by an Alco V-type, 16 cylinder, turbocharged, 4-cycle
engine. Normal operating speed is 900 rpm and full rated load is 2725 hp continuous, 3142 hp
for 2 hours, and 3212 hp for 30 minutes. Speed control is provided by a Woodward

governor.'he

generator for each emergency diesel generator is rated for 1950 kW continuous service, 3
phase, 60 Hz, 480 VAC at a power factor of 0.8 to 1.0. The generator can be loaded to 2300
kW for .5 hour and 2250 kW for 2 hours prior to continuous duty at 1950 kW.

Each emergency diesel generator has an associated air system for diesel engine starting and initial
positioning of the Woodward governor. The diesel air start sub-systems also provide air to their
respective fuel oil intake atomizer. [Ref. 18.1.6, Pages 2-3].
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Fuel oil is provided by a 350 gallon day tank (TDG04A for KDG01A and TDG04B for
KDG01B) located on the skid with each of the diesel engines. When the diesel engine starts, a

gear type, engine-driven fuel pump (PDG04A for KDG01A and PDG04B for KDG01B) provides
fuel from the day tank to the diesel engine.

During emergency diesel generator operation, each day tank is refilled using a fuel oil transfer
pump (PDG02A for KDGOIAand PDG02B for KDG01B). Fuel oil is transferred from two 6000
gallon underground storage tanks (TDG01A for KDG01A and TDG01B for KDG01B) located
in the plant yard adjacent to the diesel generator building. The lines between the fuel oil storage
tanks and the transfer pumps are heat traced to prevent the fuel oil from becoming too viscous
in cold weather. A duplex strainer in the fuel oil transfer pump suction line removes any
particulate impurities and improves the reliability of the system.

The emergency diesel generators are supplied with cooling water from the Service Water System.
Service water is directed to the lube oil cooler and jacket water coolers for each diesel engine.
To improve reliability, the service water crossover valves between the two diesel engines are kept
open at all times. This ensures that both emergency diesel generators will receive cooling water
independent of the selected service water pumps.

Each diesel generator room is equipped with two ventilation supply fans (ADF01A and ADFOIB
for KDG01A; ADF02A and ADF02B for KDG01B). One fan in each room starts when the
associated diesel's jacket water pressure exceeds 11 psig. The second fan in the room is
provided with a thermostat which allows the fan to run only when room temperature is greater
than 90'F. This provides protection against jacket water pressure sensing line freezing. Each
fan is equipped with a downstream air-operated damper (ADD01A for ADF01A; ADD01B for
ADF01B; ADD02A for ADF02A; and, ADD02B for ADF02B). Each of these dampers is
configured to open on start of the appropriate related diesel generator, and to fail open on loss
of instrument air pressure.

Two additional diesel generators are located on-site and can be manually aligned to provide
limited power: The Technical Support Center (TSC) Emergency Diesel Generator (KED02): and,
Security Diesel SEP-1.

125 VDC Power System Description: The 125 VDC Power System provides control power for
the 4160 VAC and 480 VAC Electrical Systems. It also supplies electrical power to inverters
INVTA and INVTB, which are the normal supplies to 120 VAC Instrument Buses A
(IBPDPCBAR) and C (IBPDPCBCB).
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The main components of the 125 VDC Power System are the two Main DC Distribution Panels
(DCPDPCB03A and DCPDPCB03B), two sets of batteries (BTRYA and BTRYB), and four
battery chargers (BYCA, BYCA1, BYCB and BYCB1). Additional DC distribution panels which
supply loads in the main control board (DCPDPCB04A and DCPDPCB04B), the Auxiliary
Building (DCPDPAB01A, DCPDPAB02A, DCPDPAB03A, DCPDPAB01B and DCPDPAB02B),
the Screen House (DCPDPSH01A and DCPDPSH01B), the Turbine Building (DCPDPTB01B),
and the Diesel Generator Building rooms (DCPDPDG01A and DCPDPDG01B) are fed from the
Main DC Distribution Panels or the Main DC Battery Fuse Cabinets (DCPDPCB02A and
DCPDPCB02B).

125 VDC Trains A and B are supplied by their battery chargers under normal conditions (with
their batteries "floating" on the system) and by their batteries whenever normal power is lost to
their battery chargers. Alternate, battery chargers BYCA1 and BYCB1 are operated in parallel
with chargers BYCA and BYCB.

BTRYA and BTRYB are 60 cell, lead-acid batteries that normally operate at 130 VDC. They
each have a 1200 amp hour capacity. In the event of a loss of battery BTRYA or battery
BTRYB, Technical Support Center (TSC) battery BTRYTSC may be manually cross-tied to one
of the trains of the 125 VDC Power System through TSC / Batteries A & B Manual Throwover
Switch DCPDPCD02 (located in the Turbine Building basement), TSC / Battery A Fused
Disconnect Switch DCPDPCBOSA (located in the A Battery Room) and TSC / Battery B Fused
Disconnect Switch DCPDPCB05B (located in the B Battery Room). Battery BTRYTSC has a
2420 amp hour capacity.

The Vital Battery Monitoring System provides information on the status of batteries BTRYA,
BTRYB, and BTRYTSC. The system consists of voltage and current flow local indicators
(EI/BCSA and EVBCSB, located in the respective battery rooms) and remote current flow
indicators (EVPG for Train A and EUPA for Train B) located on the subcooling panel in the
control room. An annunciator is provided to indicate abnormal battery status. It will alarm on
high (145 VDC) or low voltage (110 VDC), battery discharging, loss of battery continuity, or a

problem with the monitoring system. Power for the Vital Battery Monitoring System is from
non-battery-backed Instrument Bus B (IBPDPCBBW) Distribution Panel B (IBPDPCBB).

Battery chargers BYCA and BYCB are supplied with power from 480 VAC Motor Control
Centers C and D, respectively. The chargers have 480 VAC, 3 phase, 60 Hz input: and 150
amps, 130 VDC output: and utilize an equalizing voltage of 140 VDC.

The BYCA1 and BYCB 1 battery chargers are normally operating in parallel with and serve as
backups for the BYCA and BYCB chargers. Charger BYCA1 is supplied from 480 VAC Motor
Control Center C; charger BYCB1 is supplied from 480 VAC Motor Control Center D. Each
charger has a 480 VAC. 3 phase. 60 Hz input and 200 amp, 130 VDC output.
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120 VAC Instrument Power System Description: The 120 VAC Instrument Power System
provides power to the instrumentation for the Reactor Protection System.and Engineered
Safeguards Features Actuation System (ESFAS) cabinets. There are four Istrument Buses:
Instrument Bus A (IBPDPCBAR), Instrument Bus B (IBPDPCBBW), Instrument Bus C
(IBPDPCBCB) and Instrument Bus D (IBPDPCBDY). Power is supplied to Instrument Bus A
by inverter INVTA, and to Instrument Bus C by inverter INVTB.

A third inverter, MQ483, is powered from Main Control Board DC Distribution Panel A
(DCPDPCB04A). This inverter supplies power to components supporting pressure transmitter
PT-479 (Steam Generator EMS01B Pressure) and pressure transmitter PT-950 (Containment
Pressure) which are located in yellow protection rack 2 (Y2). This power supply ensures that
containment spray will not be inhibited following a loss of off-site power (LOOP). This power
supply arrangement also prevents an inadvertent SI signal following a LOOP.

120 VAC Instrument Bus B receives power from 480 VAC Motor Control Center C (MCC C)
via 480 VAC / 120 VAC constant voltage transformer CVTA2. 120 VAC Instrument Bus D
receives power from 480 VAC Motor Control Center B (MCC B) via 480 VAC / 120 VAC
constant voltage transformer CVTIB. Instrument Buses A and C can be supplied by similar
transformers (CVTA and CVTB) from 480 VAC Motor Control Centers C and D (MCC C and
MCC D), respectively, through static switch transfer devices (Static Switch SCICBAR for
IBPDPCBAR and Static Switch SCICBCB for IBPDPCBCB).

The inverters for Instrument Buses A and C are both rated at 7.5-kVA. The inverters utilize
silicon-controlled rectifiers (SCRs) in a bridge network in conjunction with a transformer to
convert the 125 VDC input to a 118 VAC, 60 Hz, single phase output.

Instrument Buses A and C are provided with automatic static switches which transfer these buses
to their alternate supply from 480 VAC Motor Control Centers C and D, respectively, on a loss
of inverter output. Static Switches SCICBAR and SCICBCB are solid-state devices which use
semiconductors for switching. They provide a maximum transfer time of 1/4 cycle, thereby
assuring uninterruptible power to Instrument Buses A and C.

A maintenance power supply may be connected to any of the 120 VAC Instrument Buses. The
maintenance power supply receives power from 480 VAC Motor Control Center A, Position 4K
(MCCA/04K) through constant voltage transformer CVTAUX.

Each Instrument Bus feeds either one or two Twinco regulated power supplies. Each regulated
power supply, in turn, feeds a Distribution Panel. Some components receive power directly from
an Instrument Bus breaker while other more voltage-sensitive loads receive power from a
Distribution Panel breaker. The relationship between Instrument. Buses, regulated power supplies
and Distribution Panels is shown in Table 3.2.1- 10.
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AC Power Distribution Panels System Description: AC Power Distribution Panels are located
throughout the plant to serve miscellaneous loads of 480 VAC or less. They receive power
either from 480 Buses and Motor Control Centers (through power transformers), or from other
AC panels.

3.2.1.6.3 Electric Power Systems Electrical Dependencies
\

All electric power interfaces are internal to the fault trees constructed for the Ginna PRA
Electrical Power Systems model.

3.2.1.6.4 Electric Power Systems Cooling Water Dependencies

Diesel Generators KDG01A and KDG01B require cooling water flow from the Servic Water
System for engine jacket cooling. In the event of a loss of service water flow to the diesels, the
operators are procedurally instructed to connect hoses from the Fire Service Water System outlets
in the diesel rooms to existing fixtures on the service water inlet lines of the cooling jackets.
Diesel Driven Fire Pump PFP01, located in the Screen House, would then be used to cool the
emergency diesels.

3.2.1.6.5 Electric Power Systems Instrument Air Dependencies

The electric power system does not require compressed air for success as modeled. Compressed
air is required for starting the diesel generators; however, failure to start the diesels due to
unavailability of starting air is included in the diesel generator failure-to-start probability.

3.2.1.6.6 Electric Power Systems Actuation and Control Systems Dependencies

Diesel generator start, load shed, and diesel generator-backed bus loading is initiated nn
undervoltage on 480 VAC Buses 14, 16, 17, and 18. These functions are explicitly included in
the Ginna PRA systems models. Diesel generators KDG01A and KDG01B are also started (but
not loaded) on an SI signal, but this is not addressed in the model. Failure of diesel generator
control and protective features are addressed in the diesel generator failure-to-start and failure-tn-
run probabilities.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-56



l



3.2.1.6.7 Electric Power Systems Heating, Ventilation and Air Conditioning Dependencies

Cooling of the diesel generator rooms is required. This is modeled as a part of the electric power
fault tree.

3.2.1.6.8 Electric Power Systems Control and Instrumentation

Annunciation is provided on the main control board for the electric power off-normal conditions
as specified in Table 3.2.1- 11.

Two pairs of relays monitor voltage on 480 VAC Buses 14, 16, 17, and 18. These relays are
designated 27/XX, 27B/XX, 27D/XX, and 27D/B/XX; where XX indicates the particular bus.
Low voltage sensed by any of these relays willstart the associated diesel generator. Coincidence
of both instantaneous undervoltage relays or both time delay undervoltage relays will initiate a
stripping of unnecessary loads, tripping of normal bus feeders, diesel start, and closure of the
diesel generator output breaker to the affected bus, once the diesel has reached rated speed and
voltage. In 1992, this logic was modified. The modification now requires low voltage sensed
by two relays from different trains to start the associated diesel and initiate load stripping and
sequencing. This modification is not yet reflected in the Ginna PRA model.

3.2.1.6.9 Location of Major Electric Power Systems Components

Locations for major components in the Electrical Power System components are as follows:

Component Location

Battery BTRYA
Battery BTRYB
Bus 11A
Bus 11B
Bus 12A
Bus 12B
Bus 13

Bus 14

Bus 15

Bus 16
Bus 17

Bus 18

Diesel Generator KDG()lA
Diesel Generator KDGOI B
Transformer PXYD012A

Control building, Battery Room A, elevation 253
Control building, Bpttery Room B, elevation 253
Turbine building, mezanine level, elevation 271
Turbine building, mezanine level, elevation 271
Turbine building, mezanine level, elevation 271
Turbine building, mezanine level, elevation 271
Turbine building, mezanine level, elevation 271
Auxiliary building, operating level, elevation 271
Turbine building, mezanine level, elevation 271
Auxiliary building, operating level, elevation 253
Screen house east side, elevation 271
Screen house east side, elevation 271
Diesel generator building, Room A, elevation 253
Diesel generator building, Room B, elevation 253
Transformer yard,'south of the turbine building, elevation 271

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-57



Transformer PXYD012B
Transformer PXTBSS013
Transformer PXABSS014
Transformer PXTBSS015
Transformer PXABSS016
Transformer PXSHSS017
Transformer PXSHSS018
Transformer PXYD011

Transformer yard, south of the turbine building, elevation 271
With Bus 13

With Bus 14
With Bus 15

With Bus 16

With Bus 17

With Bus 18

Transformer yard, south of the turbine building, elevation 271

3.2.1.6.10 Normal Electric Power Systems Operation

During power operation, 4160 VAC Buses 11A and 11B are fed by main generator output, via
Unit AuxiliaryTransformer 11. 4160 VBus 12A is normally fed from off-site RG&E Station 204
via Station Auxiliary Transformer PXYD012A. 4160 VAC Bus 12B is normally fed from off-
site RG&E Station 13A, via Station Auxiliary Transformer PXYD012B. 4160 VAC Bus 12B
normally feeds 480 VAC Buses 16 and 17 via Station Service Transformers PXABSS016 and
PXSHSS017. 4160 VAC Bus 12A normally feeds 480 VAC Buses 14 and 18 via Station Service
Transformers PXABSS014 and PXSHSS018. Emergency diesel generators KDG01A and
KDG01B are maintained in a state of standby readiness.

Battery chargers BYCA and BYCA1 provide power,to loads on 125 VDC Train A and maintain
battery BTRYAcharged. Battery chargers BYCB and BYCB1 similarly power 125 VDC Train
B.

120 VAC Instrument Bus A is powered by inverter INVTA through static transfer switch
SCICBAR. 120 VAC Instrument Bus C is powered by inverter INVTB through static transfer
switch SCICBCB. 120 VAC Instrument Buses B and D are powered by constant voltage
transformers CVTA1 and CVTA2 from 480 VAC Motor Control Centers C and B, respectively.

3.2.1.6.11 Electric Power Systems Performance Under Accident Conditions

Following a turbine / generator trip, 4160 VAC Buses 12A and 12B continue to be powered t'rom
their normal off-site sources. 4160 VAC Buses 11A and 11B automatically transfer from Unit
Auxiliary Transformer 11 and are powered from Buses 12A and 12B through tie breakers
52/BTA-A (BUS12A/12) and 52/BTB-B (BUS12B/20), respectively. Loss of voltage on any

ot'he

480 VAC safety buses (14, 16, 17 or 18) will trip two degraded-voltage relays and two
undervoltage relays. Operation of any of these relays initiates a start of the associated diesel
generator. Coincidence of two degraded-voltage or undervoltage relays for a particular bus will
trip normal feeders to that bus. initiate a load-shed, and permit closure of the diesel generator
output breakers.
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Four DC battery chargers are available to feed the plant DC loads and maintain a charge on the
two 125 VDC plant batteries, provided 480 VAC Motor Control Centers C and D are available.
If these 480 VAC motor control centers are lost, vital plant 125 VDC loads are then carried by
the batteries until the chargers are restored.

Inverters INVTAand INVTB are supplied from Main DC Distribution Panel A (DCPDPCB03A)
and B (DCPDPCB03B), respectively. Loss of AC voltage from the inverters results in a high-
speed transfer to the respective alternate supplies, provided these supplies (480 VAC Motor
Control Centers C and D) are available.

3.2.L6.12 Electric Power Systems Test and Maintenance

The Electric Power System is a support system which provides power to plant components during
both normal and accident conditions. The AC Emergency Power System (diesel generators and
associated breakers) is in standby. A complete test of the entire Electric Power System cannot
be performed while at power. Annual testing during refueling (on a train basis), combined with
monthly tests of emergency power system components and daily confirmation of component
status, as described below, is used to provide indication of system operability.

Ginna Technical Specifications [Ref. 18.1.2, pp 4.6.1 - 4.6.4] require monthly operability
demonstrations for the diesel generators. Battery cell voltage and pilot cell specific gravity and
temperature are also confirmed monthly. More extensive testing is required on a less frequent
basis.

For the Electric Power System, when the plant is above cold shutdown, the following are checked
at least once per shift per procedures:

~ Emergency diesel generator air start solenoid indicating lights ASV-1 and ASV-2
illuminated

~ Emergency diesel generator start relays Rl and R2 indicating lights illuminated

~ Emergency diesel generator MAN-AUTOswitch is in the AUTO position

~ Emergency diesel generator UNIT-PARALELLswitch is in the UNIT position

~ Emergency diesel generator start circuit breaker control switches are, in the AUTO
position

~ Emergency diesel generator tie breaker W-2 switches for 480 VAC'Buses 14, 16. 17 and
18 are in the AUTO position
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~ Emergency diesel generator fuel supply )5,300 gals (second shift

only)'ndervoltage

and underfrequency relays and associated annunciators are tested monthly to ensure
that they willactuate when their input devices are tripped. During these tests, each tested device
is tripped. Undervoltage protection remains available, although with increased likelihood of
spurious actuation.

The station batteries are tested yearly during shutdown to verify that the battery system can
power emergency loads. The test demonstrates that the batteries will carry the expected
emergency load profile for two hours without battery terminal voltage falling below 105 volts.
During this test the TSC battery is used to power the 125 VDC train which is in test.

The automatic throw over switches for safety-related switchgear are tested yearly during
shutdown to ensure that they will transfer to their alternate source on loss of the normal 125
VDC supply.

Diesel Generators KDGOIA and KDG01B are tested once every 31 days to verify operability
by:

~ Verifying the fuel level in the day tank;

~ Verifying the diesel starts from normal standby conditions;

~ Verifying the generator can be synchronized, loaded to at least 1950 KW but less than
the 2 hour rating of 2250 KW and operate for at least 60 minutes but less than 120
minutes;

~ Verifying the diesel generator is aligned to provide standby power to the associated
emergency buses; and

~ Verifying that electrical and mechanical parameters which assess diesel generator
operability are monitored, recorded and evaluated during performance of the test.

The test procedure loads the diesel generator undergoing test and runs it for 1-2 hours. There
is a caution statement in the procedure which notes that if an SI signal occurs, the normal bus
source breakers will open (this would also occur on LOOP). In this case, the possibility of a

diesel generator breaker trip exists.
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Diesel generator loading and sequencing tests are conducted yearly during shutdown. This test
is performed during each refueling and verifies that each diesel generator willautomatically start
upon loss of all normal AC station service power together with a simulated SI signal, and,
subsequent to diesel generator start, safeguards equipment will load in accordance with the
required loading sequence. Each diesel generator must start and restore power to its respective
safeguards buses in approximately 10 seconds from initial bus deenergization. Non-essential
diesel generator trips are also verified to be blocked during the safeguards loading sequence.

3.2.1.6.13 Electric Power Systems Operating Experience

The following is a list of Licensee Event Reports (LERs) that are related to operation of the
Electric Power Systems. These LERs were reviewed to ensure that failure modes which have
been historically observed are addressed in the fault tree. Based on this review, it is concluded
that all such events which could have occurred at power and impacted post-trip response can'be
addressed using the models developed for the Ginna PRA:

80-001 On January 18, 1980, KDGOIA governor load setting was determined to be
incorrectly adjusted. A Dynotape sticker with the incorrect load setting had not
been removed following annual overhaul. Unavailability of KDGOIA is addressed
in the fault tree model.

80-008 On September 10, 1980, KDGOIB breaker to Bus 16 (BUS16/I IC, 52/EG I B I) did
not close during testing because of a binding control relay guide pin. Failure of
this breaker to close is included in the fault tree model.

80-009 A barring device was left engaged on KDGOIA. When KDGOIA was tested on
October 3, 1980, the device failed and parts flew out from the diesel. It was

'etermined that KDGOIAwas operable with the barring device engaged and after
it failed.

80-011 On December 11, 1980, KDGOIB breaker for Bus 17 (BUS17/25C, 52/EG I B2)
failed to close during surveillance testing. Failure of this breaker to close is
included in the fault tree model.

81-001 On January 5, 198l, an KDGOIB jacket cooling water return line to expansion
tank leak occurred from a broken bushing. Unavailability of KDGOIB is
addressed in the fault tree model.
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81-007 Loss of 34.5 kVACsupply to the station auxiliary'transformer PXYD12A on April
18, 1981, resulted in a loss of power to 480 VAC Buses 12A and 12B and
safeguards 480 VAC Buses 14, 16, 17 and 18. KDGOIAand KDGOIB started on
the undervoltage signal and supplied power to their respective buses. The, cause
of the event was a fault in the B phase vacuum breaker switch for the PXYD12B
spare transformer. Unavailability of power to PXYD12A is addressed both as a
LOOP initiator and unavailability of power given trip (basic event).

82-009 On March 20, 1982, safeguards 480 VAC Bus 17 was taken out of service for
more than seven days when the plant was shutdown. The event was caused by
installation and testing problems. This event is considered shutdown-related and
was not specifically addressed in the model.

83-008 On January 25, 1983, KDG01A start relay indicating lights were found off. This
caused a loss of the permissive start relays. KDG01A was declared inoperable but,
KDG01B was not run as required. The event was caused by a failure to follow
procedures. Unavailability of KDG01A is addressed in the fault tree.

83-011 Breaker to Battery Charger CVTA1 was inadvertently opened on March 11, 1983
while a QC inspector was checking fire seals. Breaker-transfers-open faults are
addressed in the fault tree. Open breakers and fuses prior to an initiating event
are assumed to be quickly detectable and correctable, and are not included in the
fault tree model.

83-027 A trip occurred on September 16, 1983, during a power reduction when an
operator inadvertently lost his place in the procedure and opened a switch from
Station Auxiliary Transformer PXYD011 to'4160 VAC Bus 11A before cross-
tying the bus to the incoming feed via 4160 VAC Bus 12A. (This did not impact
safety-related buses and has not been addressed in the model.)

84-009 Inadvertent start of KDGOIAduring testing on August 17, 1984. This was caused
by an intermittent 12 V power supply for a control logic board. Neither KDG01A
nor the safeguards bus was unavailable during the event. This power supply
failure is explicitly included in the Ginna undervoltage model.

85-002 Both KDGOlA and KDG01B were started and tied to their safeguards buses on
January 21, l985, as required by procedure because of low system frequency
caused by an extremely cold weather condition.

85-004 Momentary loss of 120 VAC Instrument Bus C during maintenance on March 26,
1985. because of a defective procedure. Unavailability of 120 VAC Instrument
Bus C is addressed in the fault tree model.
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85-013 KDG01A was started and tied to its safeguards bus on May 31, 1985, as required
by procedures following declaration of a tornado warning by the U.S. Weather
Bureau.

85-014 One cycle undervoltage condition occurred on 120 VAC Instrument Bus D on
June 6, 1985, during repair of ex-core nuclear power range channel N-41 selector
switch. This resulted in completion of a two-out-of-four logic and a
reactor/turbine trip. Unavailability of 120 VAC Instrument Bus D is addressed in
the fault tree model.

87-001 Plugging of the suction strainers for both diesel generators'uel oil transfer pumps
occurred on February 20, 1987. The diesel generators were in use providing all
station power during cold shutdown with all off-site power unavailable due to
maintenance. Both diesel generator day tanks indicated low level within 30
minutes of each other. The event was caused by particulate matter in the diesel
fuel oil and incorrectly designed and maintained fuel oil transfer pump suction
strainers. An onsite portable fuel oil tank was used to provide short-term makeup
to the day tanks. Common cause failures in the diesel generator fuel oil transfer
systems are included in the fault tree model.

88-006 A failed bushing on one of the main electrical substation 115 kVAC oil circuit
breakers on July 16, 1988, caused a loss of normal off-site power, including power
to the four 480 VAC safeguards buses. Both diesel generators started and
supplied power to safeguards loads. Loss of normal power is addressed in the
fault tree model.

88-008 Unexpected start of KDG01B due to a failure of undervoltage system solid state
switch 01 on September 3, 1988. The solid state switch is an interface mechanism
between the solid state undervoltage monitoring relays and the mechanical
actuation relays. Unavailability of the undervoltage monitoring relays and failure
of the solid state switches are addressed in the Ginna PRA undervoltage model.

89-002 Undervoltage condition on 480 VAC safeguards Bus 14 and KDG01A start caused
by an error during performance of a station modification procedure on May 6.
1989. Lockout relay trip contacts for a breaker had not been blocked because of
a typographical error in the procedure. The reactor was in cold shutdown for the
modification. During the event, the breaker to 480 VAC Bus 14 (BUS 14/l8B.
52/14) tripped, and KDG01A started and provided provided power to Bus 14

loads. Unavailability of this breaker is addressed in the fault tree.
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89-010 Spurious KDG01B initiation from 480 VAC Bus 16 undervoltage monitoring
system on July 30, 1989, a result of a loose connection. In the event of an actual
bus undervoltage condition, KDG01B would have been capable of providing bus
loads.

3.2.1.6.14 Plant-Specific Data Analysis for the Electric Power Systems

Electric power-related events identified in the Ginna PRA plant-specific data task were reviewed
to insure that failure modes which have been historically observed are addressed in the fault tree.
The following is a list of events which were not reported as LERs but which impacted electric
power system operability. Based on a review of these events, it is concluded that all which could
have occurred at power, with the exception of item 10 (which can be addressed by adding this
failure to those for KDG01B failure to start), can be addressed using the existing fault tree
structure.

1) On December 8, 1988, KDG01A tripped on overspeed while performing PT-12.1, due to
air start solenoid valve 5933B failing to close. Failure of the diesel generator to start is
included in the fault tree model.

2) On August 17, 1988. the KDG01A governor was not responsive and the governor control
motor-driven potentiometer was replaced. The diesel generator was believed still capable
of performing its safety-related function.

3) On June 17, 1981, while performing PT 12.1 and PT 12.2 on KDG01A and KDG01B,
respectively, KDG01A was sluggish for several minutes before attaining the minimum
acceptable test loads. KDG01B also failed the test. Post-maintenance testing revealed
improper governor settings for both diesel generators. Common cause failure of the diesel
generators is included in the fault tree model.

4) On April 21, 1982, 480 VAC Bus 17 tripped on undervoltage when Reactor Coolant Pump
PRC01B was started. The fault tree model addresses diesel generator start and load nn
sensed bus undervoltage.

5) In March 1988, an undervoltage relay for 4160 VAC Bus 11B was found to be stuck.
Failure of bus undervoltage relays is addressed in the fault tree model.

6) In 1987-88 there were four failures of DC throwover relays for safety-related buses. Failure
of these relays to transfer on loss of control power is included in the fault tree.
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7) On April 14, 1981, normal feed to switchyard transformer No. 6 was lost. This caused
loss of Buses 12A, 12B, 14. 16, 17, and 18. Both diesel generators started and loaded as
required. (This event may be the same as the event identified in LER 244/81-007 as
occurring on April 18, 1981.)

8)

9)

On July 23, 1982, an electrician inadvertently tripped the feeder breaker for 480 VAC
Motor Control Center A (BUS13/08B, 52/MCCA) while troubleshooting 480*VAC Bus 13.
He immediately reset the breaker. Total loss of 480 VAC Motor Control Center A (for
example, through a bus fault) is addressed in the fault tree model.

A loss of power on 4160 VAC Bus 11B occurred on March 30, 1985, when the door to the
Reactor Coolant Pump B (PRC01B) breaker cabinet (BUS11B/24, 52/RCP1B) was closed.
Bus 11B Differential Lockout Relay 86/11B tripped the bus; this caused loss of power on
480 VAC Bus 15 and 480 VAC Motor Control Center B. This resulted in loss of 120 VAC
Instrument Bus D, which is powered from 480 VAC Motor Control Center B. Loss of 120
VAC Instrument Bus D on loss of its 480 VAC source is addressed in the fault tree model.

10) On March 1, 1988, during performance PT-12.2, the breakers from KDG01B to Buses 16
(BUS16/12A, 52/EG1B1) and 17 (BUS17/25C, 52/EG1B2) were found in the TEST
position instead of the NORMAL position. This would have prevented KDGOIB from
tying onto these two buses. Common cause failure of the two breakers is not currently
included in the model. This event can be considered addressed by basic events associated
with failure of KDG01B to start and load, or unavailability of the diesel generator following
test and maintenance.

On December 3, 1985, battery charger BYCA1 failed due to a control circuit failure.
Failure of battery charger BYCA1 is addressed in, the fault tree model.

12) On February 24, 1987, battery charger BYCA1 was found failed due to a blown output fuse
(either FUDCPDPCB02A/1N or FUDCPDPCB02A/1P). Failure of battery charger BYCA1
and the associated output fuses are explicitly addressed in the fault tree model.

13) On July 6, 1981. inverter INVTB switched to its alternate power supply and could not be
switched back. The failure involved the inverter switch, and not the inverter itself. The
fault tree model has been developed under the assumption that, at the moment before an
initiating event, power is supplied to 120 VAC Buses A and C from inverters INVTAand
INVTB. Upon loss of either inverter, the fault tree model addresses failure to provide
power from the alternate source. A similar event occurred on February 11, 1986.

14) On December 8, l98(). water from a spilled mop bucket in the relay room leaked through
a bolt hole onto battery charger BYCA1, causing it to fail. All holes in the relay room
floor leading to the battery rooms were subsequently plugged. Failure of battery charger
BYCA1 is addressed in the fault tree model.
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3.2.1.7 Engineered Safety Features Actuation System

3.2.1.7.1 Purpose and Design Basis of the Engineered Safety Features Actuation System

The Engineered Safety Features Actuation System (ESFAS) automatically initiates various
engineered safeguards, or safety features, to limit the consequences of accidents. When the
ESFAS logic senses a condition requiring safety features actuation, it sends an appropriate signal
to activate the master relays; the master relays, in turn, activate auxiliary or slave relays that
operate the motor controllers or breakers of the safeguards devices.

Engineered Safety Features (ESFs) are specifically used to provide protection against the release
of radioactive materials in the event of a loss of coolant accident (LOCA) or a steamline break
accident. They also provide sufficient core cooling to limit the extent of fuel and fuel cladding
damage and to insure the integrity of the containment structure. The specific functions that rely
on the ESFAS are: safety injection (SI), containment isolation (CI), containment vent isolation
(CVI), steamline isolation (MSI), containment spray (CS) and feedwater isolation, automatic
diesel start, auxiliary feedwater pump start, and containment air recirculation cooling and
filtration.

The Ginna PRA ESFAS model addresses only the sensing and actuation features of the system.

The ESFAS is designed to actuate the engineered safety features to cope with any size reactor
coolant, steam line, or feedwater line break.

The ESFAS provides a high degree of reliability such that a single failure or credible malfunction
willnot prevent the system from performing its intended function. To insure this reliability, its
design incorporates redundancy, independence, diversification, Failsafe, and testability features.

Bypass removal of one trip circuit is accomplished by placing that circuit in a half-tripped mode;
i.e., a two-out-of-three circuit becomes a one-out-of-two circuit. Testing does not trip the system
unless a trip condition exists in another channel.

3.2.1.7.2 Description of the Engineered Safety Features Actuation System

The ESFAS actuates appropriate safety-related components whenever reactor coolant system,
containment, and secondary-side parameters deviate from the specified safe operating region. To
achieve this, nuclear and process instrumentation is monitored using analog monitoring. loops.
Each loop consists of a transmitter, power supply, and bistable, plus associated test components.
Loops may contain other digital and analog devices. In addition, some loops (i.e., T,„,) contain
two analog detector strings.
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The bistable in each instrument loop controls safeguards logic relays. The contacts of these logic
relays are wired together in logic matrices in such a way that, when a required combination of
parameters deviate from their acceptable operating region, a master relay is actuated. This master
relay then actuates a number of auxiliary relays which control individual safety-related
components.

There are two digital actuation trains (logic matrices, master relays and auxiliary relays) and four
analog instrumentation channels associated with the ESFAS. A minimum of two-out-of-three
(2/3) logic is used for most measurements. Each channel and each train is physically and
electronically independent. Components of different channels are physically separated, penetrate
the containment at different locations, and are supplied by independent electrical power supplies.
The SI portion only uses two of the four channels; the RPS uses the others.

There are four ESFAS relay cabinets (SIA1, SIA2, SIB1, and SIB2) located in the Relay Room
of the Control Building at an elevation of 271 ft.. Each cabinet receives signals from the
bistables in the protection cabinets. All of the cabinets are divided into two sections by a metal
divider plate. The logic relays are located in the front section, and master and auxiliary relays
are located in the rear section. Except for containment spray (CS), the bistable in each analog
circuit is energized when the measured parameter is in an acceptable region. CS bistables use
the reverse of this action. When the measured parameter deviates from its acceptable region and
reaches its setpoint, the bistable in the analog circuit trips. Once this occurs, safeguards logic
auxiliary relays (one for train A and one for train B) deenergize (energize for CS), shutting their
contacts. When the required number of logic auxiliary relay contacts within the logic matrix
close, the master relay(s) energizes, closing its contacts and activating the SI signal auxiliary
relay(s). As the auxiliary relay contacts close, some safety-related components start or operate
to mitigate the detected unsafe condition. Other components are actuated via a time delay slave
relay in cases where normal power has been lost to the vital bus(es). The analog channels are
actually powered by separate power supplies mounted in the protection racks. These are fed from
various "MQ-" distribution panels off the 120 VAC Instrument Buses.

The master and slave relays are powered from 125 VDC. Each analog channel is fed from a
different 120 VAC Instrument Bus. Two of these buses (A and C) are supplied by constant
voltage transformers and two (8 and D) are supplied by inverters.

Manual reset of the SI actuation relay may be accomplished at any time following their
operation; CS, CI, and CVI can reset after the initiating signal clears and main steamline isolation
(MSI) and feedwater line isolation (FWI) do not have a reset function. Once reset action is
taken, the SI signal master relay(s) is reset and its operation blocked until the ESF initiating
signal clears, at which time it is automatically unblocked and restored to service.
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When 480 VAC Buses 14 and 16 remain energized, closure of the master SI relay(s) contact
initiates the safeguards sequencing circuit by energizing one control relay and eight timing relays.
The control relay in each train starts an SI pump. The remaining loads are started when the
Agastat time delay relays time out and shut the breakers. The sequence is described in Table
3.2.1-9. On a loss of normal power to 480 VAC Buses 14 and 16, the sequence would be
triggered by the closure of the 27X6/14 or 27BX6/14 (or /16) relays following bus reenergization.

3.2.1.7.3 Engineered Safety Features Actuation System Electrical Dependencies

The ESFAS instruments receive 120 VAC Instrument Power from Instrument Buses A
,(IBPDPCBAR), B (IBPDPCBBW), and C (IBPDPCBCB), Distribution Panels A (IBPDPCBA)
and B (IBPDPCBB), and Inverter MQ483. The ESFAS buses themselves receive 125 VDC
power from Batteries A (BTRYA) and B (BTRYB). Failure of either train of DC power fails
the actuation of that train.

3.2.1.7.4 Engineered Safety Features Actuation System Cooling Water Dependencies

ESFAS does not require any cooling water to operate.

3.2.1.6.5 Engineered Safety Features Actuatio System Instrument Air Dependencies

ESFAS does not requireany compressed air to operate.

3.2.1.7.6 Engineered Safety Features Actuation System Control System Dependencies

Pressurizer low pressure signals for ESFAS come from the same pressure transmitter instruments
(PT- 429, 430, and 431) used in the Primary Pressure Control system (see Section 3.2.1. IO).

3.2.1.7.7 Engineered Safety Features Actuation System Controls and Instrumentation

This system is an instrumentation system; as such, the instrumentation and control aspects are
discussed in the previous sections.

3.2.1.7.8 Engineered Safety Features Actuation System Heating, Ventilation and Air
Conditioning Dependencies

ESFAS does not require any HVAC support to'operate.
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3.2.1.7.9 Location of Major Engineered Safety Features Actuation System Components

The four ESFAS relay cabinets are located in the Relay Room of the Control Building at an
elevation of 271 ft.. Instrument loop components feeding ESFAS are located throughout the
plant.

3.2.1.7.10 Normal Engineered Safety Features Actuation System Operation

ESFAS is normally actively monitoring safety-related parameters. Pumps and / or valves are
signaled via a "slave" relay. The "slave" relay is actuated via an SI auxiliary relay (SI-10X, etc.).
The SI auxiliary relays are actuated via two of the four master relays (SIA-1, SIA-2). The other
two master relays are for indication (SIB-1, SIB-2). The master relays are actuated via auxiliary
relays associated with a given instrumentation loop (e.g., TC-401AX1 off of TE-401A and TE-
401B). The auxiliary relays for SI are completely separate from the auxiliary relays that are
associated with the RPS other than relying on the same detector string. The signal comes from
bistables to auxiliary relays to SI master relays to SI auxiliary relays or the slave relays (most
of which are Agastat relays) then to the components.

3.2.1.7.11 Engineered Safety Features Actuation System Performance During Accident
'onditions

Response of the ESFAS during accident conditions is dependant on the nature of the initiating
event. Monitored variable combinations which result in actuation of safety-related components
are identified in Table 3.2.1-14. If these combinations occur, tripped protection bistables will
complete a logic matrix path for a train. This will energize the associated master relay, which
will, in turn, energize slave relays to actuate applicable safety-related components.

3.2.1.7.12 Engineered Safety Features System Test and Maintenance

Each protection channel in service at power is capable of being calibrated and tripped
independently by simulated signals for test purposes to verify its operation. This includes
checking through to the trip breakers which necessarily involves the trip logic. Thus, the
operability of each trip channel can be determined conveniently and without ambiguity.

Each Reactor Protection System (RPS) protection rack includes a test panel containing switches.
test jacks and related equipment necessary for testing the channels contained in the rack. A
hinged cover encloses the signal injection switch and signal injection jack of the test panel.
Opening the cover or placin< the test-operate switch in the TEST position will initiate an alarm
identifying the rack under test. Closing the test panel cover will mechanically return the test
switches to the NORMAL position. Administrative procedures'equire that the bistable in the
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channel under test be placed in the tripped mode prior to test. This places a proving lamp across
the bistable output so that the bistable trip setting can be checked during channel calibration. The
bistable trip switches must be manually reset after completion of a test. Closing the test panel
cover will not restore these switches to the untripped mode. To prevent safety injection trip,
procedures limit bistable testing to one circuit at a time. Testing of the logic matrices channels,
A and B, is done one channel at a time. Each auxiliary relay also has an associated test switch.

In general, when an instrument channel test selector switch is placed in TEST, the signal to the
associated master relay (SIA-1, MS1, etc.) from like instruments is blocked. The single
exception is for the pressurizer low pressure signal to SI actuation (PC-429C, PC-430E, and
PC-431G). For these instruments, the test switch effectively changes the logic from 2 of 3
instruments required to 2 of 2.

Tests of the SI and CS Systems actuations are performed at each refueling.

Test frequencies of ESFAS-related instrumentation are shown in Table 3.2.1-16. Logic (or
auxiliary) relays are tested monthly, but the master relays are only tested annually.

3.2.1.7.13 Engineered Safety Features Actuation System Operating Experience

80-002 March 31, 1980 —SI accumulator sample time between tests exceeded Technical
Specification limits. The procedure was changed.

81-008 April 2, 1981 — The pump supplying air to R-11 and R-12 failed, rendering R-1 1

and R-12 inoperable without backup. Procedure modified to place R-10A into
service as backup.

81-012 May 4, 1981 —SI functional test caused satellite Station RAS to lose power.
Procedure changed.

83-014 March 29. 1983 — steam generator level transmitters low due to drift.
Recalibrated.

84-006 May 22, 1984 — SI due to low steam line pressure due to operator error
compounded by procedural inadequacy.

85-004 March 26. 1985 —SI actuation signal due to momentary loss of Instrument Bus
lc.

86-001 January l 8. l986 —Procedure performance caused a violation of minimum degree
of redundancy for the containment pressure ESFAS channels. Caused by
inadequate procedure. Procedure changed.
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87-004 April24, 1987 —Train B Containment Isolation occurred due to operator bumping
a relay in the safeguards cabinets.

87-005 May 14, 1987 —Containment Ventilation Isolation occurred due to spurious signal
from R-11 due to frayed conductor. Re-soldered conductor.

88-007 August 4, 1988 —Containment Ventilation Isolation due to R-11 de-energizing
due to failed power supply.

88-010 December 11, 1988 —All Steam Generator pressure channels drifted high due to
freezing of pressure transmitter sensing lines. To resolve this, RG&E closed off
outside vents near the sensing lines with plywood.

89-003 May 18, 1989 —Inadvertent SI train A, no Containment Ventilation Isolation
signal. All A train equipment not in pull stop, other equip did not operate.

89-006

89-011

June 16, 1989 —R-11 and R-12 not set to monitor correct air.

September 20, 1989 — Containment Ventilation Isolation occurred due to a
spurious event.

89-013 October 20, 1989 — Containment Ventilation Isolation due to R-12 due to
flow/pressure fluctuations in the sensing lines.

89-014 October 23, 1989 — Containment Ventilation Isolation due to R-12 due to
flow/pressure fluctuations in the sensing lines.

89-016 November 17 1989 —Possible problem with SI block/unblock switch that could
render some features of both trains inoperable. It was temporarily fixed by a

procedure change; final resolution is to replace these switches with two switches
(one per train).

3.2.1.7.14 Plant-Specific Data Analysis for the Engineered Safety Features Actuation System

No interesting failures of ESFAS-related components were reported in the plant specific data
analyses.
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3.2.1.8.1 Purpose and Design Basis of the Heating, Ventilation and Air Conditioning
Systems

The Heating, Ventilation and Air Conditioning (HVAC) Systems are located throughout Ginna
Station to control the environment under both normal and accident conditions for both human and
hardware operations. Each building at Ginna has a separate HVAC system. These systems
consist of fans or blowers that move air, coolers that transfer heat to a cooling system, such as

component cooling water (CCW) or service water (SW), and electrical heaters. Ventilation
equipment failures can cause the failure of operating equipment due to overheating and/or the
failure of standby equipment due to freezing. The following is a summary of HVAC
performance in areas containing equipment required for a safe shutdown:

Diesel Generator Buildin: Each diesel generator is located in a separate room of the
Diesel Generator Building. Each room is ventilated by two inlet fans supplying outside
air, with one fan in each room discharging a supply of air directly on the instrument and
control cabinets. Excess air is discharged through automatic, pressure-actuated roof vents.
No refrigeration or service water-to-air cooling is used. Freezing could be a concern if
vents are left open.

Turbine Buildine: The Turbine Building uses roof vent fans, wall vent fans, windows,
and unit heaters for ventilation and temperature control. The fans are not supplied by
vital power; the loss of these fans would not be critical to a safe shutdown. Freezing of
equipme'nt in the Turbine Building is not likely to affect a safe plant shutdown, but could
upset the operation of a plant (i.e., initiate a plant transient). This concern was addressed
in the Ginna-specific initiating event frequency calculations.

Service Buildine: The Service Building ventilation system consists of five air handling
units. Air from uncontaminated areas is exhausted through roof exhaust fans. Air t'rom

areas of potential contamination, such as laboratories equipped with hoods, are exhausted
through the Auxiliary Building controlled access area exhaust fans. Service Building
HVAC is not required for safe shutdown. Freezing of equipment in the Service Building
is not likely to affect a safe plant shutdown or initiate a plant transient.
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Technical Su ort Center: The HVAC system provides personnel protection from
airborne radiological contaminants, maintains a positive pressure relative to the outside,
and provides cooling, heating, and ventilation required by the Technical Support Center
(TSC). Technical Support Center ventilation is not required for safe shutdown. Although
freezing of equipment in the Technical Support Center is a concern, it is not likely to
affect a safe plant shutdown.

Screen House: The Screen House does not require the HVAC system for equipment
operation, but utilizes roof vent fans, wall vent fans, windows and unit heaters for control
of the environment. In the event of a loss of power to the fans, there would be no
significant temperature rise, since it is a large volume building with sufficient openings
to adequately circulate outside air. If temperatures in the Screen House should drop to
and remain well below freezing, water in gauge root lines (for Service or Circulating
Water) could freeze, but only indications, not controls would be hampered.

Intermediate Buildin

The Intermediate Building ventilation system is connected to the Auxiliary Building
system. Two Intermediate Building exhaust fans pull air through dampers that are located
on the east wall (north side) of the building and discharge into the intake of the Auxiliary.
Building Exhaust fans. Additionally, a single recirculation fan blows air from the north
(clean) side to the south (hot) side of the building.

Auxiliar Feedwater AFW Pum Area: The one turbine driven and two motor
driven auxiliary feedwater pumps are located on the 253 ft. level (basement) of
the north portion of the Intermediate Building. An analysis was performed in
support of the Station Blackout (SBO) rul'e to determine the steady state air
temperature of the area during a four hour SBO event. The analysis concluded
that the area will reach 157.5'F if the door to the Turbine Building in left closed
and 145'F if the door is opened. However, the room has not been analyzed for
an extended period () 4 hours) of operation without ventilation. Freezing is not
a concern during normal plant operation due to the heat generated from operating
equipment.
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Atmos heric Relief Valve ARV Area: The ARVs are located on the upper level
of the Intermediate Building, in the north portion of the Intermediate Building.
The area was analyzed to determine the steady state ambient temperature during
a four-hour SBO event, and the steady state air temperature was determined to
reach 186'F with the door open and 178.9'F with the door closed. The equipment
is designed for high energy line break conditions that exceed these temperatures,
but the HVAC is modeled because these temperature could hamper the local
manual operation of ARVs. (Operation of ARVs is possible wearing
environmental suits; this is considered in the recovery analysis.)

Standb Auxilia Feedwater SAFW Building: The SAFW System, which consists of
two motor driven pump trains, is located in a building that abuts the Auxiliary Building.
The SAFW Building was added to the station well after initial construction. The room
cooling system consists of two Service Water System-cooled HVAC units (one unit
dedicated to each SAFW pump area) that are automatically started whenever the pumps
are started. The cooling units are safety-related and required to be available during all
modes of operation. An assessment has been performed which indicates that with one
pump running and no ventilation available, the maximum SAFW room temperature over
a 72 hour period is 115'F, which is below the maximum design temperature of 120'F.

Although normal operator walk-throughs (< 12 hours) should prevent the loss of room
temperature control, since the SAFW Building is separated from other plant operating
spaces, undetected freezing of water in the AFW or SW dead-legs is a concern. The
room heating is not safety related. Service Water System pipes enter the building from
underground while AFW piping travels into the Auxiliary Building above ground.

Auxilia Buildin

The Auxiliary Building HVAC system provides clean, filtered and tempered air to the
Auxiliary and Intermediate Buildings and to the surface of the decontamination pit and
spent fuel pool. The same system also exhausts air from the Auxiliary and Intermediate
Buildings. The exhaust system includes a 100% capacity bank of HEPA tilters and
redundant 100% capacity fans; Additional, localized cooling is supplied for the Residual
Heat Removal, Charging, Safety Injection and Containment Spray pumps.
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Auxilia Buildin Sub-Basement: The two RHR pumps are located in the
Auxiliary Building sub-basement area at an elevation of 219 ft. on the west side
of the Auxiliary Building. The sub-basement is provided with two SW-cooled
cooling units. The RHR pumps have been analyzed for performance in the
following conditions: Emergency cooldown with no cooling coils; LOCA with no
cooling coils; emergency cooldown with one cooling coil; and, LOCA with one
cooling coil. The only major components in the AuxiliaryBuilding sub-basement
are the RHR pumps. The analysis concludes that both RHR pumps, one of which
has received an insulation upgrade and one which has not, are fully qualified for
the calculated environment. Freezing is not a concern during normal plant
operation.

Auxiliar Buildini. Basement Safet In'ection / Containment S ra Pum Area
The Safety Injection (SI) and Containment Spray (CS) pumps are located in the
east end of the Auxiliary Building basement at an elevation of 235 ft.. Each SI
/ CS pump arrangement has a dedicated cooler and a cooling duct with its tlow
directed on to the pump and motor. Like the Auxiliary Building sub-basement,
the area temperature was evaluated for conditions during a LOCA and an
emergency cooldown with no ventilation available. The analysis concludes that
all pumps and motor operated valves in this area are fully qualified for the
calculated environment. Freezing is not a concern during normal plant operation.

Auxiliar Buildin Basement Char in Pum Room: The Charging Pumps are
located in a small room in the AuxiliaryBuilding basement. Based on room heat
load, at least one of two redundant coolers is required for operation of these
pumps. Room heat load does not vary considerably with accidents (i.e., LOCAs).
Freezing is not a concern during normal plant operation.

Control Buildin

QVAC in the Control Building is provided and controlled on a room-by-room basis.

Batterv Rooms: Battery rooms A and B are located on the lower level (253 ft.)
of the Control Building and are accessible from the Turbine Building basement.
Since the battery chargers and inverters are located in the Battery Rooms. they can
be expected to heat up if ventilation should fail during operation. The inverters
are supplied with attached fans to cool their internals. RG&E analysis indicates
that equipment will remain operational without any Battery Room HVAC.
Freezing is not a concern during normal plant operation.
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Control Room / Rela Room: The Control Room is located on the upper level
(elevation 289 ft.) and the Relay Room is located on the middle level (elevation
271 ft.) of the Control Building adjacent to the Turbine Building. The Control
Room and Relay Room ventilation and associated chilled water systems are
required for habitability and equipment operability. Since both rooms contain
safeguards equipment, HVAC is needed for this area to ensure long-term plant
control. Freezing is not a concern during normal plant operation due to heat
generated by equipment in the rooms.

Containment: The Containment Ventilation (CV) System removes the normal heat
loss from the equipment and piping in the containment during plant operation and
maintains a normal ambient temperature of about 120'F and a 50% relative
humidity. Under accident conditions, containment ventilation is one of two
means of removing energy from containment to ensure against containment
overstress and to remove the portion of the residual heat and chemical reaction
heat released to containment. Freezing is not a concern during normal plant
operation due to heat generated by equipment in the rooms.

The function of the Containment HVAC System is to remove heat generated in
containment during normal operation and non-LOCA transients. Additionally, it
provides sufficient air circulation and filtering throughout all containment areas
to permit safe and continuous access to containment within 2 hours after reactor
shutdown, assuming defects exist in 1% of the fuel rods. The CV System
provides for positive circulation of air across the refueling water surface to ensure
personnel access and safety during shutdown; and provides a minimum
containment ambient temperature of 50'F during reactor shutdown. The CV
System also provides for purging of containment to the plant vent for dispersion
to the environment, as allowed by applicable regulations, and provides for backup
purging of containment following an accident. During accidents, its function is
to remove heat, including both air cooling and steam condensation, and to remove
radioactive particulate via charcoal filters.

The charging pump, relay, control and SAFW room and IB HVAC systems function to remove
equipment-generated heat from the respective area for habitability and equipment operation.
These systems function to control temperature and humidity during both normal and off-normal
operational periods. Control Room HVAC also isolates the inhabited area upon the receipt of
high radiation or chemical level signals.

The design basis for the Containment Ventilation System as it relates to the Ginna PRA.model
is as follows:

To maintain containment ambient conditions of about 120'F and 50% relative
humidity during normal operation; and,
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~ To remove sufficient heat from containment following the initial design basis
accident containment pressure transient to keep the containment pressure from
exceeding the design pressure;

The design basis for the Control Room and Intermediate Building HVAC Systems is to ensure
adequate heat removal such that ambient temperature limits are not exceeded and to control the
direction of flow of airborne radioactivity. For the purposes of the Ginna PRA analysis, the
design basis for all other HVAC Systems was assumed to be to control temperatures such that
equipment will operate and, when required, to maintain the areas habitable.

3.1.2.8.2 Description of the Heating, Ventilation and AirConditioning Systems

This section describes the HVAC systems included in the Ginna PRA models. Simplified
drawings for these systems are found in Figures 3.2.1-14 through 3.2.1-19.

Containment HVAC S stem,

The Containment air recirculation system consists of four air handling systems (ACA01A,
ACA01B, ACA01C, and ACA01D, and fans ACF08A, ACF08B, ACF08C, and ACF08D), each
including a motor, fan, cooling coils, moisture separators and high efficiency particulate air
filters, duct distribution system, and instrumentation and controls. Two of the four air handling
systems (Units A and C) are equipped with activated charcoal filterunits, normally isolated from
the main air recirculation stream, which serve to remove volatile iodine following an accident.
The filter units are located on a platform above the operating floor. The fans are direct-driven,
centrifugal type, and the coils are plate fin-tube type. Air-operated, tight-closing, 125-lb USAS
butterfly valves isolate any inactive air handling system from the duct distribution system. The
air recirculation cooling function during normal operation is accomplished using three of the four
air handling units (less during the winter) with common, headered discharge ducting to ensure
adequate distribution of filtered and cooled air throughout the containment. During normal
operation, the flow sequence through the air handling units is as follows: cooling coils, moisture
eliminator, high efficiency particulate air filters, fan, and discharge header.

The Containment ventilation cooling units are supplied by individual lines from the Service
Water System. Each inlet line is provided with a shutoff valve and drain valve. Similarly, each
discharge line from the cooler is provided with a shutoff valve and train valve. This allows each
cooler to be isolated for draining or maintenance.

During normal plant operation, cooling water flow through the units is throttled for Containment
temperature control purposes by valve 4561 on the common discharge header from the cooling
units. An independent full-flow valve (4562) opens automatically in the event of a high-
containment-pressure signal to bypass the control valve. Both valves fail in the open position
upon loss of air pressure and either valve is capable of passing the full flow required for all four
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Containment recirculating fan cooler units. Each of the fan cooler units is in continuous or
intermittent operation. Collection and measurement of condensate from the cooling coils is one
method used to determine leakage from fluid systems within the containment. Any leakage
occurring in a cooling coil would result in leakage of service water into the containment.
Individual flow and temperature indicators are located on the discharge from each cooler unit
which alarm on the control board in order to provide additional means of detecting a leak in a
fan cooler unit.

Two of the Containment recirculating fan cooler units are required during the post-accident
period for depressurization of containment (along with the Containment Spray System).

Char in Pum Room HVAC

The charging pump room is located at an elevation of 235 ft. in the AuxiliaryBuilding basement.,
It is cooled by redundant fan-driven air coolers (coils AAA01Aand AAA01B and fans AAF01A
and AAF01B) using service water as the cooling medium. Electrical power for the fan motors
is provided from 480 VAC Motor Control Centers C and D. The capacity of each unit is
sufficient to maintain acceptable room-ambient temperatures when the minimum number of
Charging Pumps required for system operation are in service. Hence, one cooler is normally
operating.

Main Control Room

The control room air handling unit (AKF03) and circulation fans (AKF07, AKF08, and AKF09)
for the Control Room are powered from 480 VAC Motor Control Center K, which receives
power from 480 VAC Bus 14 through 480 VAC Motor Control Center C. The following is the
control room environment service conditions for equipment designed to mitigate design-basis
events:

Normal Operation:
Temperature
Pressure
Humidity
Radiation

50'F to 104'F (usually 70'F to 78'F)
0 psig
607o (nominal)
Negligible

Accident Conditions:
Temperature
Pressure
Humidity
Radiation
Flooding

Less than 104'F
0 psig
60 7o (nominal)
Negligible
Not applicable
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The Control Room HVAC System is normally operating with 2000 cfm of fresh air coming into
the system. However, radiation, toxic gas, fire or smoke alter this flow path to ensure Control
Room habitability. A spurious shift to any of these HVAC system configurations does not
constitu'te a Control Room HVAC failure.

The single-train Control Room HVAC System (i.e., no redundancy) is necessary to keep the
Control Room habitable. Control Room temperature will stabilize around 120'F with the door
open and around 140'F with the door closed following loss of Control Room HVAC. These
conditions will be reached in less than 24 hours. Without ventilation, an unpredictable set of
equipment failures may be expected which may result in Control Room evacuation and local
equipment monitoring and operate. The most limiting piece of equipment is the Advanced
Digital Feedwater Control System (ADFCS) which, although located in a separate room
(commonly known as the Mux Room) off the Relay Room, is cooled by Control Room HVAC.
Without cooling, this area will quickly exceed the 90'F operating limit of the ADFCS.

Rela Room:

The relay room is cooled by two non-safety, Service Water-cooled air conditioning units (AKF01
and AKF02). Each consists of a fan, compressor and condenser, filter and dampers. The room
will be modeled as requiring one of the two air conditioning units.

Standb Auxiliar Feedwater SAFW Buildine:

The SAFW building HVAC units provide cooling and heating as required to maintain the room
temperature within the design temperature range of 60'F to 120'F. A room cooling unit
(AFA01A or AFA01B) is automatically started whenever its associated pump is started. These
cooling units are safety-related and powered from separate Class 1E 480 VAC buses. The
cooling units can also be manually started from a local control panel, using a control switch that
has RUN-AUTO-OFF positions. Service Water flow to the SAFW room coolers is controlled
by a two-way valve in the discharge line from the coil.

The SAFW Building electrical heating system operates whenever the temperature in the room
falls below the thermostat setting of 60'F to 65'F. The heating system is not safety related or
powered from a safety-related bus since it is not required during operation. Ifthe heating system
fails, portable heating equipment can be used or the pumps can be started and run in the
recirculation mode.
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Intermediate Buildin

The AFW pumps and the ARVs are located in the north (sometimes refered to as the "clean
side") sector of the Intermediate Building, which is divided between north and south sectors by
a fire wall. The Intermediate Building has no tempered air supply system. The building relies
on the Intermediate Building exhaust fans to draw air through intake dampers and discharge the
air into the Auxiliary Building exhaust system. Additionally, the Intermediate Building has an
internal fan that draws air from the AFW pump area in the basement (elevation of 253 ft.) of the
north sector and discharges it to the south sector. Because of a minor (from an ability to achieve
safe shutdown standpoint) freezing incident, many of these intake dampers are closed off in the
winter with plywood. With this increased awareness by the plant staff, a serious freezing
incident is not considered to be credible.

3.1.2.8.3 Heating, Ventilation and Air Conditioning Systems Electrical Dependencies

All HVAC equipment requires electrical power for operation. Containment. recirculating fan
coolers fans ACF08A (BUS14/23C), ACF08B (BUS16/13C), ACF08C (BUS16/14C) and
ACF08D (BUS14/20C); charging pumps room cooling units fans AAF01A (MCCC/16F) and
AAF01B (MCCD/15F); fans AKF03 (MCCK) and AKF08 (MCCK) in the control room cooling
loop; intermediate building recirculation fans AIF02, AIF04A and AIF04B (all MCCF/04B);
intermediate building exhaust fans AIF01A (MCCF04B) and AIF01B (MCCD/03F); and,
auxiliary building exhaust fans AAF08A (BUS11A/09) and AAF08B (BUS11B/23) all require
either 480 VAC or 4160 VAC power and 125 VDC control power. Relay room cooling units
fans AKF01A (MCCB/02F) and AKFOIB (MCCB/02MM) require only 480 VAC power.
Standby auxiliary pump building cooling units fans AFF01A (MCCL/02M) and AFF01B
(MCCM/02M) require 480 VAC power and DC control power, but they generate this DC power
via small AC / DC transformers located in their breaker cubicles.

3.1.2.8.4 Heating, Ventilation and AirConditioning Systems Cooling Water Dependencies

Service water cools all four of the containment recirculating fan coolers cooling coils: the
charging pump room coolers: the relay room coolers; and, the standby auxiliary feedwater pump
building cooling units.

3.1.2.8.5 Heating, Ventilation and AirConditioning Systems Instrument Air Dependencies

Instrument air is require to shift the air-operated dampers in the containment recirculating fan
coolers ducting to divert tlow through the charcoal filters in post-accident situations. It is also
required to hold open dampers in the controll room cooling ductwork.
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3.1.2.8.6 Heating, Ventilation and AirConditioning Systems Cooling Actuation and Control
Dependencies

ESFAS signals start the idle containment recirculating fan cooling units; shift flow through the
post-accident charcoal filters in containment; and, to fully open service water valves 4561 and
4562.

3.1.2.8.7 Heating, Ventilation and Air Conditioning Systems Heating, Ventilation and Air
Conditioning Dependencies

The HVAC Systems do not require HVAC to operate.

3.1.2.8.8 Heating, Ventilation and Air Conditioning Systems Controls and Instrumentation

When the high-containment-pressure or automatic safety injection (SI) signal is received, the
butterfly valves in the containment recirculation systems are tripped to the accident or fail-safe
position. In this position, air would pass through the fan and be directed through an alternative
post accident path containing charcoal filters and then to the supply header for containment
distribution.

A SAFW HVAC malfunction alarm in the Control Room is actuated upon high or low
temperature in the Control Room, or loss of ventilation flow when the coolers are supposed to
be running.

3.1.2.8.9 Location of Major Heating, Ventilation and Air Conditionong Systems
Components

All major components of the Containment HVAC System are located inside Containment. The
Control Room HVAC System and the Battery Rooms HVAC unit are located in the Control
Building Air Handling Room at an elevation of 253 ft.. The two Relay Room HVAC units are
located in the Relay Room. The two main Auxiliary Building exhaust fans are located in the
south (hot) sife of the Intermediate Building at an elevation of 293 ft.. Intermediate Building
Exhaust Fans AIFOIA and AIFOIB are located next to the Auxiliay Building exhaust fans.
Intermediate Building Supply Fan AIF02 is located in the basement of the Intermediate Building
north (clean) side, on a platform above the motor driven auxiliary feedwater pumps.
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3.1.2.8.10 Normal Operation of the Heating, Ventilation and Air Conditioning Systems

The Ginna UFSAR states that three of four containment ventilation trains are normally in
operation, with the charcoal filters in standby. Operating experience indicates that only two
trains are normally operated in the winter. One of the two HVAC trains is normally operational
in the Charging Pump rooms. All HVAC equipment is normally operating in the control room
and relay room. Ventilation in the SAFW Building is normally not operating.

3.1.2.8.11 Heating, Ventilation and AirConditioning Systems Performance Under Accident
Conditions

In the event of an accident, Containment recirculation fan coolers butterfly valves 5871, 5872,
5874, and 5876 automatically open on the SI signal, which also closes valves 5873 and 5875 to
block the normal discharge path from the fan. The flow sequence for accident conditions is'the
same as during normal operation except that the fan discharge of two fans is directed through an
alternative bypass line to the charcoal filters before entering the discharge header for distribution.
Two of the four fans and coolers plus one Containment spray pump have sufficient capacity to
maintain Containment pressure. Procedures provides the operators with specific guidance to
check the operation of Containment HVAC.

The Containment recirculation fan collers butterfly valves have two positions: Full open or full
closed. These valves are air operated and spring loaded. Upon loss. of control signal or control
air, the spring actuates the valve to the accident position (fail-safe operation) which directs flow
to the charcoal filters. Redundant electrically operated three-way solenoid valves are used at each
butterfly valve to control the instrument air supply. These valves are arranged so that failure of
a single solenoid valve to respond to the accident signal willnot prevent actuation of the butterfly
valve to the accident position (fail-safe operation).

Following a LOOP, all containment fans are started, two of the four can be secured during the
recirculation phase.

The control room HVAC system is normally operated in MODE-1, with dampers D10 and DOl
open to allow 2000 CFM fresh air to mix into the air flow. The system exhausts the same
amount of air through dampers AKD05 and AKD04, and through the toilet exhaust t'an and
damper AKD02.

The next condition is MODE-2, post-accident with outside air available, is triggered by the.
existence of a high area radiation alarm. This condition will close damper AKDIO, open
dampers AKD08 and AKD07, and starts emergency return (via charcoal filter) fan AKF07.
Dampers AKD09, AKD08 an AKD04 will be variable to maintain a constant air volume in the
room.

h
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MODE-3, post-accident with no outside air available, is the same as MODE-2 except for dampers
AKD10, AKD08 and AKD04 are closed allowing no exchange of air with the environment.

MODE-4, initiated for control room purging following a fire, uses both the filters and
intake/exhaust to filter air much like MODE-2. MODE-5 uses the filter system without any
intake or exhaust to clean the air following a fire. MODE-6 is initiated by chlorine, ammonia
or radiation in the fresh air inlet pipe. Dampers AKD01, AKD02, AKD05, AKD01, AKD04, and
AKD08 all close, and the filtration portion of the system is initiated by opening dampers AKD09
and AKD07, and starting the emergency return fan AKF07.

The Relay Room and SAFW Room HVAC Systems have no special mode of operation during
accidents. The charging pumps and associated ventilation, and the IB ventilation system are
stripped following an SUUV signal, but are available for re-starting when the appropriate EDG
is running.

3.1.2.8.12 Test and Maintenance of Heating, Ventilation and Air Conditioning Systems

The only Technical Specification-required tests to HVAC equipment are for containment
ventilation filters and control room chemical and radiation detectors. The test identified in
Section 4.5.2.3 of the Technical Specification [Ref. 18.1.5] is performed once every 18 months
or after 720 hours of operation of the containment ventilation filters. The test is oriented toward
filterperformance rather than system reliability. Table 4.1.1 of the Technical Specification shows
that Control Room chlorine, ammonia and radiation detectors are calibration checked by routine
monitoring and tested monthly.

AllHVAC systems except for the SAFW rooms HVAC units are normally operating or operated
on a rotating basis. Maintenance is performed during reactor operation while running the
redundant HVAC units, or temporary fans.

3.1.2.8.13 Heating, Ventilation and Air Conditioning Systems Operating Experience

The following is a listing of licensee event reports (LERs) and event dates which have been
generated against the HVAC systems. These LERs were reviewed to ensure that failure modes
which have historically been observed have been addressed in the fault tree.

81-004 Containment Fan Cooler C Drain Plug Failure, February 11, 1981 — During
normal steady state operation, the C Containment Fan Cooler Unit had a failed
drain plug and a second drain plug leaking to the sump. Service Water to the C
unit was isolated and the leakage stopped. The probable cause was a galvanic
reaction, and all drain plugs were replaced. Containment Fan Cooler in
maintenance events are included'in the fault tree model.
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81-012 Exhaust Fan Damper Fails During Fuel Movement, November 2, 1984.—During
normal reactor operation, an inspection of the duct work of the IC Auxiliary
Building Exhaust Fan revealed that the discharge damper was failed in the closed
position. Since fuel was moved with this damper failed, a Technical
Specifications LCO was violated. The damper was repaired and fuel handling
procedures were modified. Damper failures are included in the HVAC models.
This exhaust fan is not in the PRA model.

87-006

88-010

Inadvertent Attendant Cooling Unit Inoperability Due to Open Breaker Causes I D
SAFW Pump to be Deemed Inoperable Beyond the Technical Specification Limit,
November 30, 1987 —The breaker for the SAFW Pump Room 1B Cooling Unit
was found to be in the off position. The cause of the problem was not precisely
determined. Locks were added to the breakers to prevent recurrence of the
problem. Latent human errors are included in the SAFW HVAC model.

P

Simultaneous Loss of Two "B" Steam Generator Pressure Channels, Due to
Sensing Line Freezing, Causes a Common Mode Failure Condition, December l 1,

1988 —During normal reactor operation, one of the three 1B steam generator
pressure channels began drifting high. Twenty minutes later, a second channel
began drifting high. The cause of the problems with both channels was freezing
of the pressure transmitters. Outside air louvers were replaced, and the
temperature monitoring of the area was improved with the installation of more
thermometers and requirements to read them during normal rounds. Freezing
events are included throughout the PRA model.

3.1.2.8.14 Plant-Specific Data Analysis for Heating, Ventilation and Air Conditioning
Systems

Reference 18.1.11 discusses major events in the operating history of HVAC systems. Numerous
Control Room failures to isolate and spurious isolations were noted, but these are not considered
to be HVAC system failures for the purposes of this system model.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project



3.2.1.9 Instrument Air System

3.2.1.9.1 Purpose and Design Basis of the Instrument Air System

The IA System is designed to supply clean, dry air for valve operators, and piping penetration
'ressurization.The Service Air (SA) System is a backup source of compressed air to the IA

system and supplies air for maintenance and service use. The IA System consists of three air
compressors with an associated aftercooler and air reservoir for each compressor. The SA
System consists of one air compressor with an associated aftercooler and air receiver. The Ginna
UFSAR specifically states that air supply failure does not affect the safe operation of the plant;
it affects only the means of positioning air controlled equipment. However, the availability of
IA significantly enhances the ability to operate equipment.

The critical function of the IA System is to supply compressed air to the pneumatic instruments
and apparatus of safely systems through IA headers. The IA headers deliver the clean and dry
air to a Turbine Building header. The Turbine Building header then distributes compressed air
to headers in the:

Intermediate Building;
Containment;
Service Building;
Auxiliary Building; and,
All-VolatileTreatment Building.

The IASystem, although supplying operating air to safety-related, is not a safety-related system.
The safety-related systems using IA are designed such that upon loss of air pressure each served
component will fail in the safe position.

3.2.1.9.2 Description of the Instrument Air System

The IA system produces 120 to 125 psig dry, tiltered air used as the motive power for valve
actuation; it consists ot'hree air compressors (CIA02A, CIA02B, and CIA02C) with an
associated aftercooler and air reservoir for each compressor. Air from the receivers is supplied
to the IA header through filters and an air dryer. The instrument air header delivers air to the
various valve actuators. piping penetration pressurization system, containment air and proot'est
system, and turbine lube-oil system.
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The SA System produces 115 to 125 psig unfiltered air used in the maintenance air connections
throughout the station, and for fire water storage tank pressurization. The SA System consists
of one air compressor (CSA02) with an associated aftercooler and air receiver. No filtration or
drying of SA is required, and the SA compressor is not completely oil free; an oil filter is
supplied. Cross-connections between SA and IA allow the service air System to supply the IA
header if IA pressure drops below 90 psig. The cross-connect occurs prior to the IA filters.
Therefore, air being supplied to the instrument air header willalways pass through the filters and
dryer.

The following describes the key IA components:

Air Com ressors CIA02A. CIA02B. CIA02C and CSA02

Flow Capacity: 300 cfm

Switches: CONSTANT SPEED-OFF-AUTO
START-STOP

Type: Vertical, canned, non-lubricated, single stage, double acting,
reciprocating

Observed Oil Pressure: 45 psig
Observed Water Pressure: )= 10 psig
Air Outlet Temperature: between 100'F and 110'F

Aftercoolers EIAOIA. EIA01B. EIAOIC and ESA01

Type: Counterflow shell and tube
Operating Temperature: less or equal to 90F

Air Receivers TIA04A. TIA04B. TIA04C and TSA01

The air receivers provide a storage volume of compressed air. Each receiver is provided
with a safety valve, moisture drain trap. air line to a control cavity, and pressure
indications. The three IA receivers supply a common air header to the filter and air
dryers.

IA Air Receivers TIA04A, TIA04B and TIA04C
Design pressure: 140 psig

SA Air Receivers TSAOl
Design pressure: 130 psig
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D ers TIAOSA. TIA05B. TIAOSC. TIAOSD

Two heaterless air dryers are normally in operation in the IA header to reduce the dew
point of the air to -70'F at atmospheric pressure. Each of the two dryer units contain two
desiccant-filled absorption towers (Train A contains towers TIAOSA and TIA05B, and
train B contains towers TIAOSC and TIAOSD) and operates with a cycle time of 10
minutes.

Filters FIA70 FIA72. FIA52 AND FIA53

The prefilter (FIA70 or FIA71) before each dryer removes entrained moisture and oil to
prevent fouling of the dehydration towers. The afterfilter (FIA52 or FIA53) of each dryer
removes any desiccant dust which may be present in the air.

Simplified diagrams of the Instrument Air and Service Air Systems are shown in Figures 3.2.1-
20, 3.2.1-21 and 3.2.1-22. A diagram illustrating the air distribution headers is shown in Figure
3.2.1-23.

3.2.1.9.3 Instrument Air System Electrical Dependencies

The compressors are powered from non-emergency buses 13 (CIA02A and CSA02) and 15

(CIA02B and CIA02C). The air dryer for Train A is powered from Bus 13, andthe air dryer
for Train B is powered from Bus 15.

3.2.1.9.4 Instrument Air System Cooling Water Dependencies

The compressors are cooled by the Service Water (SW) System. Following an SI signal, this
portion of the SW system is isolated. Simplified diagrams of Service Water flow to the
Instrument Air and Service Air compressors are shown in Figures 3.2.1-24 and 3.2.1-25.

3.2.1.9.5 Instrument Air System 'Instrument Air Dependencies

The Instrument Air System does not require instrument air to operate.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-87



3.2.1.9.6 Instrument Air System Actuation and Control Dependencies

The actuation and control power for the IA system is provided from the Bus 13 and 15 DC
control power as described in the above sub-section on electrical power. Additionally, a
containment isolation signal from the Engineered Safeguards Actuation System will shut
containment isolation valve 5392 and isolate the IA supply to containment.

3.2.1.9.7 Instrument Air System Heating, Ventilation, and Air Conditioning Dependencies

The Instrument Air System does not require any HVAC to operate.

3.2.1.9.8 Instrument Air System Controls and Instrumentation

Each IAcompressor has a local CONSTANT-OFF-AUTO selector switch and a START-STOP
'control switch located on the back of the Main Control Board (MCB). When the compressor
selector switch is placed in the CONSTANT (constant run) position, the motor runs constantly.
The compressor is loaded and unloaded by a pair of redundant pressure switches that control the
air inlet valve. The compressor is loaded when receiver pressure drops to 113 psig and unloaded
when receiver pressure reaches 125 psig. A compressor with its selector switch placed in the
AUTO position will automatically start when air pressure drops to 105 psig.

Compressor running/secured/locked out indication is provided in the control room. A compressor
is locked out following a bus undervoltage condition or a compressor overload trip. The lock
out condition is reset by turning the selector switch to the OFF position.

The following compressor alarms and trips are provided:

Low Lube Oil Pressure Trip (30 psig)
High Aftercooler SW Outlet Temperature Alarm (95'F)
High Compressor SW Outlet Trip (130'F)
High Compressor Aftercooler Air Outlet Temperature Trip (100'F)
High Compressor Air Outlet Temperature Alarm (475'F for A and B. 500"F for
C)
Dryer Transfer Failure Alarm (60 seconds after switch failure)

These alarms give an IA Compressor Alarm on the MCB. Additionally, IA System pressure
below 100 psi will give an Instrument Air Low Pressure alarm on the MCB.
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3.1.2.9.9 Location of Major Instrument Air System Components

The instrument and service air compressors, aftercoolers, air receivers, and filters are located in
the east end of the Turbine Building basement at an elevation of 253 ft.. Instrument air headers
go to all major buildings that,contain reactor equipment (auxiliary, turbine, intermediate, screen
house), including containment.

3.1.2.9.10 Normal Operation of the Instrument Air System

Normally, two compressors of IA and both dryers are in operation, with the control switch in the
CONSTANT SPEED position. Compressor operation is normally controlled by the local selector
switches. The standby compressor selector switch is in AUTO. When a compressor selector
switch is placed in the CONSTANT SPEED position, the associated compressor will start and
run continuously. In this mode of operation, the compressor is loaded or unloaded based upon
discharge pressure. The IAcompressors, when operated in AUTO, willautomatically start when
the instrument air header pressure drops to 105 psig. Once started in automatic, the compressor
will run continuously and be loaded and unloaded between 113 and 125 psig. The SA
compressor, normally operated in AUTO mode, will automatically start and stop based upon
service air pressure.

The minimum operation pressure for compressor motor lubricating oil is 38 psig. An automatic
timer controls the air flow such that one tower per unit is in the drying stage while the other is
being regenerated.

The IA compressors are alternated every other Wednesday (2 week run period) in accordance
with plant procedures.

3.1.2.9.11 Instrument Air System Performance During Accident Conditions

IAcompressors will operate as normal in all accidents except for loss of off-site power (LOOP),
safety injection (Sl) and containment isolation (CI) situations. The system is not normally run
following a LOOP beca'use of the 75 kW power requirement, but it can be manually started.
Following an SI signal, the non-safety l0" SW header will be isolated causing a loss of SW to
the compressor and aftercoolers. The in-containment portions of the system are isolated
following a CI signal.

In event of a failure of the IA system air compressors, a cross connection is provided to the SA
System. Compressed air tlow from the SA System occurs when the IAsystem pressure decreases
to 90 psig or less. The SA System cross connection is located upstream of the drying equipment,
thus the air supplied t'rom SA will be essentially oil free, clean and dry when provided to the IA
headers. The SA compressor is not oil free; thus, an oil filter is provided.
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Procedure AP-IA.1 Provides the actions to be taken during a loss of the IA System function. If
the IA pressure should fall below 60 psig, the reactor must be tripped. The 60 psig pressure is
based on the minimum pressure required for the satisfactory operation of the Steam Generator
Water Level Control System.

The action to restore IA pressure first attempt to obtain additional air from the remaining IA
compressors, then the SA compressor, the diesel driven compressor and finally the Breathing Air
System. The ability to supply the IA header from the electric breathing (Joy) air compressor or
diesel-driven (Gardner Denver) air compressor is proceduralized in Reference 2.2. The diesel-
driven compressor is located'north of the Turbine Building in the plant yard and is normally
connected to the IA System. These compressors would only be used in an emergency so as to
prevent oil contamination of the IA System headers. Procedure AP-IA.1 also provides leak
isolation procedures.

3.1.2.9.12 Instrument Air System Test and Maintenance

Both air dryers should be in service for normal operation; however, one air dryer can be removed
for maintenance for approximately 24 hours, which is apparently based on limiting moisture
introduction into the system. Compressors are inspected at least twice per shift. Ifrunning after
maintenance, a compressor would be inspected every two hours until temperature between
running compressors equalizes. The two running compressors are alternated each week, thus a
compressor runs for two weeks and then spends a week in standby. Bypass valves 5276 and
8230 on air dryers TIAOSA and TIA05B may have to be opened momentarily to charge the
header. This opening is brief and does not introduce significant water to the IA System.

I

3.1.2.9.13 Instrument Air System Operating Experience

One significant event occurred on August 14, 1988, when IA compressor CIA02C tripped due
to high ambient air temperature (113'F) with a portable fan running. This event has not repeated
itself.

3.1.2.9.14 Plant-Specific Data Analysis for the Instrument Air System

The plant specific data analysis for the IA System is discussed in detail in Section 3.3.2.3.1.8
through 3.3.2.3.1.10.
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3.2.1.10 Primar'y Pressure Control Systems

3.2.1.10.1 Purpose and Design Basis of the Primary Pressure Control Systems

The primary pressure control (PPC) functions of the Reactor Coolant System (RCS) are provided
by the pressurizer (including safety relief valves, power-operated relief valves (PORVs), motor
operated PORV block valves, spray valves, and pressurizer heaters), piping, and instrumentation
necessary for operational control. The pressurizer is connected to the RCS B loop.

The pressurizer and associated components maintain the required RCS pressure during
steady-state operation, limit the pressure changes caused by coolant thermal expansion and
contraction during normal load transients, and prevent the pressure in the RCS from exceeding
the design pressure. The pressurizer contains replaceable direct immersion heaters, multiple safety
and relief valves, a spray nozzle and associated spray valves, interconnecting piping, valves, and
instrumentation. The heaters raise, and the spray valves lower, the temperature of the contents
in the pressurizer.

The safety relief valves and pilot operated relief valves (PORVs) provide for steam release to
prevent RCS overpressurization. Automatic spray valve operation limits the pressurizer pressure
following most reactor trips, which minimizes PORV and Safety Relief Valve (SRV) lifts. The
PORVs also provide for RCS depressurization if required following a loss of main and auxiliary
feedwater or a steam generator tube rupture.

Each of the two pressurizer code safety valves is designed to prevent system pressure from,
exceeding design pressure by more than 10% for the maximum surge rate resulting from a

complete loss of load without direct reactor trip or other control, except that the secondary side
safety valves are assumed to be operable.

Two PORVs, with setpoints below the code safety valves, minimize the likelihood of SRV lift
during transients. The PORVs are provided with upstream block valves which can be used to
isolate a stuck open relief valve. While not in the design basis, the PORVs also provide an RCS
blowdown path for use during feed and bleed cooling.

Two spray valves, in conjunction with the pressurizer heaters, provide pressure control for plant
load changes during normal operation. The Reactor Coolant System and its components are
designed to accommodate, without reactor trip, a change in plant load of 5% of full power/minute
or a step change of 10% of t'ull power.'n addition, if the turbine bypass and steam dump system
are operable, the RCS can accommodate a 50% step load decrease or a turbine trip from below
50% power without reactor trip.
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3.2.1.10.2 Description of the Primary Pressure Control Systems

Pressure in the RCS is controlled by the pressurizer (TRCOI), where water and steam pressure
is maintained through the use of pressurizer heaters and sprays. Steam can either be formed by
the pressurizer heaters or condensed by a spray to minimize pressure variations due to contraction
and expansion of the coolant. The pressurizer is designed to accommodate positive and negative
surges caused by load transients. The surge line, which is attached to the bottom of the
pressurizer, connects the pressurizer to the hot leg of the B RCS loop. During a positive surge,
caused by a decrease in plant load, the spray system, which is fed from the cold leg of a coolant
loop, condenses steam in the vessel to prevent the pressurizer pressure from reaching the setpoint
of the PORVs.

There is one spray nozzle for the auxiliary spray valve (296) and both normal spray valves (431A
and 431B). These power-operated spray valves limit the pressure during load transients. Two
separate, automatically controlled spray valves with remote-manual overrides are normally used
for pressurizer spray. A manual throttle valve in parallel with each spray valve permits a small
continuous flow (1 gpm) through each spray line. (Two separate spray valves and line
connections are provided so that the spray willoperate when only one RCP is operating.) These
spray valves are normally closed. Valve 431A receives flow from RCP A and 431B receives flow
from RCP B. Alternate spray can be provided from the Chemical and Volume Control System
(CVCS) through air operated valve 296 when neither RCP is operating.

There are 78 electric pressurizer heaters separated into a control/variable (proportional) group and
a backup group. The pressurizer heaters are located in the lower section of the vessel and keep
the water and steam in the pressurizer at saturation temperature. The pressurizer heaters are
necessary for power operation and facilitate post-trip core cooling. The backup group is either
fully on or fully off, while the control group's output is controlled inversely proportional to the
pressurizer pressure. The backup heaters turn on at 2210 psig while the control heaters are fully
on at 2220 psig and off at 2250 psig.

Spring-loaded steam code safety valves and PORVs are connected to the pressurizer. Discharge
from these valves is normally contained in pressurizer relief tank (PRT) TRC02, where
discharged steam is condensed and cooled by mixing with water. If the relief valve discharge
cannot be accommodated by the PRT, a rupture disk on the tank blows. This results in the relief
valve discharge being directed to containment. During power operation, the PORVs serve to
minimize pressure transients. which could lift the SRVs.

RCS overpressurization protection is provided by two code safety valves. These valves lift at
2485 psig and prevent pressures greater than 110% of design for all transients, including failure
to trip.
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Two PORVs; set to lift at 2335 psig, prevent SRV lift for non-ATWS transients. The PORVs
are operated automatically for pressure control or remote manually when RCS depressurization
is required (e.g., for SGTR mitigation or feed and bleed). The PORVs are spring closed and air
or nitrogen opened, and receive actuating gas from the plant instrument air system or a backup
nitrogen accumulator. The accumulators are sized to provide sufficient actuating nitrogen without
operator action following a loss of the instrument air system. During feed and bleed, the
instrument air source is bypassed and nitrogen is used to open the PORVs. The control signal
to open the PORVs during feed and bleed is provided by arming the Reactor Vessel Overpressure
Protection System (LTOP).

The pressurizer discharge lines leading to each PORV contain a motor-operated block valve (516
for 430 and 515 for 431C) to be used ifthe PORV opens inadvertently or fails to close following
an overpressurization transient.

A simplified diagram of the Primary Pressure Control Systems is shown in Figure 3.2.1-26.
1

3.2.1.10.3 Primary Pressure Control Systems Electrical Dependencies

PORVs 430 and 431C and motor operated block valves 515 and 516 require 125 VDC and 480
VAC power for operation. Spray valves 431A and 431B require 120 VAC for operability.

3.2.1.10.4 Primary Pressure Control Systems Cooling Water Dependencies

The Primary Pressure Control Systems do not require any cooling water to operate.

3.2.1.10.5 Primary Pressure Control Systems Instrument Air Dependencies

Instrument air provides motive power for the PORVs and spray valves. When instrument air is
unavailable, or when bypassed during feed and bleed operation, nitrogen gas is available via
manual alignment (through the LTOP system) to open the PORVs. Components associated with
the backup nitrogen supply are addressed in the PPC fault tree model. Instrument air and
nitrogen supply to the PORVs is illustrated in Figure 3.2.1-28.

3.2.1.10.6 Primary Pressure Control Systems Actuation and Control Dependencies

The Primary Pressure Control Systems to not require any inputs from ESFAS or other modeled
control systems to operate.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-93



3.2.1.10.7 Primary Pressure Control Systems Heating, Ventilation and Air Conditioning
Dependencies

The Primary Pressure Control Systems do not require any HVAC to operate.

3.2.1.10.8 Primary Pressure Control Systems Control and Instrumentation

The pressurizer has four pressure transmitters which provide signals used for indication, control,
and protection. These are PT-429, PT-430, PT-431, and PT-449. Each of the four channels may
be displayed on recorder PR-429 by selecting the desired channel with the pressurizer pressure
recorder selector switch. Pressurizer pressure is displayed on the main control board by four
meters, with a combined range of 1700-2500 psig.

To provide control signals for the spray valves and PORVs, pressurizer pressure is compared to
a setpoint pressure. The output of this comparison is supplied to a PID circuit, where the signal
is conditioned to compensate for the rate of change of the inputs.

The two spray valves operate together on the same control signal from the pressurizer pressure
controller (either from PT-449 or PT-429). The nominal opening pressure for the valves is at
an error signal of +25 psi (2260 psig), with a gain of 2 percent/psig, so that the valves are

fully'pen

at a+75 psi error (2310 psig). The control signals are supplied through a manual-auto hand
control station (one for each spray valve), located'on the main control board from which manual
spray valve operation can be initiated.

Power-operated relief valves 430 and 431C operate at a nominal setpoint of 2335 psig. They are
either open or shut. The PORVs are interlocked closed below 2335 psig on a redundant pressure
channel to prevent inadvertent depressurization on a single channel failure high. For example,
with the switches in the PLP rack in the normal "at power" configuration, to open 430 would
require both PT-429 and PT-430 to be greater than 2335 psig. Manual operation of the relief
valves below the setpoint is possible from the main control board with a three (3) position switch
(OPEN-AUTO-CLOSE).

For sustained RCS depressurization (for example, for steam generator tube rupture mitigation and
for feed and bleed cooling), the reactor vessel overpressure protection system (LTOP) is used to
provide an open signal to both PORVs. The system is armed by operating the key switches for
valves 8604A, 8604B, 8616A, 8616B, 8619A and 8619B on the back of the main control board.
This allows nitrogen to be supplied to the nitrogen accumulator via valves 8603A and 8603B,
the nitrogen surge tank via 86 l 2A, 8612B, 8616A and 8616B and arms valves 8619A and 8619B
such that, since pressure in the RCS exceeds 410 psig (for applicable sequences) as measured on
PT-450, PT-451, PT-452 (2/3 logic) 8619A and 8619B will reposition to allow nitrogen to open
430 and / or 431C. When pressure decreases to ( 410 psig then valves 8619A and 8619B will
shut. The LTOP instrumentation is shown in Figure 3.2.1-29.

Pressurizer heater control is also provided using PT-449 and the same PID device.
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PORV and SRV position indication is provided. A thermocouple located in the discharge pipe
of each code safety valve provides indication of valve movement or significant seat leakage.
Actuation of a safety valve will cause a rapid rise in discharge temperature, which is sensed by
the thermocouple and indicated/alarmed in the control room. Also linear voltage differential
transducers on the pressurizer safety valves provide a direct indication of valve position. The
PORVs have direct stem position indication/alarm in the control room.

Pressurizer pressure indication and control circuitry is shown in Figure 3.1.2-27.

3.2.1.10.9 Location of Major Primary Pressure Control Systems Components

The Primary Pressure Comtrol Systems valves and pressurizer heaters are located in Containment.
Instrumentation and control components of the systems are located in racks in either the control
room at an elevation of 289 ft. in the Control Building, or the Relay Room at an elevation of 271
ft. in the Control Building.

3.2.1.10.10 Normal Operation of the Primary Pressure Control Systems

During normal system operation both PORVs are closed and both PORV block valves are open.
Both RCPs are operating, and hence normal pressurizer spray is available from either spray valve,
if required. Alternate pressurizer spray is isolated.

At normal pressure, 2235 psig + 15 psig, the RCS is stable with the proportional heaters on at
half capacity to compensate for heat losses. If pressure should increase, proportional heater
output will decrease until the heaters are completely off at 2250 psig. If pressure continues to
increase, the spray valves will start opening at 2260 psig and will be fully open at 2310 psig.
A high pressure alarm will actuate at 2310 psig. At 2335 psig, the power-operated relief valves
will open and at 2377 psig a reactor trip will occur (see Section 3.2.1.10.11 for post-trip
response).

If pressure decreases from normal, the proportional heaters'utput will increase until fully on
at 2220 psig. The backup heater groups turn fully on at 2210 psig. At 2185 psig. a low
pressurizer pressure alarm would actuate. At 1873 psig (interlocked with P-7), a reactor trip is
initiated (see Section 7 for post-trip response).
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3.2.1.10.11 Primary Pressure Control Systems Performance During Accident Conditions

The PORVs are automatically actuated at 2335 psig (prior to the high pressure reactor trip
setpoint). In the event that either PORV fails to close following lift, its associated block valve
can be manually closed from the control room.

Following a SGTR and for transients in which main and auxiliary feedwater are unavailable, RCS
depressurization and use of either the Condensate System (for SG cooling) or the SI System (for
feed and bleed cooling) can provide decay heat removal. For these situations, the PORVs must
be blocked open to depressurize the RCS. This is accomplished by arming the reactor vessel
overpressure protection system. This system then provides the control signal (since RCS pressure
is greater than 410 psig).

The spray valves are proportionally actuated starting at 2260 psig and are fullyopen at 2310 psig.
Proper operation of the pressurizer sprays willprevent PORV liftfollowing reactor trip. Manual
operation of pressurizer spray (normal or alternate spray) is required for SGTR mitigation.

3.2.1.10.12 Test and Maintenance of the Primary Pressure Control Systems

Each PORV is demonstrated operable by:

1) Performance of a Channel Functional Test (CFT) on the actuation channel. but
excluding valve operation, within 31 days prior to entering a condition in which
the PORV is required operable and at least once per 31 days thereafter while the
PORV is required operable;

2) Performance of a channel calibration on the actuation channel is checked at least
once per 18 months;

3) Position indicator and thermocouple position indicator are checked daily (TS
limit). min. operable 1-out-of-2; and,

4) Position indicators: primaries are checked monthly and tested every refueling: and
backups are checked monthly and tested every refueling.

Each PORV block valve is demonstrated operable by:

1) Verifying the valve is open at least once per 72 hours when the OMS is required
to be operable:
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2) Except during cold and refueling shutdowns each valve is demonstrated operable
at least once per 92 days by operating through one complete cycle, unless the
valve is already closed;

3) Position indicators are checked daily: any'time the RCS (200'F (TS limit), min.
operable 0-out-of-1; anytime the RCS > 200'F, (TS limit) min. operable
1-out-of-2; and,

4) Position indicators are checked monthly and tested every refueling.

Applicable pressurizer instrumentation is demonstrated operable by:

1) Pressure channel checks are performed daily anytime the RCS > 200'F: alarm
value —high 2310, low 2185, SI 1750; TS limit—saf. limit2735, saf. vlv 2485,
Rx trip 2377, PORV 2335, Rx trip 1873; and,

2) Pressure channels are checked each shift, calibrated each refueling, and tested
monthly.

The auxiliary spray valve is demonstrated operable by:

1) AOV 296, the auxiliary spray valve from the regenerative heat exchanger to the
pressurizer, is verified daily to be closed.

The safety valves are demonstrated operable by:

1) The equipment and sampling test which tests the setpoint during each refueling;

2) Position indicators (digital and thermocouple) have daily channel checks anytime
the RCS > 200'F, (TS limit) min. operable I-out-of-2; and,

3) Position indicators: primaries, checked monthly and calibrated each refueling;
backups. checked monthly and calibrated each refueling.
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3.2.1.10.13 Primary Pressure Control System Operating Experience

The following is a list of Licensee Event Reports (LERs) which have been generated against
PPC-related components. These LERs were reviewed to ensure that failure modes which have
been historically observed are addressed in the fault tree. Based on this review, it is concluded
that all such events which could have occurred at power and impacted modeled post-trip response
can be addressed using the existing fault tree structure.

80-004 DC switches for both trains of OPPD and the head vent solenoid valve were found
in the off position with no RCS vent path open. fOPPD affects the Nitrogen
backup of the PORVs and would be reflected in the N2 accum'ulator failures.]
(Determined to be an operator error in maintenance.)

82-005 PORV failed to close following a SGTR. (The restricted vent valve in the PORV
air / N2 supply line was then removed and an orificed check valve installed.j

83-023 When PORV-430 attempted to reseat following a manual turbine trip lift, a leak
was discovered.

86-008 Ground lead in TWINCO-MQ400C caused failure of PORV-431C to open and
sprays to actuate. Caused a reactor trip. (Determined to be human error in
maintenance.) [PC-431K and spray controllers both receive power from
TWINCO-MQ400C.]

3.2.1.10.14 Plant Specific Data Analysis for the Primary Pressure Control Systems

The plant specific data analyses were reviewed to determine any effect of non-LER reportable
events on the existing fault tree structure. The data collection and analysis activities are
consistent with the information in the Ginna PRA fault tree models.
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Residual Heat Removal System

3.2.1.11.1 Purpose and Design Basis. of the Residual Heat Removal System

The low pressure injection and low pressure recirculation portions of the RHR System perform
functions in support of the Safety Injection (SI) System. The Safety Injection System, as
described in the Ginna UFSAR, is intended to assure adequate core cooling following loss-of-
coolant and certain other accidents. The functions of the SI System are described in detail in the
Safety Injection System Work Package. After a break in the Reactor Coolant System (RCS),
passive accumulators inject borated water into the RCS cold legs. Three high-pressure safety
injection pumps are available to reflood the RCS using water from the Boric Acid Storage Tanks
(BASTs) and the Refueling Water Storage Tank (RWST). The RHR pumps willprovide makeup
to the RCS from the RWST if RCS pressure decreases below 140 psig.

When the RWST inventory is depleted, the SI pumps and the RHR pumps are realigned to pump
water from the containment sump, through heat exchangers cooled by the Component Cooling
Water System, back to the RCS. Depending on RCS pressure, the pumps may be aligned to
pump directly to the RCS or they may be aligned to the suction of the SI pumps.

Two independent parallel flow paths exist to and from the RHR pumps and heat exchangers with
the exception of a shared suction line from the RWST and a shared segment of discharge line
to the containment. Power is provided to the pumps from independent safeguards Buses l4 and
16.

The injection and recirculation portion of the RHR System performs the following functions
which may be needed to ensure adequate core cooling:

~, Refloods the RCS using the RWST inventory, if RCS pressure is below pump
shutoff head of 140 psig;

Recirculates the containment sump "B" inventory through heat exchangers and
back to the RCS via the SI pumps, if RCS pressure is below pump shutoff head
of 140 psig: and,

Recirculates the containment sump "B" inventory through heat exchangers and
back to the RCS via the SI pumps, if RCS pressure requires (140 psig < RCS
pressure < I 515.5 psig).

The Ginna UFSAR indicates that the design basis for the Safety Injection System (including the
RHR System) is to automatically deliver cooling water to the reactor core to limit the fuel clad
temperature and thereby ensure that the core will remain intact and in place, with its heat transfer

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-99



geometry preserved, for all break sizes up to and including the hypothetical instantaneous double-
ended rupture of the reactor coolant pipe, the rod ejection accident, a steam or feedwater line
break, a steam generator tube rupture, and other accidents. The specific function of the SI and
RHR pumps is to reflood the reactor vessel and return the core to a subcooled state. The flow
from any two SI pumps and any one RHR pump is sufficient to provide the required flow to
maintain fuel within required safety limits.

The RHR System is designed so that no single active failure willprevent it from performing its
safeguards function. Redundancy has been ensured for all active components. Most parts of the
system are rated for a maximum pressure of 600 psig. These portions are protected from full
reactor pressure by redundant isolation valves and overpressure protective devices.

3.2.1.11.2 Description of the Residual Heat Removal System

A simplified drawing of the RHR System is provided in Figure 3.2.1-30.

The RHR System consists of two pumps (PAC01A and PAC01B), two heat exchangers (EAC02A
and EAC02B), and associated piping, valves, and instrumentation. Suction paths exist from the
RCS loop "A"hot leg, the RWST, and containment sump "B".,Discharge paths are to the RCS
loop "B" cold leg, the reactor vessel, the RWST supply line to SI, and to SI pump PSI01C.

RHR suction supply to the pumps is from the RWST via a 10-inch line containing a normally
open motor-operated valve (856), and a check valve (854). When the system is operating to
provide residual heat removal, suction is via a 10-inch line from "A"loop hot leg, containing two
motor-operated isolation valves (700 and 701). Recirculation supply is from containment sump
"B"via parallel trains of 8-inch piping, each containing two motor-operated valves (850A/B and
851A/B). Suction crosstie capability exists via a 10-inch line containing two normally-open
motor-operated valves (704A/B). The two pumps are horizontally-mounted centrifugal type, each
capable of delivering 1560 gpm at 121 psid. The pumps were manufactured by Pacific Pumps
and are of Type "SVC/6L."

After the discharge of each pump is a check valve (710A/B) and a manual discharge isolation
valve (709A/B). The pump discharge lines are then crosstied via an 8-inch line containing two
normally-closed manual isolation valves (709C/D). There is a heat exchanger in each train. each
with a manual isolation valve on the inlet and a check valve on the outlet. A 3-inch orificed
minimum flow line takes offjust after each heat exchanger and returns flow to the RWST suction
line. There is a 6-inch bypass line around heat exchanger EAC02A to the segment of the
injection line common to both trains. This line contains an air-operated butterfly valve (626)
with manual isolation valves on either side. Flow can be diverted around the heat exchanger
using this line, in order to control RCS temperature while on RHR. A 6-inch line connects the
trains, connecting to "A" train immediately downstream of the heat exchanger and to "B" train
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after the heat exchanger outlet check valve. Two motor-operated valves (857A/C) in this line
isolate the "A" train from a common supply to SI. One motor-operated valve (857B) isolates
train "B" from this line. On the "A" side of the isolation valves, a 4-inch line branches off
through two normally closed manual isolation valves (1816A/B) to supply SI pump PSI01C.

Downstream of the heat exchanger outlet check valves are air-operated butterfly flow control
valves and manual isolation valves. These are used, in conjunction with AOV 626, to regulate
RHR flow through the heat exchangers in order to control RCS temperature during shutdown.
After the manual isolation valves, the two trains combine into a common injection line. This line
penetrates the containment and divides into three lines. Two of these lines, each containing a
motor-operated valve (852A/B) and a check valve (853A/B), penetrate the reactor vessel and are
used for injection and recirculation. The third line routes return flow from the common line past
two motor-operated isolation valves (720 and 721) to "B" RCS loop cold leg and is used during
RHR.

Component cooling water (CCW) is provided to the RHR pump seal heat exchangers (EAC06A
and EAC06B) and to the RHR heat exchangers. CCW supply to the seal heat exchangers is not
required for the injection mode of pump operation. CCW supply to the RHR heat exchangers
is required for recirculation and RHR operation.

Normal at-power system alignment is for injection operation. Pump suction is aligned to the
RWST and discharge is aligned through the heat exchangers to the reactor vessel. The pump
discharge crosstie and heat exchanger bypass valves are closed. A closed motor-operated valve
and a check valve in each of two injection lines isolate the system from the RCS. CCW to the
heat exchangers is not required for injection operation and is not valved in during normal
operation. Pump minimum flow protection is provided by a 3" line just downstream of each heat
exchanger which can recirculate approximately 200 gpm each back to the suction supply line.

Ifinjection is demanded by a safety injection signal, the pumps are automatically started and the
injection valves are opened. When RCS pressure falls below pump shutoff head, the pumps
begin to deliver flow to the reactor.

Interlocks exist to protect the low-pressure portions of the system from RCS pressure and to
ensure that RCS inventory is not misdirected. Motor-operated valve 700 (RHR suction isolation
from the RCS) cannot be opened unless RCS pressure is below 410 psig and sump suction
motor-operated valves 850A and B are closed. The other RHR suction valve, MOV 701. is
operated with a key switch and cannot be opened unless sump isolation valves 850A and B are
closed. Motor-operated valve 721 (RHR return isolation) may not be opened unless RCS
pressure is below 410 psig and MOV 720, the other return isolation, requires a key switch.
Additional overpressure protection is provided by the CVCS relief valve, RV-203, which is
connected to the RHR system by a locked-open manual valve.
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3.2.1.11.3 Residual Heat Removal System Electrical Dependencies

Valves 852A (MCCC / DCPDPAB01A), 852B (MCCD / DCPDPAB01B), 850A (MCCC /
DCPDPAB01A), 850B (MCCD / DCPDPAB01B), 738A (MCCC / DCPDPABOIA), 738B
(MCCD / DCPDPAB01B), 700 (MCCC / DCPDPAB01A), 701 (MCCD / DCPDPAB01B), 720
(MCCC / DCPDPAB01A), 721 (MCCD / DCPDPAB01B), 856 (MCCC / DCPDPAB01A) and

pumps PAC01A (BUS14/22A / DCPDPAB01A) and PAC01B (BUS16/15A / DCPDPAB01B)
require DC and 480 VAC for operation.

3.2.1.11.4 Residual Heat Removal System Cooling Water Dependencies

The RHR pump seal coolers are supplied by the Component Cooling Water System. This supply
is required for recirculation operation. The RHR heat exchangers must be supplied by component
cooling water during recirculation operation. Component cooling valves 738A/B, 769, 707A/B,
708A/B, 780A/B, and 741A/B are included in the RHR model.

3.2.1.11.5 Residual Heat Removal System Instrument Air Dependencies

Instrument air is required to control the RHR heat exchanger flow and bypass control valves.
These valves all fail to required safety positions on loss of air. Flow control is required during

o two pump recirculation operation with only one suction train aligned.

3.2.1.11.6 Residual Heat Removal System Actuation and Control Dependencies

3.2.1.11.7 Residual Heat Removal System Heating, Ventilation and Air Conditioning
Dependencies

Containment cooling is required to ensure the structural integrity of containment, thereby
maintaining the fluid boundary of Sump B and maintaihing adequate NPSH for the RHR pumps
during recirculation operation.

3.2.1.11.8 Residual Heat Removal System Controls and Instrumentation

Control and indication is provided in the control room for all motor-operated valves associated
with the system, as well as for the RHR pumps. Controllers for the heat exchanger outlet and

bypass valves (624, 625 and 626) are also located there. FT-626 provides indication of total
system flow to FI-626 on the, Main Control Board (MCB). TR-630 provides indication of RHR
heat exchanger "A" inlet temperature.
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No operator control actions are required to align the system for injection. In order to switch the
system to recirculation, operators must have control and indication for the RHR pumps and
appropriate valves. These include motor operated valves 856 (RWST suction), 850A and 850B
(recirculation sump suction). Indication of RWST level is required as well. RWST
instrumentation failures are modeled in the Containment Spray System (see Section 3.2.1.4).

In order to provide a controlled cooldown, operators must have indication and control for valve
626 and must be able to control at least one of the heat exchanger outlet flow control valves,
624 or 625.

Alarms are given by the following conditions in the RHR System:

~ Low flow

~ High pressure

(2900 gpm or as set during RHR mode operations;

) 550 psig;

Low CCW flow ( 15 gpm (pump seal cooler); and,

~ Low pressure ( 410 psig.

Important control room indications include:

Valve Position MOVs 851A, B; 700; 701; 704A, B; 720; 721; 738A, B;
850A, B; 852A, B; 856; 857A, B, C;
AOVs 624; 625; 626;.

Pump status

RHR flow

Pumps PAC01A and PAC01B breakers open / closed

FT-626 (Fl-626)

RHR HX inlet temp TT-630 (TR-630)

RHR flow to CS/HPI FT-931A, B (FI-931A and FI-931B)

3.2.1.11.9 Location of Major Residual Heat Removal System Components

RHR valves 700, 701, 720, 721. 852A, 852B, 853A, 853B (connections to the RCS), 851A. 851B
(connections to the containment sump), and associated piping are located in Containment. The
balance of the system is located in the Auxiliary Building basement (elevation 235 ft.) and the
Auxiliary Building sub-basement (elevation 219 ft.).
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The system is controlled from the control room. All components except those connecting the
system to the RCS should be readily accessible during plant operation. During accident
sequences with elevated RCS radiation levels, accessing these components could be difficult.

3.2.1.11.10 Normal Operation of the Residual Heat Removal System

During normal operation, the RHR System is aligned for the injection mode of operation and is
not in service. System suction is aligned to the RWST via valves 704A, 704B, 854, and 856.
The discharge path is aligned up to the injection valves, 852A and 852B. Component Cooling
Water is aligned to the RHR pump seal coolers but isolated from the RHR heat exchangers.

Under shutdown conditions, the RHR System will be aligned to provide decay heat removal.
After the RCS temperature has declined to 350'F following a shutdown, the normally-open
(locked open) sump suction valves 851A and 851B are closed as is the RWST suction valve, 856.
Valves 851A and B are in series with normally-closed valves 850A and 850B. Valves 738A and
738B are opened to supply the heat exchangers with CCW. Suction is established from the RCS
via valves 700 and 701 and flow is returned via valves 720 and 721 ~

Total system flow is set with the 626 heat exchanger bypass flow control valve. Cooldown rate.
is controlled by adjustin'g heat exchanger outlet flow control valves 624 and 625. RHR inlet
temperature is determined from temperature recorder 630, which monitors the temperature at the
inlet to RHR heat exchanger EAC02A.

3.2.1.11.11 Residual Heat Removal System Performance During Accident Conditions

Upon receipt of a safety injection signal, the RHR pumps are started and injection valves 852A
and 852B are opened. IfRCS pressure declines to the RHR pump shutoff head of 140 psig, the
pumps begin to inject borated water from the RWST. If injection continues until the RWST
inventory is depleted, the operators will shut the system down and realign it for cold leg
recirculation. This entails stopping the RHR pumps and closing the RWST suction valve, 856.
Containment sump suction "B" valves 850A and 850B are then opened, and CCW is admitted
to the heat exchangers via valves 738A and 738B. The pumps are then restarted. If reactor
pressure is greater than the pump shutoff head, the system may be aligned to supply the high
pressure injection pumps by opening 857A, 857B, and 857C. An alternate path exists to SI pump
PSI01C via valves 1816A and l816B. Operation of these valves is addressed in the SI fault tree
model.
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3.2.1.11.12 Residual Heat Removal System Test and Maintenance

Technical specifications require that the RHR System be tested monthly to verify satisfactory
'lowthrough the minimum flow line and adequate pump discharge pressure. During the test

described in procedure PT-2.2M/Q, no major system valves are repositioned and the RHR System
is still capable of performing its safety functions. Additional full-system testing is performed
during annual outages (RSSP 2.2).

.Ginna procedure 0-6.14, Monthly Surveillance Schedule [Ref. 18.2.8], indicates that the
safeguards valves surveillance procedure, PT-2.3, is to be performed quarterly. Procedure PT-
2.3 requires that the following RHR or related system valves be stroked to verify operability:
704A,„704B, 850A, 850B, 851A, 851B, 857A, 857B, 857C. During the time that certain of these
valves are tested, one train of the RHR System may not be immediately available to perform its
safety function. This time interval is small, but the impact of train unavailability has been
included in the model.

3.2.1.11.13 Residual Heat Removal System Operating Experience

A review of Licensee Event Reports relating to the RHR System identified the following items
as potentially relevant to system modeling issues. No new potential failure modes were identified
for the system.

82-017 On August 3, 1982, during surveillance testing of the RHR pump PAC01B at
100% steady state power, it was noted that the leakage from the mechanical seal
exceeded 2 gph. Actual leakage was 2.1 gph. This required the RHR pump
PACOIB to be declared inoperable.

84-002 On March 3, 1984, while cooling down the RCS to cold shutdown condition for
the annual refueling and maintenance outage, periodic test PT-2.4.1 Cold/Refueling
Motor-Operated Valve Surveillance (RHR System - 700 valves) was in progress.
MOV 700 (RCS Loop A residual heat removal suction stop valve) failed to stroke
to the open position when actuated from the Control Room. Following manual
unseating of the valve, the valve was retested and stroking times were verified
acceptable.
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84-003 On March 7, 1984, while the reactor was in the cold shutdown condition, the
draindown of the Reactor Coolant System (RCS) was in progress in preparation
for the Steam Generators (S/G) annual inspection. In the process of draining the
RCS to the CVCS Holdup Tanks, while preparing to shift from draining via the
Reactor Coolant Drain Tank (RCDT) pump to the Low Pressure Purification
Pump, valves MOV 851A and B (Containment Sump B Suction to RHR) were
mistakenly opened prior to shutting valve MOV 850A (downstream of MOV 851A
and upstream of RCDT pump suction). This resulted in water being drained from
the RCS Loop to sump B, with potential loss of RHR capability.

84-005 On May 14, 1984, while cooling down the RCS to the cold shutdown condition,
MOV 700 (RCS Loop-A RHR suction valve) failed to stroke to the open position
when actuated from the Control Room. Following manual unseating of the valve,
maintenance personnel performed an inspection of the valve exterior. This
inspection revealed that the packing gland flange had shifted out of the vertical
position to a point where the flange was in contact with the valve stem. This
could have caused a mechanical binding in the stem and torque-out of the
operator.

87-007 On December 18, 1987, during the review of a Westinghouse Corporation letter
entitled Operating Plant Feedback —Non-Vital Power Supply Used in Valve
Interlock Logic, it was discovered that the potential existed for a loss of core
cooling during the high head recirculation phase. The apparent root cause of the
event was identified as a design flaw, in that a common power supply, Bus 14.

ultimately powered a motor-operated valve on each train of the RHR System
(MOVs 857A and 857C). A postulated failure of the electrical power supply prior
to opening of the subject valves would result in both flow paths leading tn the
safety injection and containment spray pumps being blocked, creating potential
loss of core cooling. (Electrical power supplies to these valves were reconfigured
after this discovery.)

87-008 On December 23, 1987, with the unit at 100% reactor power, RHR pump PAC() I B
failed to start for testing due to zero clearance between its breaker's amptector
actuator arm and the tripper bar. Follow up testing of selected safeguards breakers
revealed a second failure of the safety injection pump PSI01B. Because a

majority of the safety related breakers are of this same design, a possibility of
common mode failure existed. (The breaker trip mechanisms were subsequently
adjusted.)
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3.2.1.11.14 Plant Specific Data Analysis for the'Residual Heat Removal System

There were no remarkable RHR component failures noted in the plant specific data analyses.
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3.2.1.12 Safety Injection System

3.2.1.12.1 Purpose and Design Basis of the Safety Injection System

The Safety Injection System, part of the Emergency Core Cooling System, consists of active and
passive components which function to provide borated water to cool the core in the case of an

accidental depressurization of the Reactor Coolant System (RCS). The system's active
components serve three functions. They provide continued makeup for large area ruptures where
the initial refill is accomplished by the accumulators. They also provide injection for small area
ruptures where the RCS pressure does not rapidly drop below the accumulator pressure. Finally,
they provide long-term protection by recirculating spilled reactor coolant and the injected
refueling water. The system's passive component (accumulator) function is to rapidly reflood
the core following rapid depressurization and core voiding by discharging borated water into the
cold legs of the RCS piping, thus assuring core cooling with no dependance on power sources
or actuation signals.

The Safety Injection System, as part of the Emergency Core Cooling System, is designed, to
automatically deliver cooling water to the reactor core to limit the fuel clad temperature (thus
limiting the clad metal-water reaction) and thereby ensure that the core will remain intact and in
place, with its heat transfer geometry preserved. This protection is provided for all break sizes

up to and including a hypothetical instantaneous double-ended rupture of the Reactor Coolant
pipe, a rod ejection accident, a steam or feedwater line break, and a steam generator tube rupture.
For any rupture of a steam pipe (and the associated uncontrolled heat removed from the core),
the SI System adds shutdown reactivity so that with a stuck rod, no off-site power, and minimum
engineered safety features, there is no resultant damage to the Reactor Coolant System and the
core remains in place.

3.2.1.12.2 Safety Injection System Description

The active function of the Safety Injection System is to deliver borated water, drawn from
Refueling Water Storage Tank (RWST) TSI01 to the cold legs of the Reactor Coolant System.
If continued injection is required the system will be reconfigured to take suction from the
discharge of the Residual Heat Removal pumps. The passive function of the SI System delivers
borated water with a minimum boron concentration of 1800 ppm from the accumulators to the

cold legs of the Reactor Coolant System. The two train system consists of the RWST, three

pumps (one of which can be aligned to either train), two accumulators and the necessary piping,
valves, instrumentation and controls.
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The accumulators are designed to discharge their contents into the Reactor Coolant System with
no dependance on power sources or actuation signals. The only moving parts in the accumulator
injection trains are the two check valves in series separating the RCS from each accumulator.
The path of the check valves is exposed to fluid of relatively low boric acid concentration
contained within the Reactor Coolant loop. Even ifsome unforseen deposition accumulated, the
differential pressure would be sufficient to allow fluid to be injected. Whenever the RCS
pressure falls below the accumulator pressure, the check valves open, forcing borated water into
the RCS.

Automatic initiation of the active function of the Safety Injection System occurs when pressurizer
pressure drops to 1750 psig or lower, steam generator pressure drops to 514 psig or lower, or
sensors in containment sense containment pressure of 4 psig or greater. An Engineered Safety

~ Features Actuation System (ESFAS) signal will cause the pumps to start. For more detailed
information concerning ESFA'S actuation signals see Section 3.2.1.7.

The Safety Injection System utilizes three 350 hp Worthington horizontal centrifugal pumps with
a design flow rate of 300 gpm, a maximum flow rate of 625 gpm and a maximum shutoff head
of 3400 ft. A 1.5" minimum flow bypass line is provided on each pump discharge to recirculate
flow to the RWST whenever the associated main Safety Injection flow path is passing little or
no flow. The three bypass lines discharge to a 2-in. common header and are isolated from the
RWST during recirculation.

A simplified flow diagram of the Safety Injection System is shown in Figure 3.2.1-31.
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3.2.1.12.3 Safety Injection System Electrical Dependencies

Table 3.2.1-20 shows the electrical system interfaces for the Safety Injection System. PIC-629
(RHR pump A discharge pressure) has no power source of its own but is wired into the DC
control power for motor operated valve 857B. For all level and pressure transmitters addressed
in the fault tree, the loss of power to the level or pressure transmitter will result in a low signal
being generated. The loss of power to the alarms for the BAST level transmitters (LT-102, LT-
106, LT-171 and LT-172) will prevent the initiation of a low BAST (<10%) signal. The alarms
for the Accumulator level and pressure transmitters (LT-934, LT-935, PT-936, PT-937, LT-938,
LT-939, PT-940 and PT-941) are normally energized so that a loss of power to any of the alarms
would cause an annunciator alarm in the Control Room.

3.2.1.12.4 Safety Injection System Cooling Water Dependencies

The Safety Injection pump mechanical shaft seals are cooled by water taken from the discharge
of the SI pumps and cooled by the Component Cooling Water System. The SI pumps require
a total of 75 gpm (25 gpm per pump) of cooling water from the Component Cooling Water
System to cool the seal. The oil for the pump bearings is cooled by the Service Water System.

3.2.1.12.5 Safety Injection System Instrument Air Dependencies~

~The Safety'Injection System, as it is modeled in the Ginna PRA, does not require any of the
plant air systems to operate.

3.2.1.12.6 Safety Injection System Actuation and Control Dependencies

The SI pumps will start upon receipt of a signal from the Engineered Safety Features Actuation
System (ESFAS). Pump PSI01A and pump PSIOIC (when powered by 480 VAC Bus 16) will
start on a signal from the ESFAS A train. Pump PSI01B and pump PSI01C (when powered by
480 VAC Bus 14) will start on a signal from the ESFAS B train.

Table 3.2.1-19 provides a listing of the various permissives which must be satisfied in order for
the Safety Injection System valves to change position. The information for the table was taken
was taken from the electrical Control Schematics for the respective valves and from the Ginna
UFSAR.
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3.2.1.12.7 Safety Injection System Heating, Ventilation and AirConditioning Dependencies

Service Water cooling to the safety injection pump area coolers is not required for operation of
the safety injection pumps.

3.2.1.12.8 Safety Injection System Controls and Instrumentation

Safety Injection is initiated automatically by low pressurizer pressure on two of three detectors,
or low steam line loop A or loop B pressure as detected by two of three detectors on each line,
or high Containment pressure on two of three detectors. An ESFAS signal willcause the safety
injection pumps to start. For more detailed information concerning ESFAS actuation signals see
Section 3.2.1.7. The various automatic control permissives for the Safety Injection System valves
are described in Table 3.2.1-19.

Safety Injection can be initiated manually from the control room by depressing one of two
pushbuttons on the main control board (MCB). The SI pumps can be controlled by two pull out
/ stop / auto / start switches. PSI01C has indication lights which show if the associated buses
are available to power the pump. Allof the Safety Injection System motor operated valves have
indicating lights on the MCB which show what position the valves are in. The motor operated
valves all have close / auto / open switches on the MCB except for valves 897 and 898 which
have close / open switches. The MCB also'provides BAST level indication, accumulator level
and pressure indication, Sl flow and pressure to the RCS loop cold legs indication, Safety
Injection block switch and reset button, and the BAST lo-lo lockout reset switch. The Safety
Injection block switch, among other things, allows automatic actuation of Safety Injection System
pumps and valves to be blocked. For more detailed information concerning the SI block switch
see Section 3.2.1.7. The Safety Injection reset button allows the operator to resets the initiation
logic for Safety Injection one minute or longer after it has initiated. This does not change the
state of any equipment but permits the operator to manually control equipment affected by
ESFAS. The BAST lo-lo lockout reset switch resets the lo-lo valve actuation logic for the BAST
level transmitters. The MCB left rear section contains redundant BAST level and pressure
indication. Table 3.2.1-22 lists control room annunciators relevant to operation of the Safety
Injection System.

3.2.1.12.9 Location of Major Safety Injection System Components

The Safety Injection System functional components are, located in the Auxiliary Building (AB)
and in Containment. The specific locations are described in Table 3.2.1-21.

The centerline of safety injection pumps PSI01A, PSI01B and PSI01C is 33 inches above the
floor elevation of 235 feet in the Auxiliary Building basement.
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3.2.1.12.10 Normal Safety Injection System Operation

The Safety Injection System is a standby safety system and has no normal operating function.
It is aligned in the standby mode during normal plant operation with the pumps off and in
automatic control. The RWST to SI pump suction motor operated valves (825A and 825B) are
both open, with their 480 VAC AC power removed. Valves 826A, 826B, 826C and 826D from
the BASTs are closed, also with their 480 VAC AC power removed. The PSI01C discharge to
train A and B motor operated valves (871A and 871B) and the PSI01C suction motor operated
valves (1815A and 1815B) are both open. The SI pump discharge to cold leg motor operated
valves (878B and 878D) are both open and the SI pump discharge to hot leg motor operated
valves (878A and 878C) are both closed. The accumulator discharge motor operated valves (841
and 865) are both open. The SI to RWST recirculation motor operated valves (897 and 898) are
open. Allmanual valves in the system flowpath are open. The SI motor operated valves are in
automatic control during normal plant operation except for motor operated valves 878A, 878B,
878C, 878D, 841 and 865 which all have their breakers locked open.

3.2.1.12.11 Safety Injection System Performance During Accident Conditions

During accident conditions the active portion of the Safety Injection System is automatically
actuated by the ESFAS as a result of low"pressurizer pressure of 1750 psig or lower on two of
three detectors, or low steam line loop A or loop B pressure of 514 psig or lower as detected by
two of three detectors on each line, or high containment pressure of 4 psig or greater on two of
three detectors. An ESFAS signal will cause all three pumps to start. PSI01A will start
immediately on 480 VAC Bus 14 with PSI01C starting after a 5 second time delay on Bus 14.
PSI01B will start immediately on 480 VAC Bus 16 with PSI01C starting after a 7 second time
delay on 480 VAC Bus 16 ifAgastat time delay relay 2/SIP1C2 (the timer that starts PSI01C on
480 VAC Bus 14) fails to operate or after a 37 second time delay if Agastat time delay relay
2/SIP1C2 operates but breaker BUS14/19A (the breaker for PSI01C on 480 VAC.Bus 14) does
not close. In the event of an abnormal voltage condition on one or both of the busses, the diesel
generators will pick up the 480 VAC bus loads. In this case the Agastat time delay relays will
start to time out when the safeguards busses are loaded.

If480 VAC circuit breaker 52/SIPlA (BUS14/20A) for PSI01A does not close, motor operated
valve 871B will receive a signal to close after a 3 second time delay. This will divert the flow
from PSI01C to the train A injection line. If480 VAC circuit breaker 52/SIP1B (BUS16/12A)
for PSI01B does not close, motor operated valve 871A will receive a signal to close after a 3
second time delay. This will divert the flow from PSI01C to the train B injection line. Motor
operated valves 871A and 87 1 B remain open if the circuit breakers for PSI01A and PSI01B both
successfully close or if both circuit breakers remain open. If 480 VAC circuit breaker
BUS14/20A fails to close and 400 VAC circuit breaker BUS16/12A closes but then re-opens, if
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circuit breaker.BUS16/12A reopens before Agastat time delay relay 2/871B times out (3
seconds), motor operated valve 871B will remain open. If480 VAC circuit breaker 52/SIP1B
(BUS16/12A) re-opens after time delay relay 2/871B times out, motor operated valve 871B will
close and not re-open automatically. The same situation exists for PSI01B and motor operated
valve 871A. Figure 3.2.1-30 contains four simplified diagrams'of the configurations for motor
operated valves 871A and 871B.

The active function of the Safety Injection System will deliver borated water from Refueling
Water Storage Tank TSI01 to the cold legs of the Reactor Coolant System. The system will
draw borated water from the RWST until it reaches the 28% level. At that point, ifall three SI
pumps are running, the operators will place the pump PSI01C in the pull stop position on the
MCB. Upon reaching the 15% RWST level, the remaining SI pumps will be placed in the pull
stop position and the system will be reconfigured to take suction from the discharge of the
Residual Heat Removal pumps. For more detailed information concerning RHR alignment for
recirculation see Section 3.2.1.11.

The passive portion of the Safety Injection System delivers borated water from the accumulators
to the cold legs of the Reactor Coolant System. Whenever the RCS pressure falls below the
accumulator pressure, the check valves open, forcing borated water into the RCS. This is
accomplished without dependencies on power sources or actuation signals.

3.2.1.12.12 Safety Injection System Test And Maintenance

The Safety Injection System is a principal plant engineered safeguards system that is normally
in standby during reactor operation. Complete system tests cannot be performed when the reactor
is operating because an SI signal causes containment isolation. The method of assuring
operability of the system is therefore to combine annual system tests with more frequent
component tests. System tests are performed during annual plant shutdowns and component tests
are performed periodically during plant operation. There is no regularly scheduled maintenance
for the SI System during periods of power operation.

Procedures direct the operators to check certain plant parameters by performing a plant tour every
four hours. Operators check the SI pumps and the pump area, the BASTs and the heat trace
breaker panels for the primary and secondary heat trace for proper alignment and for alarms.
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Procedures also direct the operators use to check certain plant parameters every eight hours by
observing indicators on the main control board. When the reactor is at power, operators use
these procedure to check BAST level and accumulator level and to verify the positions of valves
and circuit breaker switches. The procedures verify that the Safety Injection pumps PSI01A,
PSI01B and PSI01C circuit breaker switches are in the automatic position, SI accumulator
discharge to the cold leg valves (motor operated valves 865 and 841) are open, SI pump PSI01C
discharge to SI loop A and B valves 871A and 871B are open, SI pump discharge to cold leg
valves 878B and 878D are open, SI pump discharge to hot leg valves 878A and 878C are closed,
SI pump suction valves are aligned with valves 852A and 852B open with their 480 VAC power
removed and valves 826A, 826B, 826C and 826D closed with their 480 VAC power removed,
SI pump recirculation to the RWST valves 897 and 898 are open, SI pump C suction valves
1815A and 1815B are open, SI pump suction from the RWST valves 825A and 825B are closed
and the Safety Injection block switch is in the normal position.

SI pumps and valves are tested monthly to meet operability verification requirements. The test
line is aligned to flow back to the RWST and a suction valve from the RWST is opened.
PSI01A and PSI01B are tested singly by starting each pump and checking the net discharge
pressure of the pump for a flow rate of 150 gpm. PSI01C is tested by first closing the discharge
valve to train A and then starting the pump. After checking the net discharge pressure for a flow
rate of 150 gpm, the pump is stopped and restarted on Bus 16. On completion of the pump
testing, the discharge valve to train A is reopened and is independently verified open in
accordance with procedures. The procedures also test for leakage past the pump discharge to hot
leg check valves. If leakage is detected, the pump discharge to hot leg motor operated valves
will be closed one at a time to determine which check valve is leaking. The system will then
be returned to operable status and the configuration will be independently verified.

Procedure PT-2.1Q (Safety Injection System Quarterly Test). provides instructions for performing
For the quarterly SI pump and valve operability verification test, the test line is aligned to flow
back to the RWST and a suction valve from the RWST is opened. PSI01A and PSI01B are
tested singly by starting each pump and checking the pump bearing vibration and the differential
pressure and net discharge pressure of the pump for a flow rate of 150 gpm. PSI01C is tested
by first closing the discharge valve to train A and then starting the pump. After checking the
pump bearing vibration and the net discharge pressure for a flow rate of 150 gpm, the pump is
stopped, aligned to discharge to train B and restarted on 480 VAC Bus 16. On completion of
the pump testing, the discharge valve to train B is reopened and both pump discharge to SI train
valves are independently verifie. The procedure then tests for leakage past the pump discharge
to hot leg check valves. If leakage is detected, the pump discharge to hot leg motor operated
valves will be closed one at a time to determine which check valve is leaking. The system will
then be returned to operable status and the configuration will be independently verified. The
quarterly test procedures also do a partial flow exercise and subsequent closure verification of
the SI pump discharge check valves and a full flow exercise and subsequent closure of the SI
recirculation and test line check valves.
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Procedures also provide for exercising, stroke timing and performing position indication testing
on various safety related motor operated valves. Testing of motor operated valves 825A, 825B,
826A, 826B, 826C, 826D, 871A, 871B, 897, 898, 1815A and 1815B is accomplished by simply
opening and closing each valve in turn and recording the stroke time where required. These
valves are also checked to insure that the actual valve stem position agrees with remote position
indication. Testing of motor operated valves 1815A and 1815B requires PSI01C to be in pull-
stop control prior to beginning the test.

Procedures are also in place to test the operability of some of the SI System check valves. In
order to test the accumulator discharge check valves, the test line is aligned to allow flow back
to the RWST. The air operated valves on the test lines that tap into the accumulator discharge
downstream of the check valves are opened one at a time, reducing pressure against the check
valve, allowing the check valve to partially open and allow flow from the accumulator to pass
to the RWST. Testing of check valve 1828 (SI suction bypass check valve) is accomplished by
first shutting the manual valve upstream of the check valve so that no further flow is available
to the valve. After the downstream line has been drained, the upstream manual valve is reopened
and the downstream line is checked to insure pressure has returned to pre-test conditions.

4I

3.2.1.12.13 Safety Injection System Operating Experience

The following is a listing of Licensee Event Reports (LERs) which have been generated against
the Safety Injection System. These LERs were reviewed to ensure failure modes which have
been historically observed have been addressed in the fault tree.

80-002 On March 31, 1980 a review of SI accumulator sample results noted that the time
from the previous sample exceeded 75 days. The plant analysis schedule has been
changed to require monthly samples. This event does not constitute a failure of
the system.

80-005 On June 3, 1980 the loop A accumulator injection valve 865 circuit breaker
(MCCD/12C) was found in the ON position. The frequency of breaker position
verifications has been increased. This event does not constitute a failure of the
system.

80-006 On July 11, 1980 the BAST concentration was found to be too low. Contents of
the BASTs were enriched and retested again too low. The titrant was changed
and indicated concentrations too high. Proper concentrations were then restored.
A reagent check is now being done in conjunction with tank sampling. Improper
fluid concentrations have been modeled.
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81-002 On January 1, 1981 PSI01C did not start with the 480 VAC Bus 16 circuit breaker
(BUS16/13A). The circuit breaker was racked out and then racked in again and
the pump operated successfully. The circuit breaker was believed to be not racked
in properly. Potential circuit breaker failures have been addressed in the Ginna
PRA model.

81-005 On March 2, 1981 PSI01C did not start with the 480 VAC Bus 16 circuit breaker
(BUS16/13A). The problem was determined to be a closing circuit malfunction.
The faulty circuit breaker was replaced. Potential circuit breaker failures have
been addressed in the Ginna PRA model.

81-016 On November 5, 1981 PSI01C did not start with the 480 VAC Bus 16 circuit
breaker (BUS16/13A). The problem was determined to be a closing circuit
malfunction due to a weak lockout coil. The faulty circuit breaker was replaced.
Potential circuit breaker failures have been addressed in the Ginna PRA model.

82-028 On December 19, 1982 air operated valve 846 (nitrogen inlet isolation valve to the
accumulators) was found to be opening and closing sluggishly and the total valve
stroke was limited due to galling of the stem plug in the cage assembly. The stem
plug and cage were removed and redressed by polishing out the galled surfaces
and the seat was replaced.

83-022 On July 25, 1983 air operated valve 846 seized in mid position due to galling.
A new stem plug and cage assembly were installed and also galled. A previously
used stem, plug and cage assembly were redressed and installed, the valve seat
was replaced, the valve repacked and a seismic support located on the valve
operator was modified. This failure mode has been modeled as failure of a valve
to open or close.

83-026 On September 15, 1983 the BAST concentration was found to be too low after
reactor make-up water leaked into the storage tanks. This problem has been
corrected by closing an in-line manual valve. There was also some difficult
experienced in obtaining accurate samples. To preclude recurrence. whenever
significant additions to the storage tanks are made, a mass balance will be done
to predict the concentration changes and a sample will be taken to verify the
calculations. Improper fluid concentrations have been modeled.

1
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84-001 On February 19, 1984 valve 945 was found to be leaking due to a current to
pressure (VP) transducer being out of calibration because of dirt in the pneumatic
portion of the unit. The corrective action included cleaning and calibrating UP
transducer and the valve positioner and replacing the UP transducer airset and
filters. Preventive maintenance schedules were reviewed for similar valves.

84-006 On May 22, 1984 there was an inadvertent SI initiation due to operator error and
procedural inadequacy. Procedures were modified. This event does not constitute
a failure of the system.

85-004 On March 26, 1985 two inadvertent SI actuation signals were generated (both
times the reactor was in cold shutdown with the pumps in pull-stop). The first
was caused by a procedural deficiency and the second by a momentary loss of
power during the removal of the diesel generator from service coincident with the
performance of a maintenance procedure. Procedures have been revised to prevent
recurrence. These events do not constitute failures of the system.

85-015 On June 20, 1985 a non-licensed Primary Auxiliary Operator vented both level
transmitters on BAST TCH07B (LT-171 and LT-106) contrary to his instructions
to vent one level transmitter. This caused a 2/2 low level signal which caused
the BAST to SI suction valves (motor operated valves 826A and 826B) to close
and the RWST to SI suction valves (motor operated valves 825A and 825B) to
open. Because the event was immediately detectable and correctable, it has not
been modeled.

87-007 On December 18, 1987 a design flaw was discovered showing that a common
power supply was utilized to power a motor operated valve on each train of high
head recirculation (motor operated valves 857A and 857C). A postulated failure
of the electrical power supply prior to opening of the valves would result in both
flow paths leading to the Safety Injection and Containment Spray pumps being
blocked. Power sources for the valves have since been changed. Failure of a

single power source failing both trains of high head recirculation has not been
modeled since it can no longer occur.

87-008 On December 23, 1987 follow up testing of circuit breakers for possible common
mode failure following a failure on an RHR pump circuit breaker revealed a
failure of SI pump PSIOIB 480 VAC circuit breaker 52/SIP1B (BUS16/12A).
Preventive maintenance has been changed to include checking and resetting, if
necessary. the clearance between the amptector actuator arm and circuit breaker
trip bar.
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88-002 On March 8, 1988 the BAST level was determined to be too low due to level
transmitter inaccuracies. Procedures were changed to require sensing lines to be
cleaned prior to declaring the tanks operable. Corrective action for this LER was
put on hold pending the outcome of an Engineering Evaluation concerning the
necessity of the high concentration boric acid solution.. This failure mode has
been modeled as level transmitter failure.

89-003 On May 18, 1989 SI was inadvertently initiated on the "A" train; however, it did
not actuate on the "B" train. The inadvertent SI actuation was due to a procedural
inadequacy which has since been corrected. The failure of train "B" to actuate
was due to mechanical interference because the installation and inspection
requirements of the system modification overlooked the possibility of mechanical
interference. Labels have been installed on appropriate latching type relays to
warn not to obstruct relay plunger. The first event does not constitute a failure
of the system and the second is an ESFAS issue.

89-007 On June 19, 1989 PSI01B and PSI01C were declared inoperable because it was
thought that they could not meet their design flow rates. The cause of the event
was incorrect calibration data provided by the designer for the newly installed
recirculation system flow transmitters. Correct data was obtained, the flow
transmitters were correctly calibrated to the flow orifice plates and procedures
were changed to reflect correct calibration data. This event was determined to be
a lack of adequate information rather than a failure.

89-016 On November 17, 1989 an initial engineering evaluation identified a potential
problem with the SI block / unblock switch in that a single failure could render
some automatic actuation features of both trains of SI inoperable. The switch was
inspected to verify that the switch contacts were in the proper position, procedures
were changed to add this check each time the plant heats up from a cold
shutdown, an operator aid tag was placed on the MCB adjacent to the switch
denoting the step in the procedure, and operators were trained to recognize the
difference in plunger positions. During the 1991 outage, a modification was made
to separate the block / unblock switches into separate trains.

3.2.1.12.14 Plant Specifli«Data Analysis for the Safety Injection System

A review was performed of the Data Analysis Task Work Packages to ensure that all signiflicant
events not already described in Section 10.1 of this work package are appropriately addressed by
the fault tree models. These events are listed below.
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The Common Cause Failure Data Work Package contains a number of failures of Safety
Injection System components.

There were numerous failures of BAST level transmitters (LT-102, LT-106, LT-171 and LT-172).
These events were primarily caused by boric acid hardening in the serising lines and in many
cases, more than one transmitter would fail at the same time. BAST level transmitter high and
low failures and common cause failures have been modeled in the Safety Injection System

fault'ree.

On May 5, 1980 during performance of RSSP-2.2 (Diesel Generator Safeguards Sequence Test)
for train "B" logic, PSIOIB and PSI01C failed to start on Diesel Generator B (KDG01B) on a
simulated ESFAS signal. The pump breakers were found to be not fully inserted. This is most
likely a human error common cause failure and has been modeled as the failure to'estore
equipment to service after test or maintenance.

On October 13, 1987 the locking devices for motor operated valves 897 and 898 were found to
be off; however, the valves were in their required position. This is most likely a human error
common cause failure and has been modeled as the failure to restore equipment to service after
test or maintenance.

The Plant Specific Data'Work Package contains a number of failures of Safety Injection System
components.

On March 2, 1981, a review of the previous day's test run revealed that the PSI01C thrust
bearing temperature approached the procedural limitof 160'F after just 45 minutes of run time.
The problem was attributed to excessive sediment in the pump cooling lines and most likely
would have caused problems over an extended period of 'time. This type of failure has been
modeled as a failure of the pump to run.

There has been noticeable leakage through the SI System injection check valves causing system
pressurization and accumulator dilution problems. The accumulators have not been modeled.

J

PSI01C experienced six failures to start from 1980 through 1988, all of which involved breaker
problems. Four of the event were attributed to 480 VAC circuit breaker 52/SIPlCl
(BUS16/13A), while the other two events were caused by the failure to fully rack in the circuit
breaker following test and / or maintenance. Allof the events involving 480 VAC circuit breaker
BUS16/13A occurred over an 18 month period during 1980-1981. An Engineering modification
corrected the problem during the 1983 refueling outage.

The Test and Maintenance Unavailability Data Work Package contains no unusual testing or
maintenance activities for the Safety Injection System.
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3.2.1.13 Service Water System

3.2.1.13.1 Purpose and Design Basis of the Service Water System

The Service Water (SW) System takes suction from Lake Ontario via the Screen House
Circulating Water System inlet bay and supplies cooling water to many plant loads. These
cooling loads include the Turbine Building, Auxiliary Building, Screen House, and air
conditioning chillers. Essential and non-safeguards equipment which is not isolated by a service
water isolation signal is also supplied. The Service Water System is designed to provide
adequate cooling of essential and nonessential loads, during normal operations and to essential
loads during accident conditions. Also, no single failure of the Service Water System should
result in a plant shutdown. The Service Water System normally discharges back into Lake
Ontario via the discharge canal.

The SW System takes suction from Lake Ontario via the Circulating Water System inlet bay in
the Screen House and supplies cooling water to various turbine plant loads and auxiliary reactor

, plant loads. The SW System supplies seal water circulating water pumps PCW01A and
PCW01B; seal water to vacuum pumps PCP01A and PCP01B; flushing water to Circulating
Water System traveling screens FSW01A, FSW01B, FSWOIC and FSW01D; and, makeup water
to fire water storage tank TFS01 via fire booster pump PFP03. The Service Water System is the
normal water supply to standby auxiliary feedwater pumps PSF01A and PSF01B, and serves as
an alternate water supply to motor driven auxiliary feedwater pumps PAFOIA, PAF01B and
turbine driven auxiliary feedwater pump PAF03. The SW System is designed to provide
adequate cooling to essential and nonessential loads during normal operations, and to essential
loads during accident conditions. The SW System discharges back into Lake Ontario via the
plant discharge canal, or via alternate discharge structure SSW01 into Deer Creek.

The Service Water System consists of service water pumps PSW01A, PSW01B, PSW01C. and
PSW01D; a 20" and a 10" supply header; twelve motor operated isolation valves; a normal
discharge header; and, a standby discharge header. All portions of the SW System, such as

pumps, piping, etc., serving safeguards equipment are designed as seismic Class 1; as a Class
I system, it is capable of remaining operable when subjected to the stresses of a design basis
earthquake (DBE). All other portions of the SW System serving non-safety loads are designated
as Class IIIand are capable of being isolated from the Class I portion.
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3.2.1.13.2 Service Water System Description

The Service Water System provides redundant cooling water supplies to Containment
recirculating fan cooler coils ACA01A, ACA01B, ACA01C and ACA01D; various heat
exchangers serving the turbine generator plant; emergency diesel generators KDG01A and
KDG01B, instrument air compressors CIA02A, CIA02B and CIA02C and service air compressor
CSA02; Component Cooling Water (CCW) System heat exchangers EAC01A and EAC01B; and,
to other plant cooling loads.

The four service water pumps are located in the Screen House and are powered from 480 VAC
Bus 17 (Pumps PSW01B & PSW01D) and 480 VAC Bus 18 (Pumps PSW01A & PSW01C).
They are vertical, two-stage, centrifugal pumps from Worthington with Westinghouse motors.
They are rated at 5300 gpm each, 1750 rpm, 308 BHP, 480 VAC, a head of 198 feet, and

80'ahrenheitdesign temperature. The SW pumps have an efficiency of 85.5 percent and require
a minimum flow of 160 gpm. They can be started remotely from hand controllers located on the
main control board (MCB) in the Control Room; they will also start automatically under the
following conditions:

1) On an undervoltage (UV) condition on 480 VAC Buses 17 and / 18, the running
service water pumps will be load shed. The two service water pumps selected in
standby via the Screen House selector switches (Switches SSS/SWP1AC and
SSS/SWP I BD) will restart after a 40-second time delay following re-energization
of the buses by emergency diesel generators KDG01A and KDG01B; or,

2) On a Safety Injection (SI) signal, the two standby service water pumps selected
via the Screen House selector switches will start after 15-second and 17-second
time delays for trains A and B, respectively, following re-energization of 480
VAC Buses 17 and 18 by emergency diesel generators KDG01A and KDG01B
if an undervoltage condition existed, or from the time of the Safety Injection
signal, if no undervoltage existed.

Which service water pumps restart is dependent upon the positions of the two service water pump
selector switches (Switches SSS/SWPlAC and SSS/SWP1BD) located in the Screen House. The
switches each have two positions. On switch SSS/SWP1AC, one position selects pump PSWO l A
and the other position selects pump PSW01C; on switch SSS/SWP1BD, one position selects
pump PSW01B and the other position selects pump PSW01D. The logic is such that on an
undervoltage or a safety injection signal, only the two selected pumps will automatically start.
The pumps can also be started manually from the control room. Manually restarting a SW pump
may require shifting that SW pump's MCB pump switch to STOP (after the pump trips) to clear
the logic.
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Service Water System requirements dictatee running two or three service water pumps for normal
plant operation. Depending on lake temperature, one service water pump is needed for accident
conditions during the injection phase; two pumps are required for accident conditions during the
recirculation phase. One service water pump is loaded and started on each emergency diesel
generator during post-accident emergency diesel generator load sequencing. It should be noted,
however, that these operational requirements may be highly conservative; RG&E is in the process
of completing new analyses to establish less conservative SW pump requirements during accident
conditions.

The service water supply header is a 20" piping loop that supplies the safety loads directly. It
supplies turbine plant loads via an inner 10" loop header that isolates from the outer safety loop
during accident conditions. Cross-connect valves (manual valves 4611, 4612, 4669, and 4768)
are located in the supply loop to split the two service water trains if needed. The loop header
is designed so that no single failure will cause a plant shutdown. It is also designed to isolate
non-safety loads on a Safety Injection signal coincident with indications of a 480 VAC Buses 14
and / or 16 undervoltage by shutting twelve motor operated SW header isolation valves (motor
operated valves 4609, 4613, 4614, 4615, 4616, 4663, 4664, 4670, 4733, 4734, 4735, and 4780)
shown in Table 3.2.1-23 to insure adequate service water flow to accident equipment. Four of
these motor operated valves (4613, 4614, 4664, and 4670) isolate the 10" turbine plant header;
two motor operated valves (4663 and 4733) isolate air conditioning chillers SCI03A and SCI03B;
two motor operated valves (4609 and 4780) isolate flow to Circulating Water System travelling
screens FSW01A, FSW01B, FSW01C and FSW01D in the Screen House; and, four motor
operated valves (4615, 4616, 4734, and 4735) isolate CCW heat exchangers EACOIA and
EAC01B, Spent Fuel Pool heat exchangers EAC13 and EAC14 and Spent Fuel Pool standby heat
exchanger EAC12, and the supply to standby AFW pumps PSF01A and PSF01B. In addition,
on a Safety Injection signal, air operated valves (AOVs) 4561 and 4562 will fail open in the
containment recirculating fan cooler return line, increasing cooling water to containment
recirculating fan cooler coils ACAOIA, ACAOIB, ACAOIC and ACAOID to improve steam
condensing capabilities during accidents.

Of the twelve motor operated valves in the Service Water System'supply header, five are gate
valves (motor operated valves 4670, 4664, 4663, 4615, and 4616) and seven are butterfly valves
(motor operated valves 4780, 4609, 4613, 4614, 4733, 4734, and 4735). They are in pairs (motor
operated valves 4780/4609, 4670/4613, 4664/4614, 4616/4735, 4663/4733 and 4615/4734). Each
pair except the 4780/4609 pair has one gate valve and one butterfly valve; 4780 and 4609 are
both butterfly valves. There are six hand switches on the MCB to operate these SW header
isolation valves in pairs.
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Service water isolation motor operated valves 4609, 4670, 4614, 4663, 4615, and 4616 receive
power from Bus 480 VAC 14. A Safety Injection signal ("A" train) with the normal 480 VAC
supply breaker in cubicle BUS14/18B open will close these valves when emergency diesel
generator KDG01A energizes the bus. SW isolation motor operated valves 4613, 4664, 4733,
4734, 4735 and 4780 receive their operating power from 480 VAC Bus 16. A Safety Injection
signal ("B" train) with the normal 480 VAC supply breaker in cubicle BUS16/11B open will
close these valves when emergency diesel generator KDG01B energizes the bus. If a Safety
Injection signal occurs coincident with a loss of off-site power or other undervoltage condition,
and only one service water pump starts (one emergency diesel generator having failed to start),
the closing of these valves would insure adequate service water to the containment fan coolers
and emergency diesel generators KDG01A and KDGOIB.

There are a total of four separate service water return lines. One serves turbine plant loads and
discharges to the plant discharge canal. One serves the containment recirculating fan cooler coils,
reactor compartment cooler coils ACA02A and ACA02B, and air conditioning chillers SCI03A
and SCI03B, and discharges to the plant discharge canal. The other two SW return lines serve
the remaining auxiliary reactor plant loads, such as safety injection pumps PSI01A, PSI01B and
PSI01C coolers, residual heat removal (RHR) pumps PAC01A and PAC01B coolers and CCW
heat exchangers EAC01A and EAC01B. One SW header is the normal return and discharges into
the discharge canal. Alternate SW discharge header SSW01 is normally isolated and would only
be used should the normal header be damaged. Alternate header SSW01 discharges via an open
concrete discharge structure into Deer Creek. The alternate discharge path has a low tlow
annunciator on the main control board in the Control Room that is normally energized, since the
header is normally not in use.

A simplified flow diagram for the Service Water System is shown in Figures 3.2.1-33 and 3.2.1-
34.

3.2.1.13.3 Service Water System Electrical Dependencies

Table 3.2.1-24 shows all AC and DC electrical system interfaces for the Service Water System.

3.2.1.13.4 Service Water System Cooling Water Dependencies

The Service Water System does not require any external cooling water sources with the exception
of water from Lake Ontario via the Service Water Bay in the Screenhouse. This water is drawn
into the Service Water Bay via the Intake Tunnel from the lake.
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3.2.1.13.5 Service Water System Instrument Air Dependencies

Air operated valves 4561 and 4562 in the service water discharge line from the containment
recirculating fan coolers are modeled in the Ginna PRA Heating, Ventilation And Air
Conditioning {'HVAC)Systems model (see Section 3.2.1.8). There are, therefore, no air operated
components in the Service Water System model.

3.2.1.13.6 Service Water System Actuation and Control Dependencies

The Service Water System receives Safety Injection signals from the Engineered Safety Features
Actuation System (ESFAS). SW pumps PSW01A and PSW01C receive signals from the "A"
train of ESFAS via slave time delay relay 2/SWP1AC, SI signal auxiliary relay SI-10X, and SI
master relay SIA-1; SW pumps PSW01B and PSW01D receive SI signals from the "B" train of
ESFAS via slave time delay relay 2/SWP1BD, SI signal auxiliary relay SI-20X, and SI signal
master relay SIA-2. Motor operated valves 4609, 4614, 4615, 4616, 4663, and 4670 receive
signals from the "A" train of ESFAS via auxiliary relays SI-16X and SI-17X, while motor
operated valves 4613, 4664, 4733, 4734, 4735, and 4780 receive signals from the "B" train of
ESFAS via auxiliary relays SI-26X and SI-27X.

3.2.1.13.7 Service Water System Heating, Ventilation and Air Conditioning Dependencies

The Service Water System does not require any HVAC support to operate, with the exception
of the Circulating Water Intake Heaters (EHTRCW01A, EHTRCW01B, EHTRCW01C and
EHTRCW01D) located on the intake structure in Lake Ontario. These heaters are required
during severely cold weather (when lake water temperature is about 33'F) to prevent the buildup
of frazil ice on the intake screens.
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3.2.1.13.8 Service Water System Controls and Instrumentation

Automatic temperature control is provided for turbine lube oil coolers ESWOSA and ESW05B;
and for containment recirculating fan coolers coils ACA01A, ACA01B, ACA01C and ACA01D.
A bypass around turbine lube oil coolers control valve 4538 provides an alternate flow path.
Another line is used to cool steam generator blowdown sample tank heat exchangers ESW01A
and ESW01B. Automatic bypass valve 4562 is provided to allow flow around containment
recirculating fan coolers coils temperature control valve 4561; this bypass is activated by a Safety
Injection (SI) signal. Both the control valve and the automatic bypass valve are of the fail open
type. Manual globe valves are provided on the outlet side of all cooling services, except the
containment recirculating fan coolers (which have butterfly valves) for flow adjustment and
balancing.

Radiation monitor R-16 is located in the service water discharge line from the four containment
recirculating fan coolers and reactor compartment coolers ACA02A and ACA02B. Individ'ual
coolers may be manually isolated to determine which unit is leaking ifR-16 alarms. Radiation
monitor R-20 is located in the service water discharge line from the spent fuel pool heat
exchangers.

On a loss of off-site power, the two service water pumps selected on the Screen House selector
switches restart automatically 40 seconds after re-energization of the buses by emergency diesel
generators KDG01A and KDG01B. A detailed list of loads supplied by the Service Water
System is shown in Table 3.2.1-25. Those loads considered to be safeguards equipment are
preceded by an asterisk in Table 3.2.1-25.

Major service water loads and approximate design flow rates are shown in Table 3.2.1-26.

There are hand switches on the MCB in the Control Room for operating the four service water
pumps, the twelve SW header isolation motor operated valves, and the SW supply motor operated
valves to the three auxiliary feedwater pumps. In addition, there are hand switches on the back
of the MCB for standby AFW pump suction valves 9629A and 9629B should the operators ever
need to use the Standby AFW System per procedures to feed the steam generators. The turbine
lube oil temperature controller is also on back center section of the MCB.

Other indications available on the MCB in the Control Room include Service Water System
header pressure for both trains (PT-2027 / PI-2160 for SW train A and PT-2028 / Pl-2161 for
SW train B), Screen House water level (LT-3006), and various annunciators to warn the operators

'of possible problems with the Service Water System. A listing of these annunciators is shown
in Table 3.2.1-27.
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3.2.1.13.9 Location of Major Service Water System Components

Service Water System major components are located as follows:

PSW01A
PSW01B
PSW01C
PSW01D
4609
4613
4614
4615
4616
4663
4664
4670
4733
4734
4735
4780

Screen House, Column CC, Row 6, Elevation 253'6"
Screen House, Column CC, Row 6, Elevation 253'6"
Screen House, Column BB, Row 6, Elevation 253'6"
Screen House, Column BB, Row 6, Elevation 253'6"
Screen House, Column CC, Row 6, Elevation 253'6"
Turbine Building, Column A, Row 12, Elevation 253'6"
Intermediate Building, Column G, Row 4, Elevation 253'6"
Auxiliary Building, Column Q, Row 9A, Elevation 253'6"
Auxiliary Building, Column Q, Row 9A, Elevation 253'6"
Intermediate Building, Column G, Row 4, Elevation 253'6"
Intermediate Building, Column G, Row 4, Elevation 253'6"
Diesel Building, Column A, Row 12, Elevation 253'6"
Intermediate Building, Column G, Row 4, Elevation 253'6"
Auxiliary Building, Column Q, Row 7A, Elevation 271'0"
Auxiliary Building, Column Q, Row 8A, Elevation 253'6"
Screen House, Column CC, Row 6, Elevation 253'6"

3.2.1.13.10 Normal Service Water System Operation

The operators are directed by procedures to start service water pumps as necessary. Normally,
at full load during peak warm weather summer conditions, three service water pumps will be
running with the fourth service water pump being a spare; 'during cold weather conditions in the
winter, two pumps will normally be running. Running service water pumps are rotated in and
out of service each month. Ginna station administrative controls require that three of four service
water pumps be operable when the reactor is above 350<F.

3.2.1.13.11 Service Water System Performance During Accident Conditions

On receipt of a Safety Injection signal coincident with an undervoltage on 480 VAC Buses l4
and / or 16, the twelve SW header isolation motor operated valves willshut, isolating non-safety
loads. The SW pumps selected in standby via Screen House SW pump selector switches
SSS/SWP1AC and SSS/SWP 1 BD will sequence onto 480 VAC Buses 17 and 18 at 15 seconds
and 17 seconds. In addition, the two air operated valves on the Containment recirculating fan
cooler coils service water discharge line will fail to their full open position, increasing cooling
water flow to the Containment coolers.
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On an undervoltage on 480 VAC Buses 17 and 18 with no Safety Injection signal, the two
running SW pumps will be shed, the two service water pumps selected in standby via Screen
House SW pump selector switches SSS/SWP1AC and SSS/SWP1BD will sequence onto their
respective buses 40 seconds after bus re-energization.

On receipt of a Safety Injection signal with no undervoltage, the running service water pumps
will continue running; the two SW pumps selected in standby via Screen House SW pump
selector switches SSS/SWP IAC and SSS/SWP1BD willstart on their respective 480 VAC buses
after 15 and 17 seconds for the two trains, and the two Containment recirculating fan cooler coils
air operated valves will fail to their full open positions.

If the Standby Auxiliary Feedwater (SAFW) System is needed to inject service water into the
steam generators, the operators would open SAFW pump suction valves 9629A and 9629B, open
(or verify open) Service Water System header isolation motor operated valves 4615 and 4616,
and start the SAFW pumps per procedures.

On a loss of condensate storage tanks (CSTs) TCD02A and TCD02B during operation of the
Auxiliary Feedwater (AFW) System, service water can be lined up to supply the AFW pumps
by opening service water supply motor operated valves 4013, 4027, and 4028 to the AFW pump
suction, and by dispatching an operator to unlock and open three manual valves in series with
these motor operated valves per procedures.

If the Service Water System return line outside the Auxiliary Building serving Component
Cooling Water heat exchangers EACOIA and EAC01B and the Safety Injection / Containment
Spray pumps coolers fails, then procedures direct both lining up the affected SW loads to
alternate service water return SSW01 to Deer Creek, and isolating the normal service water return
line to the plant discharge canal.

Should the entire Service Water System lose pressure due to some catastrophic failure, such as
a pipe break, procedures direct the operators to split the SW safety header trains by shutting
valves 4669 and 4760 in the 4" cross-tie in the diesel room, valves 4756 and 4639 in the 14"

crosstie to the containment recirculation fan coolers, and valves 4625 and 4626 in the 2/z"
cross-tie to the containment recirculating fan coolers. This action splits the system in two, and
effectively doubles the chances of isolating the pipe break and returning at least half ot'he
system to service.

3.2.1.13.12 Service Water System Test And Maintenance

Testing and maintenance t'or the Service Water System are summarized in Table 3.2.1-28.
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3.2.1.13.13 Service Water System Operating Experience

The following two Licensee Event Reports filed through 1989 pertain to the Service Water
System:

82-009 From March 20, 1982, to March 26, 1982, 480 VAC Bus 17 was out of service
for the planned installation of a new undervoltage system. The plant was in cold
shutdown for refueling at the time of this modification work. The bus was
returned to service without incident.

83-006 On January 20, 1983, with the plant at 100% power, the operators received an
alarm that indicated low water level in the Screen House Service Water Bay. The
problem was traced to frazil ice buildup in the intake tunnel and the circulating
water pump suction. Water level in the Service Water Bay reached a low of 12.5
feet before the operators were able to correct the situation. The root cause of the
frazil ice buildup was a modification that had reduced voltage to the intake heaters
from 480 VAC to 240 VAC. As a result of this incident, the intake heater voltage
was returned to 480 VAC.

3.2.1.13.14 Plant Specific Data Analysis for the Service Water System

A review was performed of the three Ginna PRA plant specific data work packages to ensure that
all significant events are properly addressed in the Service Water System model.

Service Water System events reported in the Plant Specific Data Work Package were reviewed.
The events described in this reference are accounted for in the fault tree shown in Appendix C
of this work package with the following exceptions:

1) Failures of Circulating Water System components such as the traveling screens are
not considered to be within the defined scope of the Service Water System as

analyzed in this work package; and,

2) The SOVs for the service water strainer bypass valves for turbine driven AFW
pump PAF03 are not considered to be within the defined scope of the Service
Water System as analyzed in this work package.

The Service Water System fault tree model shown in Appendix C of this work package was
found to reflect the testing and maintenance events and data presented in the Test And
Maintenance Unavailabiliry Data Work Package without exception.
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The Common Cause Failure Data Work Package contained two Service Wate'r System events.
Neither event (failure of traveling screens FSW01B and FSW01D, and failure of the four manual
isolation valves on the inlet lines to containment recirculating fan cooler cooling coils ACA01A,
ACA01B, ACA01C and ACA01D) involved components that are considered to be within the
defined scope of the Service Water System as analyzed in this work package.
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3.2.1.14 Turbine Generator Plant Systems

3.2.1.14.1 Purpose and Design Basis of the Turbine Generator Plant Systems

One atmospheric relief valve (ARV) is provided on each steam generator outlet line. The valve
has two functions. It offers overpressure protection to the steam generator at a setpoint below
the safety valve setpoints and it can be used to maintain no-load T,„or perform a plant cooldown
in the event the steam dump to the condenser is not available. With respect to PRA-modeled
accident sequences, the valves are required for plant cooldown following a steam generator tube
rupture. The ARV is the only controllable method for releasing steam from the intact steam
generator and thus cooling down and depressurizing the reactor. In other accident scenarios,
where other energy release mechanisms are preferred, the ARVs are not modeled.

The ARVs are Seismic Category I as part of the main steam line pressure boundary. The piping
and restrains necessary to ensure functioning of the valves after a seismic event are also Seismic
Category I. Pneumatic supply to the valves is provided by the non-seismic Instrument Air (IA)
System and two non-seismically designed nitrogen systems. Backup supply from the nitrogen
supply systems is expected to be operable following a loss of offsite power. One ARV is
sufficient for maintaining hot shutdown or to achieve cooldown of the reactor coolant system
below hot shutdown conditions.

3.2.1.14.2 Turbine Generator Plant Systems Description

The ARVs (3411 and 3410) are air-operated valves with 329,000 ibm/hr normal and 890.000
lbm/hr maximum relief capacities. They can be operated remotely or manually and can be
isolated by a manual valve located upstream of the valves. The pneumatic supply to the valves
is provided by the Instrument Air (IA) System, and backup supply is provided by the nitrogen
supply systems. Twelve nitrogen bottles (6 for valve 3411 and 6 for valve 3410) are located in
the Turbine Building outside the door to the control room. This is a very high traffic area. which
has two potential effects. First, in a high traffic area, an incipient problem is likely to be noticed.
Second, the traffic could induce a problem (i.e., break a component, spill a corrosive material).
Neither effect is likely to affect the system. and probabilisticly, the two effects tend to negate one
another. Therefore, these rather interesting phenomena are not considered in the fault tree model.
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During remote operation the valve positioner controls the air pressure. In the automatic mode
the valve is normally set to liftat 1050 psig. In event the automatic mode controller fails, is set
wrong, or the controller is in manual operation, a solenoid valve willenergize causing the power-
operated valve to open at 1060 psig. When pressure decreases to 1005 psig, the solenoid will
deenergize causing the valve to close. The valves can also be manually operated with a
handwheel mounted on each valve. Figures 3.2.1-35 and 3.2.1-36 contain simplified drawings
of the ARV portion of the Main Steam System.

3.2.1.14.3 Turbine Generator Plant Systems Electrical Dependencies

The ARV opening solenoid valves (3411S and 3410S) are powered from RA-1, Train A and
RA-2 Train B, respectively. The valves are energized to open, and fail closed, on deenergization.

3.2.1.14.4 Turbine Generator Plant Systems Cooling Water Dependencies

The ARVs do not require any external cooling water sources.

3.2.1.14.5 Turbine Generator Plant Systems Instrument Air Dependencies

The ARVs are pneumatically operated by either the dedicated nitrogen system or the plant IA
System. The dependency on the IA System is included in the model, including a model of the
backup nitrogen.

3.2.1.14.6 Turbine Generator Plant Systems Actuation and Control Dependencies

The ARVs have both an electrical and mechanically actuated pressure relief capability. They do
not receive any signals from ESFAS.

3.2.1.14.7 Turbine Generator Plant Systems Heating, Ventilation and Air Conditioning
Dependencies

The ARVs are expected to be remotely operated without requiring room cooling from the
Heating, Ventilation and Air Conditioning (HVAC) Systems. However, based on the ARVArea
Ambient Temperature Rise During SBO calculation, the area will not be accessible for local
manual operation by unprotected operators without Intermediate Building HVAC. Environmental
suits are required and available for local-manual operation of the ARVs according to the
supporting documentation 'tn station blackout submittal.
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3.2.1.14.8 Turbine Generator Plant Systems Controls and Instrumentation

The ARVs are normally controlled and the valve position monitored from the Main Control
Board and input to the Plant Computer.

3.2.1.14.9 Location of Major Turbine Generator Plant Systems Components

The ARVs are located on the upper level of the Intermediate Building, with valve 3411 at
elevation 278'" Column G Row 4 and valve 3410 at elevation 278'" Column F Row 7. The
nitrogen tanks for the ARV are located on the Turbine Building operating floor (elevation 289
ft.).

3.2.1.14.10 Normal Turbine Generator Plant Systems Operation

The system is normally in the automatic standby mode. During remote operation the valve
positioner willcontrol the air pressure to the top and bottom of the operating piston of the ARVs.
In the automatic mode of operation the ARVs are set to lift at 1050 psig (corresponds to a

primary T,„, of 547'F). In manual control the valve position can be controlled by the operator
in the control room. In the event the automatic controller fails, is set wrong, or the controller
is in manual, a solenoid valve will energize at 1060 psig admitting air to the bottom of the
operating piston. This will cause the ARV to open. When pressure decreases to less than 1060
psig the solenoid will de-energize, air will escape and the relief valve will close. (If ARV lifts
due to 1060 psig, it will take awhile to reclose.)

3.2.1.14.11 Turbine Generator Plant Systems Performance During Accident Conditions

Following a SGTR and associated isolation, the desired method of cooldown is by supplying
AFW to the intact steam generator, and releasing energy in the form of steam via the ARV.
When the Reactor Coolant System is cooled and depressurized, the Residual Heat Removal
(RHR) System is used for inventory control and heat removal.

3.2.1.14.12 Turbine Generator Plant Systems Test And Maintenance

The ARVs are exercised using air. nitrogen and manually during each annual refueling shutdown
in accordance with established maintenance procedures.
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3.2.1.14.13 Turbine Generator Plant Systems Operating Experience

Licensee Event Reports were reviewed, and no reports that pertain to the ARVs were found.

3.2.1.14.14 Plant-Specific Data Analysis for the Turbine Generator Plant Systems

ARV-3411 was found to be sticking open in 1980, but has experienced no further problems since
the repairs. In 1987, ARV-3410 failed to operate and was found to be steam cut.
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MCCD/6J
MCCD/13M

NA

NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

DCPDPA8018/02
DCPDPA8018/02

NA

FUBRWDP I/FlI-P, F12-N
FUDRWDP I/F17-P, F 1 8-N
FUDRWDP I/F21-P, F22-N

NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA

AD
AB
AD
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

1247

1247

1247

1272-2

1272-2

1272 2
]272 o

1272 2

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

202b

203a

10768
10211S I

10&48
10213S I

PT947
PT948
1819C
1819D

0.37

5

0.37
5

0.37

5
0.37

5

N(1)
N(1)

N(1)
N(1)

N(I)
N(I)
N(I)
N(1)

Manual
SOV

Manual
SOV

NA
NA

Manual
Manual

NA
T

NA
T

NA
NA
NA
NA

NA
Sl, S2

NA
Sl, S2

NA
NA
NA
NA

NA
NA

NA
NA

NA
NA
NA
NA

NA
DCPDPA8028/01

NA
FUHZRCPB/13P, 14N

NA
NA
NA
NA

NA
NA

NA
NA

NA
NA
NA
NA

1275-1

1275-1

1275-1

1275-1

1261

1261

1261

1261
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0
Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pcn ¹ Type

Boundary/
Valvetn

Size

(in)t
n

System tn Modeled+
Valve

Type
Actuation
Signal +

Safeguard
Train

AC Power
Sourcet@

DC Power
Sou rect@

I/A
Hcadcr

203b 1563

1564

1565

0.37
5

0.37

5

0.37

N(1)
N(1)
N(1)

Manual
Manual
Manual

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

1863

1863

1863

203c 1566 .

1567

1568

0.37

5

0.37

5

0.37

5

CT
Cf
Cf

N(I)
N(I)
N(I)

Manual
hlanual
hianual

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

1863

1863

1863

204

205

206a

ACD93

956D
966C

956E
966B

0.37
5

0.37

5

0.37
5

0.37

5

crCI'(2)
N(1)
N(I)

N(1)
N(I)

FIangetu

Manual
AOV

Manual
AOV

NA

NA
T

NA
T

NA

NA
Sl, S2

NA
Sl. S2

NA

NA
NA

NA
NA

NA

NA
FUNSP/F7-P, F8-N

NA
FUNSP/F9-P, F 10-N

NA

NA

NA
SB

1865

1278-1

1278-1

1278-1

1278-1

W6b 4 5735
5749

CLIC

0.75
0.37

5
NA

Y
N(7)

Y

AOV
Manual

NA

T
NA
NA

Sl,
S2'A

NA

NA
NA
NA

FUNSP/15-P, 16-N
NA
NA

SB

NA
NA

1277-1

1277-1

1277-1

207$ 956F
966A

0.37

5

0.37

5

N(1)
N(I)

Manual
AOV

NA
T

NA
Sl, S2

NA
NA

NA
FUNSP/I-P, 2-N

NA
SB

1278-1

1278-1

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2. 1-1 - Mechanical -Penetration Isolation Boundary Listirig

Pen ¹
Boundary/

Valve@
Size
(in)t

u
System @ Modeled>

Valve
Type-

Actuation 'afeguard, AC Power
Signat + . Train

'

Source<".

",'C Power
..-'-; Souieet@

-'A
Header Drawing '.

K9b

5736
CLIC

4635

4637

CLIC

4638
4758
4759

PI.2232

Cap
CI.IC

I
NA

o5
0.75

NA

a 5

0.75

0.5
0.75
0.37

5

NA

SW
SW
SW

SW
SW
SW
SW
SW
SW

Y
Y

N(3)
N(1)
N(3)

N(3)
N(I)
N(1)
N(1)
N(1)
N(3)

AOV
NA

Manual
Manual

NA

h Ianual
Manual
Manual

NA
NA
NA

T
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

Sl, S2
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

FUNSP/19-P, 20-N
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

SB
NA

NA
NA
NA

NA
NA
NA
NA
NA
NA

1277-1

1277-1

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3
1250-3

1250-3

210

301

303

364a

304b

1080A
10214S I

10215S I

ACD92

6151

6165

6152
6175

1076A
10205S I

log~a
10209SI

0.75
0.75

cr
cr
cr

N(1)
N(1)
N(I)

N(2)

N(2)
N(2)

N(I)
N(l)

N(1)
N(I)

N(I)
N(I)

hlanual
SOV
SOV

Hangetu

Manual
htanual

Manual
Manual

Manual
SOV

Manual
SOV

NA
T
T

NA

NA
NA

NA
NA

NA
T

NA
T

NA
Sl. S2

Sl, S2

NA
NA

NA
NA

NA
Sl, S2

NA
Sl, S2

NA
NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
DCPDPAB02A/Ol
DCPDPAB02B/Ol

NA
NA

NA
NA

NA
DCPDPAB02B/01

NA
DCPDPAB02B/Ol

NA
NA
NA

NA

NA
NA

NA
NA

NA
NA

NA
NA

1275-1

1275-1

1275-1

1866

1915

1915

1915

1915

1275-1

1275-1

1275-1

1275-1

Rochester Gas &, Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pen ¹
Boundary/

Valve+
Size
(in)t System tn

J

Modeled<
Valve

Type
Actuation
Signal +

Safeguard

Train
AC Power
Sourcet"

DC. Power
Sourcet'>

VA
Header

305a

305h

305c

305d

3a

1554

1555

1556

1598

1599

1557

1558

1559

1560

1561

1562

0.37
5

0.37

5

0.37

5

0.37
5

0.37
5

0.37

5

0.37
5

0.37
5

0.37
5

cr
C.

I'(1)
N(1)
N(1)

N(1)
N(1)

N(l)
N(1)
N(I)

N(l)
N(1)
N(I)

Manual
Manual
Manual

AOV
AOV

Manual
Manual
Manual

Manual
Manual
Manual

NA
NA
NA

T, CVI
T, CVI

NA
NA
NA

NA
NA
NA

NA
NA
NA

Sl
S2

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA

RJMCB/XDA-P.N
FUMCB/XEG.P.N

NA
NA
NA

NA
NA
NA

NA
NA
NA

IB
IB

NA
NA
NA

NA
NA
NA

1863

1863

1863

1866

1866

1863

1863

1863

1863

1863

1863

305e

307

1596

1597

9227
9229

CT
cr

N(1)
N(1)

N(2)
N(2)

Manual
AOV

AOV
Check

NA
T, CVI

T
NA

NA
Sl, S2

Sl, S2

NA

NA
NA

NA
NA

NA
RJMCB/XDB-P,N

FUMCB/XHJ-P,N
NA

IB
NA

1866

1866

1991

1991

Rochester Gas &, Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pen tt
Boundary/

Valvetu
Size

(in)t System O» Modeled
Valve

Typ
Actuation
Signal +

Safeguard
Train

AC Power
Soutcet"

DC Power
Sourcet"

VA
Header

308

310a

3IOb

311

3a

4629
4633

4655
FIA-2»033

TIA-2010
Caps

CI.IC

7445
7478

5392

5393

7141

7226

4630
4634

4656
FIA-2034
TIA-2011

Caps
CLIC

8

I
0.5

0.5

0.5

0.37

5

NA

I

0.5

0.5
0.5

0.37

5

NA

SW
SW
SW
SW
SW
SW
SW

HV
HV

IA
IA

cr
CI'W

SW
SW
SW
SW
SW
SW

N(3)
N(1)
N(1)
N(I)
N(1)
N(1)
N(3)

Y
Y

Y
Y

N(2)
N(2)

N(3)
N(1)
N(1)
N(1)
N(1)
N(I)
N(3)

Manual
Manual
Relief

NA
NA
NA
NA

AOV
AOV

AOV
Check

Manual
Check

Manual
Manual
Relief

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

T, CVI
T, CVI

T
NA

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

Sl

Sl, S2

NA

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

HJRA3/V6F-P,N
HJRA3/V6F-P,N

HJRA3/V37R-P.N
NA

NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

IB
CNMT

IB
NA

NA
NA

NA
NA
NA
NA
NA
NA
NA

1250-3

1250-3
1250-3

1250-3

1250-3

1250-3

1250-3

1865

1865

1893

1893

1886-2

1886-2

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

312

313

4642
4646

12500K
Pl-2144

CLIC

7444

Cap
NA

8

I

0.5
0.5

NA

6

0.37
$6

SW
SW
SW
SW
SW

N(3)
N(1)
N(1)
N(1)
N(3)

N(2)
N(I)
N(2)

Manual
Manual
Manual

NA
NA

MOV
NA

Flange

NA
NA
NA
NA
NA

T, CVI
NA
NA

NA
NA
NA
NA
NA

Sl, S2

NA
NA

NA
NA
NA
NA
NA

ACPDPCB03
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA

1250-3

1250-3

1250-3
1250-3

1250-3

1882

1882
1882

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pen ¹
Boundary/

Valve<9
Size

(in)t
2l

System @ Modeled+
Valve

Type
Actuation
Signal +

Safeguard

Train
AC Power
Source<'>

DC Power
Source<@

I/A
Hcadcr Drawing

315 4643
4647
4659

FIA-2035
TIA-2012

Caps

CI.IC

8

I
0.5

0.5

0.5

0.37

5

NA

SW
SW
SW
SW
SW
SW
SW

N(3)
N(I)
N(1)
N(I)
N(I)
N(I)
N(3)

Manual
Manual
Relief

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

1250-3
1250-3
1250-3

1250-3

1250-3

1250-3

1250-3

316

317

4628
4632

I'1.2138

CLIC

7443

Cap
SATOI

I

0.5

NA

6
0.37

5

6

SW
SW
SW
SW

CI'r

CI

N(3)
N(1)
N(1)
N(3)

N(2)
N(1)
N(2)

Manual
Manual

NA
NA

MOV
NA

Flange

NA
NA
NA
NA

T, CVI
NA
NA

NA
NA
NA
NA

Sl, S2

NA
NA

NA
NA
NA
NA

ACPDPCB03
NA
NA

NA
NA
NA
NA

NA
NA
NA

NA
NA
NA
NA

NA
NA
NA

1250-3

1250-3

1250-3

1250-3

1882

1882

1882

319

320

321

322

4627
4631

PI-2142
CLIC

4641

4645

12500H
PI-2136
CLIC

5738

5752
CLIC

5737
5756
CLIC

I

0.5

NA

8

I

0.5
0.5

NA

0.75

NA

0.75

NA

SW
SW
SW
SW

SW
SW
SW
SW
SW

N(3)
N(I)
N(I)
N(3)

N(3)
N(I)
N(1)
N(1)
N(3)

Y
N(7)

Y

Y
N(7)

Y

hfanual
hlanual

NA
NA

Manual
Manual
Manual

NA
NA

AOV
Manual

NA

AOV
h1anual

NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

T
NA
NA

T
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

Sl, $2
NA
NA

Sl, S2

NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

FUSNP/17-P, 18-N
NA
NA

RJNSP/2I-P, 22 N
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

IB
NA
NA

IB
NA
NA

1250-3
1250-3

1250-3
1250-3

1250-3
1250-3

1250-3

1250-3

1250-3

1277-1

1277-1

1277-1

1277-1

1277-1

1277-1

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pen ¹ Type
Boundary/

Valveol
Size

(in)'ystem + Modeled<
Valve
Type

Actuation
Signal +

Safeguard
Train

AC Power
Sourcet"

DC PowerSource<ad VA
Header, Drawing .

4644

4648

4660
FIA-2036

'IA-2013
Caps

CI.IC

8

I
0.5

0.5

0.5
0.37

5

NA

SW
SW
SW
SW
SW
SW
SW

N(3)
N(1)
N(I)
N(1)
N(1)
N(1)
N(3)

Manual
Manual
Relief

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

1250-3
1250-3

1250-3

1250-3

1250-3

1250-3

1250-3

324

332a

8418
8419

92'l

924

7452

Cap
CLOC

0.37
5

0.37
5

0.37
5

0.37
5

NA

CT

cr
cr
CT
CT

CI'(2)
N(2)

N(1)
N(I)
N(I)
N(1)
N(1)

AOV
Check

SOV
SOV

Manual
NA
NA

T
NA

T
T

NA
NA
NA

Sl, S2
NA

Sl, S2

Sl, S2

NA
NA
NA

NA
NA

NA
NA
NA
NA
NA

FUMCB/XTR-P,N
NA

FUMCB/XIB-P,N
FUMCB/XID-P,N

NA
NA
NA

IB
NA

NA
NA
NA
NA
NA

1908-3

1908-3

1278-1

1278-1

1278-1

1278-1

1278-1

332b 923
7456

Cap
CLOC

0.37
5

0.37
5

0.37
5

NA

N(1)
N(1)
N(1)
N(I)

SOV
Manual

NA
NA

T
NA
NA
NA

Sl, S2

NA
NA
NA

NA
NA
NA
NA

FUMCB/XIC-P,N
NA
NA
NA

NA
NA
NA
NA

1278-1

1278-1

1278-1

1278-1

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pen ¹
Boundary/

Vatveo2
Size

(in)t
2)

Systens @ Modeledt+
Valve Actuation

Signal +
Safeguard

Train
AC Power
Source<"

DC Power
Sourcet"

I/A
Header Drawing

332c pr944
PI949
PI950
1819E

1819F
1819G

0.37

5
0.37

5

0.37

5

0.37

0.37

0.37

5

N(1)
N(1)
N(1)
N(I)
N(1)
N(l)

NA
NA
NA

Manual
Manual
Manual

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

1261

1261

1261

1261

1261

1261

332d 921

7448

Cap
CLOC

0.37

5

0.37

5

0.37

5

NA

CT

CI'T

cr

N(I)
N(1)
N(I)
N(1)

SOV
Manual

NA
NA

T
NA
NA
NA

Sl, S1

NA
NA
NA

NA
NA
NA
NA

FUMCB/XIA-P,N
NA
NA
NA

NA
NA
NA
NA

1278-1

1278-1

1278-1

1278-1

Rochester Gas k Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pen ¹ Type
Boundary/

Vat vent
Size

(in)t
2)

System + Modeled'alve
Type

Actuation
Signal +

Safeguard
Train

AC Power
Sou rcet"

DC Power
Source<".,

I/A
Hcadcr Drawing,

401 3411
3413A
3455

3505A
3505C
3509

3511

3513

3515
'517

3521
3615-
3669
11027

11029

11031

PS-2092
I"f-468
PT-469

Ff-469A
PT-482

Caps

CLIC

6
0.50
0.50

6

1.5

6

6

30
'l

3

I

I

I

I

I

I

I

I

I

0.37

5

NA

Ms
Cf
CT
Ms
CT
Ms
MS
hlS
hlS
hlS
CT
CT
CT
Cf

Cf
CT

CI'I'T

CT

Y
Y
N
Y
N
Y
Y
Y
Y
Y
Y
N
Y
N
N
N
N
N
N
N
N
N
Y

Relief
Manual
Manual
MOV

Manual
Relief
Relief
Relief
Relief
AOV

Manual
Manual
Manual
Manual
Manual
Manual

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
No
NA
NA
NA
NA
NA
No
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

DCPDPCB03A/M-P,N
NA
NA
NA
NA
NA

RA I/RA3
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
IB
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

Rochester Gas k Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-1 - Mechanical Penetration Isolatton'Bo'undary
Listing.'=;'en

¹ Type
Boundary/

,
Valveo >

Size
(in)» System @ Modeledt"

Valve'-'ype

.

Actuation'ignal +
.

'afegua'td„.:, 'C Power,"-- ',:.,-,',:.',."';...,'C Power
. Train',';. '', '" Sourcet@ ", " ':"'. - ',:..;:;Sou'icet".„,

..,". I/A', -:

;-".: Header -,.

"...%'n: ' Diiwing ';,

402 3410
3412A
3456

3504A
3504C
3508
3510
3S12

3S14

3516
3520
3614
3668
11021

11023

11025

PS-2093
I"f-478
Pf-479
I"f-483

Caps
CLIC

6
0.50
0.50

6

1.5

6

6
6

6
30

3

I

I

I

I

I

I

I

I

0.37
5

NA

MS
CT
Cf
MS
Cf
MS
hIS
hIS
hlS
MS

CI'f

CT
CT
CT
CT
CT
cr
cr
CI'T

CT

Y
Y
N
Y
N
Y
Y
Y
Y
Y
Y
N
Y
N
N
N
N
N
N
N
N
Y

Relief
Manual
Manual
MOV

Manual
Relief
Relief
Relief
Relief
AOV

Manual
Manua!
Manual-
Manual
Manual
Manual

NA
NA
NA
NA
NA
NA

NA
NA
NA
No
NA
NA
NA
NA
NA
No
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA

DCPDPCB03B/17
NA
NA
NA
NA
NA

RA I/RA3
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
IB
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

1231

, 1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

1231

403 4 3993
3995X
4000C
4003

4003A
4011A
4099E
8651

CLIC

18

0.5

3

3
0.75

0.75
I

I

NA

hIF
CT
AF
Ar.
CT
CT
Cl'f

NA

Y
N(7)

Y
N(8)
N(7)
N(7)
N(7)
N(7)

Y

Check
Manual
Check
Check
Manual
hlanual
Manual
Manual

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

1236-2
1236-2

1237

1237

1237

1237
1236-2

1236-2
1236-2
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Table 3.2.1-1 - Mechanical Penetration Isolation Boundary Listing

Pcn ¹ Type
Boundary/

Valvctu
Size

(in)tii System @ Modeled'alveType

Actuation
Signal +

Safeguard
Train

AC Power
Sourcet"

DC Power
Source<"

I/A
Header Drawing

404 3992
3994E
3994X
4000D
4004

4004A
4012A
865tt

CI.IC

18

I
0.50

3

3

0.75

tk75
I

NA

MF
CT
CT
AF
AF
CT
Cf
(."f
NA

Y
N(7)
N(7)

Y
N(8)
N(7)
N(7)
N(7)

Y

Check
Manual
Manual
Check
Check
Manual
Manual
Manual

NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

1236-2
1236-2

1236-2

1237

1237

1237

1237

1236-2
1236-2

1000 NA

NA

116

168

N(2)

N(2)

Hatch

Hatch NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

General Notre to Table 3.2.1-Xi

(I) The lollowing abbreviations arc used:

CLIC Closed Loop Inside Containment
CLOC Closed Loop Outside Containment

(2) Valve size was taken from drawing identifled in Drawing colunin with the exception of some blind flanges. GMEDB [Ref. 18.4.2) was used in thcsc cases when drawings were not identified.

(3) System designations arc consistent with those provided in [Ref. 18.1.2].

(4) This column is completed using either Y (yes) or N (no). The basis for not modeling the identified containment boundary is provided in the parenthesis following the "N" as follows:

(I) Boundary does not meet the modeling criteria of 1.5 inches or is preceeded by piping which does not meet this criteria.

(2) Loss of penetration integrity requires failure of two passive boundaries (e.g., blind flanges, locked-closed valves) which are not al'fectcd by any core damage sequence.

(3) Loss of penetration integrity requires failure of a containment isolation valve and a piping system not affcctcd by any core damage sequence which has a relief valve setting > 150 psig.

(4) The relief valve is located inside containment between two containment barriers in a system which is normally operating. Since containment pressure would assist in maintaining the relief
valve closed. it is not modeled as a release path.
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(5) Ibis penetration contains two normally closed containment isolation valves which aic v n less than 1% of the time at power [Ref. 18.124, Appendix A]. Since neither contammcnt isolation,
valve requires motive power to perform its function (i.e., AOV and check valve), and neither is affected by any accident sequence, this penetration was not modeled.

(6) This penetration is normally isolated by two passive boundaries and is only open during the recirculation phase of thc accident. During recirculation, a pipe rupture could release sump fluid
into the Auxiliary Building. However, this penetration was not modeled due to the low probability of this occumng (pipe rupture = 6.64E4)6 [RHPPJINJLN] and small-break LOCA
frequency = 1.08-03/year).

(7) Loss of penetration integrity requires failure of this small, normally closed passive boundary in addition to a Stcam Generator Tube Ruptute event. Since the intcgtity of this boundary is
continuously verified during power operations, it was not modeled.

(8) This valve was not modeled due to expected system lineups. Instead, an associated in-series valve was modeled (9705A replaced 9704A, and 9705B replaced 97048).

(5) A P identifies that the component receives a containment isolation signal while "CVI" identifies a containment ventilation isolation signal. This information was taken from UFSAR Table 6.2-15
) Rcf. I 8.1.5).

F

(6) 'Ilic Ginna I hxiding l)fata ltasc was used to initially identify the AC and DC power sources. The power sources for penetrations which were modeled was further confirmed by review of applical>le
«lcctrical drawings and control schematics.

(7) The following abbreviations arc used I'or instrument air headers

AB Auxiliary Building
CNhff Containmcnt
IB Intermediate Building

Service Building
TB Turbine Building

Table Notes:

(a) This blind tlange utilizes two gland seals or O.rings: consequently, both seals or 0-rings must fail in order to challenge containment integrity.
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Table 3.2.1-2
Containment Spray System Electrical Dependencies

Component

PSI02A

PSI02B

AC Power Source

Bus 14 Unit 20B

Bus 16 Unit 13B

DC Power Source

Aux Bldg DC Dist Pnl 1A, Sw ¹4

Aux Bldg DC Dist Pnl 1B, Sw ¹4

AOV 836A

AOV 836B

Inst: Bus 1A

Inst. Bus 1C

MOV 860A MCC C Pos. 8J

MOV 860B MCC D Pos. 8J

MOV 860C MCC C Pos. 11F

MOV 860D MCC D Pos. 11F

MOV 875A MCC C Pos. 14C

MOV 875B MCC D Pos. 14C

MOV 876A MCC C Pos. 14F

MOV 876B MCC D Pos. 14F

MOV 896A MCC C Pos. 8M

Not required

Not required

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl IB, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux'ldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

MOV 896B

LQ-920 (LT-
920 power
supply)

LC-920A/B
(LT-920
alarm)

LC-920C
(LT-920
alarm)

LC-921 (LT-
921 alarm)

MCC D Pos. 8M

Inst, Dist Pnl MQ-
400C

Inst Dist Pnl C

Inst Dist Pnl C

Fox 1 Rack

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Not required

Not required

Not required

Not required
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Table 3.2.1-2
Containment Spray System Electrical Dependencies

Component

LC-931 (LT-
931 alarm)

LT-931 power
supply

LT-932 power
supply

AC Power Source

Inst Dist Pnl C

Inst Dist Pnl MQ-
400C

Inst Dist Pnl B

DC Power Source

Not required

Not required

Not required
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Table 3.2.1-3
Locations of Major Containment Spray System Components

EIN

'SI02A

PSI02B

TSI01

TSI02*

MV 831A

MV 831B

AOV 836A

AOV 836B

CV 847A

CV 847B

MV 858A

MV 858B

MOV 860A

MOV 860B

MOV 860C

MOV 860D

Building

AB

AB

AB

AB

AB

Elevation

235'"

235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"
235'"

Column

L

L

L

L

L

L

L

L

Row

8A

8A

7A

10A

8A

8A

11A

11A

8A

8A

8A

8A

8A

8A

8A
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Table 3.2.1-3
Locations of Major Containment Spray System Components

CV 862A

CV 862B

MV 868A

MV 868B

MV 873A

MV 873B

MOV 875A

MOV 875B

MOV 876A

MOV 876B

MV 881B

MV 881C

MV 881D

MOV 896A

MOV 896B

Building

AB

AB

CNMT

CNMT

CNMT

CNMT

AB

Elevation

235'"
235'"
235'"
2357 8ll

235'"

235 t
8

II

300'"
300'"
300'"
300'"
235'"
235'"
235'"
235'"
235'"

Column

L

L

L

L

L

L

N

Row

8A

8A

10A

11A

OMB

OMB

OMB

OMB

11A

8A

8A

8A

8A

CV indicates a check valve.
MV indicates a manual valve.
AOV indicates an air operated valve.
MOV indicates a motor operated valve.
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ANNUNCIATOR

Table 3.2.1-4
Containment. Spray System Control Room Annunciators

DESCRIPTION

A-6 CS Pump Cooling Water Out Low Flow 15 gpm
A-27 Containment Spray, 2/3 & 2/3 ) 28 psi
A-28 Containment Spray Channel Alert, 2/3 ) 28 psi
B-8 RWST Hi-Lo Level, 95 7o 28
B-16 RWST Lo-Lo Level, 15 '70

B-24 Spray Additive Tank Lo Level, 90 %
J-9 Safeguard Breaker Trip
J-25 Safeguards Equipment Locked Off
L-30 Safeguard Test Switch on Test
L-31 Safeguard DC Failure
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Table 3.2.1-5

Control Room Indicators and Controllers for CVCS

EIN Description

TC-130
TI-120
PR-420
FI-610
FI-614
HCV-142
TI-122
TI-126
TI-127
PI-121
PI-139
HIC-104
HIC-105
HIC-123
FI-128
HIC-133

Non-regenerative Hx Letdown Line Outlet temperature controller
Seal water heat exchanger outlet temperature
RCP running pressure
Flow indicator, CCW flow to thermal barrier cooling coil - RCP A
Flow indicator, CCW flow to thermal barrier cooling coil - RCP B
Charging line control valve controller
Excess Letdown Hx Outlet temp
Regenerative Hx Charging Line Outlet temp
Regenerative Hx Letdown Line Outlet temp.
Excess Letdown Hx Outlet pressure
VCT pressure
Boric Acid Tank Recirculation controller
Boric Acid Tank Recirculation controller
Excess Letdown Hx Outlet flow controller
Charging Line,flow indicator
RHR loop bypass flow controller
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Table 3.2.1-6

CVCS Valve Control and'osition Indication

EIN

AOV 200A
AOV 200B
AOV 202
AOV 371
AOV 294
AOV 745
AOV 310
AOV 312
AOV 270A
AOV 270B
AOV 392B
AOV 386
AOV 296
SOV 258
AOV 244
AOV 754A
AOV 754B
AOV 745
AOV 110A
AOV 110B
AOV 110C
AOV 111

AOV 371
AOV 427
MOV 749A
MOV 749B
MOV 759A
MOV 759B
MOV 313
PCH03A
PCH03B
PCH01A
PCH01B
PCH01C
PCH08A
PCH08B

Description

Loop B letdown orifice outlet AOV
Loop B letdown orifice outlet AOV
Loop B letdown orifice outlet AOV
Letdown containment isol AOV
Charging line inlet AOV to loop B cold leg (RCS)
Excess letdown HX CCW outlet cnmt isol AOV (aux bldg)
Loop A inlet isol AOV to excess letdown HX
Loop A excess letdown division AOV
RCP A seal return AOV
RCP B seal return AOV
Alternate charging line control AOV to Loop A
RPC A & B seal Pl bypass control AOV
Charging line aux spray isol AOV to pressurizer (OMB)
VCT solenoid vlv to vent header
Letdown deborating diversion AOV
RCP A thermal barrier CCW outlet AOV (in cnmt)
RCP B thermal barrier CCW outlet AOV (in cnmt)
Excess letdown HX CCW outlet cnmt isol AOV (aux bldg)
Boron flow control AOV to boric acid blender
Boric acid blender makeup control AOV to charging pumps
Boric acid blender makeup control AOV to VCT
Makeup control, water to blender
RMW AOV to boric acid blender
Loop B letdown AOV to regenerative heat exchanger
CCW cnmt inlet isol MOV to RCP A (aux bldg)
CCW cnmt inlet isol MOV to RCP B (aux bldg)
RCP A CCW outlet cnmt isol MOV (aux bldg)
RCP B CCW outlet cnmt isol MOV (aux bldg)
Seal water return isol MOV
Start / stop
Start / stop
Start / stop / speed control
Start / stop / speed control
Start / stop / speed control
Start / stop
Start / stop
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Table 3.2.1-7

Alarm Indications for CVCS

EIN Description

PC-135
TI-140
TIC-103
TI-125
TI-132
TC-145
TI-181
TI-182
PI-124
PI-131
PI-173
PI-174
PI-183
'FR-110
FR-111
FI-134
FR-175
FR-176
FR-177
FR-178
LI-101
LI-102
LI-106
LI-112
LI-157
LI-171
LI-172

Letdown line pressure controller
VCT outlet temperature
Boric Acid Tank A temperature controller
RC Pump Lower Bearing Water temp - B
RC Pump Lower Bearing Water temp - A
Letdown to Mixed Bed Demineralizer
No. 1 Seal Outlet temp, RCP A
No. 1 Seal Outlet temp, RCP B
RCP Loop B Labyrinth Seal, Lo dP
RCP Loop A Labyrinth Seal, Lo dP
RCP A, dP across No. 1 Seal
RCP B, dP across No. 1 Seal
Seal Injection Filter dP
Concentrated Boric Acid flow controller
RMW to Blender flow controller
Letdown Line flow indicator
RCP A, Controlled Leakage Flow, low range
RCP B, Controlled Leakage Flow, low range
RCP A, Controlled Leakage Flow, high range
RCP B, Controlled Leakage Flow, high range
Batching Tank level

'oricAcid Tank A level
Boric Acid Tank B level
VCT level
RMW Tank level
Boric Acid Tank B level
Boric Acid Tank A level
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Table 3.2.1- 8

Major Loads Supplied By 4160 and 480 VAC Buses

Bus 11A

BUS11A/08 Reactor Coolant Pump PRC01A
BUS11A/07 Main Feed Pump PFW01A
BUS11A/06 Condensate Pump PCD02A
BUS11A/05 Condensate Pump PCD02C
BUS11A/04 Heater Drain Pump PCD03A
BUS11A/03 Circulating Pump PCW01A
BUS11A/09 Auxiliary Building Exhaust

Fan AAF08A
BUS11A/02 Condensate Booster Pump PCDOIC
BUS11A/01 480 VAC Bus 13 (via Station Service

Transformer PXTBSS013)
Cross-tie to Bus 11B

Bus 11B

BUS11B/24 Reactor Coolant Pump PRC01B
BUS11B/25 Main Feed Pump PFW01B
BUS11B/26 Condensate Pump PCD02B
BUS11B/27 Heater Drain Pump PCD03B
BUS11B/28 Circulating Pump PCW01B
BUS11B/23 Auxiliary Building

Exhaust Fan AAF08B
BUS11B/29 Condensate Booster

Pump PCD01B
BUS11B/30 480 VAC Bus 15 (via Station Service

Transformer PXTBSS015)
BUS11B/31 Cross-tie to Bus 11A

Bus 12A Bus 12B

BUS12A/15 480 VAC Bus 14 (via Station Service
Transformer PXABSS014)

BUS12A/14 480 VAC Bus 18 (via Station Service
Transformer PXSHSS018)

BUS12A/16 Condensatc Booster Pump PCD01A
BUS12A/12 Cross-tie to Bus 11A

BUS12B/17 480 VAC Bus 16 (via Station Service
Transformer PXABSS016)

BUS12B/18 480 VAC Bus 17 (via Station Service
Transformer PXSHSS017)

BUS12B/20 Cross-tie to Bus 11B
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Bus 14

Table 3.2.1- 8

MajorLoads Supplied By 4160 and 480 VAC Buses

Bus 16

Containment Fan ACF08D
Auxiliary Building Exhaust Fan AAF04
Pressurizer heater Control Group
Charging Pump PCH01A
CCW Pump PAC02A

(coincident with SI signal)
MCC C non-vital loads (coincident with SI
signal) via relay 86/MCCC

Bus 17

Containment Fan ACF08B
Contmnment Fan ACF08C
Charging Pump PCHOI B
Charging Pump PCHOIC
Pressurizer Backup Heaters
CCW Pump PAC02B (coincident with Sl signal)
MCC D non-vital loads (coincident with Sl
signal) via relay 86/MCCD

Bus 18

Motor-Driven Fire Pump PFS02
Intake Heater EHTRCW01B
Intake Heater EHTRCWOID
Service Water Pump PSWOI B
Service Water Pump PSWOID
MCC G Feed

Intake Heater EHTRCW01A
Intake Heater EHTRCWOIC
Service Water Pump PSWOIA
Service Water Pump PSW01C
MCC G Feed

MCC C (SI Train A) Loads

Penetration Cooling Fan ACF07A
Boric Acid Transfer Pump PCH03A
Reactor Compartment Cooling Fan ACF09A

eactor Coolant Drain Tank Pump PWDIOA
Reactor Water Makeup Pump PCH08A
RWST Purification Pump PAC05
Spent Fuel Pool Cooling Pump PAC07A

MCC D (SI Train B) Loads

Penetration Cooling Fan ACF07B
Boric Acid Transfer Pump PCH03B
Reactor Compartment Cooling Fan ACF09B
Reactor Coolant Drain Tank Pump PWDIOB
Reactor Water Makeup Pump PCH08B
Auxiliary Building Exhaust Fan AAF07
(Spent Fuel Pool Area)
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Table 3.2.1- 9
Safety Injection (SI) Signal Load Sequencing

Time (sec)

Bus 14 and 18 - Train A
(Generator KGDOIA)

Bus 16 and 17 - Train B
Time (sec) (Generator KDGOIB)

10

15

20

Safety Injection signal

Safeguards buses energized

Safety Injection Pump PSIOIA

Safety Injection Pump PSIOIC

0 Safety Injection signal

10 Safeguards buses energized

15 Safety Injection Pump PSIOI B

22 Safety Injection Pump PSIOIC
(Ifbreaker BUSI4/ISA does not close)

25

30

35

40

45

Residual Heat Removal Pump PACOIA

Service Water Pump PSWOIA or
PSWOIC, presclected

Containment Fan ACF08A

Containment Fan ACF08D

Auxiliary Feedwatcr Pump PFW02A

27 Residual Heat Removal Pump PACOIB

32 Service Water Pump PSWOIB or
PS WOID, preselected

37 Containment Fan ACFOSB

42 Containment Fan ACFOSC

47 Auxiliary Feedwatcr Pump PFW02B

(a) Containment Spray Pump PSI02B

(a) May be loaded onto safeguards buses,anytime after buses are energized.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-161



Table s.2.1-10
Instrument Buses, Regulated Power Supplies And Distribution Panels

120 VAC Instrument Bus A (IBPDPCBAR) 120 VAC Instrument Bus C (IBPDPCBCB)

118 VAC Twinco Regulated Power Supply MQ400A

118 VAC Distribution Panel A (IBPDPCBA)

118 VAC Twinco Regulated Power Supply MQ400E

118 VAC Distribution Panel E (IBPDPCBE)

118 VAC Dist Panel GH(IBPDPCBGH)[Spare]

118 VAC Twinco Regulated Power Supply MQ400C

118 VAC Distribution Panel C (IBPDPCBC)

I18 VAC Twinco Regulated Power Supply MQ400G [Spare]

118 VAC Twinco-Regulated Power Supply MQ400H [Spare]

120 VAC Instrument Bus B (IBPDPCBCB) 120 VAC Instrument Bus D (IBPDPCBDY)

118 VAC Twinco Regulated Power Supply MQ400B

118 VAC Distribution Panel B (IBPDPCBB)

118 VAC Twinco Regulated Power Supply MQ400D ~

118 VAC Distribution Panel D (IBPDPCBD)
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Table 3.2.1-1 1

Electric Power-Related. Annunciator Windows and Locations

Annunciator Window Wtndow Location

BATTERY ROOMS LOSS OF VENTILATION
4-KV BUS UNDERVOLTAGE70% OF NORM
4-KV BUS UNDERFREQUENCY 57.7 HZ
INVERTER TROUBLE
LOSS OF A INSTRUMENT BUS
LOSS OF B INSTRUMENT BUS
LOSS OF C INSTRUMENT BUS
MCC C OR D AUXBKR CAB
LOSS OF D INSTRUMENT BUS
GENERATOR STATIC WINDINGHl TEMP
19-KV POTENTIAL TRANSFORMER VOLTAGE
GENERATOR ISO PHASE BUS COOLING SYSTEM
¹11 OR ¹12 TRANSFORMER OUT OF SYNCH .

4-KV MAINOR TIE BREAKER TRIP
480 V MAINOR TIE BREAKER TRIP
480 V MCC SUPPLY BREAKER TRIP
SAFEGUARD BREAKER TRIP
GENERATOR VOLTAGE REGULATOR MANUAL
GENERATOR REVERSE POWER
GENERATOR MAINTRANSFORMER ANNUNCIATOR
¹11 OR ¹12 TRANSFORMER LOW SIDE PARALLELED
480 V BUS 14-16 OR 17-18 TIE BKR CLOSED
BATTERY CHARGER FAILURE OR PA INVERTER TROUBLE
GENERATOR VOLTAGE REGULATOR FIELD FORCING
GENERATOR FIELD FAILURE
GENERATOR TRANSFORMER OVEREXCITATION
1A OR IB BATTERY UNDERVOLTAGE
GENERATOR PIPE CABLE PILOT WIRE MONITOR
BATTERY BANKGROUND
EMERGENCY DIESEL GENERATOR IA PANEL
GENERATOR EXCITER FIELD BREAKER TRIP
GENERATOR VOLTAGE REGULATOR POWER UNIT BIAS
STATION 13A TROUBLE
480 V TRANSFORMER BREAKER TRIP
GENERATOR FIELD GROUND
VITALBATTERY MONITORING SYSTEM
EMERGENCY DIESEL GENERATOR I B PANEL

C-13
D-8

D-16
E-3
E-6

E-14
E-22
E-25
E-30

J-2
J-3

J 4

J-5'-6

J-7

J8
J-9

J-10
J-I I
J-12
J-13
J-14
J-15
J-18
J-19
J-20
J-21
J-22
J-23
J-24
J-26
J-27
J-28
J-29
J-30
J-31
J-32
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Table 3.2.1-11
Electric Power-Related Annunciator Windows and Locations

Annunciator Window

11A OR 11B BUS UNDERFREQUENCY
11A OR 11B BUS UNDERVOLTAGE
SAFEGUARD BUS MAINBREAKER OVERCURRENT TRIP
BUS 13 UNDERVOLTAGENONE-SAFEGUARD
BUS 16 UNDERVOLTAGESAFEGUARDS
480 V GROUND
SAFEGUARD BUS D/G BREAKER OVERCURRENT TRIP
BUS 14 UNDERVOLTAGE - SAFEGUARDS
BUS 17 UNDERVOLTAGE - SAFEGUARDS
AUXILIARYTRANSFORMER ¹11
12A TRANSFORMER OR 12A BUS TROUBLE
BUS 15 UNDERVOLTAGENON-SAFEGUARDS
BUS 18 UNDERVOLTAGESAFEGUARDS
34-KV BREAKER LO AIR PRESSURE 110 PSI
34-KV LINE 767 PILOT WIRE MONITOR
34-KV BREAKER TRIP
12B TRANSFORMER OR 12B BUS TROUBLE
4-KV BUS DIFFERENTIALLOCKOUT
SAFEGUARD DC FAILURE

Window Location

L-2
L-3
L-5
L-6
L-7
L-8

L-13
L-14
L-15
L-19
L-20
L-22
L-23
L-25
L-26
L-27
L-28
L-29
L-31
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Table 3.2.1.-12

Undervoltage Auxiliary Relay Functions

27X1/14

27BX1/14

480 VAC Bus 14 Undervoltage Auxiliary Relay ¹1
480 VAC Bus 14 Undervoltage Auxiliary Backup Relay ¹1

Trips Circuit Breaker 52/14

Trigger Diesel Generator start Logic
Trips Circuit Breaker 52/SIPC2

Trips Circuit Breaker 52/BT14-13

27X2/14

27BX2/14
480 VAC Bus 14 Undervoltage Auxiliary Relay ¹2
480 VAC Bus 14 Undervoltage Auxiliary Backup Relay ¹2

Trips Circuit Breaker 52/SIP1A (PSI01A)
Trips Circuit Breaker 52/CF1D (ACF08D)
Trips Circuit Breaker 52/ABEF-1G

Trips Circuit Breaker 52/FUT

27X3/14
27BX3/14

480 VAC Bus 14 Undervoltage Auxiliary Relay ¹3
480 VAC Bus 14 Undervoltage Auxiliary Backup Relay ¹3

Trips Circuit Breaker 52/MAFP1A (PAF01A)
Trips Circuit Breaker 52/RHRP1A (PAC01A)
Trips Circuit Breaker 52/PHCG

Trips Circuit Breaker 52/CCP1A (PAC02A)
Triggers Diesel Generator Starting Logic

27X4/14
27BX4/14

480 VAC Bus 14 Undervoltage Auxiliary Relay ¹4
480 VAC Bus 14 Undervoltage Auxiliary Backup Relay ¹4

Trips Circuit Breaker 52/CHP1A (PCHOIA)
Trips Circuit Breaker 52/CF1A (ACF08A)
Trips Circuit Breaker 52/SPARE

Trips Circuit Breaker 52/SAFWP IC (PSF01A)
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Table 3.2.1-12

Undervoltage Auxiliary Relay Functions

27X5/14

27BX5/14

480 VAC Bus 14 Undervoltage Auxiliary Relay ¹5
480 VAC Bus 14 Undervoltage Auxiliary Backup Relay ¹5

Trips Circuit Breaker 52/BT16-14

Trips Circuit Breaker 52/18

Trips Circuit Breaker 52/14SS

27X6/14

27BX6/14
480 VAC Bus 14 Undervoltage Auxiliary Relay ¹6
480 VAC Bus 14 Undervoltage Auxiliary Backup Relay ¹6

Close Circuit Breaker 52/MAFP1A (PAF01A)
Trigger Safety Injection Signal Train A Agastats & slave relays in
conjunction with SI Slave Relay SI-10X (27X6/14 only; wiring for
27BX6/14 is not connected)

27X1/16

27BX1/16
480 VAC Bus 16 Undervoltage Auxiliary Relay ¹1
480 VAC Bus 16 Undervoltage Auxiliary'ackup Relay ¹1

Trips Circuit Breaker 52/16

Triggers the Diesel Generator starting logic
Trips Circuit Breaker 52/SIP1B (PSI01B)
Trips Circuit Breaker 52/BT16-15

27X2/16

27BX2/16
480 VAC Bus 16 Undervoltage Auxiliary Relay ¹2
480 VAC Bus 16 Undervoltage Auxiliary Backup Relay ¹2

Trips Circuit Breaker 52/BT16-14 permissive

Trips Circuit Breaker 52/SIP 1 Cl (PSI01C)

Trips Circuit Breaker 52/CF1B (ACF01B)
Trips Circuit Breaker 52/CF IC (ACF01C)
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Table 3.2.1-12

Undervoltage Auxiliary Relay Functions

27X3/16

27BX3/16
480 VAC Bus 16 Undervoltage Auxiliary Relay ¹3
480 VAC Bus 16 Undervoltage Auxiliary Backup Relay ¹3

Trips Circuit Breaker 52/FUT (Spare Breaker)

Trips Circuit Breaker 52/MAFP1B (PAF01B)
Trips Circuit Breaker 52/RHRP1B (PACO IB)
Trips Circuit Breaker 52/CHP1B (PAC02B)
Trips Circuit Breaker 52/CHP1C (PAC02C)

27X4/16
27BX4/16

480 VAC Bus 16 Undervoltage Auxiliary Relay ¹4
480 VAC Bus 16 Undervoltage Auxiliary Backup Relay ¹4

Trip Circuit Breaker 52/PHBG

Trip Circuit Breaker 52/CCPlB (PAC02B)
Trip Circuit Breaker 52/SFPPB

Trip Circuit Breaker 52/SPARE

Trip Circuit Breaker 52/SAFWP ID (PSF01B)

27X5/16

27BX5/16
480 VAC Bus 16 Undervoltage Auxiliary Relay ¹5
480 VAC Bus 16 Undervoltage Auxiliary Backup Relay ¹5

Trip Circuit Breaker 52/17

Trip Circuit Breaker 52/16SS

Trigger Diesel Generator starting logic

27X6/16

27BX6/16
480 VAC Bus 16 Undervoltage Auxiliary Relay ¹6
480 VAC Bus 16 Undervoltage Auxiliary Backup Relay ¹6

Trigger Safety Injection Signal Train B Agastats & slave relays in

conjunction with SI Slave Relay SI-20X (27X6/16 only; wiring for
27BX6/16 is not connected)

Close Circuit Breaker 52/MAFP1B (PAF01B)
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Table 3.2.1-12

Undervoltage Auxiliary Relay Functions

27X1/17

27BX1/17

480 VAC Bus 17 Undervoltage Auxiliary Relay ¹1
480 VAC Bus 17 Undervoltage Auxiliary Backup Relay ¹1

Trip Circuit Breaker 52/17

Trigger Diesel 'Generator starting logic
Trip Circuit Breaker 52/FUT

Trip Circuit Breaker 52/MCC1G2 (Motor Control Center G)

27X2/17

27BX2/17
480 VAC Bus 17 Undervoltage Auxiliary Relay ¹2
480 VAC Bus 17 Undervoltage Auxiliary Backup Relay ¹2

Trip Circuit Breaker 52/FP

Trip Circuit Breaker 52/IHIB
Trip Circuit Breaker 52/IH1D

Trip Circuit Breaker 52/SWPIB

Trip Circuit Breaker 52/SWP1D

27X3/17

27BX3/17
480 VAC Bus 17 Undervoltage Auxiliary Relay ¹3
480 VAC Bus 17 Undervoltage Auxiliary Backup Relay ¹3

Trip Circuit Breaker 52/BT17-18

Trip Circuit Breaker 52/16

Trip Circuit Breaker 52/17SS

Trigger Diesel Generator start logic

27X4/17
27BX4/17

480 VAC Bus 17 Undervoltage Auxiliary Relay ¹4
480 VAC Bus 17 Undervoltage Auxiliary Backup Relay ¹4

Wired to trigger Safety Injection Signal Train B Agastats & slave relays

in conjunction with SI Slave Relay SI-20X, but wiring is not connected
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Table 3.2.1-12

Undervoltage Auxiliary Relay Functions

27X1/18

27BX1/18

480 VAC Bus 18 Undervoltage Auxiliary Relay ¹1
480 VAC Bus 18 Undervoltage Auxiliary Backup Relay ¹1

Trip Circuit Breaker 52/18

Trigger Diesel Generator start logic
Trip Circuit Breaker 52/MCC1G1 (Motor Control Center G)
Trip Circuit Breaker 52/FUT

27X2/18

27BX2/18
480 VAC Bus 18 Undervoltage Auxiliary Relay ¹2
480 VAC Bus 18 Undervoltage Auxiliary Backup Relay ¹2

Trip Circuit Breaker 52/SWP1C (PSW01C)

Trip Circuit Breaker 52/SWP1A (PSW01A)
Trip Circuit Breaker 52/IH1C

Trip Circuit Breaker 52/IH1A

27X3/18

7BX3/18
480 VAC Bus 18 Undervoltage Auxiliary Relay ¹3
480 VAC Bus 18 Undervoltage Auxiliary Backup Relay ¹3

Trip Circuit Breaker 52/14

Trip Circuit Breaker 52/BT17-18

Trip Circuit Breaker 52/18SS

Trigger Diesel Generator start logic

27X4/18

27BX4/18
480 VAC Bus 18 Undervoltage Auxiliary Relay ¹4
480 VAC Bus 18 Undervoltage Auxiliary Backup Relay ¹4

Wired to trigger Safety Injection Signal Train A Agastats &, slave relays

in conjunction with SI Slave Relay SI-10X, but wiring is not connected
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Table 3.2.1-13

ESFAS System Relay Functions

Master Relay SIA-I:

Is an input to RPS Channel A

Is an input to RPS Channel B

Trips Auxiliary Relay Sl-10X

Trips Auxiliary Relay SI-11X

Trips Auxiliary Relay Sl-12X

Master Relay SIA-2:

Is an input to RPS Channel A
Is an input to RPS Channel B

Trips Auxiliary Relay Sl-20X

Trips Auxiliary Relay Sl-21X

Trips Auxiliary Relay Sl-22X

Master Relay SIF-1:

Trips Auxiliary Relay F10X

Trips Auxiliary Relay F30X

Trips Auxiliary Relay F20X

Trips Auxiliary Relay F40X

Auxiliary Relay SI-10X:

Trips Auxiliary Relay Sl-13X

Trips Auxiliary Relay Sl-14X

Trips Auxiliary Relay Sl-15X

Trips Auxiliary Relay SI-16X

Trips Auxiliary Relay Sl-17X

Trips Auxiliary Relay Sl-1SX

Trips Steam Line Isolation Master Relay MS I

Trips Steam Line Isolation Master Relay MS3

Trips Containment Ventilation Isolation Master Relay Vl
Trips Feedwater Isolation Master Relay Fl
Trips Feedwatcr Isolation Master Relay F3

Triggers Motor Contn>l Center C Load Shedding

Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/87IA
Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/SIPIC2

Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/RHRPlA
Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/SWPI

AC'ochester

Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-170



Table 3.2.1-13

ESFAS System Relay Functions

Auxiliary Relay SI-IOX: (continued)

Trips Safety Injection Signal

Trips Safety Injection Signal

Trips Safety Injection Signal

Trips Safety Injection Signal

Trips Safety Injection Signal

Trips Safety Injection Signal

Agastat Time Delay Slave Relay 2/CFIA
Agastat Time Delay Slave Relay 2/MAFP1A

Agastat Time Delay Slave Relay 2/1C2X

Slave Relay SISP IA
Agastat Time Delay Slave Relay 2/SF1

Slave Relay 871X

Auxiliary Relay SI-I IX:

Trips the feed breaker to Station Service Transformer PXABSS014

Trips the breaker to Main Feedwater Pump PFWOlA

Trips the breaker to Main Feedwatcr Pump PFWOlB

Trips the breaker to Charging Pump PCHOIA

Trips Agastat time delay relay 2/BLA [KDGOlA/Bus 18l

Closes the breaker for AFW Pump PAF01A

Opens AOV 4561 [Containment Fan Coolers SW Discharge)

Triggers AFW MOV 4007 flow control bypass valve 4480

Auxiliary Relay SI-12X

Trips

Trips

Trips

Trips

Trips

Trips

Trips

TflpS

Trips

Auxiliary Relay Sl-13X

Auxiliary Relay Sl-14X

Auxiliary Relay Sl-ISX

Auxiliary Relay Sl-16X

Auxiliary Relay Sl-17X

Auxiliary Relay Sl-18X

the breaker to CCW Pump PAC02A

the breaker for the Pressurizer Heaters Control Group

the breaker for Circ. Water Inlet Heaters Group A

Auxiliary Relay SI-13X:

Trips Auxiliary Building Exhaust Fan G

Trips thc breaker from Bus 18 to Motor Control Center G

Trips the brcakcr for Circ, Water Inlet Heaters Group C

Auxiliary Relay SI-14X:

Trips the breaker for Standby AI~V Pump PSFOIA

Triggers RWST To PSIOIC MOV 1815A

Triggers RWST To PSI01C MOV 18158

Trips thc supply breaker n> Station Service Transformer PXSHSS018
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Table 3.2.1-13

ESFAS System Relay Functions

Auxiliary Relay SI-15X

Triggers RWST To SI Pumps Suction Isolation MOV 825A

Triggers BAST To SI Pumps Suction MOV 826A

Triggers BAST To SI Pumps Suction MOV $26B

Triggers Accumulator Discharge MOV 841

Triggers RHR Pumps Discharge To RV MOV 852A

Auxiliary Relay SI-16X:

Closes Service Water header isolation MOV 4609

Triggers PSIOIA To Loop B Hot Leg MOV 878A

Triggers PSIOIB To Loop A Hot Leg MOV 878C

Closes Service Water header isolation MOV 4616

Auxiliary Relay SI-17X:

Ttlgg

Auxiliary Relay SI-18X:

Closes Service Water header isolation MOV 4615

Closes Service Water header isolation MOV 4663

Closes Service Water header isolation MOV 4614

Closes Service Water header isolation MOV 4670

ers Containmcnt Ventilation Fan Relay CF1AL

Opens the tie breaker between 480 VAC Buses 13 and 14

Opens the tie breaker between 480 VAC Buses 16 and 15

Trips the output breaker from Station Service Transformer PXABSS014

Trips the output breaker from Station Scrvicc Transformer PXSHSS018

Opens the tie breaker between 480 VAC Buses 16 and 14

Opens the tie breaker between 480 VAC Buses 17 and 18

Is an input to diesel generator KDG01A's starting circuit

Auxiliary Relay SI-20X:

Trips Auxiliary Relay Sl-23X

Trips Auxiliary Relay Sl-24X

Trips Auxiliary Relay Sl-25X

Trips Auxiliary Relay Sl-26X

Trips Auxiliary Relay S1.27X

Trips Auxiliary Relay Sl ~ 28X

Trips Steam Line isolation Master Relay MS2

Trips Steam Line Isolation Master Relay MS4

Trips Containment Ventilation Isolation Master Relay V2ls an input to Safety Injection Sequence Slave Relays Train B
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Table 3.2.1-13

ESFAS System Relay Functions

Auxiliary Relay SI-20X (continued):

Trips Feedwater Isolation Master Relay F2

Trips Fecdwater Isolation Master Relay F4

Triggers Motor Control Center D Load Shedding

Auxiliary Relay SI-21X:

Trips the feed breaker to Station Service Transformer PXABSS016

Trips the breaker to Main Feedwater Pump PFWOIA

Trips the breaker to Main Feedwatcr Pump PFWOIB

Trips the breaker to Charging Pump PCHOIB

Trips the breaker to Charging Pump PCHOIC

Trips Agastat time delay relay 2/BLB lKDGOIB/Bus 17]

Closes the breaker for A&VPump PAFOIB

Opens AOV 4562 1Containment Fan Coolers SW Discharge]

Triggers AFW MOV 4008 flow control bypass valve 4481

Auxiliary Relay SI-22X:

Trips

Trips

Trips
TfipS

TflpS

Trips

TflpS

Trips

Trips

Auxiliary Relay Sl-23X

Auxiliary Relay SI-24X

Auxiliary Relay SI-25X

Auxiliary Relay Sl-26X

Auxiliary Relay Sl-27X

Auxiliary Relay Sl-28X

the breaker to CCW Pump PAC02B

the breaker to thc motor driven Fire Water Pump

thc brcak«r for the Pressurizer Heaters Backup Group

Auxiliary Relay SI-23X:

Trips the breaker from Bus 17 to Motor Control Center G

Trips the breaker for Circ. Water Inlet Heaters Group B

Trips the break«r for Circ. Water Inlet Heaters Group D

Auxiliary Relay SI-24X:

Trips the breaker for Standby AFW Pump PSFOIB

Triggers RWST To PSIOIC MOV 1815A

Triggers RWST To PSIOIC MOV 1815B

Trips the supply hrcak«r to Station Service Transformer PXSHSS017
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Table 3.2.1-13

ESFAS System Relay Functions

Auxiliary Relay SI-25X:

Triggers RWST To SI Pumps Suction Isolation MOV 825B

Triggers BAST To SI Pumps Suction MOV 826C

Triggers BAST To SI Pumps Suction MOV 826D

Triggers Accumulator Discharge MOV 841

Auxiliary Relay SI-26X:

Triggers RHR Pumps Discharge To RV MOV 852B

Closes Service Water header isolation MOV 4780

Triggers Loop A Accumulator B Discharge MOV 865

Triggers PSI01A To Loop B Cold Lcg MOV 878B

Triggers PSI01B To Loop A Cold Leg MOV 878D

Auxiliary Relay SI-27X:

Closes Service Water header isolation MOV 4735

Closes Service Water header isolation MOV 4734

Closes Service Water header isolation MOV 4733

Closes Service Water header isolation MOV 4664

Closes Service Water header isolation MOV 4613

Triggers Containment Ventilation Fan Relay CFICL

Auxiliary Relay SI-28X:

Opens the tie breaker between 480 VAC Buses 14 and 13

Opens the tie breaker between 480 VAC Buses 16 and 15

Trips the output breaker from Station Service Transformer PXABSS016

Trips the output breaker from Station Service Transformer PXSHSS017

Opens the tie breaker between 480 VAC Buses 16 and 14

Opens the tie breaker between 480 VAC Buses 17 and 18

Is an input to diesel generator KDGOIB's starting circuit

Safety Injection Signal Agastat Time Delay Slave Relay 2/871A:

Triggers MOV 871A

Safety Injection Signal Agastat Time Delay Slave Relay 2/87IB:

Triggers MOV 871B
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Table 3.2.1-13

ESFAS System Relay Functions

Safety Injection Signal Agastat Time Delay Slave Relay 2/SIP1C1: [Gate SI3631

Closes the Bus 16 circuit breaker for Safety Injection Pump PSI01C

Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/SIP1C2

Safety Injection Signal Agastat Time Delay Slave Relay 2/SIP1C2:

Closes the Bus 14 circuit breaker for Safety Injection Pump PSIOIC

Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/SIP ICI

Safety Injection Signal Agastat Time Delay Slave Relay 2/RHRP1A:

Closes the Bus 14 circuit breaker for RHR Pump PAC01A
Safety Injection Signal Agastat Time Delay Slave Relay 2/RHRPIB:

Closes the Bus 16 circuit breaker for RHR Pump PACOlB

Safety Injection Signal Agastat Time Delay Slave Relay 2/SWP lAC:

Closes the Bus 18 circuit breaker for Service Water Pump PSWOIA
Closes the Bus 18 circuit breaker for Service Water Pump PSWOIC

afety Inlcction Signal Agastat Time Delay Slave Relay 2/SWP1BD:

Closes the Bus 17 circuit breaker for Service Water Pump PSW01B

Closes the Bus 17 circuit breaker for Service Water Pump PSW01D

Safety Injection Signal Agastat Time Delay Slave Relay 2/CF I A:

Closes the Bus 14 circuit breaker for Containment Remi. Fan Cooler Fan ACF08A

Safety Injection Signal Agastat Time Delay Slave Relay 2/CFIB:

Closes the Bus 16 circuit breaker for Containment Rivi. Fan Cooler Fan ACF08B

Safety Injection Signal Agastat Time Delay Slave Relay 2/CFlC:

Closes the Bus 16 circuit breaker for Containmcnt Rivi. Fan Cooler Fan ACF08C

Safety Injection Signal Agastat Time Delay Slave Relay 2/CF ID:

Closes the Bus 14 circuit breaker for Contamment R~wi. Fan Cooler Fan ACF08D
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Table 3.2.1-13

ESFAS System Relay Functions

Safety Injection Signal Agastat Time Delay Slave Relay 2/MAFPlA:

Closes the Bus 14 circuit breaker for AFW Pump PAF01A

Safety Injection Signal Agastat Time De!ay Slave Relay 2/MAFP1B:

Closes thc Bus 14 circuit breaker for AFW Pump PAF01B

Safety Injection Signal Agastat Time Delay Slave Relay 2/1C2X:

Trips Safety Injection Signal Agastat Time Delay Slave Relay 2/SIP1C2

Safety Injection Signal Agastat Time Delay Slave Relay 2/SF I:

Is an input to the reset coil of Safety Injection Signal Master Relay SI-Al
Is an input to thc reset coil of Safety Injection Signal Manual Activation Relay Sl-Ml

Safety Injection Signal Agastat Titne Delay Slave Relay 2/SF2:

Is an input to the reset coil of Safety Injection Signal Master Relay SI-A2
Is an input to the reset coil of Safety Injection Signal Manual Activation Relay SI-M2

Safety Injection Signal Slave Relay SISPlA:

Closes thc Bus 14 circuit breaker for Safety Injection Pump PSI01A

Trips Agastat Time Delay Relay 2/AB on MOV 825A

Safety Injection Signal Slave Relay SISP 1 B:

Closes the Bus 16 circuit breaker for Safety Injection Pump PSI01B

Trips Agastat Time Delay Relay 2/CD on MOV 825B

Safety Injection Signal Slave Relay 871X:

Is an input to MOV 871A in conjunction with Sl Signal Agastat Relay 2/871A

Is an input to MOV 8718 in conjunction with Sl Signal Agastat Relay 2/871B

Steam Line Isolation Loop A Master Relay Msl:

Triggers SG A MSIV Solenoid Valve 3517C (Vent)

Triggers SG A MSIV Solenoid Valve 3517A (AirSupply)
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Table 3.2.1-13

ESFAS System Relay Functions

Steam Line Isolation Loop A Master Relay MS2."

Triggers SG A MSIV Solenoid Valve 3517D (Vent)

Triggers SG A MSIV Solenoid Valve 3517B (Air Supply)

Steam Line Isolation Loop B Master Relay MS3:

Triggers SG B MSIV Solenoid Valve 3516C (Vent)

Triggers SG B MSIV Solenoid Valve 3516A (Air Supply)

Steam Line Isolation Loop B Master Relay MS4:

Triggers SG B lvISIV Solenoid Valve 3516D (Vent)
Triggers SG B MSIV Solenoid Valve 3516B (Air Supply)

Containment Isolation Master Relay C 1:

Triggers Containment Isolation Auxiliary Relay C15X

Containment Isolation Master Relay C2:

Triggers Containmcnt Isolation Auxiliary Relay C25X

Containment Isolation Auxiliary Relay C15X:

Is an input to Containment Isolation Rack CI-Al
Is an input to Containment Isolation Rack CI-A2

Containment Isolation Auxiliary Relay C25X:

Is an input to Containmcnt Isolation Rack CI-Bl
Is an input to Containment Isolation Rack CI-B2

Containmcnt Spray Master Relay Sl:

Triggers Containment Spray Auxiliary Relay SIOX

Containmcnt Spray Master Relay S2:

Triggers Containment Spray Auxiliary Relay S2OX

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-177



Table 3.2.1-13

ESFAS System Relay Functions

Triggers CS Pump PSI02A Discharge MOV 860A

Triggers CS Pump PS102B Discharge MOV 860C

Closes the breaker to CS Pump PSI02A

Triggers Spray Additive Tank Discharge AOV 836A

Containment Spray Auxiliary Relay S20X:,

Triggers CS Pump PSI02A Discharge MOV 860B

Triggers CS Pump PSI02B Discharge MOV 860D

Closes the breaker to CS Pump PSI02B

Triggers Spray Additive Tank Discharge AOV 836B

Containment Ventilation Isolation Master Relay Vl:

Triggers Containment Ventilation Isolation Auxiliary Relay V11X

Containmcnt Ventilation Isolation Master Relay V2:

Triggers Containment Ventilation Isolation Auxiliary Relay V21X

ontainmcnt Ventilation Isolation Auxiliary Relay V11X:

Is an input to Containment Isolation Rack CI-A2

Containmcnt Ventilation Isolation Auxiliary Relay V21X:

Is an input to Containment Isolation Rack CI-B2

Steam Generator A Feedwater Isolation Master Relay Fl:

Triggers Steam Generator A Feedwater Isolation Auxiliary Relay FIOX

Stcam Generator A Feedwater Isolation Master Relay F2:

Triggers Steam Generator A Fccdwater Isolation Auxiliary Relay F20X

Steam Generator A Fccdwater Isolation Auxiliary Relay F10X:

Triggers the solenoid to Main Feedwater Control AOV 4269 (SG A)
Triggers the solenoid to Main Feedwater Control Bypass AOV 4271 (SG A)
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Table 3.2.1-13

ESFAS System Relay Functions

Steam Generator A Feedwater Isolation Auxiliary Relay F20X:

Triggers the solenoid to Main Fcedwater Control AOV 4269 (SG A)
Triggers the solenoid to Main Feedwatcr Control Bypass AOV 4271 (SG A)

Steam Generator B Feedwater Isolation Master Relay F3:

Triggers Steam Generator B Feedwatcr Isolation Auxiliary Relay F30X

Steam Generator B Feedwater Isolation Master Relay F4:

Triggers Steam Generator B Feedwatcr Isolation Auxiliary Relay F40X

Steam Generator B Feedwater Isolation Auxiliary Relay F30X:

Triggers the solenoid to Main Fcedwater Control AOV 4270 (SG B)
Triggers the solenoid to Main Fcedwater Control Bypass AOV 4272 (SG B)

Steam Generator B Fecdwater Isolation Auxiliary Relay F40X:

Triggers the solenoid to Main Fcedwater Control AOV 4270 (SG B)
Triggers thc solenoid to Main Feedwater Control Bypass'AOV 4272 (SG B)
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Table 3.2.1-14

Engineered Safety Feature Actuation System Instrumentation Setpoints

(As Quoted From Technical Specifications Table 3.5-4)

FUNCTIONALUNIT TRIP SETPOINT ALLOWABLE
VALUES'.

SAFETY INJECTION AND
FEEDWATER ISOLATION

a. Manual

b. High Containment Pressure

c. Low Pressurizer Pressure

d. Low Steam Line Pressure

Not Applicable
< 4.0 psig

> 1723 psig
> 514 psig

Not Applicable
< 5.0 psig

> 1715 psig

> 500 psig

2. CONTAINMENTSPRAY

a. Manual

b. High-High Containment Prcssure

Not Applicable

< 28 psig

Not Applicable

3. CONTAINMENTISOLATION
a. Containment Isolation

1. Manual

2. From Safety Injection

Automatic Actuation Logic
b. Containment Ventilation

Isolation

Not Applicable

Not Applicable

Not Applicable

Not Applicable

1. Manual

2. High Containment

Radioactivity

3. From Safety Injection
4. Manual Spray

Not Applicable

Note 3

Not Applicable
Not Applicable

Not Applicable

Not Applicable

Not Applicable
Not Applicable

4. STEAM LINE ISOLATION

a. Manual

b. High Containment Prcssure

b. High Steam Flow, Coincident

with Low T,~ and SI

c. High-High Steam Linc Flow

Coincident with SI2

Not Applicable

< 18 psig

dp corresponding to

< 0.49 psig x 106 Ibs/hr

at 755 psig

T,% > 545'F

dp corresponding to

< 3.6 x 106 lbs/hr

at 755 psig

Not Applicable

< 20 psig

dp corresponding to

< 0.55 x"106 lbs/hr

at 755 psig

T,% > 543'F

dp corresponding

to < 3.7 x 10 lbs/hr

at 755 psig

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-180



Table 3.2.1-14

Engineered Safety Feature Actuation System Instrumentation Setpoints

(As Quoted From Technical Specifications Table 3.5-4)

FUNCTIONALUNIT

5. FEED WATER ISOLATION

TRIP SETPOINT ALLOWABLEVALUES*

a. High Steam Generator Water

Level

< 67% of narrow range

instrument span each

steam generator

< 68% of narrow range

instrument span each

steam generator

6. AUXIUARYFEEDWATER

a. Low-Low Steam Generator

Water Level

b. From Safety Injection

> 17% of narrow range

instrument span each

stcam generator

Not Applicable

> 16% of narrow range

instrument span each

steam generator

See Note l.
Not Applicable

c. Loss of 4-kV Voltage

Start TAFP)

d. Fecdwater Pump Breakers

Open (Start TAFP)

62% of 4160 volts

Note 2

Not Applicable

Note 2

Not Applicable

7. LOSS OF VOLTAGE
a. 480 V Safeguards Bus Undcr-

voltage (Loss of Voltage)

a. 480 V Safeguards Bus Undcr-

voltage (Degraded Voltage)

see Figure 2.3-1

see Figurc 2.3-1

8. ENGINEERED SAFETY FEATURE
ACTUATIONSYSTEM INTERLOCKS
a. Pressurizer Pressure

(block, unblock SI)

2000 psig 2000 psig

Note 1: A positive 11% error has been included in the setpoint to account for errors which may be introduced into thc stcam generator level

measurement system at a containtnent temperature of 286'F as determined by an evaluation performed on temperature «ffects on level

systems as required by IE Bulletin 79.21.

Note 2: This setpoint value is from inverse tune curve for CVT relay (406C883) with tap seuing of 82 volts and time dial setting of 1. Delay at

62% voltage is 3.6 seconds. Thc allowable values are 15% of the trip sctpoint.
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Table 3.2.1-14

Engineered Safety Feature Actuation System Instrumentation Setpoints
(As Quoted From Technical Specifications Table 3.5-4)

Note 3: The trip setpoints for containment ventilation isolation while purging shall be established to correspond to the limits of 10 CFR Part 20
for unrestricted areas. The setpoints are determined procedurally in accordance with Technical Specification 3.9.2 by calculating
effluent monitor count rate litnits. which take into account appropriate factors for detector calibration. ventilation flow rate. and average
site meteorology.

*Allowable Values are those values assumed in accident analysis.
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Table 3.2.1-15

Engineered Safety Feature Actuation Instrumentation

(As Quoted From Technical Specifications Table 3.5-2)

No. Functional Unit

Total No. of Min.

No. of Channels Operable

Channels To Trip Channel

Permissible

Bypass

Conditions

5

Operator Action

IfConditions Of
Column 1 or 3

Cannot Be Mct

Channel

Operable

Above

1. SAFETY INJECTION

a. Manual

b. High Containment

Pressure

c. Steam Generator

Low Steam

Prcssure/Loop

d. Pressurizer Low
Pressure

2. CONTAINMENTSPRAY

a. Manual 2

b. Hi-Hi Containment 2 sets

Prcssure of 3

(Containment Spray)

1

2

2

2of3 in 2perset
both sets in either

set

Primary pressure 9

less than

2000 psig

Primary pressure 9

less than

2000 psig

10

11

TRcs-350'F

TRcs=350'F

TRcs=350'F

TRcs=350'F

Cold Shutdown

Cold Shutdown

3. AUXILIARYFEEDWATER

Motor and Turbine Driven

a. Manual

b. Stm. Gen. Water

Level-low-low

i. Start Motor

Driven Pumps

ii. Start Turbine

Driven Pump

3/SG

3/SG

2/SG

either gen.

2/SG

both gen.

2/SG

both gen.

2/SG

either gen.

1/pump 1/pump 1/pump

12

TRcs=350'F

TRY=350'F

TRcs=350'F

c. Loss of 4-KV
Voltage Start

Turbine Driven

Pump

2/bus 1/bus

(both

buses)

2/bus

(either

hus)

12 TRcs=350'F

d. Safety Injection

Start Motor Driven

Pumps

(See Tahl» 3.5-2. Item 1)

"Must actuate 2 switches simultaneously.
~ ~

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-183



a

f

J



Table 3.2.1-15

Engineered Safety Feature Actuation Instrumentation

(As Quoted From Technical Specifications'able 3.5-2)

No. Functional Unit

Total No. of
No. of Channels

Channels To Trip

Min.

Operable

Channel

Permissible

Bypass

Conditions

Operator Action

IfConditions Of
Column I or 3

Cannot Be Met

Channel

Operable

Above

e. Trip of both Feed-

water Pumps starts

Motor Driven Pumps

Standby Motor Driven

a. Manual

2/pump I/pump 2/pump

both either

pumps pump

1/pump 1/pump 1/pump

5% power

TRCS =350'F

4. CONTAINMENTISOLATION

4.1 Containment Isolation

a. Manual

b. Safety Injection

(Auto Actuation)

I 2

(See Table 3.5-2, Item 1)

10 Cold Shutdown

4.2 Containment Ventilation

Isolation

a. Manual 2

b. High Containment 2

Radioactivity

c. Safety Injection (See Table 3.5-2, Item 1)

13

13

Cold Shutdown

Cold Shutdown

5. STEAM LINE ISOLATION
a. Hi-Hi Stcam Flow 2 Hi-Hi

with Safety Injection SF w/ Sl

for each

loop
b. Hi Steam Flow 8: 2 Hi SF

2of4Low T, 8:4low
with Safety Injection T,~

with Sl

for each

loop

3c. Containment

Pressure

1 SF w/

Sl in

each loop

I Hi SF

4 2 low

TS ~
with Sl
I'or each

IIN>p

12

12

*TRcs=35 0'F

w/MSIV's open

Tacs =35 0'F

w/MSIV's open

'TRcs =350'F

w/MSIV's open
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Table 3.2.1-15

Engineered Safety Feature Actuation Instrumentation

(As Quoted From Technical Specifications Table 3.5-2)

No. Functional Unit

Total No. of
No. of Channels

Channels To Trip

Min.

Operable

Channel

Permissible

Bypass

Conditions

5

Operator Action

IfConditions Of
Colutnn 1 or 3

Cannot Be Met

Channel

Operable

Above

d. Manual I/loop I/loop I/loop 'TRcs=350'F

w/MSIV's open
6. FEEDWATER LINE ISOLATION

a. Safety Injection

b. Hi Steam Generator 3/loop
Level

(See Table 3.5-2, Item 1)

2/loop in 2/loop in

either loop both loops

"TRcs=350'F

w/RV Isol

valves open

ACTION STATEMENTS (labeled consistently with Technical Specifications Table 3.5-2)

6. With the number of operable charm«ls less than the Total Number of Channels, operation may proceed provided the inoperable channel is

placed in the tripped condition within 1 hour. Should the next Channel Functional Test require the bypass of an inop«rablc channel to avoid
the generation of a reactor trip signal. oper'ation may proceed until this Channel Functional Test. At thc time of this next Channel
Functional Test, or ifat any time the number of opcrablc channels is less than the Minimum Operable Channels. be at a condition where
channel operability is not required according to Column 6 of Table 3.5-1 within the next 6 hours.

8. With the number of operable channels one less than the Minimum Operable Channels required, restore the inoperable channel to operable
status within 48 hours or be in Hot Shutdown with thc next 6 hours and at an RCS temperature less than 350'F within th» next 6 hours.

9. With the number of operable channels one less than thc Total Number of Channels required. operation may proceed until the n«xt Channel
Functional Test provided the inoperable channel is placed in thc tripped position within I hour. At thc next Channel Functional Test. or at

any time the number of opcrablc channels is less than thc Minimum Operablc Channels required, be at Hot Shutdown within the n«xt 6

hours and at an RCS temperature less than 350'F within thc following 6 hours.

10. With thc number of operable channels one Iiss than the Minimum Operable Channels required. restore the inoperable charm«l t» operable
status within 48 hours or be in Hot Shutdown with thc next 6 hours and at cold shutdown within the next 30 hours.

11. With the number of operable channels less than th» Total Numb«r of Channels. operation may proceed provided the inoperabl» channel is

placed in the tripped condition within I hour. Should the next Channel Functional Test require thc bypass of an inoperahl«channel to avoid
thc generation of an actuation signal. op«ration may proceed until this Channel Functional Test. At thc time of this Charm«l Functional
Test, or ifat any time the number of »perabl«channels is less than the Minimum Operable Channels required. be at Hot Shutd»wn within 6

hours and at Cold Shutdown within th« following 30 hours.
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Table 3.2.1-15

Engineered Safety Feature Actuation Instrumentation
(As'uoted From Technical Specifications Table 3.5-2)

12. With the number of operablc channels less than the Total Number of Channels, operation may proceed provided the inoperable channel is

placed in thc tripped condition within 1 hour. Should the next Channel Functional Test require the bypass of an inoperable channel to avoid

the generation of an actuation signal, operation may proceed until this Channel Functional Test. At the time of this Channel Functional
Test, or ifat any time the nutnber of operable channels is less than the Minimum Operable Channels required, bc at hot shutdown within 6

hours and at an RCS temperature less than 350'F within 6 hours.

13. With the number of operablc channels less than the Minimum Operable Channels required, operation may continue provided the containment

purge and exhaust valves are maintained closed.
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Table 3.2.1-16

ESFAS Instrument Test Frequencies

(As Quoted from Technical Specifications Tables 4.1-1 and 4.1-5 and FSAR Figure 7.3-1)

Measurement Instrument Check Calibration Test

CR area radiation Hi RC-1 K9750-Rl
Cnmt Air particle Hi RC-11 K850-Rl 1

Cnmt Radiogas Hi RC-12 K850-R12

Cnmt Pressure Hi PC-945A

PC-947A

PC-949A

R

R

R

D R

channel check -W R

source check -N.A.

channel check -D R

source check -PR

S

S

S

M

Q

M
M
M

Cnmt Pressure Hi-Hi PC-946A

PC-948A

PC-950A

PC-945B

PC-946B

PC-947 B

PC-948 B

PC-949B

PC-950B

R

R

R

R

R

R

R

R

R

M
M
M
M
M
M
M
M
M

Pzr Pressure Lo PC-429C

PC-429D

PC-430E

PC-430F

PC-431G

PC-4311

R

R

R

R

R

R

M
M
M
M
M
M

Steam Line Flow

Loop A Hi FC-464 A
FC-465 A

S

S

R

R

M
M

Rochester Gas Ec Electric Corporation
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Table 3.2.1-16

e ESFAS Instrument Test Frequencies

(As Quoted from Technical Specifications Tables 4.1-1 and 4.1-5 and FSAR Figure 7.3-1)

Measurement Instrument Check Calibration Test

Steam Line Flow

Loop A Hi-Hi FC-464B

FC-465 B

R

R

M
M

Steam Line Flow

Loop B Hi FC-474A
FC-475A

R

R

M
M

Steam Line Flow

Loop B Hi-Hi FC-474 B

FC-475 B

R

R

Steam Line Pressure

Loop A lo PC-468 A
PC-469A

PC-482A

R

R

R

M
M
M

Steam Line Pressure

Loop B lo PC-478 A
PC-479A

PC-483A

R

R

R

M
M
M

Lo T,„Loop A TC-401A
TC-402 A

R

R

M
M

Lo T»s Loop B TC 403A
TC-404 A

S

S

R

R

Rochester Gas & Electric Corporation
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Table 3.2.1-16

ESFAS Instrument Test Frequencies

(As Quoted from Technical Specifications Tables 4.1-1 and 4.1-5 and FSAR Figure 7.3-1)

Notation ~Fre uenc

S, each shift

D, daily
W, weekly

M, monthly

Q, quarterly

R, refueling
N.A.
PR

At least once per 12 hours

At least once per 24 hours

At least once per 7 days

At least once per 31 days

At least once per 92 days

At least once per 18 months

Not Applicable
Within 12 hours prior to each release

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-17
SI Sequencing Relays

.Time from
Safeguards Bus
Energized (sec) Equipment Started

Agastat
Relay Designator

TRAIN A EQUIPMENT

0
3
5
10
15

20
25
30
30

Safety Injection Pump A
MOV 871A opened
Safety Injection Pump

C'esidualHeat Removal Pump A
Service Water Pump A or

C'ontainmentFan A
Containment Fan D
Auxiliary Feedwater Pump A
Safety Injection Pump

C'ISP1A2/871A
2/SIP1C2

2/RHRP IA
2/SWP1AC

2/CF1A
2/CF1D

2/MAFP1A
2/1C2X

TRAIN B EQUIPMENT

0
3
7
12

22
27
32

Safety Injection Pump B
MOV 871B opened
Safety Injection Pump

C'esidualHeat Removal Pump B
Service Water Pump B or D"
Containment Fan B
Containment Fan C
Auxiliary Feedwater Pump B

SISP1B.
2/871B

2/SIP1C1
2/RHRP1B
2/SWP1BD

2/CF1B
2/CF1C

2/MAFP1B

Safety Injection Pump C willfirst try to start on Train A power. Ifthe Train A
Agastat relay fails it willstart on Train B power at time = 7 seconds. Ifthe Train A
Agastat operates, but the Train A breaker fails, the pump willstart on Train B power
at time = 30 seconds.

"
The Service Water Pump that starts is dependent on the position of the two Service

Water Pump Selector Switches.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Valves (by location)

Containment

Table 3.2.1-18
Valve Failure Modes Following Loss of Instrument Air Event

Failure Mode

Letdown AOV-427FO
Excess Letdown AOV-310
RCP Seal Return AOV-270B
RCP Thermal Barrier CCW AOV-754B
Letdown Orifices AOV-200A, 200B, 202
Charging AOV-294, 392A
Aux. Spray AOV-296
PRZR Spray PCV-431A, 431B
PRZR PORV PCV-430, 431C
RCP Thermal Barrier CCW AOV-754A
Charging AOV-392B
RCP Seal Return AOV-386
PRZR Sample Valves AOV-951, 953

Auxilia Buildin

FC
FO
FO
FC
FC
FC
FC
FC
FO
FC
FC
FC

Letdown Valve LCV-112A
Letdown Valve AOV-371
Charging Line Valve HCV-142
RHR Flow Valves HCV-624, 625
RHR Hx Bypass Flow Valve FCV-626
VCT Makeup Valves AOV-110B, 110C, 111

Charging Pump Suction AOV-112B
Charging Pump Suction AOV-112C
Charging Pump Speed Control
NaOH Tank Outlet Valves AOV-836A, 836B
Letdown Valve TCV-145
Letdown Valve PCV-135
VCT Makeup Valve AOV- 1 I OA

Fail to VCT
FC
FO
FO
FC
FC
FC
FO
Fails to minimum speed
FO
Fails to VCT
FO
FO

Failure Modes: FO - Fails Open FC - Fails Closed
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Valves (by location)

Turbine Buildin

Table 3.2.1-18
Valve Failure Modes Following Loss of Instrument Air Event

Failure Mode

Heater Drain Pump Recirc Valve 3365 FO
(HDT pumps trip if recirc.
Valve full open for 1 minute)

FC
FC
FC
FO
FC

FC
FO

FO
FC
FO

Condensate Trim Valves 9508D, 9508G
Condensate Makeup Valve 4316
Steam Dump Valves 3349, 3351, 3353, 3355
H, Cooler Inlet Valve 4230
Condensate Makeup Valve 4315
Reheater 2" Pass Level Control Valves to

85 Heater 3333A, 3333B, 3334A, 3334B FC
MFW Regulating Valves and Bypass Valves

4269, 4270, 4271, 4272
Condensate Bypass Valve 3959
Reheater 2"'ass Hi Level Dump Valves to Condenser

3336A, 3336B, 3338A, 3338B
Steam Dump Valves 3350, 3352, 3354, 3356
H, Cooler Bypass Valve 4229

Intermediate Buildin

S/G Blowdown Valves 5737, 5738

Failure Modes: FO - Fails Open FC - Fails Closed
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Table 3.2.1-19
Safety Injection Valve Interlocks

MOV NORMAL
PosllloN

AUTOMATIC
AcrtoN

AUTOMATICCONTROL PERMISSIVE

18.3.26 closed [(ESFAS signal on train A) and (MOV 826A or 826B closed) and (MOV 826C or 826D dosed)) will open MOV 825A
after a 5 second time delay or (BAST level of 10% or less as indicated by (LT-102 or LT-171) and (LT-172 or LT-
106)) will open MOV 825A immediately

825B

826A

826B

826C

18,'1.27

18.3.28

18.3.29

18.3.30

18.3.31

18.3.32

18.3.33

clued

open

closed

open

close

close

close

((ESFAS signal on train B) and (MOV 826A or 826B closed) and (MOV 826C or 826D closed)) will open MOV 825B
after a 5 second ume delay or (BAST level of 10% or less as indicated hy (LT-102 or LT-171) and (I.T-172 or LT-
106)) will open MOV 825B immediately

(BAST level of 10% or less as indicated by (LT-102 or LT-171) and (LT-172 or LT-106)) and (MOV 825A or 825B
has left the closed position)

(ESFAS signal on train A) and (BAST level greater than 10% as indicated by LT-102 or LT-172) and (BAST level
greater than 10% as indicated by LT-171 or LT-106)

(BAST level of 10% or less as indicated by [LT-102 or LT-171) and (LT-172 or LT-106)) and (MOV 825A or 825B
has left Ihe closed position)

(IISFAS signal on uain A) and (BAST level greater than 10% as indicated by LT-102 or LT-172) and (BAST level
greater than 10% as indicated by LT-171 or LT-106)

(BAST level of 10% or less as indicated by [LT-102 or LT-171) and [LT-172 or LT-106)) and (MOV 825A or 825B
has left the closed position)

(ESFAS signal on train B) and (BAST level greater than 10% as indicated by LT-102 or LT-172) and (BAST level
greater than 10% as indicated by LT-171 or LT-106)
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Table 3.2.1-19
Safety Injection Valve Interlocks

MOV REFERENCE NORMAL
POSITIO
N

AUTOMATIC
Acr[ON

AUTOMATICCOKIZtoL PERMISSIVE

826D 18.3.34

18.335

18.337

closed

agan

tyen

close

open

t'ien

open

(BAST level of 10% or less as indicated by [LT-102 or LT-17l[ and [LT-172 or LT-106[) and (MOV 825A or 825D
has left the closed posiYion)

(EgliAS signal on train D) an J (BAST level greater than 10% as indicated by I.T-I02 or LT-172) and (BAST level
greater than 10% as indicated hy LT-171 or I.T-106)

(Switch on MCB in auto position) and (ESFAS signal on uain A)

(Switch on MCB in auto posiYion) and (ESFAS signal on train D)

857 A 18.3.80

18.3.81

closed [Operator action[ and [(850A is closed and 850D is closed) or ([897 is closed or 898 is closed) and [896A is closed or
896D is closed) and [850A is open or 850D is open))[

857 B 18.3.82

18.3.83

857C 18.3.84

closed

closed

open [Operator action) and [PIC-629 is less than 250 psi[ and [(850A is closed and 850B is closed) or ([897 is closed or 898
is closed) and [896A is closed or 896B is closed) and [850A is open or 850D is open)))

[Operator action) and [(850A is closed and 850D is closed) or ([897 is closed or 898 is closed) and [896A is closed or
896D is closed) and [850A is open or 850D is open)))

871 A 18.3.38

871 B 18.3.39

close

close

[PSIOI B breaker (BUS16/12A) not closed or MOV 871A test switch nuspositioned[ and [ESFAS signal on train A[
The automatic closing is inhibited by an ESFAS signal on train A and PSIOIA breaker (BUS14/20A) open and

PSIOID breaker (BUS16/12A) open.

[PSIOIA breaker (BUS14/20A) not closed or MOV 871B test switch nuspositioned[ and [ESFAS signal on train B[
«The automatic closing is inhibited by an ESFAS signal on train B and PSIOI A breaker (DUS14/20A) open and
PSIOID breaker (BUS16/12A) open.
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Table 3.2.1-19
Safety Injection Valve Interlocks

Mov NORMAL
POSITIO
N

AUTOMATIC
AcrloN

AUTOMATICCONTROL PERMISSIVE

I8.332 closed (Switch on (( ICB in auto position) and (ESFAS signal on train A)

878C

878D

I8I5
A

I8.335

I8.3.48

open

clo((ed

open

open

open

open

open

open

(Switch on MCB in auto position) and (ESFAS signal on train B)

(Switch on MCB in auto position) and (ESFAS signal on train A)

(Switch on MCD in auto position) and (ESFAS signal on train B)

(Switch on MCD in auto position) and (ESFAS signal on train A or train B)

I8l5
B

I8.339 open (Switch on MCB in auto position) and (ESFAS signal on train A or train B)
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Table 3.2.1-20
Safety Injection System Power Sources

Component AC Power Source DC Power Source

PSI01A

PSI01B

PSI01C (2)

PSI01C (1)

BATH1A (2
Htrs.)

BATH1B (2
Htrs.)

P Heat Trace

S Heat Trace

MOV 825A

MOV 825B

MOV 826A

MOV 826B

MOV 826C

MOV 826D

MOV 841

MOV 865

MOV 871A

MOV 871B

MOV 878A

MOV 878B

MOV 878C

MOV 878D

MOV 897

MOV 898

Bus 14 Unit 20A

Bus 16 Unit 12A

Bus 14 Unit 19A

Bus 16 Unit 13A

MCC C Pos. 4B

MCC D Pos. 4K

Heat Trace Dist Pnl 14

Heat Trace Dist Pnl 16

MCC C Pos. 9J

MCC D Pos. 9J

MCC C Pos. 9C

MCC C Pos. 9F

MCC D Pos. 9C

MCC D Pos. 9F

MCC C Pos. 12F

MCC D Pos. 12C

MCC C Pos. 11C

MCC D Pos. 11C

MCC C Pos. 8C

MCC D Pos. 8C

MCC C Pos. 8F

MCC D Pos. 8F

MCC L Po». IB

MCC D Po». 16FF

Aux Bldg DC Dist Pnl 1A, Sw ¹4

Aux Bldg DC Dist Pnl 1B, Sw ¹4

Aux Bldg DC Dist Pnl 1A, Sw ¹4

Aux Bldg DC Dist Pnl 1B, Sw ¹4

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

No DC required

No DC required

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

Aux Bldg DC Dist Pnl 1B, Sw ¹2

MCB Dist Pnl 1A, Pos ¹XND-6

MCB Dist Pnl IB, Pos ¹2

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-20
Safety Injection System Power Sources

Component

MOV 1815A

MOV 1815B

MOV 857A

MOV 857B

MOV 857C

LQ-102 (LT-102
power supply)

LC-102C (LT-
102 Lo-Lo
BAST alarm)

LC-102A/B (LT-
102 Hi-Lo
BAST alarm)

LQ-106 (LT-106
power supply)

LC-106C (LT-
106 Lo-Lo
BAST alarm)

LC-106A/B (LT-
106 Hi-Lo
BAST alarm)

LQ-171 (LT-171
power supply)

LC-171C (LT-
171 Lo-Lo
BAST alarm)

LC-171A/B (LT-
171 Hi-Lo
BAST alarm)

AC Power Source

MCC C Pos. 15M

MCC D Pos. 16J

MCC C Pos. 7M

MCC D Pos. 7M

MCC C Pos. 15J

TWINCO Dist. Panel
MQ-400B

TWINCO Dist. Panel
MQ-400B

Instrument Dist. Panel
IB

TWINCO Dist. Panel

MQPOOC

Instrument Dist. Panel
1C

Instrument Dist. Panel
1C

TWINCO Dist. Panel
MQ-400C

Instrtuncnt Dist. Panel
1C

Instrument Dist. P;uicl
lc

DC Power Source

Aux Bldg DC Dist Pnl IA, Sw ¹2

Aux Bldg DC Dist Pnl IB, Sw ¹2

Aux Bldg DC Dist Pnl IA, Sw ¹2

Aux Bldg DC Dist Pnl IB, Sw ¹2

Aux Bldg DC Dist Pnl 1A, Sw ¹2

No DC required

No DC required

No DC required

No DC required

No DC required

No DC required

No DC required

No DC required

No DC rcquircd

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-20
Safety Injection System Power Sources

Component AC Power Source DC Power Source Reference

LQ-172 (LT-172
power supply)

LC-172C (LT-
172 Lo-Lo

,BAST alarm)

LC-172A/B (LT-
172 Hi-Lo
BAST alarm)

TWINCO Dist. Panel

MQPOOB

Instrument Dist. Panel
1B

Instrument Dist. Panel
1B

No DC required

No DC required

No DC required

18.3.97
18.3.150
18.3.153

18.3.97
18.3.150
18.3.151

18.3.97
18.3.150
18.3.151

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-21
Location of Major Safety Injection System Components

Building Elevation Column Row

PSI01A

PSI01B

PSI01C

TCH07A

TCH07B

825A

825B

826A

826B

826C

826D

827A

827B

841

842A

842B

857A

857B

857C

AB

AB

AB

AB

AB

AB

AB

CNMT

CNMT

CNMT

AB

AB

AB

235'"

235'I 8ll

235'"

271'"

271'"

235'"

235'"

253'"

253'"

253'I 0ll

253'"

271'"

271'"

235'"

235'"

235'"

2351 8tl

235'"

235'"

Nl

N

N1

N1

NI

SW

SW

N

N

N

8A

9A

9A

10A

10A

9A

9A

10A

10A

10A

10A

10A

10A

OMB

OMB

OMB

8A

8A

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2.1-199



hah

aa07

~an,

NN

\Na I~ ' N ~ 47 4 77

Na ~ N

aa ~
+ t

~ a



Table 3.2.1-21
Location of Major Safety Injection System Components

865

867A

867B

870A

870B

871A

871B

878A

878B

878C

878D

878E

878G

878J

888A

888B

889A

889B

Building

CNMT

CNMT

CNMT

AB

AB

AB

AB

CNMT

CNMT

CNMT

CNMT

CNMT

CNMT

CNMT

AB

AB

AB

AB

Elevation

235'"

235'"

235'"

235'"

235'"

235'"

235'"

235'"

235'"

. '. 2)5'""

235'"

235'"

235'"

235'"

235'"

253'"

235'"

235'"

Column

SW

SE

Nl

NI

Nl

SE

SE

.SW

SW

SW

SW

Nl

Nl

Nl

Nl

Row

OMB

IMB

IMB

7A

7A

7A

9A

OMB

OMB

OMB

OMB

OMB

OMB

OMB

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-21
Location of Major Safety Injection System Components

Building Elevation Column Row

890A

890B

891A

891B

891C

897

898

1815A

1815B

1816A

1816B

1820A

1820B

1820C

TSI03A

TSI03B

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

AB

CNMT

CNMT

235'"

235'"

235'"

235'"

235'"

235'"

253'"

235'I 8ll

235'"

235'"

235'"

235'"

235'"

235'"

235'"

235'"

Nl

Nl

Nl

N1

N1

N

N

N1

N1

N

N1

N1

N1

SW

8A

9A

8A

9A

9A

8A

8A

9A

9A

9A

8A

OMB

OMB

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-22
Safety Injection System Control Room Annunciators

ANNUNCIATOR DESCRIPTION

A-14
B-15
B-23
B-31
C-3
C-4
C-11
C-12

,
C-25
C-27
C-28
D-19
D-21
D-22
D-28
D-31
G-27
G-29
J-9
J-25
K-22
L-30
L-31

SI Pumps Cooling Water Out Lo Flow 25 gpm
Boric Acid Tank Hi-Lo Level, 60 % 90
Boric Acid Tank Lo-Lo Level
BAST Temp or Lo Nitrogen Pressure, 155'F 175'F
Accumulator A (Loop B) Level, 57 % 75
Accumulator B (Loop A) Level, 57 % 75
Accumulator A (Loop B) Pressure, 720 psi 760
Accumulator B (Loop A) Pressure, 720 psi 760
Containment Pressure Channel Alert, 4 psi
Pressurizer Lo Pressure SI Channel Alert, 1750 psig
Pressurizer Lo Pressure SI Channel Alert, 1750 psig
Pressurizer Lo Pressure Sl, 1750
Steam Line Loop A Lo-Lo Pressure, 514 psi
Steam Line Loop B Lo-Lo Pressure, 514 psi
Containment Pressure, 4 psi
Manual Safety Injection
Steam Line A Lo-Lo Pressure Channel Alert, 514 psi
Steam Line B Lo-Lo Pressure Channel Alert, 514 psi
Safeguard Breaker Trip
Safeguards Equipment Locked Off
Heat Tracing System

,
Safeguard Test Switch on Test
Safeguard DC Failure

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-23
Service Water Isolation Valves

FUNCTION
VALVE

DESIGNATOR NUMBER TYPE

Chiller Isolation 1A1
Chiller Isolation 1A2
Screen Wash Isolation 1A1
Screen Wash Isolation 1A2
Aux. Building Isolation 1A1
Aux. Building Isolation 1A2
Aux. Building Isolation 1B1
Aux. Building Isolation 1B2
Turbine Building Isolation 1A1
Turbine Building Isolation 1A2
Turbine Building Isolation 1B1
Turbine Building Isolation 1B2

4663
4733
4609
4780
4616
4735
4615
4734
4614
4664
4670
4613

Gate
Butterfly
Butterfly
Butterfly
Gate
Butterfly
Gate
Butterfly
Butterfly
Gate
Gate
Butterfly

Rochester Gas Ec Electric Corporation
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Table 3.2.1-24
Service Water System Electrical Dependencies

PSW01A

PSW01B

PSWOI C

PSWOI D

4609

4613

4614

4615

AC Power

Bus 18, Unit 29C
(BUS 18/29C)

Bus 17, Unit 27C
(BUS 17/27C)

Bus 18, Unit 29D
(BUS 18/29D)

Bus 17, Unit 27D
(BUS17/27D)

MCC H, Unit 2M
(MCCH/02M)

MCC D, Unit 11J

(MCCD/11J)

MCC C, Unit 14M
(MCCC/14M)

MCC C, Unit 14J

(MCCC/14J)

DC Power

FUDCPDPSH01A/2-P,N
FUBUS18/29C-P,N

FUDCPDPSH01B/7-P,N
FUBUS17/27C-P,N

FUDCPDPSH01A/2-P,N
FUBUS18/29D-P,N

FUDCPDPSH01B/7-P,N
FUBUS17/27D-P,N

FUDCPDPCB03A/C-P,N
FUMCCH/2M-P,N

FUDCPDPAB01B/2-P,N
FUMCCD/11J-P,N

FUDCPDPAB01A/2-P,N
FUMCCC/14M-P,N

FUDCPDPAB01A/2-P,N
FUMCCC/14J-P,N

Rochester Gas & Electric Corporation
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Table 3.2.1-24
Service Water System Electrical Dependencies

4616

4663

4664

4670

4733

4734

4735
4780'C

Power

MCC C, Unit 6F
(MCCC/06F)

MCC C, Unit 11M
(MCCC/11M)

MCC D, Unit 13F
(MCCD/13F)

MCC H, Unit 2J
(MCCH/02J)

MCC C, Unit 14J

(MCCC/14J)

MCC D, Unit 6F
(MCCD/06F)

MCC D, Unit 13C
(MCCD/13C)

MCC J, Unit 2M
(MCCJ/02M)

DC Power

FUDCPDPAB01A/2-P,N
FUMCCC/6F-P,N

FUDCPDPAB01A/2-P,N
FUMCCC/11M-P,N

FUDCPDPAB01B/2-P,N
FUMCCD/13F-P,N

FUDCPDPCB03A/C-P,N
FUMCCH/2J-P,N

FUDCPDPAB01B/2-P,N
FUMCCC/14J-P,N

FUDCPDPAB01B/2P-N
FUMCCD/6F-P,N

FUDCPDPABO I B/2-P,N
FUMCCD/13C-P,N

FUDCPDPCB03B/D-P,N
FUMCCJ/2M-P,N

Rochester Gas & Electric Corporation

3.2.1-205

R. E. Ginna PRA Project



Table 3.2.1-25
Service Water System Loads

Diesel generator coolers and expansion tank makeup (2)
Condensate pump motor coolers (3)
Heater drain pump motor coolers (2)
Instrument air compressors (3)
Generator exciter (1)
Bus duct coolers (2)
Seal oil coolers (2)
Main feed pump lube oil coolers (2)
EHC oil coolers (2)
Turbine lube oil coolers (2)
Steam generator blowdown sample coolers (2)
Sample cooler and chiller (2)
Blowdown tank drain cooling (1)
Vacuum priming pumps (2)
Fire service water booster pump supply (1)
Traveling screen flushing valves supply (4)
Seal water to circulating water pumps (2)
Relay room air conditioning (2)
Battery room air conditioning (1)
CV air test after cooler (1)
Air conditioning chillers (2)
Containment coolers and fan motors (4)
Reactor compartment coolers (2)
Component cooling water heat exchangers (2)
Spent fuel pool heat exchangers
Safety injection pump thrust and radial bearing housing oil cooling
(3)
RHR pump area coolers (2)
Charging pump room coolers (2)
Penetration cooling
Degassifier and I & C Shop
Alternate supply to Auxiliary Feedwater System (3)
Normal supply to Standby Auxiliary Feedwater System (2)
Standby auxiliary pump building area coolers (2)
Motor driven auxiliary feedwater pump oil coolers (2)
Turbine driven auxiliary feedwater pump oil cooler

Classified as critical loads as they have either a post-accident
fiinction or a function significant to safety

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-26
Major Service Water Loads And Flow Requirements

SERVICE (NUMBER)

TYPICAL
2 PUMP

DESIGN FLOW AT
FLOW EACH POWER
(GPM) (GPM)

TYPICAL
3 PUMP
FLOW AT
POWER
(GPM)

946
5,070
45
320
7

15

600
20
20
IOO/70

90

9

12.5

3

12

525
15

70
35
700/1600
320

5300 gpm
198 feet
308 hp

Containment Cooling Coils (4)
CCW Coolers (2)
Reactor Cavity Cooler (1)
Diesel Generators (2)
Motor-driven Auxiliary FW Pump (2)
Turbine-driven Aux. FW Pump (1)
Turbine Oil Coolers (2)
Penetration Cooler
EHC Oil Coolers (2)
Seal Oil Unit Air/H2 (1)
Exciter (I)
Pump Area Coolers,
Charging (2)
Residual Heat Removal (2)
SI Pumps Bearings (3)
Air Compressors (3)
AirConditioning (1)
Sample Coolers & Chillcrs (4)
Bus Duct Coolers
MFWP Lube Oil Coolers (2)
Spent Fuel Pit HXs (2)
Screen Wash (4)
Total Flow
Number Pumps Required
Required Pump Capacity
Actual Pump Capacity
Actual Pump Head
Actual Pump BHP

5,004
2,642
98
751
14

15

651
34
39
259
308

32
33

9
36
270
41

162
82
474 / 661
505
12,120
2
6,060

5,738
4,200
115

865
14

15

735
40
45
290
350

40
40
9
36
310
50
180

95
530 / 840
570
15,095
3

5,355 / 4870'

The lower v;due represents flow per pump on the SW header that has two operating pumps

Rochester Gas & Electric Corporation
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Table 3.2.1-27
Service Water Related Control Room Annunciators

AA-1
A-29
C-2
C-10
E-16

H-6

1-1

I-2
1-9

I-10
I-11
JA
J-7
J-9
J-14
J-25
K-14
K-29
L-15
L-23

SW Redundant Return Line Low Flow (1000 gpm) [Normally on at powerl
Reactor CAV Cooling Fan Cooler Water Outlet Hi Temperature 150'F
Containment Recirculation Coolers Water Outlet Hi Temperature 217'F
Containment Recirculating Coolers Water Outlet Lo Flow 920 gpm
RMS Process Monitor High Activity - caused by:
a. R-16 Rad Monitor for SW return from Containment Coolers (100 cpm)
b. R-20 Rad Monitor for SW return from Spent Fuel Heat Exchangers

(30,000 cpm)
CCW Service Water Lo Flow 1000 gpm H-9 Auxiliary Feed Pump Cooling Water

Filter Hi Differential Pressure
Screen House Low Level

17'W

Pump Seal Water Filter Hi Differential Pressure 3 psi
Screen House Lo-Lo Level

15'W

Pump Seal Water Low Flow
Tem perature Recorders
Gen Iso Phase Bus Cooling System (Low SW flow or ) 75'F)
480V Main or Tie Breaker Trip
Safeguard Breaker Trip (switch - breaker mismatch)
480V Bus 14/16 or 17/18 Tie Breaker Closed
Safeguards Equipment Locked Off (Switch in Pull-stop)
Emergency Shutdown Local Control
Spent Fuel Pit Hi Temperature 125'F
Bus 17 Undervoltage Safeguards - according to curve in Technical Specil1cations
Bus 18 Undervoltage Safeguards - according to curve in Technical Specitications

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.2.1-28
Service Water System Testing & Maintenance

Components Procedure Interval Test/Maintenance

MOVs PT-2.7 Monthly Valves stroked for pump test

Chk. Valves

Pumps

M-1007

PT-2.7

RSSP-2.5

PT-2.7

A-1011

M-1010
M-11.10.1

Quarterly

Refueling

5 Years

Monthly

Refueling

Monthly

Quarterly

Yearly

Check operability & stroke time

Verify stem position vs. indication

PM and diagnostic testing

Ensure open with pump operation

Verify closure tightness

Ensure pump operability

Lubrication & inspection

Minor inspection

M-1010
M-11.10

4 Years Major overhaul

Man. Valves None NA NA

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Figure 3.2.1-1

Auxiliary Feedwater System Simplified Flow Daigram (1 of 3)
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Figure 3.2.1-2
Auxiliary Feedwater System Simplified Flow Diagram (2 of 3)
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Figure 3.2.1-3
Auxiliary Feedwater System Simplified Flow Diagram (3 of 3)
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Figure 3.2.1-4
Motor Driven Auxiliary Feedwater Pump PAF01A Starting Logic
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Figure 3.2.1-5
Motor Driven Auxiliary Feedwater Pump PAF01B Starting Logic
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Figure 3.2.1-6
Component Cooling Water System Simplified Flow Diagram
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Figure 3.2.1-7
CCW to the Reactor Coolant Pumps
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Figure 3.2.1-8
Assumption: Heat Exchanger EAC01B In Standby
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Figure 3.2.1-9
Containment Spray System Simplified Flow Diagram
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Figure 3.2.1-10
Chemical and Volume Control System Simplified Flow Diagram
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Figure 3.2.1-1 1

Main Electrical Distribution Systems
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Figure 3.2.1-12
480 VAC Electrical Distribution System
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Figure 3.2.1-14

Containment HVAC Systems

CoroenrroroAererre orr
f'@or orrlCooley Urn A

ACRE

C oroe rvnenl Aeoerer Ir lnrl
Fhee enrl Cooley Uro 8

JClb58

Coner reronr Aeorov lrInl
I'Oer «d Coolny Urn C

ACfbdC

lr'Cl

C~ reronI Aecrnor IrIrel
FJer eel Coolnrl Une 0

PClbdO Voeere ~rr~

Rochester Gas k Electric Corporation
R. E. Ginna PRA Project

3.2. 1-223



Figure 3.2.1-15
Service Water to Containment HVAC
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Figure 3.2.1-16
Charging Pumps Room HVAC
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~ Figure 3.2.1-17
Control Room HVAC
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Figure 3.2.1-18
Relay Room HVAC
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Figure 3.2.1-19
Standby Auxiliary Feedwater Building HVAC
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Figure 3.2.1-20

Instrument Air Compressors Simplified Flow Diagram
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Figure 3.2.1-21

Instrument Air Dryers and Filters Simplified Flow Diagram
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Figure 3.2.1-22
Service Air System Simplified Flow Diagram
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Figure 3.2.1-23
Instrument Air Distribution Headers
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Figure 3.2.1-24
Service Water to the Instrument Air Compressors
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Figure 3.2.1-25

Service Water to the Service Air Compressor
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Figure 3.2.1-26
Primary Pressure Control Systems Simplified Diagram
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Figure 3.2.1-27

Pressurizer Pressure Instrumentation Circuits
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Figure 3.2.1-28
Instrument Air and Nitrogen Supply to the PORVs
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Figure 3.2.1-29

Overpressure Protection System Transmitters

Sl
GEN P

50 1*

SO<C

ABC 1'
PV~

A'EM,

8

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.2. <-238



Q

m

A

O
2
O

Tl
1otu Ioo ~

@l~~ J—

f]loJ4

COIJIJNJuOJI
~ uuo

'4'LI

Q Q-rXI-I- -tW—M
))oa

III)4

- PcJ —I
)I~

f] I)a a

III)aQ )Ita III)—PE J t<l N
AUIJI'

)Ool~)ol

J 4—I~l PE
~ ))4 I)14

'4' 1i—A—A—
lEO 111 II~

ll"i—)~t—*-
~ ))a ~)tl

0'O

IE IOOwJI

~AO IIJI 14)

IOIO

uoo IIOW
r

A(4ACI eJI s
')O AwlI
Su IJoJIQ

~ oaa JI ~ a

IE
~ lo

I
Illa

iota+
-.IIo- —I

4-D<l—
)II IIC)ta

~ III

IIIa

'at)

III4

)11 ~ll—OO—I~l—
tol ~lt

-"-IJIO- —I+I- P 1
7)I~ loo~ IlI 4

I~ I~II)A
4) I~

I )1)Ia

Sl C.

II JI ~ la Jal

C-

P-

C%

B
O

c ~a
V
En

8
B
Cfl ~1

g CJJ)

O

JW

C

O

U



AWST 401 406

1420A

401A

Q
0

TS IOSA
(Aocum.) 0

AtR 4578
Tralo 8

0
L

TCHO7A
(BASl)

EST

421A

RHA 451A 451C

426A 4268

14208

f
eras

P 471A

14158 1615A

PSIO IC

{j4118

4 108

401C

) +- M-oo—
600A d40A

PSIOIA

0 Oil

OI2A

RCS(~8
Hol log

0 0
PT
037

TSIOSB
(Accum.)

Pj'36

OI28

4148 6760 461A
RCS loop 8
Cokllog

'C

0

(12 ~
CD C

g
I

CD
C5

"]
O
C

U
CPD

07

LT
106

TCHOre
(BASl)

QLT

4218

42OC

PO
4008

PSI018

d~ 4448 4740 4768

RCS loop A
47&C

Hol log

4678
RCS loop A
Cold log



RCS Loop 8
Cold Lep

RCS Loop 8
Cold Lep

PSI01A
(breaker dosed) Q871A

AWST

PSI01A
(breaker open) 0871A

PSIOIC
(breaker ckrsod)

08718 PSI01C
prreakor closed)

[)8718

PSI018
(breaker open)

RCS Loop A
Cold Leg PSIO I B

(breaker closed)

RCS Loop A
Cold Leg

ACS Loop 8
Cold Leg

ACS Loop 8
Cold Leg

AWST

PSI01A
(breaker dosed) 0 871A

AWST

PSI01A
(breaker open) P871A

PSIOIC
(breaker dosed)

8718 PSI01C
(breaker crooed)

P8718

PSIO IB
(breaker ckreod)

RCS Loop A
Cold Leg PSI018

(breaker open)

RCS Loop A
Cold Lep



To Circulating Wator Pumps
And Travailing Scroons

/0
O
A

A

Q

PSWOIA

~ 4780 0
To Figure A.2

To Sl Pumps and
Salety Rehted Pump
Room Coolers

To CC Heat Exchanger
(EACO IA) and Spent
Fuel Pool HX (ESW11)

To Standby AFW Pump
(PSF01A) and Standby AFW
Room Cooler (AFAOIA)

O

PSWOIB

PSWO IC

—DO-
SSW03 4602 4606

SSW04 4603 4607

PT
202

4665

4612 4760

4611

P T 46688

202

4623

—IXI-+
4789

4739 To valve 4790

~ To Diesel Generator A~ (I(DGOIA)
4667

~ (KDGOI8)

To CIA02A. CIA02C.
~AEGEOlA.AEGMiE

and AEG802
4670 4613 (Non Safety lleader A)

Q-P 4735

To Standby AFW Pump
(PSFOIB) and Standby AFW
Room Cooler (AFAOI8)

96278

96268

9627A

4610

4779

M

C
A
A

tft'C

ABz
cn II

A9-

I
~T) CA

O

U
ttQ

2
2

O

IM

AA

t

PSWO ID

—Q~—w
SSWOS

4640

To FigExe A 2

0

4738

4615

—Ix3-+
4790

To valve 4789

To SI Pumps and
Safely Rehted Pump
Room Coolers

0 g 4734

To CC Heal Exchanger
(EACO I8) and Spent
Fuel pool HX (EAC13)



Figure 3.2.1-34
Service Water System'Simplified Flow Diagram (2 of 2)
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Figure 3.2.1-35
Steam Generator EMS01A Atmospheric Relief Valve 3411
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Figure 3.2.1-36
Steam Generator EMS018 Atmospheric Relief Valve 3410
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3.2.2 Systems Analysis

The systems analysis segment of the Ginna PRA was accomplished in three major steps:

Information Retrieval —A detailed, quality assurance controlled work package was
developed for each of the 14 major groups of plant systems described in Section 3.2.1.
The first half of each of these work packages is roughly equivalent to the 14 sub-
sections of Section 3.2.2. The Systems Analysis Task Leader reviewed each of these
"Draft Al'ork packages at this stage.

Construction of Detailed Systems Model(s) —After review and approval of the
"Draft A" work packages, the systems analysts constructed detailed fault trees per the
success criteria passed on by the Accident Sequence Analysis Task Leader. The
second half of the systems work package, which was constructed at this stage, contains
sections on the assumptions behind the model; data assigned to the basic events; a
discussion of common cause failure modes; directions on how to set any logic flags in
the model(s); an evaluation of the potential for systems-based initiating events; and,

'nsightsgained on systems failure modes. The completed Revision 0 work packages
were each reviewed and approved by the Systems Analysis Task Leader; the SAIC
Principal Investigator; the SAIC Project Quality Assurance Manager; and, the RG&E
Project Manager. As part of the RG&E Project Manager's review, the work

packages'ere

also reviewed by other members of the RG&E PRA team; by other appropriate
RG&E engineers; and, by licensed operators from the Ginna Operations staff.

Model Integration —Support systems interfaces were extensively tested during the
model integration phase. Required model changes were tracked and corrected using
Temporary Changes to Work Packages. the Temporary Changes are, themselves,
controlled documents under the project quality assurance plan.
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3.2.3 Systems Dependencies

Dependencies for each of the systems were explicitly modeled in the Ginna PRA using the
large linked fault tree approach. These dependencies are described in detail in Sections
3.2.1.n.3 (Electrical Dependencies); 3.2.1.n.4 (Cooling Water Dependencies); 3.2.1.n.5
(Instrument Air Dependencies); 3.2.1.n.6 (Actuation and Control Dependencies); and, 3.2.1.n.7
(Heating, Ventilation and Air Conditioning Dependencies).

A simplified, systems-level dependency diagram is shown in Figure 3.1.2-2.

A detailed, computerized Systems Analysis database has been constructed by the RG8~E PRA
team to track component-level dependencies. For each unique Ginna plant component
represented in the logic model, the following dependencies and failure modes (where
applicable) are tracked:

Generic component type;

Initial position / mode of the component assumed by the logic model;

Does the logic model require the component to change position / mode? (yes / no);

Failure mode on loss of air pressure;

Instrument air header component is supplied from;

Failure mode on loss of AC power;

Equipment Identification Number (EIN) of AC breaker / fuse, and the source of AC
power to that device (up to two breakers / fuses / sources permitted);

Failure mode on loss of DC power;

EIN of DC fuse / switch, and the source of DC power to that device (up to two fuses /
switches / sources permitted;

Failure mode on loss of equipment cooling water (service water of component cooling
water);

Source of equipment cooling water;

Failure mode on loss of building'/ room cooling (HVAC); and,

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Source of building / room cooling.

During the course of verifying the fault tree electrical transfers, the RG&E PRA project team
also constructed a computerized data base of power sources and electrical loads. By the end
of the project, this specialized database contained over 5,000 entries.
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3.3.1 Generic. Data

3.3.1.1 Introduction

The term generic data refers to component reliability parameter estimates based on either (1) the
failure experience of nuclear utilities or other process industries, or (2) expert opinion. Generic
data may be used in a PRA for several reasons:

Initial logic model check-out and validation may be performed at the same time
plant-specific data is being collected and assessed; hence, the use of generic data
saves time.

2. Plant operating experience may be limited; generic data must be used when
credible plant-specific data does not exist.

3. It may not be possible to collect plant-specific data on certain components of
interest (e.g., relays whose demand history is difficult to ascertain with much
precision).

4. The PRA objectives may not justify the expense required to develop a plant-
specific data set.

Generic data may form the basis for the prior distribution in a Bayesian updating
process.

Experience has shown that more than half of all basic events in a PRA where plant data has been
collected and reduced are quantified using generic data.

Since generic data plays important and various roles in PRAs, Science Applications International
Corporation (SAIC) has developed a Generic Data Notebook for use in commercial nuclear power
plant PRA projects. It is based on the collected experience and expertise of many SAIC PRA
engineers. The SAIC Generic Data Notebook formed the basis for the Generic Data Work
Package for the Ginna PRA project. Generic data sources have been reviewed against the
component boundaries defined for the Ginna PRA [Ref. 3.3.1-1] to ensure consistancy.
Additional generic data sources have been located to provide reliability parameter estimates for
component types and failure modes specifically required for the Ginna PRA project [Ref. 3.3. l-2].

The remainder of this explana'tory test addresses two areas. First, statistical terms and concepts
relevant to the collection and use of generic data are explained. Second, the process used io
develop the SAIC Generic Data Notebook is described.
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3.3.1.2 Statistical Terms and Concepts

In order to understand and successfully apply a generic data set to a PRA, we must first become
acquainted with some basic statistical terms and concepts. In general, the terms and concepts
relevant to generic data may be found in any elementary statistics textbook [Ref. 3.3.1-3]; it is
assumed that the reader understands random variables and their distribution functions. The intent
of this section is to emphasize certain key concepts, thus "translating" abstract statistical
terminology into the language of applied reliability data engineering.

3.3.1.3 Populations

A population is the total collection of objects of interest for a given problem. Examples of
typical populations encountered in generic reliability data include:

1. Valves

2. Motor-operated valves

3. Valves installed in the Plant X decay heat removal system

We note that the second and third populations are subsets of the first population. Also, the
second and third populations have some common objects, but neither is a subset of the other.

The concept of a population is the single most important feature in the collection and use of
generic reliability data. Before applying generic data, we must try to match a generic data
source's population to our particular problem. For example, consider the problem of selecting
generic data for the third population defined above (Plant X decay heat removal system valves):
we would feel more comfortable using data collected from the population of all U.S. commercial
nuclear power plants rather than, say, data collected from foreign off-shore oil platforms.
However, it is difficult to be "scientific" during the matching process since we do not know
which attributes of a population control its reliability data. (Is it the basic equipment design, the
materials used, or the maintenance policies applied to the component?)

The selection of generic data is further complicated by the fact that there may be several sets of
generic data available, each based on a different population. Again, there is no clear-cut way to
proceed in the matching process. An additional difficulty is that most generic data sources do
not fully report their underlying populations. Thus, on a pragmatic level, the application of
generic data to a PRA largely consists of trying to identify the populations used to build various
generic data sources.

Rochester Gas 8c Electric Corporation R. E. Ginna PRA Project
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3.3.1.4 Uncertainty

The second most important statistical concept in the collection and use of generic reliability data
is uncertainty. In virtually all PRAs published to date, equipment is assumed to fail at a constant
rate. However, due to various reasons, the "true" value of a failure rate is often not known. This
uncertainty in equipment failure rates leads to uncertainty in accident sequence frequencies.

PRA engineers often attempt to ascertain the effect that small deviations in equipment failure
rates have on the overall PRA.results. PRA uncertainty analysis is usually done by (1) assuming
that each equipment failure rate is a random variable, and (2) calculating the distribution function
of all accident sequences as a function of the equipment failure rate distribution functions. Note
that this approach, while perhaps intuitive to an engineer, is treading on statistical "thin ice";
Failure rates are either constant or random variables, but they cannot be both. Nevertheless, the
practice is well-entrenched with no signs of revision.

In assigning an uncertainty distribution to an equipment failure rate, we must consider both data
confidence and data tolerance. Confidence bounds are a measurement of imprecision in a

population's failure rate due to sampling error. We can produce "tight" confidence bounds by
counting failures over a long time period. Tolenmce refer's to variability among several
populations due to varying attributes of each population. We try to reduce questions of tolerance
by carefully matching the population in generic data sources to the one we are studying.

Unfortunately, most generic data sources do not properly present uncertainty information.
Uncertainty in sources based on a single plant's experience is largely due to confidence concerns;
uncertainty in sources based on either compilations of several plants'xperience or expert opinion
is largely due to tolerance concerns. Again the issue is one of matching of population attributes.
Iftwo populations are the same, then we can pool their experience to produce a generic failure
rate estimate with narrow confidence bounds and no tolerance bounds. However, if two
populations are different, then we must use more sophisticated methods to combine their
experience. Usually we can determine the most appropriate method by reviewing discussions of
how a generic data source was compiled; but, it is not possible (due to lack of information) to
decompose and reassemble generic data according to these methods.
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3.3.1.5 Generic Data Set Development

As previously mentioned, the major difficulty in developing a generic data set is identification
of the populations used to construct various generic data sources. The following sections
describe the process used to build the SAIC Generic Data Notebook. Emphasis is placed on
explaining the techniques used to map existing generic data sources onto the needs of PRA. The
technique used to aggregate multiple generic data sources for a given component type and failure
mode is explained.

3.3.1.6 Scope Determination

All fault tree and top logic basic events defined in previous SAIC-conducted PRAs were
tabulated and sorted to determine the scope "of SAIC Generic Data Notebook. Similar basic
events (i.e., same component type and failure mode) were grouped together. No effort was made
to segregate component types based on application or engineering characteristics as existing
generic data sources do not provide sufficient detail to warrant such delineation. (For example,
all motor-driven pumps were placed into the same group regardless of their parent systems, flow
capacities, etc.) In some cases, failure modes were collapsed or broadened as necessary to match
existing generic sources. (For example, the events "air-operated valve fails to open on demand"
and "air-operated valve fails to close on demand" were combined into the event "air-operated
valve fails to operate".)

3.3.1.7 Source Identification

A list of generic data sources was developed by (1) surveying the open literature and

(2) reviewing previous PRAs and nuclear reliability studies. An effort was made to identify at
least three sources for each component type and failure mode.
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3.3.1.8 Source Classification

Each generic data source was classified in order to establish its relevance and usefulness. Three
following attributes were identified for each source:

Origin

Data sources with the most appropriate origin for commercial nuclear power plant
PRA are based on information relevant to commercial nuclear power plants; use
of generic data based on the more general experience of non-commercial nuclear
reactors or other process industries is less desirable.

2. Scope

Data sources with broad scopes (i.e., which are based on a large population of
components) are more desirable than narrow scopes.

Quality

The term data souse quality is a measure of the source's credibility. High quality
data sources are based on observed equipment failures as documented by plant
maintenance records; sources using failures documented by LERs are of lower
quality as not all equipment failures initiate an LER. The use of computerized
maintenance summaries results in a lower quality source (as compared to a source
based on original maintenance records stored as hardcopy, microfilm, etc.) since
summaries are, by definition, abbreviated accounts of the failure event and
resulting repair activity.
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3.3.1.9 Source Selection

Multiple generic data sources were identified for most component types and failure modes. The
following criteria were used to select the best sources:

1. Same component type and failure mode

The component type and failure mode in the generic data source had to closely
match the component type and failure mode specified in the list of fault tree basic
events. The most difficult issue was the matching of failure modes. In many
cases, the failure modes given in generic data sources are too general to provide
a good match. (For example, a generic data source may list a value for
"catastrophic failure" while a fault tree requires "spurious actuation".) In these
cases, sources with more general failure modes were discarded unless they were
the only source available.

Original information

The estimate contained in a generic data source had to be based on unique
information. (For example, the IREP and ASEP data sets are mainly based on the
WASH-1400 data set; hence, they were only used ifthe particular component type
or failure mode was not addressed in WASH-1400.)

3. Availability

The generic data source ha'd to be widely available (i.e., not proprietary). This
requirement ensured traceability and scrutibility.

4. Quality

Mid-level and low quality sources were only used ifhigh quality sources were not
available.

Bayesian updated source

Source developed by a Bayesian updating process were not used. Such sources
are quasi-generic since they emphasize a particular plant's experience (i.e., the
likelihood information) while de-emphasizing the broader generic information (i.e.,
the prior distribution).
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Operating environment

Generic data sources based on equipment operating in the same environment as

equipment in commercial nuclear power plants were preferred to other sources.
It should be noted that the term "environment" refers not only to the physical
environment of a component (i.e., ambient temperature, humidity, vibration, etc.)
but also to operating conditions (e.g., continuous operation, alternating service,
standby service, etc.), maintenance policy (e.g., "do not repair unless it has failed"
as opposed to "investigate/repair at the first sign of trouble" ), and testing policy
(e.g., test frequency, adequacy of the test to detect failure modes of concern, etc.).

Scope

If only one or two sources were located for a particular component type and
failure mode, then those sources with broad scopes (i.e., based on the combined
experience of many plants) were preferred to those based on a single plant. This
requirement prevented data skew due to the atypical behavior of a single plant.

3.3.1.10 Source Aggregation

Following the selection process, three or more generic data sources were identified for about 50%
of all component types and failure modes. (Two sources were identified for about 25% of the
total.) These sources were aggregated into a composite estimate using a technique which
preserved the tolerance of the individual data sources. The aggregation technique consists of
three steps as described in the following sections.

Step 1: Fit Generic Data Sources

Each generic data source for a given component type and failure mode was fitted to a log-normal
distribution as described by its median and logarithmic standard deviation. Any right-skewed
distribution could be used [Ref. 3.3.1-4]; however, the log-normal distribution is easy to deal with
computationally and is well suited to expressing uncertainty bounds (via error, or range factors).
Properties of the log-normal distribution are given in Table 3.3.1-1.

Generic data sources provide statistical information in a variety of styles which form two board
classes: (1) sources that provide distributional information, and (2) sources which provide failure
counts and exposures. The methods used to form the log-normal uncertainty distribution depend
upon the type of information provided.
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Distributional Information. In this style, distributional information (e.g., a mean value, point
estimate, upper and lower percentiles, etc.) is specified. Such information is difficult to assess
since most generic data sources do not provide adequate information to interpret the supplied
values. (For example, do the supplied values consider both data confidence and tolerance? Is
the point value a distribution mean, median, or mode? What distributional type is used?) The
following rules have been established regarding the use of generic data sources that provide
distributional information:

l. Either a mean or median must be provided. Given both, the mean is preferred
over the mediaii.

2. The upper tail of the distribution must be established (in order of preference) by
either the log-normal error factor or upper percentile.

As shown in Figure 3.3.1-1, a hierarchy for converting the supplied distributional information into
a log-normal uncertainty distribution was developed from these rules. This hierarchy is applied
by entering Figure 3.3.1-1 from the left-hand side (labeled "START"). A series of questions
about the pres'ence of certain information are posed; these questions are represented by branch
points in Figure 3.3.1-1. A positive answer, which indicates that certain information exists, is
represented by an "up" branch. Questions are asked until the right-hand side is reached (labeled
"END STATE"). An end state labeled "NO" means that the provided information does not
satisfy the established rules and must, therefore, be set aside. End states labeled with numerals
represent cases where sufficient distributional information has been provided within the generic
data source; in such cases, various formulas are used to determine the log-normal uncertainty fit.
Table 3.3.1-2 provides an index of the possible endpoints and references to the appropriate
formulas from Table 3.3.1-1 for calculating the log-normal median and logarithmic standard
deviation.

Failure Count and Ex osure. This style provides the total number of failures that have occurred
over a specified time period or number of demands (or, alternatively, cycles or trial). There are
three issues of concern in using this style of information:

a. It is not possible to ascertain whether or not the information is consistent with an
assumption of constant failure rates and constant failure-on-demand probabilities
as the time (or demands) between failures is not given.
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Generic data sources typically do not state if the data has been statistically
censored. If the last failure occurred exactly at the end of the exposure period,
then the data is uncensored. If failures were counted until a preset total failure
count was reached, then the data is Type I censored. Iffailures were counted for
a preset time period, then the data is Type II censored. Knowledge of the
censoring scheme used to collect the data is necessary to provide meaningful
uncertainty estimates.

Only failure and exposure totals may be given even though the accompanying
explanatory text of a generic data source may state that the population is
heterogeneous. In such cases, the information appears to have a high information
content (due to the large number of failures); however, there is no way to separate
the data confidence from the data tolerance.

In the SAIC Generic Data Notebook, failure count and exposure information has been used to
form classical confidence bounds based on the assumption of constant failure rates and constant
failure-on-demand probabilities; the appropriate equations are:

fr
T

x'(2f„o.O5)
2T

x (2f~ + 2,0.95)
.9s 2T

(2)

(4)

fgF05(2',2D —2f~ + 2)

D f~ + 1 + fpFM(2')2D 2' 2)

(fg + 1) FM(2' 2 y2D 2')
2D — 2f~ + (f~ + 1)F95(2f~ + 2,2D —
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where:

failure rate mean value
Alp5

X95

x'(v,p)
fr
T

failure rate lower confidence bound
failure rate upper confidence bound
pth percentile of a x'istribution with v degrees of freedom
number of time-related failures
time interval over which the f~ failures occurred

failure-on-demand probability mean valuep„= failure-on-demand probability lower confidence bound
p 95

.= failure-on-demand probability upper confidence bound
F (v„vg = pth percentile of an F distribution with v, and v, degrees of freedom

f~ = number of demand-related failures
D = number of demands over which the fo failures occurred

These bounds have been subsequently converted into a log-normal uncertainty distribution in
accordance with Figure 3.3.1-1 (either end states 2 or 3).

Step 2: Form Aggregate Distribution

The data sources were combined into a single estimate by forming the weighted sum of each
input generic data source's distribution function:

N

Pr(Xcx) =g ra,Pr(X,<x} (7)

where:

N
Prt}X < x}

N,
Pr(X, < x}

number of generic data sources
distribution function of the aggregate reliability parameter
weight of the ith.generic data source
distribution function of the ith generic data source
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This aggregation method, developed by SAIC for EPRI during the Component Reliability
Parameter Studies and based on the work of Stone [Ref. 3.3.1-5] and Winkler [Ref. 3.3.1-6],
ensures that data tolerance is preserved. By "smearing" the uncertainty of all input generic data
sources, an aggregated uncertainty bound is created which properly encompasses the entire range
of uncertainty.

As previously discussed, each input generic data source is assumed to be log-normally distributed.
The aggregate distribution has been formed by assigning equal weight to each input data source
(i.e., co, = Ier).

It can be shown that, regardless of the input data source distributional type(s), the mean of the
aggregate distribution is the weighted sum of the input means. Determination of the aggregate
distribution percentiles typically requires a numerical solution. Using the previous assumptions
(i.e., log-normally distributed input data sources and equal weights), the following equation
applies:

X

0]

1 i, I=Z exp
N o

~2@a,t
2

2gg
dt

where:

median of the ith input data source
a; = logarithmic standard deviation of the ith input data source

Equation (8) has been solved (i.e., the value ofr determined for a given value ofp) for the 5th
percentile (p = 0.05), the median (p = 0.5), and the 95th percentile (p = 0.95). These bounds
have been subsequently converted into a log-normal distribution in accordance with Figure 3.3.1-
1 (either end states 2 or 3).

Rochester Gas & Electric Corpotation R E. Ginna PRA Project



Step 3: Fit Aggregate Distribution

To facilitate use of the aggregated distributions in traditional PRA uncertainty calculations, each
was converted to a log-normal distribution in accordance with the hierarchy described by
Figure 3.3.1-1. A computer program, titled "Computerized Analysis of Reliability Parameters—
CARP", was used to perform the aggregation process.

3.3.1.11 References

3.3.1-1 Instruction for Determining Component Populations and Boundaries,
RG&E Probabilistic Risk Assessment Instruction PRA-002.

3.3.1-2

3.3.1-3

Systems A nalysis Procedure, SAIC-139-91-020.

John Neter, William Wasserman, and G. A. Whitmore, Applied Statistics,
third edition, Boston: Allyn and Bacon, Inc., 1988.
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3.3.1-5 M. Stone, "The Opinion Pool", A nnals ofMathematical Statistics, Vol. 32,
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Table 3.3.1-1
Summary of the Log-Normal Distribution

DENSITY FUNCTION

The probability density function (pdf) of a log-normally distributed random variable, X, is:

flax) = exp
1

+2~ m

2

ln
A

2G

(A-1)

where x is the median of X and o is the logarithmic standard deviation of X.

DISTIRIBUTIONFUNCTION

The cummulative distribution function (CDF) of a log-normally distributed random variable,
X, is:

F„(x) =Pr(X 6 x)

= f"
exp'2'

dt
(A-2)

Tables of the standard normal CDF, 4(...), are contained in most statistics books.
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Table 3.3.1-1
Summary of the Log-Normal Distribution

I

RELATIONTO NORMALLYDISTRIBUTED RANDOM VARIABLES

Ifthe random variable Y is log-normally distributed, then the random variable Y = In X is
normally distributed. IfY is normally distributed with mean p and standard deviation o, then

x =median of X =e"
(A-3)'P

cPx =mean of X =exp p + =x exp
2 2

(A-4)

Var(X) = variance of X = e'" (e'+ -e+) =x'e'+ -e+) (A-5)

As a measure of variation about a central tendency, error factor (or range factor) is used more
often than variance:

X
95ef =

X
(A-6)

where r» is the 95th percentile of X.

Also,

Xef =—
x

X
95

X
05

(A-7)
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Table 3.3.'l-l
Summary of the Log-Normal Distribution

where x„ is the 5th percentile of X.

It can be shown that

ln ef
G

»
(A-8)

where z» is the 95th percentile of the standard normal distribution (=1.645).

The following development relates the quantities x, x», a, and ef:

x =exp p+—

=x exp

(A-9)

= —'" exp

X»
exp

exp(z»G) 2

Or:

——z„a +ln —'0X»
2 x
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Table 3.3.1-1
Summary of the Log-Normal Distribution

Solving for 6:

a=z
.95

X
95z» -21n

X

(A-10)

Note that for a to be a real number:

z» > 2ln2 X
95

X

2
Z95

x» 5 xexp
2

5 3.87x

(A-11)

This result implies that for a given value of x, cr = z» (or ef = 15) generates the maximum
value of x95.
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Table 3.3.1-2
Log-Normal Fit Hierarchy End States

Formulas from Table 3.3.1-1

End State Known Information
Median

Logarithmic
Standard
Deviation

mean and error factor A-4; A-8

mean and upper bound, where
the upper-bound-to-mean ratio
is <3.87

A-10

mean, upper and lower bounds

median and error factor

median and upper bound

A-4~

given

given

A-7, A-8

A-8

A-6, A-8

~Use after the logarithmic standard deviation is calculated.
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Figure 3.3.1-1
Log-Normal Fit Hierarchy

START MEAN MEDIAN
ERROR

FACTOR
UPPER
BOUND

UPPER.TO
-MEAN RATIO

( 3.87
LOWER
BOUND

END
STATE
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3.3.2 Plant Specific Data and Data Analysis

3.3.2.1 Introduction

This section describes the estimation of component-level reliability parameters based on Ginna-
specific experience for use in the R. E. Ginna PRA project. The primary purpose of this effort
is to assess point values and corresponding uncertainties for the parameters necessary to quantify
accident sequences. These parameters characterize the probabilities of the constituent events of
accident sequences, and are estimated from plant historical records using statistical techniques.
A secondary purpose of this data analysis effort is to provide insight into the operational and
maintenance history of Ginna so that a more accurate representation of the plant's risk profile
can be generated.

3.3.2.1.1 Analysis Scope

Plant-specific data was collected over the time period from January 1, 1980 to December 31,
1988 [Refs. 3.3.2-1 and 3.3.2-2]. The component population for which data was collected against
and their boundaries are defined in separate documents [Refs. 3.3.2-3, Refs. 3.3.2-4]. In general,
the scope of the data collected exceeds the needs of the integrated PRA plant logic model as
defined on April2, 1992 [Refs. 3.3.2-5] in that the data has been collected for components and/or
failure modes which do not appear in the integrated model. This work package addresses only
those plant-specific component-level reliability parameter estimates that are needed to support the
integrated model. The additional data collected has not been analyzed; however, this "raw" data
is provided in the work package for potential future applications.

3.3.2.1.2 Definitions

The following section provides definitions of the more unfamiliar terms associated with
plant-specific data analysis. Common reliability and statistical terms (e.g., failure rate) are not
addressed, and the use of a basic reference is suggested.

Component boundary: The set of equipment subcomponents and/or piece parts whose t'ailure
experience is included within the estimate of a specific reliability parameter. For example. the
component boundary of a motor-driven pump includes the pump body, the supply AC circuit
breaker, associated control circuitry including the supply DC fuse, the pump seals and seal
cooling components, the lubrication system, the motor, the gear box, any status indication. and
pump casing drains and vents.
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Component population: The set of components selected for data collection and analysis.
Component populations may be generally specified in terms of the specific component types and
systems involved (e.g., motor-driven pumps in the service water system), or specifically defined
by listing the EINs involved (e.g., PSW01A, PSW01B, PSW01C, and PSWOID).

Data window: The calendar time period over which the component failure history is collected.

EIN: The equipment identification number assigned by RG&E that uniquely identifies each
component in the R. E. Ginna nuclear power plant.

Exposure: The period when a component is available to fail by a specified failure mode.
Exposure may be measured in time units. (for operating or standby failure rates) or in demand
units (for failure-on-demand probabilities). For example, a motor-driven pump can only "fail to
run" when the pump is operating; thus, the exposure for this'ailure mode is the total pump
operating hours. Alternatively, the exposure for "motor-driven pump fails to start on demand"
is the total number of start attempts during the data window.

Reliabilityparameter: A term referring to both failure rates and failure-on-demand probabilities.

3.3.2.2 General Technical Approach

The plant-specific data was analyzed in accordance with the Data AnaIysis Task Procedure [Ref.
3.3.2-6]. The following sections describe the implementation of this procedure in terms of the
inputs to the analysis and the statistical estimation methods.

3.3.2.2.1 Analysis Inputs

As noted in Section 3.3.2.1.1, the plant-specific data constitutes the major input to this work
package. The data collection activities were initiated prior to the development of the system fault
tree models in conjunction with PRC Engineering (formerly ATESI) and the Reliability Centered
Maintenance program at Ginna. The results of this effort is contained in a dBASE-compatible
computer file which provides failure counts and associated exposures for various failure modes
on an EIN-basis (i.e., one record per EIN). The following sections provide background
information on how the computer tile was generated while Section 3.3.2.2.2 discusses how the
file was used for the data analysis effort.

Rochester Gas & Electric Corporation

3.3.2-2



3.3.2.2.1.1 Plant Specific Data Collection Window

The time period from January 1, 1980 to December 31, 1988 was selected as the data collection
window for the Ginna PRA since it was generally well documented and contained the most
representative evidence of Ginna history that could be expected to depict future performance.
The data collection window starting point of January 1, 1980 was chosen on the basis that it was
the earliest time period for which reliability data could be obtained following the Three Mile
Island (TMI) accident in March, 1979. The TMI event had large ramifications throughout the
nuclear industry, especially in the areas of maintenance and operations which could directly
impact the results of the data analysis effort. The end date was selected since it was the last
available year in which all work-related activities were expected to be closed out and filed in
Ginna Central Records before the initiation of the data collection effort. In addition, a nine year
period of plant history was expected to yield a large enough population of component exposures
and failure events so as to provide statistically useful data.

3.3.2.2.1.2 Component Population

Since the data collection activities were initiated prior to development of the system fault tree
models, the initial component population was made sufficiently large enough to ensure that all
potential fault tree components were included. The following twenty (20) plant systems were
therefore included in the data collection effort:

1.

2.
3.
4.
5.

6.
7.
8.

9.
10.

11.
12.
13.

14.
15.
16.
17.

18.
19.
20.

Reactor Coolant System
Engineered Safety Features Actuation System
Residual Heat Removal System
Emergency Diesel Generators
Chemical and Volume Control System
Safety Injection System
Main Feedwater System
Electrical Distribution - DC
Auxiliary Feedwater System
Electrical Distribution - AC
Main Steam System
Containment Isolation System
Service Water System
Containment Spray System
Standby Auxiliary Feedwater System
Condensate System
Circulating Water System
HVAC Systems
Component Cooling Water System
Instrument and Service Air Systems
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Plant-specific data was also collected for the Steam Generator System; Turbine and Turbine-
Generator, Fire Protection System, Reactor Protection System, and the Control Rod Drive System.
Since these systems are out of the scope of the data analysis effort, they were only briefly
reviewed to gain insights relating to the other twenty systems; however, the data is maintained
by RG&E and available for future analysis. Data related to heat tracing was also collected.
These events were removed from the Safety Injection and Chemical and Volume Control systems
in order to create a separate category that would eliminate potential confusion over heat tracing
boundaries.

Since the above twenty systems contain many different types of equipment, it was decided to
limit the components to be included in the data collection effort. Consequently, plant-specific
data was only collected for the following types of components:

Pumps
Valves
Breakers (for pumps, diesels, air compressors, large fans, and bus feeders)
Dampers (air and motor-operated)
Diesel generators
Batteries
Battery chargers
VAC inverters
Safety-related buses (including MCCs)
Air compressors
Air dryers
Fans
Heat exchangers
Service Water strainers
Heat tracing

The actual component population for which data was collected against and their boundaries are
provided in Refs. 3.3.2-3 and 3.3.2-4, respectively. However, as discussed in Section 3.3.2.l. I,
not all of the data collected was used by the data analysis task in support of the Ginna PRA
effort.

3.3.2.2.1.3 Component Reliability Parameters Collected

After the component population and boundaries were determined, the following plant-specihc
information was collected:

1. Number of component failures (demand and time-related),
2. Number of component demands, and
3. Time which the component was in operation/standby.

The approach used to collect this information is described in more detail below [Ref. 3.3.2-7]
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3.3.2.2.1.3.1 Plant-Specific Component Failures

Following a review of the available record types at Ginna, it was determined that there was no
single source of required information. Consequently, Ginna Station Event Reports (Forms A-
25.1), Control of Limiting Conditions for Operating Equipment Reports (Forms A-52.4),
Maintenance Work Requests (MWRs), and I&C/Electrical (Safety-Related) Equipment Failure
Reports (Forms A-25.2) were selected as the best sources of information. These records and
forms were collected for the years 1980 through 1988 (Note - not all forms were available for
entire nine years). During collection of this data, an initial screening was made to eliminate
obvious non-failure and non-maintenance events from consideration. Data pertaining to all events
that survived the initial screening was then organized by system and necessary information was
placed onto screening tables. This included the date and description of the event, components
affected, and the data source. Since there were multiple sources of information, the use of
screening tables provided a single listing of failure and maintenance events and enabled the
identification and elimination of duplicate records.

The screening tables were then reviewed by knowledgeable engineering personnel in order to
identify and classify those events that involved component functional failures. Every attempt was
made to accurately categorize the failure or maintenance action; consequently, discussions were
frequently held with Ginna personnel who were familiar with the event in question. Additional
information was added as necessary to the screening tables to better understand the circumstances
surrounding the event. In addition, due to various configuration management programs and
modifications, component tag numbers and identifiers have gone through several iterations over
the years. Consequently, Ginna personnel also assisted in identification of components as listed
on the plant record.

It should be noted that a review was also made of all Ginna Station Nonconformance Reports
(NCRs) issued between 1980 and 1981. Since this review failed to identify any additional
functional failure events not already accounted for in the system screening tables, no further
analysis of the NCRs was performed. In addition, Licensee Event Reports (LERs) issued for
Ginna between 1980 and 1988 were also reviewed to ensure that all failure and maintenance
events were identified.

3.3.2.2.1.3.2 Calculation Of Component Dertiands

The types of plant-specific component demands considered in the data collection task included
(1) test demands, (2) normal operational start attempts, (3) reactor trip response demands, (4)
preventive maintenance demands, (5) post-maintenance test demands, and (6) interface-related
demands. Demands were calculated on a component versus component type or system basis
since it was considered desirable to understand how component demands affected reliability. The
following sections brietly summarize the methods used to determine the number of demands for
each of the above categories.
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3.3.2.2.1.3.2.1 Test Demands

AllGinna Station periodic test (PT) and refueling shutdown surveillance (RSSP) procedures were
reviewed to identify the number of individual component demands per test. A review was then
made of all PTs and RSSPs contained in Ginna Central Records, in order to determine the
number of complete and partial tests performed between 1980 and 1988. The number of times
each test was performed was then multiplied by the number of times each component was
demanded during the test, in order to obtain the total sum of component demands due to testing.
This information was then reviewed with Ginna Results and Test personnel to ensure that the
demands appeared appropriate since plant procedures may have been revised over the data time
window.

3.3.2.2.1.3.2.2 Normal Operational Start Attempts

The number of normal start attempts was determined using the two methods described below.

Pumps, diesels, compressors and fans. The total number of test and operational demands was
obtained from a review of the Ginna Station Official Record Log (control room log book). The
number of test demands determined above (Section 3.3.3.2.1.3.2.1) was then subtracted from this
value in order to obtain the number of operational start attempts. This approach was used due
to the fact that the log books frequently did not state whether the demand was test or start
related. In addition, due to these uncertainties, all operational start attempt numbers were
reviewed and adjusted, if necessary, by the R-shift for Operations, and/or other appropriate
personnel.

All other components. Since the Official Record Log typically only identifies large pieces of
equipment (i.e., pumps, diesels, compressors and fans), a different approach was used for smaller
components such as valves. Assuming normal system operational configurations, all components
were identified that would be demanded given normal operation of these larger, rotating pieces
of equipment for which start demands were known. The total number of operational demands
for each of these components was then calculated based on the number of operational start
attempts determined from above. Though an estimate, this approach was considered appropriate
due to the limited information available for these smaller types of equipment.

3.3.2.2.1.3.2.3 Reactor Trip Response Demands

After reviewing Ginna Station procedures E-0 and ES-0.1, it was determined that following a

normal reactor trip, the majority of plant components are affected by being turned off (e.g.. main
feedwater pumps). This is of no consequence for counting demands until the equipment is turned
back on. However, starting a pump is usually listed in the Official Record Logs, and therefore,
already accounted for. The component demands which were most likely not listed in the logs
are as follows:
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2.
3.
4
5.
6.

7.

AOV 4270 (MFW) - 1 demand for every cold shutdown (approx. 25 events)
AOV 4271 (MFW) - 1 demand for every cold shutdown (approx. 25 events)
AOV 4272 (MFW) - 1 demand for every cold shutdown (approx. 25 events)
AOV 427 (CVCS) - 1 demand every other trip (23 trips/2)
AOV 431A (RCS) - 1 demand every other trip (23 trips/2)
AOV 431B (RCS) - 1 demand every other trip (23 trips/2)

These demands were considered conservative and assume a "typical" reactor trip.

3.3.2.2.1.3.2.4 Preventive Maintenance Demands

It was assumed that each component would be demanded after preventive maintenance was
performed on it to ensure its operability. To calculate the number of demands, Ginna
maintenance procedures were reviewed to determine the preventive maintenance (PM) frequency
for each component included in the data analysis population. These frequencies were then used
to calculate the number of PMs performed on each component over the nine-year data period.
For conservatism, each calculated number was rounded off to the lowest integer.

3.3.2.2.1.3.2.5 Post-Maintenance Test Demands

The system screening tables discussed in Section 3.3.2.2.1.3.1 were reviewed in order to identify
all failure and maintenance events for each component. One demand was assumed if the
component was removed from service for maintenance at power or if a functional failure
occurred. This is considered appropriate since in many cases a component can be demanded
several times to ensure its operability. The only event for which this is non-conservative relates
to failure events for which there was no maintenance. However, the total number of failure/no
maintenance events is relatively small. In addition, if the component actually failed, it would
most likely be tested in an attempt to duplicate the failure even ifno maintenance was performed.
Also, only non-preventative maintenance demands were included since these demands were
previously accounted for.

3.3.2.2.1.3.2.6 Interface-Related Demands

Interface-related demands. as discussed here, refer to demands placed on a component to isolate
another component for maintenance. For every failure and maintenance event at power, P&IDs
were reviewed to determine if the component in question required isolation. The isolating
components were then assigned one interface-related demand for each failure or maintenance
event that occurred against the specified component while the reactor was critical. Events which
occurred during shutdown were not included in the interfacing demand counts since in most cases
isolation would not be required.
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3.3.2.2.1.3.3 Component Time in Operation and Standby

The time in operation for pumps, diesels, compressors and fans (i.e., rotating equipment) was
determined by summing the running hour totals for each component as recorded in the Ginna
Station AuxiliaryOperator Running Hour Log and the Control Room Running Hour Log. These
two documents contain a record of the run time for rotating machinery on a shift basis and are
totaled monthly and annually. For rotating equipment that was not tracked in the running hour
logs, the time in operation was determined (i.e., estimated) based on discussions with plant
operations personnel or other cognizant RG&E representatives. For small, non-rotating
equipment (e.g., valves), the time in operation was determined based on an approach similar to
that discussed in Section 3.3.2.2.1.3.2.2. That is, these smaller components were matched with
a piece of rotating machinery for which operating time was known. Every attempt was made to
accurately reflect the different test and operational system configurations to better represent
component exposure times. The time in standby for all components was determined by
subtracting the time in operation from nine (9) years calendar time.

3.3.2.2.1.4 Ginna PRA Plant-Specific Failure Data Base

The plant-specific data compiled (i.e., number of component failures, demands and time in
operation/standby) was entered into the Ginna PRA Plant-Specific Failure Data Base. The data
as entered was also reviewed by an independent checker to ensure accuracy [Ref. 3.3.2-1].

3.3:2.2.2 Analysis Assumptions

The following assumptions have been made in developing the estimates of plant-specific
reliability parameters:

All failure rates and failure-on-demand probabilities are constant over the data window.
This assumption is commonly used in PRA data analysis work [Ref. 3.3.2-9, Section 5.3],
and is required since the plant-specific data collected is presented in terms of the total
number of failures experienced over a specified population exposure (i.e.. separate
times-to-failure are not available).

2. The data provided by RG&E to SAIC was acceptable and accurate as delivered: no
attempt was made by SAIC to independently verify the input data. However, it is noted
that this information was collected under a separate QA program administered by ATESI.

Uncertainty estimates can be represented with a log-normal distribution. Martz [Ref.
3.3.2-10] has investigated the influence of various basic event probability distributions on
system unavailability distributions, and concluded that gamma, log-gamma, log-normal,
and log-uniform basic event distributions yield similar system unavailability distributions.
The log-normal distribution assumption used in this work package has been selected for
its computational ease.
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3.3.2.2.3 . Application Of Analysis Inputs

The plant-specific data directly met the majority of the data analysis task requirements; however,
a program was necessary to more easily organize the data. This program was required since the
initial data base provided data on a component level while the data analysis task required it on
a system and component type basis. Therefore, a dBASE program, RGEDATA.PRG, was
developed to determine the total number of failures and total associated exposure for component
types (e.g., motor-operated valves, etc.) and failure modes (e.g., "fails to open") on a system
basis. Note that RGEDATA.PRG also provides summarized maintenance unavailability data
(total out-of-service hours and total on-line hours). In RGEDATA.PRG, the total on-line time
is assumed to be equal to the total number of reactor critical hours during the data window
(64,054.35 fRef. 3.3.2-8]). multiplied by the size of the associated component population.

4

The only information that was not easily retrievable from the initial data was the exposure hours
,for calculating standby failure rates. For the Ginna PRA project, standby failure rates are used
in place of demand failure probabilities for components which are not continuously operating in
order to better evaluate the impact of testing frequencies. Therefore, the following equation was
used to determine the exposure hours for components that do not "transfer" to another position
(e.g., pumps, diesel generators, etc.):

where:

T„,, = total population standby exposure time

N
p p p opu 1 a tio n s ize

T~ = calendar time in data window

T., = total population operating time

T„... = total population repair time

(2)

For the data window used to collect Ginna-specific data, the value of T~„ is given by:

Td, = 9 yr x 8760 hlyr + 3 leap yrs x 24 extra hlleap yr
= 789I2 h

(3)
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For components that can "transfer" position (e.g., valves), standby exposure times were
determined by finding the exposure time of a relevant associated failure mode. Table 3.3.2-1
illustrates this concept.

3.3.2.2.4 Statistical Analysis of Plant-Specific Data

For constant failure rates (e.g., operating and standby failure rates), the following equations give
the estimated mean value and 90% confidence bounds [Ref. 3.3.2-9]:

X'(2f, 0.05)
0.05 2T

X'(2f+2, 0.95)
o.95

(4)

where:

n = number of observed failures

T = time period over which failures were observed

A, = mean failure rate

0.05

0.95

= 5% confidence bound on failure rate

= 95% confidence bound on failure rate

X'(v, p) = pth percentile of a chi-squared distribution

with v degrees of freedom

For constant failure-on-demand probabilities, the following equations give the estimated mean
value and 90% confidence bounds [Ref. 3.3.2-11]:
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n
P =—

D

n Fpps(2n, 2D -2n+2)
P0,05

=
D — n + 1 + n Fpps(2n, 2D-2n+2)

(n + 1) Fp 95(2n +2, 2D -2n)

D —n + (n+1) F095(2n+2, 2D -2n)

where:

P0.05

I 0.9S

F,(v „v,)

number of observed failures

number of demands

mean demand probability

5% confidence bound on demand probability

95% confidence bound on demand probability

pth percentile of an F-distribution

with v, and v, degrees=of freedom

(7)

The 90% confidence bounds may be mapped to a log-normal uncertainty bound by [Ref. 3.3.2-12.
Appendix A]:

ef =

X0.9S

x
for x095 o3.87 x

ex zp 95 Z0.95
2 095

zp95 2 ln
x

otherwise

where:
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ef = log-normal error factor

Qp 95
95th percentile of the standard normal distribution (= 1 .645)

Equations (4) through (9) are implemented in the CARP computer program [Ref. 3.3.2-13].

3.3.2.2.5 Final Reliability Parameters

In general, reliability parameters based on Ginna-specific experience are recommended for final
integrated logic model quantihcation. For certain component types and/or failure modes, few (or
no) occurrences have been observed at Ginna. Consequently, strict application of Equations (4)
through (8) is questionable (or, in the case of no occurrences, impossible). In these cases, a
Bayesian analysis was performed to combine the Ginna-specific experience with appropriate
generic data. The Bayesian process has been implemented through the concept of conjugate prior
distributions (i.e., gamma distributions for failure rates, and beta distributions for
failure-on-demand probabilities). Specific calculational steps in the Bayesian analysis are shown
in the following sections.

3.3.2.2.5.1 Development of Prior Distribution

The generic data supplied is expressed in terms of a log-normal distribution. To develop the
prior distributions, the principle of moment matching was used:

0 ln ef

~0.95

Var =x(e'1)

logarithmic standard deviation

variance

(10)

Then, for failure rates, the parameters of the prior gamma distribution in terms of the log-normal
mean and variance are:

For failure-on-demand probabilities, the parameters of the prior beta distribution in terms ot'he
log-normal mean and variance are:
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x 2

(X
Var

x (1 -xQ
Var

x (1-x)
Var

(12)

3.3.2.2.5.2 Bayesian Update

For failure rates, the parameters of the posterior gamma distribution are:

ot,' u + n

O'P +T

For failure-on-demand probabilities, the parameters of'the posterior beta distribution are:

(x =Con
P'P +D —~

(14)
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3.3.2.2.4.3 . Development of Final Distribution

The principle of moment matching was used to convert the conjugate posterior distributions into
a long-normal uncertainty distribution. For failure rates, the mean and variance of the posterior
gamma distribution in terms of the gamma distribution parameters are:

tX/
x

tx/Va/./ =
P/ 2

(15)

For failure-on-demand probabilities, the mean and variance of the posterior beta distribution in
terms of the beta distribution parameters are:

x/ =
tX/ + p/

(16)

Va/'
(u' P' l)(tx/ +

P/)'he

log-normal error factor in terms of the posterior mean and variance is:

ef/ = ex 4p 95 ln 1 + V<r'2

x

(17)

Equations (10) through (17) are also implemented in the CARP computer program.
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3.3.2.3 Results

A summary report of all final reliability parameters (sorted by system, component type, and
failure mode) is provided in Appendix E. This report provides the plant-specific estimates from
Equations (4) through (9), the relevant generic data, the results of any Bayesian analysis
performed, and the final values. Note that the value contained in the row labeled Final and the
column labeled Pl is the final log-normal error factor for use in uncertainty analyses. The final
results have been entered into an updated CAFTA Type Code file, which is provided in
Appendix F. The following sections discuss the calculated final results.

3.3.2.3.1 Plant-Specific'ata Insights

There are 288 failure modes (organized by component type and system) included in the Ginna
integrated PRA plant logic model. Plant-specific data is used in the determination of the failure
rate or probability for more than 200 of these failure modes (70%). The only failure modes
which do not use Ginna-specific data are those related to small electrical devices such as relays
and transmitters, and rare events (e.g., sump plugging). Since Appendix E provides both the
Ginna-specific and generic values prior to any Bayesian updating, a comparison of these two data
points was performed. The results of this review are as follows:

Almost 25% of the calculated plant-specific values are within a factor of three (3) of the
generic value,
8% of the calculated plant-specific values are greater than a factor three (3) higher than
generic data,
8% of the calculated plant-specific values are greater than a factor three (3) lower than
generic data, and
The remaining 60% of the plant-specific data contained no observed failures over the nine
year data window.

The "factor of three" criterion was chosen since any smaller difference could most likely be
attributed to uncertainty in the data. In addition, it should be noted that during the plant-specitic
data collection effort, failures were assigned to "questionable" events. That is, if the analyst was
unable to positively conclude that no failure had actually occurred (i.e., incipient versus
catastrophic), a failure was conservatively assigned. These data points were only reviewed in
more detail if the resulting plant-specific value was significantly higher than generic data (i.e..
greater than a factor of three). At the conclusion of this final review, the following plant-specific
failure modes were found to have a higher value than generic data:

1. Containment Spray pumps (failure to run)
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2. HVAC fans (failure to start)

3. Safety Injection pumps (failure to run)

4. AC electrical buses (all operating voltages except 120 VAC)

5. BAST level transmitters (fails high and fails to respond)

6. CVCS piping (plugs)

7. CVCS relief valves (transfer open)

8. Instrument Air dryer (failure to deliver flow)

9. Instrument Air receiver (local faults)

10. Instrument Air piping (rupture)

11. Main Steam Isolation Valves (failure to close)

12. Atmospheric Relief Valves (failure to open)

The observed plant-specific history for these components is described in detail below.

3.3.2.3.1.1 Containment Spray Pumps

There was only one failure of a Containment Spray Pump (1B) to run which occurred on May
31, 1988. This failure was the result of the back-up packing gland and shaft sleeve for the pump
making contact which resulted in excessive heat and galling and eventual seizing of the pump.
However, since there was only 67 hours of run time associated with the containment spray pumps
over the nine year data window, the plant-specific failure rate was calculated to be 1.49E-02/hour
(versus a generic value of 8.45E-05/hour). Since there were no other failures to run and nn
failures to start, it appears that the high plant-specific failure to run value is attributed to the
limited exposure (i.e., run time) of the pumps and does not necessarily indicate a problem with
the pumps.
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3.3.2.3.1.2 HVAC Fans

A total of seven failure to start events related to motor-driven fans was found in the plant-specific
data collection effort which resulted in a failure probability of 6.91E-04 (versus a generic value
of 2.08E-04). A similar ratio of plant-specific versus generic data was also calculated for a
standby fan fails to start. Failures were observed against Battery Room Exhaust Fan IA, the
Reactor Compartment Cooler Fans, Safety Injection Pump Cooler Fan 1C, and Standby Auxiliary
Feedwater Cooler Fan IB. Consequently, no single component or group of components is
causing the higher than generic values. However, three of the failure to start events were
attributed to breakers being found in the open versus closed position. The breakers for these
components are now maintained locked closed. The remaining failures were due to motor
failures, bad DC coils, and switch faults.

3.3.2.3.1.3 Safety Injection Pumps

There was only one failure of a Safety Injection (SI) pump to run found in the plant-specific data.
This event occurred on March 3, 1981 when a review of the results from an earlier test of SI
Pump C indicated that the thrust bearing for the pump approached the procedural limitof 160'F
after just 45 minutes of run time. The problem was subsequently found to be excessive sediment
in the pump cooling lines and was assumed to result in a pump failure over an extended period
of time. This single failure resulted in plant-specific failure rate of 3.80E-03/hour as compared
to a generic value of 8.45E-05. The data was Bayesian updated to a final value of 4.66E-
04/hour. Since the exposure for the SI pumps is only 263 hours, and this is the only run failure,
the high plant-specific failure to run value is most likely caused by the limited exposure (i.e., run
time) of the pumps.

3.3.2.3.1.4 AC Electrical Buses

There were two failures of a 480V bus found in the plant-specific data. The first failure occurred
on April 17-18, 1982 when Bus 16 tripped on undervoltage several times. After investigation,
the DC fuse disconnect switch for the bus was found loose and retightened. However, only one
failure was assigned for this event since the bus trips after the initial fault occurred during
troubleshooting. The second failure occurred on February 10, 1988 when the contactor assembly
for Bus 14 failed causing the bus to spuriously trip on undervoltage when no such condition
existed. Since there were only two failures in the plant-specific data, Bayesian updating was
used. Consequently, the tonal mean value was calculated to be 7.84E-07/hour which is slightly
higher than the generic value of 1.19E-07/hour.
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3.3.2.3.1.5 BAST Level Transmitters

There were numerous failures of the BAST level transmitters to either respond or failing high.
These failures appear to be the result of the design of the transmitter sensing lines in that boron
tends to crystallize near the end of the lines inside the tank. Attempts to heat trace these lines
have not proven successful in resolving the problem. However, RG&E has performed analyses
to show that the safety function of the BAST is not required. This effort is expected to be
completed during the 1994 refueling outage. In addition, the lines are currently on an aggressive
PM schedule (once a week). This practice was implemented at the end of the data collection
period; consequently, the plant-specific data which was collected may not be truly representative
of the transmitter's current reliability.

3.3.2.3.1.6 CVCS Piping

There were four observed instances of CVCS piping being plugged over the nine year period. the
majority of which are related to the blender and boric acid tank system. The flirst'event occurred
on January 7, 1984 when operators attempted to borate the RCS, but a suspected steam bubble
in the system prevented flow through MOV 354. Flow was then accomplished by using MOV
350; however, a subsequent investigation could find no definite cause. The second and third
events occurred on February 20, 1985 and October 27, 1988 when the piping downstream of FCV
110A was found blocked preventing a flush of the blender. This portion of the piping contains
two 90'lbows in a short run with a support that was acting as a heat sink for the heat tracing.
The boron was subsequently flushed after adjusting the heat tracing near the support. The fina
plugging event occurred on December 8, 1988 when the flow through MOV 350 was found
blocked during performance of RSSP 5.0. A heat gun was applied to the line and the block was
quickly flushed. These events resulted in a plant-specific failure rate of 6.24E-05/hour versus
a generic value of 5.53E-07/hour.
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3.3.2.3.1.7 CVCS Relief Valves

There were numerous failures associated with the discharge relief valves to the Volume Control
Tank for Charging Pumps PCH01B and PCH01C. These valves experienced a total of thirteen
excessive leakage events (i.e., transfers open) which were evenly distributed over the nine year
data period. The valves were either replaced or rebuilt following each failure. No cause for this
problem could be found in the data records. These failures are important with respect to
diversion of flow from the charging pumps. Discussions with Results and Tests indicate that the
problem appears to have been resolved since they have not had any recent relief valve failures.
However, the calculated plant-specific failure rate is 2.72E-05/hour versus a generic value of
1.69E-06/hour.

3.3.2.3.1.8 Instrument Air Dryer

Ten failures of the Instrument Air (IA) dryers were found in the plant-specific data which
resulted in a failure rate of 6.34E-05/hour versus a generic value of 5.23E-07. The majority of
these failures were caused by leaking or otherwise failed solenoid valves. These failures were
evenly distributed throughout the data period and among the air dryers. Since there are two air
dryers per IA header for a total of four dryers, the relatively high frequency of solenoid failures
is probably not important. It should also be noted that there were no concurrent (or common
cause) failures of air dryers observed in the plant-specific data.

3.3.2.3.1.9 Instrument Air Receiver

There was only one failure of an IA receiver which occurred on June 16, 1985 when relief valve
5321 for receiver TIA04A stuck open causing high temperature alarms on IA Compressor A.
This single failure resulted in a plant-specific failure rate of 4.61E-06/hour as compared to a
generic value of 6.00E-07/hour. Consequently, it appears that the high plant-specific value is
attributed to the limited exposure of the receivers and does not necessarily indicate a problem
with the receivers themselves.
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3.3.2.3.1.10 Instrument Air Piping

There were four failures of IA piping observed over the nine year data period. Three of these
failures were attributed to personnel stepping on or bumping the IA lines. The remaining event
occurred on October 20, 1984 when the 1/2 inch IA line to the "2B" MSR steam admission valve
ruptured. The affected line was subsequently isolated by an Auxiliary Operator who was in the
area. These four pipe breaks were all quickly isolated and had limited impact on the IA system
and the plant. However, the number of events produced a plant-specific failure rate of 5.07E-
05/hour as compared to 5.53E-07/hour for generic data.

3.3.2.3.1.11 Main Steam Isolation Valve

There were two failures of Main Steam Isolation Valve (MSIV) 3516 to close at power over the
data window. The first occurred on June 9, 1983 and was the result of a failed switch in the
ESAF cabinets. The second occurred on February 7, 1987 when the valve failed to close during
shutdown; however, no cause was provided. These two events resulted in a Ginna-specific'failure
probability of 8.81E-03 as compared to a generic value of 2.17E-03.

3.3.2.3.1.12 Atmospheric Relief Valves

There was only one failure of an Atmospheric Relief Valve (AFV) to open which occurred on
February 16, 1987 when ARV 3410 failed due to a steam cut on the seat. This resulted in a

standby failure probability of 6.34E-06/hour as compared to a generic value of 5.88E-07/hour.
Since there was only one failure and a total of 83 demands calculated for the ARVs, the high
plant-specific value appears to be caused by the limited exposure of the valves and does not
necessarily indicate a problem.

3.3.2.3.2 IPE Requirements

The IPE submittal guidance [Ref. 3.3.2-14] requires the assessment of plant-specitic data for
major equipment affecting core-damage sequence results, including auxiliary feedwater and
emergency core cooling pumps, batteries, feed pumps, electrical buses, breakers, and diesel
generators. Each of these component types has been included within the scope of this work
package, and Ginna-specitic reliability parameters for them have been provided. Figures 3.3.2-1
through 3.3.2-6 compare'the Ginna-specific experience to relevant generic data for motor-driven
pumps, electrical buses. circuit breakers, and diesel generators since these are typically considered
important components in a PRA model. Additional information can be found in the appendices.
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3.3.2.3.3 Additional Integrated Model Requirements
\

Appendix G contains data estimates for basic events found in the integrated PRA model that are
not provided in other PRA work packages [Ref. 3.3.2-5]. These are typically weather related or
conditional probability events.
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Table 3.3.2-1
CALCULATIONOF STANDBY EXPOSURES FOR VALVES

Componenr Type and
Failure Mode

MOV - transfers open

CAFTA
Type Code

'V

R

Exposure Remarks

Obtained directly from RGEDATA.PRG,
based on RG&E data input

MOV - fails to open

(standby)
MV P T,~~ Failure mode can o'nly happen if the

MOV is closed; thus, use exposure time
for Type Code MV R

MOV - transfers closed

MOV - fails to close
(standby)

MV K

MV X

Thtvj; Obtained directly from RGEDATA.PRG,
based on RG&E data input

Failure mode can only happen if valve is
open; thus, usc exposure time for Type
Code MV K
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Table 3.3.2-2
Other Required Data

AAAAWINTER

CCBREAK001

CCBREAK002

Extreme Winter Temperatures (( 6'F). This was conservatively estimated
to be 0.1 since the minimum extreme temperature for Ginna is 2'F which
is only exceeded less than 1% of the time [Ref. 3.3.2-18, Section 2.3.2.2].

CCW Line To RCP A Br aks Due To Damage During A LOCA. Since
the CCW line is ~mde the missile barrier in containment and is
therefore not protected, a value of 1.0 was assigned.

CCW Line To RCP B eaks Due To Datnage During A LOCA. Since
the CCW line ismeaide the missile barrier in containment and is
therefore not protected, a value of 1.0 was assigned.

HV COLDOUT Outdoor Temperature Consistently Below Freezing. It was conservatively
estimated that the temperature was consistently below freezing 30% of the
year. Consequently, a value of 0.3 was assigned.

RCMVD00515 Motor-Operated Valve 5/5 is Closed Due To PORV Leakage. The plant-
specific data for PORV 431C shows that the valve was isolated due to
leakage for a total of 4,142.7 hours. Therefore, the probability that block
valve 515 is closed at power is 6.47E-02 (4,142.7/64,054 Rx Critical
Hours).

RCMVD00516 Motor-Operated Valve 516 is Closed Due To PORV Leakage. The plant-
specific data for PORV 430 shows that the valve was isolated due to
leakage for a total of 34.1 hours. Therefore, the probability that block
valve 516 is closed at power is 5.32E-04 (3.41/64,054 Rx Critical Hours).

SIPPJLOOPA Conditional Probability That LOCA Occurs In RCS Loop A. This was
conservatively set to 0.1.

SIPP JLOOPB Conditional Probability That LOCA Occurs In RCS Loop B. This was
conservatively set to 0.1.
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Figure 3.3.2-1
Comparison of Motor-Driven Pump Failure Rates.

1.00E+00
T

1.00E-01

1.00E.02-

Q 1.00E-03

R 1.00E-04

~ 1.00E.05—

1.00E.06-

1.00E 07

SYSTEM

Rochester Gas & Electric Corporation R. E Ginna PRA Project

3.3.2-25





Figure 3.3.2-2
Comparison of Motor-Driven Pump Standby Failure Rates.
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Figure 3.3.2-3
Comparison ot'otor-Driven Pump Failure on Demand Probabilities.
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Figure 3.3.2-4
Comparison of Electrical Bus Failure Rates.
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Figure 3.3.2-5
Comparison of Circuit Breaker Reliability Parameters
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Figure 3.3.2-6
Comparison of Diesel Generator Reliability Parameters.

1.00E+00—

1.00E-01

FAILS TO START
(PER OEMANO)

FAILS TO RUN (/H)

C

1.00E.02

Q 1.00E-03

1.00E.04-

1.00E 05

GENERIC GINNA GENERIC GINNA

Rochester Gas & Electric Corporation R. E Ginna PRA Boject



3.3.3 Human Reliability Analysis

3.3.3.1 Methodology

The general approach for the overall human reliability analysis performed for the Ginna PRA is
depicted in Figure 3.3.3-1. The specific steps performed for the detailed HRA analysis are Steps
¹4-¹8 ofFigure 3.3.3-1. However, each step shown in Figure 3.3.3-1 is discussed briefly in this
section. The implementation of Steps ¹1 ¹7 specific to the Ginna PRA detailed HRA analysis
is discussed below while Step ¹8 is discussed in more detail in Section 3. Steps ¹1-3 were
performed as preliminary or input steps to the detailed HRA analysis which is documented in this
section.

3.3.3.1.1 Identification of Human Failure Events to Model in the PRA

Using the guidance given in the Human Reliability Analysis Task Procedure [Ref. 3.3.3-1],
human failure events to be modeled in the Ginna PRA were identified. The resulting list of
modeled HFEs is documented in Table 3.1.2-12 of Section 3.1.2.

, 3.3.3.1.2 Identification of Human Failure Events Which Require Detailed Analysis

Figure 3.3.3-1 shows Step ¹2 as a decision point for determining which HFEs are quantified with
screening values and which are quantified using detailed HRA analysis techniques. In reality,
all HFEs are initially quantified using the screening values. Human failure events requiring
detailed analysis were identified following initial quantification as described in Section 3.4 below.

3.3.3.1.3 Human Failure Events Screening Values

All HFEs were initially quantified using the screening valves recommended in Table 10 of
Reference 3.3.3-1. Table 3.1.2-12 shows the screening values used in initial quantification.

3.3.3.1.4 Human Failure Events Requiring Detailed Analysis

Human failure events requiring detailed analysis were identified from cut sets generated in initial
quantification of the Ginna PRA with the assistance of the Accident Sequence Analysis Task
Leader. With one exception, all HFEs which appeared in cut sets generated in initial
quantification were selected to be analyzed in detail. (See Section 4.0 for explanation.)
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3.3.3.1.5 Determination of Time Dependence

In this step, each HFE which required detailed analysis was analyzed for" time-dependence.
Procedures were reviewed in order to better understand the sequence of human actions required,
and the plant parameters which act as cues for human actions, for the applicable accident
scenarios. Estimates for the required timing of human actions were determined with the
assistance of the Accident Sequence Analysis Task Leader. Examples of sources for timing
information include systems analysis work packages and MAAP computer code runs. As a
general rule, human actions that were required to be performed in one hour or less were
considered time-dependent.

3.3.3.1.6 Selection of Model Type

Two methods of HFE quantification were used in the implementation of the Human Reliability
Analysis Task Procedure [Ref. 3.3.3-1] for the Ginna PRA: 1) The SAIC time-reliability
correlation (TRC) [Ref. 3.3.3-4]; and, 2) the Technique for Human Error Rate Prediction
(THERP) [Ref. 3.3.3-5]. The general principles used for selecting between these two
quantifications methods were:

1) The SAIC time-reliability correlation (TRC) was used to quantify the HFEs which
were identified as being time-dependent; and,

2) THERP was used to quantify HFEs which were identified as being time-
independent.

However, allowance for exceptions to these general rules could be accommodated on a situation-
specific basis when justified by arguments concerning human performance and human reliability
influences.

Specific application of the SAIC TRC and THERP methods of quantification in the Ginna PRA
are briefly described in the paragraphs below.

SAIC TRC: The nominal parameter inputs for the SAIC TRC model, given in Table 6 of
Reference 3.3.3-1 and described in Chapter 10 of Reference 3.3.3-4, are used for quantification
of time-dependent HFEs. The specific HFEs which required detailed analysis in the Ginna PRA
are all associated with in-CR, proceduralized actions. Consequently, the probabilities given in
Tables 10-8 and 10-9 of Reference 3.3.3-4 are applicable to the refinement of HFEs in the Ginna
PRA. Tables 3.3.3-1 and 3.3.3-2, which are expansions of these two tables from Reference 3.3.3-
4, were used in the quantification of time-dependent HFEs requiring detailed analysis.
Quantification using Tables 3.3.3-1 and 3.3.3-2 was accomplished with information concerning
1) the time available for operator action and 2) whether or not burden (e.g., hesitancy due to
conflict of goals or workload (see [Ref. 3.3.3-4])) could be a factor in human performance.
Although Tables 3.3.3-1 and 3.3.3-2 provide probability values which are as low as a factor of
10, a lower limit of 10 for acceptable probabilities has been assumed in this analysis.
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THERP: The THERP analysis approach [Ref. 3.3.3-5] falls into the general category of
decompositional approaches which use the human factors technique of task analysis to break tasks
into subtasks and associated performance shaping factors (PSFs). The major drawback of
decompositional methods is that, by reducing each task into reliability sub-units, the holistic
characteristic of human performance, which is important to reliability, is lost. Consequently,
detailed analysis of time-independent HFEs in the Ginna PRA has been limited to the application
of "THERP-like" probability values in a more holistic sense.

For ease of traceability, the probabilities used for quantifying time-independent HFEs also are
consistent with the summary of representative THERP probabilities given in Table 5-2 of
Reference 3.3.3-4. More specifically, since all of the HFEs analyzed in detail for the Ginna PRA
are associated with proceduralized actions and are conservatively assumed to be performed
without independent checking, only two THERP values were applicable in the process of
quantifying time-independent HFEs:

~ 3E-3 - omission in procedure, without checkoff, 5 10 items
~ 1E-2 - omission in procedure, without checkoff, > 10 items

Consequently, quantification of time-independent HFEs in the Ginna PRA ev'ents was
accomplished with information concerning: 1) The number of steps required to be performed and
2) whether or not there are any dependencies between modeled HFEs. Typically, the basic values
given above were reduced by a factor of 3 in order to account for dependencies between

events.'.3.3.1.7

Identification of Parameters

The parameters required for the two HRA quantification methods used are noted in Table 4 of
Reference 3.3.3-1. Since, as described above, all of the HFEs of analyzed in detail with the
SAIC TRC for the Ginna PRA were in-CR room, proceduralized actions, the only additional
factors required were burden and available time. Similarly, the HFEs quantified with THERP
were all proceduralized, errors of omission with no independent checking assumed.
Consequently, as described above, the principal factors (i.e., performance shaping factors) used
in quantification involving THERP were the number of individual items to be performed and any
dependencies between HFEs. However, procedural citations are included in the discussions of
specific HFE quantifications to promote better understanding of the modeled event and the bases
for its quantification.

3.3.3.1.8 Collection of Information

Three basic sources of information were used to determine the input parameters required of the
chosen quantification methods. Procedural reviews supplied input information to both
quantification methods. Secondly, interviews conducted with plant operators and shift supervisors
and observation of crews utilizing the Ginna control room simulator provided a variety of
information, such as a better understanding of the procedural pathway used for certain accident
scenarios and the specific interpretation of certain procedural steps (i.e., transitioning to FR-H. I
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[Ref. 3.3.3-6]). In addition, the same information sources noted in Section 3.1 were used to
determine the available time required as input to the SAIC TRC model.

3.3.3.2 Quantification of Identified Human Failure Events

As indicated in Section 3.4, with one exception, all HFEs contained in cut sets which were
generated in initial Ginna PRA quantification were analyzed in detailed: (The exception is event
AFHFDSWX03. Further examination of this event during cut sets reviews indicated that this
event would be more appropriately treated as a non-recovery event, in the Recovery Analysis
Work Package [Ref. 3.3.3-2], since it is defined to address AFW water supplies in addition to
that addressed by event AFHFDPCDO4, which is treated in the detailed HRA analysis.) The
HFEs which have been analyzed in detail were identified in cut set reviews performed with the
assistance of the Quantification and Recovery Analysis Task Leader. Table 3.3.3-3 shows all of
the HFEs for which detailed HRA analysis was performed, their refined probabilities, and the
quantification method used. As shown in this table, all of the HFEs which required detailed
analysis were post-accident HFEs.

A brief discussion of each HFE analyzed in detail is provided below. In particular, the
quantification method used and the factors which are judged to critically infiuence human
reliability (and quantification of human failure event probability) are identified.

3.3.3.2.1 Transfer Condensate from Hotwell to CSTs: AFHFDCD04

AuxiliaryFeedwater pumps PAF01A, PAF01B and PAF03 take suction from Condensate Storage
Tanks TCD02A and TCD02B. When the AFW system is running (e.g., in response to a transient
or LOCA), the CST supply will become depleted. It takes approximately 4 hours to drain the
CSTs. The initial cue for refilling the CSTs is given in a CAUTION statement just prior to Step
31 in E-0 [Ref. 3.3.3-8]. This initial cue is reinforced in the FOLDOUT to E-1 [Ref. 3.3.3-'9],
which is periodically monitored by operators in accordance with the NOTE preceding Step 1 of
this procedure.

Operators are directed to use ER-AFW.1 [Ref. 3.3.3-10] for refilling the CSTs. This procedure
provides instructions for supplying the AFW pumps from several alternate water supplies. In
order to provide alternate water supply from the hotwell specifically, Section 4.1 of ER-AFW.1
directs operators to perform nine (9) individual steps.

Quantification of this action takes into account the following human performance features:

1. The action is not time-constrained (i.e., time available from first cue is greater than
1 hour);

2. The action is proceduralized;
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3. No explicit checkoffs are required within the procedure to provide independent
checking; and,

4. Nine individual steps must be performed in order to successfully complete this action.

Since this action is not time-constrained, the quantification method used in THERP. The failure
probability for a proceduralized action, without checkoff, and involving a short-list of tasks (i.e.,
less than 10) is quantified as:

AFHFDCD04 = 3E-3

3.3.3.2.2 Isolate Ruptured Steam Generator EMS01A: CTHFDISOLA

Operators are directed in E-3 [Ref. 3.3.3-11], Step 3 and Attachment RUPTURED S/G, to isolate
flow from the ruptured steam generator in order to respond to a steam generator tube rupture
(SGTR). The limiting factor for this HFE is the depletion of Refueling Water Storage Tank
TSI01 prior to the establishment of RHR cooling. Since it takes a long time to deplete the
RWST, this HFE is considered time-independent. Consequently, a THERP-like'robability is
assigned to this HFE.

This action involves both in-control room (in-CR) and ex-control room (ex-CR) activities (i.e.,
E-3, Steps 3c and 3f, respectively). Since field operators will be directed by in-CR operators,
any diagnosis required for the performance of Step 3f would be coupled with in-CR activities.
However, based upon discussions with R-shift operators, it is expected that in-CR operators will
continue with subsequent steps of E-3 after providing instructions to field operators (i.e., these
activities are independent in their implementation). Although, the in-CR and ex-CR activities
involved with this overall action could have been modeled independently, they have
conservatively been modeled as a single event. Since this action is proceduralized and involves
less than 10 steps, the human failure event probability is quantified as:

CTHFDISOLA = 3E-3

3.3.3.2.3 Isolate Ruptured Steam Generator EMS01B: CTHFDISOLB

This HFE is identical to CTHFDISOLA, except that it applies to the isolation of ruptured Steam
Generator EMS01B. The same discussion given above for CTHFDISOLA applies.

CTHFDISOLB = 3E-3
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3.3.3.2.4 Restore Instrument Air to Containment After an Isolation Signal; IAHFDCNTBK

Following RCS cooldown in response to a SGTR, operators are directed (E-3, Step 16 [Ref.
3.3.3-11]) to ensure instrument air supply to containment, including restoration of service water
flow to Instrument Air Compressors CIA02A, CIA02B and CIA02C. This action occurs in the
midst of activities required for RCS depressurization and cooldown (see RCHFDCDDPR below)
which are time-independent. (In addition, instrument air must be available in order for
depressurization to be successful.) Consequently, this human failure event is also time-
independent and is quantified with THERP for proceduralized actions involving less than 10
steps:

IAHFDCNTBK= 3E-3

3.3.3.2.5 Trip Reactor Coolant Pumps After a Loss of Component Cooling Water:
RCHFDOORCP

Operators are directed by AP-RCP.1 [Ref. 3.3.3-12] to trip the RCP(s) ifpump seal integrity
cannot be ensured. According to WCAP-10541 [Ref. 3.3.3-13], RCP operation is permitted for
24 hours with the loss ofeither seal injection (i.e., CVCS) flow or cooling water (i.e., CCW) flow
fo the thermal barrier heat exchanger, but not the loss of both. However, this WCAP also states
that it is expected that seal integrity will be maintained "...for many hours" without any seal
cooling. Consequently, this action is considered time-independent and is quantified using THERP
for procedurized actions involving fewer than 10 steps:

RCHFDOORCP = 3E-3

3.3.3.2.6 Initiate Bleed and Feed Cooling: RCHFD01BAF

The actions performed for bleed and feed are indicated in FR-H.1, Steps 11-13 [Ref. 3.3.3-6].
The path through the EOPs to FR-H.1 with respect to secondary cooling is via Red Path Criteria.
The cue for performing bleed and feed (and transitioning to Steps 11-13) is defined when the
steam generator level and pressurizer pressure criteria given in FR-H.1 (Step 2) are satisfied.

MAAP runs which were performed in support of the Ginna Level 1 PRA also can be used to
provide proximate timing information. Specifically, the MAAP results generated for a loss of
secondary cooling scenario in which bleed and feed actions were delayed by approximately 30
minutes (MAAP run FB13E, [Ref. 3.3.3-14]) were used to approximate the time available to
perform the bleed and feed steps. These results showed substantial peaking of the hottest core
node temperature (e.g., greater than 1550') but not to temperatures at which core damage would
occur.
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Based upon these MAAP results, the time available for performing bleed and feed actions is
conservatively assumed to be approximately 30 minutes. Using the SAIC TRC for in-control
room, rule-based actions without burden, the human failure event probability for a time available
of 30 minutes is:

RCHFD01BAF = 2.35E-4

3.3.3.2.7 Cooldown to RHR After Safety Injection Fails - SSLOCA: RCHFDCDOSS

This event is used in small-small LOCA (SSLOCA) sequences in which SI fails. Under these
conditions, core damage can still be averted if the RCS is rapidly depressurized to the RHR
shutoff head and RHR is put into service. Procedures ES-0.2 [Ref. 3.3.3-15] and ES-03 [3.3.3-
16] apply to this action but the procedure path into these procedures under the conditions of
SSLOCA without SI is unclear.

The applicable MAAP run, SLOCA22 [Ref. 3.3.3-17], provides an available time of 60 minutes.
Since the action is proceduralized, use of the SAIC TRC for rule-based actions is indicated.
However, in order to address the additional requirements of the operators to make the appropriate
procedural transition without clear guidance', the TRC with burden is recommended:

3.3.3.2.8 Cooldown and Depressurize RCS Following SGTR: RCHFDCDDPR

Operators are directed to cooldown and depressurize the RCS in Steps 13a-d, 20 and 21 in E-3
[Ref. 3.3.3-11] in order to respond to a SGTR. The RCS depressurization and cooldown steps
have been modeled as a single HFE since these activities are coupled. For instance,
depressurization can be successful only if cooldown is successful. Dependence between
cooldown and depressurization activities is reinforced by the caution before Step 18 which
instructs operators that RCS cooldown must be completed before proceeding through Step 18.

(There is no other pathway from Step 13 to Step 20 except through Steps 14-19.)

'ote: Since the procedure set does not contain explicit guidance on the procedure transitions
involved in this action, successful performance of this action would require a "work-around," or
circumvention.
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The major timing concern with respect to this action is the depletion of the RWST before
cooldown can be accomplished. However, event if the affected steam generator is not isolated,
RWST depletion will take a relatively long time. Consequently, this action is considered time-
independent and THERP, for a proceduralized action involving less than 10 steps and without
checkoff, is basis for the quantification of this human failure event. However, an additional
factor of 3 reduction is recommended to credit the fact that isolation actions have been
successfully performed when cooldown and depressurization steps are reached.

RCHFDCDDPR = 1E-3

3.3.3.2,9 Cooldown to RHR After SGTR Isolation Fails: RCHFDCDTR1

The applicable MAAP run, RUH2I [Ref. 3.3.3-18], for this event indicates an available time of
30 minutes. Like RCHFDCDOSS, this event involves rapid depressurization of the RCS to the
RHR shutoff head but with non-specific procedural guidance concerning the required procedure
transitions. Consequently, this event is also quantified using the SAIC TRC for rule-based
actions, with burden:

RCHFDCDTR1 = 1.04E-2

3.3.3.2.10 Cooldown to RHR After SI Fails - SGTR: RCHFDCDTR2

The applicable MAAP run, RUH2C [Ref. 3.3.3-19], for this event indicates an available time of
45 minutes. Like RCHFDCDOSS, this event involves rapid depressurization of the RCS to the
RHR shutoff head but with non-specific procedural guidance concerning the required procedure
transitions. Consequently, this event is also quantified using the SAIC TRC for rule-based
actions, with burden:

RCHFDCDTR2 = 3.94E-3

3.3.3.2.11 Close PORV Block Valve to Terminate LOCA: RCHFDPLOCA

Operators are instructed in both E-0 (Step 22a) [Ref. 3.3.3-8] and E-1 (Step 7b) [Ref. 3.3.3-9]
to manually close any open PORVs,,or to close their associated block valves. However, this
action is defined as successful if an open PORV is closed anytime during the injection phase.
(The dominant cut sets in which this action appears are all long-term sequences.) Consequently,
this human failure event is considered time-independent and is quantified using a THERP-like
number. Specifically, the failure probability used for a proceduralized action, without checkoff,
and a short list of steps. such as that used for AFHFDCD04 and MSHFDOCOOL, is reduced by
a factor of 3 to credit for the replication between the E-O and E-1 instructions:

RCHFDPLOCA = 1 E-3
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3.3.3.2.12 Establish and Maintain RHR Cooling Following SGTR: RHHFDOSGTR

This event models failures to successful establish and maintain shutdown cooldown with RHR
following a rapid depressurization in a SGTR accident scenario. Previous depressurization
actions have been successful, RHR hardware is available, and shutdown cooling entry conditions
are met. Furthermore, actions taken for rapid depressurization are coupled with this action since
preceding action are performed specifically for the purpose ofgetting into shutdown cooling (i.e.,
diagnosis is not required for this action; already occurred in prior to performance of rapid
depressurization). Also, this action is not time-constrained. Consequently, this HFE is quantified
using THERP for proceduralized actions involving less than 10 steps, but reduced by a factor of
3 to account for previous successful (and coupled) actions.

RHHFDOSGTR = 1E-3

3.3.3.2.13 Switchover to Recirculation Cooling: RRHFDRCROA, RRHFDRCROM,
RRHFDRCROS, RRHFDRCRSS

In a caution given before Step 1 of E-1 [Ref. 3.3.3-9], as well as in cautions and notes given in
other EOPs, operators are directed to ES-1.3 {Ref. 3.3.3-20] in order to switch from the injection
phase, in which water is supplied from the RWST, to recirculation, in which water is supplied
from the containment sump, when the RWST is depleted. The specific cue for switchover to
recirculation is RWST level of 28%. The time available for performing the steps given in ES-1.3
is the time from the switchover cue until the RWST is completely depleted (i.e., 070 level).

Based upon the discussion above, actions associated with recirculation switchovers should be
quantified using the SAIC TRC for in-control room actions without burden. However, different
available times (or times to depletion of the RWST) are expected for different LOCA sizes.
Consequently, four different HFEs have been defined for each of the four, respective LOCA
sizes.

3.3.3.2-14 Large LOCA Switchover to Recirculation Cooling: RRHFDRCROA

In the Ginna UFSAR [Ref. 3.3.3-21, p. 6.3-28] there is a discussion of RWST level versus time
for the maximum LOCA size possible with all ECCS and containment cooling pumps operating.
The UFSAR states that, for this maximum LOCA size, the RWST level drops from 28% (i.e.,
the alarm which cues operator to switchover) to 15% (i.e., the low-low level alarm) in 8 minutes.
Current emergency procedures direct that two RHR pumps, an SI pump and a containment spray
pump be stopped when the 28% level alarm is received. These actions result in a reduced RWST
depletion rate. With 44.525 gallons of inventory available between the two alarm points. and
assuming a combined Sl / CS tlow of 2,600 GPM results in a duration of more than 17 min'utes.
This calculation allows no credit for RWST inventory between the 15% level and the injection
suction point of 45,210 gallons.
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Using 17 minutes as the available time with the SAIC TRC for rule-based, in-CR actions without
burden, this HFE is quantified as:

RRHRDRCROA = 4E-3

3.3.3.2.15 Medium LOCA Switchover to Recirculation Cooling: RRHFDRCROM

For MLOCA, the rate of RWST depletion is dependent on break size, and not ECCS
configuration. Consequently, MAAP runs were used to determine the available time for
recirculation switchover. for MLOCAs. The applicable MAAP run for MLOCAs is 9S51BC2E
I Ref. 3.3.3-22]. Table 2 in the Event Tree Work Package [Ref. 3.3.3-3] summarizes MAAP run
results, including the time to RWST depletion (i.e., 0% level). For MAAP run 9S51BC2E,
RWST depletion occurs at 8.5 hours. Assuming a constant depletion rate, the cue (i.e., 28% level
alarm) will occur at:

t =0.28 x8.5h
= 2.38 h

Ordinarily, with such a long available time, this action would be considered time-independent.
(From Table 3.3.3-1, TRC-generated values for such times are smaller than the lower acceptable
limit defined in Section 3.6.) However, in order to be consistent with the quantification ol'he
parallel action for LLOCA; this action is quantified with the lower accep'table limit of TRC
values, i.e.,

RRHRDRCROM = 1E-4
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3.3.3.2.16 Small LOCA Switchover to Recirculation Cooling: RRHFDRCROS

For SLOCAs, like MLOCAs, MAAP runs were used to determine the available time for
recirculation switchover since the rate of RWST depletion is dependent on break size, and not
ECCS configuration. The applicable MAAP run for SLOCAs is 9S IBCD2 [Ref. 3.3.3-23] which,
according to Table 2 in the Event Tree Work Package [Ref. 3.3.3-3], has an RWST depletion
time of 10.9 hours. Assuming a constant depletion rate, the cue (i.e., 28% level alarm) willoccur
at:

t = 0.28 x 10.9 h

= 3.05 h

Hence, the available time for recirculation switchover for SLOCAs is long, like that for
MLOCAs. Consequently, the lower acceptable limitof TRC values is used to quantify this HFE
also:

RRHRDRCROS = 1E-4

3.3.3.2.17 Small -Small LOCA Switchover to Recirculation Cooling: RRHFDRCRSS

For SSLOCAs, like both MLOCAs and SLOCAS, MAAP runs can be used to determine the
available time for recirculation switchover since the rate of RWST depletion is dependent on
break size, and not ECCS configuration. The applicable MAAP run for SSLOCAs is
9S11BCDE-2 [Ref. 3.3.3-24] which, according to Table 2 in the Event Tree Work Pacl'age [Ref.
3.3.3-3], has an RWST depletion time of 13.5 hours. Assuming a constant depletion rate, the cue
(i.e., 28% level alarm) will occur at:

t = 0.28 x 13.5 h

= 378 h

Hence, the available time for recirculation switchover for SSLOCAs is long, like that for both
MLOCAs and SLOCAs. Consequently, the lower acceptable limit of TRC values is used to
quantify this HFE also:

RRHRDRCRSS = l E-4
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3.3.3.3 Summary

Table 3.3.3-3 lists all of the HFEs which were quantified in detailed HRA analyses for the Ginna
PRA. Table 3.3.3-4 lists all of the pre-accident HFEs modeled, their associated descriptions and
screening values. Table 12 of Reference 3.3.3-3 lists all the post-accident HFEs and their
associated screening values, including those which were not refined in the Detailed HRA Task.
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Table 333.1
SAIC TRCt RULF BhSED WlTHOUTHESITATION

median rcaponte time (m) 2 min; EFa 32; EFv 1.68

I.OOe+00 8.15e.OI 5.00e Ol 3.00c Ol 1.85e.01 1.18e.01 7.80e.02 528 e-02 3.67e.02 2.60c.0
2

10 1.88e»02 1.38e-02 1.03e.02 7.Sic-03 5.98c-03 4.63e-03 3.62e.03 2.85e-03 227c.03 1.82c.O

3

20 IA7e-03 1.19e-03 9.77e»04 8.04e-04 6.65e-04 S.S3e.04 4.62e.04 3.87e-04 2.76e.0
4

30

40

23Sc-04 2.00c-04 1.71c-04

5.46e-05 4.79e-05 421e.OS

1.47c-04

3.7 le.05

1.09e.04 9ASe-05

327e-05 2.89c.05 236c.05

82 le OS

228e.05

7.15e 05

2.02» 0$

624 e.0

5

1.80e.0
5

50 ).6 1c.05 1.44c.OS 129e.05 1.15e-05 I.Ote.05 9.32c.06 8,40e.06 7.57e 06 6.84» 06 6.18e 0
6

5.59e-06 S.07c.06 4.60e.06 4.18e.06 3.80c.06 3.46e.06 3.15e.06 2.88e.06 2.63e 06 2AOe 0
6

70 2.01e.06 1.69e.06 I.SSe-06 1.43e 06 I:31e-06 1.2 le.06 I. I Ie.06 1.03c-O

6

80 9.47e-07 8.75c»07 8.08e-07 7A8e-07 6.92e-07 6.41e.07 5.94e-07 5.5 Ic-07 S.l le 07 4.74e.0
7

4A1c.07 4.10e-07 3.8 le.07 3.55e-07 3.30e-07 3.08e.07 2.87e.07 2.68e.07 2.50e.07 2.33e 0
7

100 2.18c-07 2.04e.07 1.9 Ie.07 1.78e.07 1.67e-07 1.56e.07 IA7e.07 1.37e.07 129e.07 I2 I e.O

7

110

120

1.14e-07 1.07c.07 1.00c.07

6.19«-08 5.83e.08 5.50e.08

9.43e.08

5.19e.08

8.87e.08 8.34e-08 7.85e.08

4.90c-08 4.63c.08 4.38e 08

7.39e.08

4.14e.08

6.96e.08 6.$ 6e 0
8

3.91e.08 3.70e.O

8

Rochester Gas & Electric Corporation
3.3.3-14

R. E. Ginna PRA Project



Table'333-2
SAIC TRC: RULE-BASED WITH HESrrATION

median response time (m) 2 min: EF„6.4; EF„1.68

10 8.48c.02

723e-Ol 5.00e-OI 3.6$ e.OI

728e.02 6.3 le-02 S.S le.02

2.77c-01

4.84e-02

2.17e-OI 1.74e.OI 1.42c-01

427c 02 3.80e-02 3.39e.02

1.18e.OI

3.04c-02

9.96e.0
2

2.73e.O

2

20 2A7c-02 224 e.02 2.04e-02 1.86c.02 1.70e-02 1.56e-02 1.43c-02 1.32c-02 1.22e.02 1.12e.O

2

30 1.04e-02 9.66e.03 8.98e-03 8.37e 03 7.80e 03 729c 03 6.82e.03 6.38e 03 5.99c 03 5.62e.O

3

40 528e-03 4.97e-03 4.68e.03 4.42e 03 4.17e-03 3.94e 03 3.72c 03 3.53e.03 3.34e.03 3.17e-O

3

50 3.0 1c.03

1.85e-03

2.8$ e-03 2.71e-03 2.58e.03

1.77e-03 1.69e 03 1.62e.03

2.45e-03

I.SSe.03

2.34c.03 223e.03 2.12e 03

1.48c.03 1.42e.03 1.36c.03

2.03e-03

1.3 le 03

1.94e.O

3

1.26e.0

3

70 121c-03 1.16e.03 I.l lc-03 1.07e.03 1.03e 03 9.90c-04 9.53e.04 9.18e-04 8.84e 04 8.52e-O

4

80 82lc.04 7.92e.04 7.64e.OI 7.37c 01 7.1 le.04 6.87e-04 6.64e.04 6A le-04 5.99e.0
4

90 S.79c-04 S.42e.04 52$ e.04 S.08e-OI 4.92e.01 4.77e.04 4.62e.04 4 48e.OI 4.34e 0

421c-04 4,08e.04 3.96e-04 3.84e 04 3.73e.04 3.62c.04 3.5 le.04 3 Ale-04 3.32e 04 322 e.0
4

110 3.13e 04 3 Ole.04 2.96c-04 2.88e 04 2.80e.04 2.72c.04 2.65e 04 2.58c.04 2.S le 04 2.44e 0
4

120 2.38e.04 2.3 le 04 225e 04 2.14e-04 2.08e-04 2.03e.04 1.98e-04 1.93e 04 1,88e 0
4
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TABLE333-3
REFINEMENT OF HUMANFAILURE EVENTS: GINNA PRA

HFE Event

AFHFDPCD04

Refined
Probability

3c-3

Quantification
Method

THERP

Definition

Operators fail to provide water to the CSTs from
thc Hotwcll

CTHFDISOLA

CTHFDISOLB

IAHFDCNTBK

RCHFDOORCP

RCHFDOI BAF

RCHFDCDOSS

RCHFDCDDPR

RCHFDCDTRI

3c 3

3e 3

3e 3

3c 3

2.35e-4

1.85c-3

lc-3

1.04e-2

THERP

THERP

THERP

THERP

SAIC TRC

SAIC TRC

THERP

SAIC TRC

Operators fail to isolate S/G A after failure of
tubes

Operators fail to isolate S/G B aAcr failure of
tubes

Operators fail to restore IA to thc containmcnt
(AOV 5392, SW to IA compressors)

Operators fail to trip RCPs after loss of CCW
support

Operators fail to implement bleed and feed

Operator fails to cooldown to RHR aAcr Sl fails-
SS LOCA

Operator fails to cooldown and depressurize RCS
during SGTR given Sl operation

Failure to cooldown to RHR after ruptured S/G
isolation fails

RCH FDCDTR2

RCHFDPLOCA

RHHFDOSGTR

RRHFDRCROA

RRHFDRCROM

RRHFDRCROS

RRHFDRCRSS

3.94e-3

le-3

le.3

4c-3

Ie-4

le-4

lc.4

SAIC TRC

THERP

THERP

SAIC TRC

SAIC TRCt

SAIC
TRC'AIC

TRC'perator

fails to cooldown to RHR aAer Sl fails-
SGTR

Operators fail to close PORV block valve
(515/516) to tcrminatc LOCA

Failure to establish and maintain RHR cooling
following SGTR

Failure to Switch to Recirculation AAcr LLOCA

Failure to Switch to Recirculation AAcr MLOCA

Failure to Switch to Recirculation AAer SLOCA

Failure to Switch to Recirculation After SSLOCA

'ased upon the "lowest acceptable limit" of values generated by the SAIC TRC
quantification method.

Rochester Gas & Electric Corporation
3.3.3-16

R. E. Ginna PRA Project



Table 3.3.3-4
Pre-Accident Human Failure Events Modeled in the Ginna PRA

Name Probability Dcseriptioa

AFIIFLOAFWA
AHIFMABVB
AHIFLSAFWA
AH IFLSAFWB
AFIIFLTDAFW
CCIIHA)780A
CCl ill/)7)toit
CSIII IJ)tt96A
('Sill:IS)8961)
CSI II'I.TRA.'4A

CSIIF I.TRANI)
I IVIIH.'iAIWA ~

I IVI ill>AIWB
IIVIIH. SAIiW
hlSIIFl.ARV A
h(SI IF1&RV 8
RCIIFLO(31 K
RCI IFLC42911

RCI 111.('.4308

RCI IFLC431 8
RCI Ill.C4311)

RCI IF1JC450
RCI IFLPC451

RCI IH.PC452
RCI IH.PIA51
RCI llibliT429
RCI IFLPf430
RCI lliLPf431
RCI IHZf449
RCI IFLPf450
RCI IFLPf452
RIIIIFLACOIA
RIIIIFIACOID
RRI IFL00856
RRH~850A
RRIIFL08508
SIIIFL08578
Sll IFL0871A
S IIIFL08718
SUIH.857AC
Sll IH.l'Sl I A
Sll IH.I".ilI 8
SI IIH.I'S1 I (

3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.t)0E43
3 t)i)lou)3

) i)III(4)s
3 wlht) t
).Nl1143

3.t)i)8143

3.(X)E43
3.00E43
3.00L43
3.00E43
3.00 E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00843
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3.00843
3.00E43
3.00E43
3.00E43
3.00E43
3.00E43
3 00E43
3 OOE43

3 00114A

3 ts)E4s

Failure to restore AFW Motor Driven Pump Train I A to service post test/maiat
Failure to rcstorc AFW Motor Drivea Pump Train I8 to service post test/main(
Failure to rcstorc SAFW Pump Traia IC to service post test/maint
Failure to rcstorc SAFW Pump Train ID to scrvicc post test/maint
Failure to restore TDAFW pump usia to service post test/maintenance

CCW TIIROITIJNG VAI.VE780A hlISPOSnlONED
( ('W lllROITUN(iVAI.VE 7808 hllSPOSfllONED
hl >tot Operated Valve tt96A ls lwft Unavailab)e After Testing Or h(aintenanee
hbsor ()perated Valve tt968 ls Left Unavailable After Testing Or hlaintenaaee
Operators liail To Restore CS Train A Equipment After Testing Or hlaiatenanee

Operators Iiail To Restore CS Traia 8 Equipinent After Testing Or htaintenanec
I.ATILTIIUhIANERRORS IN SAFW.A COOUNG IYCL SWITCII.APOSfllON
LATE)vT IIUhlANERRORS IN SAFW.B COOLIYG INCL SWITCII 8 POSnlON
OPERATOR PA(IS TO DISCOVER ROOM IIEATIYGFAILURE IN SAFW ROOM
LAll"vTIIUhlANERROR DISABLES ARV 3411

LATEÃfIIUhIANERROR DISABLES ARV 3410
CONTROLLER PC-)31 K hIISCAUBRATED
ALARSI PC-)298 hlISCAUBRATED
ALARhl PC-4308 hlISCAUBRATED
*I&RhIPC-)3)8 hlISCAUBRATED
ALARhl BISfABIEPC-)31 F hlISCALIBRATED
ALARMPC-450 hllSCALIBRATED
ALARMPC.451 hILiCALIBRATED
ALARMPC-452 MISCAI.IBRATED
PRESSURE TRANSMfITER Pf-)51 hllSCALIBRATED
PRESSURE TRANShllTfER Pf-)29 hIISCAUBRATH)
PRESSURE TRANSSIITI'ER 1%430 hlISCALIDRATED
PRESSURE TRANShIIITER lq'-)31 MISCAUBRATED
PRESSURE TRANShlllTER Pf (49 hllSCALIBRATED
PRESSURE TRANSMI1TER IV-(50 hllSCAUDRATED
PRESSURE TRANShlfITER Pf-152 MISCAUDRATED
LATENfIIUhIANFAILURE OF RHR PUSIP A (PACOI A)
LATENflluhlANFAILURE OF RIIR PUhlP 8 (PACOID)
LATENfllahIANFAII.URE ON hIOV 856

I.ATENfIIUMANFAILURE OF hlOV 850A

LATENfIIUhIANFAILURE OF hIOV 8508
Latent Ilunua Failure of hlOV 8578
I&ten Ilunun Failure of hIOV 871A
latent llunun Failure of hIOV 8711)

latent llunun Failure of hlOV 857A OR 857C

()perators fail to rcstorc PSIOI A equipnieat aBer test or maintenance

()peraairs fail ni restore I'SIOI 8 equipnient after test ur nuintenanee
()peiators fail t i rest<sr I SIOI( equipment after test or nuintenanee
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3.3.4 Common Cause Failure Data

3.3.4.1 Introduction

This section describes the development of common cause failure data for use in the R.E. Ginna
PRA project. Common cause failures are a subset of dependentfailures, which are failures that
defeat the redundancy or diversity that is employed to improve the availability of plant safety
functions (e.g., coolant inventory control, etc.).

Common cause failures have been addressed in the Ginna PRA by incorporating appropriate
common cause basic events in the integrated plant logic model. This section discusses how data
was provided for quantifying all such events in the model documented in Ref. 3.3.4-1.

3.3.4.2 General Technical Approach

The beta factor method [Ref. 3.3.4-2] has been used to model common-cause failures in the
Ginna PRA. Common cause basic events have been directly incorporated into the fault tree
models, and represent the failure of all components within a defined group (termed the common
cause group) by a specified failure mode (e.g., all safety injection pumps fail to start on demand)
due to all relevant common causes. It should be noted that:

1. Components within. a common cause group have similar attributes and failure
mechanisms, and are functionally redundant with respect to each other.

The specific origins of common cause failure (e.g., shock, high temperature,
manufacturing defects, etc.) are not specifically defined.

The probabilities of common cause basic events are determined"by':„

Pr[CCF) = Pr[single component fails) .
P

where P, termed the beta factor, denotes the probability that all components within the common
cause group fail given the failure of any single component within the group.

The beta factor'method has been widely used in previous PRAs of nuclear power plants. As
noted in NUREG/CR-4780 [Ref. 3.3.4-3, p. 3-21]:

Rochester Gas & Electric Corporation
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Although historical data collected from the. operation of nuclear power plants indicates
that common cause events do not always fail all redundant components, experience from
using this simple model shows that, in many cases, it gives reasonable accurate (only
slightly conservative) results for redundancy levels up to about three or four items.

Estimates for beta factors can be made from examination of plant-specific experience; generic
estimates for major equipment types have also been published. The plant-specific data developed
for the Ginna PRA has been examined for indications of common cause failures [Ref. 3.3.4-4],
and sixteen events were identified. In assessing the usefulness of this information in the
estimation of CCF beta factors for use in the Ginna PRA, several observations are relevant:

1. The data window for the Ginna PRA covers nine calendar years, from January 1, 1980
until December 31, 1988. Since CCF events are less likely than independent failures, it
is not surprising that only a few events were identified.

2. The plant specific data analysis scope does not address all components modeled in the
PRA which are susceptible to common cause failure; however, the data scope also
included additional components not included in the PRA.

Accordingly, it was decided to use a combination of generic data and plant-specific experience
(incorporated through Bayesian updating) to determine the final CCF beta factors.

3.3.4.2.1 Generic CCF Data

Generic estimates for beta factors, obtained through a literature search, are listed in Table 3.3.4-1.
For components and/or failure modes not expressly listed in Table 3.3.4-1, a beta factor of 0.1
is suggested. This is considered appropriate since ifindustry CCF programs have not identified
a beta factor for the subject component, it has most likely not exhibited a high failure rate due
to common cause. When performing the quantitative uncertainty analysis, these values should
be taken as the mean value of a log-normal distribution with an error factor of 3.0 [Ref. 3.3.4-6,
p. 6-12].
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3.3.4.2.2 Bayesian Analysis

The steps involved in performing a Bayesian update are (1) development of prior distributions,
(2) development of likelihood data, and (3) development of the posterior distribution. Moment
matching was used to convert the log-normal distributions associated with the generic beta factor
data into beta-distributed prior distributions:

a = —= —= 0.668
1n(ef) ln(3)
1.645 1.645

\

where a denotes the logarithmic standard deviation and ef denotes the log-normal error factor
(equal to 3.0 as noted in Section 3.3.4.2.1). The variance, V, of a log-normal distribution is
related to the mean, M, and a by:

V = M'(e+ — 1) = M'(e'~' 1) = 0.562 M'3)
The beta distribution is a two-parameter distribution (e and P), with mean and variance:

(4)

Thus, the parameters u and P can be uniquely determined in terms of the mean and variance:
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M(1~
V

-M(1-M)
0.562

M(1-M)2
V

-(1-~',M
0.562M

The Bayesian update is performed by changing the values of u and P:

u'u +f
P'P +fr

(6)

where f, denotes the number of independent failures ofall components in the CCF group, and f«~
denotes the number of common cause failures of the group. Note that u'nd P're the
parameters of the beta-distributed posterior distribution. To provide distributions suitable for use
in an uncertainty analysis, Equations (2) and (3) were used to convert the posterior distribution
into a log-normal distribution, noting that the error factor is the ratio of the ninety-fifth percentile
to the median:

Bayesian updated CCF beta factors were determined for all CCF events whose CCF group
boundaries (EINs) were within the scope of the plant specific data analysis. Table 3.3.4-2 shows
(1) the determination of the CCF group boundaries, identifies the associated CAFTA CCF beta
factor event, and provides the statistical computational details. It should be noted that CCF
events which have the same CCF group boundary have been grouped together in Table 3.3.4-2.
(For example, SI pumps fail to run during injection, SICCMPSIIY, and SI pumps fail to run
during recirculation, SRCCMPSI1Y, have the same set of EINs in common: PSI01A, PS101B,
and PSI01C.)

It should be noted that one beta factor may be applied to more than one common cause failure
event. (For example, AFAVPCCF$$ is used to quantify events AFCCPRECLA and
AFCCPRECLB.) Such beta factors may have two or more estimates, depending on plant-specific
failure history of the components comprising the associated common cause group. An aggregate
beta factor was developed by forming a mixture distribution as described in Section 3.3.1.
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ef'. = exp 1.645

= exp 1.645
a/(a/+P '+1)

3.3.4.3 Results

Final common cause beta factors for use in the Ginna PRA are listed in Table 3.3.4-3. The
distribution of estimation methods (generic, Bayesian updating, or aggregation) are:

M~eth d ~Percenta

generic 11 (7 of 65)

Bayes (1) 35 (23 of 65)

Bayes (2) 31 (20 of 65)

Bayes (3) 11 (7 of 65)

Bayes (4) 2 (1 of 65)

aggregate 10 (7 of 65)

~Desert ti n

failure data not collected in plant-specific data analysis

no independent or common cause failures observed

some independent failures, but no common cause failures

some independent and common cause failures

no independent failures, but some common cause failures

two or more beta factors estimates determined using Bayes
(I) or Bayes (2) method

Thus, while some components have experienced common cause failure during the data window,
there is no indication that the rate of common cause failure is of general concern at Ginna.
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Table 33A.I
CohlMON-CAUSE BETA FACTORS

Dcccnprion

Air-opcratcd valve fails to open or fails to close

Battery failures

Check valve fails to open or fails to close

Check valve transfers closed (plugged)

Check valve rcversc leakage

Core flux sensors (except LPRMs) inoperable

Diesel generator faih to start or faih to run

Level, pressure, flow sensor inoperable

Local power range monitors inoperable

hfotor.driven fan fails to start or run

Motor-operated valve fails to open or fails to close

htotor-operated valve transfers closed (plugged)

Pressure and lcvcl switches inoperable

Pump (AFW) fails to start or fails to run

Pump (service water, component cooling water, river water, intake
cooling water, salt water cooling, cooling tower, or reactor
equipmcnt cooling) fails to start or faih to run

Pump (alternating service, normally operating part of thc time) fails
to start

Pump (alternating scrvicc, normally operatmg part of the time) fails
to run

Vn/uc

0.191

0.08

0.06

0.337

0.104

0.511

0.05

0.01

0.689

0.13

0.08

0.669

0.232

0.03

0.03

0.093

0.041

Rcfcnncc

NUREG/CR-2770, p. 52

NUREG/CR-4780, p. 4-71

NUREG/CR-4780, Table 3-7

NUREG/CR-2770, p. 62

NUREG/CR-2770, p. 64

NUREG/CR-3289, p. C-20

NUREG/CR-4780, Table 3-7

NUREG/CR-32&9, p. C-44

NUREG/CR-3289, p. C-30

NUREG/CR-4780, Table 3-7

NUREG/CR-4780, Table 3-7

NUREG/CR-2770, p. 92

NUREG/CR-3289, p. C.6

NUREG/CR-4780, Table 3-7

NUREG/CR-4780, Table 3-7

NUREG/CR.2098, p. 68

NUREG/CR-2098, p. 71

Pump (standby service, not normally running except for test) fails to
start

0.311 NUREG/CR-2098, p. 128

Pump (standby service, not normally running except for test) fails to 0.141 NUREG/CR-2098, p. 130

Pump (safety injection, high pressure injection) fails to start or fails
to run

0.17 NUREG/CR-4780, Table 3.7

Pump (residual heat removal, low pressure injection) fails to start or
faih to run

0.1 1 NUREG/CR.4780, Table 3.7

Pump (containment spray) fails to start or fails to run

Pump (charging) fails to start

Pump (charging) fails to run

0.05

0.252

0.016

NUREG/CR-4780, Table 3-7

NUREG/CR-2098. p. 144

NUREG/CR-2098, p. 146
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Table 33A.I
CohthION-CAUSE BETA FACTORS

Descrrprion Value Re/crence

PWR safety/relief valve fails to open

Reactor coolant tcmpcrature detector inoperable

Signal conditioning system (source range flux, intermediate range
flux, power range flux, power.to-flow, rate of change of flux,
T-average/delta T, overpower/delta T, over temperature/delta T,
reactor outlet tcmpcrature, reactor coolant pressure,
pressure/temperature or thermal msrgin/low pressure, reactor coolant
flow, steam flow/feed flow mismatch, stcam generator water lcvcl,
pressurizer level, steam generator pressure, containment pressure,
flow unit) inoperable

0.07

0.216

0.219

NUREG/CR-4780, Table 3-7

NUREG/CR-3289, p. C-36

NUREG/CR-3289, p. C-62

stcam line radiation monitor inoperablc 0.075 NUREG/CR-3289, p. C-90
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Table 33.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Event(s)

T)'pc
Code E1N fi f~

Beta Factor
Event

hf'CCCDGXTIE

AC„CB D TOTAL

52/EGIAI

ACCBDCCF$$ 0.1 1.5 13.1 2.50 18.1 1.21 e-01 2.42e+00

AIX Cnh1()VYA AF hlV D

52/EGIA2

52/EGIB I

52/EGI B2

TOTAL A&IVDCCF$$ O.l 1.50 13.5 I 1.50 1351 1.00e-01 3.00e+00

Al'CCDhI()VYB Al'IVD

AFCCIXIDAFW AF„hIP F

AFCCFSARVA

AF+IPJ'FCCPCROSS

AVIV P

TOTAL

970 1 A

970IB

TOTAL

Pl W02A

PFW02B

TOTAL

PFW03A

PFW03B

TOTAL

0 AFMVDCCF$$

0 AFhIPFCCF$ $

AFhIPFCCF$ $

AFMVPCCF$$

0.1

0.03

0.03

0.08

1.50 13.51 1.50

1.70 54.82 1.70

1.70 54.82 1.70

1.56 17.90 1.56

13.51

54.82

54.82

17.90

1.00e.01 3.00e+00

3.00e-02 3.00e+00

3.00e-02 3.00e+00

8.00e 02 3.00e+00
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Table 33A-2
BAYESIANUPDATED BETA FACTORS

CCF
El'eltt($)

T)pe
Code

Beta Factor
Event

a''FCCPCSTCVAFCV P TOTAL AFcvPCCFSS 0.06 1.61 25.25 6.00e-02 3.00e+00

4016

Al'CCPDIS(.A Al'V P

4017

TOTAI. Al<VPCCF$$ , 0.06 1.61 1.61 25.25 6.00e.02 3.00e+00

4010

AFCCPDISCB Al'V P

3')98

TOTAL AFcvpccrss 0.06 1.61 25.25 1.61 25.25 6.00e-02 3.00e+00

AFCCPRFCt.A AFAV P TOTAI. 0 Al'AVPCCFSS 0.191 1.25 5.29 1.25 6.29 1.66e-OI 3.07e+00

AFCCPRECLB

ArCCPSmVX

, 4310

AF~V P TOTAL

9710A

9710B

AF MV+ TOTAL

AFAVPCCF$$ 0.191 1.25

ARIVPCCF$$ 008 1.56

5.29

17.90

1.25 5.29 1.91e-01

1.56 17.90 8.00e-02

9703B
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Table 33.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Eve(s)

ape
Code E/N

Beta Factor
Evettt

a'FCCPSGINAAF CV P TOTAL AFCVPCCF$ $ 0.06 1.61 25.25 1.61 25.25 3.00e+00

Al'( ( I'(ilNB Al''V P TOTAI.

970SA

970SB

AFCVPCCF$ $ 0.06 1.61 25.25 1.61 25.25 6.00e-02 3.00e+00

AI'('(:SMI)Ale Al'P S TO'fAI.

PliV02A

PPV02B

~ilPSCCF$ $ 0.03 1.70 54.82 1.70 54.82 3.00e-02 3.00e F00

Af<CSSARVA Al'+IP S TOTAI.

Pliv03A

PRV03l3

CCCC738A/B CC MV> TOTAL

738A

738B

CCCCPUMP/R CC MPJ'OTAL
PAC02A

PAC02B

APi IPSCCF$ $ 0.03

CCilIVPCCF$$ 0.08

0 CCivlPFCCF$ $ 0.03

1.70

1.56

1.70

54.82 1.70 55.82

17.90 1.56 19.90

54.82 1.70 55.82

7.25e-02

2.95e-02

3.00e+00

3.02e+00

Rochester Glts & Electric Corporation R. E. Ginna PRA Project



CCF
Event(s)

+pe
Code E/N

Table 3.3.4-2
BAYESIANUPDATED BETA FACTORS

Beta Factor
Event

a'CCCPUMP/SCC MP~ TOTAL

PAC02A 0

PAC02B

CCMPACCI$$ 0.03 1.70 54.82 1.70 55.82 2.95e.02

CSCCM0836X CSAVP TOTAL 2 CSAVPCCF$ $ 0.191 1.25 5.29 7.29 1.46e.01 3.12c+00

(.i( ( hlOH47X ( S ('V P

836B

TOTAI.

847A

CSCVPCCF$ $ 0.06 1.61 25.25 1.61 25.25 6.00e.02 3.00e+00

CSCChl0860X CS+tV P TOTAL

860A

0 CSMVPCCF$ $ 0.08 1.56 17.90 1.56 20.90 6.93e.02 3.02e+00

CSCChl0862X TOTAL

862A

CSCVPCCF$ $ 0.06 1.61 1.61 25.25 6,00e-02 3.00e+00

CRCCM0896X CS>tVA TOTAL

896A

896B

CRMVXCCF$$ 0.08 1.56 17.90 1.56 19.90 7.25e-02 3.02e+00

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 39.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Event(s)

ape
Code El/ ft f~r

Beta Factor
Event

a'SCCMPSI2XCS~P S

CSCCMPSI2Y CSJ IP~

( rc('hill(IIX IIV hK

('SI02APSI02B

TOTAL

PSI02A

PSI02B

TOTAL

7970

7971

0 CSMPSCCF$ $

CSMPFCCF$ $

0 IIVhICCCCH$

0.05

0.05

0.1

1.61 31.16 1.64

1.64 31.16 1.64

1.50 1351 1.50

31.16

32.16

13.51

5.00e-02 3.00e+00

3.00e+00

1.00e.01 3.00e+00

CrCChIINISU IIV MC C TOTAL

7478

7445

0 IIVMCCCCF$$ 0.1 1.50 13.5 I 1.50 1351 1.00e.OI 3.00et00

CVCCMLTDBA CV I.T D TOTAL

LTI02

LT106

LT171

LTI72

CVLTDCCF$$ O. I 1.50 13.51 1.50 1731 7.90e.02 3.05e+00

CVCCMLTIIBA CVJ.T ll TOTAL

LTI02

LTI06

LT171

I.TI72

33

13

CVLTIICCF$$ O.l 1.50 13.51 5.50 42.51 I. ISe.01 1.88e+00

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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CCF
Event(s)

TVpc
Code

Table 39.4-2
BAYESIANUPDA1ED BETA FACTORS

Beta Factor
Event

a''VCChILTLBA

CVJ.TJ. TOTAL

LT102

LTI06

CVLTLCCFSS 0.1 1.50 1351 2.50 13.51 1.56e-01 2.37e+00

( V(('hllcAAB(''VhlP A

LT171

I.T172

1(rfAI.

P('I IOI A

I'CIIOIB

0 CVhlPACCFSS 0.252 1.08 3.20 1.08 7.20 1.30e-OI 3.35ei00

PCIIOIC

rvcchlPFABC CV hIP F TOTAL

PCIIOI A

CVBIPFCCFSS 0.016 1.73 106.70 1.73 110.70 1.54e.02

PCIIOI B

PCIIOIC

DGCCOOORUN DG DGjt TOTAL

KDGOIA

KDGOI8

DGCCOSTART DG DG~ TOTAL

KDGOIA

KDGOIB

DGDGFCCFSS 0.05

DGDGACCFSS 0.05

31.16 2.61 31.16

31.16 2.64 33.16

7.8le-02

7.37e-02

2.43e+00

2.44e+00

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 33.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Evcttt(s)

Type
Code El/ fi f~r

Beta Factor
Event

a'ISCCARVAIRhlS RV P TOTAL

3410

3411

0 hISRVPCCF$ $ 0.1 1.50 1351 1.50 1451 9.38e-02 3.01e+00

MSCCCARVSG MS RV~ TOTAL

3410

0 0 MSRVCCCF$$ 0.07 1.58 21.05 1.58 21.05 7.00e-02 3.00e+00

hIS('('('hISIVX hIS AV+

3411

TOTAL

3516

3517

0 hfSAVCCCN$ 0.191 1.25 5.29 1.25 7.29 I 46e.O I 3.11e+00

htsCCPS(IVCS his CV P TOTAL

3504B

3505B

MSCVPCCF$ $ 0.06 1.61 25.25 1.61 25.25

hISCCPSCihIOV Ms hIV P TOTAI.

3504A

3505A

0 hISMVPCCr$ $ 0.08 1.56 17.90 1.56 18.90 7.61 e-02 3.0 le+00

RCCC00430P RC RZ P TOTAL

PC V-430

RCRZPCCF$ $ 0.07 1.58 21.05 1.58 21.05 3.00e+00

RCCC43 I AIB RC„AV N

PC V-431C

TOTAL

PCV-431A

PCV 43IB

RCAVYCC13$ 0.191 1.25 5.29 1.25 5.29 1.91e-01 3.00e+OO

Rochester Gas & Electric Corporation R. F Ginna PRA Project
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Table 33.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Eve(s)

6'pe
Code E/iv ft f~

Beta Factor
Event

RCCCSI 5/6P

RCCCSI 5/6X

RC+IVj'C

MV~

TOTAL 0 0

515

516

TOTAL

515

516

RCh 1VPCCF$ $

RCMVXCCFSS

0.08 1.56 17.90

0.08 1.56 17.90

1.56

1.56

17.90 8.00e-02 3.00e+00

17.90 8.00e.02 3.00c+00

RH( ('697 A/B
RR('('697A/B

RH ('V P T()TAL

697A

697B

0 RHCVPCCF$ $

RRCVPCCFSS
0.06 1.61 25.25 1.61 25.25 6.00c.02 3.00e+00

Rl ICC7 IOA/8
RR('C7 IOA/B

RHCVP TOTAL

710A

7 IOB

0 RHCVPCCFSS
RRCVPCCFSS

0.06 1.61 1.61 25.25 6.00e-02 3.00e+00

RIICC85 I A/B

Rl [CC852A/B
RRCC852A/B

RIIQIV~

RH MV P

TOTAl.

85 I A

85 I B

TOTAL

852A

0 RHMVXCCFSS

0 RIIMVPCCF$$
RRbIVPCCF$ $

0.08 1.56 17.90

0.08 1.56 17.90

1.56

1.56

18.90 7.61c-02 3.01 e+00

17.90 8.00c-02 3.00e+00

RIICC853A/B
RRCC853A/B

RH CV P TOTAL

853A

853B

0 RIICVPCCF$$
RRCVPCCFSS

0.06 1.61 25.25 1.61 25.25 6.00e-02

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 33.4-2
BAYESIANVPDA1ED BETA FACTORS

CCF
Event(s)

T)pe
Code ElN fi f~r

Beta Factor
Event

a'UICCPVMPAB

RRCCPUMPAB

RIICCPUMPBA
RRCCPUhIPBA

RH JAP S

RII hlP F

TOTAL

PACOI A

PACOIB

TOTAL

PACOI A

I IUIMPSCCF$$
RRMPSCCF$ $

0 IUIMPFCCF$$
RRMPFCCF$ $

0.11

O. I I

1.47 11.92 2.47

1.47 11.92 1.47

12.92

11.92

1.61e-01 2.38e+00

I.IOe-OI

RR('('85OA/B Rl1 hlV P

PACOI B

TO I'Al. RRhlVPCCF$ $ 0.08 1.56 17.90 1.56 18.90 7.61e.02 3.01e+00

850B

RRCCh10857M Rll MV P TOTAL

857A

'57B

857C

0 —RRMVPCCF$$ 0.08 1.56 17.90 1.56 18.90 7.6le.02 3.0le+00

SICChl0825X Sl MVJ'OTAL
825A

SIMVPCCF$$ 0.08 1.56 17.90 1.56 17.90 8.00e-02 3.00e+00

SIC CM0826X Sl hlV+ TOTAL

826A

SIMVPCCF$$ 0.08 1.56 17.90 1.56 20.90 6.93e.02 3.02e+00

826C

826D

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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CCF
Event(s)

13'pe

Code EIN

Table 33A-2
BAYESIANUPDATED BETA FACTORS

Beta Factor
Event

M'ICCM0826YS~V~ TOTAL

826A

826B

SIMVXCCFS$ 0.08 1.56 17.90 1.56 18.90 7.61e-02 3.01e+00

826C

S I('('i10867X
SR('('SI(567X

Sl ('V P

826D

foTAL

867A

0 S ICYPCCFSS

SRCVPCCFSS
0.06 1.61 25.25 1.61 25.25 6.00e-02 3.00e+00

SICCM0878X
SRC('M0878X

Sl CV P

867B

TOTAL

878G

0 S ICYPCCF$ $

SRCVPCCFSS
0.06 1.61 25.25 1.61 25.25 6.00e-02

SICCM0889X
SRCCil0889X

8781

TOTAL

870A

0 SICVPCCFSS
SRCVPCCFSS

0.06 1.61 1.61 25.25 6.00e-02

870B

889A

SICCM0891 X Sl CV P

889B

TOTAL

891A

891B

SICVPCCFSS 0.06 1.61 1.61 25.25 6.00e-02 3.00e+00

891C

Rochester Gas & Electric Corporation R. F Ginna PRA Project



CCF
Event(s)

Tfpe
Code E/N

Table 39.4-2
BAYESIANUPDATED BEI'A FACTORS

Beta Factor
Event

a'ICCMPSIIX
SRCCMPS I IX

SIJvIP S TOTAL

PSIOIA

PSIOIB

PSIOIC

2 SIMPSCCF$ $
SRMPSCCF$ $

0.17 1.31 6.38 3.31 7.38 3.10e-01 1.99e+00

Sl CCMPSi1 I Y
Sk( ('MPSI I Y

Sl Ml' TOTAI.

PSIOIA

I'SIOI l3

I'SIO IC

SIMPFCCF$ $

SRMPFCCF$ $

0.17 1.31 6.38 1.31 7.38 1.50e-01 3.05e+00

SWCCIIFMOVC SW iIV C TOTAL

4780

SWMVCCCF$$ 0.08 1.56 17.90 1.56 24.90 5.88e-02 3.05e F00

4613

4733

4734

4735
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Table 39.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Event(s)

T7pc
Code EAU „ fs f~

Beta Faery
Evens

a'WCCBFMOVNSW~V~ TOTAL 3

4780

SWMVNCCF$$ 0.08 1.56 17.90 1.56 20.90 6.93e-02 3.02e+00

4613

4733

4734

4735

SWCCCI IECKN SW CV~ TOTAL 0 SWCVNCCF$ $ 0.06 1.61 1.61 25.25 6.00e.02

SWCCGTMOVC SW+IV C TOTAL

4670

SWMVCCCF$$ 0.08 1.56 17.90 1.56 21.90 6.61e.02 3.03e+00

4615

4616
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Table 33.4-2
BAYESIANUPDATED BETA FACTORS

CCF
Event(s)

T)'pc
Code EIN

Beta Factor
Event hf'F

SWCCGTMOVN SW+tV~ TOTAL

4670

0 SWMVNCCF$$ 0.08 1.56 17.90 1.56 19.90 7.25e-02 3.02e+00

4615

SW( ('PPill'SV SWSV P

4616

TOTAI. 0 SWSVPCCI:$ $'. I 1.50 13.51 1.50 18.51 7.50e-02

4324

4325

4326

SW(.('PSWCVS SW CV P

SWCCPSWMVA SiV+IV P

TOTAL

9627A

9627B

TOTAL

4013

SWCVPCCF$ $ 0.06

0 SWMVPCCF$ $ 0.08

1.61

1.56

25.25 1.61 25.25

17.90 1.56 21.90

6.00e.02

6.6Ie-02

3.00e+00

3.03e+OO

SWCCPSWMVB AVIV P TOTAL

9629A

9629B

APi 1VPCCF$ $
SWMVPCCF$$

0.08 1.56 17.90 1.56 19.90 7.25e-02 3.02e+OO
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CCF
El'Cllt($)

Tppc
Code

El'able 39.4-2
BAYESIANUPDATED BETA FACTORS

Beta Factor
Evettt

SWCCPUhfPSR SW~P~ TOTAL

PSWOIA

PSWOI B

PSWOIC

0 swhlt Fccrss 0.03 1.70 54.82 1.70 54.82

SW('('PI'hIPSS SW hIP A

PSWOI D

T()TAI.

PS WOIA

15WOI B

PSWOIC

PSWOI D

0 SWh1PACCFSS 0.03 1.70 54.82 1.70 54.82
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Table 33.43
FINALCohfhfoN CAUSE BETA FACTORS

Beta Factor
Event Descriptio

hfean Beta
Factor

Error
Factor

Patent
Event(s)

ACCBDCCFSS Beta factor for D/G breakers fail to close 1.21c-01 2.42e+00 ACCCDGXTIE Bayes (3)

ACRTDCCFSS

AFAVPCCF$$

AFCVPCCFSS

AFhfPFCCFSS

AFMPSCCF$ $

AFhfVDCCFSS

AFhfVPCCF$ $

Beta factor for AC Power related Agastat
timing relays

Beta factor for AFW air operated valve
fails to open

Beta factor for AFW check valve fails to
open

Beta factor I'or AFW motor. driven pump
fails to run

Beta factor for AFW motor-driven pump
fails to start

Beta factor for AFW motor operated
valve fails to throttle flow

Beta factor for AFW motor operated
valve fails to open

1.00c-01

1.79E-OI

6.00e-02

3.00E-02

2.98e-02

1.00c.01

8.00c-02

3.00e+00

3.05+00

3.00c+00

3.00c+00

3.00c+00

3.00et00

3.00e+00

ACCCOUYAGA

AFCCPRECLA
AFCCPRECLB

AFCCPCSTCV
AFCCPDISCA
AFCCPDISCB
AFCCPSGINA
AFCCPSGINB

AFCCFMDAFW
AFCCFSAF WA

AFCCSM DAFW
AFCCSSAFWA

AFCCDMOVNA
AFCCDhfOVNB

AFCCPCROSS
AFCCPSAFWX

genetic

aggregate

Baycs (I)

Baycs (I)

aggregate

Hayes (I)

Baycs (I)

CCMVPCCFSS Beta factor for motor-operated valve fails
to open

CRMVXCCF$$ Beta factor for CS MOV fails to close

CChfPACCFSS Beta factor for CCW pump fails to start

CChfPFCCFSS Beta factor for CCW pump fails to run

2.95e-02

2.95e.02

7.25e.02

7,25c-02

3.00c+00

3.00c+00

3.02c+00

3.02+00

CCCCPUhfP/S

CCCCPUhlP/R

CCCC738A/B

CRCCM0860X
CRcchf0896X

Bayes (2)

Bayes (2)

Bayes (2)

Baycs (2)

CSAVPCCFSS Beta factor for CS AOV fails to open 1.46e.01 3.12ct00 CSCCM0836X Bayes (2)

CSCVPCCFSS Beta factor for CS check valve fails to
open

6.00e.02 3.00et00 CSCChf0847X
CSCChf0862X

Bayes (2)

CSLTDCCF$$ Beta factor for RWST Icvcl transmitter
fails to respond

1.00e-01 3.00c+00 CSCChf LDRWT generic

CSLTLCCFSS Beta factor for RWST level transmitter
fails low

1.00e.01 3.00e+00 CscchfLTLRW generic

CShfPFCCFSS Beta factor for CS putnp fails to run

CShfPSCCF$ $ Beta factor for CS pump fails to start

CshfVPCCFSS Beta I'actor for CS hfoV fails to open

4.85c.02

5.00c.02

6.93c-02

3.00ct00

3.00c+00

3.02c+00

CSCCMPSI2Y

CSCChfps12X

Cscchf0860X

Bayes (2)

Bayes (I)

Bayes (2)

CSVBPCCFSS

CVLTDCCFSS

Beta factor for Naoll tank vacuum
breakers fail to open

Beta factor for BAST level transmitters
fail to respond

1.00c.01

7.90e-02

3.00ct00

3.05e+00

CSCChf VBADD

CVCChfLTDBA

generic

Bayes (2)

CVLTHCCFSS Beta factor for BAST level transmitter
fails low

1.15e.01 1.88e+00 CVCChfLTIIBA Bayes (3)

CVLTLCCFSS Beta factor for BAST level transmitter
I'ails low

1.56c.01 2.37e+00 CVCCMLTLBA Bayes (4)
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Table 3D.43
FINALCOMhfoN CAUSE BETA FACTORS

Beta Factor
Event Deschpt/on

Mean Beta
Factor

Error
Factor

Parent
Event(t)

CVMPACCF$$ Bc!a factor for CVCS pumps fail to run 1.54E-02 3.00e+00 CVCCMPAABC Baycs (2)

CVMPFCCFSS

DGDGACCF$$

Beta factor for CVCS motor pumps fail
to stat

Beta factor for dicscl generator fails to
stat

1.30c.01

7.37c.02

3.55c+00

2.44c+00

CVCCMPFABC Bayes (2)

DGCCOSTART Bayes (3)

DGDGFCCFSS Beta factor for diesel generator fails to 7.81c-02 2.43e+00 DGCCOOO RUN Bayes (2)

ESRTDCCF$ $

HVhfCCCCFSS

Beta I'actor for Agastat time delay relay
fails to energize

Beta factor for air-operated damper fails
to close

1.00c-01
I

1.00c-01

3.00e+00

3.00c+00

ESCChfS IAGA
ESCCSIOAGA

CTCChflNIEX
CTCChf INISU

generic

Baycs (I)

hfSAVPCCF$$ Beta factor for ARV fails to open (air
operation)

hfSAVCCCFSS Beta factor for hfSIV fails to close 1.46c-01

9.38e-02

3.11c+00

3.0le+00

MSCCChfSIVX Baycs (2)

hfSCCARVAIR Bayes (2)

hfSCVPCCFSS

hfSMVPCCF$$

Beta factor for blain Stcam check valve
fails to open

Beta factor for Main Stcam MOV fails to
open

6.00e-02

7.61c-02

3.00e+00

3.0lc+00

hfSCCPSGVCS Bayes (I)

MSCCPSGMOV Hayes (2)

MSXVPCCFSS Beta'factor for ARV fails to open
(manual operation)

MSRVCCCF$$ Beta factor for ARV fails to close 7.00c 02

1.00c-01

3.00c+00

3.00c+00 hfSCCARVhfAN 'generic

hfSCCCARVSG Bayes (I)

RHCVPCCFSS Beta factor for IUIR check valve fails to
open [injection)

RCAVNCCF$$ Beta factor for RCS AOV fails to open

RCMVPCCF$$ Beta factor for RCS hfOV fails to open

RCMVXCCFSS Beta factor for RCS MOV fails to close

RCRZPCCFSS Beta factor for PORV fails to open

6.00c.02

8.00e-02

8,00c.02

7.00c.02

6.00e-02

3.00e+00

3.00e+00

3.00c+00

3.00c+00

3.00c+00

RCCC43 IA/8

RCCC515/6P

RCCC515/6X

RCCC00430P

RIICC697A/8
RHCC710A/8
IUICC853A/8

Bayes (I)

Bayes (I)

Bayes (I)

Bayes (I)

Bayes (I)

lUIhfPFCCFSS

RHhfPS CCF$$

Beta factor for IUIR pump fails to run
[injection)

Beta factor for RHR pump fails to start
[injecti on)

1.10c-01

1.6lc.01

3.00c+00

2.38c+00

IUICCPUhfPBA Bayes (I)

RHCCPUM PAB Bayes (3)

IUIhfVPCCFSS

RHhfVXCCFSS

RRCVPCCF$ $

Beta factor for RHR hfoV fails to open
[injection)

Beta factor for IUIR hfoV fail to close
[injection)

Beta factor for RHR check valve I'ails to
open [recirc)

8.00e-02

7.6le-02

6.00c-02

3.00c+00

3.0le+00

3.00c+00

RHCC852A/8

IUICC851A/8

RRCC697A/8
RRCC710A/8
RRCC853A/8

Bayes (I)

Bayes (2)

Bayes (I)

RRMPFCCFSS Beta I'actor for RHR pump fails to run
[rec~)

1.10c.01 3.00c+00 RRCCPUhfPBA Hayes (I) .
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Table 39.43
FINALCohfMON CAUSE BETA FACTORS

Beta Factor
Event

RRMPSCCFSS

Deaen'ption

Beta factor for RIIR pump fails to start
[recirc]

hfean Beta
Factor

1.6le-01

Enar
Factor

2.38e+00

Parent
Event(s)

RRCCPUMPAB Baycs (3)

RRMVPCCF$$

SICVPCCFSS

Beta factor for RIIR hlOV fails to open
[recite]

Beta factor for Sl check valve fails to
open

7.74e-02

6.00e-02

3.01+00

3.00c+00

RRCC852A/B
RRCC850A/B

RRCChl0857hl

8 ICCM0889X
S ICChl0867X
SICCM0878X
S ICCM0891X

aggregate

Bayes (I)

SlhlPFCCF$ $ Beta factor for Sl pump fails to tun 1.50c-01 3.05c+00 SICCMPSII Y Bayes (2)

SIMVXCCFSS Beta factor for Sl MOV fails to close

SRCVPCCFSS Beta factor for Sl check valve fails to
open

SRMPFCCFSS Beta factor for Sl pump fails to run

SlhlPSCCFSS Beta factor for Sl pump fails to start

SlhIVPCCFSS Beta factor for SI hloV fails to open

3.10c-01

7.47-02

7.6 1c.02

6.00e-02

1.50e-01

1.99ce00

3.03+00

3.01c+00

3.00c+00

3.05c+00

SICCMPSI IX

8 ICCM0825X
S ICCM0826X

SICCM0826Y

SRCChl0867X
SRCCM0878X
S RCCM0889X

SRCCMPSI IY

Bayes (3)

aggregate

Bayes (2)

Bayes (I)

Bayes (2)

SWCVNCCF$$ Beta I'actor for SW check valve fails to
open

SRMPSCCFSS Beta factor for Sl pump fails to start 1.50e-01

6.00e.02

3.05c+00

3.00c+00

SRCCMPSI IX Bayes (3)

S WCCCIIECKN Baycs (I)

SWCVPCCF$ $ Beta factor for SW check valve fails to
open

6.00c-02 3.00c+00 SWCCPSWCVS Hayes (I)

SWEJFCCF$ $ .Beta factor for SW expansion joint
failures

1.00e-01 3.00c+00 S WCCEXPANJ generic

SWMPACCFSS Beta factor for SW pumps fail to start 3.00e-02 3.00c+00 SWCCPUMPSS Hayes (I)

SWMPFCCFSS Beta factor for SW pumps fail to run

SWhIVCCCFSS Beta factor for SW MOVs fail to close

SWhIVNCCFSS Beta factor for SW hlOVs fail to open

3.00c-02

6.26e-02

7.09e.02

3.00c+00

3.05e+00

3.03+00

S WCCBFhlOVC
S WCCGTMOVC

SWCCBFSIOVN
SWCCGTSIOVN

aggregate

SWCCPUMPSR Bayes (I)

SWMVPCCFSS Beta factor for SW MOVs fail to open 6.95e-02 3.04+00 SWCCPSWhlVA
SWCCPSWhlVI3

aggregate

SWSVPCCFSS Beta factor for SW SOVs fail to open 7.50c-02 3.06c+00 SWCCPPSIPSV Bayes (2)
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3.3.5 Test and Maintenance Unavailability Data

3.3.5.1 Introduction

This work package describes the estimation of test/maintenance (T/M) event probabilities based
on Ginna-specific experience for use in the R. E. Ginna PRA project. The primary purpose of
this effort is to assess point values and corresponding uncertainties for the T/M events contained
in the various system-level fault tree models used to generate accident sequence cut sets. T/M
events are added to fault trees to account for the fact that certain components may be disabled
due to maintenance (either preventative or corrective) or testing while the plant is in operation
and, therefore, unavailable to perform their safety-related function in the event of an accident.
Since technical specification allowed outage times, fuel cycles, and maintenance practices can
vary significantly between plants, T/M events are very plant-specific. Consequently, a secondary
purpose of this data analysis effort is to provide a more accurate representation of the Ginna risk
profile.

3.3.5.1.1 Analysis Scope

Plant-specific data was collected by RG&E over the time period from January 1, 1980 to
December 31, 1988 [Refs. 3.3.5-1 and 3.3.5-2]. The component population for which data was
collected against and their boundaries are defined in separate documents [Refs. 3.3.5-3 and 3.3.5-
4]. In general, the scope of the data collected by RG&E exceeds the needs of the integrated PRA
plant logic model as defined on April 2, 1992 [Ref. 3.3.5-5] in that data has been collected for
components and/or events which do not appear in the integrated model. This work package
addresses only those plant-specific T/M event probability estimates that are needed to support the
integrated model. The additional data collected by RG&E has not been analyzed; however. this
"raw" data is provided in the work package for potential future applications.

3.3.5.1.2 Definitions

The following section provides definitions of the more unfamiliar terms associated with
plant-specific T/M event data analysis. Common reliability and statistical terms (e.g.. failure
rate) are not addressed, and the use of a basic reference is suggested.

Data window: The calendar time period over which the component testing and maintenance
history is collected.
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EIN: The equipment identification number assigned by RG&E that uniquely identifies each
component in the R. E. Ginna nuclear power plant.

Maintenance unavailability: The probability that equipment is unable to perform its
safety-related functions while the plant is on-line due to maintenance activities. In this context,
the term maintenance refers to either planned, periodic activities intended to preserve equipment
(e.g., cleaning, inspection, etc.) or unplanned, corrective repairs required to restore equipment to
service after failure (e.g., pump bearing replacement, etc.).

Testing unavailabi1ity: The probability that equipment is unable to perform its safety-related
functions while the plant is on-line due to testing activities. In general, all tests (e.g., periodic,
surveillance, inservice inspection, etc.) which place equipment out-of-service is addressed in the
assessment of testing unavailability. Equipment which has automatic test override capability or
is not declared inoperable by Operations is not included when estimating testing unavailability.

T/M event: A basic event added'o a system fault tree model to account for equipment
unavailability during plant on-line operation due to either testing or maintenance. T/M events
are typically defined at a subsystem or equipment train level.

T/M event boundary: The set of EINs whose unavailability due to testing and/or maintenance
causes the occurrence of the T/M event. For example, a T/M event may be specified for one
equipment train that contains a motor-operated pump. In this case, the T/M event boundary is
the list of EINs which comprise the equipment train (e.g., pump, suction valves, discharge valves,
check valves, circuit breaker, etc.).

3.3.5.2 General Technical Approach

The plant-specific T/M event data supplied by RG&E has been analyzed in accordance with the
Data Analysis Task Procedure [Ref. 3.3.5-6]. The followingsections describe the implementation
of this procedure in terms of the inputs to the analysis and the statistical estimation methods.

3.3.5.2.1 Analysis Inputs

As noted in Section 3.3.5.1.1. the plant-specitic data provided by RG&E constitutes the major
input to this work package. The data collection activities were initiated by RG&E prior to the
development of the system fault tree models in conjunction with PRC Engineering (formerly
ATESI) and the Reliability Centered Maintenance Program at Ginna. The results ot'his
combined effort (referred to as RG&E hereafter) is contained in a dBASE-compatible computer
file which provides both t'ailure/exposure information and maintenance out-of-service time on an
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0
EIN-basis (i.e., one record per EIN). This data has been analyzed in the Plant-Specific Data
Work Package [Ref. 3.3.5-7], which includes among its output, summarized maintenance
un'availability data (total out-of-service hours and total on-line hours) for component types within
each system. Testing unavailabilities were provided in a separate document on a procedure (or
train) basis [Ref. 3.3.5-8]. The following sections provide a brief summary on how the Ginna-
specific maintenance and testing information was compiled by RGEcE while the remaining
sections discuss how the information was used in support of the system fault tree mo'dels. The
Plant-Specific Data Work Package [Ref. 3.3.5-7] provides additional information related to the
data collection window, component population, and component boundaries.

3.3.5.2.1.1 Maintenance Unavailability Data

There were two types of maintenance activities considered in the data collection and analysis
task: corrective and preventative. Corrective maintenance refers to the repair of a component
after it has failed or exhibited degraded performance while preventative maintenance (PM) is
related to planned activities which are performed to maintain equipment reliability. In a perfect
world, the performance of preventative maintenance would eliminate the need for most, if not
all, corrective maintenance. However, this approach can also have its downfall since a
component that is removed from service too frequently for PM activities can have a

higher'navailabilitythan if it was only removed from service due to corrective maintenance.
Consequently, both types of maintenance must, be optimized, and as such, are important
contributors to the PRA results. In addition, only maintenance events performed at power were
included in the data collection task since the system fault tree models reflect full power
conditions.

The assessment of corrective maintenance was performed in parallel with the determination of
component reliability parameters as discussed the Plant-Specific Data Work Package [Ref. 3.3.5-
7]. That is, various plant records were collected for the years 1980 through 1988. These records
included Ginria Station Event Reports (Forms A-25.1), Control of Limiting Conditions for
Operating Equipment Reports (Forms A-52.4), Maintenance Work Requests (MWRs), Licensee
Event Reports (LERs), and I&C/Electrical (Safery-Related) Equipment Failure Reports (Forms
A-25.2). During collection of this data, an initial screening was made to eliminate obvious non-
failure and non-maintenance events from consideration. Data pertaining to all events that
survived the initial screening was then organized by system and necessary information was placed
onto screening tables. This included the date and description of the event, components affected.
and the data source. Since there were multiple sources of information, the use of screening tables
provided a single listing ot'aintenance and failure events and enabled the identification and
elimination of duplicate records.
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The screening tables were then reviewed by knowledgeable engineering personnel in order to
identify those events that involved corrective maintenance while the reactor was critical. For
equipment covered by LCOs, maintenance out-of-service times were obtained from a review of
A-52.4 forms for the years 1982 through 1988 (the years in which they were available). The A-
52.4 forms provide the exact times at which Operations was informed that the component was
both removed from service and returned to service. For events involving equipment covered by
LCOs for the years 1980 and 1981, and for events involving equipment not covered by LCOs,
maintenance out-of-service times were obtained from "a review of the hold records in Ginna
Control Records. If an out-of-service time was not available for an event, an estimate of the
duration was made based on other similar events or through consultation with knowledgeable
RG&E personnel (e.g., Results and Tests). Approximately 15 percent of maintenance out-of-
service times were estimated using this technique.

The approach used for determining unavailabilities due to preventative maintenance activities was
slightly different. First, Ginna maintenance procedures were reviewed to determine the frequency
of PM activities. It should be noted that these frequencies have changed over the years based
on reliability centered maintenance program recommendations and changes to operational
practices (e.g., limiting the number of voluntarily entered LCOs at power). Consequently, the
number of PM activities performed while the reactor is critical for the twenty systems included
in the data analysis is small. Since Ginna operates on a 12 month refueling cycle. most PM
activities are performed during refueling outages; therefore, only a few systems (e.g., Service
Water) had PM activities performed on them at power. For these few systems, the out-of-service
time due to PM was taken either from A-52.4 forms or estimated based on information provided
by Results and Tests personnel.

3.3.5.2.1.2 Testing Unavailability Data

The only type of testing related unavailability data that was collected by RG&E was the total
number of complete and partial periodic tests (PTs) performed at power during the years l980
through 1988, and the mean duration for these tests. After a review of Ginna procedures. it was
determined that PTs were the only type of test that was performed consistently while the reactor
was critical. Other types of testing, such as Special Tests or refueling shutdown surveillances
(RSSPs), were not considered for determining testing unavailability. The number ot'omplete
and partial PTs performed at power was obtained through a review of all the PTs contained on
microfilm in Ginna Central Records. The mean duration for these tests was then estimated
through a review of the Ginna Station Official Record, A-52.4 forms, and discussions with
RG&E Results and Tests personnel.
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3.3.5.2.1.3 . Ginna PRA Plant-Specific Failure Data Base

The final values for the number of maintenance events and their total duration were entered into
the Ginna PRA Plant-Specific Failure Data Base. The data as entered was reviewed by an
independent checker to ensure accuracy as described in [Ref. 3.3.5-1]. Testing unavailabilities
are also documented in [Ref. 3.3.5-1].

3.3.5.2.2 Analysis Assumptions

The following assumptions have been made in developing the estimates of plant-specific T/M
event probabilities:

The data provided by RG&E is acceptable and accurate as delivered; no attempt has been
made to independently verify the input data. However, it is noted that this information
was collected under a separate QA program acceptable to RG&E.

Uncertainty estimates can be represented with a log-normal distribution. Martz [Ref.
3.3.5-9] has investigated the influence of various basic event probability distributions on
system unavailability distributions, and concluded that gamma, log-gamma, log-normal,
and log-uniform basic event distributions yield similar system unavailability distributions.
The log-normal distribution assumption used in this work package has been selected for
its computational ease.

3.3.5.2.3 Application Of Analysis Inputs - Maintenance Unavailability

The plant-specific maintenance data as provided by RG&E directly met the majority of the data
analysis task requirements; however, a program was necessary to more easily organize the data.
This program was required since the RG&E supplied data base provided data on a component
level while the fault tree T/M events typically include multiple components. Therefore. a

dBASE program, RGEDATA.PRG, was developed to determine the total on-line hours and the
out-of-service hours due to maintenance on a system and component type basis. The total on-line
time is assumed to be equal to the number of reactor critical hours during the data window
(64,054.35 [Ref. 3.3.5-10)), multiplied by the size of the associated component population.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.3.5-5



The following equation was used to calculate average component-level maintenance
unavailabilities in RGEDATA.PRG:

R
~u =—

OL

where:

TR = total repair (out-of-service) hours during plant on-line operation
for a specified component type within a given system

T« = total on-line hours during the data window for the specified
component type and system

It should be noted that Equation (1) applies regardless of the probability distributions that
describe times-to-failures or out-of-service durations [Ref. 3.3.5-11]. Table 3.3.5-1 shows the
application of Equation (1) to the summarized maintenance unavailability data collected by
RG&E.

3.3.5.2.4 Application Of Analysis Inputs - Testing Unavailability

The following equation has been used to calculate average equipment-train-level testing
unavailabilities:

(3)

where:

f~ = test frequency I reactor year

xr = test duration
(4)
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As discussed'reviously, only periodic tests (PTs) are consistently performed when the plant is
on-line; special. tests (STs) and refueling shutdown surveillances (RSSPs) are typically only
performed when the plant is shutdown. The various PT procedures, system-level fault tree work
packages, and other information [Ref. 3.3.5-12] have been reviewed to determine which plant
systems included within the integrated logic model could be affected by the performance of PTs.
This information is summarized in Table 3.3.5-2.

3.3.5.2.5 Test/ Maintenance Event Probability Estimation
r

The probability of a T/M event can be conservatively bounded by summing the contributions
from component-level maintenance unavailabilities and equipment-train-level testing
unavailabilities:

~ —(i) ~ —0
Tlht cvcnt ~ hl ~ T

In order to apply Equation (5), it is necessary to define the T/M event boundaries in terms of the
separate EINs whose unavailabilities (either maintenance-related or test-related) cause the
occurrence of the T/M event. T/M event boundaries have been identified through review of
relevant P&IDs, system-level fault tree work packages, and other information provided by the
system analysts, and are documented in Table 3.3.5-3.

3.3.5.3 Results

Estimates of T/M event mean probabilities are given in Table 3.3.5-3, which also shows the T/M
event boundary definitions. Allestimates are lower than the T/M event screening probability of
1.00E-02 used in model construction and initial quantification, and are generally consistent with
data given in NUREG/CR-4550 [Ref. 3.3.5-14]. The only exception to this are the service water
pumps which have a calculated test and m'aintenance unavailability of 2.70E-02. This high value
is due to routine, scheduled maintenance and that Technical Specifications do not limit the
amount of time that a single SW pump can be out-of-service. General notes are provided below
while specific notes are provided at the end of the table.

1. Maintenance events for components which are required to close was ignored since the
.valve would be either close or otherwise isolated during its out-of-service period.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Out-of-service time related to instrumentation was not'included since no plant-specific
data was collected. However, this out-of-service time was typically assigned to the
associated valve, pump, etc., during the data collection effort.

3.3.5.3.1 Uncertainty Assessment

The average T/M event probabilities are uncertain due to several factors:

Statistical confidence

Equation (1) provides the long-term average maintenance unavailability of various
components. Uncertainty in the estimate ofcomponent-level maintenance unavailabilities
is due, in part, to the fact that T/M data has only been collected over nine years.
Statistical confidence can be improved by increasing the length of the data window.

2. Data tolerance

When using plant-specific maintenance experience to estimate T/M event probabilities,
it is assumed that the factors which govern maintenance (e.g., the rate of maintenance,
the duration of maintenance, plant policies, etc.) have remained constant over the data
window. In reality, the summarized maintenance data reflects a mixture of governing
factors that have varied during the data window. Since one of the goals of PRA is to
predict future risks associated with plant operation, it is possible to reduce data tolerance
issues by shortening the length of the data window (i.e., by using only the most recent
experience). Note that the reduction of data tolerance concerns is counter to the
improvement of statistical confidence, and that the selection of the data window length
involves a compromise between these two competing sources of uncertainty.

Input estimation errors

The values used to calculate testing unavailability, Equation (3), are based on engineering
estimates. Test frequencies have generally been obtained through review of relevant
procedures; however, the actual times between tests may vary somewhat, depending nn
the plant status and the test planning policies used by RG&E. Test durations have been
obtained through interviews with knowledgeable plant personnel and, thus, represent a

mixture of individual opinions. No estimate of the spread among the individual opinions
is available.

'Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Numerical information required to support a detailed quantitative assessment of uncertainties has
not been provided; moreover. there is not a unified approach within the PRA community for
conducting such an assessment. (The philosophical issues raised above cannot be directly
addressed through the application of probability theory or statistics; rather, they provide the basis
for making assumptions that govern subsequent numerical investigations.) As a result,
uncertainty estimates for the average T/M event probabilities have been made by assuming a
log-normal error factor of 10.0 [Ref. 3.3.5-14, Table 8.2-4].
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Table 3.3.5-1 - Summarized Maintenance Unavailability Data

CAFTA
Type Code

AF AV

Descri prion

auxiliary feedwater air-operated
valve

Mean

9.21e-05

Total
RepairlOOS

Hours

59

Total
On-line
Hours

640543.50

AF CV auxiliary feedwater check valve 3.11e-04 399 1281087.00

AF MP

AF MV

AF TP

AF XV

CC CV

CC MP

CC MV

CC XV

CS AV

CS CV

CS MP

auxiliary feedwater motor-driven
pump

auxiliary feedwater
motor-operated valve

auxiliary feedwater
turbine-driven pump

auxiliary feedwater manual
valve

component cooling water check
,valve

component cooling water
motor-driven pump

component cooling water
motor-operated valve

component cooling water
manual valve

containment spray air-operated
valve

containment spray check valve

containment spray motor-driven
pump

1.55e-03

1.80e-03

2.6 le-03

3.67e-04

1.04e-05

2.03e-04

3.90e-05

0.00

1.41e-04

0.00

2.34e-03

398

1616

167

1081

39

25

300

256217.40

896760.90

64054.35

2946500.10

576489. 15

192163.05

640543.50

3651097.95

128108.7()

384326. 10

128108.70

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-1 - Summarized Maintenance Unavailability Data

CAFTA
Type Code Description Mean

Total
Repair/OOS

Hours
Total

On-Line
Hours

CS MV containment spray
motor-operated valve

2.14e-04 137 640543.50

CS TK containment spray tank

CS XV containment spray manual valve

0.00

2.23e-06

128108.70

1345141.35

CV MP

CV RV

CV XV

chemical and volume control
motor-driven pump

chemical and volume control
relief valve

chemical and volume control
manual valve

7.63e-03

4.68e-04

1.42e-06

3423

210

448380.45

448380.45

4932184.95

HV AF heating, ventilation, and air
conditioning air filter

DG DG diesel generator 1.42e-03

9.68e-04

182

124

128108.70

128108.70

HV MC

HV MF

heating, ventilation, and air
conditioning air-operated
damper

heating, ventilation, and air
conditioning motor-driven fan

2.83e-04

7.14e-04

943

2058

3330826.2()

2882445.75

IA AM

IA AR

IA CV

instrument air air compressor

instrument air air receiver

instrument air check valve

MS AV main steam air-operated valve

MS CV main steam check valve

4.26e-03

9.37e-05

0.00

0.00

8.04e-04

1364

24

103

32()271.75

256217.4()

768652.2()

1281() 8.7()

1281() 8.7()

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-1 - Summarized Maintenance Un'availability Data

~ .

CAFTA'ype

Code.

MS MV

MS RV

MS XV

RH AV

RH CV

RH HX

RH MP

RH MV

RH XV

SI CV

Description

main steam motor-operated
valve

main steam relief valve

main steam manual valve

residual heat removal
air-operated valve

residual heat removal check
valve

residual heat removal heat
exchanger

residual. heat removal
motor-driven pump

residual heat removal
motor-operated valve

residual heat removal manual
valve

safety injection check valve

Mean

1.01e-03

3.75e-04

2.34e-05

2.08e-04

0.00

1.01e-04

2.09e-03

1.28e-04

0.00

1.13e-05

Total
Repair/OOS

Hours

129

48

40

13

268

148

13

Total
On-Line
Hours

128108.70

128108.70

256217.40

192163.05

576489.15

128108.70

128108.70

1152978.30

1152978.30

1152978.30

SI MP

SI MV

SI XV

SW AV

SW CV

safety injection motor-driven
pump

safety injection motor-operated
valve

safety injection manual valve

service water air-operated valve

service water check valve

2.35e-03

2.31e-04

0.00

1.99e-05

2.21e-03

451

252

14

850

192163.05

1088923.95

832706.55

704597.85

384326. 10

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-1 - Summarized Maintenance Unavailability Data

CA'FTA

Type Code

SW MP

SW MV

Description

service water motor-driven
pump

service water motor-operated
valve

Mean

2.48e-02

4.97e-04

Total
Repair/OOS

Hours

6355

478

Total
On-Line
Hours

256217.40

960815.25

SW SV service water solenoid valve

SW XV service water manual valve

1.32e-04

1.17e-05

127 960815.25

7174087.20

N

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-2 - Survey of Periodic Tests Causing Equipment Unavailability

Sys rein PT Remarks
Tesr

Frequency
Tesr

Durruion
(Source)

AT

AC AC power There are no PTs which affect this
system as modeled.

N/A N/A N/A

AF Auxiliary
Feedwater

CC Component
Cooling IVater

CI Containmcnt
Isolation

N/A

iV/A

iV/A

There are no PTs which affect this
system as modeled.

There are no PTs which affect this
system as modeled.

There are no PTs which affect this
system as modeled.

N/A

N/A

N/A

V/A

N/A

iV/A

N/A

N/A

N/A

CS Containment
Spray

PT-3M
PT-3Q

Each pump injection path to the spray
ring headers is isolated for half of the
test duration.

monthly I h/ train
(I)

I.I I F:03

CV Chemical and

Volume Control

CAV Circulating
IVater

V/A

N/A

There are no PTs which affect this
system as modeled.

There are no PTs which affect this
system as modeled.

N/A

N/A

N/A

N/A

iV/A

iV/A

DC DC power

DG Diesel
Generator

N/A

CP.64

There are no PTs which affect this
system as modeled.

Calibration and/or maintenance of DG
instrumentation.

N/A

monthly

N/A

lh
(I3)

N/A

I. I I E.03

PT- I2. I
PT-IZ2

There is a caution statement in this
procedure which notes that ifa SI or
LOOP signal occurs. the normal bus
source breakers will open. T-27.4
cautions that the possibility of an
overvoltage or undercurrent trip exists
in this situation.

monthly 2h
(I)

2.78E 03

ES Safeguards
Actuation

PT- I2.6

N/A

Fuel oil transfer system check valve
testing; procedure contains a caution
(hat fuel oil is unavailable until
realigned.

There are no PTs which affect this
.system as modeled.

monthly

N/A

lh
(l3)

N/A

I.I IE 03

N/A

HV Heating,
Ventilation, and

Air
Conditioning

IA Instrument Air

N/A

N/A

There arc no PTs which affect this
system as modeled.

There are no PTs which affect this
system as modeled.

iV/A

N/A

iV/A

N/A

N/A

N/A

Rochester Gas Ec Electric Corporation R. E. Ginna PRA Project



Table 3.3.5-2 - Survey of Periodic Tests Causing Equipment Unavailability

Sysreitt

MF Main Feedwater

MS Main Steam

RC Primary
Pressure

Control

RH Residual Heat
Removal

PT

i l/A

Y/A

PT-2.3

PT-2.3

Remark'here

are no PTs which affect this
system as modeled.

There are no PTs which affect this
system as modeled.

Stroke test of MOV-515 and
MOV-516.

Stroke test of iiitov-704A. iMOV-704B,
iltov.850A. and MOV-850B.

Test

Freqtrertcy

N/A

N/A

quarterly

quarterly

Test
purrtrion
(Source)

Y/A

N/A

I h / valve

(I)

I h/ valve

(I)

N/A

Y/A

3.71E-04

3.71E.04

PT.2.1M Closes iiitov.871A while Sl Pump C is
tested.

PT.2.IQ Test of Pumps A and C (B and C).

SI Safety Injection PT-2.IM Test of Pumps A and C (B and C). monthly

monthly

quarterly

2 h (I Ii)
(I)

2h
(I)

2.5 h (2.5 h)
(I)

2.22E-03

(I. I I E-03)

2.22E 03

9.27F:04
(9.27E-04)

PT-2.1 Q Closes Mov-871 A for half the time
that Sl Pump C is tested, and
MOV-871B for the other half.

quarterly 2h
(I)

7.41E.04

SW Service Water N/A There are no PTs which affect this
system as modeled

N/A N/A iV/A

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Event,

AFTiii004048

AFIMOAFWAB

AFTiiIOARVIA

Description

Alternate Suction Source For
A&VPumps

Motor.Driven AFW Pumps
Cross Connect Line

Motor.Driven AFW Pumps
Injection Line to S/G A

CAFTA
T)pe Code

Ar XV

AF XV

AF XV

AF Mv

AF XV

AF XV

AF Mv

EIN

4048

4070A

4071A

4000A

4356

4357

Component
Mean

3.67e.04

3.67e-04

3.67e-04

1.80e 03

1.80e.03

3.67c.04

3.67e-04

3. I le-04

1.80e.03

T/M Event
Mean

1.10e.03

4.33e-03

2.48c 03

Notes

AFIiiIOAFWI8

AFTMOAFWPA

Motor-Driven A&VPumps
Injection Line to S/G B

Motor-Driven AFW Puny
Train IA

Ar MV

AF XV

AF Av

AF CV

AF iMP

Ar XV

AF XV

SW FD

Stv Sv

Stv XV

Stv XV

S'tv XV

S'tv XV

SW XV

4011

4000D

4012

4304

4017

PAFOIA

4019

4081

iVFW02

4029

4031

4093

3.67e.04

3.1 le-04

1.80c-03

3.67e.04

9.2 le.05

3.1 le.04

3.lie.04

1.55e-03

3.67e-04

3.67c.04

1.32e-04

1.17e 05

1.17c.05

1.17e 05

1.17e.05

1.17e.05

2.48e-03

3.19e.03

Rochester Gas & Electric Corporation R. E. Ginna PRA Project



Table 3.3.5-3
TAilEvent Boundaries and Probabilities

T/M Event''escription CAFTA
Type Code

Component
Mean

T/M Event
Mean

Notes

AFTMOAFWPB Motor-Driven AFW Pump
Train I B

AF AV

AF MP

AF XV

SWrD

SW SV

SW XV

SW XV

SW XV

SW XV

SW XV

4310

4010

4016

PAF01B

4018

4082

NFW04

4030

9.21c.05 3.19e-03

3. 1 le-04

3. 1 le-04

1.55e-03

3.67e 04

3.67e-04

1.32c-04

1.17e.05

1.17e-05

1.17e.05

1.17e-05

1.17e.05

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Event Description

Turbine. Driven AFW Pump
Tfatn

CAFrA
T)pe Code

Ar AV

AF CV

4291

3998

Component
Mean

9.2le.05

3.lie-04

3. I le.04

T/M Event
Mean

9.04e-03

Notes

AFTMCOiVDPP Condensate Transfer Pump
(PCD04)

AF TP

Ms CV

MS CV

MS MV

iils MV

Ms XV

MS XV

MS XV

SW FD

SW SV

SW XV

SW XV

SW XV

SW XV

SW XV

StV XV

SiV XV

AF CV

AF CV

AF MP

AF XV

AF XV

3996

PAF03

35048

35058

3505A

35058

3504

3505

3570E

iVFW03

4085

4087

4088

4089

40878

4087C

40888

PCD04

1.80e-03

2.61e-03

8.04e.04

8.04e-04

I.Ole-03

1.01e-03

2.34e.05

2.34e-05

2.34e-05

1.32e 04

1.17e-05

1.17e.05

1.17e.05

1.17e-05

1.17e-05

1.17e.05

1.17e-05

3.1 le-04

3.1 le-04

I.SSe-03

3.67e-04

3.67e-04

2.914.03

Rochester Gas & Electric Corporation
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Event .

AFPi4OUTCON

AFTiaISAFWAB

AFTiaISAFWIA

AFTiiISAFWIB

AFTMSAFWPC

AFIiiISAFWPD

Description

Outside Condensate Storage
Tank Valves

SAFW Cross. Connect Line

SAFW Injection Line to S/G
A

SAFW Injection Line to S/G
B

SAFW Pump 'frain IC

SAFW Pump Train ID

CAFTA
T>pe Code

hr xv

AF Xv

AF htv

hrxv
hr xv

AF CV

Arm
AF XV

AF XV

Ar Mv

AF XV

AF XV

hr. Av

AF CV

AF MP

AF Mv

AF Mv

AF Av

AF CV

AI'P
AF Mv

AF iMV

9501B

9509C

9509E

9703A

9702C

9702D

9705A

9704A

9702A

9706A

9705B

9746

9704B

9710A

9700A

PSFOIA

9629A

9701A

9710B

PSFOIB

9629B

9701B

Component
Mean

3.67e.04

3.67e-04

3.67e 04

1.80c 03

1.80e-03

3.67e-04

3.67e 04

3. I le 04

1.80e.03

3.67e.04

3.67e-04

3.lie.04

1.80e 03

1.80e.03

3.67c.04

3.67e.04

9.2le.05

3. I le-04

1.55e 03

1.80e.03

1.80e 03

9.2 le.05

3. I lc.04

1.55e 03

1.80e 03

1.80e.03

T/M Event
iVlean

1.10e.03

4.33e-03

2.85e.03

4.65e.03

5.55e-03

5.55e 03

Notes

Rochester Gas & Electri«Corporation R. E. Ginna PRA Project

3.3.5-20



Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Event .

AFTMTDAFWA

'FMTDARVB

CCTiiU'UMPA

Description

TDAFW Pump Train
Injection Line to S/G A

TDARV Pump Train
Injection Line to S/G B

CC'iV Pump Tratn h

CAFE
T>pc Code

AF AV

AF CV

AF XV

AF XV

AF XV

AF AV

AF CV

AF XV

AF XV

AF XV

CC CV

CC MP

EIN

4297

3999

4298

723A

PAC02A

Component
Mean

9.2le.05

3.l le 04

3.67e-04

3.67c-04

3.67e 04

9.2lc 05

3.l le.04

3.67e-04

3.67e.04

3.67c-04

I.04e.05

2.03e.04

T/M Event
Ivfean

1.50e-03

I.50e-03

2.13e-04

Notes

CCTiilj'UMPB

CSTMOONAOH

CCW Pump Train B

CS Additive Train

CC XV

CC XV

CC CV

CC MP

CC XV

CC XV

CS AV

CS AV

CS CV

CS XV

CS XV

CS XV

722A

724A

723B

PAC02B

722B

724B

836A

836B

847A

847B

TSI02

873A

873B

88IB

0.00

0.00

I.04c-05

2.03e.04

0.00

I 4 le.04

I.4 le.04

0.00

0.00

0.00

2.23e.06

2.23e-06

2.23e-06

2.I3e 04

2.89e.04

Rochester Gas & Electric'Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
Tlirt Event Boundaries and Probabilities

T/M Evcnt "-

'STMTRAINA

CSTMTRAINB

CVTMCHPMPA

Description

CS Pump Train A

CS Pump Train B

CVCS Puny A

CAFrA
T>pe Code

CS MP

CS iVIV

CS MV

CS XV

CS XV

PT-3ilI,
PT-3Q

CS MP

CS MV

CS MV

CS XV

CS XV

CS XV

CS XV

PT-3M.
PT.3Q

CV RV

CV RV

CV XV

862A

PSI02A

860A

2860

831A

858A

868A

88ID

860A,
860B

862B

PSI02B

860C

860D

2665

8318

858B

868B

88IC

860C,
860D

PCHOIA

285

287

267

Component
i%lean

0.00

2.34e.03

2.14e 04

2.14e.04

2.23e.06

2.23e 06

2.23e.06

2.23e-06

2.23e-06

I.l le 03

0.00

2.34e-03

2.14e-04

2.14c-04

2.23e-06

2.23e.06

2.23e-06

2.23e-06

2.23e 06

I.lie.03

7.63c-03

4.68e-04

4.68e-04

I 42e.06

TM Event
Mean

3.89e.03

3.89c.03

8.57c 03

Notes

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.3.5-22



Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Event,.'': Description CAFTA
Type Code

Component
i%lean

T/M Event
i%lean

Notes

CVTMCHPMPB CVCS Puny B

CVTiiICHPMPC CVCS Puny C

CV MP

CV RV

CV ibfP

CV RV

PCHOIB

284

269

288

PCHOIC

291

291

399

7.63e.03

4.68e-04

1.42e-06

I 42e-06

7.63e-03

4.68e-04

1.42e.06

1.42e 06

8.10e.03

8.10e-03

DGTMOOOOIA

DGTM00001B

HVTMAAIF02

D/G IA

D/G IB

IB exhaust Fan AAIF02

CP 64

DG DG

PT-12.1

PT-12.6

CP-64

DG DG

PT-12.2

PT-12.6

HV MB

HV MB

liVMB

HV MF

KDGOIA

KDGOIA

KDGOIA

KDGOIA

KDGOIB

KDGOIB

KDGOIB

KDGOI8

AID04A

AID04B

AIDOSH

AIF02

I.l le-03

1.42e-03

2.22e-03

I.l le.03

I.l le-03

I 42e-03

2.22e-03

I.l le.03

2.83e-04

2.83e-04

2.83e-04

7.14e-04

5.86e.03

5.86e-03

1.56e.03

HVTMABSTRA IB Exhaust Fan AAIFOSA HV MC

HV MC

AADOSA

AAD09A

2.83e.04

2.83e-04

1.28e.03

IIVTMABSTRB

HVThfAIFO IA

IB Exhaust Fan AAIFOSB

IB lixhaust I'an AIFOIA

HV hfF

HV MC

HV hfC

IIV hfF

HV MC

IIVMC

AAF08A

AADOS8

AAD09B

AAF08B

AIDOIA

AID02A

7.14e.04

2.83e-04

2.83e.04

7.14e-04

2.83e-04

2.83e-04

1.28e.03

1.28e.03

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

TIM Event

HVTiMAIFOIB

Description

IB Exhaust Fan AIFOl8

CAFTA
T)pe Code

HV iiMF

HV MC

HV MC

HV i%1F

AIFOIA

AIDOIB

AID02B

AIFOIB

Component
Mean

7. I4e 04

2.83e-04

2.83e.04

7. I4e.04

TIM Event
iMean

l.28e.03

Notes

Rochester Gas &,Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M.Event:

HVTMCHARGA

Description

Charging Pump Room
HVAC Train A

CAFfA
Type Code

HV MB

HV MF

Siv XV

SW XV

SW XV

EIN

CP-13-P/A

AAFOIA

4750

4751

4767

Component
Mean

2.83e-04

7.14e.04

1.17e.05

1.17c.05

1.17e-05

T/M Event
Mean

1.03e.03

Notes

HVTMCHARGB Charging Puny Room
IIVACTrain 8

HV MB

HV MF

SW XV

SW XV

SW XV

CP-13-P/8

AAFOI8

4752

4753

4768

2.83e.04 1.03e.03

7.14c.04

1.17e 05

1.17e.05

1.17e 05

HVTMCTMT~ CT~IT IIVACTrain A

HVTMCTMT 8 CfWIT IIVACTrain 8

HV AF

HV AF

IIVMC

HV MC

HV MF

SW XV

SW XV

HV MC

IIVMF

ACL07A

ACLOSA

5871

5872

ACFOSA

4627

4629

5880

ACFOSB

4628

9.68e-04

9.68e-04

2.83e-04

2.83c-04

7.14e 04

1.17e-05

1.17c.05

2.83e-04

7.14e-04

1.17e-05

3.24e.03

1.02e.03

HVTMCIMTC CT~IT IIVACTrain C

Siv XV

IIV AF

IIV
A['IV

MC

IIV MC

HV MF

SW XV

S'tV XV

4630

ACL078

ACLOSB

5874

5876

ACFOSC

1.17e-05

9.68e 04

9.68e.04

2.83e-04

2.83e-04

7.14c-04

1.17e-05

1.17e.05

3.24e 03

Rochester Gas & Electri«Corporation R. E. Ginna PRA Project

3.3.5-25



<IJa

bt



Table 3.3.5-3
T/illEvent Boundaries and Probabilities

T/M Event

'VTMCTiifT D

fiVTMCTRLRM,

HVTiiRELAYA

HVTMRELAYB

HVTMSARV A

Description

CI'IIT IIVACTrain D

Control Rm IIVAC

A Relay Room IIVAC

B Relay Room flVAC

SAFW Room Fan Cooler A

CAFrA
Type Code

flvMC

HV MF

SW XV

SW XV

HV MC

Hv MC

IIV MC

HV MF

HV ilIF

flv iMF

SW SV

SW XV

SW XV

StV XV

Stv XV

SW XV

HV iulF

SW SV

SW XV

SiV XV

S'tv Xv

SW XV

flv MB

HV MB

HV MB

llv MF

StV AV

EIN

5877,

ACFO8D

AKD06

AKD13

AKD14

AKF08

AKFOIA

4761E

4761 fl

4761N

4761P

4761@

4761V

AKFOI8

4761K

4761 8

4761 C

47611

4761 L

Return Al

Return A2

Return A3

AFFOIA

9632A

9633A

Component
Mean

2.83e-04

7.14e 04

1.17c.05

1.17c-05

2.83e 04

2.83e-04

2.83e-04

7.14e-04

7.14e-04

7.14e.04

1.32e.04

I. lie-05

1.17e-05

I. lie-05

I.lie 05

1.17c-05

7.14e 04

1.32e-04

1.17e 05

1.17e.05

I.Iic 05

1.17e.05

2.83e.04

2.83e.04

2.83e.04

7.14e.04

1.99e.05

2.2le.03

T/M Event
i%lean

1.02e-03

2.28e-03

9.05e-04

8.93e.04

3.80e.03

Notes
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

TIM'vent

HVTMSAFW 8

IATiVICOIiIPRA

IATlvICOMPRB

Description

SAFW Room Fan Cooler 8

IA - A Compressor

IA - 8 Compressor

CAFFA
T>pe Code

SiV XV

HV liIB

HV MB

HV iXIB

HV MP

SW AV

SW CV

SW XV

IA AiM

IA AR

IA CV

IA XV

SW CV

SW SV

SW XV

SW XV

SW XV

SW XV

IA Ain't

IA AR

IA CV

IA XV

SW CV

SW SV

SW XV

SW XV

SW XV

SW XV

9631A

Return 81

Return 82

Return 83

AFFOI8

96328

96338

96318

CIA02A

TIA04A

5301

5303

5333

5261

5300

5325

5331

5337

CIA028

TIA048

5302

5304

5334

5262

5332

5334

5338

83 I4

Component
Mean

1.17e-05

2.83e-04

2.83e-04

2.83e-04

7.14e-04

1.99e.05

2.2le-03

I.Ije-05

4.26e.03

9.37e-05

0.00

2.2le.03

1.32e 04

1.17c.05

1.17e.05

1.17e.05

I. Ije-05

4.26e.03

9.37e.05

0.00

2.21e.03

1.32e.04

1.17e.05

1.17e-05

1.17e-05

I.lie.05

TM Event
i%lean

3.80c-03

6.74e.03

6.74e.03

Notes
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Table 3.3.5-3
Tlirt Event Boundaries and Probabilities

TIMEvent

IATiiICoiifPRC

IATMSACOMP

MSTM003410

MSTM003411

RCTiiIOOOS I5

RCTii1000516

Description

IA ~ C Compressor

SA Compressor

ARV B

ARV A

MOV-515 Closed Due to
Stroke Test

MOV.516 Closed Due to
Stroke Test

CAFrA
Type Code

IA AM

IA AR

IA CV

IA XV

SW SV

SW XV

SW XV

IA AM

IA AR

IA XV

SW CV

SW SV

SW XV

SW XV

SW XV

SW XV

MS RV

ills XV

i<IS RV

MS XV

PT-2.3

PT-2.3

EIN

CIA02C

TIA04C

8216

8217

8242

8311

4787B

TSAOI

5357

5370

5272

5366

5369

5373

5379

3410

3506

3411

3507

515

516

Component
ivlean

4.26e-03

9.37e.05

0.00

1.32c-04

1.17c-05

1.17e-05

4.26e-03

9.37e.05

2.2le 03

1.32e.04

1.17e.05

1.17e-05

1.17e-05

1.17e-05

3.75e-04

2.34e-05

3.75e-04

2.34e.05

3.7le 04

3.7 le.04

T/M Event
Mean

4.5 le.03

6.74e-03

3.98e-04

3.98e-04

3.7 le.04

3.7 le 04

Notes

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Evcnt-

RHTMOOOOOA

RjITMOOOOOB

Description

RIIR Injection Train "A"

RHR Injection Train "B"

CAFTA
T>pe Code

PT-2.3

RH AV

RH CV

RH CV

RH MP

RiI MV

RlI XV

RH XV

RH XV

RH XV

PT-2.3

RH AV

RH CV

RII HX

RH MP

RH MV

RH XV

RH XV

RH XV

RH XV

RH XV

697A

710A

EAC02A

PACOIA

704A

714

717

694A

696A

709A

704B

624

697B

7IOB

EAC02B

PACOI B

704B

715

716

694B

696B

Component
Mean

3.7 le.04

2.08e.04

0.00

0.00

1.01e.04

2.09e.03

1.28e.04

0.00

0.00

0.00

0.00

0.00

3.7 le.04

2.08c-04

0.00

0.00

1.0lc-04

2.09e.03

1.28e 04

0.00

0.00

0.00

0.00

0.00

T/M Event
i%lean

2.90e.03

2.90c.03

Notes

S ITM00825A

S ITM00825B

MOV 825A

MOV 825B

SI MV

SI MV

825A

825B

2.3 Ie-04 2.31e.04

2.3 Ie 04 2.31e.04

Rochester Gas & Electric Corporation R. E. Ginna PRA Project



Table 3.3.5-3
Tlirt Event Boundaries and Probabilities

T/M Event

SITii100871A

Description

ilIOV-871AClosed Duc to
iilonthly or Quarterly Test of
PSIOI C; or Maintenance
Event

CAFrA
Type Code

PT-2.1M;
PT-2.1Q

SI CV

87 IA

870A

Component
Mean

2.96e-03

1.13e-05

T/M Event
Mean

3.20c.03

Notes

SI MV 871A 2.3 le.04

SITM00871B MOV.871B Closed Due to
Quarterly Test of PSIOIC

PT-2.1Q

Sl CV

871B

870B

742e 04

1.13e-05

9.84e.04

SITMOPSI IA

SITiiIOPSI I8

SITiiIOPSIIC

Sl Pump A

Sl Pump B

Sl Pump C

Sl ilIV

SI CV

Sl CV

SI MP

SI XV

Sl XV

Sl XV

Sl CV

Sl CV

Sl MP

SI XV

Sl XV

SI XV

SI CV

SI MP

Sl MV

Sl MV

SI XV

87IB

889A

891A

PSIOI A

1820A

888A

890A

889B

891C

PSIOI 8

1820C

888B

890B

891B

PSIOIC

1815A

1815B

1820B

2.3 le.04

1.13e-05

1.13e-05

2.35e-03

0.00

0.00

0.00

1.13e-05

1.13e.05

2.35e.03

0.00

0.00

0.00

1.13e-05

2.35e.03

2.31e 04

2.3 le 04

0.00

2.37c-03

2.37e-03

2.82e.03

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T/M Event Boundaries and Probabilities

T/M Event

SITii ITRAINA

SITMTRAINB

SWTivIIAMAIN

Description

SI Train A Discharge Valves

Sl Train B Discharge Valves

SW Pump A Maintenance

CAFrA
Type Code

PT-2.1M,
PT-2.1Q

Sl CV

Sl CV

Sl CV

Sl MV

Sl MV

PT-2. I ibl.
PT-2.lg

Sl CV

Sl CV

Sl iMV

Sl MV

Sl XV

SW CV

PSIOI A,
I/2 PSIOIC

842A

867A

878G

878B

PSIOIB,
I/2 Ps IOIC

842B

867B

878J

841

878D

878E

Component
Mean

3.15e.03

1.13e.05

1.13e 05

1.13e-05

2.31e 04

2.3 le 04

2.04e-03

1.13e-05

1.13e-05

1.13e.05

2.3 le.04

2.31c.04

0.00

2.21e.03

T/M Event
Mean

3.65e-03

2.54e-03

2.70e-02

Notes

SW XV 4605

SW iiIP PSWOI A 2.48e-02

1.17e.05

SWTMIBiVIAIN

SWTibllCibIAliN

S 881@g4,-: ~

SWTM4613MT

SWTM46I4MT

SW Pump B Maintenance

SW Pump C Maintenance

SW Pump D Maintenance

M()V 4613 Maintenance

),I()V 4614 Maintenance

SW CV

SW MP

SW XV

SW CV

SW MP

SW XV

SW iVIP

SW XV

SW MV

SW MV

PSWOIB

PStivOIC

PSWOI D

4613

4614

2.2le 03

2.48e-02

1.17e.05

2.2le 03

2 48e.02

1.17e.05

2.21e.03

248e 02

1.17e-05

4.97e.04

4.97e-04

2.70e.02

2.70e.02

2.70e.02

4.97e.04

4.97e.04

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
TM Event Boundaries and Probabilities

TIM Event

SWTM46l5MT

SWTM46l6MT

SWTM4664MT

SWTM4670MT

SWTM4734MT

SWTM4735MT

SWTM9627AM

SWTM9627BM

Description

Mov 46I5 Maintenance

Mov 4616 Maintenance

Mov 4664 Maintenance

Mov 4670 Maintenance

Mov 4734 Maintenance

Mov 4735 Maintenance

SW Header To SARV Train
A

SW Header To SAFW Train
B

CAFrA
Tipe Code

SW Mv

SW Mv

SW Mv

SW Mv

SW Mv

SW Mv

SW CV

SW XV

SW Cv

SW XV

EiN

46l5

46l6

4670

4734

4735

9627A

9626A

96278

96268

Cong>one nt
Mean

4.97e-04

4.97e-04

4.97e-04

4.97e-04

4.97e-04

4.97e-04

2.21e-03

l.l7e-05

2.21e-03

l.l7e-05

T/M Event
Mean

4.97e-04

4.97e-04

4.97e-04

4.97e.04

4.97e.04

4.97e.04

2.22e-03

2.22e.03

Notes

Notes

(I) These manual valves were not included in the plant-specific data collection task.
Therefore, the valves use the plant-specific maintenance history for other AFW manual
valves which was considered to be a representative population.

(2) The service water filters (SW FD) were not included in the plant-specific data collection
task. Since these are passive components, any maintenance on the filters should have
resulted in either the associated solenoid valve or even AFW pump being declared
inoperable. Therefore, no maintenance out-of-service time was assigned to the filters.

(3) Only valves in the common flowpath for this block of components was considered. That
is, the probability of having both Sluice Pump trains inoperable due to maintenance was
considered very unlikely given the frequency that the pumps are operated. In addition,
since this T/M event applies to recovery action, the human error associated with aligning
the system should dominate the results.

(4) The CCW surge tank was not included in this T/M event since this would fail both CCW
pumps which is not allowed by Ginna Technical Specifications during power operation.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.5-3
T / M Event Boundaries and Probabilities

Notes continued

(5) The boundaries for the diesel generators (D/Gs) was limited to the diesels themselves.
This was done on the basis that if any ventilation or fuel system component was
inoperable, and that component rendered the respective DG inoperable, then the out-of-
service time would be assigned to the D/G in the data collection task. In addition, a
review of the out-of-service times for the ventilation and fuel system components showed
them to be negligible.

(6) Backdraft dampers were not included in the plant-specific data collection task.
Consequently, maintenance data associated with air-operated dampers was used. This is
conservative since an air-operated damper is more likely to require maintenance due to
the additional parts, etc.

(7) Instrument air manual valves were not included in the plant-specific data collection task.
However, the manual valves on the discharge of the air compressors was included within
the component boundary for the air compressors. Consequently, no maintenance

out-of-'ervice

time is assigned to these valves.

(8) PT-2.1M/Q both require use of the Safety Injection test line; consequently, operations
declares the affected pump trains inoperable. Since SI Pump C must provide t1ow
through one of the two injection lines, Pumps A and B are also affected. Therefore, for
PT-2.1M, two-thirds of the test time is assigned to SITMTRAINAsince Pump C is only
used through 871A. For PT-2.1Q, one-half of the test time is assigned to both
SITMTRAINAand SITMTRAINB.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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3.3.6 Initiator Frequencies

3.3.6.1 Introduction

This section describes the estimation of initiator frequencies for use in the Ginna PRA. An
initiator is an event or sequence of events (e.g., equipment failures, operators errors, etc.) which
either directly causes a reactor trip or requires an immediate reactor trip in order to prevent core
damage (i.e., precursors to ATWS sequences). In the integrated plant logic model (the
combination of event trees, top logic fault trees, and system-level fault trees), initiators are
represented by basic events.

Section 3.3.6.2 describes the estimation of each initiator's frequency; related initiators (e.g.,
LOCAs) have been grouped together for discussion purposes. A list of all initiator frequencies
is provided in Section 3.3.6.3; this list constitutes the interface between the data analysis task and
the remainder of the PRA with respect to initiator frequency data. Section 3.3.6.4 cites relevant
references.

3.3.6.2 . General Technical Approach

Estimation of initiator frequencies began with a review of reactor trip history over the data
analysis window (January 1, 1980 through December 31, 1988 [Ref. 3.3.6-1]; 7.31 critical years
[Ref. 3.3.6-2]) as recorded in the RCS Transient Validation Report [Ref. 3.3.6-3], various plant
operational records [Refs. 3.3.6-4 and 3.3.6-5], and Licensee Event Reports (LERs). Table 3.3.6-
1 lists the individual reactor trips by occurrence date and time, and shows their classification
according to the EPRI PWR transient categories [Ref. 3.3.6-6] and the PRA project initiators
[Ref. 3.3.6-7, Table 14]. In addition, each event has been matched to associated LERs and Ginna
Station Event Reports (A-25.1 forms).

The results provided in Table 3.3.6-1 show that the all reactor trips during this time frame
(except for the 1982 Steam Generator Tube Rupture event) were classified as TIRXTRIP. or a
reactor trip, for the purposes of the Ginna PRA. In addition, five of the fifteen events (33 k) that
were classified as TIRXTRIP were attributed to either maintenance or calibration errors, or
spurious reactor trip signals (e.g., AMSAC actuation). These events are distributed evenly
throughout the data analysis window.

A total of ten reactor trips (389c) were not classified for the purposes of the Ginna PRA Project.
These trips occurred during startup or controlled shutdown activities and were typically due to
feedwater control problems. Prior to the installation of the Advanced Digital Feedwater Control
System (ADFCS) in 1991. t'eedwater was manually controlled by operators until approximately

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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15% reactor power was reached, at which time the system was placed in automatic operation.
The new ADFCS automatically controls feedwater flow over all ranges of operation.
Consequently, low-power reactor trips caused by manual feedwater control problems or problems
in transitioning to/from manual control were ignored.

The estimation of initiator frequencies for the Ginna PRA was a combination of generic and
plant-specific experience (incorporated using Bayesian analysis). Table 3.3.6-13 provides a
listing of all initiating events included in the Ginna PRA and each initiator's frequency. The
determination of these frequencies is described in the following sections.

3.3.6.2.1 TIRXTRIP - Reactor Trip

The frequency of initiator TIRXTRIP has been estimated using Bayesian methods. The prior
distribution is based on industry-wide data collected by INEL [Ref. 3.3.6-8], which is an update
of earlier work performed by EPRI. Table 3.3.6-10 of the initiating Events Work Package [Ref.
3.3.6-7] lists the types of transients which are included within the boundary of initiator
TIRXTRIP; Table 3.3.6-2 relists this information and includes relevant statistical data from the
INEL report.

The prior distribution is assumed to be a gamma distribution with mean and variance equal to
the pooled INEL data. The gamma distribution is a two-parameter distribution (parameters tx" and

P); the parameters are related to the distribution's mean and variance as follows:

R
mean =

tX
variance =

Table 3.3.6-2 shows the estimated para'meter values, which have been calculated using Equation
(1). Assuming that reactor trip events (n events in T years) follow a Poisson process. then the
Bayesian posterior distribution is also a gamma distribution [Ref. 3.3.6-9] with parameters:

e'e+n
P'P +T

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Thus, e' 3.16 + 15 = 18.16 and P' 0.41 + 7.31 = 7.72. Using Equation (1), the posterior
mean and variance are, respectively, 2.35 and 0.30.

3.3.6.2.2 TIGRLOSP, TISWLOSP, ACLOPRTALL- Loss of Offsite Power

The offsite power scheme for Ginna consists of two independent sources of offsite power: (1)
Circuit 767 (fed from Transformer 6 in the Ginna switchyard using a "breaker-and-a-half"
scheme) which feeds Station Auxiliary Transformer 12A, and (2) Circuit 751 (fed from Station
204) which feeds Station AuxiliaryTransformer 12B. The emergency electrical buses (12A and
12B) can be fed from either Station AuxiliaryTransformer; the usual alignment is to supply Bus
12A from Station AuxiliaryTransformer 12A and Bus 12B from Station AuxiliaryTransformer
12B. Failure of either offsite power source results in a loss of one emergency bus side until the
respective emergency diesel generator starts; note that a reactor trip willnot occur ifeither offsite
power source is lost (loss of Circuit 767 on 4/14/81 resulted in a turbine runback). Based on this
discussion, two initiators have been defined to address losses of offsite power (LOSP) for Ginna:

1. TIGRLOSP, which is defined as a complete loss of all alternating current
electrical power from all offsite sources caused by a failure of the RG&E
transmission network as described below:

a. Transmission network up to, but not including, the breaker connecting
RG&E Station 204 to Station Auxiliary Transformer 12A.

and

b. Transmission network up to, but not including, Station 13A (the Ginna
switchyard).

It is assumed that loss of the transmission network leads to reactor trip since the
Ginna steam dump capacity is only 509o of rated steam flow (i.e., turbine runback
is insufficien to prevent reactor trip). This initiator results in an immediate
demand for both diesel generators.

TISWLOSP, which is defined as a loss of all alternating current electrical power
in the Ginna switchyard exclusive of those failures addressed by TIGRLOSP.
This event includes failures in the Ginna switchyard which cause an electrical load
rejection and failure of Circuit 767 (including Transformer 6). This initiator
results in an immediate demand for Diesel Generator 1B.

One additional event related to loss of offsite power is of concern: ACLOPRTALL, which is
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defined as a loss of all offsite power following reactor trip. This event is analogous to
TIGRLOSP, but may happen following the occurrence of any initiating event. Based on the
discussion in WASH-1400 [Ref. 3.3.6-10, Appendix II, p. II-90], a turbine/generator trip may
challenge the transient stability of the transmission grid due to the sudden loss of generation.
While it is recognized that the Ginna switchyard (feeding Circuit 767) and Station 204 (feeding
Circuit 751) are electrically independent from a design viewpoint, it is conservatively assumed
that transmission grid instability caused by loss of the Ginna generating capacity will fail both
offsite power sources (i.e., partial losses of offsite power following trip are not separately
considered).

During the data window, Ginna has not experienced a loss of offsite power as defined by either
initiating event, including both on-line and shutdown periods; thus, a Bayesian process has been
used to combine U.S. nuclear plant LOSP frequency data with the Ginna experience.

Generic data for development of the prior LOSP initiator frequency distributions was taken from
an EPRI database [Ref. 3.3.6-11]. A multi-stage screening process was used to select events
from the EPRI database. First, events that occurred outside the data window (1/1/80 to 12/31/88)
were excluded. Second, events which did not result in a reactor trip or which occurred during
cold shutdown because of special maintenance activities were excluded (all EPRI Category II and
IVevents). Third, events which resulted in a reactor trip (and, thus, loss of power from the unit
auxiliary transformer) but did not involve a loss of power from the startup transformers were
excluded. (Most Category III events involved use of diesel generators to provide required
electrical power, even if alternative offsite power was available; such events were excluded.
Category IIIevents were retained ifalternative offsite power was not available.) Fourth. events
caused by natural phenomena that is extremely unlikely at the Ginna Site (e.g., hurricanes) were
excluded.

Table 3.3.6-3 lists the EPRI database events relevant to Ginna. Each event has been classitied
as "grid" if it is applicable to initiator TIGRLOSP, and "plant" if it is applicable to initiator
TISWLOSP. Considerable engineering judgement was used in LOSP event classification and.
thus, the results are uncertain. The major difficulty lies in deciding if a particular event would
have failed all offsite power sources had it occurred at Ginna. Events due to single hardware
failures (e.g., logic cards. etc.) or human errors were generally classified as "plant";
weather-related events were generally classified as "grid".

The events in the generic LOSP database (Table 3.3.6-1) were assessed using the INEL/EPRI
methodology. This approach was taken to ensure consistency with the generic data tor other
initiators taken from the INEL study. In this approach, only complete calendar years of
experience are used; partial years (due to plant commencing commercial operation during the data-
window) have been excluded. The mean frequency (and its standard deviation) are based on the
cumulative experience of the database:
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CUM MEAN =

N
(3)

CUM STD DEV =
Z (E., —CUM MEAN)~

N-1

where E denotes the number of LOSP events that occurred at a particular site during a particular
year. The summations are taken over all plants and all complete years in the data window.
Tables 3.3.6-4 and 3.3.6-5 show the inputs and calculated results.

Performing the Bayesian updating for TISWLOSP:

0.024 + 0 = 0.024

0.894 + 9 = 9.894

mean' 2.43E-03
pl

(4)

var' 2.45E<4
p2

Similarly for TIGRLOSP:

0.0105 + 0 = 0.0105

0.7845 + 9 = 9.7845

mean' 1.07E-03
PI

var' 1.10E-04
P2
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Note that the Ginna experience is based on no occurrences in nine calendar years.

The EPRI database cannot be used to estimate the probability that offsite power is lost following
a reactor trip (event ACLOPRTALL) since it does not record such events. WASH-1400 [Ref.
3.3.6-10] estimates the probability at 1.0E-03. Since this datum does not reflect recent nuclear
power plant experience, a log-normal error factor of 15.0 has been assigned for the uncertainty
distribution.

The probability of restoring offsite power is based solely on the generic LOSP database since it
is not possible to perform a Bayesian update due to lack of Ginna-specific experience. Based
on analysis by Iman and Hora [Ref. 3.3.6-12], a Weibull distribution was fit to the offsite power
restoration time data in Table 3.3.6-3. Specifically:

Pr( not restored by t ) = e~>'6)
Application of the maximum likelihood method to a random sample (t,, g,..., t„) of Weibull-
distributed restoration times yields:

Figure 3.3.6-1 shows the probability that offsite power is not restored as a function of time for
switchyard and grid LOSP events, along with the numerically determined values of X and P.

3.3.6.2.3 TIFWLOSS - Loss of Main Feedwater

The frequency of initiator TIFWLOSS was estimated in the same manner as initiator TIRXTRIP.
Table 3.3.6-6 lists the information relevant to development of the prior distribution. The
Bayesian posterior mean and variance are, respectively, 1.24E-2 and 1.56E-3.
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A digital feedwater control system (ADFCS) was installed at Ginna during the 1991 Refueling
Outage in response to the large number of reactor trips which have occurred during low power
operations. These low-power trips were ignored for the purposes of the data analysis task since
they are not considered representative of full-power operation. There were no loss of main
feedwater events in the data window following synchronization of the turbine/generator (e.g.,
above 20%); consequently, the impact of this system for estimating the frequency of TIFWLOSS
is considered minimal. However, it is noted that nuclear industry experience indicates that digital
control systems are effective in reducing the MFW-related trip frequency. This is significant
since NUREG/CR-5622 (Ref. 3.3.6-13] reports that 61% of MFW-related trips are due to
problems with feedwater control.

3.3.6.2.4 TIFWEXCS - Excessive Main Feedwater Flow
k

The frequency initiator TIFWEXCS was estimated in the same manner as initiator TIFWLOSS.
Table 3.3.6-7 lists the information relevant to development of the prior distribution. The
Bayesian posterior mean and variance are, respectively, 1.98E-2 and 2.59E-3.

Once again, the addition of the ADFCS is not expected to significantly reduce the frequency of
excessive main feedwater-related trips since there were none in the observed data window.
Consequently, the estimated frequency for TIFWEXCS was not adjusted.

3.3.6.2.5 TIIALOSS - Loss of Instrument Air

NUREG/CR-5472 [Ref. 3.3.6-14] presents the results of an NRC-sponsored review of instrument
air systems at nuclear power plants, and recommends using a generic initiating frequency of
9.2E-2/y in any PRA-type analysis. While an uncertainty analysis is not provided, the study
notes that 20 years of critical operation without an IA-caused trip is not conclusive evidence that
a plant is performing better than 9.2E-2/y. Consequently, a Bayesian update using Ginna
experience was not performed even though no IA-initiated reactor trips were observed during the
data window. It is noted that NUREG/CR-5472 recommends that credit should be given t'or

recovery of IA in sequences where it is important if this initiator frequency is used. A log-
normal error factor of 15.0 is suggested as an appropriate uncertainty distribution.
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3.3.6.2.6 Steamline and Feedline Breaks

Estimation of high energy line break'requencies was based upon a review of similar events
defined in previous PRAs and safety studies. Table 3.3.6-8 identifies the sources that were
reviewed, along with the frequency data that was obtained during the review.

NUREG/CR-4407 identifies two feedwater line breaks and no steamline breaks in almost 485
reactor critical years. However, the two feedwater line breaks occurred post-trip as a result of
water hammer effects. Consequently, these events are not actual feedwater line break initiating
events. Also, the data presented in NUREG/CR-5622 does not specify how many events were
actual piping ruptures; assuming that only one event involved a catastrophic rupture, then a
reasonable estimate for the overall frequency of feedwater line breaks is about 3.00E-03/y. This
value'is consistent with the information presented in NUREG/CR-4407 as discussed above.
Table 3.3.6-8 suggests that feedwater line breaks occur more often than do steamline breaks.
(One possible explanation is that feedwater piping is subject to water hammer effects.)
Accordingly, an overall frequency of 5.00E-04/y is a reasonable estimate for the frequency of
steamline breaks.

The specific location of a high-energy line break impacts plant safety system response in several
ways:

Steamline breaks located in the segments of pipe between the steam generators
and the MSIVs fail the turbine-driven AFW pump steam supply due to NPSH
concerns regardless of whether the break is isolated or not.

2. Feedline breaks located in the segments of pipe downstream of the common
discharge from the high pressure feedwater heaters totally fail feedwater flow
(MFW, AFW, and SAFW) to one steam generator.

3. Pipe breaks outside the containment cause steam flooding which may fail
equipment. Of particular concern are breaks located in the intermediate building
(impact the AFW pumps) and the turbine building (impact MCC IA and IA).

4. Pipe breaks in the Turbine Building near the Intermediate Building block wall can
fail AFW and various SW isolation valves located in the Intermediate Building
since the block wall is not designed for high energy loads.

'The term high energy line break refers to either steamline or feedwater piping ruptures.
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In general, high-energy line breaks result in SI actuation due to low pressurizer
pressure and low steamline pressure; breaks located inside containment -also
actuate SI and CS due to high containment pressure. In addition to starting the
SI and RHR pumps, SI actuation results in MSIV closure, containment isolation,
feedwater isolation, and motor-driven AFW pump start. (Note that regardless of
the location of the high-energy line break, all AFW pumps willstart on low steam
generator level.)

6. High-energy line breaks inside containment result in CS actuation (see item 4
above); thus, these initiators imply a "wet" reactor cavity for Level 2 PRA
phenomenology purposes.

Based on the discussion above, several high-energy line break initiators have been defined:

TISLBACT
TISLBBCT
TISLBOTB
TISLBAIB
TISLBBIB
TIOSLBSD
TISLBSVA
TISLBSVB
TIFLBACT
TIFLBBCT
TIOFLBTB
TIFLBAIB
TIFLBBIB

Steamline Break in Line for S/G A Inside Containment
Steamline Break in Line for S/G B Inside Containment
Steamline Break in Turbine Building
Steamline Break in Line for S/G A Inside Intermediate Building
Steamline Break in Line for S/G B Inside Intermediate Building
Steamline Break Through Steam Dump
Inadvertent Safety Valve Operation for S/G A
Inadvertent Safety Valve Operation for S/G B
Feedline Break in Line For S/G A Inside Containment
Feedline Break in Line for S/G B Inside Containment
Feedline Break in Turbine Building
Feedline Break in Line for S/G A Inside Intermediate Building
Feedline Break in Line for S/G B Inside Intermediate Building

Each initiator's frequency has been estimated by (1) partitioning the total steamline break and
feedline break frequencies previously presented according to the relative amount nf piping
contained in specific locations, and (2) considering the contributions due to non-pipe break
sources (e.g., inadvertent steam line safety valve lift and spurious condenser steam dump
operation).

Figure 3.3.6-2 shows the appropriate location of steam and feedwater piping in the reactor.
intermediate, and turbine buildings. Based on a review of the relevant general arrangement
drawing [Ref. 3.3.6-15]. the following relationships were estimated:

l. The length ot'teamline piping inside containment is the same for both steam
headers (S~.„„= S„.iiii).
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2.. The length of steam header A piping inside containment is the same as the length
inside the intermediate building (SA.RB = SA,,B).

3. The combined length of steam header B piping located outdoors (behind the
facade) and inside the intermediate building is three times the length inside the
containment (SB.F + SB.,B - 3SB.RB).

4. The length of steam header B piping located outdoors is the same as the length
inside the intermediate building (SB.F = SB.IB).

5. Approximately 90% of all steam piping is located within the turbine building.

6. The above relations also apply to feedwater piping.

Iff» denotes the total steamline break frequency, then:

MS TIOOPRSLBA TIOPRSLBOA TIOOPRSLBB

B-F TIOPRSLBOB (8)

TIOOPRSLBA

where fB.„ is the frequency of pipe breaks in the segment of steam header B that is located
outside (behind the facade). However, rather than create a separate initiator for pipebreaks
located within the facade. this piping was conservatively assumed to be located in the
Intermediate Building. Thus:
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TIOOPRSLBA TIOOPRSLBB TIOPRSLBOA

0.1
fMS

TIOPRSLBOB

TIOOPRSLBO

5.00E-04/y0.1

6

8.33E-06/y

TIOOPRSLDA

3 8.33E-06/y

2.50E-05/y

09 fMS

0.9 5.00E<4/y

4.50E<4/y

Initiators TISLBSVA and TISLBSVB address inadvertent steam generator safety valve lift, and
are estimated in the same manner as initiator TIRXTRIP. Table 3.3.6-9 lists the information
relevant to development of the prior distribution. The Bayesian posterior mean and variance
respectively, 1.51E-03 and 1.91E-04. Assuming inadvertent safety valve liftis equally likely in
either steam heater, then

1

fTIPRSLBSVA TIPRSLBSVD
2

= 7.55E-04/y

(10)

Initiator TIOSLBSD addresses inadvertent operation of the condenser steam dump system.
NUREG/CR-5622 reports a total of two reactor trips in 315.17 reactor years involving the turbine
bypass system; no data is provided concerning the uncertainty in this estimate due to statistical
confidence or plant-to-plant variability. Martz and Wailer [Ref. 3.3.6-9, p. 239] describe a
method for estimating the parameters of a gamma distribution given values for the 95th and 5th
percentiles. In applying this method, two assumptions were made:

1. The ratio of the 95th percentile to the 5th percentile is 100.0.

2. The gamma distribution mean is 6.35E-03/y (2 events in 315.17 years).

Rochester Gas & Electric Corporation R. E Ginna PRA Project

3.3.6-1 1



Using the figures and tables provided. by Martz and Wailer, the following values were
determined:

tx = 0.84

P = 132.29

5th percentile = 2.02E-04

95th percentile = 2.02E-02

mean = 6.35E-03

variance = 4.80E5

Performing the Bayesian update using Equations (2) and (1), the posterior mean and variance are,
respectively, 6.02E-03 and 4.31E-05.

For feedline breaks, relations among the relative frequencies exist similar to those for steamline
breaks:

0.1 fTIOIIFWLBAI TIOMFWLBBI TIONIFWLBAO fFW
6

3.00E <3/y0.1

6

= 5.00E-05/y

TIOMFWLBBO 3 TioimVLBAI

= 3 . 5.00E-05/y

= 1.50E-04/y

TIOOMFWLBO 'W
= 0.9 3.00E3/y
= 2.70E-03/y
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A log-normal uncertainty distribution (error factor = 15.0) is suggested for all high-energy line
break initiators.

3.3.6.2.7 Loss of Coolant Accidents

The Electric Power Research Institute (EPRI) has recently formulated a new methodology [Ref.
3.3.6-34] for estimating the frequencies of pipe breaks, including an example of how to apply this
methodology to the estimation of LOCA frequen'cies. The fundamental equations are:

Z, = Z*C,*P»*n,

Z„= Z * [C, * P~ * n, + C, *
„~ *,]

where:
Z, = Z * [CI * n(+ Ci * Pig * ni + Cs * Pla * >4]

ZI—

ZIPI

Zi—

Z=

C;=

LOCA frequency for pipes ) 6"

LOCA frequency for pipes between 2" and 6"

LOCA frequency for pipes ( 2"

generic rupture failure rate

size attribute value

conditional probability that a rupture of size i occurs in a larger
pipe of size j

n, = number of pipe sections of size n

Table 3.3.6-10 shows the parameter values determined in the EPRI report (all values are shown
in Table 4.4-2 of Ref. 3.3.6-34. except for the pipe segment counts which are shown in Table 307
of Ref. 3.3.6-34). Substituting in the above equations for these values yields:

Z, = (2.9E-10/ h) * (1.4) * (7 / 15) * (109)

= 2.1E-08/ h = 1.8E-04/ y
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Z„= (2.9E-10 / h) * [(0.6) * (9 / 10) * (195) + (1.4) + (1 / 3) * (109)]

= (4.5E-08 / h = 4.0E-04 / y

Z, = (2.9E-10 / h) * [(1.2) * (339) + (0.6) * (1 / 10) * (195) + (1.4) * (1 / 5) * (109)]

= 1.3E-07/ h = 1.1E-03/ y

The LOCA sizes used in the Ginna PRA generally match the EPRI data ranges; uncertainty in
establishing the Ginna LOCA,sizes (e.g., due to use and interpretation of MAAP results, etc.),
coupled with uncertainty in the EPRI methodology and its supporting data suggests that the EPRI
methodology produces results acceptable for use in the Ginna PRA. Thus:

f(LLOCA) = 1.8E-04 / y

f(MLOCA) = 4.0E-04 I y

f(SLOCA) +f(SSLOCA) ='.1E-03 I y

The small LOCA range is 1" to 1.5"; the small-small LOCA range is 0" to 1". There is little
data regarding the amount of piping within these ranges at Ginna. Accordingly, it was decided
to use simple split fractions of 1/3 for small LOCAs and 2/3 for small-small LOCAs. Therefore,

f (SLOCA) = (1 /3) * (1.1E-03 / y) = 3.7E-04 / y

f (SSLOCA) = (2/3) * (1.1E-03 / y) = 7.3E-04/ y

The data in Table 3.3.6-10 does not apply to reactor vessel rupture (LIRVRUPT). The NUREG-
1150 studies of Surry [Ref. 3.3.6-16] and Sequoyah [Ref. 3.3.6-17] estimated that the core-
damage frequency due to reactor vessel ruptures was on the order of 10'/y. With the exception
of pressurized thermal shock (PTs), no specific failure mechanisms (e.g., thermal cycling, fatigue.
overpressure, etc.) were identified that lead to reactor vessel rupture; thus, the NUREG-1150
analysis is based solely on an assessment of PTS core-damage risk at Robinson presented in
NUREG/CR-4183 f'Ref. 3.3.5-18].

Reactor vessel failure may occur due to brittle fracture during severe overcooling transients.
Three conditions must exist in order to cause brittle fracture:

1. The reactor vessel materials must be at low temperature and be susceptible to
brittle fracture.

Rochester Gas & Electric Corporation
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2. A flaw (crack or notch) must be present, and

3. A tensile stress of sufficient magnitude must exist.

Conditions 1 and 3 are possible during transients such as small LOCAs and main steamline
breaks, during which relatively cold SI flow is added to the reactor vessel. It should be noted
that these transients do not result in depressurization since SI flow willexceed the LOCA break
flow and the rate of coolant shrinkage during steamline break events. Condition 2 is always
possible since reactor vessel inspection techniques cannot detect flaws below about 0.25 inches.

Brittle fracture susceptibility is governed by many factors such as flaw geometry and vessel
material properties. In general, and specifically for Ginna, the most likely initiation point for a
brittle fracture are the welds in the vessel due to (1) the high neutron fluence these welds acquire
over the plant lifetime and (2) the presence of copper in the weld material. Industry practice is
to summarize these factors using the reference temperature for pressurized thermal shock (RT~s),
which relates typical flaw sizes and material properties to the vessel temperature during PTS
transients.

The NUREG/CR-4183 study of Robinson determined a core-damage frequency on the order of
10'/y for an RT~s value of 270 'F. 10CFR50.61 establishes the following screening criteria for
the RT~, of reactor beltline materials:

1. 270 'F for plates, forgings, and axial weld materials

2. 300 'F for circumferential weld materials

Plant-specific evaluations for Ginna [Ref. 3.3.6-19] indicate the RT~, values will remain below
these criteria throughout the expected operating lifetime of the unit. Thus, in keeping with the
NUREG-1150 risk assessments of Surry and Sequoyah, it is concluded that the core-damage
frequency of Ginna due to reactor vessel rupture is less than 10'/y.

Table 3.3.6-11 lists the fina Ginna LOCA frequencies. A log-normal distribution (et = IS.()) is
recommended as an appropriate uncertainty distribution.

3.3.6.2.8 LIOSGTRn - Steam Generator Tube Rupture

Adams and Sattison [Ref. 3.3.6-20J report a total of five (5) single steam generator tube rupture
events in Westinghouse and C-E plants. based on examination of the operating experience ot'll
such plants from 1974 until l987 (512 reactor years). One of the events identified in this data
occurred at Ginna on I/25/82 in the "B" steam generator; this event and thirteen reactor years
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were removed from consideration during development of the Bayesian prior distribution to
prevent "double counting". Specifically, the generic mean was assumed to be 8E-3/y for the
entire plant, and 4E-3/y for a single steam generator. Using the Martz and Wailer method to
develop a gamma prior distribution (see Section 2.6), the following values were determined:

e = 0.84

P = 210

5th percentile = 1.27E-04

95th percentile = 1.27E-02

mean = 4.00E-03

variance = 1.90E&5

(13)

Performing the Bayesian update using Equations (2) and (1), the posterior mean and variance are,
respectively, 3.77E-03 and 1.69E-05 for the "A" steam generator. For the "B" steam generator,
the posterior mean and variance are, respectively, 8.25E-03 and 3.70E-05.

3.3.6.2.9 TIOOSWA, TIOOOSWB - Loss of Service Water

Initiators TIOOOSWA and TIOOOSWB refer to a total loss of service water from safety-related 20"
headers A or B, respectively. Ginna has experienced two precursor events to a total loss of
service water flow due to icing of the traveling screens: (1) 12/13/82, where screens "B" and
"D" failed, and (2) 2/7/88, where all four screens failed. The event on 12/13/82 happened when
the plant was on-line; the 2/7/88 event happened during shutdown. It should be noted that water
from the discharge canal can be recirculated back to the intake structure to minimize the
possibility of freezing; experience shows that this is effective when the plant is operating.
Further, failure of the traveling screens does not imply immediate loss of service water since
adequate flow will pass under the ice dam for some time.

Lam and Rosenthal [Ref. 3.3.6-21] report the frequency of complete loss of service water to be
1.8E-02/reactor year. Using the Marty and Wailer method to develop a gamma prior distribution
(see Section 2.6), the following values were determined:
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n = 0.84

P =467

5th percentile = 5.72E-04

95th percentile = 2.72E-02

mean = 1.80E-02

(14)

Performing the Bayesian update using Equations (2) and (11), the posterior mean and variance
are, respectively, 1.52E-02 and 2.88E-04.

3.3.6.2.10 TIOOOCCW - Loss of Component Cooling Water

The frequency of initiator TIOOOCCW was estimated in the same manner as initiator TIRXTRIP.
Table 3.3.6-12 lists information relevant to development of the prior distribution. The Bayesian
posterior mean and variance are, respectively, 2.20E-03 and 2.68E-04.

3.3.6.2.11 TIOACBUSnn - Loss of 480V Buses

Plant-specific experience for 480V bus failures is discussed and assessed using a Bayesian update
in the Plant Specific Data Work Package [Ref. 3.3.6-22]. Accordingly, the frequency of initiator
TIOACBUSnn has been estimated by converting the hourly failure rate into an annual frequency
as follows:

frequency = failure rate x fraction of time spent in Mode 1 x 8760 /i/y

= 7.84E-07 x '
8760

7.31 (15)
9

= 5.58E-03

It is noted that none ot'he observed failures in the plant-specific data resulted in a reactor trip.
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3.3.6.2.12 TIOOODCn - Loss of DC Buses

Plant-specific experience for DC bus failures is discussed and assessed using a Bayesian update
in the Plant Specific Data Work Package [Ref. 3.3.6-33]. Accordingly, the frequency of initiator
TIOOODCn has been estimated by converting the hourly failure rate into an annual frequency as
follows:

frequency = failure rate x fraction of time spent in Mode 1 x 8760 hly

= 2.41E-08 x '
8760

7.31
(16)

9

= 1.71E-04

It is noted that none of the observed failures in the plant-specific data resulted in a reactor trip.

3.3.6.3 Results

Table 3.3.6-13 summarizes the Ginna PRA initiator frequencies, and also provides uncertainty
distribution information.
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Table 33.6 I
R. E. GINNA REACIOR TRIP IIISTORY (I/I/80 - 1201/88)

Date 7 rfnc

fnirioI
PoNrr (carl Dcscnprion

EPRI P1VR

Category'"
PRA lnlrforor

Category

Sowcc

IJERJ

14 Nt)t/ ttl 100 hlanual reactor uip due to inadvertent actuation of the

Jure Suppression System which caused 2 rods in Bank
C to drop.

TIRXTRIP

25 JAN 82 09 vent Automatic reactor trip due to RCS pressure drop which
rcsuhed from a tube rupture in S/G B.

I. A-25.1

23 hlAY 82 1458 iisn Automatic reactor uip on AT, during caiibratioas. 39

06 AU(i ttZ 0908 100 Automatic reactor trip caused by isolation of thc
pr«ssurizer level vent liae dunag maintenance,

39 1. A-25.1

17 JAN 83 l)24 IOO Automatic reactor uip on steam/feed flow mismatch in
S/G A during Ig'C calibration of S/G levch Operators
attentpted manual control of feed Aow but could not
prevent uip.

I, A-25.1

IS JAN 83 Autontatic reactor uip during startup duc to low level
ia S/G B.

21 1. A-25.1

I 8 JUN 83 Automatic reactor trip caused by faled Iat«rmcdiatc
Range iasuumentation during stattup.

39

20 JUN 83 00) 3 Automatic reactor trip during startup duc to low
fecdwatcr liow to S/G A.

21

16 SEP 83 0027 17 Atnomatic reactor trip caused by operator error while
reducing power for LCO requirements (BAST
concentration).

21 l. 834)27.00

30 hIAY 84 83 Automatic reactor uip following falure of generator
cscllof.

TIRÃrRIP I, A.25.1,
84 007.00

06 APR 85 )902 Automatic reactor trip on low level ia S/G B during
startup Trip occurred during calibralion of the
teedwater tlow ctrcuttry

I. A-25.1,
85-006.00

Rochester Gas & Electric Corporation R. E. Ginna PRA PiujeLt
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Table 3.3.6-1

R. E. GINNA REACrOR TRIP IIISTORY (I/I/80 - 12/31/88)

Date

06 APR 85 2341

Initial
Powel'evel

12

Description

Autontatic reactor trip on low level in S/G 8
during startup (feedwater was being ntanually
conuolled). Turbine failed to trip automatically
and had to be manually tripped.

EPRI PIVR
CategorJ/">

21

PRA Initiator
Categoty

Source

(LER)

I, A-25.1,
85-007-00

07 Apk 85 1039 13 Autontatic reactor trip on low-low level in S/G
A during startup (feedwater was being ntanually
conuol led).

21 I. A-25.1,
85-008-00

08 APR 85 0536 Autontatic reactor trip during load reducuon for
turbine overspeed test.

21 l. 85-009-00

I I APR 85 1220 Autontatic reactor trip on low condenser
vacuum while reducing power to invesugate
circulating water leak.

I, A-25.1,
85-011.01

06 JUN 85 1049 Autontatic reactor trip on AT r during IAC
tesung of source range detector N31 concurrent
with a spike on Instrument Bus D.

TIRXTRIP I, 85-014-00

28 SEP 85 2205 30 Manual reactor trip due to Ell control problems
following a leak in an Ell oil cooler. Reactor
power was initiallyreduced in an attempt lo
eliminate excursions.

33 TIRXTRIP I, A-25.1,
85-018-00

25 NOV 85 1335 85 Autontatic trip on steam/feed flow mismatch
following power reduction initiated by trip of
Circulating Water Pump B. Operators were
attempting to stabilize secondary side when trip
occurred.

30 TIRXTRIP I, A-25.1,
85-019-00

29 JUL 86 0351 100 Manual reactor trip following rupture ol the
steam line elbow between the 2A MSR
drainline and the 58 heater.

28 I, A-25.1,
86-004.00

30 JUL 86 1855 Autontatic reactor trip due (o faulty relays in the
Intermediate Range blocking circuitry.

TIRXTRIP I, A-25.1,
86-005.00

Rochester Gas & Electric Corpordtion
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Table 39.6-1
R. E. GINNA REACTOR TRIP HISTORY (I/I/80 - 12/31/88)

Date 7ltne

0852

Initial
Power Lnel DescriPtion

Automatic reactor trip following lgtC technician
error on high pressurizer pressure. Technician
caused a short in S/G wide range level circuitry
which resulted in a 60% turbine runback.

EPRI PIVR

Category't

39

PRA Initiator
Category

Source

(LERJ

I, A-25.1,
86-008-00

Notes+

28 NOV 86 1116 Automatic reactor trip on high pressurizer
pressure after operator inadvertently shut both
h1SIVs.

I, A-25.1.
86.011-00

05 ltnll 88 1857 HSI) Autontauc reactor trip on high flux while
shuning down due to failed N-31 source range
detector.

2. A-25.1

IO hIAR 88

Ol JUN 88

1856

1932

22 Autontatic reactor trip on steant/feed flow
nusmatch for S/G A during synchronization of
turbine generator.

Autontatic reactor trip on low feedwater flow to
S/G IJ after operator took liow into manual
following conflicung S/G level indications
(failed flow transmitter fuse).

21

22 TIRXTRIP

I, 2, A-25.1,
88.003-00

I, 2, A-25.1 ~

88.005.00

16 JUL 88 1355 Manual reactor trip after control rod failed to
insert during controlled shutdown following a

partial loss of off-site power.

2, A-25.1

Rochester Gas & Electric Corporation
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Table 3.3.6-1
R. E. GINNA REACrOR TRIP IIISTORY (I/I/80 - 12/31/88)

(I) All reactor trips caused by calibrations or testing were identified as category 39 (Auto trip - no transient condition) unless otherwise noted.

(2) All reactor trips caused by feedwater control problents during startup were identilied as category 21 (Feedwater liow instability - operator error) since
I'eedwater was under nianual control (prior to the installation of the Advanced Digital Feedwater Control System).

N»res+'>'»

I>RA >n'it>at»t category was assigned since the trip occurred during Ilot Shutdown (IISD) or Iow power conditions due to causes which would not exist
during n»rn>al p»wer»perations (e.g.. calibration activities, reactor startup, etc.).

(2) No PRA initiator category was assigned since the trip occurred during low power conditions (i.e., bel'ore turbine synchronization) where feedwater control
problems prevailed. n>ese feedwater control problen>s were not observed during norn>al power operations; therefore, they were excluded.

(3) No PRA initiator category was assigned to this steam line break since it was sn>all and did not resuh in an automatic reactor trip.

Rochester Gas & Electric Corporation R. E. Ginna PRA Projett
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Table 3.3.6-2
DEVELOPMENT OF PRIOR DISTRIBUTION FOR TIRXTRIP - REACroR TRIP

EPRI PIVR
Category Descnprion

Loss of RCS flow (I loop)

Uncontrolled rod withdrawal

CRDM problem and/or rod drop

Average
Frequency

Py)

0.28

0.01

0.50

Standard
Deviation

0.63

0.10

1.57

Variance

0.3969

0.0100

2A649

4 Leakage from control rods

Leakage in primary system

Low pressurizer'ressure

Pressurizer leakage

High pressurizer pressure

Inadvertent safety injection signal

0.02

0.05

0.03

0.005

0.03

0.05

0.19

0.26

0.16

0.07

0.27

0.27

0.0361

0.0676

0.0256

0.0049

0.0729

0.0729

10

12

17

18

Containment pressure problems

Containtnent pressure problems

Pressure. temperature. power
imbalance - rod position error

Total loss of RCS flow

Loss or reduction in feedwater flow
(I loop)

Full or partial closure of MSIV
(I loop)

Closure of all hISIV

0.005

0.03

0.13

0.03

1.50

0.17

0.04

0.10

0.20

0.55

0.19

2.17

0.60

0.24

0.0100

0.0400

0.3025

0.0361

4.7089

0.3600

0.0576

21

22

23

26

27

28

30

33

Feedwater flow instability - operator
error

Feedwater flow instability-
miscellaneous mechanical causes

Loss of condensatc pumps (I loop)

Lass of condensate putnps (all loops)

Imts of condenser vacuum

Steam generator leakage

Condenser leakage

Miscellaneous leakage in secondary
rystent

I.cise of circulating water

Turhtne trip. throule valve closure.
lill('rohlents

Oenerator trip or generator caused
fauhs

0.29

0.34

0.07

0.01

0.14

0.03

0.04

0.09

0.05

1.19

OA6

0.76

0.86

0.30

0.10

OA3

0.20

0.24

0.31

0.30

1.56

0.88

0.5776

0.7396

0.0100

0.1849

0.0400

0.0576

0.0961

0.0900

2.4336

0.7744

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.6-2
DEVELOPMEYT OF PRIOR DISTRIBUTION FOR TIRXTRIP - REACI'OR TRIP

EPRI PIVR
Category

36

37

38

40

Description

Pressurizer spray failure

Loss of power to necessary plant
systems

Spurious trips ~ cause unknown

Auto trip ~ no transient condition

Manual uip ~ no transient condiuon

TOTAL

Average
Frequency

(~y)

0.03

0.1 I

0.08

142

0.47

7.70

Standard
Deviation

0.17

0.40

0.38

1.90

0.96

3.16

0.41

Variance

0.0289

0.1600

0.1444

3.6100

0.9216

18.6256

Rochester Gas & Electric Corporation R. E Ginna PRA Program
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Table 3.3.6-3
U.S. NUCLEAR PLANT LOSP EVENTS RELEVANTTo GINNA

(I/I/80 TO 12/31/88)

PLAiVl'alvert

Cliffs I & 2

DATE

07/23/87

DURATION (H:M)

01:58

TYPE

plant

CAUSE

one transmission line contacted
a uee; defective logic card lead
to loss of other transmission line

Diablo Canyon 2

Dresden 2

Farley 2

07/17/88

08/16/85

10/08/83

00:38

00:05

02:45

plant

plant

plant

short to ground in 12 kV
connection to RCP propagated
to loss of both startup
transformers

failure to automatically isolate
fault in main transformer

failure in 230 kV switchyard
breaker

Fort St. Vrain

Fort St. Vrain

05/17/83

04/03/86

Ol:45

unknown plant

snow and wind

storm (did not fail all offsitc
power sources)

Indian Pt. 2

McGuire I

Palisades

06/03/80

08/21/84

07/14/87

01:45

00:20

07:26

plant

plant

plant

lightning bolt failed a shield
wire, which fell across all
incoming transmission lines (not
credible as a "grid" event for
Ginna layout)

human error during tesung and

maintenance of switchyard
computer and control circuitry

human error during maintenance
activities leal to inadvertent
actuation of fire protecrion
systeill

Palo Verde I

Pilgrim

10/03/85

11/19/86 unknown

grid multiplexer nlalfunction

StOflll

Pilgrim

Pilgrim

Prairie Island I & 2

River Bend

San Onofrc I

03/31/87

I I/12/87

07/IS/80

Ol/01/86

IIn2/80

unknown

11:00

01:02

00:Ol

grid

plant

plant

rainstorm

snow and ice

electrical storm

malfunction of a switchyard
protecuve system

incorrect alignment during
switching

San Onofre I

Turkey Point 3 & 4

Turkey Point 3

11/21/85

02/12/84

02/16/84

00:15

00:15

plant

plant

plant

short in 4.16 kV ESF bus lead
to loss of one auxiliary
transformer and manual reactor
trip

spurious actuation'of differenual
relay

inadvertent jarring o( a relay on
a cubical door

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.6-3
U.S. NUCLEAR PLAibT LOSP EVENTS RELEVANTTO GINNA

(I/I/80 TO 12/3 I/88)

PLANT

Turkey Point 3 & 4

WNP 2

DATE

05/l7/85

Ol/3 I/85

DURATIONgI:If)

2:05

unknown

TYPE

plant

CAUSE

offsite fire under transmission
lines

auxiliary relay vtbrauon caused

reactor tnp without turbme
generator trip

Rochester Gas & Electric Corporation R. E Ginna PRA Pmject
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Table 33.6-$
DEVELOPMEIvr OF PRIOR DISTRIBVIIOÃFOR IIStVLOSP

ANO

Arnold

Beaver Valley

Big Rock Point

Brafdwood

DATE

May.74

Feb-74

Jan 76

Jan 76

Oct 86

1980 1981 1982 1983 1984 1985 1986 1987 1988

Browne Fary

Bmnswick

JUQ.73

Dec.74

Callaway

Calvert Qiffs

Catawba

Clinton

Connecticut
Yankee

Jun 84

Jul.74

Jul.84

Sep.86

Jan 68

,0

Cook Oct.74

Cooper

Crystal River

Davis.Bcssc

Diablo Canyon

Dresden

Farley

Fermi

FitzPatrick

Ft. Calhoun

Ft. St. Vrain

Jan 74

Dec-76

Apr-77

Apr 84

Oct 59

Jun 77

Mar 85

Oct 74

Dec.73

Dec-73

0

Ginna

Grand Gulf

Iiarris

ffope Creek

Indian Point 2

indian Point 3

Kewaunec

Sep 69

Jun 82

Oct tt6

Aug 74

Apr 86

Oct.71

Oct 71

I)ec 7t n

La Salle

Umerick

Apr 8

Oct tt4

Rochester Gas & Electric Corporation



~0

~4t

E

~OO

m es

'4l-

'4 (4

ee l 1

~ r



Table 33.61
DEVELOPhlENr OF PRIOR DISTRIBUIIONFOR TISWLOSP

PLANr

Maine Yankee

McGuire

Millstone

DATE

Sep 72

'an.81

Oet 70

1980 1981 1982 1983 1984 1985 1986 1987 1988

hlonticello Jan-71

Nine Mile Point

North Anna

Oconce

Sep.69

Nov-77

Feb.73

Oyster Creek

Palisades

Palo Verde

Peach Bottom

Perry

Pilgrim

Point Beach

Prairie bland

Quad Cities

Rancho Seco

River Bend

Robinson

Apr 69

Mar-71

Dec.84

Aug-73

Mar.86

Jun.72

Oet 70

Aug.73

Oet.7!

Aug.74

Aug 85

Jul.70

0

Salem

San Onofre

Scabrook

Setluoyah

8horeharn

Aug.76

Mar-67

Oet 86

Dec 84

South Texas

St. Lueic

Summer

Sustluehanna

Aug.tt7

hlar.76

Aug 82

May 72

Jul 82
0'hree

Mile Island May 74 0

Trojan

Turkey Point

Vermont Yankee

Vogtlc

Waterford

Nov.76

Jul 72

Alar 7

Jan tt7

Dec tt4

0 0

Rochester Gas 0 Electric Corporation
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Table 33.6-1
DEVELOPS!ENr OF PRIOR DISTRIBNIOiVFOR 11SWLOSP

Wolf Ceeek

Yankee Rowe

DATE

Dec.83

Mar 8$

Jttn.61

1980 1981 1982 1983 1984 198$ 1986 1987

0

1988

Zion

TOTALEVENTS

PLANr YEARS

Apr.73

53

0.0189

54

0.0556

62 65

0.0308

71

0.0282

73

0.0137

STD DEV

CUM MEAN

CUM STD DEV

0.20t

0.0426

0,20t

0,0211

0.1443

0.1374

0.0139, 0.0152

0.1174 0.1228

0.302

0,0239

0.1773

0.2163

0.0288

0.1885

0.174 0.1666

0.0291 0.029

0.1834 0.1807

0.117

0.027

0,173

alpha 0.024

beta 0.894

Rochester Gas & Electric Corporation
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Table 33.6.5
DEvELopMENI'F pRIoR DlsTRIBIJHGN FoR 'IIGRLosp

PLANr

ANO

Arnold

Beaver Valley

Big Rock Point

Braidwood

Browne Ferry

Brunswick

DATE

May.74

Feb 74

Jan.76

Jan.76

Oct.86

Jun.73

Dec.74

1980 1981 1982 1983 '984 1985 1986 1987 1988

Byron

Callaway

Calvert Cliffs

Catawba

Oct 84

Jun.84

Jul-74

Jul.84

0

Clinton

Connecticut
Yankee

Jan.68

Cook Oct-74 0

Cooper

Crystal River

Davis Bcssc

Diablo Canyon

Dresden

Jan-74

Dec 76

Apr.77

Apr 84

Oct.59

0.

Farlcy

FitzPatrick

Ft. Calhoun

Jun.77

Mar.85

Oct.74

Dec-73

Ft. St. Vrain Dec.73

Ginna

Grand Gulf

Harris

Hatch

Sep 69

Jun 82

Oct 86

AU8 74

Hope Creek

Indian Point 2

Indian Point 3

Kewaunec

Apr.86

Oct.71

Oet 71

Dec 7t

0

La Salle Apr 8

Limerick Oct tea

Rochester Gas & Electric Corporation
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Table 33.6-5
DEVELOPSIENr OF PRIOR DISTRIBIJTION FOR TIGRLOSP

DATE 1980 1981 1982 1983 1984 1985 1986 1987 1988

Maine Yankee

McGuirc

Sep-72

Jan.81

Millstone

Monticello

Oet-70

Jan 71

Nine Mile Point

North Anna

Sep.69

Nov-77

Oconec

Oyster Creek

Palisades

Feb 73

Apr-69

Mar.71

Palo Verde Dec.ga

Peach Bouom

Perry

Pilgrim

Point Beach

Aug.73

Mar-86

Jun 72

Oet.70

0

Prairie bland

Quad Cities

Rancho Seco

River Bend

Robinson

Salem

San Onofre

Seabrook

Sequoyah

8horeharn

Aug 73

Oet 71

Aug 74

Aug.85

Jul-70

Aug.76

Mar 67

Oct 86

Oct 80

Dec.ga

0 0"

South Texas

St. Lucie

Sununer

Susquehanna

Aug 87

hlar.76

Aug tt2

May 72

Jul 82

Three Mile bland Slay.74

Trojan

Turkey Point

Vermont Yankee

Nov 75

Jul 72

Mar 72

Vogtlc Jan tt7

Waterford Dec tts

Rochester Gas & Electric Corporation
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Table 33.6.5
DEVELOPMENT r OF PRIOR DISTRIBUrlON FOR TIGRLOSP

DATE

Deo.83

1980 1981 1982 1983 1984 1985 1986 1987 1988

WolI Creek Mar.85

Yankee Rowo Jun%I

Zion Apr-73

PLANI'EARS

MEAN

STD DEV

0.0213

0.1459

53

0.0189

0.1374

62 65

0.0323 0.0154

0.1781 0.124

0.0282

0.2374

CUM MEAN 0.0213 0.0105 0.0069 0.008 0.0128 0.013 0.0132 0.0156 0.013

CUM STD DEV 0?1459 0.1026 0.0883 0.1005 0.0891 0.112$ 0.1144 O.I409 0.131

alpha 0.0105

beta 0 7845

Rochester Gas & Electric Corporation R. E Ginna PRA Pmject
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Table.3.3.6-6
DEVELOPMENT OF PRIOR DISTRIBU11ON FOR TIRVLOSS ~ LOSS OF MAINFEEDlVATER

EPRI PIVR
Category

l6

Description

Total loss of feedwater flow (all loops)

TOTAL

Average
Freqttency

fir)

O.I6

O.I6

Standard
Deviation

0.5 I

0.098

0.62

Van'ance

0.26

0.26

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.6-7
DEVELOPMENT OF PRIOR DISTRIBUTIONFOR TIBVEXCS - EXCESSIVE MAINFEEDWATER FLOW

EPRI P1VR

Categorr

19

20

Descn'ption

Increase in fcedwater flow (I loop)

Increase in feedwater flow (all loops)

TOTAL

Average
Frequency

(Ir)

0.02

0.46

Standard
Deviation

1.17

0.18

0.151

0.329

Vanancc

1.37

0.03

1.40

Rochester Gas & Electric Corporation R. E Ginna PRA Prnjen
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Source

Table 3.3.6-8
HIGII ENERGY LINE BREAK FREQUENCIES USED IN PREVIOUS PRAs

Description Frequency (/y)

NUREG/CR-4407 [Ref. 3.3.6.23)

NUREG/CR-5622 [Ref. 3.3.6- I3)

feedwater line breaks (2 events in 484.73 reactor
years)

steamline breaks (0 events in 484.73 reactor years)

trips related to feedwater piping (9 events in 315.li
reactor years)

trips related to steamline piping (2 events in 3IS.I7
reactor years)

4.IOE.02

5.00L-04

2.86E.02

6.34E-03

NUREG/CR-4550 analysis of Zion [Ref.
3.3.6-24)

steamline break l.90E-03

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.6-9
DEVELOPMENT OF PRIOR DISTRIBUTION FOR INADVERTENTSTEAM GENERATOR SAFETY VALVELIFT,

EPRI P IVR

Categot3t

29

Description

Sudden opening of steam relief valves

TOTAL

Average
Frequency

(tx)

0.02

0.02

Standard
Deviation

O.I 8

O.OI2

0.6I7

Variance

0.0324

0.0324

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.6-10
EPRI LOCA Frequency Correlation Parameter Values

Parameter

C,

C,

C,

/'VJ

n,

Value

2.9E-10 / h

1.2

0.6

1.4

1/3
1/ 10

1/5
9/ 10

7/ 15

339

195

109

Rochester Gas & Electric Corporation
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Initiator

LISS LOCA

LISBLOCA

LIMBLOCA

LILBLOCA

LIRVRVPT

Table 3.3.6-11

LOCA FREQUENCIES

Break Size

0 ~

I" - 1.5"

1.5" - 5.5"

> 5.5"

reactor vessel rupture

Mean Yearly
Frequency

7.30E-04

3.70E 04

4.00E-04

I.80F 04

< I,OOE.08

Rochester Gas & Electric Corporation R. E Ginna PRA Pmject
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Tnhle 3.3.6.12
DEVELOPMENT OF PRIOR DISTRIBUTIONFOR INITIATORTIOOOCCW - LOSS OF CHV

EPRI PlVR
Category

31

DescriPtion

Loss of component cooling

TOTAL

Average
Frequency

fty)

0.02

0.02

Standard
Deviation

O. I5

0.0I8

0.889

Variance

Rochester Gas & Electric Corporation R. E Ginna PRA Reject
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Table 3.3.6-13
Final Ginna PRA Initiator Frequencies

Description

Reactor Trip
Loss Of Off-Site Power - grid
Loss Of Off-Site Power - Switchyard
Loss of Main Feedwater
Feedwater Line Break In Line For SG A Inside Containment
Feedwater Line Break In Line For SG B Inside Containment
Feedwater Line Break In Turbine Building
Feedwater Line Break In Line For SG A Inside Intermediate Building
Feedwater Line Break In Line For SG B Inside Intermediate Building
Excessive Feedwater
Steam Line Break In Line For SG A Inside Containment
Steam Line Break In Line For SG B Inside Containment
Steam Line Break In Turbine Building
Steam Line Break In Line For SG A Inside Intermediate Building
Stcam Line Break In Line For SG B Inside Intermediate Building
Steam Line Break Through The Steam Dump System
Inadvertent Safety Valve Operation On SG A
Inadvertent Safety Valve Operation (Or Exterior SLB) On SG B
Loss of Instrument Air
Reactor Vessel Rupture
Large LOCA
Medium LOCA
Small LOCA
Small-Small LOCA
Steam Generator Tube Rupture In SG A
Steam Generator Tube Rupture In SG B
Loss Of Service Water Safety-Related Header A
Loss Of Service Water Safety-Related Header B
Loss Of Component Cooling Water
Loss Of Main DC Distribution Panel A (DCPDPCB03A)
Loss Of Main DC Distribution Panel B (DCPDPCB03B)

Designator

TIRXTRIP
TIGRLOSP
TISWLOSP
TIFWLOSS
TIFLBACT
TIFLBBCT
TIOFLBTB
TIFLBAIB
TIFLBBIB
TIFWEXCS
TISLBACT
TISLBBCT
TISLBOTB
TISLBAIB
TISLBBIB
TIOSLBSD
TISLBSVA
TISLBSVB
TIIALOSS
LIRVRUPT
LILBLOCA
LIMBLOCA
LISBLOCA
LISSLOCA
LIOSGTRA
LIOSGTRB
TIOOOSWA
TIOOOSWB
TIOOOCCW
TIOOODCA
TIOOODCB

Frequency

2.35
2.43E-03
1.07E-03
1.24E-02
5.00E-05
5.00E-05-
2.70E-03
5.00E-05
1.50E-04
1.98E-02
8.33E-06
8.33E-06
4.50E-04
8.33E-06
2.50E-05
6.02E-03
7.55E-04
7.55E-04
9.20E-02
1.00E-08
1.80E-04
4.00E-04
3.70E-04
7.30E-04
3.77E-03
8.25E-03
1.78E-03
1.78E-03
2.20E-03
1.71E-04
1.71E-04

Rochester Gas & Electric Corporation
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Figure 3.3.6-1
Off-Site Power Restoration Probability

1.00E+00 =

gridwentered

probability that
offsite power is not
recovered by time t

1.00E 01

1.00E 02 =
switchyard centered

1.00E.03

4 6

time t (hours)
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Figure 3.3.6-2
High-Energy Line Piping Arrangement
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3.3.7 Quantification of Sequence Frequencies

3.3.7.1 Quantification Inputs

The first step in the quantification process is the collection of three basic types of logic
models and their associated data sets:

Accident sequence models;

Top logic models; and

Systems fault tree models.

The computerized models used as inputs to this task are listed in Table 3.3.7-1.

.3372 Model Integration

The individual logic models and databases shown in Table 3.3.7-1 were combined into an
integrated plant model. This model is made up of four computer files:

The CAFTA fault tree file GINNA.CAF;

The CAFTA basic event database file GINNA.BE;

The CAFTA type code database file GINNA.TC; and

The CAFTA gate definition database file GINNA.GT.

"A fifth file, the CAFTA module definition file GINNA.CUT, was created from this assembled
integrated model by using the CAFTA fault tree editor's EVALUATE/ MODULES ONLY
option.

Rochester Gas Ec Electric Ci)rporatinn

3.3.7-1
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The individu'al computer files shown in Table 3.3.7-1 that are used to build the master
integrated plant model are subject to quality assurance control. These models, and not the
integrated model, are maintained as the living Ginna plant model. Thus, all changes,
modifications and/or corrections made under the relevant quality assurance procedures are
incorporated directly into the individual computer model files. The integrated plant model is
created on-line immediately before each quantification session through the use of the batch
file MAKE INT.BATand the CAFTA macro files INTBE.MAC, INTGT.MAC,
INTCAF.MAC, INTMOD.MAC,and INTLOAD.MAC. The flow chart in Figure 3.3.7-1
describes this integration process.

3.3.7.3 Model Solution

After creating the integrated Ginna PRA model, minimal cut sets were determined for each
core damage accident sequence. The generation of sequence cut sets was a three-step
process:

Logic flags were set to configure the integrated model for the initial plant
systems operating alignment and for the specific sequence being solved;

2. The CAFTA work station was used to generate sequence-specific cut sets; and

3. Generated cut sets were identified and removed to eliminate mutually
exclusive events and to satisfy sequence logic involving success paths as
dictated by the event trees.

The following sections describe the logic flag settings used; provide the rationale for setting
the solution truncation limit; describe the process used to identify and eliminate mutually
exclusive events; describe the process used to eliminate cut sets which do not satisfy the
sequence logic; and discuss the automated CAFTA computer solution process used to
implement the overall quantification scheme.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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3.3.7.3.1 Logic Flags

Various logic flags (so-called house events) have been incorporated into the Ginna PRA logic
models. A logic flag is not a true basic event, as it does not have an associated probability;
rather, a logic flag is set to either TRUE or FALSE (in the Boolean sense) depending on the
desired outcome. Ginna PRA logic flags are of two types:

Configuration logic flags. These flags are used to set allowable operating
configurations for systems with multiple trains where one or more of the trains
is in operation and the remainder are in standby at the beginning of the
accident. Use of this type of flag will allow the Ginna PRA models to be
used for future studies of system train alignments; and

Sequence logic flags. These flags are used to properly configure the
integrated model for each accident sequence solution.

Configuration logic flags are used to set the assumed initial operating configuration of
multiple-train systems. A good example of the use of configuration logic flags may be found
in the Ginna PRA Service Water System model [Ref. 3.3.7-14]. The Ginna Service Water
System is equipped with four service water pumps. A typical operating configuration was
assumed for the start of this analysis; that is, service water pumps PSW01A and PSW01D
were assumed to be operating, and service water pumps PSW01B and PSW01C were assumed
to be in standby. This assumption is carried out by setting configuration logic flags
AAAASWP1AR (Service Water Pump PSW01A Is In Operation), AAASWP1DR (Service
Water Pump PSWOID Is In Operation), AAAASWP1BS (Service Water Pump PSWOI B Is
Selected In Standby), and AAASWPlCS (Service Water Pump PSW01C Is Selected In
Standby) to TRUE and configuration logic flags AAAASWP1AS (Service Water Pump
PSW01A Is Selected In Standby), AAASWPIDS (Service Water Pump PSW01D Is Selected
In Standby), AAAASWPIBR (Service Water Pump PSW01B Is In Operation), and
AAASWP1CR (Service Water Pump PSW01C Is In Operation) to FALSE.

A complete list of contiguration logic flags and their as-quantified settings is given in
Table'.3.7-4.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Sequence logic flags are used to properly configure the integrated plant model for the specific
sequence being solved. As is typical of logic models when employing the small event tree /
large fault tree modeling methodology, the Ginna PRA logic models have been constructed to
answer=-a variety of possible top event success criteria. For example, the top event success
criteria for the Service Water System is different for sequences where RCS cooling shifts
from injection to recirculation from the containment sump. The sequence logic flag
AAAARECIRC is used in the model to indicate whether the sequence being solved requires
recirculation (AAAARECIRCset to TRUE) or not (AAARECIRC set to FALSE).

There are three other sequence logic flags in addition to AAAARECIRC that are used
throughout the Ginna PRA logic models as appropriate:

AAAAAOATWS(ATWS Has Occurred) is used to configure the fault tree logic before
solving anticipated transient without SCRAM (ATWS) sequences;

AAAAAFISSG (Operators Isolate SIG ajj"ected By Tube Rupture (Il Success)) is set
to TRUE for all non-SGTR sequences or when event tree top event Il succeeds: and

AAAAESOBAF (ECCS Manually Started To Support Bleed And Feed Operation) is
set to TRUE when solving sequences involving event tree top event UH1 (bleed and
feed operation) and FALSE when solving sequences involving event tree top event
UH2 (LOCAs).

A complete list of sequence logic flags and their sequence-by-sequence settings is given in
Table 3.3.7-5.

3.3.7.3.2 Truncation Limit Selection

All Ginna PRA accident sequences were solved using a truncation value of 5.0E-08/year: that
is, only cut sets with frequencies greater than this truncation value were generated. In a large
and complex logic model such as the integrated plant model created for the Ginna PRA. it is
not practical to generate all cut sets associated with each sequence; such a process would
require prohibitively long computer solution times. Selection of the truncation value evolved
from a considerable period of experimentation. The objective of this experimentation was to
generate all cut sets that significantly contribute to the over-all core damage frequency. For
Ginna, where the total core damage frequency from internal initiating events is about l.()E-
04/year, the truncation value of 5.0E-08/year will identify any cut sets that contribute ().()5 "/c

of the total frequency.

Rochester Gas &= Electric Corporation R. E. Ginna PRA Project

3.3.7-4



g h
1

E

-,II



3.3.7.3.3 Treatment of Mutually Exclusive Events

Solution of the integrated logic model for any selected sequence will generate cut sets that
contain mutually exclusive events. The term mutually exclusive events refers to sets of
multiple initiating events (such as a cut set containing initiating events for both loss of off-
site power (grid) and loss of off-site power (switchyard) and double maintenance events (such
as a cut set containing events for having both trains of component cooling water in
maintenance at the same time). The likelihood of mutually exclusive events is considered to
be significantly small. It would be a gross overprediction to multiply the frequencies of
multiple initiators or multiple maintenance events.

The CAFTA cut set hie MUTEXC.CUT was generated from the listings of mutually
exclusive events in each of the systems work packages [Refs. 3.3.7-3 through 3.3.7-16] and a
compilation of multiple initiating events.

During the solution process, it is also important to account for the various events which may
succeed in any given sequence. For example, the sequence RB1L1 in the steam generator
tube rupture (SGTR) event tree assumes the success of event tree top events Il, 12 and UH2.
In other words, sequence RB lLI cannot occur if any one of the three other events (Il, 12 or
UH2) have failed. The correct Boolean algebra statement of sequence RB IL1, therefore, is:

R * /11 * /12 * /UH2 * B 1
* Ll

Note that the success paths, Il, 12 and UH2, were accounted for through the use of Boolean
complimentation. While CAFTA is capable of generating cut sets from fault trees containing
complimented events, this process requires prohibitively long computer solution times.
Instead, the concept of cut set deletion has been used, where:

RB1LI = R * BI * Ll - (Il + 12 + UH2)

Cut set deletion for our example is accomplished by first generating cut sets for sequence
RBIL1 and event tree top events Il, 12 and UH2. Thus, any cut set appearing in sequence
RB1L1 that also appears in any of the three success events (11, 12 or UH2) would be deleted.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

3.3.7-5



4
b

'I

~ .I

'h

I



3.3.7.3.4 Automated CAFTA Solution Process

Cut set generation for the Ginna PRA was automated through the use of Microsoft Disk
Operating System (MS-DOS) batch files and macro files on Science Application International
Corporation's CAFTA work station [Ref. 3.3.7-21]. Batch files contain commands written
using Microsoft Disk Operation System (DOS) batch language. Macro files are ASCII text
files that contain an encoded series of keystrokes for execution within the components of the

, CAFTA work station. The following software versions have been used to generate results:

Code Version

CAF386.EXE
CUT386.EXE
CSED386.EXE
BTRIEVE.EXE
COMB386.EXE
MS-DOS

2.2c
2.2c
2.2c,
4.11b
2.2d
5.0

Two types of batch and macro files were used in the Ginna PRA quantification process.
Quantification batch and macro files are the basic components of the quantification

process'hat

are called repeatedly. Quantification driver files are used to call the quantification batch
and macro files to build sequence logic models and find minimal cut sets. Quantification
batch and macro files are shown in,Table 3.3.7-6. Quantification driver programs are shown
in Table 3.3.7-7.

As discussed in Section 3.3.7.3.3, the concept of cut set deletion has been used to account for
the various events which may succeed in any given sequence. The success path cut sets are
generated by the quantification batch files 'as shown in Table 3.3.7-6. To expedite the
solution, certain success path files generated to support quantification of the transient
sequences have been reused in the SLOCA, MLOCA, LLOCA, and SGTR sequence solution
process. Thus, the order in which sequences are solved is important (transients first. then all
others).

3.3.7.4 Initial Quantitication Results

Minimal cut sets were generated for all core damage sequences. These cut sets were then
processed through the Recovery Analysis task (See Section 3.3.7.5).

Rochester Gas &,Electric Corporation R. E. Ginna PRA Project

3.3.7-6



t

'e
1

t
~ 4



3.3.7.5 . Recovery Analysis

This section documents the recovery analysis performed for the R. E. Ginna PRA project.
Recovery analysis efforts included:

Examination of the accident sequence minimal cut sets generated by the
Quantification Task, thus confirming the solution method and ensuring that
each core-damage cut set is consistent with the plant design, technical
specifications, and operating procedures,

Identification of the possible means by which core damage may be averted
through the use of alternative equipment or operator actions,

Quantification of the likelihood that recovery scenarios are unsuccessful, and

Integration of recovery scenarios into the plant risk model on a minimal cut
set basis, thereby allowing the calculation of a realistic core-damage
frequency.

3.3.7.5.1 Minimal Cut Set Examination

Each minimal cut sets generated during the accident sequence quantification task [Ref. 3.3.7-
23] has been reviewed for consistency with the plant design, technical specifications. and
operating procedures. This review helps confirm the validity of the integrated logic model
and its solution method. During the review, various deficiencies with the integrated model
were noted (e.g., incomplete system fault tree models, conflicts among the various
system-level models, failure to correctly implement the success criteria in the integrated
model, overly conservative modeling assumptions, etc.); the integrated model has been
changed (documented in accordance with PQAP-2118-6.2 [Ref. 3.3.7-24]) and requantit'ied as
necessary. Thus, the fina list of recovered minimal cut sets (which provide the basis t'or
estimated the core-damage frequency) represent the culmination of PRA project.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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3.3.7.5.2 Identification of Nonrecovery Events

During the minimal cut set review, minimal cut sets with relatively high frequencies were
carefully examined to ensure that such cut sets represented credible, yet realistic, core-damage
scenarios. The as-quantified cut sets are based upon the use of conservative screening data
for post-trip human failure events; further, the integrated logic model does not consider all
possible ways in which core damage may be averted (e.g., the use of alternative equipment or
operator actions). Consequently, it is important to closely look at cut sets with high
frequencies and make appropriate corrections to them to ensure that the final risk profile (i.e.,
overall core-damage frequency and its dominant contributors) is meaningful for the Ginna
plant.

In general, two approaches have been used:

If the cut set contains a post-trip human failure event that has been quantified
using conservative screening data, then these events were reexamined and
requantified using more realistic data. Table 3.3.7-9 provides a
cross-reference of post-trip human failure events to the various core-damage
sequences. Note that the refinement of post-trip human failure events is
documented in Section 3.3.3.4 [Ref. 3.3.7-25].

If the use of alternative equipment would avert core damage, then a
nonrecovery event was appended to the cut set to reflect the likelihood that
such usage was unsuccessful. It is important to note that specific nonrecovery
events have been applied to the cut sets as appropriate, rather than applying a

global nonrecovery event to all of the cut sets in a given core-damage
sequence. A specific nonrecovery events may be applied to several cut sets
within a sequence or to cut sets contained in a mixture of sequences; the key
to doing so is to note that a specific nonrecovery event applies to a specifi
context (e.g., similar equipment failures, leading to similar operator cues and
response). Table 3.3.7-10 provides a cross-reference of nonrecovery events to
the various core-damage sequences.

In summary, recovery actions have been addressed through application of the following
guidelines:

Nonrecovery events have not been added to as-quantified cut sets containing
post-trip human failure events; rather, the post-trip human failure events have
been refined.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Nonrecovery events have been added to as-quantified cut sets where
appropriate, subject to the following caveats:

The postulated recovery action must be implemented through existing
plant procedures; no credit is taken for novel or "heroic" operator,
actions.

b. Only one nonrecovery event is applied to a cut set, except as noted
below.

The restoration of offsite power is assumed to be independent of all
other recovery actions; it is permitted to append two nonrecovery
events to a cut set as long as one, and only one, pertains to offsite
power restoration.

Common-cause failures are assumed to be nonrecoverable.

Repair of failed equipment is not considered.

3.3.7.5.3 Quantitication of Nonrecovery Events

Nonrecovery events have been quantified using several approaches, depending on the specific
nature of each event. The probability of restoring offsite power is based on an analysis of
generic data, as further discussed in Section 3.3.7.5.1. Other nonrecovery events consist of a
hardware-related contribution (Section 3.3.7.5.2) and a human reliability contribution (Section
3.3.7.5.3), which are summed together to estimate the overall nonrecovery event probability.

3.3.7.5.3.1 Off-Site Power Restoration

Accident sequence cut sets involving a loss of offsite power (LOSP) may possible be
recovered by timely restoration of offsite power. In general, restoration of offsite power is
only applicable to sequences either initiated by the LOSP (e.g., initiators TIGRLOSP and
TISWLOSP) or to cut sets containing a post-trip LOSP (event ACLORPTALL).

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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In general,.the probability of restoring offsite power at a nuclear power plant is
time-dependent. The data analysis task has separately provided such time-dependent
probabilities [Ref. 3.3.7-26] based on the available generic data for US nuclear power plants.
For grid-centered LOSP events, the following equation applies:

Pr(OSP not restored by titne t} = exp[-(0.327 t)'nt]

For switchyard-centered LOSP events, the following equation applies:

Pr{OSP not restored by time t) = exp[-(0.986 t)'"']

The only LOSP-related nonrecovery event is NROGRID10H, which describes the failure to
restore offsite power following a grid-centered LOSP event within 10 hours. This event has
been applied to cut sets containing the initiator TIGRLOSP and failure of emergency power
diesel generator B (EDG1B). These cut sets lead to a complete failure of AFW due to loss of
HVAC in the Intermediate Building. RG&E has recently reassessed the survivability of the
AFW pumps following an extended loss of HVAC [Ref. 3.3.7-27]; results suggest about a 24
hour coping period for the turbine-driven AFW pump. To account for uncertainties in this
analysis, a value of 10 hours has been used to quantify the nonrecovery event. Thus:

Pr(IVROGRIDiOH) = exp[-(0.327 (0)'~']
= 5.4E<2

3.3.7.5.3.2 Hardware-Related Contribution

As previously noted, nonrecovery events not related to the restoration of offsite power consist
of a hardware contribution and human reliability contribution. The hardware contribution
considers failure of the alternative equipment used to implement the recovery action (e.g.,
failure of the standby CCW pump to start and run, etc.). In principle, hardware contributions
could be addressed by developing a fault tree model and joining its resulting cut sets with the
appropriate as-quantified cut sets. Often, however, the hardware contribution is negligible.
depending on the probability of the hardware contribution failure, the frequency of the cut set
to which it is applied, and the sequence truncation limit:

truncation limitPrfhardware 1 ( —>neglect hardware contribution
as-quantijied cut set frequency

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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The nonrecovery event worksheets provide an approximate hardware contribution failure
probability for use in the above relation. Note that the largest as-quantified cut set frequency =

(for the cut set containing the nonrecovery event) should be used when applying this relation.
Table 3.3.7-11 illustrates the application of this relation on a sequence basis, and shows that
the hardware contributions of all nonrecovery events is negligible.

3.3.7.5.3.3 Human-Failure-Event-Related Contribution

A multi-factor method has been developed to quantify the human reliability contribution of
nonrecovery events. Such an approach describes each human failure event (HFE) solely in
terms of its performance shaping factors (PSFs) or influences. Quantification is accomplished
using a linear formulation that leads to an index, which is assumed to be proportional to the
HFE occurrence probability. Examples of multi-factored approaches include:

D. Embrey (SLIM) [Ref. 3.3.7-28],
J. Williams (HEART) [Ref. 3.3.7-29],
L. Phillips (STAHR) [Ref. 3.3.7-30],
D. Bley (FLIM) [Ref. 3.3.7-31], and
G. Hannaman [Ref. 3.3.7-32].

l'uringthe recovery analysis, various plant-specific or situation-specific information was
collected for each nonrecovery event. This information includes the important influences on
the human reliability of each nonrecovery'HFE. Collection efforts for the influence
information focused upon the factors which were reasonably independent of one another. and
were capable of differentiating between different nonrecovery events with respect to their
reliability. In addition. the influence information recorded on each nonrecovery event
worksheet can be correlated, either directly or indirectly, with most of the commonly cited
influences on human performance (e.g., training, procedures, man/machine interface,
environment, stress, etc.). This information is collected under the following categories:

Procedure. Any and all procedures are identiflied that would be used or on which the
recovery action would be based.

Location. The recovery action is indicated to take place either solely in the control
room, solely ex-control room, or in some combination of in- and ex-control room
activities.

Available rime. The time from the leading cues(s) for the actiori (e.g., the plant
emergency procedure entry conditions) to the last reasonable time at which the
recovery can be initiated and assumed successful is estimated.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Human engineering. An influences that would inhibit or complicate recovery
activities (e.g., task complexity, requirements for task aids, poor labeling, difficult
access, inadequate lighting, and adverse environmental conditions such as temperature,
humidity, and radiation) are identified.

Training. The familiarity that the primary "actors" (e.g., control room operator, shift
supervisor, outside operator or technician) have with the specific recovery action is
represented by this influence. For example, some actions are routinely performed as

part of normal operations and, therefore, are well practiced.

During the collection of information to support the recovery analysis, it was noted that all
postulated recovery actions were well-supported by the Ginna operating procedures. Thus,
while procedural support is an important influence on human reliability, it is not useful in
differentiating among the various nonrecovery event probabilities for the Ginna PRA.

As previously noted, the human performance influences on each event are converted to an
index in the multi-factored approach. Table 3.3.7-12 lists the range of each influence's index.
It should be noted that increasing the index for a particular influence implies worsening
conditions for successful action. The overall index used to determine HFE probabilities. I. is
calculated as a sum of the indices for each influence. Note that the minimum value of I is 0.
and that the maximum value of I is 8. The mean estimate of HFE occurrence probability, P,
1s:

P =10

The conversion of the overall index into an HFE occurrence probability corresponds tn the
following calibration:

max(P) = 0.1

min(P) = 0.0001

The minimum bound on P corresponds with the lower credible limit used in the refined
post-trip human failure event analysis [Ref. 3.3.7-25, 34]. The upper bound corresponds to
the "allowed" value cited in the IPE process [Ref. 3.3.7-33].

The nonrecovery event wnrksheets show the index assigned for each influence, the overall
index, and the HFE occurrence probability calculation.

Rochester Gas A Electric Corporation R. E. Ginna PRA Project
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3.3.7.5.4 Computer Codes

This section documents the various computer software and associated files used during the
recovery analysis, as required by PQAP-2118-3.1, Section 5.2.3 [Ref. 3.3.7-34].

3.3.7.5.4.1 Computer Code Usage

The Cutset Editor (CSED386.EXE, Version 2.2c) in the CAFTA PRA workstation has been
used to append nonrecovery events to various core-damage sequence cut sets determined in
the Quantification Task. The Reliability Database Editor (CAF386.EXE, Version 2.2c) has
been used to create the final database of PRA basic events.

3.3.7.5.5 Results

Table 3.3.7-13 presents, the final core-damage frequency estimates for each sequence modeled
in the R. E. Ginna PRA project. The columns labeled "Refined HFD" and "NR" indicate if
the as-quantified sequence contains a post-trip human failure event whose probability was
refined or ifa nonrecovery event was added to one or more cut sets. The total core-damage
frequency due to internal events is estimated as 7.43E-05/y, with contributions from the
general sequence types'as follows:

Se uence T e ~Fre cene Percent

steam generator tube rupture
PORV LOCAs

small-small LOCAs
medium LOCAs

small LOCAs
large LOCAs

transients
ATWS

RCP seal LOCAs

2.69E-05
2.16E-05
9.64E-06
5.75E-06
4.96E-06
3.09E-06
2.22E-06
1.65E-07

( 5.00E-08

36.2
29.1
13.0
7.7
6.7
4.2
3.0
0.2
0

3.3.7.6

3.3.7-1

References

Science Applications International Corporation, Task Quality Assurance
Plan TQAP-2118-5.1, Quantification Task Procedure, Revision l. July
3(). 1993.
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3.3.7-2 Science Applications International Corporation, 749-01-14, Event Trees
Work Package, Revision 2, December 10, 1993.

3 3 7-3. Science Applications International Corporation, 749-02-20.1, Auxiliary
Feedwater Systems Work Pacl age, Revision 0, September 15, 1992
(including Temporary Changes To Work Packages AFW-l, AFW-2,
AFW-3, AFW-4, AFW-5, AFW-6, AFW-7, AFW-8, and AFW-9).

3.3.7-4 Science Applications International Corporation, 749-02-20.2, Chemicai
& Volume Control Systems Work Package, Revision 0, October 9, 1992
(including Temporary Changes To Work Packages CVCS-1, CVCS-2,
CVCS-3, CVCS-4, CVCS-5, CVCS-6, CVCS-7, CVCS-8, CVCS-9,
CVCS-10, and CVCS-11).

3.3.7-5 Science Applications International Corporation, 749-02-20.3, Contponent
Cooling Water System Work Package, Revision 0, October 9, 1992
(including Temporary Changes To Work Packages CCW-1, CCW-2.
CCW-3, CCW-4, CCW-5, and CCW-6).

3.3.7-6 Science Applications International Corporation, 749-02-20.4,
Containment Isolation Systems Work Package, Revision 1, November 1,
1993.

3.3.7-7 Science Applications International Corporation, 749-02-20.5.
Containment Spray System Work Package, Revision 0, June 15. 1992
(including Temporary Changes To Work Packages CS-1, CS-2. CS-3.
CS-4, CS-5, and CS-6).

3.3.7-8 Science Applications International Corporation, 749-02-20.6. Electric
Power Systents Work Package, Revision 0, October 9, 1992 (including
Temporary Changes To Work Packages EP-1, EP-2, EP-3, EP-4. EP-5.
EP-6, EP-7, and EP-8).

3.3.7-9 Science Applications International Corporation, 749-02-20.7. Engineeretl
Safety Features Actuation System Worl'ackage, Revision 0. October 2.
1992 (including Temporary Changes To Work Packages ESFAS- I.
ESFAS-2, ESFAS-3, ESFAS-4, ESFAS-5, ESFAS-6, and ESFAS-7).
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3.3.7-10 Science Applications International Corporation, 749-02-20.8, Heating,
Ventilation 4 Air Conditioning Systems Work Package, Revision 0,
October 9, 1992 (including Temporary Changes To Work Packages
HVAC-1, HVAC-2, HVAC-3, HVAC-4, HVAC-5, HVAC-6, and
HVAC-7).

3.3.7-11 Science Applications International Corporation, 749-02-20.9, Residua1
Heat Reinoval System Work Package, Revision 0, October 9, 1992
(including Temporary Changes To Work Packages RHR-1, RHR-2,
RHR-3, RHR-4, RHR-5, RHR-6, RHR-7, RHR-8, RHR-9, RHR-10,
RHR-1 1, RHR-12, RHR-13, RHR-14, and RHR-15).

3.3.7-12 Science Applications International Corporation, 749-02-20.10, Primary
Pressure Control Systems Work Package, Revision 0, October 2, 1992
(including Temporary Changes To Work Packages PPC-1, PPC-2, PPC-
3, PPC-4, PPC-5, PPC-6, PPC-7, PPC-8, PPC-9, PPC-10, PPC-11. and
PPC-12).

3.3.7-13 Science Applications International Corporation, 749-02-20.11, Safety
Injection System Work Package, Revision 0, June 1, 1992 (including
Temporary Changes To Work Packages Sl-l, SI-2, SI-3, SI-4. SI-5. SI-
6, SI-7, SI-8, SI-9, SI-IO, SI-11, SI-12, SI-13, SI-14, SI-15, and SI-16).

3.3.7-14 Science Applications International Corporation, 749-02-20.12, Service
Water System Work Package, Revision 0, October 1, 1992 (including
Temporary Changes To Work Packages SW-1, SW-2, SW-3, SW-4,
SW-5, and SW-6).

3.3.7-15 Science Applications International Corporation, 749-02-20. l3,
lristrument Air Systems Work Package, Revision 0, October 9. l 992
(including Temporary Changes To Work Packages IA-l, IA-2. IA-3. IA-
4, and IA-5).

3.3.7-16 Science Applications International Corporation, 749-02-20.14. Turbine
Generator Plant Systeins Work Package, Revision 0, October 9. l992
(including Temporary Changes To Work Packages TGP-1, TGP-2. TGP-
3. TGP-4. and TGP-5).

3.3.7-17 Science Applications International Corporation, 749-03-22.1, Plant
Specific Data Work Package, Revision 0, June 26, 1992 (including
Temporary Changes To Work Package PSD-I).

Rochester Gas & Electri«Corporation R. E. Ginna PRA Project

3.3.7-15



0

f
~ 4

la



3.3.7-18 Science Applications International Corporation, 749-03-22.2, Test Ck

Maintenance Unavailability 'Data Work Package, Revision 0, July 6,
1992.

3.3.7-19 Science Applications International Corporation, 749-03-22.3, Conunon
Cause Failure Data Work Package, Revision 0, September 4, 1992.

3.3.7-20 Science Applications International Corporation, 749-03-26, Initiator.
Frequencies Work Package, Revision 0, October 12, 1992 (including
Temporary Change To Work Packages IF-1, IF-2, and IF-3).

3.3.7-21 Science Applications International Corporation, Computer Aided Fault
Tree Analysis (CAFTA) Users Manual, Version 2.2c.

3.3.7-22 Science Applications International Corporation, Generic Data Work
Pacl age, Revision I, July 24, 1992 (including Temporary Changes To
Work Packages GD-1, GD-2, and GD-3).

3.3.7-23 Science Applications International Corporation, Quantification Work
Package, Project Document 749-05-40, Rev. 0, December 17, 1993.

3.3.7-24 Science Applications International Corporation, Temporary Changes to
Worl'ackages, PQAP-2118-6.2, Rev. 0, April 2, 1993.

3.3.7-25 Science Applications International Corporation, Human Failure Events
Analyzed in Detail, Project Document 749-04-32, Rev. 0, December 28,
1993.

3.3.7-26 Science Applications International Corporation, Initiator Frequencies
Work Pacl age, Project Document 749-03-26, Rev. 0, October 1992.
Includes Temporary Change Form IF-1, IF-2, and IF-3.

3.3.7-27 Rochester Gas & Electric Corporation, AFW Room Heatup Calculation.
DA-NS-93-143, Rev. 0, February 1, 1994.

3.3.7-28 D. E. Embrey, The Use of Peifonnance Shaping Factors and Quantified
Expert Judgement in the Evaluation of Human Reliability: An Initial
Assessment. NUREGICR-2986, 1983.
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3.3.7-29 J. C. Williams, "A Data-Based Method for Assessing and Reducing
Human Error to Improve Operational Performance," Conference Record
for 1988 IEEE Fourth Conference on Human Factors and Power
Plants, 88CH2576-7, June 5-7, 1988, pp. 436-450.

3.3.7-30 L. D. Phillips, P. Humphreys, D. E. Embrey, and D. L. Shelby,
Appendix C of A Pressurized Thermal Shock Evaluation of the Calvert
Cliffs Unit I Nuclear Power Plant, NUREGICR-4183, September 1985.

3.3.7-31 S. H. Chien, A. A. Dykes, J. W. Stegar, and D. C. Bley, "Quantification
of Human Error Rates Using a SLIM-Based Approach," Conference
Record for 1988 IEEE Fourth Conference on Human Factors and
Power Plants, 88CH2576-7, June 5-9, 1988, pp. 297-302.

3.3.7-32 G. W. Hannaman and D. H. Worledge, "Some Developments in Human
Reliability Analysis Approaches and Tools," Reliability Engineering arul
System Safety, Vol. 22, 1988.

3.3.7-33 United States Nuclear Regulatory Commission, Individual Plant
Examination: Submittal Guidance, NUREG-1335, August 1989, p.
C-20.

3.3.7-34 Science Applications International Corporation, Review of Worl:
Packages and Technical Reports, PQAP-2118-3.1, Rev. 1, June 9. 1993.
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Table 3.3.7-1
R. E. Ginna PRA Project QuantiTication Inputs

Description Reference
Associated Computer

Files- hfotes

Accident Sequence Logic" 3.3.7-2 SEQ.CAF Developed from the core
damage sequences in thc
event trees.

Event Tree Top Logic

Systems Logic Models

Mutually Exclusive Events.

Ref. 3.3.7-2

Ref. 3.3.7-3
Ref. 3.3.7-4
Rcf. 3.3.7-5
Ref. 3.3.7.6
Ref. 3.3.7-7
Ref. 3.3.7-8

Ref. 3.3.7-9
Rcf. 3.3.7-10
Ref. 3.3.7-11
Ref. 3.3.7-12
Ref. 3.3.7-13
Ref. 3.3.7-14
Ref. 3.3.7-15
Ref. 3.3.7-16

Systems Work
Packages 1Refs. 3.3.7-3
- 3.3.7-16 above]

TOP LOG.CAF

AFW.CAF
CVCS.CAF
CCW.CAF
CT.CAF
CS.CAF
AC.CAF, DC.CAF.
DG.CAF, UV.CAF,
ACINST.CAF
ESFAS.CAF
HVAC.CAF
RHR.CAF
PPC.CAF
SI.CAF,
ACCUM.CAF
SW.CAF
IA.CAF
TGP.CAF

MUTEXC.CUT

The .CAF files contain
fault tree gate equations.
Each file also has an
associated basic event
(*.BE), gate definition
(~.GT), type code (~.TC),
and module definition
(*.CUT) file.

Allmutually exclusive
events identified in (hc
Systems Analysis Work
Packages, with thc addition
of all double initiators.

Component-Level Reliability
Parameters

Test. 8: Maintenance
Unavailability Data

Ref. 3.3.7-17
Ref. 3.3.7-22

Ref. 3.3.7-18

SEQ.TC

Embedded in
individual systems
.BE files.

File is loaded by
INTBE.MAC.

Common Cause Failure Data Ref, 3.3.7-19 Embedded in
individual systems
.BE files.

Initiator Frequencies

Prc-Trip Human Failure
Events

Post-Trip Human Failure
Events

Rel; 3.3.7-20 SEQ.BE

Embedded in
individual systems
.BE files.

Embedded in
individual systems
.BE files.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Tab t.7-2
Integrated i'A BE File

Basic Event C Factor Units Descri tion
AAAAOOATWS
AAAAAFISSG
AAAACCHX A
AAAACCPMPA
AAAACT0101
AAAACT0105
AAAACT0107
AAAACT0108
AAAACT0109
AAAACT0111
AAAACT0112
AAAACT0113
AAAACT0132
AAAACT0202
AAAACT0403
AAAACT0404
AAAACT200A
AAAACT200B
AAAACT206B
AAAACT310A
AAAACT401A
AAAACT401B
AAAACT402A
AAAACT402B
AAAACTMINI
AAAACTPIPE
AAAACTPRES
AAAACTX108
AAAACTX111
AAAAESOBAF
AAAAHVCT A
AAAAHVCT B
AAAAHVCT C
AAAAHVCT D
AAAAIAC02A
AAAAIAC02B
AAAAIAC02C
AAAPACCG18
AAAAPUMPOA
AAAAPUMPOB
AAAAPUMPOC
AAAARECIRC

1. 63E-02
1.00

.0000001
1

1

1

1
1

ATWS HAS OCCURRED <LOGIC FLAG>
Operators isolate S/G affected by tube rupture (I1 success)
CCW Heat Exchanger EAC01A Is In Service
<FLAG> CCW PUMP A IS ALIGNED TO RUN
SI Pumps B and C Failed; No Le~el 1 Cutsets of SI and SR Injection Failures
CS Failed; No I,evel 1 Cutsets of CS203, CSCVP0862A, CSCCM0862X, CSXVK0868A
DELTERM gates DC331, DC043, DC193, IA270
CVCS Failed; DELTERM CVMMMV0313, DCMMMCB01A, DCBDFMCBOA, DCMMCB04AV
CS Failed; No Level 1 Cutsets of CS103, CSCVP0862B, CSCCM0862X, CSXVK0868B
Valid for Sequences "XH and *XL Only
DELTERM gates IA150, DC3SO, DC035, and DC185
SI Pumps A and C Failed; No Level 1 Cutsets of SI and SR Injection Failures
DELTERM gates DC135, DC035, DC185, IA141, IA280
AOV 202 in Service (2/3 Orifice Valves Typically in Service)
Level 1 Cutsets Cannot Contain Failures of TDAFW, MDAFW, and SAFW I'nject Lines
Level 1 Cutsets Cannot Contain Failures of TDAFW, MDAFW, and SAFW Inject Lines
AOV 200A in Service (2/3 Orifice Valves Typically in Service)
AOV 200B in Service (2/3 Orifice Valves Typically in Service)
DELTERM gates IA120, DCS75, DC096, DC296
DELTERM gates IA141, DC556, DC085, DC285
Level 1 Cutsets Cannot Contain Gate MS511
Level 1 Cutsets Cannot Contain Gates AF436, AFMMSGASTM, MSCCPSGCVS
Level 1 Cutsets Cannot Contain Gate MS551
Level 1 Cutsets Cannot Contain Gates AF426, AFMMSGBSTM, MSCCPSGCVS
Conditional Probability That Mini-Purge System in Use
Conditional Probability that Piping Inside Missile Barrier is Ruptured
Containment Pressure Greater Than 75 psig
Level 1 Cutsets Cannot Contain CVMMMV0313, DCMMMCB01A, DCBDFMCBOA, DCMMCB04AV
DELTERM gates DC085, DC285, DC551, and IA270
ECCS MANUALLY STARTED TO SUPPORT BLEED-AND-FEED OPERATION
TRAIN A RUNNING (LOGIC FLAG)
TRAIN"B RUNNING (LOGIC FLAG)
TRAIN-C RUNNING (LOGIC FLAG)
TRAIN-D RUNNING (LOGIC FLAG)
IA COMPRESSOR CIA02A RUNNING
IA COMPRESSOR CIA02B RUNNING
IA COMPRESSOR CIA02C RUNNING
480 VAC MOTOR CONTROL CENTER MCCG IS BEING POWERED FROM 480 VAC BUS 18
CHARGING PUMP A RUNNING
CHARGING PUMP B RUNNING
CHARGIN PUMP C RUNNING
Sequences That Require Recirculation

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Tabl~ -2
Integrated ('E File

Basic Event C Factor Units Descri tion

AAAASWP1AR
AAAASWP1AS
AAAASWP1BR
AAAASWP1BS
AAAASWP1CR
AAAASWP1CS
AAAASWP1DR
AAAASWP1 DS
AC030
AC035
AC040
AC060
AC070
AC130
AC135
AC140
AC202
AC203
AC302
AC401
AC405
AC501
AC505
AC601
AC603
AC607 .
AC611
AC612
AC613
AC614
AC615
AC617
AC618
AC619
AC620
AC621
AC623
AC800
AC850
ACB1F0011A 1

ACB1F0011B 1

ACB1FOS12A 1

1
1
1
1
1
1
1
1

1.0E-03

1E-3
1E-3

1.0E-03

1E-3

1E-3

1E-3
1E-3
1E-3

1E-3

1E-3

1.00E-03
1.00E-03

24
24
24

Service Water Pump PSW01A Is In Operation
Service Water Pump PSW01A Is Selected In Standby
Service Water Pump PSW01B Is In Operation
Service Water Pump PSW01B Is Selected In Standby
Service Water Pump PSW01C Is In Operation
Service Water Pump PSW01C Is Selected In Standby
Service Water Pump PSW01D Is In Operation
Service Water Pump PSW01D Is Selected In Standby
No power on Bus 14
LOSS OF NORMAL POWER ON BUS 14
No Power on Bus 11A
POWER ON BUS 13 NOT AVAILABLE
POWER ON BUS 15 NOT AVAIIABLE
No power on Bus 16
LOSS OF NORMAL POWER ON BUS 16
No Power on Bus 11B
No Power To Bus 18 From Normal Power Source
No Power To Bus 18 From Bus 12A
No Power To Bus 17 From Normal Power Source
NO POWER TO BUS 14 FROM BUS 12A
No Power From Bus 14 Normal Power Source
NO POWER TO BUS 16 FROM BUS 12B
No Power On Bus 16 From Normal Power Source
NO POWER ON MCC 1A
NO POWER ON MCC 1B
NO POWER ON MCC 1F
No Power On Motor Control Center MCCD
No Power On Motor Control Center MCCD (Circular Logic Clip)
Loss Of 480 VAC Power On Motor Control Center J
Components To Motor Control Center MCCJ Fail (Circular Logi
NO POWER ON MCC 1M
No Power On Motor Control Center MCCC
No Power On Motor Control Center MCCC (Circular Logic Clip)
No Power On Motor Control Center MCCH
Components To Motor Control Center MCCH Fail (Circular Logi
NO POWER ON MCC 1K
No power on MCC 1L
Loss of 120 VAC Power on Panel ACPDPTB07
Loss of 120 VAC Power on Panel ACPDPTB02
Local Fault On 4160 VAC Bus 11A
Local Fault On 4160 VAC Bus 11B
Local Fault On 4160 VAC Bus 12A

c Clip)

c Clip)

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table " -2
Integrated ( BE File

Basic Event C Factor Units Descri tion
ACB1FOS12B
ACB2FBUS13
ACB2FBUS14
ACB2FBUS15
ACB2FBUS16
ACB2FBUS17
ACB2FBUS18
ACB2FMCC1A
ACB2FMCC1B
ACB2FMCC1C
ACB2FMCC1D
ACB2FMCCIE
ACB2FMCC1F
ACB2FMCC1G
ACB2FMCC1H
ACB2FMCC1J
ACB2FMCC1K
ACB2FMCC1L
ACB2FMCC1M
ACB4 FBUS1A
ACB4FBUS1B
ACB4FBUS1C
ACB4FBUS1D
ACB4FDISTA
ACB4FDISTB
ACB4FDISTC
ACB4FDISTD
ACB4FDISTE
ACB4FPCB03
ACB4FPCB06
ACB4FPTB02
ACB4FPTB07
ACCBD012AX
ACCBD012AY
ACCBD012BX
ACCBD012BY
ACCBD1309B
ACCBD1418B
ACCBD1418C
ACCBD1419A
ACCBD1420A
ACCBD1420C

1
1'

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

1.00E+00
1.00E+00
1.00E+00
1.00E+00

0
1
1

0
0
0

H Local Fault On 4160 VAC Bus 12B
H Local Fault On 480 VAC Bus 13
H Local Fault On 480 VAC Bus 14
H Local Fault On 480 VAC Bus 1S
H Local Faults On 480 VAC Bus 16
H Local Fault on 480 VAC Bus 17
H Local Fault on 480 VAC Bus 18
H Local Fault On 480 VAC Motor Control Center MCCA
H Local Fault On 480 VAC Motor Control Center MCCB
H Local Fault On 480 VAC Motor Control Center MCCC
H Local Fault On 480 VAC Motor Control Center MCCD
H Local Faults On 480 VAC Motor Control Center MCCE
H Local Faults On 480 VAC Motor Control Center MCCF
H Local Fault On 480 VAC Motor Control Center MCCG
H Local Fault On 480 VAC Motor Control Center MCCH
H Local Fault On 480 VAC Motor Control Center MCCJ
H Local Fault On 480 VAC Motor Control Center MCCK
H Local Fault On 480 VAC Motor Control Center MCCL
H Local Fault On 480 VAC Motor Control Center MCCM
H Bus Faults On 120 VAC Instrument Bus A (IBPDPCBAR)
H 120 VAC Instrument Bus B (IBPDPCBBW) Bus Faults
H 120 VAC Instrument Bus 1C (IBPDPCBCB) Bus Faults
H 120 VAC Instrument Bus D (IBPDPCBDY) Bus Faults
H 120 VAC Distribution Panel A (IBPDPCBA) Panel Faults
H 120 VAC Distribution Panel B (IBPDPCBB) Panel Faults
H 120 VAC Distribution Panel C (IBPDPCBC) Panel Faults
H 120 VAC Distribution Panel D (IBPDPCBD) Panel Faults
H 120 VAC Distribution Panel E (IBPDPCBE) Panel Faults
H Local Fault On 120 VAC Power Distribution Panel ACPDPCB03
H .Local Fault On 120 VAC Power Distribution Panel ACPDPCB06
H Local Fault On 120 VAC Power Distribution Panel ACPDPTB02
H Local Fault On 120 VAC Power Distribution Panel ACPDPTB07

N AC BREAKER BUS13/09B FAILS TO OPERATE
N AC BREAKER BUS14/18B FAILS TO OPERATE
N AC BREAKER BUS14/18C FAILS TO OPERATE
N AC BREAKER BUS14/19A FAILS TO OPERATE
N AC BREAKER BUS14/20A FAILS TO OPERATE
N AC BREAKER BUS14/20C FAILS TO OPERATE

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Tablt ".7-2

Integrated C. 'A BE File

Basic Event C Factor Units Descri tion
ACCBD1421C 1
ACCBD1422A 1
ACCBD1423A 1
ACCBD1423B 1
ACCBD1423C 1
ACCBD1424B 1
ACCBD1502B 1
ACCBD1504B 1
ACCBD1611B 1

ACCBD1611C 1

ACCBD1612A 1

ACCBD1613A 1

ACCBD1613C 1

ACCBD1614C 1

ACCBD1615A 1

ACCBD1615B 1
ACCBD1615C 1
ACCBD1616B 1
ACCBD1617C 1
ACCBD1725B 1
ACCBD1725C 1
ACCBD1727C 1

ACCBD1727D 1
ACCBD1829C 1
ACCBD1829D 1
ACCBD1831B 1
ACCBD1831C 1
ACCBD2BTAA 1
ACCBD2BTBB 1
ACCBD422AR 1
ACCBD5211A 1
ACCBD5211B 1
ACCBD615AR 1
ACCBDB/02M 1
ACCBDB02MM 1
ACCBDC/01F 1
ACCBDC/13B 1
ACCBDC/16F 1
ACCBDD/01B 1
ACCBDD/02F 1
ACCBDD/11M 1

ACCBDD/15F 1

To Operate
To Operate
To Operate
To Operate

Fails To Operateils To Operate

e On Demand
Fails On Demand

N AC BREAKER BUS14/21C FAILS TO OPERATE
N AC BREAKER BUS14/22A FAILS TO OPERATE
N AC BREAKER BUS14/23A FAILS TO OPERATE
N AC BREAKER BUS14/23B FAILS TO OPERATE
N AC BREAKER BUS14/23C FAILS TO OPERATE
N AC BREAKER BUS14/24B FAILS TO OPERATE
N AC BREAKER BUS15/02B FAILS TO OPERATE
N AC BREAKER BUS15/04B FAILS TO OPERATE
N AC BREAKER BUS16/11B FAILS TO OPERATE
N AC BREAKER BUS16/11C FAILS TO OPERATE
N AC BREAKER BUS16/12A FAILS TO OPERATE
N AC BREAKER BUS16/13A FAILS TO OPERATE
N AC BREAKER BUS16/13C FAILS TO OPERATE
N AC BREAKER BUS16/14C FAILS TO OPERATE
N AC BREAKER BUS16/15A FAILS TO OPERATE
N AC BREAKER BUS 16/1SB FAILS TO OPERATE
N AC BREAKER BUS 16/15C FAILS TO OPERATE
N AC BREAKER BUS16/16B FAILS TO OPERATE
N AC BREAKER BUS16/17C FAILS TO OPERATE
N AC BREAKER BUS17/25B FAILS TO OPERATE
N AC BREAKER BUS17/25C FAILS TO OPERATE
N 480 VAC Circuit Breaker In Bus 17 Unit 27C (52/SWP1B) Fails
N 480 VAC Circuit Breaker In Bus 17 Unit 27D (52/SWP1C) Fails
N 480 VAC Circuit Breaker In Bus 18 Unit 29C (52/SWP1A) Fails
N 480 VAC Circuit Breaker In Bus 18 Unit 29D (52/SWP1D) Fails
N AC BREAKER BUS18/31B FAILS TO OPERATE
N AC BREAKER BUS18/31C FAILS TO OPERATE
N 4160 VAC Bus 11A / Bus 12A Tie Breaker 52/BTA-A (BUS11A/11)
N 4160 VAC Bus 11B Bus 12B Tie Breaker 52/BTB-B (BUS11B/21) Fa
N AC BREAKER BUS14/22A FAILS TO OPERATE (RECIRCULATION)
N 4160 VAC Circuit Breaker 52/11A (BUS11A/10) Fails To Operat
N 4160 VAC Bus 11B Feeder Circuit Breaker 52/11B (BUS11B/22)
N AC BREAKER BUS16/15A FAILS TO OPERATE (RECIRCULATION)
N AC BREAKER MCCB/02M FAILS TO OPERATE
N AC BREAKER MCCB/02MM FAILS TO OPERATE
N AC BREAKER MCCC/01F FAILS TO OPERATE
N AC BREAKER MCCC/13B FAILS TO OPERATE
N AC BREAKER MCCC/16F FAILS TO OPERATE
N AC BREAKER MCCD/01B FAILS TO OPERATE
N AC BREAKER MCCD/02F FAILS TO OPERATE
N AC BREAKER MCCD/11M FAILS TO OPERATE
N AC BREAKER MCCD/1SF FAILS TO OPERATE
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Table -2
Integrated C. ~ BE File

Basic Event C Factor Units Descri tion
ACCBDH/01K 1
ACCBDH/02B 1
ACCBDH/02D 1
ACCBDJ/01K 1
ACCBDJ/02B 1

~ ACCBDJ/02D 1
ACCBDK/01B 1
ACCBDK/01F 1
ACCBDL/02M 1

ACCBDM/02M 1

ACCBN1419C t
ACCBN1420A 1

ACCBN1420C 1

ACCBN1421A 1

ACCBN1421C 1

ACCBN1422A 1

ACCBN1422B 1
ACCBN1423A 1

ACCBN1423B 1
ACCBN1423C 1
ACCBN1612A 1
ACCBN1613C 1
ACCBN1614A 1

ACCBN1614C 1
ACCBN1615A 1
ACCBN1615B 1.

ACCBN1615C 1
ACCBN1616A 1
ACCBN1616B 1
ACCBN1617A 1
ACCBN1726C 1
ACCBN1727A 1
ACCBN1727B 1
ACCBN1727C 1
ACCBN1727D 1
ACCBN1829A 1
ACCBN1829B 1
ACCBN1829C 1
ACCBN1829D 1
ACCBN1830C 1
ACCBNMCD5K 1
ACCBR00013 1

1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
0 N AC BREAKER
0 N AC BREAKER
0 N AC BREAKER
0 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER

N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER
1 N AC BREAKER

24 H 480 VAC AC

MCCH/01K FAILS TO OPERATE
MCCH/02B FAILS TO OPERATE
MCCH/02D FAILS TO OPERATE
MCCJ/01K FAILS TO OPERATE
MCCJ/02B FAILS TO OPERATE
MCCJ/02D FAILS TO OPERATE
MCCK/01B FAILS TO OPERATE
MCCK/01F FAILS TO OPERATE
MCCL/02M FAILS TO OPERATE
MCCM/02M FAILS TO OPERATE
BUS14/19C FAILS TO OPEN
BUS14/20A FAILS TO OPEN
BUS14/20C FAILS TO OPEN
BUS14/21A FAILS TO OPEN
BUS14/21C FAILS TO OPEN
BUS14/22A FAILS TO OPEN
BUS14/22B FAILS TO OPEN
BUS14/23A FAILS TO OPEN
BUS14/23B FAILS TO OPEN
BUS14/23C FAILS TO OPEN
BUS16/12A FAILS TO OPEN
BUS16/13C FAILS TO OPEN
BUS16/14A FAILS TO OPEN
BUS16/14C FAILS TO OPEN
BUS16/15A FAILS TO OPEN
BUS16/15B FAILS TO OPEN
BUS16/15C FAILS TO OPEN
BUS16/16A FAILS TO OPEN
BUS16/16B FAILS TO OPEN
BUS16/17A FAILS TO OPEN
BUS17/26C FAILS TO OPEN
BUS17/27A FAILS TO OPEN
BUS17/27B FAILS TO OPEN
BUS17/27C FAILS TO OPEN
BUS17/27D FAILS TO OPEN
BUS18/29A FAILS TO OPEN
BUS18/29B FAILS TO OPEN
BUS18/29C FAILS TO OPEN
BUS18/29D FAILS TO OPEN
BUS18/30C FAILS TO OPEN
MCCD/5K FAILS TO OPEN
Circuit Breaker 52/13 (BUS13/10B) Transfers Open
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Table -2
Integrated ( . i BE File

Basic Event

ACCBR00014 1
ACCBR00015 1
ACCBR00016 1
ACCBR00017 1
ACCBR00018 1
ACCBR001B3 1
ACCBROOC6F 1
ACCBROOD6F 1
ACCBROOH2J 1

ACCBROOH2M 1

ACCBROOJ2M 1

ACCBR012AX
ACCBR012AY 1
ACCBR012BX 1
ACCBR012BY
ACCBR013SS 1
ACCBR014SS 1
ACCBR015SS 1
ACCBR016SS 1
ACCBR017SS 1
ACCBR018SS 1
ACCBR02/06 1
ACCBR04007 1
ACCBR04008 1
ACCBR04013 1
ACCBR04027 1
ACCBR04028 1
ACCBR07/01 1
ACCBROC11M 1
ACCBROC13J 1
ACCBROC14J 1
ACCBROC14M 1
ACCBROD05M 1
ACCBROD11J 1
ACCBROD13C 1
ACCBROD13F 1
ACCBROD14J 1
ACCBR11A/9 1
ACCBR11B23 1

ACCBR1309A 1

ACCBR1309B 1

ACCBR1418C 1

C Factor

24
24
24
24
24

720

1.00E+00
24
24

1.00E+00
24
24
24
24
24

24
0
0
0
0
0
0
0
0

Units Descri tion

480 VAC Bus 14 Feeder Breaker 52/14 (BUS14/18B) Transfers Open
480 VAC Bus 15 Feeder Circuit Breaker 52/15 (BUS15/01B) Transfers Open
480 VAC Circuit Breaker 52/16 (BUS16/11B) Transfers Open
480 VAC Circuit Breaker 52/17 (BUS17/25B) Transfers Open
480 VAC AC Circuit Breaker 52/18 (BUS18/31B) Transfers Open
AC BREAKER 52/EG1B3 TRANSFERS OPEN
480 VAC Circuit Breaker In MCC C Unit 6F (42/4616) Transfers Open
480 VAC Circuit Breaker In MCC D Unit 6F (42/4734) Transfers Open
480 VAC Circuit Breaker In MCC H Unit 2J (42/4670) Transfers Open
480 VAC Circuit Breaker In MCC H Unit 2M (42/4609) Transfers Open
480 VAC Circuit Breaker In MCC J Unit 2M (42/4780) Transfers Open

4160 VAC Breaker 52/12AY (4160 VAC Bus 12A Normal Supply) Transfers Open
4160 VAC Circuit Breaker 52/12BX (Normal Supply To Bus 12B) Transfers Open

H 4160 VAC Circuit Breaker 52/13SS (BUS11A/01) Transfers Open
H 4160 VAC PXABSS014 Feeder Circuit Breaker 52/14SS (BUS12A/15) Transfers Open
H 4160 VAC PXTBSS015 Feeder Circuit Breaker 52/15SS (BUS11B/30) Transfers Open
H 4160 VAC Circuit Breaker 52/16SS (BUS12B/17) Transfers Open
H 4160 VAC AC Circuit Breaker 52/17SS (BUS12B/18) Transfers Open
H 4160 VAC Circuit Breaker 52/18SS (BUS12A/14) Transfers Open
H AC BREAKER ACPDPTB02/06 TRANSFERS OPEN
H AC BREAKER MCCC/06M TRANSFERS OPEN
H AC BREAKER MCCD/06M TRANSFERS OPEN
H AC BREAKER MCCD/12M TRANSFERS OPEN
H AC BREAKER MCCC/12C TRANSFERS OPEN
H AC BREAKER MCCD/12J TRANSFERS OPEN
H AC BREAKER ACPDPTB07/01 TRANSFERS OPEN
M 480 VAC Circuit Breaker In MCC C Unit 11M (42/4663) Transfers Open
H 480 VAC Circuit Breaker in MCCC Unit 13 J Transfers Open
M 480 VAC Circuit Breaker In MCC C Unit 14J (42/4615) Transfers Open
M 480 VAC Circuit Breaker In MCC C Unit 14 M (42/4614) Transfers Open
H 480 VAC Circuit Breaker MCCD/05M Transfers Open
M 480 VAC Circuit Breaker In MCC D Unit 11J (42/4613) Transfers Open
M 480 VAC Circuit Breaker In MCC D Unit 13C (42/4735) Transfers Open
M 480 VAC Circuit Breaker In MCC D Unit 13F (42/4664) Transfers Open
M 480 VAC Circuit Breaker In MCC D Unit 14J (42/4733) Transfers Open
H AC BREAKER BUS11A/9 TRANSFERS OPEN
H AC BREAKER BUS11B/23 TRANSFERS OPEN
H AC BREAKER BUS13/09A TRANSFERS OPEN
H AC BREAKER BUS13/09B TRANSFERS OPEN
H AC BREAKER BUS14/18C TRANSFERS OPEN
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Table 7-2
Integrated (' BE File

Basic Event C Factor Units Descri tion

ACCBR1420A 1
ACCBR1420B 1
ACCBR1420C 1
ACCBR1421C 1
ACCBR1422A 1
ACCBR1423A 1
ACCBR1423B 1
ACCBR1423C 1
ACCBR1424B 1
ACCBR1502B 1

ACCBR1503B 1

ACCBR1504B 1

ACCBR1611C 1

ACCBR1612A 1

ACCBR1613B 1

ACCBR1613C 1

ACCBR1614C 1

ACCBR1615A 1

ACCBR1615B 1

ACCBR1615C 1
ACCBR1616B 1
ACCBR1617C 1

ACCBR1725C 1

ACCBR1726C 1
ACCBR1727C 1
ACCBR1727D 1
ACCBR1829C 1
ACCBR1829D 1
ACCBR1830C 1
ACCBR1831C 1
ACCBR1ACB2 1
ACCBR1ACB4 1
ACCBR1CCB4 1
ACCBR2BTAA 1
ACCBR2BTBB 1
ACCBR400A1 1
ACCBR400B1 1
ACCBR400C1 1
ACCBR422AR 1
ACCBR615AR 1
ACCBR75112 1

ACCBR76702 1

0
0
0
0
0
0
0
0
0
0

24
0

24

24
0
0
0
0

24
24
24
24
24

.24

0
0

24
24

H AC BREAKER BUS14/20A TRANSFERS OPEN
H 480 VAC Circuit Breaker BUS14/20B (25/CSP1A) Transfers Open
H AC BREAKER BUS14/20C TRANSFERS OPEN
H AC BREAKER BUS14/21C TRANSFERS OPEN
H AC BREAKER BUS14/22A TRANSFERS OPEN
H AC BREAKER BUS14/23A TRANSFERS OPEN
H AC BREAKER BUS14/23B TRANSFERS OPEN
H AC BREAKER BUS14/23C TRANSFERS OPEN
H AC BREAKER BUS14/24B TRANSFERS OPEN
H AC BREAKER BUS15/02B TRANSFERS OPEN
H 480 VAC Circuit Breaker BUS15/03B (S2/LTB) Transfers Open
H AC BREAKER BUS15/04B TRANSFERS OPEN
H AC BREAKER BUS16/11C TRANSFERS OPEN
H AC BREAKER BUS16/12A TRANSFERS OPEN
H 480 VAC Circuit Breaker BUS16/13B (52/CSP1B) Transfers Open
H AC BREAKER BUS16/13C TRANSFERS OPEN
H AC BREAKER BUS16/14C TRANSFERS OPEN
H AC BREAKER BUS16/15A TRANSFERS OPEN
H AC BREAKER BUS 16/15B TRANSFERS OPEN
H AC BREAKER BUS 16/15C TRANSFERS OPEN
H AC BREAKER BUS16/16B TRANSFERS OPEN
H AC BREAKER BUS16/17C TRANSFERS OPEN
H AC BREAKER BUS17/25C TRANSFERS OPEN
H 480 VAC MCCG Feeder Circuit Breaker 52/MCC1G2 (BUS17/26C) Transfers Open
M 480 VAC Circuit Breaker In Bus 17 Unit 27C (52/SWPlB) Transfers Open
M 480 VAC Circuit Breaker In Bus 17 Unit 29D (52/SWPlC) Transfers Open
D 480 VAC Circuit Breaker In Bus 18 Unit 29C (52/SWP1A) Transfers Open
D 480 VAC Circuit Breaker In Bus 18 Unit 29D (52/SWP1D) Transfers Open
H 480 VAC MCCG Feeder Circuit Breaker 52/MCC1G1 (BUS18/30C) Transfers Open
H AC BREAKER BUS18/31C TRANSFERS OPEN
H Inverter INVTA Output Breaker INVTCVTA/02 Transfers Open
H Transformer CVTA Feed Breaker INVTCVTA/04 Transfers Open
H Constant Voltage Transformer CVTB Input Breaker INVTCVTB/04 Transfers Open
H 4160 VAC Bus 12A / Bus 11A Tie Circuit Breaker 52/BTA-A (BUS11A/11) Trans. Open
H 4160 VAC Bus 12B / Bus 11B Tie Circuit Breaker 52/BTB-B (BUS12B/20) Trans. Open
H AC Breaker IBPDPCBA/01 Transfers Open
H AC Breaker ICPDPCBB/Ol Transfers Open
H AC Breaker IBPDPCBC/01 Transfers Open
H AC BREAKER BUS14/22A TRANSFERS OPEN (RECIRCULATION)
H AC BREAKER BUS16/lSA TRANSFERS OPEN (RECIRCULATION)
H 34.5 kVAC Circuit Breaker 52/75112 (RG&E Circuit 751 From Substa. 204) Fails
H 34.5 kVAC Oil Circuit Breaker 52/76702 (RG&E Circuit 767 From Sta. 13A) Fails
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Table
Integrated ( BE File

Basic Event C Factor Units Descri tion

ACCBRB0206 1
ACCBRB02MM 1
ACCBRB05MM 1
ACCBRB0701 1
ACCBRBUS1A 1
ACCBRBUS1B 1
ACCBRBUS1C 1
ACCBRBUS1D 1
ACCBRC/01F 1

ACCBRC/06C 2
ACCBRC/06J 1

ACCBRC/07J 1

ACCBRC/07M 1

ACCBRC/09M 1

ACCBRC/10J 1

ACCBRC/12J 1
ACCBRC/13B 1

ACCBRC/15J 1

ACCBRC/16F 1

ACCBRC010C 2
ACCBRC2518 1
ACCBRC2536 1

ACCBRC2537 1

ACCBRC2541 1
ACCBRC2559 1
ACCBRC2565 1
ACCBRC2566 1
ACCBRC2583 1
ACCBRC2607 1
ACCBRC2612 1
ACCBRC2613 1
ACCBRC2630 1
ACCBRC2631 1
ACCBRC2648
ACCBRC2649 1
ACCBRC2651 1
ACCBRC2662 1
ACCBRCB302 1
ACCBRCB602 1
ACCBRCBAR1 1
ACCBRCBB/1 1
ACCBRCBC05 1

0
0

24
0

24
24
24
24

0
2075

0
0
0
0
0.
0
0
0
0
0
8

24
24

8
24

8
8

24
24

8
8
8
8
8
8
8
8

24
24
24

0
0

H 120 VAC Circuit Breaker ACPDPTB02/06 Transfers Open
H AC BREAKER MCCB/02MM TRANSFERS OPEN
H 480 VAC Circuit Breaker MCCB/05MM Transfers Open
H 120 VAC Circuit Breaker ACPDPTB07/01 Transfers Open
H Instrument Bus A (IBPDPCBAR) Normal Supply Breaker IBPDPCBAR/M1 Transfers
H Instrument Bus B (IBPDPCBBW) Normal Supply Breaker IBPDPCBBW/M1 Transfers
H Instrument Bus C (IBPDPCBCB) Normal Supply Breaker IBPDPCBCB/M1 Transfers
H Instrument Bus D (IBPDPCBDY) Normal Supply Breaker IBPDPCBDY/M1 Transfers
H AC BREAKER MCCC/01F TRANSFERS OPEN
H AC BREAKER MCCC/06C TRANSFERS OPEN
H AC BREAKER MCCC/06J TRANSFERS OPEN
H AC BREAKER MCCC/07J TRANSFERS OPEN
H AC BREAKER MCCC/07M TRANSFERS OPEN
H AC BREAKER MCCC/09M TRANSFERS OPEN
H AC BREAKER MCCC/10J TRANSFERS OPEN
H AC BREAKER MCCC/12J TRANSFERS OPEN
H AC BREAKER MCCC/13B TRANSFERS OPEN
H AC BREAKER MCCC/15J TRANSFERS OPEN
H AC BREAKER MCCC/16F TRANSFERS OPEN
H AC BREAKER MCC C UNIT 10C TRANSFERS OPEN
H AC BREAKER IBPDSPCBAR/03 (CIRCUIT C2518) TRANSFERS OPEN
H Instrument Bus A Breaker IBPDPCBAR/21 To MQ400A Transfers Open
H Instrument Bus A (IBPDPCBAR) Breaker IBPDCPCBAR/22 Transfers Open
H AC BREAKER IBPDPCBBW/03 (CIRCUIT C2541) TRANSFERS OPEN
H Instrument Bus B (IBPDPCBBW) Breaker IBPDPCBBW/21 To MQ400B Transfers Ope
H AC BREAKER IBPDPCBCB/03 (CIRCUIT C2565) TRANSFERS OPEN
H AC BREAKER IBPDPCBCB/04 (CIRCUIT C2566) TRANSFERS OPEN
H Instrument Bus C Breaker IBPDPCBCB/21 To MQ400C Transfers Open
H Instrument Bus D (IBPDPCBDY) Breaker IBPDPCBDY/21 To MQ400D Transfers Ope
H AC BREAKER IBPDPCBA/01 (CIRCUIT C2612) TRANSFERS OPEN
H AC BREAKER IBPDPCBA/02 (CIRCUIT C2613) TRANSFERS OPEN
H AC BREAKER IBPDPCBB/01 (CIRCUIT C2630) TRANSFERS OPEN
H AC BREAKER IBPDPCBB/02 (CIRCUIT C2631) TRANSFERS OPEN
H AC BREAKER IBPDPCBC/01 (CIRCUIT C2648) TRANSFERS OPEN
H AC BREAKER IBPDPCBC/02 (CIRCUIT C2649) TRANSFERS OPEN
H AC BREAKER IBPDPCBC/04 (CIRCUIT C2651) TRANSFERS OPEN
H AC BREAKER IBPDPCBD/02 (CIRCUIT C2662) TRANSFERS OPEN
H 120 VAC Circuit Breaker ACPDPCB03/02 Transfers Open
H 120 VAC Circuit Breaker ACPDPCB06/02 Transfers Open
H AC Instrument Bus A Breaker 1 (IBPDPCBAR/01) Transfers Open
H AC BREAKER MCCB/1 TRANSFERS OPEN
H 120 VAC Instrument Bus C Circuit: Breaker IBPDPCBC/05 Transfers Open

Open
Open
Open
Open
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Table -2
Integrated ( . BE File

Basic Event C Factor Units Descri tion
ACCBRCBCB1 1
ACCBRCBE01 1
ACCBRCC08J 1
ACCBRCC08M 1
ACCBRCC11F 1
ACCBRCD08J 1
ACCBRCD08M 1
ACCBRCD11F 1
ACCBRD/01B 1

ACCBRD/02F 1

ACCBRD/03F 1

ACCBRD/06C 2
ACCBRD/06J 1
ACCBRD/07J 1
ACCBRD/07M 1

ACCBRD/09M 1
ACCBRD/10J 1

ACCBRD/12F 1
ACCBRD/15F 1
ACCBRD16FF 1
ACCBRF/04B 1

ACCBRF/04D 1

ACCBRH/01K 1
ACCBRH/02B 1

ACCBRH/02D 1
ACCBRJ/01K 1
ACCBRJ/02B 1
ACCBRJ/02D 1
ACCBRK/01B 1
ACCBRK/01F 1
ACCBRK01DD 1
ACCBRL/01B 1
ACCBRL/02M 1
ACCBRM/02M 1
ACCBRMC04H 1
ACCBRMC05D 1
ACCBRMC07K 1
ACCBRMC16D 1
ACCBRMC4HH 1

ACCBRMCC1A 1
ACCBRMCC1B 1

ACCBRMCC1C 1

24
0
0
0
0
0
0
0
0
0
0

2075
0
0
0
0
0
0
0
0
0
0

24

24
24
24
24

0
0

24
0
0
0

24
24
24
24
24
24
24
24

H AC Instrument Bus B Breaker 1 (IBPDPCBCB/01) Transfers Open
H 120 VAC Instrument Bus A Circuit Breaker IBPDPCBE/01 Transfers Open
H 480 VAC Circuit Breaker MCCC/08J (42/860A) Transfers Open
H 480 VAC Circuit Breaker MCCC/08M (42/896A) Transfers Open
H 480 VAC Circuit Breaker MCCC/11F (42/860C) Transfers Open
H 480 VAC Circuit Breaker MCCD/08J (42/860B) Transfers Open
H 480 VAC Circuit Breaker MCCD/08M (42/896B) Transfers Open
H 480 VAC Circuit Breaker MCCD/11F (42/860D) Transfers Open
H AC BREAKER MCCD/01B TRANSFERS OPEN
H AC BREAKER MCCD/02F TRANSFERS OPEN
H AC BREAKER MCCD/03F TRANSFERS OPEN
H AC BREAKER MCCD/06C TRANSFERS OPEN
H AC BREAKER MCCD/06J TRANSFERS OPEN
H AC BREAKER MCCD/07J TRANSFERS OPEN
H AC BREAKER MCCD/07M TRANSFERS OPEN
H AC BREAKER MCCD/09M TRANSFERS OPEN
H AC BREAKER MCCD/10J TRANSFERS OPEN
H AC BREAKER MCCD/12F TRANSFERS OPEN
H AC BREAKER MCCCD15F TRANSFERS OPEN
H AC BREAKER MCCD/16FF TRANSFERS OPEN
H AC BREAKER MCCF/04B TRANSFERS OPEN
H AC BREAKER MCCF/04D TRANSFERS OPEN
H AC BREAKER MCC/01K TRANSFERS OPEN
H AC BREAKER MCCH/02B TRANSFERS OPEN
H AC BREAKER MCCH/02D TRANSFERS OPEN
H AC BREAKER MCCJ/01K TRANSFERS OPEN
H AC BREAKER MCCJ/02B TRANSFERS OPEN
H AC BREAKER MCCJ/02D TRANSFERS OPEN
H AC BREAKER MCCK/01B TRANSFERS OPEN
H AC BREAKER MCCK/01F TRANSFERS OPEN
H 480 VAC Circuit Breaker MCCK/01DD Transfers Open
H AC BREAKER MCCL/01B TRANSFERS OPEN
H AC BREAKER MCCL/02M TRANSFERS OPEN
H AC BREAKER MCCM/02M TRANSFERS OPEN
H 480 VAC Motor Control Center C Breaker MCCC/04H Transfers Open
H AC Breaker MCCC/SD Transfers Open (To Battery Charger A1)
H 480 VAC Motor Control Center B Breaker MCCB/07K Transfers Open
H 480 VAC Motor Control Center C Breaker MCCC/16D Transfers Open
H AC Breaker MCCC/4HH Transfers Open (To Battery Charger A)
H 480 VAC MCCA Feeder Circuit Breaker 52/MCCA (BUS13/08B) Transfers Open
H 480 VAC MCCB Feeder Circuit Breaker 52/MCCB (BUS15/04A) Transfers Open
H 480 VAC MCCC Feeder Circuit Breaker 52/MCCC (BUS14/22C) Transfers Open
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Table -2
Integrated C. BE File

Basic Event C Factor Units Descri tion
ACCBRMCC1D 1
ACCBRMCC1E 1
ACCBRMCC1F 1
ACCBRMCC1H 1
ACCBRMCC1J 1

~ ACCBRMCC1K 1
ACCBRMCC1L 1
ACCBRMCC1M 1
ACCBRMCC4D 1

ACCBRMD16F 1

ACCBRMD4MM 1

ACCBRPOL10 1

ACCCOUVAGA
ACCFR024BN 1

ACCFR024BP 1

ACCFRB/02M 1
ACIVF0400A 1

ACIVF0400B 1

ACIVF0400C 1

ACIVF0400D 1
ACIVF0400E 1
ACIVFBUS1A 1
ACIVFBUS1C 1
ACLOPRTALL
ACMMACPNLB
ACMMACPNLC
ACMMACPNLE
ACMMBUS013
ACMMBUS01A
ACMMBUS01B
ACMMBUS01C
ACMMBUS01D
ACMMDISTOA
ACMMDISTOD
ACMMINV01A
ACMMINV01C
ACMMMCC01A
ACMMMCC01B
ACMMMCC01C
ACMMMCC01D
ACMMMCC01E
ACMMMCC01F

24
24
24
24
24
24
24
24
24
24
24

0
7.650E-06

0
0
0

24
24
24
24
24
24
24

1. 00E-03
2.042E-04
2.042E-04
2.042E-04
1.029E-04
2.042E-04
8.005E-05
2.042E-04
8.005E-05
2.042E-04
2.042E-04
5.190E-04
5.783E-04
5.074E-05
5.074E-05
5.074E"05
5.074E-05
5.074E-05
5.074E-05

480 VAC MCCD Feeder Circuit Breaker 52/MCCD (BUS16/16C) Transfers Open)
480 VAC MCCE Feeder Circuit Breaker 52/MCCE (BUS15/05B) Transfers Open
480 VAC MCCF Feeder Circuit Breaker 52/MCCF (BUS15/2C) Transfers Open
480 VAC MCCH Feeder Circuit Breaker 52/MCCH (MCCC/05MM) Transfers Open
480 VAC MCCJ Feeder Circuit Breaker 52/MCCJ (MCCD/05KK) Transfers Open
480 VAC MCCK Feeder Circuit Breaker 52/MCCK (MCCC/05M) Transfers Open
480 VAC MCCL Feeder Circuit Breaker 52/MCCL (MCCC/11J) Transfers Open
480 VAC MCCM Feeder Circuit Breaker 52/MCCM (MCCD/15D) Transfers Open
408 VAC Motor Control Center D Breaker MCCD/04D Transfers Open
AC Breaker MCCD/16F Transfers Open (To Battery Charger Bl)
AC Breaker MCCD/4MM Transfers Open (To Bat'tery Charger B)
AC BREAKER MCCC/02H TRANSFERS OPEN
Common Cause Failure Of AC Power Agastat Time Delay Relays To Energize
FUSE FUBUS14/24B-N FAILS OPEN
FUSE FUSBUS14/24B-P FAILS OPEN
FUSE FUMCCB/02M FAILS OPEN
Failure Of Twinco Voltage Regulator MQ400A
Twinco Voltage Regulator MQ400B Fails
Failure Of Twinco Voltage Regulator MQ400C
Failure Of Twinco Voltage Regulator MQ400D
Failure Of Twinco Voltage Regulator MQ400E
Failure Of Instrument Bus A (IBPDPCBAR) Static Switch SCICBAR
Instrument Bus C (IBPDPCBCB) Static Switch SCICBCB Fails
Loss of All Off-Site Power Following Reactor Trip
120 VAC Distribution Panel B (IBPDPCBB) Faults
120 VAC Distribution Panel C (IBPDPCBC) Faults
120 VAC Distribution Panel E (IBPDPCBE) Faults
Bus Faults On 480 VAC Bus

13'20

VAC Instrument Bus A (IBPDPCBAR) Bus Faults
120 VAC Instrument Bus B (IBPDPCBBW) Bus Faults
120 VAC Instrument Bus C (IBPDPCBCB) Bus Faults
120 VAC Instrument Bus D (IBPDPCBDY) Bus Faults
120 VAC Distribution Panel (IBPDPCBA) Faults
120 VDC Distribution Panel D (IBPDPCBD) Faults
Instrument Bus A (IBPDPCBAR) Inverter INVTA Circuit Faults
Instrument Bus C (IBPDPCBCB) Inverter INVTB Circuit Faults
480 VAC Motor Control Center MCCA Faults

480 VAC Motor Control Center MCCC Faults
480 VAC Motor Control Center MCCD Faults
480 VAC Motor Control Center MCCE Faults
480 VAC Motor Control Center MCCF Faults
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Table 7-2
Integrated C. A BE File

Basic Event

ACMMMCC01H
ACMMMCC01J
ACMMMCC01K
ACMMMCC01L
ACMMMCC01M
ACMMSST014
ACMMSST015
ACMMSST016
ACMMSST017
ACMMSST018
ACMMSTATOA
ACMMSTATOC
ACREBBX114 I
ACREBBX116 1

ACREBBX214 1
ACREBBX216 1
ACREE0052Z 1
ACREE1T12A 1
ACREE1T12B 1
ACREE63/X3 1
ACREE63/X4 1

ACREE63/X5 1
ACREE6BU1G 1
ACREE86P1G 1
ACREE86X1G 1
ACREE94P1G 1
ACREEXT12A 1
ACREEXT12B 1
ACREK6B12A 1
ACREK6B12B 1
ACREK8611A 1
ACREK8611B 1
ACREK8612A 1
ACREK8612B 1
ACREKBX114 1
ACREKBX116 1
ACREKBX214 1
ACRTDOOBLA 1
ACRTDOOBLB 1
ACRTDOOCCF 1
ACRTD62AST 1
ACRTDCCFSS

Factor

5.074E-OS
5.074E-OS
5.074E-OS
5.074E-05
5.074E-05
8.405E-05
8.405E-05
8;405E-05
8.405E-OS
8.405E-05
7.836E-OS
7.836E-OS

1

1

1

1

1
1
1
1

1

1

1

1
1
1
1
1

24
24
24
24
24
24
24
24
24

1
1
1

1
.I

Units Descri tion

480 VAC Motor Control
480 VAC Motor Control
480 VAC Motor Control
480 VAC Motor Control
480 VAC Motor Control

Center MCCH Faults
Center MCCJ Faults
Center MCCK Faults
Center MCCL Faults
Center MCCM Faults

4160 VAC / 480 VAC Transformer PXTBSS015 Faults
Transformer PXABSS016 Faults
Transformer PXSHSS017 Faults
Transformer PXSHSS018 Faults
Instrument Bus A (IBPDPCBAR) Constant Voltage Transformer CVTA Faults
Instrument Bus C (IBPDPCBCB) Constant Voltage Transformer CVTB Faults
Bus 14 Breaker Auxiliary Relay 18BX1/14 Fails To Deenergize On Demand
Bus 16 Breaker Auxiliary Relay 11BX1/16 Fails To Deenergize On Demand
Bus 14 Breaker Auxiliary Relay 18BX2/14 Fails To Deenergize On Demand
Bus 16 Breaker Auxiliary Relay 11BX2/16 Fails To Deenergige On Demand

N RELAY S2Z FAILS TO ENERGIZE ON DEMAND
N Synchro Verifier Relay 25A/11T-12A Fails To Energize On Demand
N Synchro Verifier Relay 25B/11T-12B Fails To Energize On Demand
N RELAY 63/X3 FAILS TO ENERGIZE ON DEMAND
N RELAY 63/X4 FAILS TO ENERGIZE ON DEMAND
N RELAY 63/X5 FAILS TO ENERGIZE ON DEMAND
N Turbine / Generator Backup Lockout Relay 86BU/1G Fails To Energige On Demand
N Turbine / Generator Primary Lockout Relay 86P/1G Fails To Energize On Demand
N Turbine / Generator Auxiliary Lockout Relay 86X/1G Fails To Energize On Demand
N Turbine / Generator Primary Lockout Relay 94P/1G Fails To Energize On Demand
N Synchro Verifier Auxiliary Relay 25AX/11T-12A Fails To Energize On Demand
N Synchro Verifier Auxiliary Relay 25BX/11T-12B Fails To Energize On Demand
H 4160 VAC Bus 12A Backup Differential Lockout Relay 86B/12A Spuriously Energizes
H 4160 VAC Bus 12B Backup Differential Lockout Relay 86B/12B Spuriously Energizes
H 4160 VAC Bus 11A Differential Lockout Relay 86/11A Spuriously Energizes
H 4160 VAC Bus 11B Differential Lockout Relay 86/11B Spuriously-Energizes
H 4160 VAC Bus 12A Differential Lockout Relay Spuriously Energizes
H 4160 VAC Bus 12B Differential Lockout Relay 86/12B Spuriously Energizes
H Bus 14 Breaker Auxiliary Relay 18BX1/14 Spuriously Energizes
H Bus 16 Breaker Auxiliary Relay 11BX1/16 Spuriously Energizes
H Bus 14 Breaker Auxiliary Relay 18BX2/14 Spuriously Energizes

Agastat Time Delay Relay 2/BLA Fails To Energize After KDG01A Starts
Agastat Time Delay Relay 2/BLB Fails To Energize After KDG01B Starts
Agastat Time Delay Relay Fails To Energize On Demand

N Turbine Auto Stop Timer Relay 62AST Fails On Demand
Beta Factor For Common Cause Failure Event ACCCOUVAGA
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Tab 3.7-2
Integrated I'A BE File

Basic Event C Factor Units Descri tion
ACSCZB1G13
ACSCZB9X13
ACSZCA12AX 1
ACSZCB1G13 1
ACSZCB9X13 1
ACSZCS12BX 1
ACT1FSST13 1
ACT1FSST14 1
ACT1FSST15 1

ACT1FSST16 1

ACT1FSST17 1

ACT1FSST18 1

ACT1FST12A 1

ACT1FST12B 1

ACT1FTRAN6 1
ACT6FBUS1A 1

ACT6FBUS1C 1
ACT6FCB005 1

ACT6FCB01E .1
ACT6FCVT1B 1
ACT6FCVTA2 1
AF100
AF400
AF493
AF497
AF500
AF586
AF600
AF686
AF800
AF900
AFAVK04291 1
AFAVK04297 1
AFAVK04298 1
AFAVP04304 1
AFAVP04310 1
AFAVP9710A-1
AFAVP9710B 1
AFAVPCCFSS
AFAVX04297 1
AFAVX04298 1

AFCCDMOVNA

1
1
1
1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

384
384
384

1,116
1116
1116
1116

1.79E-01
5580
5580

8.640E-05

N 4160 VAC Circuit Breaker 52/12AX Auxiliary Switch 52a/12AX Fails To Close
N Circuit Breaker Auxiliary Switch 52b/1G13A72 Fails To Close
N Circuit Breaker Auxiliay Switch 52b/9X13A72 Fails to Close
N 4160 VAC Circuit Breaker 52/12BX Cell (S) Switch 52S/12BX Fails To Close
H Fault On 480 VAC Bus 13 4160 / 480 VAC Transformer PXTBSS013
H Fault On 4160 VAC / 480 VAC Bus 14 Transformer PXABSS014
H Fault On 4160 VAC / 480 VAC Bus 15 Transformer PXTBSS015
H 480 VAC Bus 16 Transformer PXABSS016 Transfers Open
H Fault On 480 VAC Bus 17 4160 / 480 VAC Transformer PXSHSS017
H Fault On 480 VAC Bus 18 4160 / 480 VAC Transformer PXSHSS018
H Fault On Station Auxiliary Transformer PXYD012A
H Fault On Station Auxiliary Transformer PXYD012B
H Failure Of Station 13A 115 kVAC / 34.5 kVAC Transformer N6 (RG&E Circuit 767)
H Failure Of Constant Voltage Transformer CVTA
H Failure Of Constant Voltage Transformer CVTB
H 480 VAC / 120 VAC Transformer PXCBOOS Fails
H 480 VAC / 120 VAC Transformer PXCB001E Fails
H Instrument Bus D (IBPDPCBDY) Constant Voltage Transformer CVTA2 Fails
H Instrument Bus B (IBPDPCBBW) Constant Voltage Transformer CVTA1 Fails

No Flow To Either S/G From Any AFW Train
Turbine-Driven AFW Pump Train Fails To Provide Flow To S/Gs
Air-Operated Valve 4297 Fails To Close To Isolate S/G A (TDAFW Pump)
Air-Operated Valve 4298 Fails To Close To Isolate S/G A (TDAFW Pump)
Motor-Driven AFW Pump Train A Fails To Provide Flow To S/Gs
Failure To Close MOV 4007 To Isolate S/G A When Required
Motor-Driven AFW Pump Train B Fails To Provide Flow To S/Gs
Failure To Close MOV 4008 To Isolate S/G B When Required
Less Than Full AFW Flow To Either S/G
Failure Of Standby Auxiliary Feedwater To Both Steam Generators
Air operated valve 4291 transfers closed
Air operated valve 4297 transfers closed
Air operated valve 4298 transfers closed
Air operated valve 4304 fails to open
Air operated valve 4310 fails to open
Air operated valve 9710A fails to open
Air operated valve 9710B fails to open
Beta factor for AFW air operated valve fails to open
Air operated valve 4297 fails to close
Air operated valve 4298 fails to close
Common cause failure of MOVs 4007 and 4008 to throttle flow
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Tabl~ -2
Integrated ( BE File

Basic Event

AFCCDMOVNB
AFCCFMDAFW
AFCCFSAFWA
AFCCPCROSS
AFCCPCSTCV
AFCCPDISCA
AFCCPDISCB
AFCCPRECLA
AFCCPRECLB
AFCCPSAFWX
AFCCPSGINA
AFCCPSGINB
AFCCPSLUIC
AFCCSMDAFW
AFCCSSAFWA
AFCVC4000C 1
AFCVC4000D 1
AFCVC9705A 1
AFCVC9705B 1

AFCVP03998 1
AFCVP04003 1
AFCVP04004 1
AFCVP04009 1
AFCVP04010 1
AFCVP04014 1
AFCVP04016 1
AFCVP04017 1
AFCVP04023 1
AFCVP04045 1
AFCVP04049 1
AFCVP4000C 1
AFCVP4000D 1
AFCVP9574A 1
AFCVP9588A 1
AFCVP9700A 1
AFCVP9700B 1
AFCVP9705A 1
AFCVP9705B 1
AFCVPCCFSS
AFFTD04084 1
AFFTD04085 1

AFFTH02001 1

Factor

8.640E-05
2.743E-OS
2.743E-05
2.611E-04
6.612E-06
6.612E-06
6.612E-06
S.094E-04
S.094E-04
2.611E-04
6.612E-06
6.612E-06
1.137E-06
3.662E-05
3.662E-05

1
1

1

1
384
384
384
384
384
384
384
384
384

4404
66

384
384

66
66

384
384
384
384

6.00E-02
1116
1116
384

Units Descri tion

Common cause failure of MOVs 9701A and 9701B to throttle flow
Common cause failure of AFW Pumps 1A and lB to run
Common cause failure of SAFW Pumps 1C and 1D to run
Common cause failure of MOVs 4000A and 4000B to open
Common cause failure of check valves 4014, 4016, and 4017 to open
Common cause failure of check valves 4009, 4010, and 3998 to open
Common cause failure of check valves 9700A and 9700B to open
Common cause failure of AOVs 4304 and 4310 to open
Common cause failure of AOVs 9710A and 9710B to open
Common cause failure of MOVs 9703A and 9703B to open
Common cause failure of check valves 4000C, 4000D, 4003, and 4004 to open
Common cause failure of check valves 9705A and 9705B to open
Common cause failure of check valves 9574A and 9588A to open
Common cause failure of AFW Pumps 1A and 1B to start
Common cause failure of SAFW Pumps 1C and 1D to start
Check Valve 4000C Fails to Close
Check Valve 4000D Fails to Close
Check Valve 9705A Fails to Close
Check Valve 9705B Fails to Close
Check valve 3998 fails to open
Check valve 4003 fails to open
Check 'valve 4004 fails to open
Check valve 4009 fails to open
Check valve 4010 fails to open
Check valve 4014 fails to open
Check valve 4016 fails to open
Check valve 4017 fails to open
Check valve 4023 fails to open
Check valve 404S fails to open
Check valve 4049 fails to open
Check valve 4000C fails to open
Check valve 4000D fails to open
Check valve 9574A fails to open
Check valve 9588A fails to open
Check valve 9700A fails to open
Check valve 9700B fails to open
Check valve 9705A fails to open
Check valve 9705B fails to open
Beta factor for AFW check valve fails to open
Flow transmitter FT-4084 fails to respond
Flow transmitter FT-4085 fails to respond
Flow transmitter FT-2001 fails high
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Tab 't.7-2
Integrated ZA BE File

Basic Event C Factor Units Descri tion
AFFTH02002 1
AFFTH04084 1
AFFTH04085 1
AFHFD04297
AFHFD04298
AFHFD1ATRP
AFHFD1BTRP
AFHFDAFWAB
AFHFDC4007
AFHFDC4008
AFHFDPCD04
AFHFDSAFWX
AFHFDS'NX03
AFHFDXSAFW
AFHFLOAFWA
AFHFLOAFWB
AFHFLSAFWA
AFHFLSAFWB
AFHFLTDAFW
AFHXFEAF01 1
AFHXFEAF2A 1
AFHXFEAF2B 1
AFLTD2022A 1
AFLTD2022B 1
AFMM04028
AFMMOTDAFW
AFMMAFWABX
AFMMCB4007
AFMMCB4008
AFMMCB4013
AFMMCB4027
AFMMCBMDPA
AFMMCBMDPB
AFMMCBSBPC
AFMMCBSBPD
AFMMHOTWEL
AFMMMDFP1A
AFMMMDFP1B
AFMMNOOCST
AFMMSAFWPC
AFMMSAFWPD
AFMMSGAINJ

384
384
384
0.1
0.1

1.00
1.00
1.00
0.1
0.1

1.00
1 . OOE-04

1.00
1.00

3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03

1116
1116
1116

384
384

O.OOOE+00
1.283E-02
2.388E-04
O.OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
4.938E-03
6.842E-03
6.842E-03
2.983E-04
2.324E-02
2.324E-02
1.798E-03

H
H
H

H
H
H
H
H

ns

olate S/G
t/maint
t/ma int

Outside Condensate Storage Tank not available
Failure of SAFW Pump 1C train
Failure of SAFW Pump 1D Train
Failure of AFW injection line to S/G A

Flow transmitter FT-2002 fails high
Flow transmitter FT-4084 fails high
Flow transmitter FT-4085 fails high
Operators fail to close air operated valve 4297 to isolate S/G A
Operators fail to close air operated valve 4298 to isolate S/G B
Operators fail to reopen MOV 4007 after Pump 1A trips
Operators fail to reopen MOV 4008 after Pump 1B trips
Operators fail to open cross-tie valves between AFW motor-driven trai
Operators fail to close 4007 to isolate S/G A
Operators fail to close 4008 to isolate S/G B
Operators fail to provide water to the CSTs from the Hotwell
Operators fail to start SAFW Pump 1C and 1D
Operators fail to perform suction transfer from CST to SW
Operators fail to open cross-tie valves between SAFW trains and/or is
Failure to restore AFW Motor-Driven Pump Train 1A to service post tes
Failure to restore AFW Motor-Driven Pump Train 1B to service post tes
Failure to restore SAFW Pump Train 1C to service post test/maint
Failure to restore SAFW Pump Train 1D to service post test/maint
Failure to restore TDAFN pump train to service post test/maintenance
AFW Turbine-Driven Pump Lube Oil Cooler EAF01 cooling cap fails
AFW Motor-Driven Pump 1A Lube Oil Cooler EAF02A cooling cap fails
AFW Motor-Driven Pump lA Lube Oil Cooler EAF02B cooling cap fails
Condensate Storage Tank A level transmitter LT-2022A fails to respond
Condensate Storage Tank B level transmitter LT-2022B fails to respond
4028 Circuit Breaker or Control Fuses Fail
Failure of TDAFN pump train components
Failure of valves for AFW Train A to Train B cross-connect
4007 Circuit Breaker or Control Fuses Fail
4008 Circuit Breaker or Cont'rol Fuses Fail
4013 Circuit Breaker or Control Fuses Fail
4027 Circuit Breaker or Control Fuses Fail
PAF01A Circuit Breaker or Control Fuses Fail
PAF01B Circuit Breaker or Control Fuses Fail
PSF01A Circuit Breaker or Control Fuses Fail
PSF01B Circuit Breaker or Control Fuses Fail
Failure of components needed to transfer condensate
Failure of AFN Motor-Driven AFW Pump Train A
Failure of AFW Motor-Driven AFW Pump Train B
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Table.7-2
Integrated ~I'ABE File

Basic Event C Factor Units Descri tion

AFMMSGASAF
AFMMSGASTM
AFMMSGBINJ
AFMMSGBSAF
AFMMSGBSTM

~ AFMMSGTURA
AFMMSGTURB
AFMMSLUICA
AFMMSLUICB

— AFMMSHPMPA
AFMMSHPMPB
AFMMSWTDAF
AFMMSWTURB
AFMMSHXXXA
AFMMSHXXXB
AFMMXXCSTS
AFMPFCCF$ $
AFMPFPAF1A 1

AFMPFPAF1B 1

AFMPFPCD04 1

AFMPFPSF1A 1

AFMPFPSF1B 1
AFMPSCCF$ $
AFMPSPAF1A 1
AFMPSPAF1B 1
AFMPSPCD04 1
AFMPSPSF1A 1
AFMPSPSF1B 1
AFMVD04007 1
AFMVD04008 1
AFMVD9701A 1
AFMVD9701B 1
AFMVDCCF$$
AFMVK03996 1
AFMVK09746 1
AFMVK9704A 1
AFMVK9704B 1
AFMVP04007 1
AFMVP04008 1
AFMVP4000A 1
AFMVP4000B 1

AFMVP9703A 1

5. 467E-04
2.65SE-03
1.798E-03
9.010E-04
2.655E-03
6.212E-04
6.212E-04
1.708E-04
1.708E-04
2.196E-02
2.196E-02
4.815E-03
2.196E-02
4.679E-03
4.679E-03
5.422E-04
3.00E-02

24
24
24
24
24

2.98E-02
384
384

66
384
384
384
384
384
384

1.00E-01
384
384
384
384
384
384
384
384
384

Pump B

p 1A
p 1B

flow

Failure of SAFW injection line to S/G A
Failure of S/G A Main Steam components to TDAFW pump
Failure of AFW injection line to S/G B
Failure of SAFW injection line to S/G B
Failure of S/G B Main Steam components to TDAFW pump
Failure of TDAFW injection line to S/G A
Failure of TDAFH injection line to S/G B
Failure of. valves associated with Sluice Pump A
Failure of components associated with Sluice Pump B
Failure of Service Components for AFH Motor-Driven Pump B
Failure of Service Water components for AFH Motor-Driven
Failure of main Service Water line to TDAFW pump
Failure of Service Hater components to TDAFW pump
Failure of main Service Water line to AFW Motor-Driven Pum
Failure of main Service Water line to AFW Motor-Driven Pum
Failure of Condensate Storage Tanks
Beta factor for AFW motor-driven pump fails to run
AFW Motor-Driven Pump 1A fails to run
AFW Motor-Driven Pump 1B fails to run
Condensate Transfer Pump PCD04 fails to run
SAFW Motor-Driven Pump 1C fails to run
SAFW Motor-Driven Pump 1D fails to run
Beta factor for AFW motor-driven pump fails to start
AFW Motor-Driven Pump 1A fails to start
AFW Motor-Driven Pump 1B fails to start
Condensate Transfer Pump PCD04 fails to start
SAFW Motor-Driven Pump 1C fails to start
SAFW Motor-Driven Pump 1D fails to start
Motor operated valve 4007 fails to throttle flow
Motor operated valve 4008 fails to throttle flow
Motor operated valve 9701A fails to throttle flow
Motor operated valve 9701B fails to throttle flow
Beta factor for AFW motor operated valve fails to throttle
Motor operated valve 3996 transfers closed
Motor operated valve 9746 transfers closed
Motor operated valve 9704A transfers closed
Motor operated valve 9704B transfers closed
Motor operated valve 4007 fails to open
Motor operated valve 4008 fails to open
Motor operated valve 4000A fails to open
Motor operated valve 4000B fails to open
Motor operated valve 9703A fails to open
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Tab ~.7-2
Integrated fA BE File

Basic Event C Factor Units Descri tion
AFMVP9703B 1
AFMVPCCF$ $
AFMVX04007 1
AFMVX04008 1
AFMVX09746 1
AFMVX9704A 1
AFMVX9704B 1
AFPCD02033 1
AFPCD02034 1
AFPPJFAILX 1

AFTKBTCD2A 1

AFTKBTCD2B 1

AFTKJTCD03 1

AFTKJTCD2A 1

AFTKJTCD2B 1

AFTM004048
AFTMOAFHAB
AFTMOAFWIA
AFTMOAFWIB
AFTMOAFNPA
AFTMOAFWPB
AFTMOTDAFW
AFTMCONDPP
AFTMOUTCON
AFTMSAFWAB
AFTMSAFWIA
AFTMSAFWIB
AFTMSAFWPC
AFTMSAFWPD
AFTMTDAFWA
AFTMTDAFWB
AFTPFTDAFW 1
AFTPSTDAFW 1
AFXVK03999 1
AFXVK04000 1
AFXVK04001 1
AFXVK04002 1
AFXVK04005 1
AFXVK04006 1

AFXVK04011 1

AFXVK04012 1

AFXVK04015 1

384
8.00E-02

384
384

1116
1116
1116
1116
1116

24
~ 66

66
24
12
12

1.10E-03
4.33E-03
2.48E-03
2.48E-03
3.19E-03
3.19E-03
9.04E-03
2.91E-03
1.10E-03
4.33E-03
2.85E-03
4.65E-03
5.55E-03
5.55E-03
1.50E-03
1.50E-03

24
384
384
384
384
384
384
384
384
384
384

st/maintenance

maintenance
maintenance

Motor operated valve 9703B fails to open
Beta factor for AFW motor operated valve fails to open
Motor operated valve 4007 fails to close
Motor operated valve 4008 fails to close
Motor operated valve 9746 fails to close
Motor operated valve 9704A fails to close
Motor operated valve 9704B fails to close
Pressure controller PC-2033 fails to respond
Pressure controller PC-2034 fails to respond
Failure of AFW pump suction line (pipe rupture)
Bladder for CST A ruptures
Bladder for CST B ruptures
Outside Condensate Storage Tank TCD03 ruptures
Condensate Storage Tank A (TCD02A) ruptures
Condensate Storage Tank B (TCD02B) ruptures
Manual valve 4048 out of service for testing/maintenance
AFN cross-connect line out-of-service for maintenance
AFN injection line to S/G A out-of-service for maintenance
AFW injection line to S/G B out-of-service for maintenance
AFW Pump Train 1A out-of-service for maintenance
AFW Pump Train 1B out-of-service for maintenance
TDAFN Pump Train out-of-service for maintenance
Condensate Transfer Pump out-of-service for test/maintenance
Outside Condensate Storage Tank valves out-of-service for te
SAFW cross-connect line out-of-service for maintenance
SAFW injection line to S/G A out-of-service for maintenance
SAFN injection line to S/G B out-of-service for maintenance
SAFW Pump Train 1C out-of-service for maintenance
SAFN Pump Train 1D out-of-service for maintenance
TDAFW Pump Train injection line to S/G A out-of-service for
TDAFW Pump Train injection line to S/G B out-of-service for
Turbine-driven AFW pump fails to run
Turbine-driven AFW pump fails to start
Manual valve 3999 transfers closed
Manual valve 4000 transfers closed
Manual valve 4001 transfers closed
Manual valve 4002 transfers closed
Manual valve 4005 transfers closed
Manual valve 4006 transfers closed
Manual valve 4011 transfers closed
Manual valve 4012 transfers closed
Manual valve 4015 transfers closed
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Table -2
Integrated ( BE File

Basic Event Factor Units Descri tion

AFXVK04018 1
AFXVK04019 1
AFXVK04048 1
AFXVK04070 1
AFXVK04071 1
AFXVK04081 1
AFXVK04082 1
AFXVK04356 1
AFXVK04357 1
AFXVK4070A 1

AFXVK4071A 1

AFXVK9501B 1

AFXVK9509C 1

AFXVK9570A 1

AFXVK9573A 1
AFXVK9702A 1
AFXVK9702B 1
AFXVK9702C 1
AFXVK9702D 1
AFXVK9706A 1
AFXVK9706B 1
AFXVP04046 1
AFXVP9509E 1
AFXVP9584G 1
AFXVP9586G 1
AFXVX04047 1
AFXVX9509C 1
AFXVX9509D 1
AFXVX9509F 1
CCOOO
CC010
CC020
CC212
CCAVK0754A 1
CCAVK0754B 1
CCBREAK001
CCBREAK002
CCCC738A/B
CCCCPUMP/R
CCCCPUMP/S
CCCVK00816 1

CCCVK0723A 1

384
384

66
384
384

1116
1116
1116
1116

66
66
66

384
66
66

384
384

1116
87624

384
384

4404
384
384
384

4404
4404

384
384

24
24

0
0

3.452E-04
8.354E-06
5.458E-05

24
24

Manual valve 4018 transfers closed
Manual valve 4019 transfers closed
Manual valve 4048 transfers closed
Manual valve 4070 transfers closed
Manual valve 4071 transfers closed
Manual valve 4081 transfers closed
Manual valve 4082 transfers closed
Manual valve 4356 transfers closed
Manual valve 4357 transfers closed
Manual valve 4070A transfers closed
Manual valve 4071A transfers closed
Manual valve 9501B transfers closed
Manual valve 9509C transfers closed
Manual valve 9570A transfers closed
Manual valve 9573A transfers closed
Manual valve 9702A transfers closed
Manual valve 9702B transfers closed
Manual valve 9702C transfers closed
Manual valve 9702D transfers closed
Manual valve 9706A transfers closed
Manual valve 9706B transfers closed
Manual valve 4046 fails to open

H. Manual valve 9509E fails to open
Manual valve 9584G fails to open
Manual valve 9586G fails to open
Manual valve 4047 fails to close
Manual valve 9509C fails to close
Manual valve 9509D fails to close
Manual valve 9509F fails to close
Failure of the CCW to loads
CCW Not Available To RCP A Pump Seal
CCW Not Available To RCP B Pump Seal
CCW Heat Exchanger EAC01A Is Not In Service
AIR-OPERATED VALVE 754A TRANSFER CLOSED
AIR-OPERATED VALVE 754B TRANSFER CLOSED
CCW LINE TO RCP A BREAKS DUE TO DAMAGE DURI
CCW LINE TO RCP B BREAKS DUE TO DAMAGE DURI
MOVS 738A/B FAIL TO OPEN <common cause even
COMMON CAUSE FAILURE OF CCW PUMPS TO RUN
COMMON CAUSE FAILURE TO START OF CCW PUMPS
CHECK VALVE 816 TRANSFERS CLOSED
CHECK VALVE 723A TRANSFER CLOSED

NG A LOCA
NG A LOCA
t>
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Table 2
Integrated C. BE File

Basic Event C Factor Units Descri tion
CCCVK0723B 1
CCCVK0750A 1
CCCVK0750B 1
CCCVK0753A 1
CCHFDSTART
CCHFD HX A
CCHFD HX B
CCHFD RCPA
CCHFD RCPB
CCHFL0780A
CCHFL0780B
CCHXF HX A 1
CCHXF HX B 1

CCHXJ HX A 1

CCHXJ HX B 1

CCHXP HX A 1

CCHXP HX B 1
CCMM00738A
CCMM00738B
CCMMEAC01A
CCMMEAC01B
CCMMPS-617
CCMMPUMPAA
CCMMPUMPBA
CCMMPUMP A
CCMMPUMP B
CCMMRCPAIS
CCMMRCPBIS
CCMMRHRHXA
CCMMRHRHXB
CCMMRRPMPA
CCMMRRPMPB
CCMM COOLA
CCMM COOLB
CCMM RCP-A
CCMM RCP-B
CCMPACCFSS
CCMPAPUMPA 1
CCMPAPUMPB 1
CCMPFCCFSS
CCMPFPUMPA 1
CCMPFPUMPB 1

24
24
24
24
.1

1E-3
1E-3
lE-3
1E-3

3.00E-03
3.00E-03

24
24
24
24
24
24

4 . 762E-03
4.762E-03
2.292E-05
2.292E-05
1.100E-03
0.000E+00
0.000E+00
3.134E-04
3.134E-04
1.480E-02
1.480E-02
5.540E-03
5.540E-03
1.007E-04
1.007E-04
2.952E-06
2.952E-06
1.681E-04
1.443E-04
2.95E-02

1
1

2.95E-02
24
24

A LOOP AND SI
SERVICE
SERVICE

CHECK VALVE 723B TRANSFERS CLOSED
CHECK VALVE 750A TRANSFERS CLOSED
CHECK VALVE 750B TRANSFERS CLOSED
CHECK VALVE 753A TRANSFERS CLOSED
OPERATOR FAILS TO START A CCW PUMP FOLLOWING AN EVENT WITH BOTH
OPERATOR FAILS TO CORRECTLY PUT CCW HEAT EXCHANGER EAC01A INTO
OPERATOR FAILS TO CORRECTLY PUT CCW HEAT EXCHANGER EAC01B INTO
OPERATOR FAILS TO ISOLATE CCW TO RCP A
OPERATOR FAILS TO ISOLATE CCW TO RCP B
CCW THROTTLING VALVE 780A MISPOSITIONED
CCW THROTTLING VALVE 780B MISPOSITIONED
HEAT EXCHANGER EAC01A COOLING CAP. FAILS
HEAT EXCHANGER EAC01B COOLING CAP. FAILS
EEAT EXCHANGER EAC01A TUBE RUPTURE
HEAT EXCHANGER EAC01B TUBE RUPTURE
HEAT EXCHANGER EAC01A PLUGS
HEAT EXCHANGER EAC01B PLUGS
MOV 738A FAILS TO OPEN
MOV 738B FAILS TO OPEN
HEAT EXCHANGER TRAIN A FAILS TO COOL
HEAT EXCHANGER TRAIN B FAILS TO COOL
PS 617'AILS TO SEND START SIGNAL TO STANDBY PUMP
Failures of Circuit Breaker or DC Fuses Prevent Start of PAC01A
Failures of Circuit Breaker or DC Fuses Prevent Start of PAC01B
CCW PA PUMP TRAIN FAILS TO RUN
CCW PUMP TRAIN B FAILS TO RUN
CCW To RCP A Not Isolated
CCW To RCP B Not Isolated
CCW FLOW THROUGH RHR HX EAC02A FAILS
CCW FLOW THROUGH RHR HX EAC02B FAILS
Manual valves'for RHR Pump A transfer closed
Manual valves for RHR Pump B transfer closed
SERVICE WATER FAILS TO PROVIDE COOLING TO EAC01A
SERVICE WATER FAILS TO PROVIDE COOLING TO EAC01B
CCW TO RCP-A EQUIPMENT FAILURES
CCW TO RCP-B EQUIPMENT FAILURES
CCF PROBABILITY FACTOR FOR PUMP FAILURE TO START
MOTOR-DRIVEN CCW PUMP PAC02A FAILS TO START
MOTOR-DRIVEN CCW PUMP PAC02B FAILS TO START
CCF PROBABILITY FACTOR FOR PUMP FAILURE TO RUN
MOTOR-DRIVEN PUMP PAC02A FAILS TO RUN
MOTOR-DRIVEN PUMP PACO2B FAILS TO RUN
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Tabl t.7-2
Integrated ZA BE File

Basic Event C Factor Units Descri tion

CCMVC0749A 1
CCMVC0749B 1
CCMVC0759A 1
CCMVC0759B 1
CCMVK00817 1
CCMVK0749A 1
CCMVK0749B 1
CCMVK0759A 1
CCMVK0759B 1

CCMVP0738A 1

CCMVP0738B 1
CCMVPCCFSS
CCPSDPS617 1
CCPSHPS617 1
CCTKJSURGE 1

CCTM PUMPA
CCTM PUMPB
CCXVK00728 1

CCXVK00769 1

CCXVK0707A 1
CCXVK0707B 1
CCXVK0708A 1
CCXVK0708B 1

CCXVK0722A 1
CCXVK0722B 1
CCXVK0724A 1

CCXVK0724B 1
CCXVK0733A 1
CCXVK0733B 1
CCXVK0734A 1
CCXVK0734B 1
CCXVK0741A 1
CCXVK0741B 1
CCXVK0751A 1
CCXVK0751B 1
CCXVK0752A 1
CCXVK0752B 1
CCXVK0753B 1
CCXVK0756A 1
CCXVK0756B 1
CCXVK0757A 1
CCXVK0757B 1

1
1
1
1

24
24
24
24
24

372
372

7.25E-02
24
24
24

2.13E-04
2.13E-04

24
377
377
377
377
377

24
24
24
24
24
24
24
24

4392
4392

24
24
24
24
24
24
24
24
24

MOTOR-OPERATED VALVE 749A FAILS TO CLOSE
MOTOR-OPERATED VALVE 749B FAILS TO CLOSE
MOTOR-OPERATED VALVE 759A FAILS TO CLOSE
MOTOR-OPERATED VALVE 759B FAILS TO CLOSE
MOTOR-OP VALVE 817 TRANSFERS CLOSED
MOTOR-OP VALVE 749A TRANSFERS CLOSED
MOTOR-OP VALVE 749B TRANSFERS CLOSED
MOTOR-OP VALVE 759A TRANSFERS CLOSED
MOTOR-OP VALVE 759B TRANSFERS CLOSED

H MOTOR-OPERATED VALVE 738A FAILS TO OPEN
H MOTOR-OPERATED VALVE 738B FAILS TO OPEN

MOTOR-OPERATED VALVE CCF$ $ FAILS TO OPEN
PRESSURE SWITCH PS-617 FAILS TO RESPOND
PRESSURE SWITCH PS-617 FAILS HIGH
CCW SURGE TANK RUPTURE
CCW PUMP A IN MAINTENANCE
CCW PUMP B IN TEST OR MAINTENANCE
MANUAL VALVE 728 TRANSFERS CLOSED

H MANUAL VALVE 769 TRANSFERS CLOSED
H MANUAL VALVE 707A TRANSFERS CLOSED
H MANUAL VALVE 707B TRANSFERS CLOSED
H MANUAL VALVE 708A TRANSFERS CLOSED
H MANUAL VALVE 708B TRANSFERS CLOSED

MANUAL VALVE 722A TRANSFERS CLOSED
MANUAL VALVE 722B TRANSFERS CLOSED
MANUAL VALVE 724A TRANSFERS CLOSED
MANUAL VALVE 724B TRANSFERS CLOSED
MANUAL VALVE 733A TRANSFERS CLOSED
MANUAL VALVE 733B TRANSFERS CLOSED
MANUAL VALVE 734A TRANSFERS CLOSED
MANUAL VALVE 734B TRANSFERS CLOSED

H MANUAL VALVE 741A TRANSFERS CLOSED
H MANUAL VALVE 741B TRANSFERS CLOSED

MANUAL VALVE 751A TRANSFERS CLOSED
MANUAL VALVE 751B TRANSFERS CLOSED
MANUAL VALVE 752A TRANSFERS CLOSED
MANUAL VALVE 752B TRANSFERS CLOSED
MANUAL VALVE 753B TRANSFERS CLOSED
MANUAL VALVE 756A TRANSFERS CLOSED
MANUAL VALVE 756B TRANSFERS CLOSED
MANUAL VALVE 757A TRANSFERS CLOSED
MANUAL VALVE 757B TRANSFERS CLOSED
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Tabl ~.7-2

Integrated .'A BE File

Basic Event Factor Units Descri tion
CCXVK0761B 1
CCXVK0761F 1
CCXVK0762A 1
CCXVK0762B 1
CCXVK0764C 1
CCXVK0764D 1
CCXVK0777A 1
CCXVK0777B 1
CCXVK0777C 1

CCXVK0777D 1

CCXVK0777E 1

CCXVK0777F 1

CCXVK0777G 1

CCXVK0777H 1

CCXVK0777J 1

CCXVK0777K 1
CCXVK0777L 2
CCXVK0777M 1
CCXVK0777N 2
CCXVK0777P 1
CCXVK0777R 1
CCXVK0777S 2
CCXVK0780A 1
CCXVK0780B 1
CCXVN04620 1
CCXVN0734A 1
CCXVN0734B 1
CCXVN04619 1
CR400
CR401
CRCCM0860P
CRCCM0860X
CRCCM0862P
CRCCM0896X
CRCCMPSI2F
CRCCMPSI2S
CRCVP0862A 1
CRCVP0862B 1
CRCVPCCFSS
CRMMWPSI2A
CRMMWPSI2B
CRMPFCCFSS

24
24
24
24
24
12
12
12
12
12
26
26
26
26
26
26

87624
26

87624
26
26

87624
4392
4392

1
1
1
1

9.231E-06
4.959E-05
2.570E-07
9.202E-04
8.672E-03
1.680E-06

12
12

6.00E-02
8.772E-06
8.772E-06
4.85E-02

H

H
H
H
H

H

H

H

H

H
H

H

H

H

H

H
H
H
H
H

H
H

rculation)

n (Recirc)

MANUAL VAL'VE 761B TRANSFERS CLOSED
MANUAL VALVE 761F TRANSFERS CLOSED
MANUAL VALVE 762A TRANSFERS CLOSED
MANUAL VALVE 762B TRANSFERS CLOSED
Manual valve 764C transfers closed
Manual Valve 764D Transfers Closed
Manual Valve 777A Transfers Closed-
Manual Valve 777B Transfers Closed
Manual Valve 777C Transfers Closed
Manual Valve 777D Transfers Closed
Manual valve 777E transfers closed
Manual valve 777F transfers closed
Manual valve 777G transfers closed
Manual valve 777H transfers closed
Manual valve 777J transfers closed
Manual valve 777K transfers closed
Manual valve 777L transfers closed
Manual valve 777M transfers closed
Manual valve 777N transfers closed
Manual valve 777P transfers closed
Manual valve 777R transfers closed
Manual valve 777S transfers closed
MANUAL VALVE 780A TRANSFERS CLOSED
MANUAL VALVE 780B TRANSFERS CLOSED
MANUAL VALVE 4620 FAILS TO OPEN
MANUAL VALVE 734A FAILS TO OPEN
MANUAL VALVE 734B FAILS TO OPEN
MANUAL VALVE 4619 FAILS TO OPEN
Failure to Provide Flow From Containment Sprays During Recirculation
MOVs 896A and 896B fail to close
Common Cause Failure Of CS MOVs To Open (Recirc)
Common Cause Failure Of CS MOVs To Close (Recirc)
Common Cause Failure To Open Of Check Valves 862A And 862B (Recirc)
Common Cause Failure Of MOVs 896A And-896B To Close (Recirculation)
Common Cause Failure Of Containment Spray Pumps To Run (Recirc)
Common Cause Failure Of Containment Spray Pumps To Start (Recirc)
Check Valve 862A Fails To Open On Demand (Recirculation)
Check Valve 862B Fails To Open On Demand (Recirculation)
Beta Factor For Common Cause Failur Of CS Check Valves To Open (Reci
Failure Of Containment Spray Pump PSI02A Cooling Components
Failure Of Containment Spray Pump PSI02B Cooling Components (Recirc)
Beta Factor For Common Cause Failure Of Containment Spray Pumps To Ru
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Table -2
Integrated C. BE File

Basic Event Factor Units Descri tion
CRMPFSI02A 1
CRMPFSI02B 1
CRMPSCCF$ $ -

CRMPSSI02A 1
CRMPSSI02B 1
CRMVP0860A 1
CRMVP0860B 1
CRMVP0860C 1
CRMVP0860D 1
CRMVPCCF$ $
CRMVX00897 1

CRMVX00898 1

CRMVX0860A 1

CRMVX0860B 1

CRMVX0860C 1

CRMVX0860D 1

CRMVX0896A 1
CRMVX0896B 1

CRMVXCCF$$
CRMVZ0896A 1
CRMVZ0896B 1
CRPPPAC11A 1
CRPPPAC11B 1
CRXVK0858A 1
CRXVK0858B 1
CRXVK0868A 1
CRXVK0868B 1
CRXVR0875A 1
CRXVR0875B 1
CRXVR0876A 1
CRXVR0876B 1
CS110
CS300
CS410
CS411
CSCCM0860X
CSCCM0862X
CSCCMLDRWT
CSCCMLHRWT
CSCCMLLRWT
CSCCMLTLRW
CSCCMPSI2X

12
12

5.0E-02
12
12
12
12
12
12

6. 93E-02
372
372

12
12
12
12

4392
4392

7.25E-02
4392
4392

12
12
12
12
12
12
12
12
12
12

1.0E-03
1.00E-03

2.862E-04
7.968E-06
9.399E-04
2.424E-06
2.472E-06
2.472E-06
5.208E-05

Containment Spray Pump PSI02A Fails To Run (Recirculation)
Containment Spray Pump PSI02B Fails To Run (Recirculation)
Beta Factor For Common Cause Failure Of Containment Spray Pumps To Start (Reer)
Containment Spray Pump PSI02A Fails To Start On Demand (Recirculation)
Containment Spray Pump PSI02B Fails To Start (Recirculation)
Motor Operated Valve 860A Fails To Open On Demand (Recirculation)
Motor Operated Valve 860B Fails To Open On Demand (Recirculation)
Motor Operated Valve 860C Fails To Open On Demand (Recirculation)
Motor Operated Valve 860D Fails Tp Open On Demand (Recirculation)
Beta Factor For Containment Spray MOVs Common Cause Failure To Open (Recirc)
MOTOR-OPERATED VALVE 897 FAILS TO CLOSE
MOTOR-OPERATED VALVE 898 FAILS TO CLOSE
Motor Operated Valve 860A Fails To Close On Demand (Recirculation)
Motor Operated Valve 860B Fails To Close On Demand (Recirculation)
Motor Operated Valve 860C Fails To Close On Demand (Recirculation)
Motor Operated Valve 860D Fails To Close On Demand (Recirculation)
Motor Operated Valve 896A Fails To Close On Demand (Recirculation)
Motor Operated Valve 896B Fails To Close On Demand (Recirculation)
MOTOR-OPERATED VALVE FAILS TO CLOSE COMMON CAUSE BETA FACTOR
Motor Operated Valve 896A Fails To Close On Demand (Recirculation)
Motor Operated Valve 8968 Fails To Close On Demand (Recirculation)
Failure Of Pump PSI02A Heat Exchanger EAC11A (Recirculation)
Failure Of Pump PSI02B Heat Exchanger EAC11B (Recirculation)
Manual Valve 858A Transfers Closed (Recirculation)
Manual Valve 858B Transfers Closed (Recirculation)
Manual Valve 868A Transfers Closed (Recirculation)
Manual Valve 868B Transfers Closed (Recirculation)
Manual Valve 875A Transfers Open (Recirculation)
Manual Valve 875B Transfers Open (Recirculation)
Manual Valve 876A Transfers Open (Recirculation)
Manual Valve 876B Transfers Open (Recirculation)
No flow available at TSI01 (RWST) discharge header
Failure to Provide Flow From Containment Spray During Injection
FAILURE OF THE RWST DURING INJECTION
RWST level transmitters fail to respond (no cue to switch to recirc)
Common Cause Failure To Open Of Containment Spray MOVs (Injection)
Common Cause Failure To Open Of CS Check Valves 862A And 862B (Injection)
Common Cause Failure To Respond Of TSI01 (RWST) Level Transmitters
Common Cause Failure (High) Of TSI01 (RWST) Level Transmitters
Common Cause Failure (Low) Of TSI01 (RNST) Level Transmitters
Common Cause Failure (Low) Of TSI01 (RWST) Level Transmitters
Common Cause Failure To Start Of Containment Spray Pumps (Injection)
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Table 2
Integrated ('E File

Basic Event C Factor Units Descri tion

CSCCMPSI2Y
CSCVC0862A 1
CSCVC0862B 1
CSCVP0862A 1

. CSCVP0862B 1
CSCVPCCFSS
CSHFDRECIR
CSHFL0896A
CSHFL0896B
CSHFLTRANA
CSHFLTRANB
CSLTDCCFSS
CSLTDLT920 1

CSLTDLT921 1

CSLTHCCFSS
CSLTHLT920 1

CSLTHLT921 1

CSLTLCCFSS
CSLTLLT920 1

CSLTLLT921 1
CSMMOORWST
CSMM896A/B
CSMPFCCFSS
CSMPFSI02A 1
CSMPFSI02B 1
CSMPSCCFSS
CSMPSSI02A 1
CSMPSSI02B 1
CSMVC0860A 1
CSMVC0860B 1
CSMVC0860C 1
CSMVC0860D 1
CSMVK00897 1
CSMVK00898 1
CSMVK0896A 1
CSMVK0896B 1
CSMVP0860A 1
CSMVP0860B 1
CSMVP0860C 1
CSMVP0860D 1

CSMVPCCFSS
CSPPJTSI01 1

8.672E-03
1
1

372
.372

6.00E-02
1.00E-01
3.00E-03
3.00E-03
3.00E-03
3.00E-03
1.00E-01

4392
4392

1.00E-01
12
12

1. 00E-01
12
12

2.570E-04
6.601E-04
4.85E-02

12
12

5.00E-02
372
372

1
1
1
1

372
372
252
252
372
372
372
372

6.93E-02
12

Common Cause Failure To Run Of Containment Spray Pumps (Injection)
Check Valve 862A Fails to Close
Check Valve 862B Fails to Close
Check Valve 862A Fails To Open On Demand (Injection)
Check Valve 862B Fails To Open On Demand (Injection)
Beta Factor For Common Cause Failure Of A CS Check Valve To Open (Injection)
Operators Fail to Switch to Containment Spray Recirculation Mode
Motor Operated Valve 896A Is Left Unavailable After Testing Or Maintenance
Motor Operated Valve 896B Is Left Unavailable After Testing Or Maintenance
Operators Fail To Restore CS Train A Equipment After Testing Or Maintenance
Operators Fail To Restore CS Train B Equipment After Testing Or Maintenance
Beta Factor For RWST Level Transmitters Common Cause Failure To Respond
RWST Level Transmitter LT-920 Fails To Respond
RWST Levle Transmitter LT-921 Fails To Respond
Beta Factor For RWST Level Transmitter Common Cause Failure (High)
RWST Level Transmitter LT-920 Fails High
Level Transmitter LT-921 Fails High
Beta Factor For RWST Level Transmitters Common Cause Failure (Low)
RWST Level Transmitter LT-920 Fails Low
RWST Level Transmitter LT-921 Fails Low
Insufficient Flow Available From TSI01 (RWST)
MOV 896A Or 896B Transfers Closed (Fails CS And SI From RWST)
Beta Factor For Common Cause Failure Of A CS Pump To Run (Injection)
Containment Spray Pump PSI02A Fails To Run (Injection)
Containment Spray Pump PSI02B Fails To Run (Injection)
Beta Factor For Common Cause Failure Of A CS Pump To Start (Injection)
Containment Spray Pump PSI02A Fails To Start On Demand (Injection)
Containment Spray Pump PSI02B Fails To Start On Demand (Injection)
MOV 860A Fails to Close
MOV 860B Fails to Close
MOV 860C Fails to Close
MOV 860D Fails to Close
MOV 897 transfers closed
MOV 898 transfers closed
Motor Operated Valve 896A Transfers Closed (Injection)
Motor Operated Valve 896B Transfers Closed (Injection)
Motor Operated Valve 860A Fails To Open On Demand (Injection)
Motor Operated Valve 860B Fails To Open On Demand (Injection)
Motor Operated Valve 860C Fails To Open On Demand (Injection)
Motor Operated Valve 860D Fails To Open On Demand (Injection)
Beta Factor For Common Cause Failure Of A CS MOV To Open (Injection)
TSIOl (RWST) Outlet Piping For SI / CS Ruptures
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Table " -2

Integrated ( . BE File

Basic Event C Factor Units Descri tion

CSTKJTSI01 1
CSTMTRAINA
CSTMTRAINB
CSXVK0858A 1
CSXVK0858B 1
CSXVK0868A 1
CSXVK0868B 1

CSXVR0875A 1
CSXVR0875B 1

CSXVR0876A 1

CSXVR0876B 1

CT172
CT312
CT3 13
CT315
CT326
CT330
CT335
CT342
CT343
CT345
CT356
CT360
CT365
CTAVX01721 1
CTAVX01723 1
CTAVX01728 1
CTAVX05735 1
CTAVX05736 1
CTAVX05737 1
CTAVX05738 1
CTAVX1003A 1
CTAVX1003B 1
CTAVXCCFSS
CTCCCPURGE
CTCCCSGBLO
CTCCCSUMPA
CTCCCXRCDT
CTHFDCSMOV
CTHFDISOLA
CTHFDISOLB
CTHRLX1003

12
3.89E-03
3.89E-03

372
372
372
372

1092
1092
1092
1092

1119
1119
1119
1119
1119
1119
1119
1119
1119

0.191
4.145E-04
1.776E-03
1.776E-03
1.776E-03

1.0
1.00E-01
1.00E-01

0.1

H
H
H

H
H
H

H

H
H

H
H
H
H

H

H
H

Manual Valve 858B Transfers Closed (Injection)
Manual Valve 868A Transfers Closed (Injection)
Manual Valve 868B Transfers Closed (Injection)
Manual Valve 875A Transfers Open (Injection)
Manual Valve 875B Transfers Open (Injection)
Manual Valve 876A Transfers Open (Injection)
Manual Valve 876B Transfers Open (Injection)
NO CLOSE SIGNAL TO AOVs 371 AND 200B
Failure of Main Steam Safety Valves to Reclose
Failure of TDAFW Steam Admission Line from S/G A
Failure of MSIV 3517 to Close
Failure of Miscellaneous Manual Valves for Penetration 401 to Close
Failure of Containment Penetration 206b (S/G A Blowdown Sample Line)
Failure of Containment Penetration 321 (S/G A Blowdown Line)
Failure of Main Steam Safety Valves to Reclose
Failure of TDAFW Steam Admission Line From S/G B
Failure of MSIV 3516 to Close
Failure of Miscellaneous Manual Valves for Penetration 402 to Close
Failure of Containment Penetration 207b (S/G B Blowdown Sample Line)
Failure of COntainment Penetration 322 (S/G B Blowdown Line)
AOV 1721 Fails to Close
AOV 1723 Fails to Close
AOV 1728 Fails to Close
AOV 5735 Fails to Close
AOV 5736 Fails to Close
AOV 5737 Fails to Close
AOV 5738 Fails to Close
AOV 1003A Fails to Close
AOV 1003B Fails to Close
Beta Factor for Containment Isolation AOV Fails to CLose
Common Cause Failure of Mini-Purge AOVs to Close
Common Cause Failure of Steam Generator Blowdown AOVs to Close
Common Cause Failure of AOVs 1723 and 1728 to Close
Common Cause Failure of AOVs 1721, 1003A, and 1003B to Close
Operators Fail to Close MOVs 860A/B/C/D After Isolating Containment
Operators Fail to Isolate S/G A
Operators Fail to Isolate S/G B
Ops Places Local Control Switch on Boron Recycle & Waste Disp Pnl in

Spray

Bypass Pos

Refueling Water Storage Tank (RWST) TSI01 Ruptures
Containment Spray Train A Is Unavailable Due To Test Or Maintenance
Containment Spray Train B Is Unavailable Due To Test Or Maintenance

H'anual Valve 858A Transfers Closed (Injection)

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Tabl 1.7-2
Integrated 1 A BE File

Basic Event

CTXVR01722 1
CV400
CV500
CV998
CV999
CVAVC0112C 1
CVAVK00142 1
CVAVK00294 1
CVAVK0110B 1

CVAVK0270A 1

CVAVK0270B 1

CVAVP00111 1

CVAVP00296 2
CVAVP0112B 1

CVAVX00202 1

CVAVX00371 1
CVAVX0200A 1
CVAVX0200B 1

CVAVXCCFS8
CVCCLTDOWN
CVCCMPAABC
CVCCMPFABC
CVCVK00295 1
CVCVK0302C 1
CVCVK0302D 1
CVCVK0304A 1
CVCVK0304B 1
CVCVK0322A 1
CVCVK0322B 1
CVCVK0370B 1
CVCVK09314 1
CVCVN00266 1
CVCVN00333 1
CVCVN00339 1
CVCVN00351 1
CVCVN00364 1
CVCVN01241 1
CVCVN01258 1
CVCVP00297 2
CVCVP00357 1

CVCVP00393 1

CVCVP09313 2

Factor

4404
1.00E-03

1
24
24
36
24
24

108
8760
2214
2214
2214
2214
2214

0.191
1.099E-02
1.663E-05
8.486E-05

24
24
24
24
24
24
24
24
24

1
1
1
1
1
1
1

8760
2214

43800
8760

Units Descri tion

Manual Valve 1722 Transfers Open
NO FLOW FROM CHARGING TO AUXILIARYSPRAY
No Boron Injection From CVCS
Loss Of Seal Injection Or Return To RCP A
Loss Of Seal Injection Or Return To RCP B
AIR-OPERATED VALVE 112C FAILS TO CLOSE
AIR-OPERATED VALVE 142 TRANSFERS CLOSED
AIR-OPERATED VALVE 294 TRANSFER CLOSED
AIR-OPERATED VALVE 110B TRANSFERS CLOSED
AIR-OPERATED VALVE 270A TRANSFERS CLOSED
AIR-OPERATED VALVE 270B TRANSFERS CLOSED
Air-operated valve 111 fails to open
AIR-OPERATED VALVE 296 FAILS TO OPEN
AIR-OPERATED VALVE 112B FAILS TO OPEN (STANDBY)
AOV 202 Fails to Close
AOV 371 FAILS TO CLOSE .
AOV 200A Fails to Close
AOV 200B Fails to Close
Beta Factor for CVCS AOVs Fail to Close
Common Cause Failure of AOVs 200A, 200B, and 202 to Close
CHARGING PUMPS FAIL TO START <common cause event>
CHARGING PUMPS FAIL TO RUN <common cause event>
CHECK VALVE 295 TRANSFERS CLOSED
CHECK VALVE 302C TRANSFERS CLOSED
CHECK VALVE 302D TRANSFERS CLOSED
CHECK VALVE 304A TRANSFERS CLOSED
CHECK VALVE 304B TRANSFERS CLOSED
CHECK VALVE 322A TRANSFERS CLOSED
CHECK VALVE 322B TRANSFERS CLOSED
CHECK VALVE 370B TRANSFERS CLOSED
CHECK VALVE 9314 TRANSFERS CLOSED
CHECK VALVE 266 FAILS TO OPEN
CHECK VALVE 333 FAILS TO OPEN
CHECK VALVE 339 FAILS TO OPEN
CHECK VALVE 351 FAILS TO OPEN
Check valve 364 fails to open
Check valve 1241 fails to open
Check valve 1258 fails to open
CHECK VALVE 297 FAILS TO OPEN
check valve 357 fails to open
CHECK VALVE 393 FAILS TO OPEN
CHECK VALVE 9313 FAILS TO OPEN
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Tabl ~.7-2
Integrated A BE File

Basic Event Factor Units Descri tion
CVCVP09315 1
CVHFDBORAT .

CVHFDPMPST
CVHTFHTRAC 1
CVHXPECH04 1
CVHXPECH2A 1
CVHXPECH2B 1
CVHXPECH2C 1
CVLTD00112 1
CVLTD00139 1

CVMM00110B
CVMM00112B
CVMM00112C
CVMM00350N
CVMMACIDFL
CVMMALTCHG
CVMMBAPMPA
CVMMBAPMPB
CVMMNORINJ
CVMMPCH1AA
CVMMPCH1AF
CVMMPCH1BA
CVMMPCH1BF
CVMMPCH1CA
CVMMPCH1CF
CVMMPDTOIV
CVMMRCPAFP
CVMMRCPALP
CVMMRCPBFP
CVMMRCPBLP
CVMMRCPIFP
CVMMRCPRET
CVMMRXMAKE
CVMMRXPMPA
CVMMRXPMPB
CVMMRXTANK
CVMPACCF$ $
CVMPAPCH1A 1
CVMPAPCH1B 1
CVMPAPCH1C 1
CVMPAPCH3A 1

CVMPAPCH3B 1

43800
5.00E-03

0.1
24
24
24
24
24

1

1

8.179E-03
2.806E-02
2.498E"02
3.760E-03
6.756E-03
5.412E-02
1.811E-03
1.799E-03
8.634E-03
1.080E-03
1.635E-03
1,.080E-03
1.635E-03
1.080E-03
1.635E-03
1.227E-04
4.880E-05
5.345E-05
4.880E"05
5.345E-05
1.503E-03
1.767E-03
1.799E-03
1.790E-03
1.781E-03
4.613E-04

1.54E-02
1
1
1

1

1

CHECK VALVE 9315 FAILS TO OPEN
Operators Fail To Implement Emergency Boration
Operators Fail To Manually Load Charging Pump Following
BORIC ACID HEAT TRACE FAILURE
HEAT EXCHANGER ECH04 PLUGS
REGEN HEAT EXCHANGER ECH02A PLUGGED
REGEN HEAT EXCHANGER ECH02B PLUGGED
REGEN HEAT EXCHANGER ECH02C PLUGGED
LEVEL TRANSMITTER LT-112 FAILS TO RESPOND
LEVEL TRANSMITTER LT-139 FAILS TO RESPOND
AOV 110B TRANSFERS CLOSED
112B FAILS TO OPEN ON DEMAND
112C FAILS TO CLOSE ON DEMAND (GAS ENTRAINMENT FROM THE
MOV 350 FAILS TO OPEN
INSUFFICIENT FLOW FROM BORIC ACID FILTER (FCH02)
ALTERNATE CHARGING PATH NOT ALIGNED
BORIC ACID PUMP PCH03A FAILS TO START AND RUN
BORIC ACID PUMP PCH03B FAILS TO START AND RUN
FAILURE OF NORMAL INJECTION FLOWPATH
CHARGING PUMP PCH01A FAILS TO START
CHARGING PUMP PCH01A FAILS TO RUN
CHARGING PUMP PCH01B FAILS TO START
CHARGING PUMP PCH01B FAILS TO RUN
CHARGING PUMP PCH01C FAILS TO START
CHARGING PUMP PCH01C FAILS TO RUN
PATH FROM PULSATION DAMPENER TO ISOLATION VALVES BLOCKED
NO FLOW THROUGH SEAL INJECTION FILTER A
SEAL LEAKOFF PATH FROM RCP 'A OBSTRUCTED
NO FLOW PATH -TO RCP B SEAL FROM SEAL INJECTION FILTER
SEAL LEAKOFF PATH FROM RCP B OBSTRUCTED
NO FLOW THROUGH SEAL INJECTION FILTER A (SERVES BOTH TRA
NO FLOW THROUGH NORMAL SEAL WATER RETURN PATH
FAILURE OF REACTOR MAKEUP WATER TO THE BLENDER
REACTOR MAKEUP WATER PUMP A (PCHOSA) FAILS TO START AND
REACTOR MAKEUP WATER PUMP B (PCHOSB) FAILS TO START AND
FAILURE OF REACTOR MAKEUP WATER TANK (TCH15)
BETA FACTOR FOR CVCS PUMPS FAIL TO RUN
CHARGING MOTOR-DRIVEN PUMP PCH01A FAILS TO START
CHARGING MOTOR-DRIVEN PUMP PCH01B FAILS TO START
CHARGING MOTOR-DRIVEN PUMP PCH01C FAILS TO START
BORIC ACID MOTOR-DRIVEN PUMP PCH03A FAILS TO START
BORIC ACID MOTOR-DRIVEN PUMP PCH03B FAILS TO START

Loss Of Offsite Power

VCT)

INS)

RUN
RUN

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table -2
Integrated C. BE File

Basic Event C Factor Units Descri tion

CVMPAPCH8A 1
CVMPAPCH8B 1
CVMPFCCF$ $
CVMPFPCH1A 1
CVMPFPCH1B 1
CVMPFPCH1C 1
CVMPFPCH3A 1
CVMPFPCH3B 1
CVMPFPCH8A 1
CVMPFPCH8B 1

CVMVK00313 1

CVMVN00350 1

CVMVX00313 1

CVPPJORWST 1

CVPPJCVCOM 1

CVPPJCVRCS 1

CVPPPBASYS 1
CVPPPECH03 1
CVPPPFCH02 1
CVPPPFCH08 1
CVRVN00314 1
CVRVP0392A 1
CVRVR00283 1
CVRVR00284 1
CVRVR00285 1
CVTKJTCH15 1
CVTMCHPMPA
CVTMCHPMPB
CVTMCHPMPC
CVXVK00265 1
CVXVK00267 1
CVXVK00268 1
CVXVK00269 1
CVXVK00286 1
CVXVK00287 1
CVXVK00288 1
CVXVK00289 1
CVXVK00291 1
CVXVK00321 1
CVXVK00331 1
CVXVK00334 1

CVXVK00338 1

1
1

1.30E-01
24
24
24
24
24
24
24
24

1

1119
12
24
24
24
24

108
24

1
43800

36
36
36

108
8.57E-03
8.10E-03
8.10E-03

24
24
24
24
24
24
24
24
24
24

108
108
108

Motor-driven pump PCH08A (RMU Pump A) fails to start
Motor-driven pump PCH08B (RMU Pump B) fails to start
BETA FACTOR FOR CVCS MOTOR PUMP FAILURE TO RUN

H MOTOR-DRIVEN PUMP PCH01A FAILS TO RUN
H MOTOR-DRIVEN PUMP PCH01B FAILS TO RUN
H MOTOR-DRIVEN PUMP PCH01C FAILS TO RUN
H MOTOR-DRIVEN PUMP PCH03A FAILS TO RUN
H MOTOR-DRIVEN PUMP PCH03B FAILS TO RUN
H Motor-driven pump PCH08A (RMU Pump A) fails to run
H Motor-driven pump PCH08B (RMU Pump B) fails to run
H MOTOR-OPERATED VALVE 313 TRANSFERS CLOSED

MOTOR-OPERATED VALVE 350 FAILS TO OPEN
H MOV 313 Fails to Close
H CVCS Piping Ruptures At Refueling Water Storage Tank TSI01
H Common CVCS Piping Rupture
H PIPING FAILURE AT CVCS CONNECTIONS TO RCS
H BORIC ACID SUPPLY SYSTEM FLOW PATH OBSTRUCTED
H FILTER FCH03 PLUGGED
H BORIC ACID FILTER FCH02 PLUGS
H FILTER FCH08 PLUGGED

SEAL RETURN HEADER RELIEF VALVE 314 FAILS TO OPEN
H aovlrv392a fails to relieve to rcs
H RELEIF VALVE 283 SPURIOUS OPEN
H RELIEF VALVE 284 SPURIOUS OPEN
H RELIEF VALVE 285 OPENS SPURIOUSLY
H RMU Water Storage Tank TCH15 ruptures

TEST OR MAINTENANCE RENDERS PUMP A UNAVAILABLE
PUMP B UNAVAILABLEDUE TO TEST OR MAINTENANCE
TEST OR MAINTENANCE RENDERS PUMP C UNAVAILABLE

H MANUAL VALVE 265 TRANSFERS CLOSED
H MANUAL VALVE 267 TRANSFERS CLOSED
H MANUAL VALVE 268 TRANSFERS CLOSED - ISOLATES SUCTION
H MANUAL VALVE 269 TRANSFERS CLOSED
H MANUAL VALVE 286 TRANSFERS CLOSED
H MANUAL VALVE 287 TRANSFERS CLOSED
H MANUAL VALVE 288 TRANSFERS CLOSED
H MANUAL VALVE 289 TRANSFERS CLOSED
H MANUAL VAIVE 291 TRANSFERS CLOSED
H MANUAL VALVE 321 TRANSFERS CLOSED
H MANUAL VALVE 331 TRANSFERS CLOSED
H MANUAL VALVE 334 TRANSFERS CLOSED
H MANUAL VALVE 338 TRANSFERS CLOSED

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Tabl~ 2
Integrated (. BE File

Basic Event Factor Units Descri tion
CVXVK00341 1
CVXVK00342 1
CVXVK00345 1
CVXVK00347 1
CVXVK00360 1
CVXVK00368 1
CVXVK00399 1

-CVXVK01243 1
CVXVK01257 1

CVXVK01259 1

CVXVK01260 1

CVXVK01261 1

CVXVK01262 1

CVXVK01286 1
CVXVK0293A 1

CVXVK0293B 1
CVXVK0300A 1

CVXVK0300B 1
CVXVK0303A 1
CVXVK0303B 1
CVXVK0304C 1
CVXVK0304D

1'VXVK0315A1
CVXVK0315B 1
CVXVK0348A 1
CVXVK0348B 1
CVXVK0362C 1
CVXVK0363A 1
CVXVK0370A 1
CVXVK0384A 1
CVXVK0384B 1
CVXVK0385A 1
CVXVK0385B 1
CVXVK09301 1
CVXVK09303 1
CVXVK1247B 1
CVXVR0330D 1
DC026
DC027
DC076
DC077
DC235

108
108
108
108

'108
24
24

108
108
108
108
108

36
108

24
24
24
24
24
24
24
24
24
24

108
24
24

108
24
24
24
24
24
24
24
48

108
1.00E-03

-1.00E-03
1.00E-03
1.00E-03

H MANUAL VALVE 341 TRANSFERS CLOSED
H MANUAL VALVE 342 TRANSFERS CLOSED
H MANUAL VALVE 345 TRANSFERS CLOSED
H MANUAL VALVE 347 TRANSFERS CLOSED
H MANUAL VALVE 360 TRANSFERS CLOSED
H MANUAL VALVE 368 TRANSFERS CLOSED
H MANUAL VALVE 399 TRANSFERS CLOSED
H Manual valve 1243 transfers closed
H Manual valve 1257 transfers closed
H Manual valve 1259 transfers closed
H Manual valve 1260 transfers closed
H Manual valve 1261, transfers closed .
H Manual valve 1262 transfers closed
H Manual valve 1286 transfers closed
H MANUAL VALVE 293A TRANSFERS CLOSED
H MANUAL VALVE 293B TRANSFERS CLOSED
H MANUAL VALVE 300A TRANSFERS CLOSED
H MANUAL VALVE 300B TRANSFERS CLOSED
H MANUAL VALVE 303A TRANSFERS CIOSED
H MANUAL VALVE 303B TRANSFERS CLOSED
H MANUAL VALVE 304C TRANSFERS CLOSED
H MANUAL VALVE 304D TRANSFERS CLOSED
H MANUAL VALVE 315A TRANSFERS CLOSED
H MANUAL VALVE 315B TRANSFERS CLOSED
H MANUAL VALVE 348A TRANSFERS CLOSED
H MANUAL VALVE 348B TRANSFERS CLOSED
H MANUAL VALVE 362C TRANSFERS CLOSED
H Manual valve 363A transfers closed
H MANUAL VALVE 370A TRANSFERS CLOSED
H MANUAL VALVE 384A TRANSFERS CLOSED
H MANUAL VALVE 384B TRANSFERS CLOSED
H MANUAI VALVE 385A TRANSFERS CLOSED
H MANUAL VALVE 385B TRANSFERS CLOSED
H MANUAL VALVE 9301 TRANSFERS CLOSED
H MANUAL VALVE 9303 TRANSFERS CLOSED
H Manual valve 1247B transfers closed
H MANUAL VALVE 330D TRANSFERS OPEN — FLOW TO BA BATCH TANK

NO DC POWER TO D/G A (NORMAL — E19) LONG TERM CIRCULAR LOGIC CLIP
NO DC POWER TO D/G B (EMERGENCY - E160) LONG TERM CIRCULAR LOGIC CLIP
NO DC POWER TO D/G B (NORMAL - E89) LONG TERM CIRCULAR LOGIC CLIP
NO DC POWER TO D/G A (EMERGENCY — E18) LONG TERM CIRCULAR LOCIC CLIP
NO POWER ON MCB DC DISTRIBUTION PANEL B (DCPDPCB04B) (LONG-TERM)
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Table 2
Integrated ('E File

Basic Event C Factor Units Descri tion

DC285
DC300
DC301
DC303
DC304
DC306
DC308
DC311
DC312
DC321
DC326
DC340
DC341
DC347
DC355
DC356
DC357
DC359
DC360
DC365
DC502
DCS03
DC505
DC506
DC508
DC509
DC510
DC511
DC512
DC520
DC521
DC526
DC541
DC542
DC549
DC551
DC552
DC555
DC556
DCS60
DC561
DC571

1E-3

1:00E-03

1.00E-03

1.00E-03
1.0QE-03
1.00E-03
1.00E-03

1.00E-03
1.00E-03

1E-3
1.00E-03

1E-3

1.00E-03

1E-3

1.00E-03
1.00E-03
1.00E-03
1.00E-03

1.00E-03
1E-3

1.00E-03
1.00E-03

1E" 3

NO POWER ON MCB DC DISTRIBUTION PANEL B (DCPDPCB04B) (SHORT-TERM)
No DC Power TO MCC B (Circuit E21)
Loss Of DC Control Power To Motor Control Center H
No DC Power To Bus 11A (Normal) and Bus 12B (Emergency) (Circuit E25)
Loss Of DC Control Power To 4160 VAC Bus 12A
No DC Power to TDAFW Pump Steam Admission Valve 3505A (Circuit E32)
Loss Of DC Power From Main Distribution Panel A Position 15 (DCPDPCB03A/15)
No DC Power to Bus 14 (Normal) and Bus 16 (Emergency) UV Control Cabinet (E274)
Loss Of DC Control Power To Motor Control Center H (Circular Logic Clip)
No DC Power To Motor Control Center MCCC (Long Term)
Loss Of DC Control Power To Motor Control Center C (Circular Logic Clip)
NO DC POWER TO D/G A (NORMAL) (CIRCUIT E19)
NO DC POWER TO D/G B (EMERGENCY) (CIRCUIT E160)
No DC Power to Bus 18 (Normal) and Bus 17 (Emergency) UV Control Cabinet (XXXX)
NO DC POWER TO STEAM DUMP VALVES TRAIN A (CIRCUIT XXXX)
Loss Of DC Power To Lockout And Differential Relays
No DC Power To Bus 11A UV Relays (Circuit E202)
No DC Power To SI-A1 Train A (Circuit E214)
No DC Power To RA Racks Train A (Circuit E215)
NO DC POWER TO RCS OVERPRESSURIZATION HEAD VENT VALVES TRAIN A (CIRCUIT XXXX)
Loss Of DC Control Power To Motor Control Center J
No DC Power to MCC K (Circuit E92)
No DC Power To Bus 11B (Normal) and Bus 12A (Emergency) (Circuit E104)
Loss Of DC Control Power To 4160 VAC Bus 12B
Loss Of DC Power From Main Distribution Panel A Position 14 (DCPDPCB03A/14) ST
Loss Of DC Power From Main Distribution Panel B Position 15 (DCPDPCB03B/15) LT
No DC Power to TDAFW Pump Steam Admission Valve 3504A (Circuit E108)
No DC Power to Bus 16 (Normal) and Bus 14 (Emergency) UV Control Cabinet (E275)

No DC Power TO Auxiliary Building HVAC Control Panel (Circuit E166)
Loss Of DC Contxol Power To Motor Control Center D
Loss Of DC Control Power To Motor Control Center D (Circular Logic Clip)
NO DC POWER TO D/G B (NORMAL) (CIRCUIT E89)
NO DC POWER TO D/G A (EMERGENCY) (CIRCUIT E18)
No DC Power to Bus 17 (Normal) and Bus 18 (Emergency) UV Control Cabinet (E270)
NO DC POWER TO STEAM DUMP VALVES, TDAFW PUMP GOVENOR, AND MCB TB (CIRCUIT XXXX)
Loss Of DC Power To Lockout And Differential Relays
No DC Power To SI-Bl Train B (Circuit E211)
No DC Power TO RA Racks Train B (Circuit E212)
No DC Power To Bus 11B UV Relays (Circuit E203)
NO DC POWER TO RCS OVERPRESSURIZATION HEAD VENT VALVES TRAIN B (CIRCUIT XXXX)
No DC Power TO MCC A (Circuit E178)
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Table '-2
Integrated C.. BE File

Basic Event C Factor Units Descri tion
DC576
DC591
DC592
DC593
DC594
DC595
DC597
DC605
DC610
DC615
DC660
DC710
DC745
DC810
DC910
DC913
DC914
DC915
DC916
DC917
DC918
DC960
DCBCFOOOOA 1
DCBCFOOOOB 1
DCBCFOOOA1 1
DCBCFOOOB1 1
DCBDFAUXA1 1
DCBDFAUXA2 1
DCBDFAUXB1 1
DCBDFAUXDA 1
DCBDFAUXDB 1
DCBDFDGOOA 1
DCBDFDGOOB 1
DCBDFFUSEA 1
DCBDFFUSEB 1
DCBDFMAINA 1
DCBDFMAINB 1

DCBDFMCBOA 1
DCBDFMCBOB 1
DCBDFSCRNA 1
DCBDFSCRNB 1

DCBDFTBPNL 1

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

1.00E-03

1.00E-03
1.00E-03
1.00E-03
1.00E-03

1.00E-03
1.00E-03
1.00E-03
1.00E-03

1.00E-03
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

No DC Power to TDAFW Pump DC Oil Pump (Circuit E187)
LOSS OF POWER ON DISTRIBUTION PANEL A (IBPDPCBA) — LONG TERM
Loss Of Power On 120 VAC Distribution Panel C (IBPDPCBC) - Long Term
LOSS OF POWER ON 120 VAC DISTRIBUTION PANEL C (IBPDPCBC) - LONG TERM
LOSS OF POWER ON 120 VAC DISTRIBUTION PANEL B (IBPDPCBB)
LOSS OF POWER ON 120 VAC DISTRIBUTION PANEL D (IBPDPCBD)
No power on 120VAC Dist Panel E (long term)
Loss Of 125 VDC DC Control Power To 480 VAC Bus 14 (Long Term)
Loss of Power On 120 VAC Instrument Bus A (IBPDPCBAR) — Short Term
Loss Of 125 VDC Control Power To 480 VAC Bus 16 (Long term)
LOSS OF POWER ON 120 VAC INSTRUMENT BUS B (IBPDPCBBW)
Loss of Power On 120 VAC Instrument Bus C (IBPDPCBCB) — Short Term
Loss of Power From 120 VAC Inverter MQ483 — Long Term
Loss of Power On 120 VAC Instrument Bus D (IBPDPCBDY)
No Power On 120 VAC Instrument Bus 1A (Long Term)
Loss of DC Control Power to Bus 13
Loss of DC Control Power to Bus 14
Loss of DC Control Power to Bus 15
Loss of DC Control Power to Bus 16
Loss Of DC Control Power To 480 VAC 17
Loss Of DC Control Power To 480 VAC Bus 18
LOSS OF POWER ON 120 VAC INSTRUMENT BUS C (IBPDPCBCB) - LONG TERM
Battery Charger A (BYCA) No Output
Battery Charger B (BYCB) No Output
Battery Charger A1 (BYCA1) No Output
Battery Charger Bl (BYCB1) No Output
Auxiliary Building DC Distribution Panel A1 (DCPDPAB02A) Local Fault

H Auxiliary Building DC Distribution Panel A2 (DCPDPAB03A) Local Fault
H Auxiliary Building DC Distribution Panel B1 Local Fault (DCPDPAB02B)
H Auxiliary Building DC Distribution Panel A (DCPDPAB01A) Local Fault
H Auxiliary Building DC Distribution Panel B (DCPDAB01B) Local Fault
H D/G DC Distribution Panel A (DCPDPDG01A) Local Fault
H D/G DC Distribution Panel B (DCPDPDG01B) Local Fault
H Battery A Main DC Fuse Cabinet (DCPDPCB02A) Local Fault
H Battery B Main DC Fuse Cabinet (DCPDPCB02B) Local Fault
H Main DC Distribution Panel A (DCPDPCB03A) Local Fault

Main DC Distribution Panel B (DCPDPCB03B) Local Fault
MCB Distribution Panel (DCPDPCB04A) Local Fault
MCB DC Distribution Panel B (DCPDPCB04B) Local Fault
Screen House DC Distribution Panel 1A (DCPDPSH01A) Local Fault
Screen House DC Distribution Panel 1B (DCPDPSH01B) Local Fault
Turbine Building DC Distribution Panel (DCPDPTB01B) Local Fault
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Tabl t.7-2
Integrated ZA BE File

Basic Event C Factor Units Descri tion

DCBTD0001A 1
DCBTD0001B 1
DCBTDOCCF$
DCBTF0001A 1
DCBTF0001B 1
DCBTFOCCF$
DCCCOBATTD
DCCCOBATTH
DCCDR1ACB1 1

DCCDR1ACB5 1

DCCDR1CCB2 1

DCCDR1CCBS 1

DCCDRVTB01 1

DCCFR/06MN 1

DCCFR/06MP 1

DCCFR/12CN 1

DCCFR/12CP 1

DCCFR/12JN 1

DCCFR/12JP 1

DCCFR/12MN 1
DCCFR/12MP 1
DCCFR/2B-N 1

DCCFR/2B-P 1
DCCFR/2H"N 1
DCCFR/2H-P 1
DCCFR/4B-N 1
DCCFR/4B-P 1
DCCFR/6MN 1
DCCFR/6MP 1
DCCFR/9A-N 1
DCCFR/9A-P 1
DCCFR/9B-N 1
DCCFR/9B-P 1
DCCFR/V5FN 1

'CCFR/V5FP1
DCCFR/V7RN 1
DCCFR/V7RP 1
DCCFR/VSFN 1
DCCFR/VSFP 1
DCCFR014CN 1
DCCFR014CP 1
DCCFR017CN 1

1
1

0.1
24
24

0.1
1.190E-06
2.254E-06

24
24
24

ransfers Open
pen
ransfers Open

125 VDC Battery A (BTRYA) No Output On Demand
125 VDC Battery B (BTRYB) No Output On Demand
BATTERY NO OUTPUT (DEMAND) COMMON CAUSE BETA FACTOR
Battery A (BTRYA) No Output (Hourly)
Battery B (BTRYB) No Output (Hourly)
BATTERY NO OUTPUT (HOURLY) COMMON CAUSE BETA FACTOR
Batteries A/B No Output on Demand <Common Cause>
Batteries A/B No Output (Hourly) <Common Cause>
Inverter INVTA DC Breaker INVTCVTA/01 Transfers Open
Inverter INVTA Fault Protection Breaker INVTCVTA/05 T
Inverter INVTB Output Breaker INVTCVTB/02 Transfers 0
Inverter INVTB Fault Protection Breaker INVTCVTB/05 T
Inverter INVTB DC Breaker INVTCVTB/01 Transfers Open
FUSE FUMCCD/6M-N FAILS OPEN
FUSE FUMCCD/6M-P FAILS OPEN
FUSE FUMCCC/12C-N FAILS OPEN
FUSE FUMCCC/12C-P FAILS OPEN
FUSE FUMCCD/12J-N FAILS OPEN
FUSE FUMCCD/12J-P FAILS OPEN
FUSE FUMCCD/12M-N FAILS OPEN
FUSE FUMCCD/12M-P FAILS OPEN
FUSE FUBUS15/2B-N FAILS OPEN
FUSE FUBUS15/2B-P FAILS OPEN
FUSE FUMCCC/2H-N FAILS OPEN
FUSE FUMCCC/2H-P FAILS OPEN
FUSE FUBUS15/4B-N FAILS OPEN
FUSE FUBUS15/4B-P FAILS OPEN
FUSE FUMCCC/6M-N FAILS OPEN
FUSE FUMCCC/6M-P FAILS OPEN
FUSE FUBUS13/9A-N FAILS OPEN
FUSE FUBUS13/9A-P FAILS OPEN
FUSE FUBUS13/9B-N FAILS OPEN
FUSE FUBUS13/9B-P FAILS OPEN
Fuse FURA2/VSF-N Fails Open
Fuse FURA2/V5F-P Fails Open
Fuse FURA1/V7R-N Fails Open
Fuse FURA1/V7R-P Fails Open
Fuse FURA2/VSF-N Fails Open
Fuse FURA2/VSF-P Fails Open
FUSE FUBUS16/14C-N FAILS OPEN
FUSE FUBUS16/14C-P FAILS OPEN
FUSE FUBUS16/17C-N FAILS OPEN
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Table 7-2
Integrated C.. A BE File

Basic Event C Factor Units Descri tion
DCCFR017CP 1
DCCFR01A1P 1
DCCFR01A2N 1
DCCFR01B1P 1
DCCFR01B2N 1
DCCFR01BNP 1
DCCFR01NNN 1
DCCFR021CN 1
DCCFR021CP 1

DCCFR03AMN 1

DCCFR03AMP 1

DCCFR03BSN 1

DCCFR03BSP 1

DCCFR0856N 2
DCCFR0856P 2
DCCFROA15P 1
DCCFROA16N 1
DCCFROB15P 1
DCCFROB16N 1
DCCFROC6FN 1
DCCFROC6FP 1
DCCFROD6FN 1
DCCFROD6FP 1
DCCFROH2JN 1
DCCFROH2JP 1
DCCFROH2MN 1
DCCFROH2MP 1
DCCFROJ2MN 1
DCCFROJ2MP 1
DCCFROXHDN
DCCFROXHDP
DCCFROXHEN
DCCFROXHEP
DCCFROXRDN 1
DCCFROXRDP 1
DCCFROXRGN 1
DCCFROXRGP 1

DCCFROXSAN 1

DCCFROXSAP 1
DCCFROYXAN 1
DCCFROXXAP 1

DCCFR101AP 1

0
384
384
720
720

24
24
24
24
24
24
24
24
24

H FUSE FUBUS16/17C-P FAILS OPEN
H FUSE FUDGACP/1A1-P FAILS OPEN
H FUSE FUDGACP/1A2-N FAILS OPEN
H FUSE FUDGBCP/1B1-P FAILS OPEN
H FUSE FUDGBCP/1B2-N FAILS OPEN
H FUSE FUDCPDPTB01B/NP FAILS OPEN
H FUSE FUDCPDPTB01B/NN FAILS OPEN
H FUSE FUBUS14/21C-N FAILS OPEN
H FUSE FUBUS14/21C-P FAILS OPEN
H Fuse FUDCPDPCB03A/MN Fails Open
H Fuse FUDCPDPCB03A/MP Fails Open
H Fuse FUDCPDPCB03B/SN Fails Open
H Fuse FUDCPDPCB03B/SN Fails Open
H FUSE FUUMCC/10C-N FAILS OPEN
H FUSE FUMMC/10C-P FAILS OPEN
H FUSE FUCIA1/FB5-P TRANSFERS OPEN
H FUSE FUCIA1/FB6-N TRANSFERS OPEN
H FUSE FUCIB1/FB5-P TRANSFERS OPEN
H FUSE FUCIB1/FB6-N TRANSFERS OPEN
M DC Fuse FUMCCC/6F-N Fails
M DC Fuse FUMCCC/6F-P Fails
M DC Fuse FUMCCD/6F-N Fails
M DC Fuse FUMCCD/6F-P Fails
M DC Fuse FUMCCH/2J-N Fails
M DC Fuse FUMCCH/2J-P Fails
M DC Fuse FUMCCH/2M-N Fails
M DC Fuse FUMCCH/2M-P Fails
M DC Fuse FUMCCJ/2M-N Fails
M DC Fuse FUMCCJ/2M-P Fails

FUSE FUMCB/XHD-N FAILS OPEN
FUSE FUMCB/XHD-P FAILS OPEN
FUSE FUMCB/XHE-N FAILS OPEN
FUSE FUMCB/XHE-P FAILS OPEN

H DC Fuse FUMCB/XRD-N Fails
H DC Fuse FUMCB/XRD-P Fails
H DC Fuse FUMCB/XRG-N Fails

DC Fuse FUMCB/XRG-P Fails
DC Fuse FUMCB/XSA-N Fails
DC Fuse FUMCB/XSA-P Fails
DC Fuse FUMCB/XXA-N Fails
DC Fuse FUMCB/XXA-P Fails
DC Fuse FUBVS11A/10-1AP Fails
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Tabl~ 2
Integrated ( BE File

Basic Event C Factor Units Descri tion

DCCFR102AN 1
DCCFR1419N 1
DCCFR1419P 1
DCCFR1420N 1
DCCFR1420P 1

— DCCFR1422N 1
DCCFR1422P 1
DCCFR1423N 1
DCCFR1423P 1

DCCFR1612N 1

DCCFR1612P 1

DCCFR1613N 1

DCCFR1613P 1

DCCFR1614N 1

DCCFR1614P 1

DCCFR1615N 1
DCCFR1615P 1

DCCFR1616N 1
DCCFR1616P 1
DCCFR16F-N 1
DCCFR16F-P 1

DCCFR221AP 1.

DCCFR222AN 1
DCCFR2LX1A 1
DCCFR2LX1B 1
DCCFR2MX1A 1
DCCFR2MX1B 1
DCCFR420BN 1
DCCFR420BP 1
DCCFR422NR 1
DCCFR422PR 1
DCCFR423CN 1
DCCFR423CP 1
DCCFR4B18N 1
DCCFR4B18P 1
DCCFR4C18N 1
DCCFR4C18P 1
DCCFR613BN 1
DCCFR613BP 1
DCCFR615NR 1
DCCFR615PR 1
DCCFR6B11N 1

24
0
0
0
0
0
0
Oe

0
0
0
0

24
24

0
0
0
0
0
0
0
0
0
0

720
720
720
720

0
0
0
0

720

DC Fuse FUBUS11A/10-2AN Fails
FUSE FUBUS14/19A-N FAILS OPEN
FUSE FUBUS14/19A-P FAILS OPEN
FUSE FUBUS14/20A-N FAILS OPEN
FUSE FUBUS14/20A-P FAILS OPEN
FUSE FUBUS14/22A-N FAILS OPEN
FUSE FUBUS14/22A-P FAILS OPEN
FUSE FUBUS14/23A-N FAILS OPEN
FUSE FUBUS14/23A-P FAILS OPEN
FUSE FUBUS16/12A-N FAILS OPEN
FUSE FUBUS16/12A-P FAILS OPEN
FUSE FUBUS16/13A-N FAILS OPEN
FUSE FUBUS16/13A-P FAILS OPEN
FUSE FUBUS16/14C-N FAILS OPEN
FUSE FUBUS16/14C-P FAILS OPEN
FUSE FUBUS16/15A-N FAILS OPEN
FUSE FUBUS16/15A-P FAILS OPEN
FUSE FUBUS16/16B-N FAILS OPEN
FUSE FUBUS16/16B-P FAILS OPEN
FUSE FUMCC/16F-N FAILS OPEN
FUSE FUMCCC/16F-P FAILS OPEN
DC Fuse FUBUS11B/22-1AP Fails
DC Fuse FVBUS11B/22-2AN Fails
FUSE FUMCCCL/2M-X1A FAILS OPEN
FUSE FUMCCL/2M-X1B FAILS OPEN
FUSE FUMCCM/2M-X1A FAILS OPEN
FUSE FUMCCD/2M-X1B FAILS OPEN
DC Fuse FUBUS14/20B-N Fails Open
DC Fuse FUBUS14/20B-P Fails Open
FUSE FUBUS14/22-N FAILS OPEN (RECIRCULATION)
FUSE FUBUS14/22-P FAILS OPEN (RECIRCULATION)
FUSE FUBUS14/23C-N FAILS OPEN
FUSE FUBUS14/23C-P FAILS OPEN
FUSE FUBUS14/18B-N FAILS OPEN
FUSE FUBUS14/18B-P FAILS OPEN
FUSE FUBUS14/18C-N FAILS OPEN
FUSE FUBUS14/18C-P FAILS OPEN
DC Fuse FUBUS16/13B-N Fails Open
DC Fuse FUBUS16/13B-P Fails Open
FUSE FUBUS16/15-N FAILS OPEN (RECIRICULATION)
FUSE FUBUS16/15-P FAILS OPEN (RECIRCULATION)
FUSE FUBUS16/llB-N FAILS OPEN
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Table 2
Integrated (. BE File

Basic Event C Factor Units Descri tion

DCCFR6B11P 1
DCCFR6C11N 1
DCCFR6C11P 1
DCCFR727CN 1
DCCFR727CP 1
DCCFR727DN 1
DCCFR727DP 1
DCCFR7B25N 1
DCCFR7B25P 1

DCCFR7B31P 1

DCCFR7C25N 1

DCCFR7C25P 1

DCCFR829CN 1

DCCFR829CP 1

DCCFR829DN 1

DCCFR829DP 1

DCCFR8831N 1

DCCFR8C31P 1

DCCFRA121P 1
DCCFRA122N 1

DCCFRA151N 2
DCCFRA151P 2
DCCFRA1AAN 1

DCCFRA1AAP 1
DCCFRA1ABN 1
DCCFRA1ABP 1
DCCFRA1ACN 1
DCCFRA1ACP 1
DCCFRA1ADN 1
DCCFRA1ADP 1
DCCFRA1AEN 1
DCCFRA1AEP 1
DCCFRA1AFN 1
DCCFRA1AFP 1

DCCFRA1BAN 1

DCCFRA1BAP 1
DCCFRA1BBN 1
DCCFRA1BBP 1
DCCFRA1BCN 1
DCCFRA1BCP 1

DCCFRAlBDN 1

DCCFRA1BDP 1

720
720
720

0
0
0
0

720
720
720
720
720

0
0
0
0

720
720

24
24

8760
8760

24
24
24
24
24
24
24
24
24
24
24
24
2.4
24
24
24
24
24
24
24

H
H
H
M

FUSE FUBUS16/11B-1P FAILS OPEN
FUSE FUBUS16/11C-N FAILS OPEN
FUSE FUBUS16/11C-P FAILS OPEN
DC Fuse FUBUS17/27C-N Fails
DC Fuse FUBUS17/27C-P Fails
DC Fuse FUBUS17/27D-N Fails
DC Fuse FUBUS17/29D-P Fails

H- FUSE FUBUS17/25B-N FAILS OPEN
FUSE FUBUS17/25B-P FAILS OPEN
FUSE FUBUS17/31B-P FAILS OPEN
FUSE FUBUS17/25C-N FAILS OPEN
FUSE FUBUS17/25C-P FAILS OPEN
DC Fuse FUBUS18/29C-N Fails
DC Fuse FUBUS18/29C-P Fails
DC Fuse FUBUS18/29D-N Fails
DC Fuse FUBUS18/29D-P Fails

H FUSE FUBUS18/31B-N FAILS OPEN
H FUSE FUBUS18/31C"P FAILS OPEN
H DC Fuse FUBUS12A/12-1P Fails

DC Fuse FUBUS12A/12-2N Fails
FUSE FURA1/V51F-N FAILS OPEN
FUSE FURA1/V51F-P FAILS OPEN
Fuse FUDCPDPAB01A/1N Fails Open
Fuse FUDCPDPAB01A/1P Fails Open
Fuse FUDCPDPAB01A/2N Fails Open
Fuse FUDCPDPAB01A/2P Fails Open
Fuse FUDCPDPAB01A/3N Fails Open
Fuse FUDCPDPAB01A/3P Fails Open
Fuse FUDCPDPAB01A/4N Fails Open
Fuse FUDCPDPAB01A/4P Fails Open
Fuse FUDCPDPAB01A/SN Fails Open
Fuse FUDCPDPAB01A/5P Fails Open
Fuse FUDCPDPAB01A/6N Fails Open
Fuse FUDCPDPAB01A/6P Fails Open
Fuse FUDCPDPAB01B/1N Fails Open
Fuse FUDCPDPAB01B/1P Fails Open
Fuse FUDCPDPAB01B/2N Fails Open
Fuse FUDCPDPAB01B/2P Fails Open
Fuse FUDCPDPAB01B/3N Fails Open
Fuse FUDCPDPAB01B/3P Fails Open
Fuse FUDCPDPAB01B/4N Fails Open
Fuse FUDCPDPAB01B/4P Fails Open

(To MCC E)
(To MCC E)
(To MCC C)
(To MCC C)
(To MCC C Auxiliary Circuit Breaker Cabinet)
(To MCC C Auxiliary Circuit Breaker Cabinet)
(To Bus 14 - Normal)
(To Bus 14 — Normal)
(To Bus 16 — Emergency)
(To Bus 16 - Emergency)
(To SI Pump Fan Control Panel)
(To SI Pump Fan Control Panel)
(To Auxiliary Building HVAC Control Panel)
(To Auxiliary Building HVAC Control Panel)
(To MCC D)
(To MCC D)
(To Gas Analyzer Control Panel)
(To Gas Analyzer Control Panel)
(To Bus 16 - Normal,)
(To Bus 16 — Normal)
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Table ~2
Integrated ( . ~ BE File

Basic Event C Factor Units Descri tion

DCCFRA1BEN 1
DCCFRA1BEP 1 .

DCCFRA1BFN 1
DCCFRA1BFP 1
DCCFRA2AAN 1
DCCFRA2AAP 1
DCCFRA2ABN 1

DCCFRA2ABP 1

DCCFRA2AEN 1
DCCFRA2AEP 1

DCCFRA2AFN 1

DCCFRA2AFP 1

DCCFRA2BAN 1

DCCFRA2BAP 1

DCCFRA2BBN 1
DCCFRA2BBP 1

DCCFRA2BEN 1

DCCFRA2BEP 1

DCCFRA3AAN 1

DCCFRA3AAP 1
DCCFRAFU01 1

DCCFRAFU02 1
DCCFRAFU03 1
DCCFRAFU04 1
DCCFRAXTPN 1
DCCFRAXTPP 1
DCCFRB/02N 1
DCCFRB/02P 1
DCCFRB02MN 1
DCCFRB02MP 1
DCCFRB201P 1
DCCFRB202N 1
DCCFRBFU01 1
DCCFRBFU02 1
DCCFRBFU03 1
DCCFRBFU04 1
DCCFRBXEDN 1
DCCFRBXEDP 1
DCCFRBXEFN 1
DCCFRBXEFP
DCCFRBXTHN 1

DCCFRBXTHP 1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

720
720
720
720

0
0
0
0
0
0

24
24

720
720
720
720

0
0
0
0
0
0

Fuse FUDCPDPAB01B/5N Fails Open
Fuse FUDCPDPAB01B/SP Fails Open
Fuse FUDCPDPAB01B/6N Fails Open
Fuse FUDCPDPAB01B/6P Fails Open
Fuse FUDCPDPAB02A/1N Fails Open
Fuse FUDCPDPAB02A/1P Fails Open
Fuse FUDCPDPAB02A/2N Fails Open
Fuse FUDCPDPAB02A/2P Fails Open
Fuse FUDCPDPAB02A/5N Fails Open
Fuse FUDCPDPAB02A/5P Fails Open
Fuse FUDCPDPAB02A/6N Fails Open
Fuse FUDCPDPAB02A/6P Fails Open
Fuse FUDCPDPAB02B/1N Fails Open
Fuse FUDCPDPAB02B/1P Fails Open
Fuse FUDCPDPAB02B/2N Fails Open
Fuse FUDCPDPAB02B/2P Fails Open
Fuse FUDCPDPAB02B/5N Fails Open
Fuse FUDCPDPAB02B/5P Fails Open
Fuse FUDCPDPAB03A/1N Fails Open
Fuse FUDCPDPAB03A/1P Fails Open
FUSE FUDGACP/1-P FAILS OPEN
FUSE FUDGACP/2-N FAILS OPEN
FUSE FUDGACP/3-P FAILS OPEN
FUSE FUDGACP/4-N FAILS OPEN
FUSE FUMCB/XTP-N FAILS OPEN
FUSE FUMCB/XTP-P FAILS OPEN
FUSE MCCB/02M-N FAILS OPEN
FUSE FUMCCB/02M-P FAILS OPEN
FUSE FUMCCB/02MM-N FAILS OPEN
FUSE FUMCCB/02MM-P FAILS OPEN
DC Fuse FUBUS12B/20-1P Fails
DC Fuse FUBUS128/20-2N Fails
FUSE FUDGBCP/EGB-P FAILS OPEN
FUSE FUDGBCP/EGB-N FAILS OPEN
FUSE FUDGBCP/EGA-P FAILS OPEN
FUSE FUDGBCP/EGA-1N FAILS OPEN
FUSE FUMCB/XED-N FAILS OPEN
FUSE FUMCB/XED-P FAILS OPEN
FUSE FUMCCB/XEF-N FAILS OPEN
FUSE FUMCCB/XEF-P FAILS OPEN
FUSE FUMCB/XTH-N FAILS OPEN
FUSE FUMCB/XTH-P FAILS OPEN

(To Bus 14 — Emergency)
(To Bus 14 — Emergency)
(To MCC D Auxiliary Circuit Breaker Cabinet)
(To MCC D Auxiliary Circuit Breaker Cabinet)
(To H2 Recombiner A Control Panel)
(To H2 Recombiner A Control Panel)
(To Boron R&WD Control Panel Wl)
(To Boron R&WD Control Panel W1)
(To Rx Trip Switchgear Breaker RTA/BYB)
(To Rx Trip Switchgear Breaker RTA/BYB)
(To Auxiliary Building DC Distribution Pnl A2)
(To Auxiliary Building DC Distribution Pnl A2)
(To H2 Recombiner B Control Panel)
(To H2 Recombiner B Control Panel)
(To Boron R&WD Control Panel W2)
(To Boron R&WD Control Panel W2)
(To Rx Trip Switchgear Breaker RTB/BYA)
(To Rx Trip Switchgear Breaker RTB/BYA)
(To Charging Pump A Alternate DC Power)
(To Charging Pump A Alternate DC Power)
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Table 2
Integrated (.. BE File

Basic Event C Factor Units Descri tion

DCCFRBXTON 1
DCCFRBXTOP 1
DCCFRC/06N
DCCFRC/06P
DCCFRC/A-N 1
DCCFRC/A-P 1
DCCFRC01FN 1
DCCFRC01FP 1

DCCFRC06JN 1

DCCFRC06JP 1
DCCFRC07JN 1

DCCFRC07JP 1

DCCFRC07MN 1

DCCFRC07MP 1

DCCFRCOSJN I
DCCFRCOSJP 1
DCCFRCOSMN 1

DCCFRCOSMP 1

DCCFRC09MN 1
DCCFRC09MP 1
DCCFRC10JN 1
DCCFRC10JP 1

DCCFRC11FN 1
DCCFRC11FP 1
DCCFRC11MN 1
DCCFRC11MP 1
DCCFRC12JN 1
DCCFRC12JP 1
DCCFRC13BN 1
DCCFRC13BP 1
DCCFRC13JN 1
DCCFRC13JP 1
DCCFRC14JN 1
DCCFRC14JP 1
DCCFRC14MN 1
DCCFRC14MP 1
DCCFRC15CN 1
DCCFRC15CP 1
DCCFRC15JN 1
DCCFRC15JP 1

DCCFRC2AAN 1

DCCFRC2AAP I

720
720

0
0

24
24

H
H

H
H

H

H
H

H

H

H

H

H

H

H

H

H

H
H
H
H

H
M
M
H

H
H

H
H
H

M
M
M
M
H

H

H

H

H

H

FUSE FUMCB/XTOP-N FAILS OPEN
FUSE FUMCB/XTO-P FAILS OPEN
FUSE FUMCCC06C-N FAILS OPEN
FUSE FUMCCC/6C-P FAILS OPEN
FUSE FUJBTADC/A-N FAILS OPEN
FUSE FUJBTADC/A-P FAILS OPEN
FUSE FUMCCC/01F-N FAILS OPEN
FUSE FUMCCC/01F-P FAILS OPEN
FUSE FUMCCC/06J-N FAILS;OPEN
FUSE FUMCCC/06J-P FAILS('OPEN
FUSE MCCC/7J-N FAILS OPQ1
FUSE FUMCCC/7J-P FAILS OPEN
FUSE FUMCCC/7M-N FAILS OPEN
FUSE FUMCCC/7M-P FAILS OPEN
DC Fuse FUMCCC/SJ-N Fails Open
DC Fuse FUMCCC/SJ-P Fai,ls Open
DC Fuse FUMCCC/SM-N Fails Open
DC Fuse FUMCCC/SM-P Fails Open
FUSE FUMCCC/09M-N FAILS OPEN
FUSE FUMCCC/09M-P FAILS OPEN
FUSE FUMCCC/10J-N FAILS OPEN
FUSE FUMCCC/10J-P FAILS OPEN
DC Fuse FUMCCC/11F-N Fails Open
DC Fuse FUMCCC/11F-P Fails Open
DC Fuse FUMCCC/11M-N Fails
DC Fuse FUMCCC/11M-P Fails
FUSE FUMCCC/12J-N FAILS OPEN
FUSE FUMCCC/12J-P FAILS OPEN
FUSE MCCC/13B-N FAILS OPEN
FUSE FUMCCC/13B-P FAILS OPEN
DC Fuse FUMCCC/13J-N Fails Open
DC Fuse FUMCCC/13J-P Fails Open
DC Fuse FUMCCC/14J-N Fails
DC Fuse FUMCCC/16J-P Fails
DC Fuse FUMCCC/14M-N Fails
DC Fuse FUMCCC/14M-P Fails
FUSE FUMCCC/15C-N FAILS OPEN
FUSE FUMCCC/15C-P FAILS OPEN
FUSE MCCC/15J-N FAILS OPEN
FUSE MCCC/15J-P FAILS OPEN
Fuse FUDCPDPCB02A/1N Fails Open
Fuse FUDCPDPCB02A/1P Fails Open

(To Battery Charger A)
(To Battery Charger A)
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Table -2

Integrated ('. BE File

Basic Event C Factor Units Descri tion

DCCFRC2ABN 1
DCCFRC2ABP 1
DCCFRC2AEN 1
DCCFRC2AEP 1
DCCFRC2BAN 1
DCCFRC2BAP 1
DCCFRC2BBN 1
DCCFRC2BBP 1
DCCFRC2BDN 1

DCCFRC2BDP 1

DCCFRC2BEN 1

DCCFRC2BEP 1

DCCFRC2BFN 1

DCCFRC2BFP 1

DCCFRC3ABN 1

DCCFRC3ABP 1

DCCFRC3ACN 1

DCCFRC3ACP 1

DCCFRC3ADN 1
DCCFRC3ADP 1
DCCFRC3AGN 1
DCCFRC3AGP 1
DCCFRC3AHN 1
DCCFRC3AHP 1
DCCFRC3AJN 1
DCCFRC3AJP 1
DCCFRC3AKN 1
DCCFRC3AKP 1
DCCFRC3ALN 1
DCCFRC3ALP 1
DCCFRC3AMN 1
DCCFRC3AMP 1
DCCFRC3ANN 1
DCCFRC3ANP 1
DCCFRC3APN 1
DCCFRC3APP 1
DCCFRC3AQN 1
DCCFRC3AQP 1
DCCFRC3ARN 1
DCCFRC3ARP 1
DCCFRC3ASN 1
DCCFRC3ASP 1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse

Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails

Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails

FUDCPDPCB02A/2N
FUDCPDPCB02A/2P
FUDCPDPCB02A/SN
FUDCPDPCB02A/5P
FUDCPDPCB02B/1N
FUDCPDPCB02B/1P
FUDCPDPCB02B/2N
FUDCPDPCB02B/2P
FUDCPDCB02B/4N
FUDCPDPCB028/4P
FUDCPDPCB02B/5N
FUDCPDPCB02B/SP
FUDCPDPCB02A/6N
FUDCPDPCB02A/6P
FUDCPDPCB03A/BN
FUDCPDPCB03A/BP
FUDCPDPCB03A/CN
FUDCPDPCB03A/CP
FUDCPDPCB03A/DN
FUDCPDPCB03A/DP
FUDCPDPCB03A/GN
FUDCPDPCB03A/GP
FUDCPDPCB03A/HN
FUDCPDPCB03A/HP
FUDCPDPCB03A/JN
FUDCPDPCB03A/JP
FUDCPDPCB03A/KN
FUDCPDPCB03A/KP
FUDCPDPCB03A/LN
FUDCPDPCB03A/LP
FUDCPDPCB03A/MN
FUDCPDPCB03A/MP
FUDCPDPCB03A/NN
FUDCPDPCB03A/NP
FUDCPDPCB03A/PN
FUDCPDPCB03A/PP
FUDCPDPCB03A/QN
FUDCPDPCB03A/QP
FUDCPDPCB03A/RN
FUDCPDPCB03A/RP
FUDCPDPCB03A/SN
FUDCPDPCB03A/SP

Open
Open
Open
Open
Open
Open
Open
Open
pen
Open
Open
Open
Open
Open
Open
Opt n
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open

(To M
(To M
(To B
(To B
(To B
(To B
(To M

(To M
(To Tu

(To Tu
(To S
(To S
(To B
(To B
(To M

(To M
(To M
(To M

(To R
(To R
(To D
(To D
(To B
(To B
(To B
(To B
(To B
(To B
(To S
(To S
(To T
(To T
(To M

(To M
(To M

(To M
(To I
(To I
(To P
(To P
(To B
(To B

ain DC Distribution Panel A)
ain DC Distribution Panel A)
attery Charger Al)
attery Charger Al)
attery Charger B)
attery Charger B)
ain DC Distribution Panel B)
ain DC Distribution Panel B)
rbine Building DC Distribution Panel)
rbine Building DC Distribution Panel)

creen House DC Distribution Panel B)
creen House DC Distribution Panel B)
attery Charger Bl)
attery Charger Bl)
CC B)
CC B)
CC H)
CC H)
od Drive MG Set Control Panel)
od Drive MG Set Control Panel)
/G DC Distribution Panel A)
/G DC Distribution Panel A)
us 11A)
us 11A)
us 12A)
us 12A)
us 13)
us 13)
creen House DC Distribution Panel A)
creen House DC Distribution Panel A)
DAFW Valve 3505A)
DAFW Valve 3505A)
FW Pump A DC Oil Pump)
FW Pump A DC Oil Pump)
CB DC Distribution Panel A)
CB DC Distribution Panel A)
nverter A)
nverter A)
A System Inverter)
A System Inverter)
attery Room Ventilation Control Panel)
attery Room Ventilation Control Panel)
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Table 2
Integrated ( . BE File

Basic Event C Factor Units Descri tion

DCCFRC3ATN 1
DCCFRC3ATP 1
DCCFRC3AUN 1
DCCFRC3AUP 1
DCCFRC3BBN 1
DCCFRC3BBP 1
DCCFRC3BCN 1
DCCFRC3BCP 1
DCCFRC3BDN 1

DCCFRC3BDP 1

DCCFRC3BEN 1

DCCFRC3BEP 1

DCCFRC3BFN 1

DCCFRC3BFP 1

DCCFRC3BJN 1

DCCFRC3BJP 1

DCCFRC3BKN 1
DCCFRC3BKP 1

DCCFRC3BLN 1

DCCFRC3BLP 1
DCCFRC3BMN 1
DCCFRC3BMP 1
DCCFRC3BPN 1
DCCFRC3BPP 1
DCCFRC3BQN 1
DCCFRC3BQP 1
DCCFRC3BRN 1
DCCFRC3BRP 1
DCCFRC3BSN 1
DCCFRC3BSP 1
DCCFRC3BTN 1
DCCFRC3BTP 1
DCCFRC3BUN 1
DCCFRC3BUP 1
DCCFRC4AAN 1
DCCFRC4AAP 1
DCCFRC4ABN 1
DCCFRC4ABP 1
DCCFRC4ACN 1

DCCFRC4ACP 1

DCCFRC4ADN 1

DCCFRC4ADP 1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse

FUDCPDPCB03A/TN
FUDCPDPCB03A/TP
FUDCPDPCB03A/UN
FUDCPDPCB03A/UP
FUDCPDPCB03B/BN
FUDCPDPCB03B/BP
FUDCPDPCB03B/CN
FUDCPDPCB03B/CP
FUDCPDPCB03B/DN
FODCPDPCB03B/DP
FODCPDPCB03B/EN
FUDCPDPCB03B/EP
FODCPDPCB03B/FN
FUDCPDPCB03B/FP
FUDCPDPCB03B/JN
FUDCPDPCB03B/JP
FUDCPDPCB03B/KN
FUDCPDPCB03B/KP
FUDCPDPCB03B/LN
FODCPDPCB03B/LP
FUDCPDPCB03B/MN
FODCPDPCB03B/MP
FUDCPDPCB03B/PN
FUDCPDPCB03B/PP
FUDCPDPCB03B/QN
FUDCPDPCB03B/QP
FUDCPDPCB03B/RN
FUDCPDPCB03B/RP
FUDCPDPCB03B/SN
FUDCPDPCB03B/SP
FUDCPDPCB03B/TN
FUDCPDPCB03B/TP
FUDCPDPCB03B/UN
FUDCPDPCB03B/UP

Fuse
Fuse
Fuse
Fuse
Fuse
Fuse

FUDCPDPCB04A/BN
FUDCPDPCB04A/BP
FUDCPDPAB04A/CN
FUDCPDPAB04A/CP
FUDCPDPAB04A/DN
FODCPDPAB04A/DP

Fuse FUDCPDPCB04A/AN
Fuse. FUDCPDPCB04A/AP

Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fa i ls
Fa i ls

Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open

Main Transformer Annunciator)
Aux Station Transformer N11 Annunciator)
Station Aux Transformer N11 Annunciator)
Station Aux Transformer N12A Annunciator)
Station Aux Transformer N12A Annunciator)

(To
(To
(To
(To
(To

(To Bus 14 UV Control Cabinet)
(To Bus 14 UV Control Cabinet)
(To Auxiliary Building DC Distribution Pnl 1A)
(To Auxiliary Building DC Distribution Pnl 1A)
(To MOV 5171)
(To MOV 5171)
(To Rod Drive MG Set Control Panel)
(To Rod Drive MG Set Control Panel)
(To MCC J)
(To MCC J)
(To MCC K)
(To MCC K)
(To MOV 3996)
(To MOV 3996)
(To MCB DC Distribution Panel B)
(To MCB DC Distribution Panel B)
(To Bus 11B — Normal, Bus 12A — Emergency)
(To Bus 11B — Normal, Bus 12A - Emergency)
(To Bus 12B — Normal, Bus 11A - Emergency)
(To Bus 12B - Normal, Bus 11A — Emergency)
(To Bus 15 - Normal, Bus 13 — Emergency)
(To Bus 15 - Normal, Bus 13 - Emergency)
(To MFW Pump B DC Oil Pump)
(To MFW Pump B DC Oil Pump)
(To Inverter B)
(To Inverter B)
(To D/G DC Distribution Panel B)
(To D/G DC Distribution Panel B)
(To TDAFW Valve 3504A)
(To TDAFW Valve 3504A)
(To Bus 16 UV Control Cabinet)
(To Bus 16 UV Control Cabinet)
(To Auxiliary Building DC Distribution Pnl B)
(To Auxiliary Building DC Distribution Pnl B)
(To PPS Switchgear Unit 6 Train A)
(To PPS Switchgear Unit 6 Train A)
(To Main Transformer Annunciator)

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 2
Integrated C BE File

Basic Event C Factor Units Descri tion

DCCFRC4AEN 1
DCCFRC4AEP 1
DCCFRC4AFN 1
DCCFRC4AFP 1
DCCFRC4AGN 1
DCCFRC4AGP 1
DCCFRC4AHN 1
DCCFRC4AHP 1
DCCFRC4AJN 1

DCCFRC4AJP 1

DCCFRC4AMN 1

DCCFRC4AMP 1

DCCFRC4ANN 1

DCCFRC4ANP 1

DCCFRC4APN 1

DCCFRC4APP 1

DCCFRC4AQN 1

DCCFRC4AQP 1

DCCFRC4ARN 1

DCCFRC4ARP 1
DCCFRC4ASN 1
DCCFRC4ASP 1
DCCFRC4ATN 1
DCCFRC4ATP 1
DCCFRC4AVN 1
DCCFRC4AVP 1
DCCFRC4AWN 1
DCCFRC4AWP 1
DCCFRC4BAN 1
DCCFRC4BAP 1
DCCFRC4BBN 1
DCCFRC4BBP 1
DCCFRC4BDN 1
DCCFRC4BDP 1
DCCFRC4BFN 1
DCCFRC4BFP 1
DCCFRC4BHN 1
DCCFRC4BHP 1
DCCFRC4BJN 1
DCCFRC4BJP 1
DCCFRC4BKN 1

DCCFRC4BKP 1

24

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse

H -Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse
Fuse

FUDCPDPCB04A/EN
FUDCPDPCB04A/EP
FUDCPDPCB04A/FN
FUDCPDPCB04A/FP
FUDCPDPCB04A/GN
FUDCPDPCB04A/GP
FUDCPDPCB04A/HN
FUDCPDPCB04A/HP
FUDCPDPCB04A/JN
FUDCPDPCB04A/JP
FUDCPDPCB04A/MN
FUDCPDPCB04A/MP
FUDCPDPCB04A/NN
FUDCPDPCB04A/NP
FUDCPDPCB04A/PN
FUDCPDPCB04A/PP
FUDCPDPCB04A/QN
FUDCPDPCB04A/QP
FUDCPDPCB04A/RN
FUDCPDPCB04A/RP
FUDCPDPCB04A/SN
FUDCPDPCB04A/SP
FUDCPDPCB04A/TN
FUDCPDPCB04A/TP
FUDCPDPCB04A/VN
FUDCPDPCB04A/VP
FUDCPDPCB04A/WN
FUDCPDPCB04A/'HP
FUDCPDPCB04B/AN
FUDCPDPCB04B/AP
FUDCPDPCB04B/BN
FUDCPDPCB04B/BP
FUDCPDPCB04B/DN
FUDCPDPCB04B/DP
FUDCPDPAB04B/FN
FUDCPDPAB04B/FP
FUDCPDPCB04B/HN
FUDCPDPCB04B/HP
FUDCPDPCB04B/JN
FUDCPDPCB04B/JP
FUDCPDPCB04B/KN
FUDCPDPCB04B/KP

Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails

Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open

Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails
Fails

Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open

Fails Open
Fails Open

(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To

MCB Alarm System)
MCB Alarm System)
Steam Dump Valves Train A)
Steam Dump Valves Train A)
Lockout and Differential Relays)
Lockout and Differential Relays)
Bus 11A UV Relays)
Bus 11A UV Relays)
H2 Monitor Isolation Valves 921 and 922)
H2 Monitor Isolation Valves 921 and 922)
SI-Al Train A)
SI-Al Train A)
RA Racks Train A)
RA Racks Train A)
MQ 483 Inverter)
MQ 483 Inverter)
Reactor Trip Targets)
Reactor Trip Targets)
Condensate Booster Pump Relay Panel)
Condensate Booster Pump Relay Panel)
Circulating Water Pump Trip Logic Relays)
Circulating Water Pump Trip Logic Relays)
RCS Overpressure Head Vent Valves Train A)
RCS Overpressure Head Vent Valves Train A)
Containment Isolation Rack CI-A1)
Containment Isolation Rack CI-Al)
Turbine Trip Aux Relays and Rack RLTR-1)
Turbine Trip Relays and Rack RLTR-1)
PPS Switchgear Unit 1 Train B)
PPS Switchgear Unit 1 Train B)
Steam Dump Valves, TDAFW Pump Govenor)
Steam Dump Valves, TDAFW Pump Govenor)
Lockout and Differential Relays)
Lockout and Differential Relays)
Control Room Ventilation Radiation Monitor)
Control Room Ventilation Radiation Monitor)
RLTR-2)
RLTR-2)
SI-B1 Train B)
SI-B1 Train B)
RA Racks Train B)
RA Racks Train B)

Rochester Gas Ec Electric Corporation R. E. Ginna PRA Project
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Table -2

Integrated C. BE File

Basic Event C Factor Units Descri tion

DCCFRC4BNN 1
DCCFRC4BNP 1
DCCFRC4BPN 1
DCCFRC4BPP 1
DCCFRC4BQN 1
DCCFRC4BQP 1
DCCFRC4BSN 1
DCCFRC4BSP 1
DCCFRC4BTN 1

DCCFRC4BTP 1

DCCFRC4BUN 1

DCCFRC4BUP 1

DCCFRC4BVN 1

DCCFRC4BVP 1

DCCFRC4BXN 1

DCCFRC4BXP 1
DCCFRCB1AN 1

DCCFRCB1AP 1

DCCFRCB1BN 1

DCCFRCB1BP 1
DCCFRCP2-N 1
DCCFRCP2-P 1
DCCFRD/06N
DCCFRD/06P
DCCFRD01BN 1
DCCFRD01BP 1
DCCFRD02FN 1
DCCFRD02FP 1
DCCFRD04BN 1
DCCFRD04BP 1
DCCFRD06JN 1
DCCFRD06JP 1
DCCFRD07JN 1
DCCFRD07JP 1
DCCFRDOSJN 1
DCCFRDOSJP 1
DCCFRDOSMN 1
DCCFRDOSMP 1
DCCFRD09MN 1
DCCFRD09MP 1
DCCFRD10JN 1

DCCFRD10JP 1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

0
0
0
0
0
0
0
0

720
720

0
0
0
0

~ 0
0
0
0
0
0
0
0

Fuse FUDCPDPCB04B/NN Fails Open (To H2 Monitor Isolation Valves 923 a
Fuse FUDCPDPCB04B/NP Fails Open (To H2 Monitor Isolation Valves 923 a
Fuse FUDCPDPCB04B/PN Fails Open (To Circulating Water Pump Trip Logic
Fuse FUDCPDPCB04B/PP Fails Open (To Circulating Water Pump Trip Logic
Fuse FUDCPDPCB04B/QN Fails Open (To MCB Annunciator Standby Power)
Fuse FUDCPDPCB04B/QP Fails Open (To MCB Annunciator Standby Power)
Fuse FUDCPDPCB04B/SN Fails Open (To Bus 11B UV Relays)
Fuse FUDCPDPCB04B/SP Fails Open (To Bus 11B UV Relays)
Fuse FUDCPDPCB04B/TN Fails Open (To RCS Overpressure Head Vent Valves
Fuse FUDCPDPCB04B/TP Fails Open (To RCS Overpressure Head Vent Valves
Fuse FUDCPDPCB04B/UN Fails Open (To CNMT Isolation Rack CI-Bl)
Fuse FUDCPDPCB04B/UP Fails Open (To CNMT Isolation Rack CI-B1)
Fuse FUDCPDPCB048/VN Fails Open (To Control Room Ventilation Fan)
Fuse FUDCPDPCB04B/VP Fails Open (To Control Room Ventilation Fan)
Fuse FUDCPDPCB04B/XN Fails Open (To MCB Alarm System)
Fuse FUDCPDPCB04B/XP Fails Open (To MCB Alarm System)
Fuse FUDCPDPCB01A/N Fails Open On Main Disconnect Switch A
Fuse FUDCPDPCB01A/P Fails Open On Main Disconnect Switch A
Fuse FUDCPDPCB01B/N Fails Open On Main Disconnect Switch A
Fuse FUDCPDPCB01B/P Fails Open On Main Disconnect Switch B
FUSE FUABHVCP/2-N FAILS OPEN
FUSE FUABHVCP/2-P FAILS OPEN
FUSE FUMCCD/6C-N FAILS OPEN
FUSE FUMCCD/6C-P FAILS OPEN
FUSE FUMCCD/01B-N FAILS OPEN
FUSE FUMCCD/01B"P FAILS OPEN
FUSE FUMCCD/02F-N FAILS OPEN
FUSE FUMCCD/02F-P FAILS OPEN
FUSE FUMCCD/4B-N FAILS OPEN
FUSE FUMCCD/4B-P FAILS OPEN
FUSE FUMCCD/06J-N FAILS OPEN
FUSE FUMCCD/06J-P FAILS OPEN
FUSE FUMCCD/7J-N FAILS OPEN
FUSE MCCD/7J-P FAILS OPEN
DC Fuse FUMCCD/SJ-N Fails Open
DC Fuse FUMCCD/SJ-P Fails Open
DC Fuse FUMCCD/SM-N Fails Open
DC Fuse FUMCCD/SM-P Fails Open
FUSE FUMCC/D09M-N FAILS OPEN
FUSE FUMCCD/09M-P FAILS OPEN
FUSE FUMCCD/10J-N FAILS OPEN
FUSE FUMCCD/10J-P FAILS OPEN

nd 924)
nd 924)

Relays)
Relays)

Train B)
Train B)

Rochester Gas &, Electric Corporation R. E. Ginna PRA Project
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Table '-2

Integrated C. BE File

Basic Event C Factor Units Descri tion
DCCFRD11FN 1
DCCFRD11FP 1
DCCFRD11JN 1
DCCFRD11JP 1
DCCFRD11MN 1
DCCFRD11MP 1
DCCFRD12FN 1
DCCFRD12FP 1
DCCFRD13CN 1

DCCFRD13CP 1

DCCFRD13FN 1

DCCFRD13FP 1

DCCFRD14JN 1

DCCFRD14JP 1

DCCFRD15FN 1
DCCFRD15FP 1
DCCFRD1ACN 1

DCCFRD1ACP 1
DCCFRD1ADN 1
DCCFRD1ADP 1
DCCFRD1BAN 1
DCCFRD1BAP 1
DCCFRD1BCN 1
DCCFRD1BCP 1
DCCFRD1BDN 1
DCCFRD1BDP 1
DCCFRD7MN 1
DCCFRD7MP 1
DCCFRH01KN 1
DCCFRH01KP 1
DCCFRH02BN 1
DCCFRH02BP 1
DCCFRH02DN 1
DCCFRH02DP 1
DCCFRJ01KN 1
DCCFRJ01KP 1
DCCFRJ02BN 1
DCCFRJ02BP 1
DCCFRJ02DN 1

DCCFRJ02DP 1
DCCFRK01BN 1

DCCFRK01BP 1

24
24
24
24
24
24
24
24
24
24

0
0

720
720
720
720
720
720
720
720
720
720
720
720

0
0

H
H
M
M
H
H
H
H
M

M

M

M

M

M

H

H
H

H

H
H
H
H
H
H
H
H
H

H

H

H

H

H
H
H

H
H
H
H
H

H
H

H

DC Fuse FUMCCD/11F-N Fails Open
DC Fuse FUMCCD/11F-P Fails Open
DC Fuse FUMCCD/11J-N Fails
DC Fuse FUMCCD/11J-P Fails
FUSE FUMCCD/11M-N FAILS OPEN
FUSE FUMCCD/11M-P FAILS OPEN
FUSE FUMCCD/12F-N FAILS OPEN
FUSE FUMCCD/12F-P FAILS OPEN
DC Fuse FUMCCD/13C-N Fails
DC Fuse FUMCCD/13C-P Fails
DC Fuse FUMCCD/13F-N Fails
DC Fuse FUMCCD/13F-P Fails
DC Fuse FUMCCD/14J-N Fails
DC Fuse FUMCCD/14J-P Fails
FUSE FUMCCD/15F-N FAILS OPEN
FUSE FUMCCD/15F-P FAILS OPEN
Fuse FUDCPDPDG01A/3N Fails Open
Fuse FUDCPDPDG01A/3P Fails Open
Fuse FUDCPDPDG01A/4N Fails Open
Fuse FUDCPDPDG01A/4P Fails Open
Fuse .FUDCPDPDG01B/1N Fails Open
Fuse FUDCPDPDG01B/1P Fails Open
Fuse FUDCPDPDG01B/3N Fails Open
Fuse FUDCPDPDG01B/3P Fails Open
Fuse FUDCPDPDG01B/4N Fails Open
Fuse FUDCPDPDG01B/4P Fails Open
FUSE FUMCCD/7M-N FAILS OPEN
FUSE FUMCCD/7M-P FAILS OPEN
FUSE MCCH/1K-N FAILS OPEN
FUSE FUMCCC/1K-P FAILS OPEN
FUSE FUMCCH/2B-N FAILS OPEN
FUSE FUMCCH/2B-P FAILS OPEN
FUSE FUMCCH/2D-N FAILS OPEN
FUSE FUMCCH/2D-P FAILS OPEN
FUSE FUMCCJ/1K-N FAILS OPEN
FUSE FUMCCJ/1K-P FAILS OPEN
FUSE FUMCCJ/2B-N FAILS OPEN
FUSE FUMCCJ/2B-P FAILS OPEN
FUSE FUMCCJ/2D-N FAILS OPEN
FUSE FUMCCJ/2D-P FAILS OPEN
FUSE FUMCCK/1B-N FAILS OPEN
FUSE FUMCCK/lB"P FAILS OPEN

(To D/G A-
(To D/G A-
(To D/G B
(To D/G B
(To Circuit
(To Circuit
(To D/G B
(To D/G B
(To D/G A-
(To D/G A

Normal)
Normal)
Emergency)
Emergency)
Breaker 52/EG1B3)
Breaker 52/EG1B3)
Normal)
Normal)
Emergency)
Emergency)

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 2
Integrated C BE File

Basic Event C Factor Units Descri tion
DCCFRK01FN 1
DCCFRK01FP 1
DCCFRS1AAN 1
DCCFRS1AAP 1
DCCFRS1ABN 1

. DCCFRS1ABP 1
DCCFRS1ADN 1
DCCFRS1ADP 1
DCCFRS1BAN 1

DCCFRS1BAP 1

DCCFRSIBBN 1

DCCFRS1BBP 1

DCCFRS1BFN 1

DCCFRS1BFP 1

DCCFRS1BGN 1

DCCFRS1BGP 1

DCCFRS1BHN 1
DCCFRS1BHP 1
DCCFRT1BCN 1
DCCFRT1BCP 1
DCCFRT1BDN 1
DCCFRT1BDP 1
DCCFRT1BEN 1
DCCFRT1BEP 1
DCCFRT1BHN 1
DCCFRT1BHP 1
DCCFRT1BJN 1
DCCFRT18JP 1
DCCFRT1BLN 1
DCCFRT1BLP 1
DCCFRT1BNN 1
DCCFRT1BNP 1
DCCFRV37RN 1
DCCFRV37RP 1
DCCFRV52FN 1
DCCFRVS2FP 1
DCCFRV52RP 2
DCCFRV53RN 2
DCCFRXDC-N 1
DCCFRXDC-P 1
DCCFRXDD-N 1
DCCFRXDD-P 1

0
0

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

0
0
0
0

8760
8760

0
0
0
0

FUSE FUMCCK/1F-N FAILS OPEN
FUSE FUMCCK/OF-P FAILS OPEN
Fuse FUDCPDPSH01A/1N Fails Open
Fuse FUDCPDPSH01A/1P Fails Open
Fuse FUDCPDPSH01A/2N Fails Open
Fuse FUDCPDPSH01A/2P Fails Open
Fuse FUDCPDPSH01A/4N Fails Open
Fuse FUDCPDPSH01A/4P Fails Open
Fuse FUDCPDPSH018/1N Fails Open
Fuse FUDCPDPSH018/1P Fails Open
Fuse FUDCPDPSH018/2N Fails Open
Fuse FUDCPDPSH018/2P Fails Open
Fuse FUDCPDPSH018/6N Fails Open
Fuse FUDCPDPSH018/6P Fails Open
Fuse FUDCPDPSH018/7N Fails Open
Fuse FUDCPDPSH018/7P Fails Open
Fuse FUDCPDPSH018/SN Fails Open
Fuse FUDCPDPSH018/SP Fails Open
Fuse FUDCPDPTB018/CN Fails Open
Fuse FUDCPDPTB018/CP Fails Open
Fuse FUDCPDPTB018/DN Fails Open
Fuse FUDCPDPTB018/DP Fails Open
Fuse FUDCPDPTB018/FN Fails Open
Fuse FUDCPDPTB018/FP Fails Open
Fuse FUDCPDPTB018/HN Fails Open
Fuse FUDCPDPTB018/HP Fails Open
Fuse FUDCPDPTB018/JN Fails Open
Fuse FUDCPDPTB018/JP Fails Open
Fuse FUDCPDPTB018/LN Fails Open
Fuse FUDCPDPTB018/LP Fails Open
Fuse FUDCPDPTB018/NN Fails Open
Fuse FUDCPDPTB018/NP Fails Open
DC FUSE FURA3/V37R-N FAILS OPEN
DC FUSE FURA3/V37R-P FAILS OPEN
Fuse FURA1/V52F-N Fails Open
Fuse FURAl/V52F-P Fails Open
DC Fuse FURA1/V53R-P Fails Open
DC Fuse FURA1/VS3R-N Fails Open
FUSE FUMCB/XDC-N FAILS OPEN
FUSE FUMCB/XDC-P FAILS OPEN
FUSE FUMCB/XDD-N FAILS OPEN
FUSE FUMCB/XDD-P FAILS OPEN

(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To
(To

Bus 17 - Emergency)
Bus 17 — Emergency)
Bus 13 — Normal)
Bus 13 - Normal)
Bus 18 — Norm, Bus 17
Bus 18 — Norm, Bus 17
Travelling Screen Contro
Travelling Screen Contro
MCC G)

'CC

G)
Bus 18 - Emergency)
Bus 18 — Emergency)
Bus 17 - Normal)
Bus 17 — Normal)
Bus 17 — Norm, Bus 18
Bus 17 - Norm, Bus 18—
Hydrogen Panel)
Hydrogen Panel)
MCC A)
MCC A)
MCC F)
MCC F)
IBEIIP Inverter)
IBELIP Inverter)
Fire Relay Panel)
Fire Relay Panel)
Nuclear Sample Panel)
Nuclear Sample Panel)
TDAFW Pump DC Oil Pump)
TDAFW Pump DC Oil Pump)

Emerg UV Ctrl Cab)
Emerg UV Ctrl Cab)l Panel)
l Panel)

Emerg UV Ctrl Cab)
Emerg UV Ctri Cab)
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Tabl~
Integrated C. BE File

Basic Event C Factor Units Descri tion

DCCFRXJRON
DCCFRXJROP
DCCFRXJSON
DCCFRXJSOP
DCCFRXJTON
DCCFRXJTOP
DCCFRXJUON
DCCFRXJUOP
DCCFRXTKON
DCCFRXTKOP
DCCFX419CN 1

DCCFX419CP 1

DCCFX420AN 1

DCCFX420AP 1

DCCFX420CN 1

DCCFX420CP 1

DCCFX421AN 1

DCCFX421AP 1
DCCFX421CN 1

DCCFX421CP 1

DCCFX422AN 1
DCCFX422AP 1
DCCFX422BN 1
DCCFX422BP 1
DCCFX423AN 1
DCCFX423AP 1
DCCFX423BN 1
DCCFX423BP 1
DCCFX423CN 1
DCCFX423CP 1
DCCFX612AN 1
DCCFX612AP 1
DCCFX613CN 1
DCCFX613CP 1
DCCFX614AN 1
DCCFX614AP 1
DCCFX614CN 1
DCCFX614CP 1

DCCFX615AN 1

DCCFX615AP 1

DCCFX615BN 1

DCCFX615BP 1

0
0
0
0
0
0

24
24
24
24
24
24
24
24
24

24 -H

24 H
24 H

24
24
24
24
24
24
24
24 H
24
24
24
24
24
24
24
24
24
24

FUSE FUMCB/XJR-N FAILS OPEN

FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE
FUSE

FUBUS14/21C-P FAILS OPEN
FUBUS14/22A-N FAILS OPEN
FUBUS14/22A-P FAILS OPEN
FUBUS14/22B-N FAILS OPEN
FUBUS14/22B-P FAILS OPEN
FUBUS14/23A-N FAILS OPEN
FUBUS14/23A-P FAILS OPEN
FUBUS14/238-N FAILS OPEN
FUBUS14/23B-P FAILS OPEN
FUBUS14/23C-N FAILS OPEN
FUBUS14/23C-P FAILS OPEN
FUBUS16/12A-N FAILS OPEN
FUBUS16/12A-P FAILS OPEN
FUBUS16/13C-N FAILS OPEN

FUSE FUBUS16/13C-P FAILS OPEN
FUSE FUBUS16/14A-N FAILS OPEN
FUSE FUBUS16/14A-P FAILS OPEN
FUSE FUBUS16/14C-N FAILS OPEN
FUSE FUBUS16/14C-P FAILS OPEN
FUSE FUBUS16/15A-N FAILS OPEN
FUSE FUBUS16/15A-P FAILS OPEN
FUSE FUBUS16/15B-N FAILS OPEN
FUSE FUBVS16/15B-P FAILS OPEN

FUSE FUMCB/XJR-P FAILS OPEN
FUSE FUMCB/XJS-N FAILS OPEN
FUSE FUMCB/XJS-P FAILS OPEN
FUSE FUMCB/XJT-N FAILS OPEN
FUSE FUMCB/XJT-P FAILS OPEN
FUSE FUMCB/XJU-N FAILS OPEN
FUSE FUMCB/XJU-P FAILS OPEN
FUSE FUMCB/XTK-N FAILS OPEN
FUSE FUMCB/XTK"P FAILS OPEN
FUSE FUBUS14/19C-N FAILS OPEN
FUSE FUBUS14/19C-P FAILS OPEN
FUSE FUBUS14/20A-N FAZLS OPEN
FUSE FUBUS14/20A-P FAILS OPEN
FUSE FUBUS14/20C-N FAILS OPEN
FUSE FUBUS14/20C-P FAILS OPEN
FUSE FUBUS14/21A-N FAILS OPEN
FUSE FUBUSA4/21A-P FAILS OPEN
FUSE FUBUS14/21C-N FAILS OPEN

(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
(POST TRIP)
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Table -2
Integrated ( .. BE File

Basic Event

DCCFX615CN 1
DCCFX615CP 1
DCCFX616AN 1
DCCFX616AP 1
DCCFX616BN 1
DCCFX616BP 1
DCCFX617AN 1
DCCFX617AP 1
DCCFX726CN 1

DCCFX726CP 1

DCCFX727AN 1

DCCFX727AP 1

DCCFX727BN 1

DCCFX727BP 1

DCCFX727CN 1
DCCFX727CP 1

DCCFX727DN 1

DCCFX727DP 1

DCCFX829AN 1
DCCFX829AP 1
DCCFX829BN 1

DCCFX829BP '1
DCCFX829CN 1
DCCFX829CP 1
DCCFX829DN 1
DCCFX829DP 1
DCCFX830CN 1
DCCFX830CP 1
DCCSRA1AAX 1
DCCSRA1ABX 1
DCCSRA1ACX. 1
DCCSRA1ADX 1
DCCSRA1AEX 1
DCCSRA1AFX 1
DCCSRA1BAX 1
DCCSRA1BBX 1
DCCSRA1BCX 1
DCCSRA1BDX 1
DCCSRA1BEX 1

DCCSRA1BFX 1

DCCSRA2AAX 1

DCCSRA2ABX 1

C Factor

24
24
24
24
24
24
24
24
24
24
24
24
24
24

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

24
24
24
24
24
24
24
24

Units Descri tion

H FUSE FUBUS16/15C-N FAILS OPEN (POST TRIP)
H FUSE FUBUS16/15C-P FAILS OPEN (POST TRIP)
H FUSE FUBUS16/16A-N FAILS OPEN (POST TRIP)
H FUSE FUBUS16/16A-P FAILS OPEN (POST TRIP)
H FUSE FUBUS16/16B-N FAILS OPEN (POST TRIP)
H FUSE FUBUS16/16B-P FAILS OPEN (POST TRIP)
H FUSE FUBUS16/17A-N FAILS OPEN (POST TRIP)
H FUSE FUBUS16/17A-P FAILS OPEN (POST TRIP)
H FUSE FUBUS17/26C-N FAILS OPEN (POST TRIP)
H FUSE FUBUS17/26C-P FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27A-N FAILS OPEN (POST TRIP)
H FUSE F(JBUS17/27A-P FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27B-N FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27B"P FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27C-N FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27C-P FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27D-N FAILS OPEN (POST TRIP)
H FUSE FUBUS17/27D-P FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29A-N FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29A-P FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29B-N FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29B-P FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29C-N FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29C-P FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29D-N FAILS OPEN (POST TRIP)
H FUSE FUBUS18/29D-P FAILS OPEN (POST TRIP)
H FUSE FUBUS18/30C-N FAILS OPEN (POST TRIP)
H FUSE FUBUS18/30C-P FAILS OPEN (POST TRIP)
H Disconnect Switch. DCPDPAB01A/01 Transfers
H Disconnect Switch DCPDPAB01A/02 Transfers
H Disconnect Switch DCPDPAB01A/03 Transfers
H Disconnect Switch DCPDPABOIA/04 Transfers
H Disconnect Switch DCPDPAB01A/05 Transfers
H Disconnect Switch DCPDPAB01A/06 Transfers
H Disconnect Switch DCPDPAB01B/01 Transfers
H Disconnect Switch DCPDPAB01B/02 Transfers
H Disconnect Switch DCPDPAB01B/03 Transfers
H Disconnect Switch DCPDPAB01B/04 Transfers
H Disconnect Switch DCPDPAB01B/05 Transfers
H Disconnect Switch DCPDPAB01B/06 Transfers
H Disconnect Switch DCPDPAB02A/01 Transfers
H Disconnect Switch DCPDPAB02A/02 Transfers

Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open

(To MCC E)
(To MCC C)
(To MCC C Aux Breaker Circuit)
(To Bus 14 — Normal)
(To Bus 16 — Emergency)
(To SI Pump Fan Control Panel)
(To Aux Building HVAC Control)
(To MCC D)
(To Gas Analyzer Control Panel)
(To Bus 16 — Normal)
(To Bus 14 — Emergency)
(To MCC D Aux Circuit Bkr Cab)
(To H2 Recombiner A Control Pnl)
(To Boron RGWD Panel Wl)
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Table 2
Integrated C. BE File

Basic Event C Factor Units Descri tion

DCCSRA2AEX 1
DCCSRA2AFX 1
DCCSRA2BAX 1
DCCSRA2BBX 1
DCCSRA2BEX 1
DCCSRA3AAX 1
DCCSRC2AAX 1
DCCSRC2ABX 1
DCCSRC2AEX 1

DCCSRC2BAX 1

DCCSRC2BBX 1

DCCSRC2BDX 1

DCCSRC2BEX 1

DCCSRC2BFX 1

DCCSRC3ABX 1

DCCSRC3ACX 1

DCCSRC3ADX 1

DCCSRC3AGX 1
DCCSRC3AHX 1

DCCSRC3AJX 1
DCCSRC3AKX 1

DCCSRC3ALX 1

DCCSRC3AMX 1
DCCSRC3ANX 1
DCCSRC3APX 1
DCCSRC3AQX 1
DCCSRC3ARX 1
DCCSRC3ASX 1
DCCSRC3ATX 1
DCCSRC3AUX 1
DCCSRC3BBX 1
DCCSRC3BCX 1
DCCSRC3BDX 1
DCCSRC3BEX 1
DCCSRC3BFX 1
DCCSRC3BJX 1
DCCSRC3BKX 1
DCCSRC3BLX 1
DCCSRC3BMX 1
DCCSRC3BPX 1

DCCSRC3BQX 1
DCCSRC3BRX 1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

H
H
H

H
H

H

H

H
H

H

H

H

H

H
H

H
H
H

H

H
H

H

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

H
H
H

H

Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect

Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch

FUDCPDPAB02A/05 Transfers Open (To Reactor Trip Switchgear)
DCPDPAB02A/06 Transfers Open (To AuxiliaryBuilding Panel A2)
DCPDPAB02B/01 Transfers Open (To H2 Recombiner B Control Pnl)
DCPDPAB02B/02 Transfers Open (To Boron R&WD Panel W2)
FUDCPDPAB02B/05 Transfers Open (To Reactor Trip Switchgear)
DCPDPAB03A/01 Transfers Open (To Charging Pump A Alt DC)
DCPDPCB02A/01 Transfers Open (To Battery Charger A)
DCPDPCB02A/02 Transfers Open (To Main DC Distribution Pnl A)
DCPDPCB02A/05 Transfers Open (To Battery Charger A1)
DCPDPCB02B/01 Transfers Open (To Battery Charger B)
DCPDPCB02B/02 Transfers Open (To Main DC Panel B)
DCPCB02B/04 Transfers Open (To Turbine Building DC Dist Pnl)
DCPDPCB02B/05 Transfers Open (To Screen House DC Dist Pnl B)
DCPDPCB02A/06 Transfers Open (To Battery Charger B1)
DCPDPCB03A/02 Transfers Open (To MCC B)
DCPDPCB03A/03 Transfers Open (To MCC H)
DCPDPCB03A/04 Transfers Open (To Rod Drive MG Set Ctrl Pnl)
DCPDPCB03A/07 Transfers Open (To D/G A DC Dist Panel A)
DCPDPCB03A/08 Transfers Open (To Bus 11A)
DCPDPCB03A/09 Transfers Open (To Bus 12A)
DCPDPCB03A/10 Transfers Open (To Bus 13)
DCPDPCB03A/11 Transfers Open (To Screen House Dist Panel A)
DCPDPCB03A/12 Transfers Open (To TDAFW Valve 3505A)
DCPDPCB03A/13 Transfers Open (To MFW Pump A Oil Pump)
DCPDPCB03A/P Transfers Open (To MCB Distribution Panel A)
DCPDPCB03A/15 Transfers Open (To Inverter A)
DCPDPCB03A/16 Transfers Open (To PA System Inverter)
DCPDPCB03A/17 Transfers Open (To Battery Room Vent Ctrl Pnl)
DCPDPCB03A/18 Transfers Open (To Bus 14 UV Control)
FUDCPDPCB03A/19 Transfers Open (To Auxiliary Bldg Panel 1A)
DCPDPCB03B/02 Transfers Open (To MOV 5171)
DCPDPCB03B/03 Transfers Open (To Rod Drive MG Set Ctrl Panel)
DCPDPCB03B/04 Transfers Open (To MCC J)
DCPDPCB03B/05 Transfers Open (To MCC K)
DCPDPCB03B/06 Transfers Open (To MOV 3996)
DCPDPCB03B/09 Transfers Open (To MCB DC Distribution Panel B)
DCPDPCB03B/10 Transfers Open (To Bus 11B — Norm, 12A - Emerg)
DCPDPCB03B/11 Transfers Open (To Bus 12B - Norm, 11A — Emerg)
DCPDPCB03B/12 Transfers Open (To Bus 15 — Norm, 13 — Emerg)
DCPDPCB03B/14 Transfers Open (To MFW Pump B DC Oil Pump)
DCPDPCB03B/15 Transfers Open (To Inverter B)
DCPDPCB03B/16 Transfers Open (To D/G B DC Dist Panel B)
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Table
Integrated C. BE File

Basic Event C Factor Units Descri tion
DCCSRC3BSX 1
DCCSRC3BTX 1
DCCSRC3BUX 1
DCCSRC4AAX 1
DCCSRC4ABX 1
DCCSRC4ACX 1
DCCSRC4ADX 1
DCCSRC4AEX 1
DCCSRC4AFX 1
DCCSRC4AGX 1

DCCSRC4AHX 1

DCCSRC4AJX 1

DCCSRC4AMX 1

DCCSRC4ANX 1
DCCSRC4APX 1

DCCSRC4AQX 1
DCCSRC4ARX 1

DCCSRC4ASX 1

DCCSRC4ATX 1
DCCSRC4AVX 1
DCCSRC4AWX 1

DCCSRC4BAX 1

DCCSRC4BBX l
DCCSRC4BDX 1
DCCSRC4BFX 1
DCCSRC4BHX 1
DCCSRC4BJX 1
DCCSRC4BKX 1
DCCSRC4BNX 1
DCCSRC4BPX 1
DCCSRC4BQX 1
DCCSRC4BSX 1
DCCSRC4BTX 1
DCCSRC4BUX 1
DCCSRC4BVX 1
DCCSRC4BXX 1
DCCSRCB1AX 1
DCCSRCB1BP 1
DCCSRD1ACX 1
DCCSRD1ADX 1
DCCSRDlBAX 1

DCCSRD1BCX 1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect

Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Switch
Swi'tch

DCPDPCB03B/17 Transfers Open
DCPDPCB03B/18 Transfers Open
DCPDPCB03B/19 Transfers Open
DCPDPCB04A/01 Transfers Open
DCPDPCB04A/02 Transfers Open
DCPDPAB01A/03 Transfers Open
DCPDPAB04A/04 Transfers Open
DCPDPCB04A/E Transfers Open
DCPDPCB04A/06 Transfers Open
DCPDPCB04A/07 Transfers Open
DCPDPCB04A/08 Transfers Open
DCPDPCB01A/09 Transfers Open
DCPDPCB04A/12 Transfers Open
DCPDPCB04A/N Transfers Open
DCPDPCB04A/14 Transfers Open
DCPDPCB04A/15 Transfers Open
DCPDPCB04A/16 Transfers Open
DCPDPCB04A/17 Transfers Open
DCPDPAB04A/18 Transfers Open
DCPDPCB04A/20 Transfers Open
DCPDPCB04A/21 Transfers Open
DCPDPCB04B/01 Transfers Open
DCPDPCB04B/02 Transfers Open
DCPDPAB04B/04 Transfers Open
DCPDPAB04B/06 Transfers Open
DCPDPCB04B/08 Transfers Open
DCPDPCB04B/09 Transfers Open
DCPDPCB04B/10 Transfers Open
DCPDPCB04B/13 Transfers Open
DCPDPCB01B/14 Transfers Open
DCPDPCB04B/15 Transfers Open
DCPDPCB04B/17 Transfers Open
DCPDPCB04B/18 Transfers Open
DCPDPCB04B/19 Transfers Open
DCPDPCB04B/20 Transfers Open
DCPDPCB04B/22 Transfers Open
DCPDPCB01A Transfers Open
DCPDPCB01B Transfers Open
DCPDPDG01A/03 Transfers Open
DCPDPDG01A/04 Transfers Open
DCPDPDG01B/01 Transfers Open
DCPDPDG01B/03 Transfers Open

TDAFW Valve 3504A)
us 16 UV Control)
uxiliaryBldg DC Panel B)
PS Switchgear Train A)

Main Transformer Ann)
AT 11 Annuciator)
AT N12A Annunciator)
B Alarm System)
team Dump Valves Train A)
ockout & Diff Relays)
us 11A UV Relays)
2 Monitor Valves)
I-Al Train A)
Racks Train A)

Q 483 Inverter)
eactor Trip Targets)
ondensate Booster Pumps)
irculating Water Pumps)
CS Head Vent Valves)
NMT Isolation Rack CI-A1)

Turbine Trip Relays)
PS Switchgear Train B)
team Dump Valves, TDAFW)
ockout and Diff Relays)
ontrol Room Vent Radiation)
LTR-2)
I-B1 Train B)

RA Racks Train B)
2 Monitor Vlvs 923 and 924)
irc Water Trip Logic Rly)
CB Annuciator Standby Pwr)
us 11B UV Relays)
CS Head Vent Vlvs Train B)
NMT Isolation Rack CI-B1)
ontrol Room Vent Fan)
CB Alarm System)

(To
(To B
(To A
(To P
(To
(To S
(To S

(To MC
(To S
(To L
(To B
(To H
(To S

(To RA
(To M

(To R
(To C
(To C
(To R
(To C
(To
(To P
(To S
(To L
(To C
(To R
(To S
(To
(To H
(To C
(To M
(To B
(To R
(To C
(To C
(To M

D/G A — Normal)
D/G B - Emergency)
Breaker 52/EG1B3)
D/G B - Normal)

(To
(To
(To
(To
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Table~.7-2
Integrated C~A BE File

Basic Event C Factor Units Descri tion

DCCSRDlBDX 1
DCCSRS1AAX 1
DCCSRS1ABX 1
DCCSRS1ADX 1
DCCSRS1BAX 1
DCCSRS1BBX 1
DCCSRS1BFX 1
DCCSRSlBGX 1
DCCSRS1BHX 1

DCCSRT1BCX 1

DCCSRT1BDX t
DCCSRT1BEX 1

DCCSRT1BHX 1

DCCSRT1BJX 1

DCCSRT1BLX 1

DCCSRT1BNX 1

DCINFBUS1A 1

DCINFBUS1B 1

DCINFMQ483 1

DCMMOBATTA
DCMMOBATTB
DCMMAB01AA
DCMMAB01AB
DCMMAB01AC
DCMMAB01AD
DCMMAB01AE
DCMMAB01AF
DCMMAB01BA
DCMMAB01BB
DCMMAB01BC
DCMMAB01BD
DCMMABOlBE
DCMMAB01BF
DCMMAB02AA
DCMMAB02AB
DCMMAB02AE
DCMMAB02BA
DCMMAB02BB
DCMMAB02BE
DCMMAB03AA
DCMMAUXOOA
DCMMAUXOOB

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

4.746E-05
4.746E-OS
3.556E-05
3.556E-OS
3.556E-OS
3.556E-05
3.556E-05
3.556E-OS
3.556E-OS
3.556E-05
3.556E-OS
3.556E-OS
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-OS
3.556E-OS
3.556E-05
3.556E-05
3.556E-OS
3.556E-05

Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Disconnect
Failure Of
Faulure Of
Failure Of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of
Failure of

Switch DCPDPDG01B/04 Transfers Open (To D/G A — Emergency)
Switch DCPDPSH01A/01 Transfers Open (To Bus 17 — Emergency)
Switch DCPDPSH01A/02 Transfers Open (To Bus 13 — Normal)
Switch DCPDPSH01A/04 Transfers Open (To Bus 18 and 17 UV Ctr
Switch DCPDPSH01B/01 Transfers Open (To Travelling Screen Ct
Switch DCPDPSH01B/02 Transfers Open (To MCC G)
Switch DCPDPSH01B/06 Transfers Open (To Bus 18 - Emergency)
Switch DCPDPSH01B/07 Transfers Open (To Bus 17 — Normal)
Switch DCPDPSH01B/08 Transfers Open (To Bus 17 - Norm UV Ctr
Switch DCPDPTB01B/03 Transfers Open (To Hydrogen Panel)
Switch DCPDPTB01B/04 Transfer's Open (MCC A)
Switch DCPDPTB01B/05 Transfers Open (To MCC F)
Switch DCPDPTB01B/08 Transfers Open (To IBELIP Inverter)
Switch DCPDPTB01B/09 Transfers Open (To Fire Relay Panel)
Switch DCPDPTB01B/11 Transfers Open (To'uclear Sample Panel
Switch DCPDPTB01B/13 Transfers Open (To TDAFW Pump Oil Pump)
Instrument Bus A (IBPDPCBAR) Inverter INVTA
Instrument Bus C (IBPDPCBCB) Inverter INVTB
120 VAC Inverter MQ483
Battery A (BTRYA) To Battery A Main DC Fuse Cabinet
Battery B To Battery B Main DC Fuse Cabinet
Circuit E60 (To MCC E)
Circuit E61 (To MCC C)
Circuit E282 (To MCC C Auxiliary Circuit Breaker Cabinet)
Circuit E63 (To Bus 14 — Normal)
Circuit E169 (To Bus 16 — Emergency)
Circuit E62 (To SI Pump Fan Control Panel)
Circuit E166 (Circuit E166)
Circuit E167 (To MCC D)
Circuit E170 (To Gas Analyzer Control Panel)
Circuit E168 (To Bus 16 — Normal)
Circuit E64 (To Bus 14 - Emergency)
Circuit E284 (To MCC D Auxiliary Circuit Breaker Cabinet)
Circuit E222 (To H2 Recombiner A Control Panel)
Circuit E225 (To Boron R&WD Control Panel Wl)
Circuit E224 (To Reactor Trip Switchgear Breaker RTA/BYB)
Circuit E232 (To H2 Recombiner B Control Panel)
Circuit E235 (To Boron R&WD Control Panel W2)
Circuit E233 (To Reactor Trip Switchgear Breaker RTB/BYA)
Circuit E307 (To Charging Pump A Alternate DC Power)
Circuit E128 (To Auxiliary Building DC Distribution Panel A)
Circuit E128 (To Auxiliary Building DC Distribution Panel B)

1 Cab)rl Pnl)

1 Cab)
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Table -2
Integrated C. BE File

Basic Event Factor Units Descri tion

DCMMAUXOA2
DCMMCB03AB
DCMMCB03AC
DCMMCB03AD
DCMMCB03AH
DCMMCB03AJ
DCMMCB03AK
DCMMCB03AM
DCMMCB03AN
DCMMCB03AQ
DCMMCB03AR
DCMMCB03AS
DCMMCB03AT
DCMMCB03BB
DCMMCB03BC
DCMMCB03BD
DCMMCB03BE
DCMMCB03 BF
DCMMCB03BK
DCMMCB03 BL
DCMMCB03 BM
DCMMCB03BP
DCMMCB03BQ
DCMMCB03BS
DCMMCB03BT
DCMMCB04AA
DCMMCB04AB
DCMMCB04AC
DCMMCB04AD
DCMMCB04AE
DCMMCB04AF
DCMMCB04AG
DCMMCB04AH
DCMMCB04AJ
DCMMCB04AM
DCMMCB04AN
DCMMCB04AP
DCMMCB04AQ
DCMMCB04AR
DCMMCB04AS
DCMMCB04AT
DCMMCB04AV

3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.556E-OS
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-OS
3.556E-OS
3.556E-OS
3.556E-OS
3.556E-05
3.556E-05
3.556E-OS
3.556E-OS
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.556E-OS
3.556E-OS
3.556E-05
3.556E-OS
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.S56E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.556E-05
3.556E-OS

Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit.
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit
Circuit

E306 (To Auxiliary Building DC Distribution Panel A2)
E21 (To MCC B)
E22 (To MCC H)
E40 (To Rod Drive MG Set Control Panel)
E25 (To Bus 11A - Normal, Bus 12B — Emergency)
E26 (To Bus 12A — Normal, Bus 11B — Emergency)
E28 (To Bus 13 — Normal, Bus 15 - Emergency)
E32 (To TDAFW Valve 3505A)
E41 (To MFW Pump A DC Oil Pump)
ESO (To Inverter A)
XXXX (To PA System Inverter)
C5136 (To Battery Room Ventilation Control Panel)
E274 (To Bus 14 — Normal, Bus 16 - Emergency UV Ctrl Cab)
E81 Control Panel (To MOV 5171)
E86 (To Rod Drive MG Set Control Panel)
E91 (To MCC J)
E92 (To MCC K)
E93 (To MOV 3996)
E104 (To Bus 11B — Normal, Bus 12A — Emergency)
E105 (To Bus 12B — Normal, Bus 11A — Emergency)
E107 (To Bus 15 - Normal, Bus 13 — Emergency)
E116 (To MFW Pump B DC Oil Pump)
E123 (To Inverter B)
E108 (To TDAFW Steam Admission Valve 3504A)
E27S (To Bus 16 — Normal, Bus 14 — Emergency UV Ctrl Cab)
E201 (To PPS Switchgear Unit 6 Train A)
T7 (To Main Transformer Annunciator)
T18 (To Station Auxiliary Transformer 111 Annunciator)
T27 (To Station Auxiliary Transformer N12A Annunciator)
XXXX (To MCB Alarm System)-
XXXX (To Steam Dump Valves Train A)
XXXX (To Lockout and Differential Relays)
E202 (To Bus 11A UV Relays)
To H2 Monitor Isolation Valves 921 and 922
E214 (To SI-A1 Train A)
E21S (To RA Racks Train A)
E217 (To MQ 483 Inverter)
XXXX (To Reactor Trip Targets)
COC-1 (To Condensate Booster Pump Relay Panel)
M11A (To Circulating Water Pump Trip Logic Relays)
XXXX (To Reactor Overpressurization Heat Vent Valve Train A)
E266 (To Containment Isolation Rack CI-A1)
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Table 2
Integrated C BE File

Basic Event Factor Units Descri tion
DCMMCB04AW
DCMMCB04BA
DCMMCB04BB
DCMMCB04BD
DCMMCB04BF
DCMMCB04BH
DCMMCB04BJ
DCMMCB04BK
DCMMCB04BN
DCMMCB04BP
DCMMCB04 BQ
DCMMCB04BS
DCMMCB04BT
DCMMCB04BU
DCMMCB04BV
DCMMCB04BX
DCMMCHG01A
DCMMCHG01B
DCMMCHG1A1
DCMMCHG1B1
DCMMDG01AC
DCMMDG01AD
DCMMDG01BA
DCMMDG01BC
DCMMDG01BD
DCMMDGPNLA
DCMMDGPNLB
DCMMMAIN1A
DCMMMAIN1B
DCMMMCBOZA
DCMMMCB01B
DCMMSCRN1A
DCMMSCRN1B
DCMMSH01AA
DCMMSH01AB
DCMMSH01AD
DCMMSH01BA
DCMMSH01BB
DCMMSH01BF
DCMMSH01BG
DCMMSH01BH
DCMMTB01BC

3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.556E-OS
3.556E-05
3. 723 E-04
3.723E-04
3.723E-04
3.723E-04
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-OS
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05

Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure
Failure

of Circuits G888 and E213 (To Turbine Trip Aux Relays and Rack RLTR-1)
of Circuit E200 (To PPS Switchgear Unit 1 Train B)
of Circuit XXXX (To Steam Dump Valves, TDAFW Pump Govenor, MCB TB)
of Circuit XXXX (To Lockout and Differential Relays)
of Circuit E298 (To Control Room Ventilation Radiation Monitors)
of Circuit E210 (To RLTR-2)
of Circuit E211 (To SI-Bl Train B)
of Circuit E212 (To RA Racks Train B)
of Circuit To H2 Monitor Isolation Valves 923 and 924
of Circuit M178C (To Circulating Water Pump Trip Logic Relays)
of Circuit XXXX (To MCB Annunciator Standby Power)
of Circuit E203 (To Bus 11B UV Relays)
of Circuit XXXX (To RCS Overpressurization Head Vent Valves Train B)
of Circuit E267 (To Containment Isolation Rack CI-Bl)
of Circuit C5129 (To Control Room Ventilation Fan)
of Circuit XXXX (To MCB Alarm System)
of Battery Charger A (BYCA)
of Battery Charger B (BYCB)
of Battery Charger Al (BYCA1)
of Battery Charger Bl (BYCB1)
of Circuit E19 (To D/G A — Normal)
of Circuit E160 (To D/G B - Emergency)
of Circuit E300 (To Circuit Breaker 52/EG1B3)
of Circuit E89 (To D/G B — Normal)
of Circuit E18 (To D/G A - Emergency)
Of Circuit E20 (To D/G A DC Distribution Panel A)
Of Circuit E90 (To D/G B DC Distribution Panel B)
of Circuit E14 (To Main DC Distribution Panel 1A)
of Circuit E76 (To Main DC Distribution Panel B)
of Circuit E49 (To MCB DC Distribution Panel A)
of Circuit E103 (To MCB DC Distribution Panel 1B)
of Circuit E30 (To Screen House DC Distribution Panel A)
of Circuit E127 (To Screen House DC Distribution Panel 1B)
of Circuit E31 (Bus 17 - Emergency)
of Circuit E160 (To Bus 13 — Normal)
of Circuit XXXX (To Bus 18 - Normal, Bus 17 — Emergency UV Control Cab)
of Circuit E136 (To Travelling Screen Control Panel)
of Circuit E137 (To MCC G)
of Circuit E159 (To Bus 18 — Emergency)
of Circuit E31A (To Bus 17 - Normal)
of Circuit E270 (To Bus 17 - Normal, Bus 18 - Emerg UV Control Cabinet)
of Circuit E177 (To Hydrogen Panel)
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Table -2
Integrated C.. BE File

Basic Event C Factor Units Descri tion
DCMMTB01BD
DCMMTB01BE
DCMMTB01BH
DCMMTB01BJ
DCMMTBO1 BL
DCMMTB01BN
DCMMTBDIST
DCREB83 DGA
DCREB83 DG8
DCREBBUS13
DCREBBUS14
DCREBBUS15
DCREBBUS16
DCREBBUS17
DCREBBUS18
DCREE86MCC
DCREE86MCD
DCREEVFX1A
DCREEVFX1B
DCREEVFX2A
DCREEVFX2B
DCRTD011CX
DCRTD018CX
DGOOWINTER
DG011
DGORUNTRIP
DG113
DG11 5
DG209
DG226
DG234
DG32 6
DG334
DG359
DG400
DG600
DG70 0
DG800
DGCCOOORUN
DGCCOSTART
DGCCCV5919
DGCCCV5955

3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05
3.556E-05

1 1
1 1

1 1

1 1

1 11, 1

1 1

1 1

1
'1

1 1

1 1
1 1
1 1
1 1
1 1

1 1
0.1

1.59E-02

2.343E-03
3.597E-04
1.360E-05
1.360E-05
I

Failure of Circuit E178 (To MCC A)
Failure of Circuit E179 (To MCC F)
Failure of Circuit E301 (To IBELIP Inverter)
Failure of Circuit E174 (To Fire Relay Panel)
Failure of Circuit E187 (To Nuclear Sample Panel)
Failure of Circuit E191 (To TDAFW Pump DC Oil Pump)
Failure of Circuit E74 (To Turbine Building DC Distribution Panel)

N RELAY 83/DGA (THROWOVER) FAILS TO DEENERGIZE
N RELAY 83/DGB (THROWOVER) FAILS TO DEENERGIZE
N RELAY 83E/13 (BUS 13 DC THROWOVER) FAILS TO DEENERGIZE
N RELAY 83E/14 (BUS 14 DC THROWOVER) FAILS TO DEENERGIZE
N RELAY 83E/15 (BUS 15 DC THROWOVER) FAILS TO DEENERGIZE
N RELAY 83E/16 (BUS 16 DC THROWOVER) FAILS TO DEENERGIZE
N RELAY 83E/17 (BUS 17 DC THROWOVER) FAILS TO DEENERGIZE
N RELAY 83E/18 (BUS 18 DC THROWOVER) FAILS TO DEENERGIZE
N RELAY 86/MCCC FAILS TO ENERGIZE
N RELAY 86/MCCD FAILS TO ENERGIZE
N RELAY VFX1-A FAILS TO ENERGIZE
N RELAY VFX1-B FAILS TO ENERGIZE
N RELAY VFX2-A FAILS TO ENERGIZE
N RELAY VFX2-B FAILS TO ENERGIZE
N TIME'DELAY RELAY 11CX/TDl/EG1B1 FAILS TO ENERGIZE
N TIME DELAY RELAY 18CX/TD1/EG1A1 FAILS TO ENERGIZE

Extreme winter temperatures (< 6 F)
Loss Of Power To 480 VAC Bus 14 From KDG01A (DC Power Logic Clip)
DG RUNNING WITH OTHER DG IN T/M AND TRIPS FOLLOWING AN INITIATING EVENT
Large Loads On 480 VAC Bus 16 Fail To Shed Following An Undervoltage
No Starting Signal To KDG01B Following An Undervoltage On 480 VAC Bus 16
No Starting Signal To KDG01A Following An Undervoltage On 480 VAC Bus 14
480 VAC Bus 14 / Bus 13 Tie Circ. Breaker 52/BT14-13 (BUS14/19B) Fails To Open
KDG01A 480 VAC Circuit Breaker 52/EG1A1 (BUS14/18C) To Bus 14 Fails To Close
480 VAC Bus 16 / Bus 15 Tie Circ. Breaker 52/BT16-15 (BUS16/12B) Fails To Open
KDG01A 480 VAC Circuit Breaker 52/EG1B1 (BUS16/11C) To Bus 16 Fails To Close
Large Loads On 480 VAC Bus 14 Fail To Shed Following An Undervoltage
Loss Of Power To 480 VAC Bus 14 From Emergency Diesel Generator KDG01A
Loss Of Power To 480 VAC Bus 16 From Emergency Diesel Generator KDG01B
Loss Of power To 480 VAC Bus 17 From Emergency Diesel Generator KDG01B
Loss Of power To 480 VAC Bus 18 From Emergency Diesel Generator KDG01A
DIESEL GENERATORS FAIL TO RUN (COMMON CAUSE)
DIESEL GENERATORS FAIL TO START (COMMON CAUSE)
FOOT VALVES 5919/5920 FAIL TO OPEN (COMMON CAUSE)
CHECK VALVES 5955/5956 FAIL TO OPEN (COMMON CAUSE)
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Table
Integrated C. BE File

Basic Event C Factor Units Descri tion
DGCCCV5961
DGCCFDP012
DGCCFDP090
DGCCNOPRIM
DGCCPMA2AB
DGCCPMF2AB
DGCVC05919 1
DGCVC05920 1
DGCVC05955 1

DGCVCOS9S6 1

DGCVCCCF$ $
DGCVN05919 1

DGCVN05920 1

DGCVN05955 1

DGCVN05956 1

DGCVN05961 1
DGCVN05962 1

DGCVNCCF$ $
DGCWINTAKE
DGDGA0001A 1
DGDGA0001B 1
DGDGACCF$ $
DGDGF0001A 1
DGDGF0001B 1
DGDGFCCF$ $
DGFDP05919 1
DGFDP05920 1
DGFDPCCF$ $
DGFDPJDG01 1
DGFDPJDG02 1
DGMMOAAF04
DGMMOFILLA
DGMMOFILLB
DGMM12A014
DGMM12A018
DGMM12B016
DGMM12B017
DGMM1ATO14
DGMM1ATO18
DGMM1BTO16
DGMM1BTO17
DGMMACF08A

1.360E-05
6.384E-05
6.384E-05
3.580E-05
1.180E-04
1.778E-04

1
1
1

1

0.1
1

1

1

1

1

1
0.1

0.583
1
1

7. 37E-02
24
24

7.81E-02
24
24

0.1
24
24

3.852E-03
3.425E-03
3.732E-03
3.901E-03
3.901E-03
3.901E-03
3.901E-03
3.933E-03
3.933E-03
3.933E-03
4.887E-03
3.852E-03

CHECK VALVES 5961/5962 FAIL TO OPEN (COMMON CAUSE)
FUEL OIL STRAINERS JDG01/02 PLUG (COMMON CAUSE)
FOOT VALVE 5919/5920 STRAINERS PLUG (COMMON CAUSE)
CHECK AND FOOT VALVES FAIL TO CLOSE (COMMON CAUSE)
FUEL OIL PUMPS PDG02A/02B FAII TO START (COMMON CAUSE)
FUEL OIL PUMPS PDG02A/02B FAIL TO RUN (COMMON CAUSE)
FOOT VALVE 5919 FAILS TO CLOSE
FOOT VALVE 5920 FAILS TO CLOSE
CHECK VALVE S955 FAILS TO CLOSE
CHECK VALVE 59S6 FAILS TO CLOSE
BETA FACTOR FOR FUEL OIL CHECK VALVES FAIL TO CLOSE
FOOT VALVE 5919 FAILS TO OPEN
FOOT VALVE 5920 FAILS TO OPEN
CHECK VALVE 5955 FAILS TO OPEN
CHECK VALVE 5956 FAILS TO OPEN
CHECK VALVE 5961 FAILS TO OPEN
CHECK VALVE 5962 FAILS TO OPEN
BETA FACTOR FOR DG FUEL OIL CHECK VALVES FAIL TO OPEN
CW INTAKE HEATERS ENERGIZED (OCT 1 TO MAY 1)
DIESEL GENERATOR KDG01A FAILS TO START
DIESEL GENERATOR KDG01B FAILS TO START
BETA FACTOR FOR DIESEL GENERATOR FAILS TO START

H DIESEL GENERATOR KDG01A FAILS TO RUN
H DIESEL GENERATOR KDG01B FAILS TO RUN

BETA FACTOR FOR DIESEL GENERATOR FAILS TO RUN
H FOOT VALVE 5919 STRAINER PLUGS
H FOOT VALVE 5920 STRAINER PLUGS

BETA FACTOR FOR FUEL OIL STRAINER PLUGS
H STRAINER JDG01 PLUGS
H STRAINER JDG02 PLUGS

AAF04 BREAKER FAILS TO OPEN FOR LOAD SHED
FAILURE OF 5907 AND 5907A TO SHIFT FROM RECIRC ALIGNMENT TO
FAILURE OF 5908 AND 5908A TO SHIFT FROM RECIRC ALIGNMENT TO
CIRCUIT BREAKER BUS14/18B FAILS TO OPEN
CIRCUIT BREAKER BUS18/31B FAILS TO OPEN
CIRCUIT BREAKER BUS16/11B FAILS TO OPEN
CIRCUIT BREAKER BUS17/25B FAILS TO OPEN
CIRCUIT BREAKER BUS14/18C FAILS TO CLOSE OR TRANSFERS OPEN
CIRCtjIT BREAKER BUS18/31C FAILS TO CLOSE OR TRANSFERS OPEN
CIRCUIT BREAKER BUS16/11C FAILS TO CLOSE OR TRANSFERS OPEN
CIRCUIT BREAKER BUS17/25C FAILS TO CLOSE OR TRANSFERS OPEN
ACF08A BREAKER FAILS TO OPEN FOR LOAD SHED

FILL ALIGNMENT
FILL ALIGNMENT
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Table -2
Integrated C. BE File

Basic Event

DGMMACF08B
DGMMACF08C
DGMMACF08D
DGMMBAEVAP
DGMMDEPLTA
DGMMDEPLTB
DGMMDG1AEP
DGMMDG1ANP
DGMMDG1 BE P

DGMMDG1 BNP

DGMMDGADAY
DGMMDGAFOL
DGMMDGATSW
DGMMDGBDAY
DGMMDGBFOL
DGMMDGBTSW
DGMMMCCC14
DGMMMCCD16
DGMMMCCG17
DGMMMCCG18
DGMMPAC01B
DGMMPAC02B
DGMMPAC07B
DGMMPAF01A
DGMMPAF01B
DGMMPCA01A
DGMMPCA02A
DGMMPCH01A
DGMMPCH01B
DGMMPCH01C
DGMMPDG02A
DGMMPDG02B
DGMMPSI01A
DGMMPSI01B
DGMMPSI01C
DGMMPSW01A
DGMMPSW01B
DGMMPSW01C
DGMMPSWOlD
DGMMRCW01A
DGMMRCWOlB
DGMMRCW01C

Factor

3.852E-03
3.852E-03
3.852E-03
3.901E-03
3.321E-03
3.604E-03
1.280E-04
5.155E-05
1.280E-04
5.1SSE-05
2.949E-04
1.01SE-03
7. 064E-04
2.949E-04
1.01SE-03
7.064E-04
2.045E-04
2.045E-04
3.852E-03
3.852E-03
3.852E-03
3.,852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
7.647E-03
7.647E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03
3.852E-03

Units Descri tion

ACF08B BREAKER FAILS TO OPEN FOR LOAD SHED
ACF08C BREAKER FAILS TO OPEN FOR LOAD SHED
ACF08D BREAKER FAILS TO OPEN FOR LOAD SHED
BORIC ACID EVAPORATOR PACKAGE REMAINS LOADED ON MCC D
OVERFILL OF TDG04A, CAUSING DEPLETION OF FUEL INVENTORY
OVERFILL OF TDG04B, CAUSING DEPLETION OF FUEL INVENTORY
FAILURE OF DGACP - KDG01A CONTROL PANEL — EMERGENCY DC SUPPLY FUSES
FAILURE OF DGACP — KDG01A CONTROL PANEL — NORMAL DC SUPPLY FUSES
FAILURE OF DGBCP - KDG01B CONTROL PANEL - EMERGENCY DC SUPPLY FUSES
FAILURE OF DGBCP - KDG01B CONTROL PANEL - NORMAL DC SUPPLY FUSES
Ft)EL OIL SUPPLY TO TDG04A RELATED FAULTS
DG A FUEL OIL SUPPLY RELATED FAULTS
TEMPERATURE SWITCHES FOR DG ROOM A FAIL HIGH
FUEL OIt SUPPLY TO TDG04B RELATED FAULTS
DG 1B FUEL OIL SUPPLY RELATED FAULTS
TEMPERATURE SWITCHES FOR DG ROOM B FAIL HIGH
MOTOR CONTROL CENTER C LOAD SHED RELAY (86/MCCC) FAILS TO ENERGIZE
MOTOR CONTROL CENTER D LOAD SHED RELAY (86/MCCD) FAILS TO ENERGIZE
BUS 17 TO MCCG BREAKER (BUS17/26C) FAILS TO OPEN FOR LOAD SHED
BUS 18 TO MCCG BREAKER (BUS18/30C) FAILS TO OPEN FOR LOAD SHED
PAC01B BREAKER FAILS TO OPEN FOR LOAD SHED
PAC02B BREAKER FAILS TO OPEN FOR LOAD SHED
PAC07B BREAKER FAILS TO OPEN FOR LOAD SHED
PAF01A BREAKER FAILS TO OPEN FOR LOAD SHED
PAF01B BREAKER FAILS TO OPEN FOR LOAD SHED
PCA01A BREAKER FAILS TO OPEN FOR LOAD SHED
PCA02A BREAKER FAILS TO OPEN FOR LOAD SHED
PCH01A BREAKER FAILS TO OPEN FOR LOAD SHED
PCH01B BREAKER FAILS TO OPEN FOR LOAD SHED
PCH01C BREAKER FAILS TO OPEN FOR LOAD SHED
LOSS OF FLOW FROM PDG02A
LOSS OF FLOW FROM PDG02B
PSI01A BREAKER FAILS TO OPEN FOR LOAD SHED
PSI01B BREAKER FAILS TO OPEN FOR LOAD SHED

PSW01A BREAKER FAILS TO OPEN FOR LOAD SHED
PSW01B BREAKER FAILS TO OPEN FOR LOAD SHED
PSW01C BREAKER FAILS TO OPEN FOR LOAD SHED
PSW01D BREAKER FAILS TO OPEN FOR LOAD SHED
EHTRCW01A BREAKER FAILS TO OPEN FOR LOAD SHED
EHTRCt'J01B BREAKER FAILS TO OPEN FOR LOAD SHED
EHTRCW01C BREAKER FAILS TO OPEN FOR LOAD SHED
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Table
Integrated C. BE File

Basic Event

DGMMRCW01D
DGMMRRCO1A
DGMMRRC01B
DGMMVFX12A
DGMMVFX12B
DGMPACCF$ $
DGMPAPDG2A 1
DGMPAPDG2B 1
DGMPFCCF$ $
DGMPFPDG2A 1

DGMPFPDG2B 1
DGPSH2050A 1

DGPSH2051A 1

DGPSL2050A 1

DGPSL2051A 1

DGREEOAR93 1

DGREEOAR94 1

DGRVR05959 1

DGRVR05960 1
DGSVP05907 1
DGSVP05908 1
DGSVPS907A 1
DGSVP5908A 1
DGSVX05907 1
DGSVX05908 1
DGSVX5907A 1
DGSVX5908A 1
DGTKJDG01A 1
DGTKJDG01B 1
DGTM00001A
DGTM00001B
DGTSH05327 1
DGTSH05328 1
DGTSH05329 1
DGTSH05330 1
DGTSL05327 1
DGTSL05328 1
DGTSL05329 1

DGTSL05330 1
DGXVK05847 1

DGXVK05948 1
DGXVK05949 1

Factor

3.852E-03
3.852E-03
3.852E-03
5.852E-09
5.852E-09

0.1
1
1

0.1
24
24

384
720
384
720

1
1

24
24

384
384
384
384
384
384
384
384

24
24

5.86E-03
5.86E-03

384
384
384
384
384
384
384
384
720
720
384

Units Descri tion

LEVEL IN TDG04A
LEVEL IN TDG04B
EVEL IN TDG04A
EVEL IN TDG04B

MAINTENANCE
MAINTENANCE

EHTRCW01D BREAKER FAILS TO OPEN FOR LOAD SHED
EHTRRC01A BREAKER FAILS TO OPEN FOR LOAD SHED
EHTRRC01B BREAKER FAILS TO OPEN FOR LOAD SHED
RELAYS VFX1-A AND VFX2-A FAIL TO ENERGIZE
RELAYS VFX1-B AND VFX2-B FAIL TO ENERGIZE
BETA FACTOR FOR FUEL OIL TRANSFER PUMPS FAIL TO START
FUEL OIL PUMP PDG02A FAILS TO START
FUEL OIL PUMP PDG02B FAILS TO START
BETA FACTOR FOR FUEL OIL TRANSFER .PUMPS FAIL TO RUN

H FUEL OIL PUMP PDG02A FAILS TO RUN
H FUEL OIL PUMP PDG02B FAILS TO RUN
H PRESSURE SNITCH LC-2050A FAILS, INDICATING FALSE HIGH
H PRESSURE SWITCH LC=2051A FAILS, INDICATING FALSE HIGH
H PRESSURE SNITCH LC-2050A FA'ILS, INDICATING FALSE LON L
H PRESSURE SWITCH LC-2051A FAILS, INDICATiNG FALSE LOW L

RELAY AR93 FAILS TO ENERGIZE
RELAY AR94 FAILS TO ENERGIZE

H RELIEF VALVE 5959 SPURIOUSLY OPENS
H RELIEF VALVE 5960 SPURIOUSLY OPENS
H SOLENOID 5907 FAILS TO OPEN
H SOLENOID VALVE 5908 FAILS TO OPEN
H SOLENOID 5907A FAILS TO OPEN
H SOLENOID VALVE 5908A FAILS TO OPEN
H SOLENOID 5907 FAILS TO CLOSE
H SOLENOID VALVE 5908 FAILS TO CLOSE
H SOLENOID 5907A FAILS TO CLOSE
H SOLENOID VALVE 5908A FAILS TO CLOSE
H TANK TDG01A RUPTURE
H TANK TDG01B RUPTURES

DIESEL GENERATOR KDG01A UNAVAILABLEDUE TO TESTING OR
DIESEL GENERATOR KDG01B UNAVAILABLEDUE TO TESTING OR

H TEMPERATURE SNITCH 5327 FAILS HIGH
H TEMPERATURE SWITCH 5328 FAILS HIGH
H TEMPERATURE SWITCH 5329 FAILS HIGH
H TEMPERATURE SWITCH 5330 FAILS HIGH
H TEMPERATURE SWITCH 5327 FAILS LOW
H TEMPERATURE SNITCH 5328 FAILS LON
H TEMPERATURE SWITCH 5329 FAILS LOW
H TEMPERATURE SWITCH 5330 FAILS LOW
ki MANUAL VALVE 5847 TRANSFERS CLOSED
H MANUAL VALVE 5948 TRANSFERS CLOSED
H MANUAL VALVE 5949 TRANSFERS CLOSED
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Table -2
Integrated C. BE File

Basic Event C Factor Units Descri tion
DGXVK05950 1
DGXVK05953 1
DGXVK05954 1
DGXVK05963 1
DGXVK05964 1
DGXVK05965 1
DGXVK05966 1
DGXVK05973 1
DGXVK0597 4 1

DGXVK5947A 1

DGXVKS948A 1

ES002
ES039
ES044
ES047
ES102
ES139
ES144
ES147
ES159
ES180
ES180A
ES226
ES250
ES360
ES450
ES540
ES550
ES570
ES575
ES800
ES900
ES910
ES920
ESBIN0401A 1
ESBIN0402A 1
ESBIN0403A 1
ESBIN0404A 1
ESBIN0429C 1
ESBIN0430E 1
ESBIN0431G 1

ESBIN0464A 1

384
384
384
384
384
384
384
720
720
720
720

1.00E-03

1.00E-03
1.00E-03

1.00E-03

1E-3

.1
1
1
1
1
1
1

1

MANUAL VALVE 5950 TRANSFERS CLOSED
MANUAL VALVE 5953 TRANSFERS CLOSED
MANUAL VALVE 5954 TRANSFERS CLOSED
MANUAL VALVE S963 TRANSFERS CLOSED
MANUAL VALVE 5964 TRANSFERS CLOSED
MANUAL VALVE S965 TRANSFERS CLOSED
MANUAL VALVE 5966 TRANSFERS CLOSED
MANUAL VALVE S973 TRANSFERS CLOSED
MANUAL VALVE 5974 TRANSFERS CLOSED
MANUAL VALVE 5947A TRANSFERS CLOSED
MANUAL VALVE 5948A TRANSFERS CLOSED
SAFETY INJECTION SIGNAL AUXILIARY.RELAY SI-10X FAILS TO ENERGIZE
SAFETY INJECTION SIGNAL AUXILIARYRELAY SI-11X FAILS TO ENERGIZE
Safety Injection Signal Auxiliary Relay SI-17X Fails To Energize <Transfer>
SAFETY INJECTION SIGNAL AUXILIARYRELAY SI-18X FAILS TO ENERGIZE
SAFETY INJECTION SIGNAL AUXILIARYRELAY SI-20X FAILS TO ENERGIZE
SAFETY INJECTION SIGNAL AUXILIARYRELAY SI-21X FAILS TO ENERGIZE
Safety Injection Signal Auxiliary Relay SI-27X Fails To Energize <Transfer>
SAFETY INJECT SIGNAL AUXILIARYRELAY SI-28X FAILS TO ENERGIZE
Steam Line Isolation Loop A Master Relay MS2 Fails To Energize
Steam Line Isolation Loop A Master Relay MS1 Fails To Energize
Steam Line Isolation Loop B Master Relay MS4 Fails To Energize
Steam Line Isolation Loop B Master Relay MS3 Fails To Energize
Containment Spray Initiation Signal Master Relay Sl Fails To Energize On Demand
Containment Ventilation Isolation Master Relay V2 Fails to Energize
Containment Spray Initiation Signal Master Relay S2 Fails To Energize On Demand
ESFAS Signal For Safety Injection Train A Is Unavailable
ESFAS Signal For Safety Injection Train B Is Unavailable
Containment Isolation Signal Train B Relay C25X Fails to Energize
Containment Isolation Signal Train A Relay C15X Fails to Energize
Loss Of 125 VDC Control Power To Rack SIA1
Conditions For A Safety Injection (SI) Actuation Exist
CONTAINMENT ISOLATION HAS OCCURRED
Conditions Which Do Not Cause An Early SI Signal
RCS Loop A Tavg Dual Alarm / Comparator TC-401A Circuit Fails To Respond
RCS Loop A Tavg Dual Alarm / Comparator TC-402A Circuit Fails To Respond
RCS Loop B Tavg Dual Alarm / Comparator TC-403A Circuit Fails To Respond
RCS Loop B Tavg Dual Alarm / Comparator TC-404A Circuit Fails To Respond
Dual Alarm / Comparator PC-429C Circuit Fails To Respond On Demand
Dual Alarm / Comparator PC-430E Circuit Fails To Respond On Demand
Dual Alarm / Comparator PC-431G Circuit Fails To Respond On Demand
Steam Generator A Bistable Circuit FC-464A Fails To Respond On Demand
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Table
Integrated C.. ~BE File

Basic Event Factor Units Descri tion

ESBIN0465A 1
ESBIN0468A 1
ESBIN0469A 1
ESBIN0474A 1
ESBIN0475A 1
ESBIN0478A 1
ESBIN0479A 1

ESBIN0482A 1
ESBIN0483A 1

ESBIN945AB 1

ESBIN946AB 1

ESBIN947AB 1

ESBIN948AB 1

ESBIN949AB 1

ESBIN950AB 1

ESCCOSIAUX
ESCCMASTER
ESCCMSIAGA
ESCFRSIAF1 1
ESCFRSIAF2 1
ESCFRSIBF1 1

ESCFRSIBF2 1
ESFTL00464 2
ESFTL00465 2
ESFTL00474 2
ESFTL00475 2
ESHFDOOOSI
ESLCD01C2X 1
ESLCDLT461 1
ESLCDLT462 1
ESLCDLT463 1
ESLCDLT471 1
ESLCDLT472 1
ESLCDLT473 1
ESMMSIAlDC
ESMMSIBlDC
ESPTDPT429 1
ESPTDPT430 1
ESPTDPT431 1
ESPTDPT468 1
ESPTDPT469 1
ESPTDPT478 1

7.650E-06
7.650E-06
7.650E-06

4

8760
8760
8760
8760
1E-4
4392
4404
4404
4404
4404
4404
4404

2.864E-07
2.864E-07

6594
6594
6594
6594
6594
6594

DC Fuse Failures to Rack SIB1
Pressurizer Low Pressure Transmitter
Pressurizer Low Pressure Transmitter
Pressurizer Low Pressure Transmitter
SG A Low Pressure Transmitter PT-468
SG A Low Pressure Transmitter PT-469
SC B Low Pressure Transmitter PT-478

PT-429 Fails To Respond On Demand
PT-430 Fails To Respond On Demand
PT-431 Fails To Respond On Demand
Fails To Respond On Demand
Fails To Respond On Demand
Fails To Respond On Demand

Steam Generator A Bistable Circuit FC-465A Fails To Respond On Demand
SG A Low Pressure Bistable PC-468A Circuit Fails To Respond On Demand
SG A Low Pressure Bistable PC-469A Circuit Fails To Respond On Demand
Steam Generator B Bistable Circuit FC-474A Fails TO Respond On Demand
Steam Generator B Bistable Circuit FC-475A Fails To Respond On Demand
SG B Low Pressure Bistable PC-478A Circuit Fails To Respond On Demand
SG B Low Pressure Bistable PC-479A Circuit Fails To Respond On Demand
SG A Low Pressure Bistable PC-482A Circuit Fails To Respond On Demand
SG B Low Pressure Bistable PC-483A Circuit Fails To Respond On Demand
Dual Alarm / Comparator PC-945A/B Circuit Fails To Respond On Demand
Dual Alarm / Comparator Circuit PC-946A/B Fails To Respond On Demand
Dual Alarm / Comparator PC-947A/B Circuit Fails To Respond On Demand
Dual Alarm / Comparator Circuit PC-948A/B Fails To Respond On Demand
Dual Alarm / Comparator PC-949A/B Circuit Fails To Respond On Demand
Dual Alarm / Comparator Circuit PC-950A/B Fails To Respond On Demand
Common Cause Failure Of Safety Injection Signal Auxiliary Relays
Common Cause Failure OF Safety Injection Signal Master Relays
Common Cause Failure Of SI Agastat Time Delay Relays
Fuse FUSIA1/SIAF1-P Fails Open
Fuse FUSIA1/SIAF2-N Fails Open
Fuse FUSIB1/SIBF1-P Fails Open
Fuse FUSIB/SIBF2-N Fails Open
Steam Generator A Flow Transmiter FT-464 Fails To Respond
Steam Generator A Flow Transmiter FT-465 Fails To Respond
Steam Generator B Flow Transmiter FT-474 Fails To Respond On Demand
Steam Generator B Flow Transmiter FT-475 Fails To Respond On Demand
Operators Fail To Manually Actuate A Safety Injection Signal When Required
Logic circuit failure of 2/1C2X
Logic circuit failure in LT-461 loop
Logic circuit failure in LT-462 loop
Logic circuit failure in LT-463 loop
Logic circuit failure in LT-471 loop
Logic circuit failure in LT-472 loop
Logic circuit failure in LT-473 loop
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Table 7-2
Integrated C. A BE File

Basic Event C Factor Units Descri tion
ESPTDPT479 1
ESPTDPT482 1
ESPTDPT483 1
ESPTDPT945 1
ESPTDPT946 1
ESPTDPT947 1
ESPTDPT948 1
ESPTDPT949 1
ESPTDPT950 1

ESPXFPQ945 1

ESPXFPQ946 1

ESPXFPQ947 1

ESPXFPQ948 1

ESPXFPQ949 1

ESPXFPQ950 1

ESRAFORM11 1
ESRAFORM12 1
ESREB01AX1 1
ESREB01AX2 1

ESREB02AX1 1

ESREB02AX2 1
ESREB03AX1 1

ESREB03AX2 1
ESREB04AX1 1
ESREB04AX2 1
ESREB29CX1 1

ESREB29CX2 1
ESREB30EX1 1
ESREB30EX2 1
ESREB31GX1 1
ESREB31GX2 1
ESREB45AX1 1
ESREB4SAX2 1
ESREB461X1 1
ESREB461X2 1
ESREB462X1 1
ESREB462X2 1
ESREB463X1 1
ESREB463X2 1
ESREB46AX1 1

ESREB46AX2 1
ESREB471Xl 1

6594
6594
6594
6594
6594
6594
6594
6594
6594

24
24
24
24
24
24
24
24

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.
1
1
1
1
1
1
1

1

SG B Low Pressure Transmitter PT-479 Fails To Respond On Demand
SG A Low Pressure Transmitter PT-482 Fails To Respond On Demand
SG B Low Pressure Transmitter PT-483 Fails To Respond On Demand
Containment High Pressure Transmitter PT-945 Fails To Respond On Demand
Containment High Pressure Transmitter PT-946 Fails To Respond On Demand
Containment High Pressure Transmitter PT-947 Fails To Respond On Demand
Containment High Pressure Transmitter PT-948 Fails To Respond On Demand
Containment High Pressure Transmitter PT-949 Fails To Respond On Demand
Containment High Pressure Transmitter PT-950 Fails To Respond On Demand
Containment High Pressure Instrument String Power Supply PQ-945 Fails
Containment High Pressure Instrument String Power Supply PQ-946 Fails
Containment High Pressure Instrument String Power Supply PQ-947 Fails
Containment High Pressure Instrument String Power Supply PQ-948 Fails
Containment High Pressure Instrument String Power Supply PQ-949 Fails
Containment High Pressure Instrument String Power Supply PQ-950 Fails
Radiation Monitor RM-11 Fails To Respond On Demand
Radiation Monitor RM-12 Fails To Respond On Demand
Steam Line A Isolation Signal Auxiliary Relay TC-401AX1 Fails To Deenergize
Steam Line Isolation Signal Auxiliary Relay TC-401AX2 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay TC-402AX1 Fails To Deenergize
Steam Line B Isolation Signal Auxiliary Relay TC-402AX2 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay TC-403AX1 Fails To Deenergize
Steam Line Isolation Signal Auxiliary Relay TC-403AX2 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay TC-404AX1 Fails To Deenergize
Steam Line Isolation Signal Auxiliary Relay TC-404AX2 Fails To Deenergize
Pressurizer Low Pressure Aux. Relay PC-429CX1 Fails To Deenergize On Demand
Pressurizer Low Pressure Aux. Relay PC-429CX2 Fails To Deenergize On Demand
Pressurizer Low Pressure Aux. Relay PC-430EX1 Fails To Deenergize On Demand
Pressurizer Low Pressure Aux. Relay PC-430EX2 Fails To Deenergize On Demand
Pressurizer Low Pressure Aux. Relay. PC-431GX1 Fails To Deenergize On Demand
Pressurizer Low Pressure Aux. Relay. PC-431GX2 Fails To Deenergize On Demand
Containment High Pressure Aux. Relay PC-945AXl Fails To Deenergize On Demand
Containment High Pressure Aux. Relay PC-945AX2 Fails To Deenergize On Demand
Relay LC461B-X-1 fails to de-energize
Relay LC461B-X-2 fails to de-energize
Relay LC462A-X-1 fails to de-energize
Relay LC462A-X-2 fails to de-energize
Relay LC463C-X-1 fails to de-energize
Relay LC463C-X-2 fails to de-energize
Steam Line A Isolation Signal Auxiliary Relay PC-946AX1 Fails To Deenergize
Steam Line Isolation Signal Auxiliary Relay PC-946AX2 Fails To Deenergize
Relay LC471B-X-1 fails to de-energize
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Table 2
Integrated C. BE File

Basic Event C Factor Units Descri tion
ESREB471X2 1
ESREB472X1 1
ESREB472X2 1
ESREB473X1 1
ESREB473X2 1

, ESREB47AX1 1
ESREB47AX2 1

ESREB48AX1 1
ESREB48AX2 1

ESREB49AX1 1

ESREB49AX2 1

ESREB50AX1 1

ESREB50AX2 1

ESREB50R11 1

ESREBSOR12 1

ESREB64AXl 1

ESREB64AX2 1

ESREB64BX1 1

ESREB64BX2 1

ESREB65AX1 1
ESREB6SAX2 1
ESREB65BX1 1
ESREB65BX2 1
ESREB68AX1 1
ESREB68AX2 1
ESREB69AX1 1
ESREB69AX2 1
ESREB74AX1 1
ESREB74AX2 1
ESREB74BX1 1
ESREB74BX2 1
ESREB75AX1 1
ESREB75AX2 1
ESREB75BX1 1
ESREB75BX2 1
ESREB78AX1 1
ESREB78AX2 1
ESREB79AX1 1
ESREB79AX2 1
ESREB82AX1 1
ESREB82AX2 1

ESREB83AX1 1

1
1
1
1
1
1
1
1
1
1
1
1

Relay LC471B-X-2 fails to de-energize
Relay LC472A-X-1 fails to de-energize
Relay LC472A-X-2 fails to de-energize
Relay LC473C-X-1 fails to de-energize
Relay LC473C-X-2 fails to de-energize
Containment High Pressure Aux. Relay PC-947AX1 Fails To Deenergize On Demand
Containment High Pressure Aux. Relay PC-947AX2 Fails To Deenergize On Demand
Steam Line A Isolation Signal Auxiliary Relay PC-948AX1 Fails To Deenergize
Steam Line Isolation Signal Auxiliary Relay PC-948AX2 Fails To Deenergize
Containment High Pressure Aux. Relay PC-949AX1 Fails To Deenergize On Demand
Containment High Pressure Aux. Relay PC-949AX2 Fails To Deenergize On Demand
Steam Line A Isolation Signal Auxiliary Relay PC-950AX1 Fails To Deenergize
Steam Line Isolation Signal Auxiliary Relay PC-950AX2 Fails To Deenergize
Radiation Monitoring Auxiliary Relay K850-R11 Fails To Deenergize On Demand
Radiation Monitoring Auxiliary Relay K850-R12 Fails To Deenergize On Demend
Steam Line A Isolation Signal Auxiliary Relay FC-464AX1 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-464AX2 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-464BX1 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-464BX2 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-465AX1 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-465AX2 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-465BX1 Fails To Deenergize
Steam Line A Isolation Signal Auxiliary Relay FC-465BX2 Fails To Deenergize
SG A Low Pressure Aux. Relay PC-468AX1 Fails To Deenergize On Demand
SG A Low Pressure Aux. Relay PC-468AX2 Fails To Deenergize On Demand
SG A Low Pressure Aux. Relay PC-469AX1 Fails To Deenergize On Demand
SG A Low Pressure Aux. Relay PC-469AX2 Fails To Deenergize On Demand
Steam Line B Isolation Signal Auxiliary Relay FC-474AX1 Fails To Deenergize
Steam Line B Isolation Signal Auxiliary Relay FC-474AX2 Fails To Deenergize
Steam Line B Isolation Signal Auxiliary Relay FC-474BX1 Fails To Energize
Steam Line B Isolation Signal Auxiliary Relay FC-474BX2 Fails To Energize
Steam Line B Isolation Signal Auxiliary Relay FC-475AX1 Fails To Deenergize
Steam Line B Isolation Signal Auxiliary Relay FC-475AX2 Fails To Deenergize
Steam Line B Isolation Signal Auxiliary Relay FC-475BX1 Fails To Deenergize
Steam Line B Isolation Signal Auxiliary Relay FC-475BX2 Fails To Deenergize
SG B Low Pressure Aux. Relay PC-478AX1 Fails To Deenergize On Demand
SG B Low Pressure Aux. Relay PC-478AX2 Fails To Deenergize On Demand
SG B Low Pressure Aux. Relay PC-479AX1 Fails To Deenergize On Demand
SG B Low Pressure Aux. Relay PC-479AX2 Fails To Deenergize .On Demand
SG A Low Pressure Aux. Relay PC-482AX1 Fails To Deenergize On Demand
SG A Low Pressure Aux. Relay PC-482AX2 Fails To Deenergize On Demand
SG B Low Pressure Aux. Relay PC-483AX1 Fails To Deenergize On Demand
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Table
Integrated C. BE File

Basic Event

ESREB83AX2 1
ESREEOOOC1 1
ESREEOOOC2 1
ESREEOOOS1- 1
ESREEOOOS2 1
ESREEOOOV1 1
ESREEOOOV2 1
ESREEOOMS1 1
ESREEOOMS2 1
ESREEOOMS3 1

ESREEOOMS4 1

ESREEOC15X 1

ESREEOC25X 1

ESREEOS10X 1

ESREEOS20X 1

ESREEOSIA1 1

ESREEOSIA2 1
ESREEOSIM1 1
ESREEOSIM2 1

ESREE45BX1 1
ESREE45BX2 1
ESREE46BX1 1
ESREE46BX2 1
ESREE47BX1 1
ESREE47BX2 1
ESREE48BX1 1
ESREE48BX2 1
ESREE49BX1 1
ESREE49BX2 1
ESREE50BX1 1
ESREESOBX2 1
ESREECCFSS 0
ESREELSGAA 1
ESREELSGAB 1
ESREELSGBA 1
ESREELSGBB 1
ESREEMFPA1 1

ESREEMFPA2 1
ESREEMFPB1 1
ESREEMFPB2 1
ESREEMFPXA 1

ESREEMFPXB 1

C Factor

1
1

1

1
1
1
1

1
1
1
1

.1
1

Units Descri tion

SG B Low Pressure Aux. Relay PC-483AX2 Fails To Deenergize On Demand
Containment Isolation Signal Master Relay C1 Fails To Energize On Demand
Containment Isolation Signal Master Relay C2 Fails To Energize On Demand
Containment Spray Actuation Signal Master Relay S1 Fails To Energize On Demand
Containment Spray Actuation Signal Master Relay S2 Fails To Energize On Demand
Containment Ventilation Isolation Signal Master Relay Vl Fails To Energize
Containment Ventilation Isolation Signal Master Relay V2 Fails To Energize
Steam Line A Isolation Signal Master Relay MS1 Fails To Deenergize On Demand
Steam Line B Isolation Signal Mast;er Relay MS2 Fails To Deenergize On Demand
Steam Line B Isolation Signal Master Relay MS3 Fails To Energize On Demand
Steam Line B Isolation Signal Master Relay MS4 Fails To Energize On Demand
Containment Isolation Signal Auxiliary Relay C1SX Fails To Energize On Demand
Containment Isolation Signal Auxiliary Relay C25X Fails To Energize On Demand
CS Initiation Signal Slave Relay S10X Fails To Energize On Demand
CS Initiation Signal Slave Relay S20X Fails To Energize On Demand
Safety Injection Signal Master Relay SI-Al Fails To Energize On Demand
Safety Injection Signal Master Relay SI-A2 Fails To Energize On Demand
SI Signal Manual Actuation Relay SI-M1 Fails To Energize On Demand
SI Signal Manual Actuation Relay SI-M2 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-945BX1 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-945BX2 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-946BX1 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-946BX2 Fails To Energize. On Demand
Containment Pressure Auxiliary Relay PC-947BX1 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-947BX2 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-948BX1 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-948BX2 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-949BXl Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-949BX2 Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-950BX1 ~ Fails To Energize On Demand
Containment Pressure Auxiliary Relay PC-950BX2 Fails To Energize On Demand
Beta Factor For Common Cause Failure Of SI Signal Auxiliary Relays
Relay LLSGAA fails to energize
Relay LLSGAB fails to energize
Relay LLSGBA fails to energize
Relay LLSGBB fails to energize
RELAY MFPX1A1 FAILS TO ENERGIZE
RELAY MFPX1A2 FAILS TO ENERGIZE
RELAY MFPXlB1 FAILS TO ENERGIZE
RELAY MFPXlB2 FAILS TO ENERGIZE
Relay MFPXlA1 fails to energize
Relay MFPXlB1 fails to energize
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Table
Integrated C. BE File

Basic Event

ESREESI10X 1
ESREESI11X 1
ESREESI12X 1
ESREESI13X 1
ESREESI14X 1
ESREESI15X 1
ESREESI16X 1
ESREESI17X 1
ESREESI18X 1
ESREESI20X 1

ESREESI21X 1

ESREESI22X 1

ESREESI23X 1
ESREESI24X 1

ESREESI25X 1

ESREESI26X 1
ESREESI27X 1

ESREESI28X 1
ESREESISPA 1
ESREESISPB 1
ESREKOSIA1 1
ESREKOSIA2 1
ESREKOSIM1 1
ESREKOSIM2 1
ESREKSI10X 1
ESREKSI12X 1
ESREKSI16X 1

ESREKSI17X 1
ESREKSI20X 1
ESREKSI22X 1
ESREKSI26X 1
ESREKSI27X 1
ESRTD2CF1A 1
ESRTD2CF1B 1
ESRTD2CFlc 1
ESRTD2CF1D 1
ESRTDCCF$ $ 0
ESRTDMAF1A 1
ESRTDMAF1B 1

ESRTDRHR1A 1
ESRTDRHR1B 1

ESRTDSI1C1 1

Factor

1
1
1
1
1
1
1

1
1

1

1

1

1

1

1

1
1

1

1
1

24
24
24
24
24
24
24
24
24
24
24

0.10

Units Descri tion

Demand
Demand
Demand
Demand
Demand
Demand
Demand
Demand

Demand
Demand
Demand
Demand
Demand
Demand
Demand
Demand
nd
nd

SI Signal Auxilairy Relay SI-10X Fails To Energize On Demand
Safety Injection Signal Auxiliary Relay SI-11X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-12X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-13X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-14X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-15X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-16X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-17X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-18X Fails To Energize On
SI Signal Auxilairy Relay SI-20X Fails To Energize On Demand
Safety Injection Signal Auxiliary Relay SI-21X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-22X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-23X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-24X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-25X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-26X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-27X Fails To Energize On
Safety Injection Signal Auxiliary Relay SI-28X Fails To Energize On
Safety Injection Signal Slave Relay SISP1A Fails To Energize On Dema
Safety Injection Signal Slave Relay SISP1B Fails To Energize On Dema
SI Signal Master Relay SI-Al Spuriously Energizes
SI Signal Master Relay SI-A2 Spuriously Energizes
SI Signal Manual Actuation Relay SI-M1 Spuriously Energizes
SI Signal Manual Actuation Relay SI-M2 Spuriously Energizes
SI Signal Auxiliary Relay SI-10X Spuriously Energizes
SI Signal Auxiliary Relay SI-12X Spuriously Energizes
SI Signal Auxiliary Relay SI-16X Spuriously Energizes
ST Signal Auxiliary Relay SI-17X Spuriously Energizes
SI Signal Auxiliary Relay SI-20X Spuriously Energizes
SI Signal Auxiliary Relay SI-22X Spuriously Energizes
SI Signal Auxiliary Relay SI-26X Spuriously Energizes
SI Signal Auxiliary Relay SI-27X Spuriously Energizes
TIME DELAY RELAY 2/CF1A FAILS TO ENERGIZE
TIME DELAY RELAY 2/CFlB FAILS TO ENERGIZE
TIME DELAY RELAY 2/CF1C FAILS TO ENERGIZE
TIME DELAY RELAY 2/CF1D FAILS TO ENERGIZE
Beta Factor For Common Cause Failure Of Agastat Time Delay Relays
Timing Relay (Agastat) 2/MAFP1A fails to operate
Timing Relay (Agastac) 2/MAFP1B fails to operate
TIMING RELAY (AGASTAT) 2/RHRP1A FAILS TO OPERATE
TIMING RELAY (AGASTAT) 2/RHRP1B FAILS TO OPERATE
Agastat timing relay 2/SIP1Cl fails to operate
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Tabl~ 7-2
Integrated (. A BE File

Basic Event C Factor Units Descri tion
ESRTDSI1C2 1
ESRTDWP1AC 1
ESRTDWP1BD 1
ESTM429CX1
ESTM429CX2
ESTM430EX1
ESTM430EX2
ESTM431GXl
ESTM431GX2
ESTM468AX1
ESTM468AX2
ESTM469AX1
ESTM469AX2
ESTM478AX1
ESTM478AX2
ESTM479AX1
ESTM479AX2
ESTM482AX1
ESTM482AX2
ESTM483AX1
ESTM483AX2
ESTM945AX1
ESTM945AX2
ESTM945BX1
ESTM945BX2
ESTM946AX1
ESTM946AX2
ESTM946BX1
ESTM946BX2
ESTM947AX1
ESTM947AX2
ESTM947BX1
ESTM947BX2
ESTM948AX1
ESTM948AX2
ESTM948BXl
ESTM948BX2
ESTM949AX1
ESTM949AX2
ESTM949BX1
ESTM949BX2
ESTM950AX1

1
1
1

1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
lE-2
lE-2
1E" 2
lE-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
lE-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2

Agastat timing relay 2/SIP1C2 fails to
Agastat Time Delay Relay 2/SWP1AC Fail
Agastat Time Delay Relay 2/SWP1BD Fail
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxilairy Relay
SI Signal Channel For Auxilairy Relay
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
Channel For Containment High -Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure

operate
s To Energize After
s To Energize After
PC-429CX1 Is In Test
PC-429CX2 Is In Test
PC-430EX1 Is In Test
PC-430EX2 Is In Test
PC-431GX1 Is In Test
PC-431GX2 Is In Test
PC-468AX1 Is In Test
PC-468AX2 Is In Test
PC-469AX1 Is In Test
PC-469AX2 Is In Test
PC-478AX1 Is In Test
PC-478AX2 Is In Test
PC-479AX1 Is In Test
PC-479AX2 Is In Test
PC-482AX1 Is In Test
PC-482AX2 Is In Test
PC-483AX1 Is In Test
PC-483AX2 Is In Test
PC-945AX1 Is In Test
PC-945AX2 Is In Test
Aux. Relay PC-945BX1
Aux. Relay PC-945BX2
Aux. Relay PC-946AX1
Aux. Relay PC-946AX2
Aux. Relay PC-946BX1
Aux. Relay PC-946BX2
PC-947AX1 Is In Test
PC-947AX2 Is In Test
Aux. Relay PC-947BX1
Aux. Relay PC-947BX2
Aux. Relay PC-948AX1
Aux. Relay PC-948AX2
Aux. Relay PC-948BX1
Aux. Relay PC-948BX2
PC-949AX1 Is In Test
PC-949AX2 Is In Test
Aux. Relay PC-949BX1
Aux. Relay PC-949BX2
Aux. Relay PC-950AX1

Channel For Containment High Pressure
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure
SI Signal Channel For Auxiliary Relay
SI Signal Channel For Auxiliary Relay
Channel For Containment High Pressure
Channel For Containment High Pressure
Channel For Containment High Pressure

An SI Signal
An SI Signal

Test
Test
Test
Test
Test
Test

Test
Test
Test
Test
Test
Test

Test
Test
Test
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Table
Integrated C.. BE File

Basic Event: C Factor Units Descri tion
ESTM950AX2
ESTM950BX1
ESTM950BX2
ESTTD0401A 2
ESTTD0401B 2
ESTTD0402A 2
ESTTD0402B 2
ESTTD0403A 2
ESTTD0403B 2
ESTTD0404A 2
ESTTD0404B 2
HELB IB
HV610
HV620
HV700
HV800
HVAFFAAL38 1
HVAFFACL7A 1

HVAFFACL7B 1
HVAFFACL8A 1
HVAFFACL8B 1

HVAVC07445 1

HVAVC07478 1

HVAVC07970 1
HVAVCCCF$$
HVAVX07971 1

HVCCDGORUN
HVCCDGOPEN
HVCCDGSTRT
HVHEFSAFWA 1
HVHEFSAFWB 1
HVHFDRELRM
HVHFD CTMT
HVHFLSAFWA
HVHFLSAFWB
HVHFL SAFW
HVHRDRELRM
HVHXFACA1A 1
HVHXFACA1B 1
HVHXFACA1C 1
HVHXFACA1D .1

HVHXFECH3A 1

1E-2
1E-2
1E-2
8760
8760
8760
8760
8760
8760
8760
8760
1E-3

24
24
24
24
24

1

1

1
0.191

1

1. 877E-05
1.990E-05
6.910E-05

1
1

3E-3
3E-3
3E-3

.1
24
24
24
24
24

Channel For Containment High Pressure Aux. Relay PC-950AX2 Test
Channel For Containment High Pressure Aux. Relay PC-950BX1 Test
Channel For Containment High Pressure Aux. Relay PC-950BX2 Test
RCS Loop A Hot Leg Temperature Transmiter TE-401A Fails To Respond On Demand
RCS Loop A Cold Leg Temperature Transmiter TE-401B Fails To Respond On Demand
RCS Loop A Hot Leg Temperature Transmiter TE-402A Fails To Respond On Demand
RCS Loop A Cold Leg Temperature Transmiter TE-402B Fails To Respond On Demand
RCS Loop B Hot Leg Temperature Transmiter TC-403A Fails To Respond On Demand
RCS Loop B Cold Leg Temperature Transmiter TE-403B Fails To Respond On Demand
RCS Loop B Hot Leg Temperature Transmiter TE-404A Fails To Respond On Demand
RCS Loop B Cold Leg Temperature Transmiter TE-404B Fails To Respond On Demand
High Energy Line Breaks in the Intermediate Building
HVAC causes SAFW Train A failure
HVAC causes SAFW Train B failure
IB ventilation and recirculation fails so AFW pump area receives no air flow
Failure of Containment HVAC System (Four of Four Fail)
HEPA FILTER AAL38 FAILS TO DELIVER FIOW
AIR FILTER ACL7A FAILS TO DELIVER FLOW (CONTAINMENT)
AIR FILTER ACL7B FAILS TO DELIVER FLOW (CONTAINMENT)
AIR FILTER ACL8A FAILS TO DELIVER FLOW (CONTAINMENT)
AIR FILTER ACL8B FAILS TO DELIVER FLOW (CONTAINMENT)
AOV 7445 Fails to Close
AOV 7448 Fails to Close
AOV 7970 Fails to Close
Beta Factor for HVAC AOVs Fail to Close
AOV 7971 Fails to Close
FAN UNIT FOR DG FAILS TO RUN (COMMON CAUSE)
FAN UNIT DAMPER FOR DG FAILS TO OPEN (COMMON CAUSE)
FAN UNIT FOR DG FAILS TO START (COMMON CAUSE)
SAFW ROOM HEATER A FAILS
SAFW ROOM HEATER B FAILS
OPERATOR FAILS TO START HVAC IN RELAY ROOM FOLLOWING A LOOP
OPERATOR FAILS TO RE-START CONTAINMENT COOLING
LATENT HUMAN ERRORS IN SAFW-A COOLING INCL. SWITCH-A POSITION
LATENT HUMAN ERRORS IN SAFW-B COOLING INCL. SWITCH-B POSITION
OPERATOR FAILS TO DISCOVER ROOM HEATING FAILURE IN SAFW ROOM
Operator fails to start HVAC in relay room following a loop
HEAT EXCHANGER ACA1A COOLING CAP. FAILS (CONTAINMENT)
HEAT EXCHANGER ACA1B COOLING CAP- FAILS (CONTAINMENT)
HEAT EXCHANGER ACAIC COOLING CAP. FAILS (CONTAINMENT)
HEAT EXCHANGER ACA1D COOLING CAP. FAILS (CONTAINMENT)
HEAT EXCHANGER ECH3A COOLING CAP. FAILS (CHARGING PUMP RM)
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Table -2
Integrated C.. BE File

Basic Event C Factor Units Descri tion
HVHXFECH3B 1
HVHXFGB01A 1
HVMBNDD03A 1
HVMBNDD03B 1
HVMBNDD03C 1
HVMBNDD03D 1
HVMBNDD04A 1
HVMBNDD04B 1
HVMBNDD04C

1'VMBNDD04D1

HVMCK05077 1
HVMCK05880 1

HVMCKAAD11 1

HVMCKAAS03 1

HVMCKADOSA 1

HVMCKADO8B 1

HVMCKAD09A 1

HVMCKAD09B 1

HVMCKAD1OA 1

HVMCKAD10B 1
HVMCKAKD06 1
HVMCKAKD13 1

HVMCKAKD14 1
HVMCKCP13A 1
HVMCKCP13B 1
HVMCKID01A 1
HVMCKID01B 1
HVMCKID02A 1
HVMCKID02B 1
HVMCKID03A 1
HVMCKID03B 1
HVMCKID04A 1
HVMCKID04B 1
HVMCKID05H 1
HVMCKRETA1 1
HVMCKRETA2 1
HVMCKRETA3 1
HVMCKRETB1 1
HVMCKRETB2 1
HVMCKRETB3 1
HVMCNAAD11 1
HVMCNCCFSS

24
24

24
24
24
24
24
24
24
24
24

24
24
24
24
24
24
24

24
24
24
24

1

0.1

HEAT EXCHANGER ECH3B COOLING CAP. FAILS (CHARGING PUMP RM)
HEAT EXCHANGER GB01A COOLING CAP. FAILS
DAMPER ADD03A FAILS TO OPEN
DAMPER ADD03B FAILS TO OPEN
Damper ADD03C fails to open
Damper ADD03D fails to open
DAMPER ADD04A FAILS TO OPEN =

DAMPER ADD04B FAILS TO OPEN
DAMPER ADD04C FAILS TO OPEN
DAMPER ADD04D FAILS TO OPEN
AIR-OP DAMPER 5077 TRANSFERS CLOSED ,

~

AIR-OP DAMPER 05880 TRANSFERS CLOSED
AIR-OP DAMPER AAD11 TRANSFERS CLOSED
FIRE DAMPER AAS03 TRANSFERS CLOSED
AIR-OP DAMPER AD08A TRANSFERS CLOSED
AIR-OP DAMPER AADOSB TRANSFERS CLOSED
AIR-OP DAMPER AD09A TRANSFERS CLOSED
AIR-OP DAMPER AAD09B TRANSFERS CLOSED
DAMPER AAD10A TRANSFERS CLOSED
DAMPER AAD10B TRANSFERS CLOSED
AIR-OP DAMPER AKD6 TRANSFERS CLOSED (CONTROL RM)
AIR-OP DAMPER AKD13 TRANSFERS CLOSED (CONTROL RM)
AIR-OP DAMPER AKD14 TRANSFERS CLOSED (CONTROL RM)
AIR-OP DAMPER CP-13-P/A TRANSFERS CLOSED (CHARGING PUMP RM)
AIR-OP DAMPER CP-13-P/B TRANSFERS CLOSED (CHARGING PUMP RM)
AIR-OP DAMPER AID01A TRANSFERS CLOSED
AIR-OP DAMPER AID01B TRANSFERS CLOSED
AIR-OP DAMPER AID02A TRANSFERS CLOSED
AIR"OP DAMPER AID02B TRANSFERS CLOSED
DAMPER AID03A TRANSFERS CLOSED
DAMPER AID03B TRANSFERS CLOSED
DAMPER AID04A TRANSFERS CLOSED
DAMPER AID04B TRANSFERS CLOSED
DAMPER AIDOSH TRANSFERS CLOSED
SAFW RETURN DAMPER Al TRANSFERS CLOSED
SAFW RETURN DAMPER A2 TRANSFERS CLOSED
SAFW RETURN DAMPER A3 TRANSFERS CLOSED
SAFW RETURN DAMPER Bl TRANSFERS CLOSED
SAFW RETURN DAMPER B2 TRANSFERS CLOSED
SAFW RETURN DAMPER B3 TRANSFERS CLOSED
AIR-OPERATED DAMPER AAD11 FAILS TO OPEN
BETA FACTOR FOR DG VENTILATION DAMPER FAILS TO OPEN
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Table -2
Integrated C. i BE File

Basic Event Factor Units Descri tion
HVMCNDD01A 1
HVMCNDD01B 1
HVMCNDD02A 1
HVMCNDD02B 1
HVMCP05871 2
HVMCP05872 2
HVMCP05874 2
HVMCP05876 2
HVMFAAAF1A 1

HVMFAAAF1B 1

HVMFAACF8A 1

HVMFAACF8B 1

HVMFAACF8C 1

HVMFAACF8D 1

HVMFAAKF03 1
HVMFAAKF08 1
HVMFAAKF1A 1
HVMFAAKF1B 1

HVMFACCF$$
HVMFADF01A 1
HVMFADF01B 1
HVMFADF02A 1
HVMFADF02B 1
HVMFFAAF1A 1
HVMFFAAF1B 1
HVMFFACF8A 1
HVMFFACF8B 1
HVMFFACF8C 1
HVMFFACF8D 1
HVMFFAF08A 1
HVMFFAF08B 1
HVMFFAFF1A 1
HVMFFAFFIB 1
HVMFFAIF02 1
HVMFFAKF03 1
HVMFFAKF08 1
HVMFFAKF1A 1
HVMFFAKF1B 1
HVMFFCCF$ $
HVMFFDF01A 1

HVMFFDF01B 1

HVMFFDF02A 1

1
1
1
1

8760
8760
8760
8760

1

1

1

1

1

1
1
1

1
1

0.1
1
1
1
1

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

0.1
24
24
24

AIR-OPERATED DAMPER ADD01A FAILS TO OPEN
AIR-OPERATED DAMPER ADD01B FAILS TO OPEN
AIR-OPERATED DAMPER ADD02A FAILS TO OPEN
AIR-OPERATED DAMPER ADD02B FAILS TO OPEN
AIR-OPERATED DAMPER 5871 FAILS TO OPEN (CONTAINMENT)
AIR-OPERATED DAMPER 5872 FAlLS TO OPEN (CONTAINMENT)
AIR-OPERATED DAMPER 5874 FAILS TO OPEN (CONTAINMENT)
AIR-OPERATED DAMPER 5876 FAILS TO OPEN (CONTAINMENT)
MOTOR-DRIVEN FAN AAF1A FAILS TO START (CHARGING PUMP RM)
MOTOR-DRIVEN FAN AAF1B FAILS TO START (CHARGING PUMP RM)
MOTOR-DRIVEN FAN ACF8A FAILS TO START (CONTAINMENT)
MOTOR-DRIVEN FAN ACF8B FAILS TO START (CONTAINMENT)
MOTOR-DRIVEN FAN ACF8C FAILS TO START (CONTAINMENT)
MOTOR-DRIVEN FAN ACF8D FAILS TO START (CONTAINMENT)
MOTOR-DRIVEN FAN AKF03 FAILS TO START (CONTROL RM)
MOTOR-DRIVEN FAN AKF08 FAILS TO START (CONTROL RM)
MOTOR-DRIVEN FAN AKF1A FAILS TO START
MOTOR-DRIVEN FAN AKF1B FAILS TO START
BETA FACTOR FOR DG FAN UNIT FAILS TO START
FAN UNIT ADF01A FAILS TO START
FAN UNIT ADF01B FAILS TO START
FAN UNIT ADF02A FAILS TO START
FAN UNIT ADF02B FAILS TO START
MOTOR-DRIVEN FAN AAF1A FAILS TO RUN (CHARGING PUMP RM)
MOTOR-DRIVEN FAN AAF1B FAILS TO RUN (CHARGING PUMP RM)
MOTOR-DRIVEN FAN ACF8A FAILS TO RUN (CONTAINMENT)
MOTOR-DRIVEN FAN ACF8B FAILS TO RUN (CONTAINMENT)
MOTOR-DRIVEN FAN ACF8C FAILS TO RUN (CONTAINMENT)
MOTOR-DRIVEN FAN ACF8D FAILS TO RUN (CONTAINMENT)
MOTOR-DRIVEN FAN AF08A FAILS TO RUN
MOTOR-DRIVEN FAN AAF08B FAILS TO RUN
MOTOR-DRIVEN FAN AFF1A FAILS TO RUN
MOTOR-DRIVEN FAN AFF1B FAILS TO RUN
MOTOR-DRIVEN FAN AIF02 FAILS TO RUN
MOTOR-DRIVEN FAN AKF03 FAILS TO RUN
MOTOR-DRIVEN FAN AKF08 FAILS TO RUN
MOTOR-DRIVEN FAN AKF1'A FAILS TO RUN (RELAY RM)
MOTOR-DRIVEN FAN AKF1B FAILS TO RUN (RELAY RM)
BETA FACTOR FOR DG FAN UNIT FAILS TO RUN
FAN UNIT ADF01A FAILS TO RUN
FAN UNIT ADF01B FAILS TO RUN
FAN UNIT ADF02A FAILS TO RUN
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Table 7-2
Integrated C. A BE File

Basic Event C Factor Units Descri tion
HVMFFDF02B 1
HVMFFIF01A 1
HVMFFIF01B 1
HVMFSAFF1A 1
HVMFSAFF1B 1
HVMMOAAD11
HVMMABSTRA
HVMMABSTRB
HVMMACF8AA
HVMMACF8AF
HVMMACF8BA
HVMMACF8BF
HVMMACF8CA
HVMMACF8CF
HVMMACF8 DA
HVMMACF8DF
HVMMADF01A
HVMMADF01B
HVMMADF02A
HVMMADF02B
HVMMAKF1AA
HVMMAKF1BA-
HVMMC-AFTR
HVMMC-BFTR
HVMMCHAR-A
HVMMCHAR-C
HVMMCOOL-A
HVMMCOOL-B
HVMMCOOLAA
HVMMCOOLBA
HVMMCR FTR
HVMMCTRFTS
HVMMIBEXHA
HVMMIBEXHB
HVMMIBRECR
HVMMIB EXH
HVMMRELRMA
HVMMRELRMB
HVMMSWCU-A
HVMMSWCU-B
HVMMSWCU-C
HVMMSWCU-D

24
24
24

2190
~ 2190

2.210E-04
2.317E-04
2.317E-04
6.910E-04
1.877E-04
6.910E-04
1.877E-04
6.910E-04
1.877E-04
6.910E-04
1.877E-04
5.006E-03
5.006E-03
5.006E-03
5.006E-03
6. 910E-04
6.910E-04
7.348E-03
7.348E-03
5.271E-02
5.271E-02
6.791E-04
6.791E-04
6.910E-04
6.910E-04
3.973E-04
1.382E-03
2.317E-04
2.317E-04
2.538E-04
2.856E-04
6. 713E-04
2.019E-04
4.710E-04
4.710E-04
4.710E-04
4.710E-04

H FAN UNIT ADF02B FAILS TO RUN
MOTOR-DRIVEN FAN AIF01A FAILS TO RUN
MOTOR-DRIVEN FAN AIF01B FAILS TO RUN
MOTOR-DRIVEN FAN AFF1A (SAFW-A) FAILS TO START
MOTOR-DRIVEN FAN AFF1B (SAFW-B) FAILS TO START

FAILURE OF AB EXHAUST TRAIN A TO RUN
FAILURE OF AB EXHAUST TRAIN B TO RUN
ACF08A fails to start
ACF08A fails to run
ACF08B fails to start
ACF08B fails to run
ACF08C fails to start
ACF08C fails to run
ACF08D fails to start
ADF01A FAILS TO START AND RUN
ADFOlB FAILS TO START AND RUN
NO FLOW FROM DG FAN ADF02A
NO FLOW FROM DG FAN ADF02B
AKF01A fails to start
AKF01B fails to start
SAFW COOLING UNIT-A FAILURE
SAFW COOLING UNIT-B FAILURE
COMPONENTS IN CHARCOAL FILTER UNIT-A FAIL TO RUN
COMPONENTS IN CHARCOAL FILTER UNIT-C FAIL TO RUN
COOLING UNIT A FAILS TO RUN
COOLING UNIT B FAILS TO RUN
AAF01A Fails to Start
AAF01B Fails to Start
EQUIPMENT IN CONTROL ROOM VENTILATION FAILS TO RUN
EQUIPMENT IN CONTROL ROOM FAIL TO START
IB EXHAUST TRAIN A FAILURES
IB EXHAUST TRAIN B FAILURES
IB RECIRCULATION EQUIPMENT FAILS TO OPERATE
DAMPER AND FILTER FAILURES IN THE IB-TO-AB HVAC FLOWPATH
RELAY ROOM TRAIN A EQUIPMENT FAILURES
RELAY ROOM TRAIN B EQUIPMENT FAILURES
SERVICE WATER COOLING UNIT-A FAILURES
SERVICE WATER COOLING UNIT-B FAILURES
SERVICE WATER COOLING UNIT-C FAILURES
SERVICE WATER COOLING UNIT-D FAILURES
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Integrated P.. E >tte

Basic Event C Factor Units Descri tion

HVMMSWTR-A
HVMMSWTR-B
HVTMAAIF02
HVTMABSTRA
HVTMABSTRB
HVTMAIF01A
HVTMAIF01B
HVTMCHARGA
HVTMCHARGB
HVTMCTMT A
HVTMCTMT B
HVTMCTMT C
HVTMCTMT D
HVTMCTRLRM
HVTMRELAYA
HVTMRELAYB
HVTMSAFW A
HVTMSAFW B
HVTVLCTLRM
HV COLDOUT
IAOOO
IA121
IA123
XA161
IA171
IA190
IA200
XA270
IA272
IA274
IA277
IA278
IA279
IAADFDRY-A
IAADFDRY-B
IAAFFFIA52
ZAAFFFIA53
IAAFFFIA70
IAAFFFXA71
IAAFFFSA07
IAAMA C02A
IAAMA C02B

5. 070E-04
5.070E-04

1.56E-03
1.28E-03
1.28E-03
1.28E-03
1.28E-03
1.03E-03
1.03E-03
3.24E-03
1.02E-03
3.24E-03
1.02E-03
2.28E-03
9.05E-04
8.93E-04
3.80E-03
3.80E-03

1 24
0.42

1E-3

1.00E-03
1.00E-03

1E-3
1E-3

1.0E-03
1.0e-03
1.0e-03
1.0e-03
1.0e-03
1.0e-03

24
24
24
24
24
24
24

1
1

COOLING UNIT-A FAILED DUE TO SW EQUIPMENT FAILURE
COOLING UNIT-B FAILED DUE TO SW EQUIPMENT FAILURE
IB EXHAUST FAN AAIF02 IN MAINTENANCE
AB HVAC TRAIN A IN MAINTENANCE
AB HVAC TRAIN B IN MAINTENANCE
IB FAN AIF01A IN MAINTENANCE-
IB FAN AIF01B IN MAINTENANCE
A CHARGING PUMP ROOM HVAC STRING IN MAINTENANCE
B CHARGING PUMP ROOM HVAC STRING IN MAINTENANCE
A CONTAINMENT HVAC TRAIN OUT OF SERVICE FOR MAINTENANCE
B CONTAINMENT HVAC TRAIN OUT OF SERVICE FOR MAINTENANCE

NTAINMENT HVAC TRAIN OUT OF SERVICE FOR MAINTENANCE
D CONTAINMENT HVAC TRAIN OUT OF SERVICE FOR MAINTENANCE
CONTROL ROOM HVAC IN MAINTENANCE
A RELAY ROOM HVAC STRING IN MAINTENANCE
B RELAY ROOM HVAC STRING IN MAINTENANCE
A SAFW ROOM HVAC STRING IN MAINTENANCE
B SAFW ROOM HVAC STRING IN MAINTENANCE

ALLY OVERRIDENCONTROL ROOM TEMPERATURE CONTROL SYSTEM FAILS LOW - CAN BE MANUA
OUTDOOR TEMPERATURE LESS THAN 45 DEGREES F
No Air to 2" Instrument Air Header by Both Dryers

DS NOT AVAILABLEINSTRUMENT AIR TO INTERMEDIATE LOAD HEADER (ARVS AND OTHER LOA )
IA to AFW valves not available
INSTRUMENT AZR DOWNSTREAM OF 7067 NOT AVAILABLE (LONG-TERM)
INSTRUMENT AIR DOWNSTREAM OF 7070 NOT AVAILABLE (LONG-TERM)
INSTRUMENT AZR DOWNSTREAM OF 7605 NOT AVAILABLE- SERVES CONT. VENT. SYSTEM
INSTRUMENT AIR TO CONTROL ROOM NOT AVAILABLE
INSTRUMENT AIR DOWNSTREAM OF 7370 NOT AVAILABLE — SERVES AUX BLDG
IA NOT AVAILABLETO HEADER DOWNSTREAM OF 7002 SERVING VALVES IN THE AUX BLDG
INSTRUMENT AIR TO CHARGXNG PUMP B FAILS

'INSTRUMENT AZR TO CHARGING PUMP A FAILS
INSTRUMENT AIR TO CHARGING PUMP C FAILS
INSTRUMENT AIR TO VALVE AOV-112B FAZLS
AIR DRYER A FAILS TO DELIVER FLOW
AIR DRYER B FAILS TO DELIVER FLOW
AIR FILTER FIA52 FAILS TO DELIVER FLOW
AIR FILTER FIA53 FAILS TO DELIVER FLOW
AIR FILTER FIA70 FAILS TO DELIVER FLOW
AIR FILTER FIA71 FAILS TO DELIVER FLOW
AXR FILTER FSA07 FAILS TO DELIVER FLOW
AIR COMPRESSOR CIA02A FAILS TO START
AIR COMPRESSOR CIA02B FAILS TO START
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Table
Integrated C. E File

Basic Event C Factor Units Descri tion
IAHXJE 01A 1
IAHXJE 01B 1
IAHXJE 01C 1
IAHXPE 01A 1
IAHXPE 01B 1
IAHXPE 01C 1
IAIPD0431A 1
IAIPD0431B 1
IAMM02AFTS
IAMM02BFTS
IAMM02CFTS
IAMMAV112B
IAMMCHARGA
IAMMCHARGB
IAMMCHARGC
IAMMCIA02A
IAMMCIA02B
IAMMCIA02C
IAMMCONTIA
IAMMDCTOCA
IAMMDCTOCB
IAMMDCTOCC
IAMMDCTOSA
IAMMDRYERA
IAMMDRYERB
IAMMPS2302
IAMMSERAIR
IAMMSWC02A
IAMMSWC02B
IAMMSWC02C
IAMMSWTOSA
IAMM SV-IA
IAPSD02033 1
IAPSD02065 1
IAPSD02105 1
IAPSH02033 1
IAPSH02065 1
IAPSH02105 1
IAPSH2302A 1
IAPSH 2302 1
IAPVK09012 2
IAPVK09013 2

24
24
24
24
24
24

8
8

3.935E-03
3.935E-03
3.935E-03
9.312E-06
9.312E-06
1.397E-05
1.397E-OS
2.701E-03
2.701E-03
2.701E-03
3.422E-OS
O.OOOE+00
O.OOOE+00
O.OOOE+00
0.000E+00
1.605E-03
1.605E-03
4.056E-05
3.137E-03
S.OOSE-OS
1.426E-05
1.130E-OS
4.858E-05
3.262E-03

1
1
1

24
24
24
24
24

8760
8760

HEAT EXCHANGER EIA01A TUBE RUPTURE
HEAT EXCHANGER EIA01B TUBE RUPTURE
HEAT EXCHANGER EIA01C TUBE RUPTURE
HEAT EXCHANGER EIA01A -PLUGS
HEAT EXCHANGER EIA01B PLUGS
HEAT EXCHANGER EIA01C PLUGS
CONVERTER I/P-431A FAILS TO RESPOND
CONVERTER I/P-431B FAILS TO RESPOND
IA COMPRESSOR EIA01A FAILS TO START
IA COMPRESSOR EIA01B FAILS TO START
IA COMPRESSOR EIA01C FAILS TO START
Manual valves to AOV-112B transfer closed
IA VALVES TO CHARGING PUMP A TRANSFER CLOSED
IA VALVES TO CHARGING PUMP B
IA VALVES TO CHARGING PUMP C TRANSFER CLOSED
IA COMPRESSOR A FAILS TO OPERATE
IA COMPRESSOR B FAILS TO OPERATE
IA COMPRESSOR C FAILS TO OPERATE
Flow Path to Containment Instrument Air Distribution Blocked
DC fuses to CIA02A breaker or compressor solenoid valves fail
DC fuses to CIA02B breaker or compressor solenoid valves fail
DC fuses to CIA02C breaker or compressor solenoid valves fail
DC fuses to CSA02 breaker or compressor solenoid valves fail
AIR DRYER TRAIN A EQUIPMENT FAILURES
AIR DRYER TRAIN B EQUIPMENT FAILURES
PRESSURE SWITCHES PS-2302 OR PS-2302A CAUSE LOSS OF SYSTEM PR
SERVICE AIR SUPPLY EQUIPMENT FAILURES
IA COMPRESSOR A COOLING HATER FAILURES
IA COMPRESSOR B COOLING WATER FAILURES
IA COMPRESSOR C TRAIN COOLING WATER FAILURES
SERVICE WATER COOLING TO SA COMPRESSOR FAILURES
EQUIPMENT FAILURES CAUSE SA TO FAIL TO BACK-UP IA
PRESSURE SWITCH PS-2033 FAILS TO RESPOND
PRESSURE SWITCH PS"2065 FAILS TO RESPOND
PRESSURE SWITCH PS-2105 FAILS TO RESPOND
PRESSURE SHITCH PS-2033 FAILS HIGH
PRESSURE SWITCH PS-2065 FAILS HIGH
PRESSURE SWITCH PS-2105 FAILS HIGH
PRESSURE SWITCH PS-2302A FAILS HIGH
PRESSURE SWITCH PS-2302 FAILS HIGH
AIR-OPERATED PRESSURE CONTROL VALVE 09012 TRANSFER CLOSED
AIR-OPERATED PRESSURE CONTROL VALVE 9013 TRANSFER CLOSED

open
open
open

open

ESSURE CONTROL
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Table 2
Integrated C,. BE File

Basic Event

IAPVK15153 1
IAPVK15154 1
IAPVK15155 1
IAPVK15156 1
IAPVK15163 1

, IAPVK15165 1
IAPVK15925 1

IAPVK15928 1
IAPVK15929 1

IAPVK15930 1

IAPVK15933 1

IAPVK15972 1

IAPVK15973 1

IAPVK15974 1

IAPVK15975 1

IAPVK5905A 1

IAPVK5905B 1

IAPVK5906A 1

IAPVK5906B 1
IAPVK8612A 1
IAPVK8612B 1

IARVR8606A 1
IARVR8606B 1

IARVR8615A 1
IARVR8615B 1
IASVC7445Y 1
IASVC7445Z 1
IASVC7478Y 1
IASVC7478Z 1
IASVC7970Y 1
IASVC7970Z 1
IASVC7971Y 1
IASVC7971Z 1
IASVK14109 1
IASVK14313 1
IASVK14424 1
IASVP00111 1
IASVP14107 2
IASVP14206 1
IASVP14307 1
IASVP35163 1

IASVP35164 1

Factor

8
8
8
8

8760
2214
2214

108
108

2214
2214

12
12
12
12

720
720
720
720

8760
8760

8
8
8
8
1
1
1
1
1

1
1

2214
2214

24
108

8760
2214
2214
2214
2214

Units Descri tion

PRESSURE CONTROL VLV 15153 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15154 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15155 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15156 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15163 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 15165 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 15925 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 15928 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 15929 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 15930 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 15933 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15972 TRANSFERS CLOSED
PRESSURE CONTRot VLV 15973 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15974 TRANSFERS CLOSED
PRESSURE CONTROL VLV 15975 TRANSFERS CLOSED
PRESSURE CONTROL VALVE 5905A TRANSFERS CLOSED
PRESSURE CONTROL VALVE 5905B TRANSFERS CLOSED
PRESSURE CONTROL VALVE 5906A TRANSFERS CLOSED
PRESSURE CONTROL VALVE 5906B TRANSFERS CLOSED
PRESSURE CONTROL VLV 8612A TRANSFERS CLOSED
PRESSURE CONTROL VLV 8612B TRANSFERS CLOSED
RELIEF VALVE 8606A SPURIOUS OPEN
RELIEF VALVE 8606B SPURIOUS OPEN
RELIEF VALVE 8615A SPURIOUS OPEN
RELIEF VALVE 8615B SPURIOUS OPEN
Solenoid Valve 7445S1 for AOV 7445 Fails to Deenergize
Solenoid Valve 7445S for AOV 7445 Fails to Deenergize
Solenoid Valve 7448Sl for AOV 7448 Fails to Deenergize
Solenoid Valve 7448S for AOV 7448 Fails to Deenergize
Solenoid Valve 14101S for AOV 7970 Fails to Deenergize
Solenoid Valve 14101S1 for AOV 7970 Fails to Deenergize
Solenoid Valve 14280S for AOV 7971 Fails to Deenergize
Solenoid Valve 14280S1 for AOV 7971 Fails to Deenergize
SOLENOID VALVE 14109S TRANSFERS CLOSED
SOLENOID VALVE 14313 TRANSFERS CLOSED
SOLENOID VALVE 14424S TRANSFERS CLOSED
SOLENOID VALVE 00111S FAILS To OPEN (STANDBY)
SOLENOID VALVE 14107S FAILS To OPEN
SOLENOID VALVE 14206S FAILS TO OPEN (STANDBY)
SOLENOID VALVE 14307S FAILS To OPEN (STANDBY)
Solenoid Valve 3516S3 For MSIV 3516 Fails To Open
Solenoid Valve 3516S4 For MSIV 3516 Fails To Open
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Table -2

Integrated C.. BE File

Basic Event

IASVP35173 1
IASVP35174 1
IASVP5933A 1
IASVP5933B 1
IASVP5934A 1
IASVP5934B 1
IASVP8616A 2
IASVP8616B 2
IASVP8619A 2
IASVP8619B 2
IASVP8620A 2
ZASVP8620B 2
IASVX00202 1

IASVX00371 1

IASVX01721 1
IASVX01723 1

IASVX01728 1
IASVX0200A 1
IASVX0200B 1
IASVX05392 1
IASVX05735 1
IASVX05736 1
IASVX05737 1
IASVX05738 1
IASVX1003A 1
IASVX1003B 1
IASVX35161 1
IASVX35162 1
IASVX35171 1
IASVX35172 1
IATKG09026 2
IATKG09027 2
IATKG09028 2
IATKG09029 2
IATKG09030 2
IATKG09031 2
IATKG09032 2
IATKG09033 2
IATKG09034 2
IATKG09035 2
IATKG09036 2
IATKG09037 2

C Factor

2214
2214

720
720
720
720

8760
8760
8760
8760
8760
8760
2214
2214
1119
1119
1119
2214
2214
4404
1119
1119
1119
1119
1119
1119
2214
2214
2214
2214

8
8
8
8
8
8
8
8
8
8
8
8

Units Descri tion

Solenoid Valve 3517S3 For MSIV 3517 Fails To Open
Solenoid Valve 3517S4 For MSIV 3517 Fails To Open
SOLENOID VALVE 5933A FAILS TO OPEN (STANDBY)
SOLENOID VALVE 5933B FAILS TO OPEN (STANDBY)
SOLENOID VALVE 5934A FAILS TO OPEN (STANDBY)
SOLENOID VALVE 5934B FAILS TO OPEN (STANDBY)
SOLENOID VALVE 8616A FAILS TO OPEN
SOLENOID VALVE 8616B FAILS TO OPEN
SOLENOID VALVE 8619A FAILS TO OPEN
SOLENOID VALVE 8619B FAILS TO OPEN
SOLENOID VALVE 8620A FAILS TO OPEN
SOLENOID VALVE 8620B FAILS TO OPEN
Solenoid Valve 14167S for AOV 202 Fails to Deenergize
Solenoid Valve 14204S for AOV 371 Fails to Deenergize
Solenoid Valve 14284S for AOV 1721 Fails to Deenergize
Solenoid Valve 14293S for AOV 1723 Fails to Deenergize
Solenoid Valve 14292S for AOV 1728 Fails to Deenergize
Solenoid Valve 1'4169S for AOV 200A Fails to Deenergize
Solenoid Valve 14168S for AOV 200B Fails to Deenergize
Solenoid Valve 14424S for AOV 5392 Fails to Deenergize
Solenoid Valve 5735S for AOV 5735 Fails to Deenergize
Solenoid Valve 5736S for AOV 5736 Fails to Deenergize
Solenoid Valve 5737S for AOV 5737 Fails to Deenergize
Solenoid Valve 5738S for AOV 5738 Fails to Deenergize
Solenoid Valve 14282S for AOV 1003A Fails to Deenergize
Solenoid Valve 14281S for AOV 1003B Fails to Deenergize
Solenoid Valve 3516S1 for MSIV 3516 Fails to Deenergize
Solenoid Valve 3516S2 for MSIV 3516 Fails to Deenergize
Solenoid Valve 3516S1 for MSIV 3517 Fails to Deenergize
Solenoid Valve 3516S2 for MSIV 3517 Fails to Deenergize
N2 TANK 9026 LEAKAGE
N2 TANK 9026 LEAKAGE
N2 TANK 9028 LEAKAGE
N2 TANK 9029 LEAKAGE
N2 TANK 9030 LEAKAGE
N2 TANK 9031 LEAKAGE
N2 TANK 9032 LEAKAGE
N2 TANK 9033 LEAKAGE
N2 TANK 9034 LEAKAGE
N2 TANK 9035 LEAKAGE
N2 TANK 9036 LEAKAGE
N2 TANK 9037 LEAKAGE
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Table
Integrated C. E File

Basic Event C Factor Units Descri tion
IATMCIA02A
IATMCIA02B
IATMCIA02C
IATMCOMPRA
IATMCOMPRB
IATMCOMPRC
IATMDRYERA
IATMDRYERB
IATMSACOMP
IATM CIA02
ZAXVK00371 1

ZAXVK05252 1

IAXVK05303 1

IAXVK05304 1

IAXVK05311 1

IAXVK05314 1

ZAXVK05315 1

IAXVKOS316 1

IAXVK05317 1
IAXVK05357 1
IAXVK05362 2
ZAXVK05363 2.
IAXVK05394 1
IAXVK05397 1
IAXVK06880 1
IAXVK06891 1
IAXVK06928 1
IAXVK07002 1

IAXVK07006 1
IAXVK07007 1
IAXVK07009 1
IAXVK07037 1
IAXVK07041 1
IAXVK07062 1
IAXVK07063 1
IAXVK07065 1
IAXVK07067 1
IAXVK07070 1
IAXVK07350 1
IAXVK07370 1
IAXVK07375 1

ZAXVK07376 1

1.00E+00
1.00E+00
1.00E+00
6.74E-03
6.74E-03
4.51E-03
1.00E+00
1.00E+00
6.74E-03
1.00E+00

2214
24
24
24
24
24
24
24
24
24

8760
8760

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
12
12

SA COMPRESSOR IN MAINTENANCE

FAILS TO DEENERGIZEE 14204S FOR AOV 371SOLENO
MANUAl
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL

ID VALV
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE

52S2 TRANSFERS CLOSED
5303 TRANSFERS CLOSED
5304 TRANSFERS CLOSED
5311 TRANSFERS CLOSED
5314 TRANSFERS CLOSED
5315 TRANSFERS CLOSED
5316 TRANSFERS CLOSED
5317 TRANSFERS CLOSED
5357 TRANSFER CLOSED
5362 TRANSFERS CLOSED
5363 TRANSFERS CLOSED
5394 TRANSFERS CLOSED
5397 TRANSFERS CLOSED
6880 TRANSFERS CLOSED
6891 TRANSFERS CLOSED
6928 TRANSFERS CLOSED
7002 TRANSFERS CLOSED
7006 TRANSFERS CLOSED
7007 TRANSFERS CLOSED
7009 TRANSFERS CLOSED
7037 TRANSFERS CLOSED
7041 TRANSFERS CLOSED
7062 TRANSFERS CLOSED
7063 TRANSFERS CLOSED
7065 TRANSFERS CLOSED
7067 TRANSFERS CLOSED
7070 TRANSFERS CLOSED
7350 TRANSFERS CLOSED
7370 TRANSFERS CLOSED

MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL

H MANUAL
H MANUAL

07375 TRANSFERS CLOSED
07376 TRANSFERS CLOSED

CIA02A COMPRESSOR IN MAINTENANCE
CIA02B COMPRESSOR IN MAINTENANCE
CIA02C COMPRESSOR IN MAINTENANCE
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Table 2
Integrated C. BE File

Basic Event C Factor Units Descri tion

IAXVK07402 1
IAXVK07605 1
IAXVK08217 1 "

IAXVK08318 1
IAXVK08319 1
IAXVK09000 1
IAXVK09001 1
IAXVK09006 1
IAXVK09007 1

IAXVK14232 1

IAXVK14402 1

IAXVK7007A 1

ZAXVK7007 8 1

IAXVK7007C 1

IAXVK7007D 1

ZAXVK7007E 1

IAXVK7008A 1

IAXVK7008B 1
IAXVK7008C 1
IAXVK7009A 1
IAXVK7009B 1
IAXVK7009C 1
IAXVK7067 F 1
IAXVK7067G 1
IAXVK7067H 1
IAXVK7067J 1
IAXVK7067K 1
IAXVK7067L 1
IAXVK7070A 1
IAXVK7070C 1
IAXVK7375A 1
IAXVK7375B 1
IAXVK7376A 1
IAXVK7376B 1
IAXVK8607A 1
IAXVK8607B 1
IAXVK8618A 1
IAXVK8618B 1
IAXVK9000B 1
IAXVK9001B 1
IAXVK9026A 1
IAXVK9027A 1

24
24
24
24
24
24
24

4404
4404

24
24
24
24
24
24
24
24
24
24
24
24
24

8760
8
8
8
8

8760
8760
2214

12
12
12
12

8760
8760
8760
8760

24
24

4404
4404

MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAl
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL

H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL
H MANUAL

t"lANUAL
MANUAL
MANUAL
MANUAL

VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE

7402 TRANSFERS CLOSED
7605 TRANSFERS CLOSED
8217 TRANSFERS CLOSED
8318 TRANSFERS CLOSED
8319 TRANSFERS CLOSED
9000 TRANSFERS CLOSED
9001 TRANSFERS CLOSED
9006 TRANSFERS CLOSED
9007 TRANSFERS CLOSED
14232H TRANSFERS CLOSED
14402T TRANSFERS CLOSED
7007A TRANSFERS CLOSED
7007B TRANSFERS CLOSED
7007C TRANSFERS CLOSED
7007D TRANSFERS CLOSED
7007E TRANSFERS CLOSED
7008A TRANSFERS CLOSED
7008B TRANSFERS CLOSED
7008C TRANSFERS CLOSED
7009A TRANSFERS CLOSED
7009B TRANSFERS CLOSED
7009C TRANSFERS CLOSED
7067F TRANSFERS CLOSED
7067G TRANSFERS CLOSED
7067H TRANSFERS CLOSED
7067J TRANSFERS CLOSED
7067K TRANSFERS CLOSED
7067L TRANSFERS CLOSED
7070A TRANSFERS CLOSED
7070C TRANSFERS CLOSED
7375A TRANSFERS CLOSED
7375B TRANSFERS CLOSED
7376A TRANSFERS CLOSED
7376B TRANSFERS CLOSED
8607A TRANSFERS CLOSED
8607B TRANSFERS CLOSED
8618A TRANSFERS CLOSED
8618B TRANSFERS CLOSED
9000B TRANSFERS CLOSED
9001B TRANSFERS CLOSED
9026A TRANSFERS CLOSED
9027A TRANSFERS CLOSED
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Table
Integrated C. E File

Basic Event

IAXVK9028A 1
IAXVK9029A 1
IAXVK9030A 1
IAXVK9031A 1
IAXVK9032A 1
IAXVK9033A 1
IAXVK9034A 1
IAXVK9035A 1
IAXVK9036A 1

IAXVK9037A 1
IAXVR8613A 1

IAXVR8613B 1

LIOSGTRA
LIOSGTRB
LILBLOCA
LIMBLOCA
LIRVRUPT
LISBLOCA
LISSLOCA
MF105
MFCVC03992 1
MFCVC03993 1
MFHFDMF100
MFLTD00461 1
MFLTD00462 1
MFLTD00463 1
MFLTD00471 1

MFLTD00472 1
MFLTD00473 1
MS511
MS551
MSAVCCCFSS
MSAVP03410 2
MSAVP03411 2
MSAVX03516 1
MSAVX03517 1
MSCCARVAIR
MSCCARVMAN
MSCCCARVSG
MSCCCMSIVX
MSCCPSGCVS
MSCCPSGMOV

C Factor

4404
4404
4404
4404
4404
4404
4404
4404
4404
4404

8
8

3.77E-03
8.25E-03
1.80E-04
4.00E-04
1.00E-08
3.70E-04
7.30E-04

1E"3
1
1

1.00E-01
384
384
384
384
'384
384

1.46E-01
8760
8760
2214
2214

1.476E-02
4.218E-04
5.971E-05
5.043E-03
8.893E-06
1.856E-04

Units Descri tion
'MANUAL VAIVE 9028A TRANSFERS CLOSED
MANUAI VALVE 9029A TRANSFERS CLOSED
MANUAL VALVE 9030A TRANSFERS CLOSED
MANUAL VALVE 9031A TRANSFERS CLOSED
MANUAL VALVE 9032A TRANSFERS CLOSED
MANUAL VALVE 9033A TRANSFERS CLOSED
MANUAI VALVE 9034A TRANSFERS CLOSED
MANUAL VALVE 9035A TRANSFERS CLOSED
MANUAL VALVE 9036A TRANSFERS CLOSED
MANUAL VALVE 9037A TRANSFERS CLOSED
MANUAL VALVE 8613A TRANSFERS OPEN
MANUAL VALVE 8613B TRANSFERS OPEN
Steam Generator Tube Rupture in S/G A
Steam Generator Tube Rupture in S/G B
Large LOCA (>5.5 )
Medium LOCA (1.5"-5.5")
Reactor Vessel Rupture
Small LOCA (1-1.5")
Small-Small LOCA (0-1")
High energy line break in turbine building
Check Valve 3992 Fails to Close
Check Valve 3993 Fails to Close
Operator Fails To Reestablish Main Feedwat
Level transmitter LT-461 fails to respond
Level transmitter LT-462 fails to respond
Level transmitter LT-463 fails to respond
Level transmitter LT-471 fails to respond
Level transmitter LT-472 fails to respond
Level transmitter LT-473 fails to -respond
ARV Failure For S/G A
ARV Failure For S/G B
Beta factor for MSIV fails to close
AIR-OPERATED VALVE 3410 FAILS TO OPEN (ARV
AIR-OPERATED VALVE 3411 FAILS TO OPEN (ARV
MSIV 3516 Fails to Close
MSIV 3517 Fails to Close
COMMON CAUSE FAILURE OF AIR OPERATED ARVS

er Flow

B)
A)

TION

and 3505B to open
5A to open

COMMON CAUSE FAILURE OF ARVS IN MANUAL OPERA
Common Cause Failure Of ARVs To Close
Common Cause Failure Of MSIVs To Close
Common cause failure of check valves 3504B
Common cause failure of MOVs 3504A and 350
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Table 2
Integrated C. BE File

Basic Event

MSCVP3504B 1
MSCVP3505B 1
MSCVPCCFSS
MSHFDLARVA
MSHFDLARVB

, MSHFLARV-A
MSHFLARV-B
MSMMIATO A
MSMMIATO B
MSMMN2BOTA
MSMMN2BOTB
MSMVC3504A 1

MSMVC3505A 1

MSMVP3504A 1

MSMVP3505A 1

MSMVPCCF$ $
MSPSD33AST 1
MSPSD34AST 1
MSPSD35AST 1
MSRTD062SV 1
MSRVC03410 1
MSRVC03411 1
MSRVCCCFSS
MSRVPCCFSS
MSRVZ03410 1
MSRVZ03411 1
MSRYT03508 1
MSRYT03509 1
MSRYT03510 1
MSRYT03511 1
MSRYT03512 1
MSRYT03513 1
MSRYT03514 1
MSRYT03515 1
MSSZC03544 1
MSSZC03545 1
MSTM003410
MSTM003411
MSXVK03504 1
MSXVK03505 1
MSXVK03506 1

MSXVK03507 1

C Factor

384
384

6.00E-02
1
1

.003

.003
7.101E-05
7.101E-05
3.106E-02
3.106E-02

1

1

384
384

7.61E-02
1
1
1
1
1

1
7.00E-02

.1
1
1
1
1
1
1
1
1
1
1
1
1

3.98E-04
3.98E-04

384
384

4404
4404

Units Descri tion

H Check valve 3504B fails to open
H Check valve 3505B fails to open

Beta factor for Main Steam check valve fails to open
OPERATOR FAILS TO LOCALL OPERATE ARV 3411
OPERATOR FAILS TO LOCALLY OPERATED ARV 3410
LATENT HUMAN ERROR DISABLES ARV 3411
LATENT HUMAN ERROR DISABLES ARV 3410
IA VALVE FAILURES SUPPORTING ARV 3411
IA VALVE FAILURES SUPPORTING ARV 3410
NITROGEN BOTTLES FAIL TO SUPPLY ARV 3411
NITROGEN BOTTLES FAIL TO SUPPLY ARV 3410
MOV 3504A Fails to Close
MOV 3505A Fails to Close

H Motor operated valve 3504A fails to open
H Motor operated valve 3505A fails to open

Beta factor for Main Steam motor-operated valve fails to open
N PRESSURE SWITCH 63-3/AST FAILS TO RESPOND
N PRESSURE SWITCH 63-4/AST FAILS TO RESPOND
N PRESSURE SWITCH 63-5/AST FAILS TO RESPOND
N Turbine Stop Valves Timer Relay 62SV Fails On Demand

Air-Operated Valve 3410 (ARV) Fails to Close
Air-Operated Valve 3411 (ARV) Fails to Close
Beta Factor for ARV Fails to Close
CCF PROBABILITY FACTOR FOR AIR OPERATION OF ARVs
Air-Operated Valve 3410 (ARV) Fails to Close After Liquid Relief
Air-Operated Valve 3411 (ARV) Fails to Close After Liquid Relief
Steam Generator Relief Valve 3508 Fails to Close After Steam Release
Steam Generator Relief Valve 3509 Fails to Close After Steam Release
Steam Generator Relief Valve 3510 Fails to Close After Steam Release
Steam Generator Relief Valve 3511 Fails to Close After Steam Release
Steam Generator Relief Valve 3512 Fails to Close After Steam Release
Steam Generator Relief Valve 3513 Fails to Close After Steam Release
Steam Generator Relief Valve 3514 Fails to Close After Steam Release
Steam Generator Relief Valve 3515 Fails to Close After Steam Release

N Main Steam Stop Valve Limit Switch 33/3544 Fails To Close On Demand
N Main Steam Stop Valve Limit Switch 33/3545 Fails To Close On Demand

ARV 3410 IN TEST OR MAINTENANCE
ARV 3411 IN TEST OR MAINTENANCE

H Manual valve 3504 transfers closed
H Manual valve 3505 transfers closed

ARV 3410 ISOLATION MANUAL VALVE 03506 TRANSFERS CLOSED
ARV 3411 ISOLATION MANUAL VALVE 03507 TRANSFERS CLOSED
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"
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Integrated C. BE File

Basic Event C Factor Units Descri tion

MSXVK3570E 1
MSXVP03410 2
MSXVP03411 2
MSXVPCCF$ $
MSXVX03412 1
MSXVX03520 1
MSXVX03521 1
MSXVX03668 1
MSXVX03669 1

MSXVX3413A 1
RC100
RC150
RC200
RC250
RC300
RC600
RC700
RCAVN0431A 1

RCAVN0431B 1

RCAVNCCF$ $
RCBINP429B 1

RCBINP430B 1
RCBINP431B 1
RCBINP431F 1
RCBINPC450 1
RCBINPC451 1
RCBINPC452 1
RCCC00430P
RCCC431A/B
RCHFDOORCP
RCHFD01BAF
RCHFDCDOSS
RCHFDCDDPR
RCHFDCDTR1
RCHFDCDTR2
RCHFDHEATR
RCHFDPLOCA
RCHFDSCRAM
RCHFL043 1K
RCHFLC429B
RCHFLC430B
RCHFLC431B

384
8760
8760

.1
4404
4404
4404
4404

=4404
4404

1.00E-03
1.00E-03

1
1

0.1
1
1
1
1
1
1
1

1.288E-03
3.940E-04

1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01

0.1
1.00E-01
1.00E-02
3.00E-03
3.00E-03
3.00E-03
3.00E-03

SI Operation

LOSP
CA

H Manual valve 3570E transfers closed
ARV 3410 OPERATED AS A MANUAL VALVE FAILS TO OPEN
ARV 3411 OPERATED AS A MANUAL VALVE FAILS TO OPEN
CCF PROBABILITY FACTOR FOR MANUAL OPERATION OF ARVs

H Manual Valve 3412A Fails to Close
H Manual Valve 3520 Fails to Close
H Manual Valve 3S21 Fails to Close
H Manual Valve 3668 Fails to Close
H Manual Valve 3669 Fails to Close
H Manual Valve 3413A Fails to Close

'ailureOf Pressurizer Spray (Manual Actuation)
Failure Of Pressurizer Spray (Automatic Actuation)
Both Pressurizer PORVS Fail To Automatically Open On Demand
Either Pressurizer PORV Fails to Automatically Open on Demand
Either Pressurizer PORV Fails To Open When Manually Demanded
PORV Block Valve 515 Fails To Close On Demand
PORV Block Valve 516 Fails To Close On Demand

N AIR-OPERATED VALVE PCV-431A FAILS TO OPEN
N AIR-OPERATED VALVE PCV-431B FAILS TO OPEN

BETA FACTOR FOR AIR-OPERATED VALVE FAILS TO OPEN
N ALARM PC-429B FAILS TO OPERATE ON DEMAND
N ALARM PC-430B FAILS TO OPERATE ON DEMAND
N BISTABLE ALARM PC-431B FAILS TO OPERATE ON DEMAND
N ALARM BISTABLE PC-431F FAILS TO OPERATE ON DEMAND
N ALARM PC-450 FAILS TO OPERATE ON DEMAND
N ALARM PC-451 FAILS TO OPERATE ON DEMAND
N ALARM PC-452 FAILS TO OPERATE ON DEMAND

COMMON CAUSE FAILURE OF PCV-430 AND PCV-431C TO OPEN ON DEMAND
COMMON CAUSE FAILURE OF PCV-431A AND PCV-431B TO OPEN ON DEMAND
Operators Fail to Trip RCPs After Loss of CCW Support
Operators Fail To Implement Bleed And Feed
Operator Fails to Cooldown to RHR After SI Fails — SSLOCA
Operators Fail To Cooldown and Depressurize RCS During SGTR Given
Failure to Cooldown to RHR After Ruptured S/G Isolation Fails
Operator Fails to Cooldown to RHR After SI Fails — SGTR
Failure Of Operators To Manually Load Pressurizer Heater Following
Operators Fail To Close PORV Block Valve (S1S/516) To Terminate LO
Operators Fail to Trip Rod Drive MG Sets During ATWS
CONTROLLER PC-431K MISCALIBRATED
ALARM PC-429B MISCALIBRATED
ALARM PC-430B MISCALIBRATED
ALARM PC-431B MISCALIBRATED
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Integrated C. BE File

Basic Event C Factor Units Descri tion

RCHFLC43 1F
RCHFLPC450
RCHFLPC451
RCHFLPC452
RCHFLPL451
RCHFLPT429
RCHFLPT430
RCHFLPT431
RCHFLPT449
RCHFLPT450
RCHFLPT452
RCLYD0431K 1

RCLYDA431C 1

RCLYDA431H 1
RCLYDM429A 1

RCLYDM430A 1

RCLYDM431A 1

RCLYDM431C 1
RCLYDM431H 1
RCLYDM449A 1
RCMM00051S
RCMM000516
RCMM00431A
RCMM00431B
RCMMOOSRVS
RCMM0429BX
RCMM0430BX
RCMM0430IA
RCMM0430N2
RCMM0431BX

'CMM0449BX

RCMMOPT450
RCMMOPT451
RCMMOPT452
RCMM431CIA
RCMM431CN2
RCMMAUXSPX
RCMMTRC04A
RCMMTRC04B
RCMPFRCP1A 1
RCMPFRCP1B 1

RCMVDOOS1S

3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03

8
24
24

8
8
8

24
24

8
1.380E-03
1.380E-03
3.997E-03
3.997E-03
2.800E-04
7.672E-05
7.672E-OS
3.443E-02
3.450E-02
7.672E-OS
7.672E-OS
1.460E-03
1.460E-03
1.460E-03
3.443E-02
3.450E-02
7.497E-02
6.594E-02
6.594E-02

24
24

6.47E-02

ALARM BISTABLE PC-431F MISCALIBRATED
ALARM PC-450 MISCALIBRATED
ALARM PC-451 MISCALIBRATED
ALARM PC-452 MISCALIBRATED
PRESSURE TRANSMITTER PT-451 MISCALIBRATED
PRESSURE TRANSMITTER PT-429 MISCALIBRATED
PRESSURE TRANSMITTER PT-430 MISCALIBRATED
PRESSURE TRANSMITTER PT-431 MISCALIBRATED
PRESSURE TRANSMITTER PT-449 MISCALIBRATED
PRESSURE TRANSMITTER PT-450 MISCALIBRATED
PRESSURE TRANSMITTER PT-452 MISCALIBRATED
CONTROLLER PC-43'1K FAILS TO RESPOND
CONTROLLER PC-431C FAILS TO RESPOND WHILE IN AUTOMATIC OPERATION
CONTROLLER PC-431H FAILS -TO RESPOND WHILE IN AUTOMATIC OPERATION
REPEATER PM-429A FAILS TO RESPOND
REPEATER PM-430A FAILS TO RESPOND
REPEATER PM-431A FAILS TO RESPOND
CONTROLLER PC-431C FAILS TO RESPOND WHILE IN MANUAL OPERATION
CONTROLLER PC-431H FAILS TO RESPOND WHILE IN MANUAL OPERATION
REPEATER PM-449A FAILS TO RESPOND
ELECTRICAL FAILURES PREVENT MOVING MOV-515
ELECTRICAL FAILURES PREVENT MOVING MOV-516
NORMAL PRZR SPRAY VALVE PCV-431A FAILS TO OPEN
NORMAL PRZR SPRAY VALVE PCV-431B FAILS TO OPEN
Either Pressurizer Relief Valve Fails to Open
RELAY PC-429BX FAILS TO OPERATE
RELAY PC-430BX FAILS TO OPERATE
SOLENOID VALVE 8620A FAILS TO OPEN ON DEMAND
SOLENOID VALVE 8619A FAILS TO OPEN ON DEMAND
RELAY PC-431BX FAILS -TO OPERATE
RELAY PC-449BX FAILS TO OPERATE
PRESSURE TRANSMITTER PT-450 FAILS TO RESPOND TO HIGH PRESSURE CONDITION
PRESSURE TRANSMITTER PT-451 FAILS TO RESPOND TO HIGH PRESSURE CONDITION
PRESSURE TRANSMITTER PT-452 FAILS TO RESPOND TO HIGH PRESSURE CONDITION
SOLENOID VALVE 8620B FAILS TO OPEN ON DEMAND
SOLENOID VALVE 8619B FAILS TO OPEN ON DEMAND
AUXILIARYSPRAY VALVE 296 FAILS TO OPEN
FAILURE OF NITROGEN SUPPLY TO PCV-430
FAILURE OF NITROGEN SUPPLY TO PCV-431C
REACTOR COOLANT PUMP PRC01A FAILS TO RUN
REACTOR COOLANT PUMP PRC01B FAILS TO RUN
Motor-Operated Valve 515 Is Closed Due to PORV Leakage
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RCMVD00516
RCMVK00515 1
RCMVKOOS16 1
RCMVP00515 2
RCMVP00516 2
RCMVX00515 1
RCMVX00516 1
RCPTLPT429 1
RCPTLPT430 1
RCPTLPT431 1

RCPTLPT449 1

RCPTLPT450 1

RCPTLPT451 1

RCPTLPT4S2 1

RCPXFPQ429 1

RCPXFPQ430 1
RCPXFPQ431 1
RCPXFPQ449 1
RCPXFPQ450 1
RCPXFPQ451 1
RCPXFPQ452 1
RCREEOOOC1 1
RCREEOOOC2 1
RCREE429BX 1
RCREE430BX 1
RCREE431BX 1
RCREE449BX 1
RCREE450AX 1
RCREE450BX 1
RCREE451AX 1
RCREE451BX 1
RCREE452AX 1
RCREE452BX 1
RCRYN00434 1
RCRYN00435 1
RCRYT00434 1
RCRYT00435 1
RCRZP00430 2
RCRZP0431C 2
RCRZPCCFSS
RCRZT00430 1
RCRZT0431C 1

5.32E-04
1061
1061
2075
2075
8760
8760

8
8
8
8
8 H

8 H
8 H
8 H
8 H

1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1 N
1
1

8760 H
8760 H
0.1

1
1

eakage

Following Steam Relief
Following Steam Relief

Motor-Operated Valve 516 Is Closed Due To PORV L
MOTOR-OPERATED VALVE 515 TRANSFERS CLOSED
MOTOR-OPERATED VALVE 516 TRANSFERS CLOSED
MOTOR-OPERATED VALVE 515 FAILS TO OPEN
MOTOR-OPERATED VALVE 516 FAILS TO OPEN
MOTOR-OPERATED VALVE 515 FAIL TO CLOSE
MOTOR-OPERATED VALVE 516 FAIL TO CLOSE
PRESSURE TRANSMITTER PT-429 FAILS LOW
PRESSURE TRANSMITTER PT-430 FAILS LOW
PRESSURE TRANSMITTER PT-431 FAILS LOW
PRESSURE TRANSMITTER PT-449 FAILS LOW
PRESSURE TRANSMITTER PT-450 FAILS LOW
PRESSURE TRANSMITTER PT-451 FAILS LOW
PRESSURE TRANSMITTER PT-452 FAILS LOW
POWER SUPPLY PQ-429 NO OUTPUT
POWER SUPPLY PQ-430 NO OUTPUT
POWER SUPPLY PQ-431 NO OUTPUT
POWER SUPPLY PQ-449 NO OUTPUT
POWER SUPPLY PQ-450 NO OUTPUT
POWER SUPPLY PQ-451 NO OUTPUT
POWER SUPPLY PQ-452 NO OUTPUT
RELAY C1 FAILS TO ENERGIZE
RELAY C2 FAILS TO ENERGIZE
RELAY PC-429BX FAILS TO ENERGIZE
RELAY PC-430BX FAILS TO ENERGIZE
RELAY PC-431BX FAILS TO ENERGIZE
RELAY PC-449BX FAILS TO ENERGIZE
RELAY PC-450AX FAILS TO ENERGIZE
RELAY PC-4SOBX FAILS TO ENERGIZE
RELAY PC-451AX FAILS TO ENERGIZE
RELAY PC-451BX FAILS TO ENERGIZE
RELAY PC-452AX FAILS TO ENERGIZE
RELAY PC-452BX FAILS TO ENERGIZE
Pressurizer Relief Valve 434 Fails to Open
Pressurizer Relief Valve 435 Fails to Open
Pressurizer Safety Valve PCV-434 Fails To Reclose
Pressurizer Safety Valve PCV-435 Fails To Reclose
PORV PCV-430 FAILS TO OPEN
PORV PCV-431C FAILS TO OPEN
BETA FACTOR FOR PORV FAILS TO OPEN
PORV PCV-430 Fails To Reseat After Steam Relief
PORV PCV-431C Fails To Reseat After Steam Relief
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RCSWC0415 1
RCSWC0450 1
RCSWC1P430 1
RCSWC1P431 1
RCSWC8616A 1
RCSWC8616B 1
RCSWCAUXSP 1
RCSWR1P430 1
RCSWR1P431 1
RCSWRP429A 1

RCXVK00510 1

RCXVK00512 I
RCXVK00533 1

RCXVKOS01A 1

RCXVK0501C 1

RCXVK0506A 1
RCXVK12236 1
RCXVK12237 1

RCXVK12238 1
RCXVK12239 1
RCXVK12425 1
RH200
RHAVK00624 1

RHAVK00625 1
RHCC697A/B
RHCC710A/B
RHCC852A/B
RHCC853A/B
RHCCPUMPAB
RHCCPUMPBA
RHCVP00854 1
RHCVP0697A 1
RHCVP0697B 1
RHCVP0710A 1
RHCVP0710B 1
RHCVP0853A 1
RHCVP0853B 1
RHCVPCCFSS
RHHFDOSGTR
RHHFLAC01A
RHHFLAC01B
RHHXFAC02A 1

1
1
1
1
1
1
1

8760
8760

8
8760
8760
8760
8760
8760
8760
8760
8760
8760
8760
8760

16
16

8.935E-OS
7.446E-06
3.819E-03
8.935E-05
4.072E-04
1.637E-05

4380
4380
4380

365
365

4380
4380

6.00E-02
1.00E+00
3.00E-03
3.00E-03

12

N HAND SWITCH HIS-415 FAILS TO TRANSFER TO "ARM" POSITION
N HAND SWITCH HIS-450 FAILS TO TRANSFER TO "ARM" POSITION
N HAND SWITCH 1/P430 FAILS TO TRANSFER TO "OPEN" POSITION
N HAND SWITCH 1/P431 FAILS TO TRANSFER TO "OPEN" POSITION
N HAND SWITCH FOR 8616A FAILS TO TRANSFER TO "OPEN'OSITION
N HAND SWITCH FOR 8616B FAILS TO TRANSFER TO 'OPEN'OSITION
N HAND SWITCH FOR AUXILIARYPRZR SPRAY FAILS TO CLOSE
H HAND SWITCH 1/P430 TRANSFERS OPEN
H HAND SWITCH 1/P431C TRANSFERS OPEN
H SELECTOR SWITCH P/429A TRANSFERS OPEN
H MANUAL VALVE 510 TRANSFERS CLOSED
H MANUAL VALVE 512 TRANSFERS CLOSED (COMMON TO PT-449 AND PT-431)
H MANUAL VALVE 533 TRANSFERS CLOSED
H MANUAL VALVE 501A TRANSFERS CLOSED

. H MANUAL VALVE 501C TRANSFERS CLOSED
H MANUAL VALVE 506A TRANSFERS CLOSED
H MANUAL VALVE 12236 TRANSFERS CLOSED

-H MANUAL VALVE 12237 TRANSFERS CLOSED
H MANUAL VALVE 12238 TRANSFERS CLOSED
H MANUAL VALVE 12239 TRANSFERS CLOSED
H MANUAL VALVE 12425 TRANSFERS CLOSED

Failure To Provide Any Flow From RHR In Injection Phase
H AIR-OPERATED VALVE 624 TRANSFER CLOSED [INJECTION)
H AIR-OPERATED VALVE 625 TRANSFERS CLOSED [INJECTION)

CHECK VALVES 697A, 697B FAIL TO OPEN <common cause event>
CHECK VALVES 710A, 710B FAIL TO OPEN <common cause event>
MOVS 852A, 8S2B FAIL TO OPEN <common cause event>
CHECK VALVES 853A, 853B FAIL TO OPEN <common cause event>
PUMPS A AND B FAIL TO START <common cause event>
PUMPS A AND B FAIL TO RUN <common cause event>

H CHECK VALVE 854 FAILS TO OPEN [INJECTION]
H CHECK VALVE 697A FAILS TO OPEN [INJECTION]
H CHECK VALVE 697B FAILS TO OPEN [INJECTION]
H CHECK VALVE 710A FAILS TO OPEN [INJECTION]
H CHECK VALVE 710B FAILS TO OPEN [INJECTION]
H CHECK VALVE 853A FAILS TO OPEN [INJECTION]
H CHECK VALVE 853B FAILS TO OPEN [INJECTION)

BETA FACTOR FOR CHECK VALVE FAILS TO OPEN [INJECTION)
=Failure to Establish or Maintain RHR Cooling Following SGTR
LATENT HUMAN FAILURE OF RHR PUMP "A" (PAC01A)
LATENT HUMAN FAILURE OF RHR PUMP "B" (PAC01B)

H HEAT EXCHANGER EACO2A COOLING CAP. FAILS [INJECTION)
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Integrated C. BE File

Basic Event

RHHXPAC02A
RHHXPAC02B
RHMM00852A
RHMM00852B
RHMMAC01AA
RHMMAC01AF
RHMMAC01BA
RHMMAC01BF
RHMMHXACOM
RHMMHXBFLW
RHMPFAC01A
RHMPFAC01B
RHMPFCCFSS
RHMPSAC01A
RHMPSAC01B
RHMPSCCFSS
RHMVK00856
RHMVK0704A
RHMVK0704B
RHMVP0852A
RHMVP0852B
RHMVPCCF$ $
RHMVR0850A
RHMVR0850B
RHMVR0857A
RHMVR0857B
RHMVR0857C
RHPPJINJLN
RHPPJSUCHD
RHTMOOOOOA
RHTMOOOOOB
RHXVK00714
RHXVK00715
RHXVK00716
RHXVK00717
RHXVK0694A
RHXVK0694B
RHXVK0696A
RHXVK0696B
RHXVK0709A
RHXVK0709B
RHXVR1816A

C Factor

377
377

4.774E-02
4.774E-02
2.529E-03
1.488E-04
2.529E-03
1.488E-04
2.243E-03
2.331E-03

12
12

1.10E-01
365
365

1.61E-01
16
16
16

4380
4380

8.00E-02
16
16
16
16
16
12
12

2.90E-03
2.90E-03

377
4392

377
4392

377
377
377
377
377
377
377

Units Descri tion

H HEAT EXCHANGER EAC02A PLUGS [INJECTION)
H HEAT EXCHANGER EAC02B PLUGS [INJECTION)

852a Fails to Open
852B Fails to Open
PAC01A fails to start
PAC01A fails to run
AC01B Fails to Start
AC01B Fails to Run
Failure of RHR Heat Exchanger A
Failure of RHR Heat Exchanger B

H MOTOR-DRIVEN PUMP PAC01A FAILS TO RUN [INJECTION)
H MOTOR-DRIVEN PUMP PAC01B FAILS TO RUN [INJECTION]

BETA FACTOR FOR MOTOR-DRIVEN PUMP FAILS TO RUN [INJECTION)
H MOTOR-DRIVEN PUMP PAC01A FAILS TO START [INJECTION]
H MOTOR-DRIVEN PUMP PAC01B FAILS TO START [INJECTION]

BETA FACTOR FOR MOTOR-DRIVEN PUMP FAILS TO START [INJECTION]
H MOTOR-OPERATED VALVE 856 TRANSFERS CLOSED [INJECTION)
H MOTOR-OPERATED VALVE 704A TRANSFERS CLOSED ISOLATING SUCTION PATH [INJECTION]
H MOTOR-OP VALVE 704B TRANSFERS CLOSED, ISOLATING SUCTION PATH [INJECTION]
H MOTOR-OPERATED VALVE 852A FAILS TO OPEN [INJECTION]
H MOTOR-OP VALVE 852B FAILS TO OPEN [INJECTION]

BETA FACTOR FOR MOTOR-OPERATED VALVE FAILS TO OPEN [INJECTION]
H MOTOR-OP VALVE 850A TRANSFERS OPEN [INJECTION]
H MOTOR-OP VALVE 850B TRANSFERS OPEN [INJECTION]
H MOTOR-OPERATED VALVE 857A TRANSFERS OPEN
H MOTOR-OPERATED VALVE 857B TRANSFERS OPEN — LOSS OF FLOW
H MOTOR-OPERATED VALVE 857C TRANSFERS OPEN
H PIPING — COMMON INJECTION LINE RUPTURE [INJECTION]
H RWST Suction Piping To RHR System Ruptures (Injection)

TRAIN "A" OUT OF SERVICE FOR MAINTENANCE OR TESTING [INJECTION)
TRAIN "B" OUT OF SERVICE FOR TEST OR MAINTENANCE [INJECTION]

H MANUAL VALVE 714 TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 715 TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 716 TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 717 TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 694A TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 694B TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 696A TRANSFERS CLOSED [INJECTION)
H MANUAL VALVE 696B TRANSFERS CLOSED [INJECTION)
H MANUAL VALVE 709A TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 709B TRANSFERS CLOSED [INJECTION]
H MANUAL VALVE 1816A TRANSFERS OPEN
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Basic Event C Factor Units Descri tion

RHXVR1816B 1
RP100
RPHFDOOMRI
RR100
RR610
RR690
RRAVF00624 1
RRAVF00625 1
RRAVK00624 1

RRAVK00625 1

RRCC697A/B
RRCC710A/B
RRCCSSOA/B
RRCC853A/B
RRCCM0857M
RRCCPUMPAB
RRCCPUMPBA
RRCVC00854 1
RRCVP0697A 1
RRCVP0697B 1
RRCVP0710A 1
RRCVP0710B 1
RRCVP0853A 1
RRCVP0853B 1
RRCVPCCF$ 8
RRHFDRCROA
RRHFDRCROM
RRHFDRCROS
RRHFDRCRSS
RRHFDRECRC
RRHFL00856
RRHFLOSSOA
RRHFL0850B
RRHXFAC02A 1
RRHXFAC02B 1
RRHXPAC02A 1
RRHXPAC02B 1
RRIPD0624 1
RRIPD0625 1

RRLYD0624 1
RRLYD0625 1

RRMM000624

377
1.00E-02

0.21

12
12
12
12

2. 448E-.07
2.448E-07
9.238E"04
2.448E-07
9.213E-04
1.339E-05
1.637E-05

1
12
12
12
12
12
12

6.00E-02
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-02
3.00E-03
3.00E-03
3.00E-03

4392
4392

12
12
12
12
12
12

1.382E-04

H MANUAL VALVE 1816B TRANSFERS OPEN
ATWS Mitigation System Actuation Circuitry Fails
Operators Fail To Manually insert Rods
Failure Of RHR Sump Recirculation
Insufficient flow/cooling to SI 857C valve and crosstie (for CS in recirc)
Insufficient flow/cooling to SI MOV 857B from B train
Failure of AOV 624 to throttle flow
Failure of AOV 625 to throttle flow
AIR-OPERATED VALVE 624 TRANSFER CLOSED [RECIRC]
AIR-OPERATED VALVE 625 TRANSFERS CLOSED [RECIRC]
CHECK VALVES 697A/B FAIL TO OPEN <common cause event>
CHECK VALVES 710A/B FAIL TO OPEN <common cause event>
MOVS 850A/B FAIL TO OPEN <common cause event>
CHECK VALVES 853A/B FAIL TO OPEN <common cause event>
MOVs 857A, 857B and 857C fail to open due to common cause
PUMPS A/B FAIL TO START <common cause event>
PUMPS A/B FAIL TO RUN <common cause event>
CHECK VALVE 854 FAILS TO CLOSE
CHECK VALVE 697A FAILS TO OPEN [RECIRC]
CHECK VALVE 697B FAILS TO OPEN [RECIRC)
CHECK VALVE 710A FAILS TO OPEN [RECIRC]
CHECK VALVE 710B FAILS TO OPEN [RECIRC)
CHECK VALVE 853A FAILS TO OPEN [RECIRC]
CHECK VALVE 853B FAILS TO OPEN [RECIRC)
BETA FACTOR FOR CHECK VALVE FAILS TO OPEN [RECIRC]
Failure to Switch to Recirculatio'n After LLOCA
Failure to Switch to Recirculation After MLOCA
Failure to Switch to Recirculation After SLOCA
Failure to Switch to Recirculation After SSLOCA
OPERATOR FAILS TO CORRECTLY SHIFT THE RHR SYSTEM TO RECIRCULATION AND ISOL CS
LATENT HUMAN FAILURE ON MOV 856
LATENT HUMAN FAILURE OF MOV SSOA
LATENT HUMAN FAILURE OF MOV 850B
HEAT EXCHANGER EAC02A COOLING CAP. FAILS [RECIRC]
HEAT EXCHANGER EAC02B COOLING CAP. FAILS [RECIRC]
HEAT EXCHANGER EAC02A PLUGS [RECIRC]
HEAT EXCHANGER EAC02B PLUGS [RECIRC)
I/P CONVERTER 0624 FAILS TO RESPOND
I/P CONVERTER 0625 FAILS TO RESPOND
SIGNAL PROCESS MODULE 0624 FAILS TO RESPOND
SIGNAL PROCESS MODULE 0625 FAILS TO RESPOND
AVO-624 FAILS TO THROTTLE
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RRMM000625
RRMM000856
RRMM00850A
RRMM00850B
RRMMAC01AA
RRMMAC01AF
RRMMAC01BA
RRMMAC01BF
RRMMHXACOM
RRMMHXBFLW
RRMPFAC01A 1

RRMPFAC01B 1

RRMPFCCF$ $
RRHPSAC01A 1

RRHPSAC01B 1
RRMPSCCF$ $
RRMVP0850A 1
RRMVP0850B 1

RRMVP0857A 1
RRMVP0857B 1
RRMVP0857C 1

RRMVPCCF$ $
RRMVX00856 2
RRPPJLBLOA
RRPPJLBLOB
RRPPJMBLOA
RRPPJMBLOB
RRPPJSBLOA
RRPPJSBLOB
RRPTHPC629 1
RRSMPOOA/B 1
RRXVK00714 1
RRXVK00715 1
RRXVK00716 1
RRXVK00717 1
RRXVK0694A 1
RRXVK0694B 1
RRXVK0696A 1
RRXVK0696B 1
RRXVK0709A 1
RRXVK0709B 1
RRXVK0851A 1

1.382E-04
2.913E-02
1.194E-02
1.194E-02
8.316E-05
1.488E-04
8.316E-05
1.488E-04
2.563E-05
2.840E-02

12
12

1.10E-01
12
12

1.61E-01
1095
1095
1092
1092
1092

7.74E-02
8760

1.00E+00
1.00E+00
5.20E-03
3.90E-03
3.47E-04
3.13E-04

4392
1

12
12
12
12
12
12
12
12
12
12
16

AOV-625 FAILS TO THROTTI E

MOV 850A FAILS TO OPEN (RECIRCULATION)
MOV 850B FAILS TO OPEN (RECIRCULATION)
PAC01A FAILS TO START (RECIRCULATION)
PAC01A FAILS TO RUN (RECIRCULATION)
AC01B FAILS TO START (RECIRCULATION)
AC01B RUNS TO RUN (RECIRCULATION)
FAILURES IN FLOW PATH FROM HX A LINE TO COMMON DISCHARGE HEADER
Failure of components for RHR Heat Exchanger B

H MOTOR-DRIVEN PUMP PAC01A FAILS TO RUN [RECIRC]
H MOTOR-DRIVEN PUMP PAC01B FAILS TO RUN [RECIRC]

BETA FACTOR FOR MOTOR-DRIVEN PUMP FAILS TO RUN [RECIRC]
H MOTOR-DRIVEN PUMP PAC01A FAILS TO START [RECIRC]
H MOTOR-DRIVEN PUMP PAC01B FAILS TO START [RECIRC]

BETA FACTOR FOR MOTOR-DRIVEN PUMP FAILS TO START [RECIRC]
H HOTOR-OPERATED VALVE 850A FAILS TO OPEN [RECIRC)
H MOTOR-OPERATED VALVE 850B FAILS TO OPEN [RECIRC]
H MOV 857A fails to open
H MOV 8S7B fails to open
H MOV 857C fails to open

Beta factor for common cause failure of an MOV to open
H MOTOR-OPERATED VALVE 00856 FAILS TO CLOSE (STANDBY)

CONDITIONAL PROBABILITY OF MBLOCA IN A RHR LINE
CONDITIONAL PROBABILITY OF MBLOCA IN 'B" RHR LINE
CONDITIONAL PROBABILITY OF SBLOCA IN "A" RHR LINE
CONDITIONAL PROBABILITY OF SBLOCA IN "B" RHR LINE

H Pressure transmitter PIC-629 fails high
CONTAINMENT SUMP SCREENS PLUGGED [RECIRC]

H MANUAL VALVE 714 TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 715 TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 716 TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 717 TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 694A TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 694B TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 696A TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 696B TRANSFERS CLOSED [RECIRC)
H MANUAL VALVE 709A TRANSFERS CLOSED [RECIRC]
H MANUAL VALVE 709B TRANSFERS CLOSED [RECIRC]
H DE-POWERED MOV 851A TRANSFERS CLOSED [RECIRC)
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Tab]~ 2
Integrated C. BE File

Basic Event C Factor Units Descri tion
RRXVK0851B 1
RRXVR1813A 1
RRXVR1813B 1
SGTR
SI100
SI500
SICCINJCHK
SICCM0842X-
SICCM0867X
SICCM0878X
SICCM0889X
SICCM0891X
SICCMLTHT3
SICCMPSI1X
SICCMPSI1Y
SICCMPTHT3
SICVC0867A 1
SICVC0867B 1
SICVC0870A 1
SICVC0870B 1
SICVC0878G 1
SICVC0878J 1
SICVC0889A 1
SICVC0889B 1
SICVCCCF$ $
SICVN0842A 1
SICVN0842B 1
SICVN0867A 1
SICVN0867B 1
SICVNCCF$ $
SICVP0867A 1
SICVP0867B 1
SICVP0870A 1
SICVP0870B 1
SICVP0878G 1
SICVP0878J 1
SICVP0889A 1
SICVP0889B 1
SICVP0891A 1
SICVP0891B 1
SICVP0891C 1
SICVPCCF$ $

16
12
12

1E-3

1.146E-04
1.450E-05
7.668E-05
7.668E-05
6.495E-06
1.907E-05
1.770E-03
5.489E-04
8.388E-04
1.305E-03

1

1
1
1
1
1
1

1
0.06

1

1
1
1

0.1
4392
4392

372
372

4392
4392

372
372

1092
1092
1092

6.00E-02

H
H
H

N
N
N
N

H
H
H
H

DE-POWERED MOV 851B TRANSFERS CLOSED [RECIRC]
MANUAL VALVE 1813A TRANSFERS OPEN [RECIRC]
MANUAL VALVE 1813B TRANSFERS OPEN [RECIRC]
STEAM GENERATOR TUBE RUPTURES
Failure To Deliver Flow From 1 Of 3 SI Pumps To The RCS During Injection
Inadequate Flow From Both Accumulators (TSI03A and TSI03B)
Common Cause Failure of Check valves for Penetrations 101 and 113
Common Cause Failure To Open Of Check Valves 842A & 842B
Common Cause Failure To Open Of Check Valves 867A & 867B
Check valves 878G and 878J fail to open due to common cause
Check valves 870A, 870B, 889A and 889B fai'l to open due to common cause
Check valves 891A, 891B & 891C fail to open due to common cause during inj.
Common Cause Failure (High) Of Accumulator Level Transmitters
PSI01A, PSI01B & PSI01C fail to start for injection due to common cause
PSI01A, PSI01B & PSI01C fail to run during injection due to common cause
Common Cause Failure (High) Of Accumulator Pressure Transmitters
Check Valve 867A Fails to Close
Check Valve 867B Fails to Close
Check Valve 870A Fails to Close
Check Valve 870B Fails to Close
Check Valve 878G Fails to Close
Check Valve 878J Fails to Close
Check Valve 889A Fails to Close
Check Valve 889B Fails to Close
Beta Factor for SI Check Valves Fail to Close
Check Valve 842A Fails To Open On Demand
Check Valve 842B Fails To Open On Demand
Check Valve 867A Fails To Open On Demand
Check Valve 867B Fails TO Open On Demand
Beta Factor For Common Cause Failure Events SICCM0842X And SICCM0867X
Check valve 867A fails to open
Check valve 867B fails to open
Check valve 870A fails to open
Check valve 870B fails to open
Check valve 878G fails to open
Check valve 878J fails to open
Check valve 889A fails to open
Check valve 889B fails to open
Check valve 891A fails to open
Check valve 891B fails to open
Check valve 891C fails to open
Beta factor for common cause failure of a check valve to open
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Table
Integrated ( . ~BE File

Basic Event C Factor Units Descri tion

SICVR0842A 1
SICVR0842B 1
SIHFL0857B
SIHFL0871A
SIHFL0871B
SIHFL857AC
SIHFLPSI1A
SIHFLPSI1B
SIHFLPSI1C
SILCDSI01C 2
SILTHCCFSS
SILTHLT934 1

SILTHLT935 1

SILTHLT938 1

SILTHLT939 1
SIMMCB0897
SIMMCB0898
SIMMCB857A
SIMMCB857B
SIMMCB857C
SIMMCBUS14
SIMMCBUS16
SIMMPSI01A
SIMMPSI01B
SIMPFCCFSS
SIMPFSI01A 1
SIMPFSI01B 1
SIMPFSI01C 1
SIMPSCCFSS
SIMPSSI01A 1
SIMPSSI01B 1
SIMPSSI01C 1
SIMVK0825A 1
SIMVK0825B 1
SIMVK0871A 1
SIMVK0871B 1
SIPPJLBLOA
SIPPJLBLOB
SIPPJLOOPA
SIPPJLOOPB
SIPPJMBLOA
SIPPJMBLOB

372
372

3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03
3.00E-03

4392
0.1

8760
8760
8760
8760

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.50E-01

12
12
12

3.10E-01
372
372
372
372
372
372
372

1.89E-02
1.89E-02
1.00E+00
1.00E+00
1.45E-03
1.93E-03

Check valve 842A transfers open
Check valve 842B transfers open
Latent Human Failure of MOV 857B
Laten Human Failure of MOV 871A
Latent Human Failure of MOV 871B
Latent Human Failure of MOV 857A OR 857C
Operators fail to restore PSI01A equipment after test or
Operators fail to restore PSI01B equipment after test or
Operators fail to restore PSI01C equipment after test or
Logic circuit failure shows wrong position of 52/PSI01C2
Beta Factor For Common Cause Failure (High) Of Accumulato
Level Transmitter LT-934 Fails High
Level Transmitter LT-935 Fails High
Level Transmitter LT-938 Fails High
Level Transmitter LT-939 Fails High
897 CIrcuit Breaker or Fuse Failure Prevents Operation
898 CIrcuit Breaker or Fuse Failure Prevents Operation
857A CIrcuit Breaker or Fuse Failure Prevents Operation
857B CIrcuit Breaker or Fuse Failure Prevents Operation
857C CIrcuit Breaker or Fuse Failure Prevents Operation
PSI01C Circuit Breaker or DC Fuse Failure Prevents Start
PSI01C Circuit Breaker or DC Fuse Failure Prevents Start
PSI01A Circuit Breaker or DC Fuse Failure Prevents Start
PSI01B Circuit Breaker or DC Fuse Failure Prevents Start
Beta factor for common cause failure of a pump to run
PSI01A fails to run
PSI01B fails to run
PSI01C fails to run
Beta factor for common cause failure of a pump to start
PSI01A fails to start
PSI01B fails to start
PSI01C fails to start
MOTOR"OPERATED VALVE 82SA TRANSFERS CLOSED
MOTOR-OPERATED VALVE 825B TRANSFERS CLOSED
MOV 871A transfers closed
MOV 871B transfers closed
CONDITIONAL PROBABILITY OF LBLOCA IN THE 'A" SI LINE
CONDITIONAL PROBABILITY OF LBLOCA IN THE "B'I LINE

CONDITIONAL PROBABILITY OF MBLOCA IN THE "A" SI LINE
CONDITIONAL PROBABILITY OF MBLOCA IN THE B" SI LINE

maintenance
maintenance
maintenance
(Bus 14)
r Level Transmitters

From Bus 14
From Bus 16
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Table ~2
Integrated C.. ~ BE File

Basic Event C Factor Units Descri tion
SIPPJSBLOA
SIPPJSBLOB
sIPTHccFSS
SIPTHPT936 1
SIPTHPT937 1
SIPTHPT940 1
SIPTHPT941 1
SITKGSI3AL 1
SITKGSI3AN 1
SITKGSI3AS 1

SITKGSI3BL 1

SITKGSI3BN 1

SITKGSI3BS 1

SITM00825A
SITM00825B
SITM00871A
SITM00871B
SITMOPSIlA
SITMOPSI1B
SITMOPSIlC
SITMTRAINA
SITMTRAINB
SIXVK00841 1
SIXVK00865 1
SIXVK0878B 1
SIXVK0878D 1
SIXVK0878E 1
SIXVK0888A 1
SIXVK0888B 1
SIXVK0890A 1
SIXVK0890B 1
SIXVK1815A 1
SIXVK1815B 1
SIXVK1820A 1
SIXVK1820B 1
SIXVK1820C 1
SIXVR0878A 1
SIXVR0878C 1
SR500
SR610
SRCCM0867X
SRCCM0878X

6.25E-04
6.94E-04

0.1
8760
8760
8760
8760
8760
8760

15
8760
8760

15
1.00E+00
1.00E+00
3.20E-03
9.84E-04
2.37E-03
2.37E-03
2.82E-03
3.65E-03
2.54E-03

4404
4404
4392
4392
4392

372
372
372
372
372
372
372
372
372

4392
4392

2.095E-07
2.095E-07

MOV 871A or check valve 870A unavailable due to maintenance
MOV 871B or check valve 807B unavailable due to maintenance
PSI01A unavailable due to test or maintenance
PSI01B unavailable due to test or maintenance
PSI01C unavailable due to test or maintenance
SI train A discharge valves unavailable due to test or maintenance
SI train B discharge valves unavailable due to test or maintenance
Motor Operated Valve 841 Transfers Closed
Motor Operated Valve 865 Transfers Closed
MOV 878B transfers closed
MOV 878D transfers closed
Manual valve 878E transfers closed
Manual valve 888A transfers closed
Manual valve 888B transfers closed
Manual valve 890A transfers closed
Manual valve 890B transfers closed
MOV 1815A transfers closed
MOV 1815B transfers closed
Manual valve 1820A transfers closed
Manual valve 1820B transfers closed
Manual valve 1820C transfers closed
MOV 878A transfers open
MOV 878C transfers open
Failure To Deliver Flow From 1 Of 3 SI Pumps To The RCS During Recir
No Recirculation Flow Available From The RHR System
Check valves 867A and 867B fail to open due to common cause
Check valves 878G and 878J fail to open due to common cause

culation

CONDITIONAL PROBABILITY OF SBLOCA IN THE "A" SI LINE
CONDITIONAL PROBABILITY OF SBLOCA IN THE "B" SI LINE
Beta Factor For Common Cause Failure (High) Of Accumulator Pressure Transmitter
Pressure Transmitter PT-936 Fails High
Pressure Transmitter PT-937 Fails High
Pressure Transmitter PT-940 Fails High
Pressure Transmitter PT-941 Fails High
LONG-TERM TANK SI03A LIQUID LEAKAGE
LONG-TERM TANK SI03A N2 LEAKAGE
SHORT-TERM TANK SI03A LIQUID OR N2 LEAKAGE
LONG-TERM TANK SI03B LIQUID LEAKAGE
tONG"TERM TANK SI03B N2 LEAKAGE
SHORT-TERM TANK SI03B LIQUID OR N2 LEAKAGE
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Table 2
Integrated C. BE File

Basic Event

SRCCM0889X
SRCCM897/8
SRCCMPSI1X
SRCCMPSI1Y
SRCVP0867A 1
SRCVP0867B 1
SRCVP0870A 1
SRCVP0870B 1
SRCVP0878G 1
SRCVP0878J 1

SRCVP0889A 1

SRCVP0889B 1

SRCVPCCF$ $
SRCVR0842A 1

SRCVR0842B 1

SRMMCCWP1A
SRMMCCWP1B
SRMMCCWP1C
SRMPFCCF$ $
SRMPFSI01A 1
SRMPFSI01B 1
SRMPFSI01C 1
SRMPSCCF$ $
SRMPSSI01A 1
SRMPSSI01B 1
SRMPSSI01C 1
SRMVK0825A 1
SRMVK0825B 1
SRMVK0871A 1
SRMVK0871B 1
SRPPPAC08A 1
SRPPPAC08B 1
SRPPPAC09A 1
SRPPPAC09B 1
SRPPPAC10A 1
SRPPPAC10B 1
SRXVK0878B 1
SRXVK0878D 1
SRXVK0878E 1
SRXVK0888A 1
SRXVK0888B 1
SRXVK0890A 1

Factor

2.095E-07
1.537E-03
8.568E-06
8.388E-04

12
12
12
12
12
12
12
12

6.00E-02
12
12

3 . 907E-03
3. 907E-03
3. 907E-03

1.50E-01
12
12
12

1.50E-01
12
12
12
12
12

372
372

1
1
1
1
1
1

12
12
12
12
12
12

Units Descri tion

open due to common cause
ause
rc. due to common cause

due to common cause

valve to open

to run

to start

MOV 878D transfers closed
Manual valve 878E transfers closed
Manual valve 888A transfers closed
Manual valve 888B transfers closed
Manual valve 890A transfers closed

Check valves 870A, 870B, 889A and 889B fail to
MOVs 897 and 898 fail to close due to common c
PSI01A, PSI01B S. PSI01C fail to start for reci
PSI01A, PSI01B & PSI01C fail to run for recirc
Check valve 867A fails to open
Check valve 867B fails to open
Check valve 870A fails to open
Check valve 870B fails to open
Check valve 878G fails to open
Check valve 878J fails to open
Check valve 889A fails to open
Check valve 889B fails to open
Beta factor for common cause failure of a check
Check valve 842A transfers open
Check valve 842B transfers open
Failure of PSI01A cooling components
Failure of PSI01B cooling components
Failure of PSI01C cooling components
Beta factor for common cause failure of a pump
PSI01A fails to run
PSI01B fails to run
PSI01C fails to run
Beta factor for common cause failure of a pump
PSI01A fails to start
PSI01B fails to start
PSI01C fails to start
MOV 825A transfers closed
MOV 825B transfers closed
MOV 871A transfers closed
MOV 871B transfers closed
Heat exchanger EAC08A plugs
Heat exchanger EAC08B plugs
Heat exchanger EAC09A plugs
Heat exchanger EAC09B plugs
Heat exchanger EAC10A plugs
Heat exchanger EAC10B plugs
MOV 878B transfers closed
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Tabl~ -2
Integrated ( a BE File

Basic Event C Factor Units Descri tion
SRXVK0890B 1
SRXVK1815A 1
SRXVK1815B 1
SRXVR0878A 1
SRXVR0878C 1
SW100
SW150
SN200
SH250
SW300
SH350
SH400
SW406
SW431
SW500
SW513
SW531
SW550
SW563
SW580
SW600
SW650
SWAVK04561 1
SWAVK04562 1
SWAVN04561 1
SWAVN04562 1
SWAVN9632A 1
SWAVN9632B 1
SNCCBFMOVC
SWCCBFMOVN
SNCCCHECKN
SWCCEXPANJ
SWCCGTMOVC
SWCCGTMOVN
SWCCPPMPSV
SWCCPSWCVS
SWCCPSNMVA
SWCCPSWMVB
SWCCPUMPSR
SWCCPUMPSS
SWCVC04601 1

SHCVC04602 1

12
12
12
12
12

0.001
0.001

1E-3
1E-3
1E-3

1E-3
1E-3
1E-2
1E-2
1E-2
1E-2
1E-2
1E-2
lE-3
1E-3

24
24

1
1
1
1

3. 662E-04
3.105E-04
7.260E-06
6.840E-08
3.662E-04
3.105E-04
1.348E-03
8.594E-06
1.017E-03
1.017E-03
7.560E-07
2.196E-05

1'

Manual valve 890B transfers closed
MOV 1815A transfers closed
MOV 1815B transfers closed
MOV 878A transfers open
MOV 878C transfers open
Loss Of Service water Flow To KDG01A
Loss Of Service Water Flow To KDG01B
Loss of SW Flow to IA Compressors CIA02A, CIA02C and Relay Room AC Units
SERVICE WATER TO SA AND IA — B COMPRESSORS
Loss of service water flow to SAFW pump PFW03A and ventilation fan AFA01A
Loss of service water flow to SAFN pump PFN03B and ventilation fan AFAO1B
Loss Of SW Flow To SI Pumps PSI01A, PSI01B, and PSI01C and Room Coolers
LOSS OF SERVICE WATER A TO SI PUMP PSI01A, PSI01B, AND PSI01C AND ROOM COOLERS
LOSS OF SW HEADER B TO SI PUMPS PSI01A, PSI01B, PSI01C AND ROOM COOLERS
LOSS OF SERVICE WATER FLOW TO CCW HX EAC01A
LOSS OF SERVICE WATER FLOW TO CCH HX EAC01A THROUGH MOV 4735
SERVICE WATER VALVE 4616 OR 4735 IN TEST OR MAINTENANCE
LOSS OF SERVICE WATER FLOW TO CCW HX EAC01B
LOSS OF SERVICE WATER FLOW THROUGH MOV 4734
SERVICE WATER MOV 4734 OR 4615 AND CCW HX A OUT OF SERVICE
Loss of SW to CNMT fan coolers ACA01A and ACA01B and TDAFW pump
Loss of SW flow to fan coolers ACA01C and ACA01A and AFW pump
AIR-OP VALVE 4561 TRANSFERS CLOSED (CONTAINMENT)
AIR-OP VALVE 4562 TRANSFERS CLOSED (CONTAINMENT)
AIR-OPERATED VALVE 4561 FAILS TO OPEN
AIR-OPERATED VALVE 4562 FAILS TO OPEN
AIR-OPERATED VALVE 9632A FAILS TO OPEN
AIR-OPERATED VALVE 9632B FAILS TO OPEN
Common Cause Failure Of Service Water Butterfly Isolation Valves To Close
Common Cause Failure Of Service Water Butterfly Isolation Valves To Open
Common Cause Failure Of Service Water Pump Discharge Check Valves To Open
Common Cause Failure Of Service Hater Pump Discharge Expansion Joints
Common Cause Failure Of Service Water Gate Isolation Valves To Close
Common Cause Failure Of Service Water Gate Isolation Valves To Open
Common cause failure of solenoid valves 4324, 4325, and 4326 to open
Common cause failure of check valves 9627A and 9627B to open
Common cause failure of MOVs 4013, 4027, and 4028 to open
Common cause failure of MOVs 9629A and 9629B to open
Common Cause Failure Of Service Water Pumps To Run
Common Cause Failure Of Service Water Pumps To Start
Service 'Hater Pump PSW01A Discharge Check Valve 4601 Fails To Close On Demand
Service Hater Pump PSW01B Discharge Check Valve 4602 Fails To Close On Demand
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Table
" -2

Integrated C, BE File

Basic Event C Factor Units Descri tion
SWCVC04603 1
SWCVC04604 1
SWCVK04601 1
SWCVK04602 1
SWCVK04603 1
SWCVK04604 1
SWCVK05333 1
SNCVK05370 1
SHCVK9633A 1
St'JCVK9633B 1

SWCVN04 601 1

SWCVN04602 1
SNCVN04603 1

SWCVN04604 1
SWCVNCCFSS
SHCVP9627A 1

SWCVP9627B 1

SHCVPCCFSS
SWEJFCCFSS
SHEJFSSN02 1
SHEJFSSW03 1
SWEJFSSW04 1
SWEJFSSW05 1
SWFDFNFW02 1
SWFDFNFW03 1
SWFDFNFW04 1
SNHFDCIA2A
SWHFDCIA2B
SWHFDSW01A
SWHFDSW01B
SWHFDSN01C
SWHFDSH01D
SWHXFAFA1A 1
SNHXFAFA1B 1
SWMMDGXCON
SWMMSWXTIE
SWMPACCFSS
SWMPASW01A 1
SWMPASW01B 1
SWMPASW01C 1
SWMPASN01D 1

SWMPFCCFSS

1
24
24
24
24
24
24
24
24

1

1

1

1

6.00E-02
384 H

384 H

6.00E-02
.1
24
24
24
24

1116
1116
1116

1.00E-01
1.00E"01
1.00E-01
1.00E"01
1.00E-01
1.00E-01

24
24

2.952E-06
2.952E-O'6
3.00E-02

1
1

1
1

3.00E-02

Service Water Pump PSW01C Discharge Check Valve 4603 Fails To Close On Demand
Service Water Pump PSW01D Discharge Check Valve 4604 Fails To Close On Demand
Service Water Pump PSW01A Discharge Check Valve 4601 Transfers Closed
Service Water Pump PSW01B Discharge Check Valve 4602 Transfers Closed
Service Water Pump PSW01C Discharge Check Valve 4603 Transfers Closed
Service Water Pump PSH01D Discharge Check Valve 4604 Transfers Closed
CHECK VALVE 5333 TRANSFERS CLOSED
CHECK VALVE 5370 TRANSFERS CLOSED
STOP CHECK VALVE 9633A TRANSFERS CLOSED
STOP CHECK VALVE 9633B TRANSFERS CLOSED
Service Water Pump PSW01A Discharge Check Valve 4601 Fails To Open On Demand
Service Hater Pump PSW01B Discharge Check Valve 4602 Fails To Open On Demand
Service Hater Pump PSN01C Discharge Check Valve 4603 Fails To Open On Demand
Service Hater Pump PSW01D Discharge Check Valve 4604 Fails To Open On Demand
Beta Factor For Common Cause Failure Event SWCCFCHKVO
Standby AFW Pump PSF01A Inlet Check Valve 9627A Fails To Open On Demand
Standby AFW Pump PSF01B 'Inlet Check Valve 9627B Fails To Open On Demand
Beta factor for SW check valves fail to open
Beta Factor For Common Cause Event SWCCFEXPJR
Service Water Pump PSW01A Discharge Expansion Joint SSW02 Fails
Service Water Pump PSW01B Discharge Expansion Joint SSW03 Fails
Service Water Pump PSH01C Discharge Expansion Joint SSW04 Fails
Service Hater Pump PSW01D Discharge Expansion Joint SSW05 Fails
Service Water Filter NFW02 plugged
Service Water Filter NFN03 plugged
Service Water Filter NFW04 plugged
Operators Fail To Restore SW Flow To -IA Comp A&C Following SW Header Isolation
Operators Fail To Restore SN Flow To SA Comp and IA Comp B Following SW Isol
Operators Fail To Start PSW01A After No Auto Start Or Failure Of Other Pump
Operators Fail To Start PSW01B After No Auto Start Or Failure Of Other Pump
Operators Fail To Start PSW01C After No Auto Start Of Failure Of Other Pump
Operators Fail To Start PSN01D After No Auto Start Or Failure Of Other Pump
HEAT EXCHANGER AFA1A COOLING CAP. FAILS
HEAT EXCHANGER AFA1B COOLING CAP. FAILS
Manual SH Valve On The EDG A-B Cross Connect Header Transfers Closed
Failure of Service Water Header A to Service Water Header B Crosstie
Beta Factor For Common Cause Failure Event SWCCFPMPSS
Service Water Pump PSW01A Fails To Start On Demand
Service Water Pump PSN01B Fails To Start On Demand
Service Water Pump PSN01C Fails To Start On Demand
Service Hater Pump PStJ01D Fails To Start On Demand
Beta Factor For Common Cause Failure Event SNCCFPMPSR
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Table -2
Integrated C. BE File

Basic Event Factor Units Descri tion
SWMPFSW01A 1
SWMPFSW01B 1
SWMPFSW01C 1
SWMPFSW01D 1
SWMVC04609 1
SWMVC04613 1
SWMVC04614 1
SWMVC04615 1
SWMVC04616 1

SWMVC04663 1

SWMVC04664 1

SWMVC04 670 1

St)MVC04733 1

SWMVC04734 1

SWMVC04735 1

SWMVC04780 1
SWMVCCCF$ $
SWMVK04613 1
SWMVK04614 1
SWMVK04615 1
SWMVK04616 1
SWMVK04664 1
SWMVK04670 1
SWMVK04734 1
SWMVK04735 1
SWMVN04613 1
SWMVN04614 1
SWMVN04615 1
SWMVN04616 1
SWMVN04 664 1
SWMVN04670 1
SWMVN04734 1
SWMVN04735 1
SWMVNCCF$ $
SWMVP04013 1
SWMVP04027 1
SWMVP04028 1
SWMVP9629A 1
SWMVP9629B 1
SWMVPCCF$ $
SWPPJHEADA 1
SWPPJHEADB 1

24
24
24
24

1
1
1
1
1

1

1

1

1

1

1

1
6.26E-02

24
24
24
24
24
24
24
24

1
1
1
1
1
1
1
1

7.09E-02
384
384
384
384
384

6.95E-02
24
24

Service Water Pump PSW01A Fails To Run For The Required Mission Time
Service Water Pump PSW01B Fails To Run For The Required Mission Time
Service Water Pump PSW01C Fails To Run For The Required Mission Time
Service Water Pump PSW01D Fails To Run For The Required Mission Time
Service Water Header Isolation MOV 4609 Fails To Close On Demand
Service Water. Header Isolation MOV 4613 Fails To Close On Demand
Service Water Header Isolation MOV 4614 Fails To Close On Demand
Service Water Header Isolation MOV 4615 Fails To Close On Demand
Service Water Header Isolation MOV 4616 Fails To Close On Demand
Service Water Header Isolation MOV 4663 Fails To Close On Demand
Service 'Water Header Isolation MOV 4664 Fails To Close On Demand
Service Water Header Isolation MOV 4670 Fails To Close On Demand
Service Water Header Isolation MOV 4733 Fails To Close On Demand
Service 'Water Header Isolation MOV 4734 Fails To Close On Demand
Service Water Header Isolation MOV 4735 Fails To Close On Demand
Service Water Header Isolation MOV 4780 Fails To Close On Demand
Beta Factor For Common Cause Failure Events SWCCBFMOVC And SWCCGTMOVC
Service Water Header Isolation MOV 4613 Transfers Closed
Service Water Header Isolation MOV 4614 Transfers Closed
Service Water Header Isolation MOV 4615 Transfers Closed
Service Water Header Isolation MOV 4616 Transfers Closed
Service Water Header Isolation MOV 4664 Transfers Closed
Service Water Header Isolation MOV 4670 Transfers Closed
Service Water Header Isolation MOV 4734 Transfers Closed
Service Water Header Isolation MOV 4735 Transfers Closed
Service Water Header Isolation MOV 4613 Fails To Open On Demand
Service Water Header Isolation MOV 4614 Fails To Open On Demand
Service Water Header Isolation MOV 4615 Fails To Open On Demand
Service Water Header Isolation MOV 4616 Fails To Open- On Demand
Service Water Header Isolation MOV 4664 Fails To Open On Demand
Service Water Header Isolation MOV 4670 Fails To Open On Demand
Service Water Header Isolation MOV 4634 Fails To Open On Demand
Service Water Header Isolation MOV 4635 Fails To Open On Demand
Beta Factor For Common Cause Failure Events SWCCFBMOVN & SWCCFGMOVN
Motor operated valve 4013 fails to open
Motor operated valve 4027 fails to open
Motor operated valve 4028 fails to open
Motor operated valve 9629A fails to open
Motor operated valve 9629B fails to open
Beta factor for SW MOVs fail to open
SERVICE WATER HEADER "A" PIPING RUPTURE
SERVICE WATER HEADER "B PIPING RUPTURE
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Table -2
Integrated C. BE File

Basic Event C Factor Units Descri tion

SWPPJSYSTM 1
SWPSR02084 1
SWPSR02085 1
SWPSR02094 1
SWSVK05261 1
SWSVK05262 1
SWSVK05272 1
SWSVK08242 1
SWSVK4761E 1
SWSVK4761K 1
SWSVP04324 1

SWSVP04325 1
SWSVP04326 1

SWSVPCCFSS
SWTM1AMAIN
SWTM1ATEST
SWTM1BMAIN
SWTM1BTEST
SWTM1CMAIN
SWTM1CTEST
SWTM1DMAIN
SWTM1DTEST
SWTM4613MT
SWTM4 6 13TS
SWTM4 614MT
SWTM4614TS
SWTM4615MT
SWTM4615TS
SWTM4616MT
SWTM4616TS
SWTM4664MT
SWTM4664TS
SWTM4670MT
SWTM4670TS
SWTM4734MT
SWTM4734TS
SWTM4735MT
SWTM4735TS
SWTM9627AM
SWTM9627BM
SWXVK04029 1

SWXVK04030 1

24
1116
1116
1116

24
24
24
24
24
24

1116
1116
1116

7.50E-02
2.-70E-02

0.00
2.70E-02

0.00
2.70E-02

0.00
2.70E-02

0.00
4.97E-04

0.00
4.97E-04

0.00
4.-97E-04

0.00
4.97E-04

0.00
4.97E-04

0.00
4.97E-04

0.00
4.97E-04

0.00
4.97E-04

0.00
8.65E-06
8.6SE-06

1116
1116

Pipe Break In SW Cross-Ties Fails Entire System
Differential pressure switch DPS-2084 fails to respond
Differential pressure switch DPS-2085 fails to'espond
Differential pressure switch DPS-2094 fails to respond
SOLENOID VALVE 5261 TRANSFERS CLOSED
SOLENOID VALVE 5262 TRANSFERS CLOSED
SOLENOID VALVE 5272 TRANSFERS CLOSED
SOLENOID VALVE 8242. TRANSFERS CLOSED
SOLENOID VALVE 4761E TRANSFERS CLOSED
SOLENOID VALVE 4761K TRANSFERS CLOSED
Solenoid valve 4324 fails to open
Solenoid valve 4325 fails to open
Solenoid valve 4326 fails to open
Beta factor for Service Water SOV fails to open
Service Water Pump PSW01A Is Unavailable Due To Maintenance
Service Water Pump PSW01A Is Unavailable Due To Testing
Service Water Pump PSW01B Is Unavailable Due To Maintenance
Service Water Pump PSW01B Is Unavailable Due To Testing
Service Water Pump PSW01C Is Unavailable Due To Maintenance
Service Water Pump PSW01C Is Unavailable Due To Testing
Service Water Pump PSW01D Is Unavailable Due To Maintenance
Service Water Pump PSW01D Is Unavailable Due To Testing
SW Header Isolation MOV 4613 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4613 Is Unavailable Due To Testing
SW Header Isolation MOV 4614 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4614 Is Unavailable Due To Testing
SW Header Isolation MOV 4615 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4615 Is Unavailable Due To Testing
SW Header Isolation MOV 4615 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4615 Is Unavailable Due To Testing
SW Header Isolation MOV 4664 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4664 Is Unavailable Due To Testing
SW Header Isolation MOV 4670 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4670 Is Unavailable Due To Testing
SW Header Isolation MOV 4734 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4734 Is Unavailable Due To Testing
SW Header Isolation MOV 4735 Is Unavailable Due To Maintenance
SW Header Isolation MOV 4735 Is Unavailable Due To Testing
SAFW Pump PSF01A Inlet Check Valve 9627A Is Unavailable Due To
SAFW Pump PSF01B Inlet Check Valve 9627B Is Unavailable Due To
Manual valve 4029 transfers closed
Manual valve 4030 transfers closed

Maintenance
Maintenance
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Tabl .7-2
Integrated ZA BE File

Basic Event C Factor Units Descri tion

SWXVK04031 1
SWXVK04032 1
SWXVK04085 1
SWXVK04087 1
SWXVK04088 1
SWXVK04089 1
SWXVK04090 1
SWXVK04091 1
SWXVK04092 1
SWXVK04093 1

SWXVK04094 1

SWXVK04095 1

SWXVK04605 1

SWXVK04606 1

SWXVK04607 1

SWXVK04608 1

SWXVK04617 1

SWXVK04618 1
SWXVK04619 1

SWXVK04620 1
SWXVK04623 1
SWXVK04627 1
SWXVK04628 1
SWXVK04629 1
SWXVK04630
SWXVK04639 1
SWXVK04640 1
SWXVK04641 1
SWXVK04642 1
SWXVK04643 1
SWXVK04644 1
SWXVK04665 1
SWXVK04667 1
SWXVK04669 1
SWXVK04738 1
SWXVK04739 1
SWXVK04750 1
SWXVK04751 1
SWXVK04752 1
SWXVK04753 1
SWXVK04756 1
SWXVK04760 1

1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116
1116

24
24
24
24
24
24
24
24
24
24

24
24
24

24

24
24
24
24
24

24
24
24
24

Manual valve 4031 transfers closed
Manual valve 4032 transfers closed
Manual valve 4085 transfers closed
Manual valve 4087 transfers closed
Manual valve 4088 transfers closed
Manual valve 4089 transfers closed
Manual valve 4090 transfers closed
Manual valve 4091 transfers closed
Manual valve 4092 transfers closed
Manual valve 4093 transfers closed
Manual valve 4094 transfers closed
Manual valve 4095 transfers closed
Service Water Pump PSW01A Discharge Manual Valve 4605 Transfers Closed
Service Water Pump PSW01B Discharge Manual Valve 4606 Transfers Closed
Service Water Pump PSW01C Discharge Manual Valve 4607 Transfers Closed
Service Water Pump PSW01D Discharge Manual Valve 4608 Transfers Closed
MANUAL VALVE 4617 TRANSFERS CLOSED
MANUAL VALVE 4618 TRANSFERS CLOSED
MANUAL VALVE 4619 TRANSFERS CLOSED
MANUAL VALVE 4620 TRANSFERS CLOSED
Manual Service Water Valve 4623 Transfers Closed
MANUAL VALVE 4627 TRANSFER CLOSED (CONTAINMENT)
MANUAL VALVE 4628 TRANSFERS CLOSED (CONTAINMENT)
MANUAL VALVE 4629 TRANSFERS CLOSED (CONTAINMENT)
MANUAL VALVE 4630 TRANSFERS CLOSED (CONTAINMENT)
Manual Valve 4639 Between The Service Water A & B Headers Transfers Closed
Manual Valve 4640 From SW Supply Header B Transfers Closed
MANUAL VALVE 4641 TRANSFERS CLOSED (CONTAINMENT)
MANUAL VALVE 4642 TRANSFERS CLOSED (CONTAINMENT)
MANUAL VALVE 4643 TRANSFERS CLOSED (CONTAINMENT)
MANUAL VALVE 4644 TRANSFERS CLOSED (CONTAINMENT)
Manual Valve 4665 From SW Supply Header A Transfers Closed
Manual Valve 4667 To Diesel Generator KDG01A Transfers Closed
Manual Valve 4669 Between The Service Water A & B Headers Transfers Closed
Manual Valve 4738 Frbm Service Water Supply Header B Transfers Closed
Manual Valve 4739 From Service Water Supply Header A Transfers Closed
MANUAL VALVE 4750 TRANSFERS CLOSED (CHARGING PUMP RM)
MANUAL VALVE 4751 TRANSFERS CLOSED (CHARGING PUMP RM)
MANUAL VALVE 4752 TRANSFERS CLOSED (CHARGING PUMP RM)
MANUAL VALVE 4753 TRANSFERS CLOSED (CHARGING PUMP RM)
Manual Valve 4756 Between The Service Water A & B Headers Transfers Closed
Manual Valve 4760 Between Service Water Headers A & B Transfers Closed
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Tabl~ -2
Integrated ( BE File

Bas ic Even t C Factor Units Descri tion
SWXVK04767 1
SWXVK04768 1
SWXVK04785 1
SWXVK04786 1
SWXVK04787 1
SWXVK04789 1
SWXVK04790 1
SWXVK04791 1
SWXVK04794 1
SWXVK04795 1

SWXVK05261 1

SWXVK05300 1

SWXVK05325 1

SWXVK05326 1

SWXVK05331 1

SWXVK05334 1
SWXVK05337 1

SWXVK05338 1

SWXVK05366 1
SWXVK05369 1
SWXVK05373 1
SWXVK05379 1
SWXVK08311 1
SWXVK08314 1
SWXVK4087B 1
SWXVK4087C 1
SWXVK4088B 1
SWXVK4668A 1
SWXVK4668B 1
SWXVK4739A 1
SWXVK4761A 1
SWXVK4761B 1
SWXVK4761C 1
SWXVK4761D 1
SWXVK4761H 1
SWXVK4761J 1
SWXVK4761L 1
SWXVK4761N 1
SWXVK4761P 1
SWXVK4761Q 1
SWXVK4761V 1

SWXVK4787B 1

24
24
24
24
24

1104
1104
1104
1104
1104
. 24

24
24
24
24
24
24
24
24
24
24
24
24
24

1116
1116
1116

24
24

1104
24
24
24
24
24
24
24
24
24
24
24
24

MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
Manual
Manual
Manual
Manual
Manual
MANUAL
MANUAL
MANUAL
MANUAt
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
Manual
Manual
Manual
Manual
Manual
Manual
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL
MANUAL

VALVE
VALVE
VALVE
VALVE
VALVE
Valve
Valve
valve
valve
valve
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
valve
valve
valve
Valve
Valve
valve
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VALVE
VAt VE
VALVE
VALVE

(CHARGING PUMP RM)
(CHARGING PUMP RM)

4767 TRANSFERS CLOSED
4768 TRANSFERS CLOSED
4785 TRANSFERS CLOSED
4786 TRANSFERS CLOSED
4787 TRANSFERS CLOSED
4789 Transfers Closed
4790 Transfers Closed
4791 transfers closed
4794 transfers closed
4795 transfers closed
5261 TRANSFERS CLOSED
5300 TRANSFERS CLOSED
5325 TRANSFERS CLOSED
5326 TRANSFERS CLOSED
5331 TRANSFERS CLOSED
5334 TRANSFERS CLOSED
5337 TRANSFERS CLOSED
5338 TRANSFERS CLOSED
5366 TRANSFERS CLOSED
5369 TRANSFERS CLOSED
5373 TRANSFERS CLOSED
5379 TRANSFERS CLOSED
8311 TRANSFERS CLOSED
8314 TRANSFERS CLOSED
4087B transfers closed
4087C transfers closed
4088B transfers closed
4668A Transfers Closed
4668B From SW Supply H
4739A transfers closed
4761A TRANSFERS CLOSED
4761B TRANSFERS CLOSED
4761C TRANSFERS CLOSED
4761D TRANSFERS CLOSED
4761H TRANSFERS CLOSED
4761J TRANSFERS CLOSED
4761L TRANSFERS CLOSED
4761N TRANSFERS CLOSED
4761P TRANSFERS CLOSED
4761Q TRANSFERS CLOSED
4761V TRANSFERS CLOSED
4787B TRANSFERS CLOSED

eader B Transfers Closed
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Table 2
Integrated C.. BE File

Basic Event C Factor Units Descri tion

SWXVK4791A 1
SWXVK4794A 1
SWXVK4795A 1
SWXVK9626A 1
SWXVK9626B 1
SWXVK9631A 1
SWXVK9631B 1
SWXVK9634A 1
SWXVP04098 1
SWXVP04344 1

SWXVP04345 1

TIOOOCCW
TIOOODCA
TZOOODCB
TIOOOSWA
TIOOOSWB
TIOSLBSD
TIFLBOTB
TIFLBACT
TIFLBAIB
TIFLBBCT
TIFLBBIB
TIFWEXCS
TIFWLOSS
TIGRLOSP
TIIALOSS
TIRXTRIP
TISLBOTB
TISLBACT
TISLBAIB
TISLBBCT
TISLBBIB
TISLBSVA
TISLBSVB
TISWLOSP
TIOOOUETlc
TLOOOUET1D
TLOOOUET2B
TLOOOUET2C
TLOOOUET2D
TLOOOUET3A
TLOOOUET3B

1104
1104
1104

24
24
24
24
24

384
384
384

2.20E-03
1.71E-04
1.71E-04
1.78E-03
1.78E-03
6.02E-03
2.70E-03
S.OOE-05
S.OOE-OS
5.00E-OS
1.50E-04
1.98E-02
1.24E-02
2.43E-03
9.20E-02

2.35
4.50E-04
8.33E-06
8.33E-06
8.33E-06
2.50E-05
7.55E-04
7.55E-04
1.07E-03

0.3079
0.6921
0.1240
0.1997
0. 6763
0.3210
0.1143

H
H
H

H
H

H

H

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

fers Closed
fers Closed

Building

Building

e Building

e Building

ired > Installed

Manual valve 4791A transfers closed
Manual valve 4794A transfers closed
Manual valve 4795A transfers closed
Manual Valve 9626A In SAFW Pump PFW03A Suction Trans
Manual Valve 9626B In SAFW Pump PFW03B Suction Trans
MANUAL VALVE 9631A TRANSFERS CLOSED
MANUAL VALVE 9631B TRANSFERS CLOSED
MANUAL VALVE 9634A TRANSFERS CLOSED
Manual valve 4098 fails to open
Manual valve 4344 fails to open
Manual valve 4345 fails to open
Loss of Component Cooling Water
toss of Main DC Distribution Panel A (DCPDPCB03A)
Loss of Main DC Distribution Panel B (DCPDPCB03B)
Loss of Service Water Header B
Loss of Service Water Header B
Steamline Break Through Steam Dump
Feedline Break in Turbine Building
Feedline Break in Line for S/G A Inside Containment
Feedline Break in Line for S/G A Inside Intermediate
Feedline Break in Line for S/G B Inside Containment
Feedline Break in Line for S/G B Inside Intermediate
Excessive Feedwater
Loss of Main Feedwater
Loss of Offsite Power - Grid
Loss of Instrument Air
Reactor Trip
Steamline Break in Turbine Building
Steamline Break in Line for S/G A Inside Containment
Steamline Break in Line for S/G A Inside Intermediat
Steamline Break in Line for S/G B Inside Containment
Steamline Break in Line for S/G B Inside Intermediat
Inadvertent Safety Valve Operation for S/G A
Inadvertent Safety Valve Operation for S/G B
Loss of Offsite Power - Switchyard
UET for MRI Succeeds, AFW 100%, and 1 PORV Required
UET for MRI Succeeds, AFW 100%, No PORVs Required
UET for MRI Succeeds, AFW 50%, and 2 PORVs Required
UET for MRI Succeeds, AFW 50%, and 1 PORV Required
UET for MRI Succeeds, AFW SO'%, and No PORVs Required
UET for MRI Fails, AFW 100%, and Relief Capacity Requ
UET for MRI Fails, AFW 100%, and 2 PORVs Required
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Table -2
Integrated C. BE File

Basic Event C Factor Units Descri tion

TLOOOUET3C.
TLOOOUET3D
TLOOOUET4A
TLOOOUET4B
TLOOOUET4C
TLOOOUET4D
TLCCFEATWS
TLCCFMATWS
TLRXPWGT40
TL AM FTO
TL Bl AFW
TL D CDDPR
TL FC
TL FF FULL
TL Il STM
TL I2 AFW
TL I3L ARV
TL I3S ARV
TL KE ATWS
TL KM ATWS
TL Ll FWRC
TL LT EBOR
TL MF
TL P1 TR
TL P2 SL
TL P3SS
TL P3TR1
TL P3TR2
TL PF AFW
TL PL
TL PR 001
TL PR 002
TL PR 003
TL PR 004
TL Q1 SEAL
TL Q2 PORV
TL RI SERT
TL SC RHR
TL UA ACCU
TL UCS
TL UH1 BAF
TL UH2 HSI

0.0829
0.4818
0.3814
0.0785
0.0853
0.4566

1.44E-5
1.80E-6

0.69

UET for MRI Fails, AFW 100%, and 1 PORV Required
UET for MRI Fails, AFW 100%, and No PORVs Required
UET for MRI Fails, AFW 50%, and Relief Capacity Required > Installed
UET for MRI Fails, AFW 50%, and 2 PORVs Required
UET for MRI Fails, AFW 50%, and 1 PORV Required
UET for MRI Fails, AFW 50'%, and No PORVs Required
Electrical Scram Failure Probability (WOG Data)
Mechanical Scram Failure Probability (WOG Data)
Probability That Reactor Power > 40% At Reactor Trip
Top Logic Event - AM (Failure Of AMSAC To Actuate)
Top Logic Event - Bl (Failure to Achieve Steam Generator Cooling)
Top Logic Event — D (Failure To Cooldown and Depressurize Given SI Operation)
Top Logic Event — FC (Failure of Containment Fan Coolers)
Top Logic Event — FF (Failure To Achieve Full AFW Flow)
Top Logic Event - Il (Failure to Isolate Ruptured Steam Generator Steam Header)
Top Logic Event - I2 (Failure to Isolate Ruptured Steam Generator AFW Supply)
Top Logic Event - I3L (Failure to Isolate Ruptured Steam Generator ARV - Steam)
Top Logic Event - I3S (Failure to Isolate Ruptured Steam Generator ARV - Liq)
Top Logic Event - KE (Subcriticality Fails - Electrical)
Top Logic Event — KM (Subcriticality Fails - Mechanical)
Top Logic Event - Ll (Failure To Restore Steam Generator Cooling)
Top Logic Event - LT (Failure Of Long-Term Shutdown)
Top Logic Event - MF (Main Feedwater Fails During an ATWS)
Top Logic Event - Pl (Failure to Open PORVs During BAF)
Top Logic Event - P2 (Failure to Open PORVs During BAF - SLOCA)
Top Logic Event - P3SS (Failure to Cooldown to RHR After SI Fails — SSLOCAs)
Top Logic Event - P3TR1 (Failure to Cooldown to RHR After ARV Fails Open-SGTR)
Top Logic Event - P3TR2 (Failure to Cooldown to RHR After SI Fails - SGTR)
Top Logic Event - PF (Failure Of 50% AFW Flow)
Top Logic Event — PL (Reactor Power Greater Than 40%)
Top Logic Event — PR1 (Pressure Relief Fails Given MRI Succeeds and AFW 100%)
Top Logic Event — PR2 (Pressure Relief Fails Given MRI Succeeds and AFW 50%)
Top Logic Event — PR3 (Pressure Relief Fails Given MRI Fails and AFW 100'%)
Top Logic Event — PR4 (Pressure Relief Fails Given MRI Fails and AFW 50%)
Top Logic Event — Q1 (Reactor Coolant Pump Seal LOCA)
Top Logic Event - Q2 (Pressurizer Relief Valve LOCA)
Top Logic Event - RI (Failure To Manually Insert Rods [MRII)
Top Logic Event - SC (RHR Cooling Fails Following SGTR)
Top Logic Event — UA (Failure of Accumulators)
Top Logic Event — UCS (Failure of CS in Injection Mode)
Top Logic Event - UH1 (Failure Of Bleed And Feed Cooling)
Top Logic Event - UH2 (Failure of High Pressure SI)
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Table -2
Integrated ( . BE File

Basic Event Factor Units Descri tion
TL UL LPI
TL XCS
TL XH HPR
TL XL LPR
TRANSl
TRANS1X
UV401
UV422
UV423
UV424
UV42 5
UV426
UV451
UV472
UV473
UV474
UV475
UV47 6
UV601
UV622
UV623
UV624
UV625
UV626
UV651
UV672
UV673
UV674
UV67 5
UV67 6
UV70 1
UV722
UV723
UV725
UV751
UV772
UV773
UV775
UV801
UV822
UV823
UV825

1E-3
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E"03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

Top Logic Event - UL (
Top Logic Event - XCS
Top Logic Event — XH (
Top Logic Event — XL (
System Level Transient
Transients Which Don'
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
Undervoltage Auxiliary
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
Undervoltage Auxiliary
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILAIRY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
Undervoltage Auxiliary
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
Undervoltage Auxiliary
UNDERVOLTAGE AUXILAIRY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILAIRY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY
UNDERVOLTAGE AUXILIARY

Failure Of Low Pressure Injection)
(Failure of CS in Recirculation Mode)
Failure of HPR)
Failure of RHR In Recirculation Mode)

Events
Cause High Pressure or High Rad. in Containment
RELAY 27X1/14 NOT ENERGIZED
RELAY 27X2/14 NOT ENERGIZED
RELAY 27X3/14 NOT ENERGIZED
RELAY 27X4/14 NOT ENERGIZED
RELAY 27X5/14 NOT ENERGIZED
Relay 27X6/14 Not Energized
RELAY 27BX1/14 NOT ENERGIZED
RELAY 27BX2/14 NOT ENERGIZED
RELAY 27BX3/14 NOT ENERIGIZED
RELAY 27BX4/14 NOT ENERGIZED
RELAY 27BX5/14 NOT ENERGIZED
Relay 27BX6/14 Not Energized
RELAY 27X1/16 NOT ENERGIZED
RELAY 27X2/16 NOT ENERGIZED
RELAY 27X3/16 NOT ENERGIZED
RELAY 27X4/16 NOT ENERGIZED
RELAY 27X5/16 NOT ENERGIZED
Relay 27X6/16 Not Energized
RELAY 27BX1/16 NOT ENERIGIZED
RELAY 27BX2/16 NOT ENERGIZED
RELAY 27BX3/16 NOT ENERGIZED
RELAY 27BX4/16 NOT ENERGIZED
RELAY 27BX5/16 NOT ENERGIZED
Relay 27BX6/16 Not Energized
RELAY 27X1/17 NOT ENERGIZED
RELAY 27X2/17 NOT ENERGIZED
RELAY 27X3/17 NOT ENERGIZED
RELAY 27X5/17 NOT ENERGIZED
RELAY 27BX1/17 NOT ENERGIZED
RELAY 27BX2/17 NOT ENERGIZED
RELAY 27BX3/17 NOT ENERGIZED
RELAY 27BX5/17 NOT ENERGIZED
RELAY 27X1/18 NOT ENERGIZED
RELAY 27X2/18 NOT ENERGIZED
RELAY 27X3/18 NOT ENERGIZED
RELAY 27X5/18 NOT ENERGIZED
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Table -2
Integrated C. BE File

Basic Event C Factor Units Descri tion

UV851
UV872
UV873
UV875
UV90 0
UVCBRL667B 1
UVCBRL668B 1
UVCBRL673B 1
UVCBRL674B 1

UVCFR14FU1 1

UVCFR14FU2 1

UVCFR14FU3 1

UVCFR14FU4 1

UVCFR14FU5 1

UVCFR14FU6 1

UVCFR16FU1 1

UVCFR16FU2 1

UVCFR16FU3 1

UVCFR16FU4 1

UVCFR16FU5 1
UVCFR16FU6 1
UVCFR17FU1 1
UVCFR17FU2 1
UVCFR17FU3 1
UVCFR17FU4 1
UVCFR17FU5 1
UVCFR17FU6 1
UVCFR18FU1 1
UVCFR18FU2 1
UVCFR18FU3 1
UVCFR18FU4 1
UVCFR18FU5 1
UVCFR18FU6 1
UVCFR4FU11 1
UVCFR4FU12 1
UVCFR6FU11 1
UVCFR6FU12 1
UVCFR7FU11 1
UVCFR7FU12 1
UVCFR8FU11 1
UVCFR8FU12 1

UVCFRA111P 1

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

UNDERVOLTAGE AUXILIARYRELAY 27BX1/18 NOT ENERGIZED
UNDERVOLTAGE AUXILIARYRELAY 27BX2/18 NOT ENERGIZED
UNDERVOKTAGE AUXILIARYRELAY 27BX3/18 NOT ENERGIZED
UNDERVOLTAGE AUXILIARYRELAY 27BX5/18 NOT ENERGIZED
AFW PP STARTING RELAY MFPX-1A2/1B2 FAIL TO RECEIVE SIGNAL FOLLOWINH UV 11A/11B
Breaker IBPDPCBAR/20 in circuit L667 transfers open
Breaker IBPDPCBCB/16 in circuit L668 transfers open
Breaker IBPDPCBAR/23 in circuit L673 transfers open
Breaker IBPDPCBCB/13 in circuit L674 transfers open
AC fuse Nl in Bus 14 UV relay cabinet fails open
Fuse N2 (FUARA1RC14/2-P) fails open (relay cabinet)
Fuse N3 (FUARA1RC14/3-N) fails open (relay cabinet)
AC fuse N4 in Bus 14 UV control cabinet fails open
Fuse N5 (FUARA1CC14/5-P) fails open (control cabinet)
Fuse N6 (FUARA1CC14/6-N) fails open (control cabinet)
AC fuse N1 in Bus 16 UV relay cabinet fails open
Fuse N2 (FUARB1RC16/2-P) fails open (relay cabinet)
Fuse N3 (FUARB1RC16/3-N) fails open (relay cabinet)
AC fuse N4 in Bus 16 UV control cabinet fails open
Fuse NS (FUARB1CC16/5-P) fails open (control cabinet)
Fuse ()6 (FUARB1CC16/6-N) fails open (control cabinet)
AC fuse Nl in Bus 17 UV relay cabinet fails open
Fuse N2 (FUARB2RC17/2-P) fails open (relay cabinet)
Fuse N3 (FUARB2RC17/3-N) fails open (relay cabinet)
AC fuse N4 in Bus 17 UV control cabinet fails open
Fuse N5 (FUARB2CC17/5-P) fails open (control cabinet)
Fuse N6 (FUARB2CC17/6-N) fails open (control cabinet)
AC fuse Nl in Bus 18 UV relay cabinet fails open
Fuse N2 (FUARA2RC18/2-P) fails open (relay cabinet)
Fuse N3 (FUARA2RC18/3-N) fails open (relay cabinet)
AC fuse O4 in Bus 18 UV control cabinet fails open
Fuse N5 (FUARA2CC18/5-P) fails open (control cabinet)
Fuse N6 (FUARA2CC18/6-N) fails open (control cabinet)
Fuse 111 (FUARB1CC16/11-P) fails open
Fuse 112 (FUARB1CC16/12-N) fails open
Fuse Nll (FUARA1CC14/11-P) fails open
Fuse N12 (FUARA1CC14/12-N) fails open
Fuse N11 (FUARA2CC18/11-P) fails open
Fuse N12 (FUARA2CC18/12-N) fails open
Fuse Nll (FUARB2CC17/11-P) fails open
Fuse N12 (FUARB2CC17/12-N) fails open
DC FUSE FUBUS11A/11UV1P FAILS
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Tablr " 2
Integrated (. BE File

Basic Event C Factor Units Descri tion

UVCFRA112N 1
UVCFRB211P 1
UVCFRB212N 1
UVLCDOX114 2
UVLCDOX116 2
UVLCDOX117 2
UVLCDOX118 2
UVLCDOX214 2
UVLCDOX216 2
UVLCDOX217 2
UVLCDOX218 2
UVLCDOX314 2
UVLCDOX316 2
UVLCDOX317 2
UVLCDOX318 2
UVLCDOX414 2
UVLCDOX416 2
UVLCDOX417 2
UVLCDOX418 2
UVLCDOX514 2
UVLCDOX516 2
UVLCDOX517 2
UVLCDOX518 2
UVLCDOX614 2
UVLCDOX616 2
UVLCDOX617 2
UVLCDOX618 2
UVLCD14LB1 2
UVLCD14LB2 2
UVLCD14SN1 2
UVLCD14SN2 2
UVLCD16LB1 2
UVLCD16LB2 2
UVLCD16SN1 2
UVLCD16SN2 2
UVLCD17LB1 2
UVLCD17LB2 2
UVLCD17SN1 2
UVLCD17SN2 2
UVLCD18LB1 2
UVLCD18LB2 2
UVLCD18SN1 2

720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720

DC FUSE FUBUS11A/11UV2N FAILS
DC FUSE FUBUS11B/21UV1P FAILS
DC FUSE FUBUS11B/21UV2N FAILS
Relay 27X1/14 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X1/16 driver (Heat Sink Assembly N1) fails to energize
Relay 27X1/17 driver (Heat Sink Assembly N1) fails to energize
Relay 27X1/18 driver (Heat Sink Assembly N1) fails to energize
Relay 27X2/14 driver (Heat Sink Assembly N1) fails to energize
Relay 27X2/16 driver (Heat Sink Assembly N1) fails to energize
Relay 27X2/17 driver (Heat Sink Assembly N1) fails to energize
Relay 27X2/18 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X3/14 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X3/16 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X3/17 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X3/18 driver (Heat Sink Assembly N1) fails to energize
Relay 27X4/14 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X4/16 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X4/17 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X4/18 driver (Heat Sink Assembly N1) fails to energize
Relay 27X5/14 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X5/16 driver (Heat Sink Assembly N1) fails to energize
Relay 27X5/17 driver (Heat Sink Assembly N1) fails to energize
Relay 27XS/18 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X6/14 driver (Heat Sink Assembly Nl) fails to energize
Relay 27X6/16 driver (Heat Sink Assembly N1) fails to energize
Relay 27X6/17 driver (Heat Sink Assembly N1) fails to energize
Relay 27X6/18 driver (Heat Sink Assembly Nl) fails to energize
27/27D NOR logic circuit fault Bus 14 control logic board N1
27B/27DB NOR logic circuit fault Bus 14 control logic board N2
Bus 14 solid state switch N1 fails to transfer,
Bus 14 solid state switch N2 fails to transfer
27/27D NOR logic circuit fault Bus 16 control logic board N1
27B/27DB NOR logic circuit fault Bus 16 control logic board N2
Bus 16 solid state switch N1 fails to transfer
Bus 16 solid state switch N2 fails to transfer
27/27D NOR logic circuit fault Bus 17 control logic board N1
27/27D NOR logic circuit fault Bus 17 control logic board N2
Bus 17 solid state switch N1 fails to transfer
Bus 17 solid state switch N2 fails to transfer
27/27D NOR logic circuit fault Bus 18 control logic board N1
27B/27DB NOR logic circuit fault Bus 18 control logic board N2
Bus 18 solid state switch Nl fails to transfer
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Tabl~ 2
Integrated (. BE File

Basic Event C Factor Units Descri tion
UVLCD18SN2 2
UVLCD27014 2
UVLCD27016 2
UVLCD27017 2
UVLCD27018 2
UVLCD27B14 2
UVLCD27B16 2
UVLCD27B17 2
UVLCD27B18 2
UVLCD27BD4 2
UVLCD27BD6 2
UVLCD27BD7 2
UVLCD27BD8 2
UVLCD27D14 2
UVLCD27D16 2
UVLCD27D17 2
UVLCD27D18 2
UVLCD4UV10 2
UVLCD4UV1B 2
UVLCD4UV20 2
UVLCD4UV2B 2
UVLCD6UV10 2-

UVLCD6UV1B 2
UVLCD6UV20 2
UVLCD6UV2B 2
UVLCD7UV10 2
UVLCD7UV1B 2
UVLCD7UV20 2
UVLCD7UV2B 2
UVLCD8UV10 2
UVLCD8UV1B 2
UVLCD8UV20 2
UVLCD8UV2B 2
UVLCDBX114 2
UVLCDBX116 2
UVLCDBX117 2
UVLCDBX118 2
UVLCDBX214 2
UVLCDBX216 2
UVLCDBX217 2
UVLCDBX218 2
UVLCDBX314 2

720
720
720
720

.720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720
720

Bus 18 solid state switch N2 fails to transfer
Opto-isolator for undervoltage relay 27/14 circuit fault
Opto-isolator for undervoltage relay 27/16 circuit fault
Opto-isolator for undervoltage relay 27/17 circuit fault
Opto-isolator for undervoltage relay 27/18 circuit fault
Opto-isolator for undervoltage relay 27B/14 circuit fault
Opto-isolator for undervoltage relay 27B/16 circuit fault
Opto-isolator for undervoltage relay 27B/17 circuit fault
Opto-isolator for undervoltage relay 27B/18 circuit fault
Opto-isolator for undervoltage relay 27D/B/14 circuit fault
Opto-isolator for undervoltage relay 27D/B/16 circuit fault
Opto-isolator for undervoltage relay 27D/B/17 circuit fault
Opto-isolator for undervoltage relay 27D/B/18 circuit fault
Opto-isolator for undervoltage relay 27D/14 circuit fault
Opto-isolator for undervoltage relay 27D/16 circuit fault
Opto-isolator for undervoltage relay 27D/17 circuit fault
Opto-isolator for undervoltage relay 27D/18 circuit fault
Circuit fault UV/1 Bus 14 decoder logic board Nl
Circuit fault UV/1B Bus 14 decoder logic board Nl
Circuit fault UV/2 Bus 14 decoder logic board N2
Circuit fault UV/2B Bus 14 decoder logic board N2
Circuit fault UV/1 Bus 16 decoder logic board N1
Circuit fault UV/1B Bus 16 decoder logic board Nl
Circuit fault UV/2 Bus 16 decoder logic board N2
Circuit fault UV/2B Bus 16 decoder logic board N2
Circuit fault UV/1 Bus 17 decoder logic board N1
Circuit fault UV/1B Bus 17 decoder logic board N1
Circuit fault UV/2 Bus 17 decoder logic board N2
Circuit fault UV/2B Bus 17 decoder logic board N2
Circuit fault UV/1 Bus 18 decoder logic board N1
Circuit fault UV/1B Bus 18 decoder logic board N1
Circuit fault UV/2 Bus 18 decoder logic board N2
Circuit fault UV/2B Bus 18 decoder logic board N2
Relay 27BX1/14 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX1/16 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX1/17 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX1/18 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX2/14 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX2/16 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX2/17 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX2/18 driver (Heat Sink Assembly N2) fails to energize
Relay 27BX3/14 driver (Heat Sink Assembly N2) fails to energize
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Table .7-2
Integrated (. A BE File

Basic Event C Factor Units Descri tion
UVLCDBX316 2
UVLCDBX317 2
UVLCDBX318 2
UVLCDBX414 2
UVLCDBX416 2
UVLCDBX417 2
UVLCDBX418 2
UVLCDBX514 2
UVLCDBX516 2
UVLCDBX517 2
UVLCDBX518 2
UVLCDBX614 2
UVLCDBX616 2
UVLCDBX617 2
UVLCDBX618 2
UVMM1427X1
UVMM1427X2
UVMM1427X3
UVMM1427X4
UVMM1427X5
UVMM1427X6
UVMM14FUEM
UVMM14FUSE
UVMM14L673
UVMM14SS¹1
UVMM14SS¹2
UVMM1627X1
UVMM1627X2
UVMM1627X3
UVMM1627X4
UVMM1627X5
UVMM1627X6
UVMM16FUEM
UVMM16FUSE
UVMM16L674
UVMM16SS¹1
UVMM16SS¹2
UVMM1727X1
UVMM1727X2
UVMM1727X3
UVMM1727X4
UVMM1727X5

720
720
720
720
720
720
720
720
720
720
720
720
720
720
720

1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
2.864E-07
5.728E-07
1.681E-05
2.803E-03
2.803E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
2.864E-07
5.728E-07
1.681E-05
2.803E-03
2.803E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03

Relay 27BX3/16 driver (Heat Sink Assembly ¹2)
Relay 27BX3/17 driver (Heat Sink Assembly ¹2)
Relay 27BX3/18 driver (Heat Sink Assembly ¹2)
Relay 27BX4/14 driver (Heat Sink Assembly ¹2)
Relay 27BX4/16 driver (Heat Sink Assembly ¹2)
Relay 27BX4/17 driver (Heat Sink Assembly ¹2)
Relay 27BX4/18 driver (Heat Sink Assembly ¹2)
Relay 27BX5/14 driver (Heat Sink Assembly N2)
Relay 27BX5/16 driver (Heat Sink Assembly N2)
Relay 27BX5/17 driver (Heat Sink Assembly N2)
Relay 27BXS/18 driver (Heat Sink Assembly N2)
Relay 27BX6/14 driver (Heat Sink Assembly N2)
Relay 27BX6/16 driver (Heat Sink Assembly ¹2)
Relay 27BX6/17 driver (Heat Sink Assembly N2)
Relay 27BX6/18 driver (Heat Sink Assembly N2)
Relay 27X1/14 fails to energize
Relay 27X1/14 fails to energize
Relay 27X3/14 fails to energize
Relay 27X4/14 fails to energize
Relay 27X5/14 fails to energize
Relay 27X6/14 fails to energize
Failure of DC fuses for Bus 14 undervoltage r
Bus 14 undervoltage relay DC fuse failure
Failure of circuit L673
No signal from Bus 14 solid state switch ¹1
No signal from Bus 14 solid state switch ¹2
Relay 27X1/16 fails to energize
Rel.ay 27X2/16 fails to energize
Relay 27X3/16 fails to energize
Relay 27X4/16 fails to energize
Relay 27X5/16 fails to energize
Relay 27X6/16 fails to energize
Failure of DC fuses for Bus 16 UV relay cabin
Bus 16 undervoltage relay DC fuse failure
Failure of AC circuit L674
No signal from Bus 16 solid state switch ¹1
No signal from Bus 16 solid state switch ¹2
Relay 27X1/17 fails to energize
Relay 27X2/17 fails to energize
Relay 27X3/17 fails to energize
Relay 27X4/17 fails to energize
Relay 27X5/17 fails to energize

fails to energize
fails to energize
fails to energize
fails 'to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize
fails to energize

clay cabinet emergency power

et emergency power
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Table 7-2
Integrated C. A BE File

Basic Event Factor Units Descri tion

UVMM1727X6
UVMM17FUEM
UVMM17FUSE
UVMM17L668
UVMM17SSI1
UVMM17SSN2
UVMM1827X1
UVMM1827X2
UVMM1827 X3
UVMM1827X4
UVMM1827 X5
UVMM1827X6
UVMM18FUEM
UVMM18FUSE
UVMM18L6 67
UVMM18SSI 1

UVMM18SS tt 2
UVMM427BX1
UVMM427BX2
UVMM427BX3
UVMM427 BX4
UVMM427BXS
UVMM427BX6
UVMM627BX1
UVMM627BX2
UVMM627BX3
UVMM627BX4
UVMM627BX5
UVMM627BX6
UVMM727BX1
UVMM727 BX2
UVMM727BX3
UVMM727BX4
UVMM727 BX5
UVMM727 BX6
UVMM827BX1
UVMM827BX2
UVMM827BX3
UVMM827BX4
UVMM827BXS
UVMM827BX6
UVPXFB14CC 1

1.477E-03
2.864E-07
5.728E-07
1.681E-05
2.803E-03
2.803E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
2. 864 E-07
5.728E-07
1:681E-05
2.803E-03
2.803E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03
1.477E-03

Relay 27X6/17 fails to energize
Failure of DC fuses for Bus 17 UV
Bus 17 undervoltage relay DC fuse
Failure of AC circuit L668
No signal from Bus 17 solid state
No signal from Bus 17 solid state
Relay 27X1/18 fails to energize
Relay 27X2/18 fails to energize
Relay 27X3/18 fails to energize
Relay 27X4/18 fails to energize
Relay 27XS/18 fails to energize
Relay 27X6/18 fails to energize
Failure of DC fuses for Bus 18 UV
Bus 18 undervoltage relay DC fuse
Failure of AC circuit L667
No signal from Bus 18 solid state
No signal from Bus 18 solid state
Relay 27BX1/14 fails to energize
Relay 27BX2/14 fails to energize
Relay 27BX3/14 fails to energize
Relay 27BX4/14 fails to energize
Relay 27BX5/14 fails to energize
Relay 27BX6/14 fails to energize
Relay 27BX1/16 fails to energize
Relay 27BX2/16 fails to energize
Relay 27BX3/16 fails to energize
Relay 27BX4/16 fails to energize
Relay 27BX5/16 fails to energize
Relay 27BX6/16 fails to energize
Relay 27BX1/17 fails to energize
Relay 27BX2/17 fails to energize
Relay 27BX3/17 fails to energize
Relay 27BX4/17 fails to energize
Relay 27BX5/17 fails to energize
Relay 27BX6/17 fails to energize
Relay 27BX1/18 fails to energize
Relay 27BX2/18 fails to energize
Relay 27BX3/18 fails to energize
Relay 27BX4/18 fails to energize
Relay 27BXS/18 fails to energize
Relay 27BX6/18 fails to energize
No output on power supply for Bus

relay cabinet emergency power
failure
switch N1
switch N2

relay cabinet emergency power
failure
switch N1
switch N2

14 UV control cabinet
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Table 7-2
Integrated C.. A BE File

Basic Event C Factor Units Descri tion
UVPXFB14RC 1
UVPXFB16CC 1
UVPXFB16RC 1
UVPXFB17CC 1
UVPXFB17RC 1
UVPXFB18CC 1
UVPXFB18RC 1
UVREB83DC4 1
UVREB83DC6 1

UVREB83DC7 1

UVREB83DC8 1

UVREEOX114 1

UVREEOX116 1

UVREEOX117 1

UVREEOX118 1

UVREEOX214 1

UVREEOX216 1
UVREEOX217 1
UVREEOX218 1
UVREEOX314 1
UVREEOX316 1
UVREEOX317 1
UVREEOX318 1

UVREEOX414 1
UVREEOX416 1.
UVREEOX417 1
UVREEOX418 1
UVREEOX514 1
UVREEOX516 1
UVREEOX517 1
UVREEOX518 1
UVREEOX614 1
UVREEOX616 1
UVREEOX617 1
UVREEOX618 1
UVREEBX114 1
UVREEBX116 1
UVREEBX117 1
UVREEBX118 1
UVREEBX214 1
UVREEBX216 1
UVREEBX217 1

H
H
H
H
H
H
H
N
N
N

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

No output on power supply for Bus 14
No output on power supply for Bus 16
No output on power supply for Bus 16
No output on power supply for Bus 17
No output on power supply for Bus 17
No output on power supply for Bus 18
No output on power supply for Bus 18
Relay 83DC/14 fails to de-energize
Relay 83DC/16 fails to de'-energize
Relay 83DC/17 fails to de-energize
Relay 83DC/17 fails to de-energize
Relay 27X1/14 fails to energize
Relay 27X1/16 fails to energize
Relay 27X1/17 fails to energize
Relay 27X1/18 fails to energize
Relay 27X2/14 fails to energize
Relay 27X2/16 fails to energize
Relay 27X2/17 fails 'to energize
Relay 27X2/18 fails to energize
Relay 27X3/14 fails to energize
Relay 27X3/16 fa'ils to energize
Relay 27X3/17 fails to energize
Relay 27X3/18 fails to energize
Relay 27X4/14 fails to energize
Relay 27X4/16 fails to energize
Relay 27X4/17 fails to energize
Relay 27X4/18 fails to energize
Relay 27XS/14 fails to energize
Relay 27XS/16 fails to energize
Relay 27X5/17 fails to energize
Relay 27XS/18 fails to energize
Relay 27X6/14 fails to energize
Relay 27X6/16 fails to energize
Relay 27X6/17 fails to energize
Relay 27X6/18 fails to energize
Relay 27BXl/14 fails to energize
Relay 27BX1/16 fails to energize
Relay 27BXl/17 fails to energize
Relay 27BX1/18 fails to energize
Relay 27BX2/14 fails to energize
Relay 27BX2/16 fails to energize
Relay 27BX2/17 fails to energize

UV relay cabinet
UV control cabinet
UV relay cabinet
UV control cabinet
UV relay cabinet
UV control cabinet
UV relay cabinet
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Tab 't.7-2
Integrated 'A BE File

Basic Event C Factor Units Descri tion
UVREEBX218 1
UVREEBX314 1
UVREEBX316 1
UVREEBX317 1
UVREEBX318 1
UVREEBX414 1
UVREEBX416 1
UVREEBX417 1
UVREEBX418 1
UVREEBXS14 1

UVREEBX516 1

UVREEBX517 1

UVREEBX518 1

UVREEBX614 1

UVREEBX616 1

UVREEBX617 1
UVREEBX618 1
UVRUB1/11A 1
UVRUB1/llB 1
UVRUB2/11A 1
UVRUB2/11B 1
UVRUB27014 1
UVRUB27016 1
UVRUB27017 1
UVRUB27018 1
UVRUB27B14 1
UVRUB27B16 1
UVRUB27B17 1
UVRUB27B18 1
UVRUB27BD4 1
UVRUB27BD6 1
UVRUB27BD7 1
UVRUB27BD8 1
UVRUB27D14 1
UVRUB27D16 1
UVRUB27D17 1
UVRUB27D18 1
UVRUEX111A 1
UVRUEX111B 1
UVRUEX211A 1
UVRUEX211B 1

1
1
1
1
1
1
1
1
1

1

1

1

1

1

1
1
1

1

1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1

1
1

1
1

N Relay 27BX2/18 fails to energize
N Relay 27BX3/14 fails to energize
N Relay 27BX3/16 fails to energize
N Relay 27BX3/17 fails to energize
N Relay 27BX3/18 fails to energize
N Relay 27BX4/14 fails to energize
N Relay 27BX4/16 fails to energize
N Relay 27BX4/17 fails to energize
N Relay 27BX4/18 fails to energize
N Relay 27BX5/14 fails to energize
N Relay 27BX5/16 fails to energize
N Relay 27BX5/17 fails to energize
N Relay 27BX5/18 fails to energize
N Relay 27BX6/14 fails to energize
N Relay 27BX6/16 fails to energize
N Relay 27BX6/17 fails to energize
N Relay 27BX6/18 fails to energize
N BUS 11A UNDERVOLTAGE RELAY 27-1/11A FAILS TO DEENERGIZE ON DEMAND
N BUS 11B UNDERVOLTAGE RELAY 27-1/11B FAILS TO DEENERGIZE ON DEMAND
N BUS 11A UNDERVOLTAGE RELAY 27«2/11A FAILS TO DEENERGIZE ON DEMAND
N BUS 11B UNDERVOLTAGE RELAY 27-2/11B FAILS TO DEENERGIZE ON DEMAND
N Undervoltage relay 27/14 fails to de-energize
N Undervoltage relay 27/16 fails to de-energize
N Undervoltage relay 27/17 fails to de-energize
N Undervoltage relay 27/18 fails to de-energize
N Undervoltage relay 27B/14 fails to de-energize
N Undervoltage relay 27B/16 fails to de-energize
N Undervoltage relay 27B/17 fails to de-energize
N Undervoltage relay 27B/18 fails to de-energize
N Undervoltage relay 27D/B/14 fails-to de-energize
N Undervoltage relay 27D/B/16 fails to de-energize
N Undervoltage relay 27D/B/17 fails to de-energize
N Undervoltage relay 27D/B/18 fails to de-energize
N Undervoltage relay 27D/14 fails to de-energize
N Undervoltage relay 27D/16 fails to de-energize
N Undervoltage relay 27D/17 fails to de-energize
N Undervoltage relay 27D/18 fails to de-energize
N BUS 11A UNDERVOLTAGE AUXILIARYRELAY 27X1/11A FAILS TO ENERGIZE ON DEMAND
N BUS 11B UNDERVOLTAGE AUXILIARYRELAY 27X1/11B FAILS TO ENERGIZE ON DEMAND
N BUS 11A UNDERVOLTAGE AUXILIARY RELAY 27X2/11A FAILS TO ENERGIZE ON DEMAND
N BUS 11B UNDERVOLTAGE AUXILIARYRELAY 27X2/11B FAILS TO ENERGIZE ON DEMAND

Rochester Gas 8; Electric Corporation R. E. Ginna PRA Project
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Table -3
Integrated C, TC File

AC AC POWER

Type
Code Rate U Descri tion Source

AC Bl F
AC B2 F
AC B4 F
AC CB D
AC CB N
AC CB0
AC CB R
AC CF R
AC IV F
AC LC D
AC PX F
AC RE B
AC RE E
AC RE K
AC RT D
AC SZ C
AC T1 F
AC T6 F

4.07E-08
7.84E-07
7.03E-08
3.85E-03
3.85E-03
6.91E-07
1.33E-06
6.38E-07
7.11E-06
3.89E-06
1.40E-06
7.65E-05
7.65E-05
3.94E-07
7.65E-05
2.46E-04
8.42E-07
6.05E-07

H )4 KV BUS 99999 FAULT
H <4 KV BUS 99999 FAULT
H 120 V BUS 99999 FAULT

AC BREAKER 99999 FAILS TO OPERATE
AC BREAKER 99999 FAILS TO OPEN

H AC BREAKER 99999 STANDBY FAILS TO OPERATE
H AC BREAKER 99999 TRANSFERS OPEN
H FUSE 99999 FAILS OPEN
H STATIC VOLTAGE REGULATOR 99999 NO OUTPUT
H LOGIC CIRCUIT 99999 FAILS TO GENERATE S'IGNAL
H POt'JER SUPPLY 99999 NO OUTPUT
N RELAY 99999 FAILS TO DEENERGIZE
N RELAY 99999 FAILS TO ENERGIZE
H RELAY 99999 TRANSFERS TO ENERGIZED

TIME DELAY RELAY 99999 FAILS TO ENERGIZE
N VLV POSITlON SNITCH 99999 FAILS TO CLOSE
H KV TRANSFORMERS 99999 FAULT
H 480V-240V TRANSFORMER 99999 FAULT

BAYES
BAYES
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN

BAYES
BAYES
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Table -3

Integrated C. TC File

AUXILIARYFEEDWATER

Type
Code Rate U Descri tion Source

AF AV K
AF AV P
AF AV X
AF CV C
AF CV P
AF FT D
AF FT H
AF HX F
AF LTD
AF HP F
AF MP S
AF MV C
AF MV D
AF MV K
AF MV P
AF MV X
AF PC D
AF PP J
AF TK B
AF TK J
AF TP F
AF TP S
AF XV K
AF XV P
AF XV X

1.01E-06 H
2.55E-06 H
6.06E-06 H
1.87E-03
2.87E-07 H

1.81E-06 H
2.04E-06 H

1.95E-05 H
2. 14E-06 H
3.81E-05 H
3.20E-06 H
'1.19E-03
2.2SE-06 H

9.23E-,07 H
8.50E-06 H
7.88E-06 H
1.47E-06 H
5.53E-07 H
3.31E-06 H
4.39E-06 H
8.80E-OS H
2.55E-05 H
1.07E-07 H
3.77E-07 H
9.97E-08 H

AIR-OPERATED VALVE 99999 TRANSFER CLOSED
AIR-OPERATED VALVE 99999 FAILS TO OPEN
AIR-OPERATED VALVE 99999 FAILS TO CLOSE
CHECK VALVE 99999 FAILS TO CLOSE
CHECK VALVE 99999 FAILS TO OPEN (STANDBY RATE)
FLOW TRANSMITTER 99999 FAILS TO RESPOND
FLOW TRANSMITTER 99999 FAILS HIGH
))EAT EXCHANGER 99999 COOLING CAP. FAILS
LEVEL TRANSMITTER 99999 FAILS TO RESPOND
MOTOR-DRIVEN PUMP 99999 FAILS TO RUN
MOTOR-DRIVEN PUMP 99999 FAILS TO START
MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE
MOTOR-OPERATED VALVE 99999 FAILS TO TRTL
MOTOR-OP VALVE 99999 TRANSFERS CLOSED
MOTOR-OPERATED VALVE 99999 FAILS TO OPEN (STANDBY)
MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE (STANDBY)
PRESSURE CONTROLLER 99999 FAILS TO RESP
PIPING 99999 RUPTURE
TANK BLADDER 99999 RUPTURES
TANK 99999 RUPTURE
TURBINE-DRIVEN PUMP 99999 FAILS TO RUN
TURBINE-DRIVEN PUMP 99999 FAILS TO START
HANUAL VALVE 99999 TRANSFERS CLOSED
MANUAL VALVE 99999 FAILS TO OPEN
MANUAL VALVE 99999 FAILS TO CLOSE

BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
BAYES
PLANT-SPECIFIC
BAYES
BAYES
BAYES
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Table 7-3
Integrated C. A TC File

CC COMPONENT COOLING WATER:

Type
Code Rate U Descri tion Source

CC AV K
CC CV C
CC CV K
CC HX F
CC HX J
CC HX P
CC MP A
CC MP F
CC MV C
CC MV K
CC MV P
CC PP J
CC PS D
CC PS H
CC TK J
CC XV K
CC XV N

2.27E-06
3.85E-03
1.08E-06
1.19E-07
2.92E-07
3.66E-07
1.85E-03
1.18E-OS
7. 43E-03
1.02E-06
1.28E-OS
5.53E 07
4.50E-OS
8.45E-07
5.08E-06
8.90E-08
2 '1E-04

H AIR-OPERATED VALVE 88888 TRANSFER CLOSED
CHECK VALVE 88888 FAILS TO CLOSE

H CHECK VALVE 89999 TRANSFERS CLOSED
H HEAT EXCHANGER 88888 COOLING CAP. FAILS
H HEAT EXCHANGER 88888 TUBE RUPTURE
H HEAT EXCHANGER 88888 PLUGS

MOTOR-DRIVEN PUMP 88888 FAILS TO START
H MOTOR-DRIVEN PUMP 99999 FAILS TO RUN

MOTOR-OPERATED VALVE 88888 FAIL TO CLOSE
H MOTOR-OP VALVE 88888 TRANSFERS CLOSED

MOTOR-OPERATED VALVE 88888 FAILS TO OPEN
H PIPING 88888 RUPTURE

PRESSURE SWITCH 88888 FAILS TO RESPOND
H PRESSURE SWITCH 99899 FAILS HIGH
H TANK 98999 RUPTURE
H MANUAL VALVE 88888 TRANSFERS CLOSED

MANUAL VALVE 99999 FAILS TO OPEN

BAYES
PLANT-SPECIFIC
BAYES
BAYES
BAYES
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PIANT-SPECIFIC
BAYES
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
BAYES
BAYES
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Table 3

Integrated C TC File

CR CONTAINMENT SPRAY - RECIRCULATION

TYpe
Code Rate U Descri tion Source

CRAV P
CR CV P
CR LT D
CR LT H
CR MP F
CR MP S
CR MV P
CR MV R
CR MV X
CR MV Z
CR PP P
CR TK J
CR XV K
CR XV R

1.27E-05
3.57E-07
2.14E-06
2.02E-06
1.49E-02
2.80E-06
1.11E-05
7.22E-07
5.70E-05
2.89E-06
5.53E-07
4.71E-06
1.53E-07
1.14E-07

AIR-OPERATED VALVE 99999 FAILS TO OPEN
H CHECK VALVE 99999 FAILS TO OPEN
H LEVEL TRANSMITTER 99999 FAILS TO RESPOND
H LEVEL TRANSMITTER 99999 FAILS HIGH
H MOTOR-DRIVEN PUMP 99989 FAILS TO RUN
H MOTOR-,DRIVEN PUMP 99999 FAILS TO START
H MOTOR-OPERATED VALVE 99989 FAILS TO OPEN
H MOTOR-OP VALVE 99999 TRANSFERS OPEN
H MOTOR-OPERATED VALVE 98999 FAIL TO CLOSE (STANDBY)
H MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE (STANDBY)
H PIPING 99999 PLUGGED
H TANK 99999 RUPTURE
H MANUAL VALVE 99999 TRANSFERS CLOSED
H MANUAL VALVE 99999 TRANSFERS OPEN

PLANT-SPECIFIC
BAYES
SAIC GDN
SAIC GDN-
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
P/S DATA FOR 896A&B
SAIC GDN
BAYES
BAYES
BAYES
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Tabl~ 7-3
Integrated ( A TC File

CS CONTAINMENT SPRAY:

Type
Code Rate U Descri tion Source

CSAV P
CS CV C
CS CV P
CS LT D
CS LT H
CS LT L
CS MP F
CS MP S
CS MV C
CS MV K
CS MV P
CS PP J
CS TK J
CS VB P
CS XV K
CS XV N
CS XV R

1.27E-05
1.61E-03
3.57E-07
2.14E-06
2.02E-„06
2.06E-06
1.49E-02
2.80E-06
8.56E-03
1.31E-06
1.11E-OS
5.53E-07
4.71E-06
1.03E-06
1.53E-07
1.18E-04
1.14E-07

AIR-OPERATED VALVE 99999 FAILS TO OPEN
CHECK VALVE 99999 FAILS TO CLOSE

H CHECK VALVE 99999 FAILS TO OPEN
H LEVEL TRANSMITTER 99999 FAILS TO RESPOND
H LEVEL TRANSMITTER 99999 FAILS HIGH
H LEVEL TRANSMITTER 99999 FAILS LOW
H MOTOR-DRIVEN PUMP 99999 FAILS TO RUN
H MOTOR-DRIVEN PUMP 99999 FAILS TO START

MOTOR-OP VALVE 99889 FAILS TO CLOSE
H MOTOR-OP VALVE 99999 TRANSFERS CLOSED
H MOTOR-OPERATED VALVE 99999 FAILS TO OPEN
H PIPING 99999 RUPTURE
H TANK 99999 RUPTURE

VACUUM BREAKER 99999 FAILS
H MANUAL VALVE 99999 TRANSFERS CLOSED

MANUAL VALVE 99999 FAILS TO OPEN
H MANUAL VALVE 99999 TRANSFERS OPEN

PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
SAIC GDN
BAYES
SAIC GDN
BAYES
BAYES
BAYES
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Tabl~ -3
Integrated ( TC File

CONTAINMENT ISOLATION:

Type
Code

CT AV R
CT AV X
CT BE F
CT BF F
CT BF P
CT CV R
CT PP J
CT XV R

Rate U Descri tion
1.64E-06 H AIR-OPERATED VALVE 99999 TRANSFERS OPEN
8.31E-06 H AIR-OPERATED VALVE .99999 FAILS TO CLOSE
1.00E-06 H ELECTRICAL PENETRATION 99999 FAILS
1.73E-06 H BLIND FLANGE 99999 FAILS
1.73E-06 H PENETRATION FLANGE 99999 FAILS
3.26E-07 H CHECK VALVE 99999 TRANSFERS OPEN
5.53E-07 H PIPING 99999 RUPTURE
8.76E-08 H MANUAL VALVE 99999 TRANSFERS OPEN

Source

PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
PLANT-SPECIFIC
P/D (CT BF F)
BAYES
SAIC GDN
BAYES
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Tabl~ -3
Integrated t TC File

CHEMICAL VOLUME AND CONTROL:

Type
Code Rate U Descri tion Source

CV AV C
CV AV K
CV AV N
CV AV P
CV AV X
CV CV K
CV CV N
CV CV P
CV HT F
CV HX P
CV LT D
CV LT H
CV LT L
CV MP A
CV MP F
CV MV K
CV MV N
CV MV X
CV PP J
CV PP P
CV RV N
CV RV P
CV RV R
CV TK J
CV XV K
CV XV N
CV XV,R

3.47E-04
1.17E-06
9.92E-OS
1.58E-06
2.60E-05
8.96E-07
4.06E-05
5.30E-07
1.56E-04
8.82E-07
1.27E-05
1.05E-04
2.06E-06
1.08E-03
2.72E-OS
1.43E-06
3.76E-03
1.56E-OS
1.56E-05
6.24E-05
2.07E-04
1.97E-07
2.72E-OS
4.11E-06
8.05E-08
3.47E-04
1.12E-07

AIR-OPERATED VALVE 99999 FAILS TO CLOSE
H AIR-'OPERATED VALVE 99999 TRANSFER CLOSED

AIR-OPERATED VALVE 99999 FAILS TO OPEN
H AIR-OPERATED VALVE 99999 FAILS TO OPEN
H AIR-OPERATED VALVE QQQQQ FAILS TO CLOSE
H CHECK VALVE 99999 TRANSFERS CLOSED

CHECK VALVE 99989 FAILS TO OPEN
H CHECK VALVE 99989 FAILS TO OPEN
H HEAT TRACE 99999 FAILS
H HEAT EXCHANGER 98999 PLUGS
H LEVEL TRANSMITTER 99999 FAILS TO RESPOND
H LEVEL TRANSMITTER 99999 FAILS HIGH
H LEVEl TRANSMITTER 99999 FAILS LOW

MOTOR-DRIVEN PUMP 99999 FAILS TO START
H MOTOR-DRIVEN PUMP 99999 FAILS TO RUN
H MOTOR-OP VALVE 99998 TRANSFERS CLOSED

MOTOR-OPERATED VAIVE 99989 FAILS TO OPEN
H MOTOR-OPERATED VALVE 98999 FAILS TO CLOSE
H PIPING 99989 RUPTURE
H PIPING 99999 PLUGGED

RELIEF VALVE 99999 FAILS TO OPEN
H RELIEF VALVE 99999 FAILS TO OPEN (STANDBY)
H RELIEF VALVE 99999 TRANSFERS OPEN
H TANK 99999 RUPTURE
H MANUAL VAIVE 99999 TRANSFERS CLOSED
N MANUAL VALVE QQQQQ FAILS TO OPEN
H MANUAl VALVE 99999 TRANSFERS OPEN

PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
PIANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
BAYES
PLANT-SPECIFIC
BAYES
BAYES
SAIC GDN
BAYES
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Tabl (.7-3
Integrated ZA TC File

DC POWER:

Type
Code Rate U Descri tion Source

DC BCF
DC BDF
DC BTD
DCBTF
DCCBR
DCCDR
DCCFR
DCCFX
DC CS R
DC IN F
DC RE 8
DC RE E
DC RT D

1.27E-05
2.41E-08
1.19E-05
9.39E-07
1.87E-06
3.80E-06
3.58E-08
3.58E-08
1.41E-06
1.27E-05
7.65E-05
7.65E-05
7.65E-05

H BATTERY CHARGE 99999 NO OUTPUT
H DC BUS 99999 FAULT

BATTERY 99999 NO OUTPUT (DEMAND)
H BATTERY 99999 NO OUTPUT (HOURLY)
H AC BREAKER 99999 TRANSFERS OPEN
H DC BREAKER 99999 TRANSFERS OPEN
H FUSE 99999 FAILS OPEN
H FUSE 99999 FAILS OPEN (POST TRIP)
H DC DISCONNECT SWITCH 99999 TRANSFERS OPEN
H INVERTER 99999 NO OUTPUT
N RELAY 99999 FAILS TO DEENERGIZE
N RELAY 99999 FAILS TO ENERGIZE
N TIME DELAY RELAY 99999 FAILS TO ENERGIZE

PLANT-SPECIFIC
BAYES
SAIC GDN
BAYES
SAIC GDN
SAIC GDN
BAYES
BAYES
SAIC GDN
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
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Table 7-3
Integrated C. A TC File

EMERGENCY AC POWER (DIESEL GENERATORS)

Type
Code Rate U Descri tion Source

DGCFR
DGCVC
DG CVN
DG DGA
DG DG F
DGFDP
DG LTD
DGMPA
DG MP F
DG PS H

DG PS t,
DGREE
DGRUB
DG RVR
DGSVP
DGSVX
DG TK J
DGTS H
DGTS L
DGXVK

6.38E-07 H
3.58E-04
1.36E-04
4.88E-03
1.25E-03 H

2.66E-05
2.14E-06 H
1.18E-03
7.41E-05 H

8.45E-07 'H

8.45E-07 H
7.65E-05
7.65E-05
1.31E-06 H
6.34E-06 H
1.47E-06 H
4.71E-06 H
9.20E-07 H
9.20E-07 H
1.66E-07 H

FUSE 99999 FAILS OPEN
CHECK VALVE 99999 FAILS TO CLOSE
CHECK VALVE 99999 FAILS TO OPEN
DIESEL GENERATOR 99999 FAILS TO START
DIESEL GENERATOR 99999 FAILS TO RUN
FUEL OIL STRAINER 99999 PLUGGED
LEVEL TRANSMITTER 99999 FAILS TO RESPOND
MOTOR"DRIVEN PUMP 99999 FAILS TO START
MOTOR-DRIVEN PUMP 99999 FAILS TO RUN
PRESSURE SWITCH 99999 FAILS HIGH
PRESSURE SWITCH 99999 FAILS LOW
RELAY 99999 FAILS TO ENERGIZE
UNDERVOLTAGE RELAY 99999 FAILS TO DEENER
RELIEF VALVE 99999 TRANSFERS OPEN
SOLENOID VALVE 99999 FAILS TO OPEN
SOLENOID VALVE 99889 FAILS TO CLOSE
TANK 98999 RUPTURE
TEMPERATURE SWITCH 89999 FAILS HIGH
TEMPERATURE SWITCH 99889 FAILS LOW
MANUAL VALVE 99999 TRANSFERS CLOSED

SAIC GDN
BAYES
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
BAYES
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
PLANT-SPECIFIC
BAYES
BAYES
SAIC GDN
SAIC GDN
BAYES
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Tabl 3.7-3
Integrated I'A TC File

SAFEGUARDS ACTUATION:

Type
Code Rate U Descri tion Source

ES BI N
ES CF R
ES FT D
ES FT I
ES LC D
ES LT D
ES LY D
ES PT D
ES PX F
ES RA F
ES RE B
ESREE
ES RE K
ES RT D
ES TR D
ESTTD

2. 25E-07 N
3.58E-08 H
1.81E-06 H
1.83E-06 H
3.89E-06 H

2. 14E-06 H

6. 42E-07 H
1.47E-06 .H
1. 40E-06 H

3.42E-06 H

7. 65E-05 N
7.65E-05
3.94E-07 H
7.65E-05
6.80E-06 H
1.47E-06 H

BISTABLE 99999 FAILS TO OPERATE ON DEMAND
FUSE 99999 FAILS OPEN
FLOW TRANSMITTER 99999 FAILS TO RESPOND
FLOW TRANSMITTER 99999 FAILS LOW
LOGIC CIRCUIT 98999 FAILS
LEVEL TRANSMITTER 99999 FAILS TO RESPOND
SIGNAL PROCES MOD 99989 FAILS TO RESf'OND
PRESSURE TRANSMIT 99999 FAILS TO RESPOND
POWER StJPPt Y 89999 NO OUTPUT
RADIATION ELEMENT 99999 FAILS TO RESPOND
REt AY 99988 FAILS TO DEENERGIZE
RELAY 99999 FAILS TO ENERGIZE
RELAY 98999 TRANSFERS TO ENERGIZED
TIME DELAY RELAY 99999 FAILS TO ENERGIZE
AGASTAT TIMING RELAY 99999 FAILS TO RESP
TEMP TRANSMITTER 99999 FAILS TO RESPOND

SAIC GDN
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
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Table 7-3
Integrated C.. A TC File

Type
Code

HEATING, VENTILATION,&AZR CONDITIONING:

Rate U Descri tion Source

HV AC A
HV AC F
HV AF F
HV AV C
HV AV X
HV HE F
HV HX F
HV MB N
HV MC K
HV MC N
HV MC P
HV MF A
HV MF F
HV MF S
HV TV L

2.08E-04
1.05E-OS.H
7.31E-06 H
2.17E-03
6.03E-06 H
1.16E-06
1.95E-05 tt
2.18E-03
9. 18E«07 H

1.99E-04
6.06E-06 H

6.91E-04
7.82E-06 H

3.27E-06
1.36E-06 H

AIR COOLING UNIT 99988 FAILS TO START
AIR COOLING UNIT 99989 FAILS TO RUN
AIR FILTER 88888 FAILS TO DELIVER FLOW
AIR-OPERATED VALVE 88888 FAILS TO CLOSE
AIR-OPERATED VALVE 88888 FAILS TO CLOSE
ROOM HEATER 8999 FAILS TO OPERATE
HEAT EXCHANGER 99999 COOLING.CAP. FAILS
BACKFLOW DAMPER 88888 FAILS TO OPEN
AIR-OP DAMPER 99888 TRANSFERS CLOSED
AIR-OPERATED DAMPER 88888 FAILS TO OPEN
AIR-OPERATED DAMPER 99999 FAILS TO OPEN
MOTOR-DRIVEN FAN 88988 FAILS TO START
MOTOR-DRIVEN FAN 99999 FAILS TO RUN
MOTOR-DRIVEN FAN 88888 FAILS TO START
TEMP INDICATING CTRL 88888 FAILS LOW

SAIC GDN
SAIC GDN
PLANT-SPECIFIC
SAIC.- GDN
SAIC GDN
BAYES
SAIC GDN
SAIC GDN
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
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Tab t.7-3
Integrated ZA TC File

IA COMPRESSED AIR SYSTEMS

Type
Code

IA AD F
IAAF F
IA AM A
IA AM F
IA AR F
IA AV K
IA AV N
IA AV X
IA CV C
IA CV K
IA CV N
IA CV P
IA HX F
IA HX J
IA HX P
IA IP D
IA PP J
IA PS D
IA PS H

IA PS L
IA PV K
IA RV R
IA SV C
IA SV K
IA SV P
IA SV X
IA TK G
IA XV K
IA XV N
IA XV R

Rate

6.34E-05
1.74E-06
3.87E-03
7.83E-05
4.61E-06
8.84E-07
2.79E-05
1.44E-06
2.26E-05
1.21E-06
6. 17E-05
3.50E-07
1.95E-05
2.61E-05
2.20E-06
1.00E-07
5. 07E-05
4.50E-05
8.45E-07
8.45E-07
3.33E-06
1.69E-06
2.83E-03
3.48E-07
7.86E-06
1.47E-06
5.52E-06
1.94E-07
3.47E-04
1.30E-07

Descri tion

H AIR DRYER 89899 FAILS TO DELIVER FLOW
H AIR FILTER 99999 FAILS TO DELIVER FLOW

AIR COMPRESSOR 99999 FAILS TO START
H AIR COMPRESSOR 99999 FAILS TO RUN
H AIR RECEIVER 99999 LOCAL FAULTS
H AIR-OPERATED VALVE 99999 TRANSFER CLOSED

AIR-OPERATED VALVE 99999 FAILS TO OPEN
H AIR-OPERATED VALVE 99899 FAILS TO CLOSE

CHECK VALVE 99999 FAILS TO CLOSE
H CHECK VALVE 99999 TRANSFERS CLOSED

CHECK VALVE 98999 FAILS TO OPEN
CHECK VALVE 99999 FAILS TO OPEN

H'HEAT EXCHANGER 99999 COOLING CAP. FAILS
H HEAT EXCHANGER 99999 TUBE RUPTURE
H HEAT EXCHANGER 99999 PLUGS
H I/P CONVERTER 99999 FAILS TO RESPOND
H PIPING 99999 RUPTURE

PRESSURE SWITCH QQQQQ FAILS TO RESPOND
H PRESSURE SWITCH 99999 FAILS HIGH
H PRESSURE SWITCH 99999 FAILS LOW
H PRESSURE CONTROL VLV 99999 TRANSFERS CLOSED
H RELIEF VALVE 99999 SPURIOUS OPEN

SOLENOID VALVE 99999 FAILS TO CLOSE
H SOLENOID VALVE 99999 TRANSFERS CLOSED
H SOLENOID VALVE 99999 FAILS TO OPEN
H SOLENOID VALVE QQQQQ FAILS TO CLOSE
H TANK 99999 LEAKAGE/RUPTURE
H MANUAL VALVE 99989 TRANSFERS CLOSED
N MANUAL VALVE 99999 FAILS TO OPEN
H MANUAL VALVE 99999 TRANSFERS OPEN

Source

PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
BAYES
BAYES
BAYES
BAYES
BAYES
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
TEMP CHANGE GD-3
SAIC GDN
SAIC GDN
BAYES
SAIC GDN
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
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Table " -3

Integrated C. TC File

MAIN FEEDWATER:

Type
Code

MF CV C
MF LT D

MS

Rate U Descri tion
8.71E-04 CHECK VALVE 99999 FAILS TO CLOSE
2.14E-06 H LEVEL TRANSMITTER 99999 FAILS TO RESPOND

MAIN STEAM:

Source

BAYES
SAIC GDN

Type
Code Rate U Descri tion Source

MS AV C
MS AV K
MS AV P
MS AV X
MS CV C
MS CV P
MS MV C
MS MV P
MS MV R
MS PS D
MS PV K
MS RT D
MS RV C
MS RV P
MS RV Z
MS RY T
MS SZ C
MS TK G
MS XV C
MS XV K
MS XV P
MS XV X

8.81E-03
1.83E-06
3.37E-05
1.56E-05
2.64E-03
3.86E-07
2.28E-03
6.35E-06
1.11E-06
4.50E"05
1.06E-05
7.65E-05
8.53E-04
6.34E-06
1.00E-01
6.88E-03
2.46E-04
5.52E-06
3.38E-04
1.79E-07
9.63E-07
5.10E-07

MSIV 99999 FAILS TO CLOSE
H AIR-OPERATED VALVE 99999 TRANSFER CLOSED

AIR-OPERATED VALVE 99999 FAILS TO OPEN
H AIR-OPERATED VALVE 99999 FAILS TO CLOSE

CHECK VALVE 99999 FAILS TO CLOSE
CHECK VALVE 99999 FAILS TO OPEN
MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE

H MOTOR-OPERATED VALVE 99999 FAILS TO OPEN
H MOTOR-OP VALVE 99999 TRANSFERS OPEN

PRESSURE SWITCH 99999 FAILS TO RESPOND
H PRESSURE CONTROL VLV 99999 TRANSFERS CLOSED

TIME DELAY RELAY 99999 FAILS TO ENERGIZE
ARV 99999 FAILS TO CLOSE
ARV 99999 FAILS TO OPEN (STANDBY)
ARV 99999 FAILS TO CLOSE AFTRER LIQUID RELIEF
PSV,S/G SAFETY VLV 99999 FAILS RESEAT(S)

N VLV POSITION SWITCH 99999 FAILS TO CLOSE
H TANK 99999 LEAKAGE

MANUAL VALVE 99999 FAILS TO CLOSE
H MANUAL VALVE 99999 TRANSFERS CLOSED

MANUAL VALVE 99999 FAILS TO OPEN
H MANUAL VALVE 99999 FAIL TO CLOSE

PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
SAIC GDN
SAIC GDN (PV R)
SAIC GDN
BAYES
PLANT-SPECIFIC
SAIC GDN
BAYES

SAIC GDN
BAYES
BAYES
BAYES
BAYES
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Table ~3
Integrated C. ~ TC File

RC PRIMARY PRESSURE CONTROL:

-Type
Code Rate U Descri tion Source

RC AV K
RC AV N

~
RC AV P
RC BI N
RC CV N
RCHNF
RC LY D
RC MP F
RC MV K
RC MV P
RC MV X
RC PT D
RC PT H
RC PT L
RC PX F
RC RE E
RC RV R
RC RY N
RC RY T
RC RZ P
RC RZ T
RC SV P
RC SW C
RC SW R
RC XV K

2.45E-06
3.94E-03
2.28E-06
2.25E-07
1.44E-04
1. 67E-06
6.42E-07
1.44E-06
1.31E-06
1.41E-05
2.89E-06
1.47E-06
1.49E-06
1.47E-06
1.40E-06
7.65E-05
1.31E-06
1.40E-04
7.45E-03
2.94E-06
5.00E-03
8.138-07
2.59E-08
8.00E-08
1.64E-07

H AIR-OPERATED VALVE 99999 TRANSFER CLOSED
AIR-OPERATED VALVE 99999 FAILS TO OPEN

H AIR-OPERATED VALVE 99999 FAILS TO OPEN
N BISTABLE 99999 FAILS TO OPERATE ON DEMAND

CHECK VALVE 99999 FAILS TO OPEN
H HEATER 99999 FAILS
H SIGNAL PROCES MOD 99999 FAILS TO RESPOND
H MOTOR-DRIVEN PUMP 99999 FAILS TO RUN
H MOTOR-OP VALVE 99999 TRANSFERS CLOSED
H MOTOR"OPERATED VALVE 99999 FAILS TO OPEN

MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE
H PRESSURE TRANSMIT 99999 FAILS TO RESPOND
H PRESSURE TRANSMITTER 99999 FAILS HIGH
H PRESSURE TRANSMITTER 99999 FAILS LOW
H POWER SUPPLY 99999 NO OUTPUT
N RELAY 99999 FAILS TO ENERGIZE
H RELIEF VALVE 99999 TRANSFERS OPEN
N SAFETY VALVE 99999 FAILS TO OPEN

PSV,S/G SAFETY VLV 99999 FAILS RESEAT(S)
PORV 99999 FAILS TO OPEN
PORV 99999 FAILS TO RESEAT AFTER STEAM

H SOLENOID VALVE 99999 FAILS TO OPEN
N HAND SWITCH 99999 FAILS TO CLOSE
H HAND SWITCH 99999 TRANSFERS OPEN
H MANUAL VALVE 99999 TRANSFERS CLOSED

BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
BAYES
SAIC GDN
SAIC GDN
BAYES
BAYES
BAYES
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
SAIC GDN
SAIC GDN
BAYES
SAIC GDN
BAYES
SAIC GDN
SAIC GDN
BAYES
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Tabl 1.7-3
Integrated A TC File

RESIDUAL HEAT REMOVAL:

Type
Code Rate U Descri tion Source

RH AV K
RH AV R
RH CV C
RH CV P
RH HX F
RH HX P
RH MP F
RH MP S
RH MV K
RH MV P
RH MV R
RH MV X
RH PP J
RH PS H

RH XV K
RH XV P
RH XV R

1.63E-06
2.36E-06
1.43E-04
3.40E-07
6.46E-06
2.07E-06
1.24E-05
6. 93E-06
1. 04E-06
1.09E-05
5.95E-07
6.65E-06
5.53E-07
8.45E-07
1.66E-07
5.21E-07
1.18E-07

H AIR-OPERATED VALVE 99999 TRANSFER CLOSED
H AIR-OPERATED VALVE 99999 TRANSFERS OPEN

CHECK VALVE 99999 FAILS TO CLOSE
CHECK VALVE 99999 FAILS TO OPEN

H HEAT EXCHANGER 99899 COOLING CAP. FAILS
H HEAT EXCHANGER 98889 PLUGS
H MOTOR-DRIVEN PUMP 99999 FAILS TO

RUN'OTOR-DRIVENPUMP 89999 FAILS TO START
ti MOTOR-OP VALVE 99999 TRANSFERS CLOSED

MOTOR-OPERATED VALVE 99999 FAILS TO OPEN
H MOTOR-OP VALVE 99999 TRANSFERS OPEN

MOTOR-OPERATED VALVE 99989 FAIL TO CLOSE
H PIPING 98899 RUPTURE
H PRESSURE SNITCH 99999 FAILS HIGH
H MANUAL VALVE 99999 TRANSFERS CLOSED

MANUAL VALVE 99999 FAILS TO OPEN
H MANUAL VALVE 89999 TRANSFERS OPEN

BAYES
BAYES
BAYES
BAYES
BAYES
BAYES
BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
BAYES
BAYES
BAYES
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Table -3
Integrated C. TC File

RHR - RECIRCULATION

Type
Code Rate U-Descri tion Source

RR AV F
RR AV K
RR CV C
RR CV P
RR HX F
RR HX P
RR IP D
RR LY D
RRMP F
RR MP S
RR MV K
RR MV P
RR MV X
RR PP J
RR PT H
RR SM P
RR XV K
RR XV R

3.53E-06
1.63E-06
1.43E-04
3.40E-07
6.46E-06
2.07E-06
1.00E-07
6.42E-07
1.24E-05
6.93E-06
1.04E-06
1.09E-05
6.65E-06
5.53E-07
1.49E-06
2.20E-05
1.66E-07
1.18E-07

H AIR-OPERATED VALVE 89889 FAILS TO THROTTLE
H AIR-OPERATED VALVE 99999 TRANSFER CLOSED

CHECK VALVE 99999 FAILS TO CLOSE
CHECK VALVE 99999 FAILS TO OPEN

H HEAT EXCHANGER 99989 COOLING CAP. FAILS
H HEAT EXCHANGER 99999 PLUGS
H I/P CONVERTER 99999 FAILS TO RESPOND
H SIGNAL PROCES MOD 99999 FAILS TO RESPOND
H MOTOR-DRIVEN PUMP 99999 FAILS TO RUN

MOTOR-DRIVEN PUMP 99999 FAILS TO START '

MOTOR-OP VALVE 99999 TRANSFERS CLOSED
H MOTOR-OPERATED VALVE 98899 FAILS TO OPEN

MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE
H PIPING 89999 RUPTURE
H PRESSURE TRANSMITTER 99999 FAILS HIGH

CONTAINMENT SUMP 99999 PLUGGED
H MANUAL VALVE 99999 TRANSFERS CLOSED
H MANUAL VALVE 99999 TRANSFERS OPEN

BAYES
BAYES
BAYES
BAYES
BAYES
HAYES
SAIC GDN
SAIC GDN
BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
BAYES
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Tab ~.7-3
Integrated ZA TC File

SZ SAFETY INJECTION:

Type
Code Rate U Descri tion Source

SI CV C
SI CV N
SI CV P
SI CV R
SI LC D
SI LT D
SI LT H

SI MP F
SI MP S
SI MV C
SI MV K
SI MV P
SI MV X
SI PT D
SI PT H
SI TK G
SI TK J
SI XV K
SI XV R

1.91E-03
1.45E-04
2.91E-07
7.04E-07
3.89E-06
2.14E-06
2.02E-06
4.66E-04
4.76E-06
2.68E-03
8.42E-'07
9.51E-06
8.87E-06
1.47E-06
1.49E-06
5.52E-06
5.56E-06
1.53E-07
1.30E-07

CHECK VALVE 88988 FAILS TO CLOSE
N CHECK VALVE 88988 FAILS TO OPEN
H CHECK VALVE 99999 FAILS TO OPEN
H CHECK VALVE 99999 TRANSFERS OPEN
H LOGIC CIRCUIT 99999 FAILS
H LEVEL TRANSMITTER 99999 FAILS TO RESPOND
H LEVEL TRANSMITTER 99999 FAILS HIGH
H MOTOR-DRIVEN PUMP 99999 FAILS TO RUN
H MOTOR-DRIVEN PUMP 99999 FAILS TO START

MOTOR-OPERATED VALVE 98999 FAIL TO CLOSE
H MOTOR-OP VALVE 99899 TRANSFERS CLOSED
H MOTOR-OPERATED VALVE 9989'9 FAILS TO OPEN

'-MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE
H PRESSURE TRANSMITTER 99999 FAILS TO RESPOND
H PRESSURE TRANSMITTER 99999 FAISL HIGH
H TANK 99999 LEAKAGE
H TANK 89999 RUPTURE
H MANUAL VALVE 99999 TRANSFERS CLOSED
H MANUAL VALVE 99999 TRANSFERS OPEN

PLANT-SPECIFIC
SAIC GDN
BAYES
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
BAYES
SAIC GDN
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Table 3
Integrated C TC File

SR SZ - RECZRCULATZON

Type
Code Rate U Descri tion Source

SR CV P
SR CV R
SR MP F
SR MP S
SR MV K
SR MV X
SR PP P
SR XV K
SR XV R

2.91E-07
7.04E-07
4.66E-04
4.76E-06
8.42E-07
8.87E-06
5. 53E-07
1. 53E-07
1. 30E-07

H CHECK VALVE 88888 FAILS TO OPEN
H CHECK VALVE 88889 TRANSFERS OPEN
H MOTOR-DRIVEN PUMP 99899 FAILS TO RUN
H MOTOR-DRIVEN PUMP 88988 FAILS TO START
H MOTOR-OP VALVE 88998 TRANSFERS CLOSED
H MOTOR-OPERATED VALVE 99999 FAIL TO CLOSE
H PIPING 99999 PLUGGED
H MANUAL VALVE QQQQQ TRANSFERS CLOSED
H MANUAL VALVE 99889 TRANSFERS OPEN

BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
SAIC GDN
BAYES
SAIC GDN
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Tabl~ '3
Integrated C. TC File

SERVICE WATER:

Type
Code Rate U Descri tion Source

SW AV K
SW AV N
SW CV C
SW CV K
SW CV N
SW CV P
SW EJ F
SW FD F
SW HX F
SW HP A
SW MP F
SW MV C
SW MV K
S'W MV N
SWMV P
SW PP J
SW PS R
SW SV K
SW SV P
SW XV C
SW XV K
SW XV P

1.33E-06
3.19E-06
4.84E-04
1.43E-06
1.21E-04
3.73E-07
2.85E-OS
4.07E-06
1.95E-05
7.32E-04
1.05E-06
5.85E-03
2.11E-06
4.38E-03
3.81E-05
5.53E-07
4.50E-05
3.48E-07
1.61E-05
3.21E-O'4
6.15E-OS
3.47E-07

H AIR-OPERATED VALVE 88888 TRANSFER CLOSED
AIR-OPERATED VALVE 88898 FAILS TO OPEN
CHECK VALVE 88888 FAILS TO CLOSE

H CHECK VALVE 88888 TRANSFERS CLOSED
CHECK VALVE 89999 FAILS TO OPEN

H CHECK VALVE 88888 FAILS TO OPEN
H EXPANSION JOINT 99999 FAILS

WATER FILTER 98888 FAILS (PLUGGED)
H HEAT EXCHANGER 99898 COOLING CAP. FAILS

HOTOR"DRIVEN PUMP 88988 FAILS TO START
H HOTOR-DRIVEN PUMP 88888 FAILS TO RUN

MOTOR-OPERATED VALVE 98888 FAIL TO CLOSE
H MOTOR-OP VALVE 88888 TRANSFERS CLOSED

MOTOR-OPERATED VALVE 88888 FAILS TO OPEN
H MOTOR-OPERATED VALVE 99899 FAILS TO OPEN
H PIPING 99999 RUPTURE

PRESSURE SWITCH 88889 FAILS TO RESPOND
H SOLENOID VALVE 89989 TRANSFERS CLOSED
H SOLENOID VALVE 99999 FAILS TO OPEN

MANUAL VALVE 99999 FAILS TO CLOSE
H MANUAL VALVE 88888 TRANSFERS CLOSED
H MANUAL VALVE 88888 FAILS TO OPEN

BAYES
BAYES
PLANT-SPECIFIC
BAYES
BAYES
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
PLANT-SPECIFIC
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
PLANT-SPECIFIC
SAIC GDN
SAIC GDN
BAYES
PLANT-SPECIFIC
PLANT-SPECIFIC
BAYES
BAYES
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480 VAC UNDERVOLTAGE

Code Rate U Descri tion Source

UV CB- R
UVCF R
UVLC D
UVPXF
UVRE B
UVREE
UVRUB
UVRUE

1.33E-06
3.58E-08
3.89E-06
1.40E-06
7.65E-05
7.65E-05
7.65E-05
7.65E-05

H AC BREAKER 99999 TRANSFERS OPEN
H FUSE 99999 FAILS OPEN
H LOGIC CIRCUIT 99999 FAILS TO GENERATE SIGNAL
H POWER SUPPLY 99999 NO OUTPUT
N RELAY 99999 FAILS TO DEENERGIZE
N RELAY 99999 FAILS TO ENERGIZE
N UNDERVOLTAGE RELAY 99999 FAILS TO DEENERGIZE
N UNDERVOLTAGE RELAY 99999 FAILS TO ENERGIZE

PLANT-SPECIFIC
BAYES
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
SAIC GDN
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Table 3.3.7-4
As Quantified Configuration Logic Flags (Page 1 of 2)

Logic Flag

AAAACCHX~

Description

CCW Heat Exchanger
EAC01A Is In Service

Set To

TRUE

Comments

Normal configuration is one CCW pump and its
associated heat exchanger in service. Assumes
that Component Cooling Water Heat Exchanger
A (EAC01A) is in service.

AAAACCPMPA CCW Pump A Is Aligned To
Run

TRUE Assumes that Component Cooling Water Pump
A (PAC02A) is in service.

AAAAHVCTA Containment Cooling Train A
Is Running

Normal configuration is two containment
recirculating fan cooling units in opention.
Assumes that Containment Recirculating Fan
Cooling Unit A (Fan ACF08A) is in service.

AAAAHVCTC

AAAAHVCTD

AAAAIAC02A

Containment Cooling Train B
Is Running

Containment Cooling Train C
Is Running

Containment Cooling Train D
Is Running

IA Compressor CIA02A Is

Running

FALSE

TRUE

FALSE

TRUE

Assumes that Containment Recirculating Fan

Cooling Unit B (Fan ACF08B) is in standby.

Assumes that Containmcnt Recirculating Fan

Cooling Unit C (Fan ACF08C) is in service.

Assumes that Containment Recirculating Fan

Cooling Unit D (Fan ACF08D) is in standby.

Normal IA System configuration is two
compressors in AUTO and the remaining
compressor in STANDBY. Assumes that
Instrument Air Compressor A (CIA02A) is

running in AUTO.

AAAAIAC02B IA Compressor CIA02B Is

Running
TRUE Assumes that Instrument Air Compressor B

(CIA02B) is running in AUTO.

AAAAIAC02C IS Compressor CIA02C Is
Running

FALSE Assumes that Instrument Air Compressor C
(CIA02C) is running in STANDBY.

AAAAMCCG18 480 VAC Motor Control
Center G Is Being Powered
From 480 VAC Bus 18

TRUE Motor Control Ccntcr G may be powered from
either Bus 17 or Bus 18. Assumes that MCC G
is being powered from Bus 18.

AAAAPUMPOA Charging Pump A Is Running FALSE Normal configuration is two charging pumps
running. Assumes that Charging Pump
PCH01A is in standby.

AAAAPUMFOB

AAAAPUMPOC

Charging Pump B ls Running

Charging Pump C ls Running

TRUE

TRUF.

Assumes that Charging Pump PCHOIB is in
operation.

Assumes that Charging Pump PCH01C is in
operation.
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Table 3.3.7-4
As Quantified Configuration Logic Flags (Page 2 of 2)

Logic Flag

AAAASWP1AR

AAAASWPIAS

AAAASWP1BR

AAAASWP1BS

AAAASWPICR

AAAASWP1CS

AAAASWP1DR

AAAASWPIDS

Description

Service Water Pump
PSW01A Is In Operation

Service Water Pump
PSWOIA Is Selected In
Standby

Service Water Pump
PSW01B Is In Operation

Scrvicc Water Pump
PSW01B Is Selected In
Standby

Service Water Pump
PSW01C Is In Operation

Service Water Pump
PSWOIC Is Selected In
Standby

Service Water Pump
PSWOI D Is In Operation

Service Water Pump
PSWOI D Is Selected In
Standby

Set To

TRUE

FALSE

FALSE

TRUE

FALSE

TRUE

TRUE

FALSE

Cotnntents

Typical configuration is two SW pumps running
and two selected in standby. Assumes Service
Water Pump PSW01A is in operation.

Assumes Service Water Pump PSWOIA is not
selected in standby.

Assumes Service Water Pump PSWOIB is not
in operation.

Assumes Service Water Pump PSW01B is
selected in standby.

Assumes Service Water Pump PSW01C is not
in operation.

Assumes Service Water Pump PSW01C is
selected in standby.

Assumes Service Water Pump PSW01D is in
operation.

Assumes Service Water Pump PSWOID is not
selected in standby.
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Sequence,

Table 3.3.7-5
Sequence Logic Flags (Page 1 of 6)

AAAAOOATiVS AAAAAFISSG AAAARECIRC AAAAESOBAF

Transient Sequences:

T/81/Ll/P1

T/81/Ll/UH1

T/81/Ll/XL

T/81/L1/FC/UCS

T/81/L1/FC/XCS

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

Reactor Coolant Pump Seal LOCA Sequences:

T/Q1/81/Ll/P2

T/Q 1/81/XH

T/Ql/XH

T/Ql/FC/UCS

T/Ql/FC/XCS

T/Ql/81/FC/UCS

T/Ql/81/FC/XCS

T/Ql/81/Ll/FC/UCS

T/Q1/81/Ll/FC/XCS

T/Q1/81/Ll/XL

T/Ql/UH2/81/Ll

T/Ql/UH2/81/FC/UCS

T/Q 1/UH2/81/FC/XCS

T/Ql/UH2/81/UA

T/Ql/UH2/81/UL

T/Ql/UH2/81/XL

T/Q 1/UH2/FC/UCS

T/Q1/UH2/FC/XCS

T/Ql/UH2/P3SS

T/Q1/UH2/UA

T/Q1/UH2/UL

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Table 3.3.7-5
Sequence Logic Flags (Page 2 of 6)

Sequence

T/Q1/UH2/XL

T/Ql/UH2/B1/P3SS

AAAAOOATIVS

FALSE

FALSE

AAAAAFISSG

FALSE

FALSE

AAAARECIRC

TRUE

TRUE

AAAAESOBAF

FALSE

FALSE

PORV / RC Safety Valve LOCA Sequences:

T/Q2/UH2

T/Q2/XL

T/Q2/FC/UCS

T/Q2/FC/XCS

Large Break LOCA Sequences:

A/UL

A/FC/UCS

A/FC/XCS

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Table 3.3.7-5
Sequence Logic Flags (Page 3 of 6)

Sequence AAAAOOAVWS AAAAAFISSG AAAARECIRC AA44ESOBAF

M/UH2

M/FC/UCS

M/FC/XCS

Small Break LOCA Sequences:

S/UH2

S/XH

S/FC/UCS

S/FC/XCS

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

FALSE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Sequence

Table 3.3.7-5
Sequence Logic Flags (Page 4 of 6)

AAAAOATIVS AbbMF/SSG AAAARECIRC AAAAESOBAF

Small - Small Break LOCA Sequences:

SS/B1/L1/P2

SS/B1/XH

SS/B1/FC/UCS

SS/B1/FX/XCS

SS/B1/L1/FC/UCS

SS/B1/Ll/FC/XCS

SS/B1/Ll/XL

SS/FC/UCS

SS/FC/XCS

SS/UH2/B1/L1

SS/UH2/B1/FC/UCS

SS/UH2/B1/FC/XCS

S S/UH2/B1/UA

SS/UH2/B1/UL

SS/UH2/B1/XL

SS/UH2/FC/UCS

SS/UH2/FC/XCS

SS/UH2/P3SS

SS/UH2/UA

SS/UH2/UL

SS/UH2/XL

SS/UH2/B1/P3SS

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Sequence

Table 3.3.7-5
Sequence Logic Flags (Page 5 of 6)

AAAAOOATtVS ArhbMFISSG AAAARECIRC

Anticipated Transients Without SCRAM (ATWS) Sequences:

IE/KE/PL/LT

IE/KE/PL/MF/LT

IE/KE/PL/MF/PR1

IE/KE/PL/MF/FF/LT

IE/I&/PL/MF/FF/PR2

IE/KE/PL/MF/FF/PF

IE/KE/PL/MF/AM

IE/KE/PL/MF/Rl/LT

IE/KE/PL/MF/Rl/PR3

IE/KE/PL/MF/Rl/FF/LT

IE/KE/MF/Rl/FF/PR4

IE/KE/PL/MF/Rl/FF/PF

IE/KE/PL/MF/Rl/AM

IE/KM/LT

IE/KM/PF

IE/KM/PL/LT

IE/KM/PL/MF/LT

IE/KM/PL/MF/PR3

IE/KM/PL/MF/FF/LT

IE/KM/PL/MF/FF/PR4

IE/KM/PL/MF/FF/PF

IE/KM/PL/AM

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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Table 3.3.7-5
Sequence Logic Flags (Page 6 of 6)

Sequence AAAAOOATIVS ~FISSG AAAARFCIRC

Steam Generator Tube Rupture Sequences:

I'LL tAESOBA F

R/13S/SC

R/B I/13S/SC

R/BI/Ll

R/UH2/SC

R/UH2/P3TR2

R/UH2/BI/SC

R/UH2/B I/P3TR2

R/UH2/BI/LI

R/12/13L/SC

R/12/1 3L/P3TRI

R/12/D

R/12/BI/13L/SC

R/12/B I/l3L/P3TRI

R/12/B I/D

R/12/B I/LI

R/l2/UH2/SC

R/12/UH2/P3TR2

R/l2/UH2/BI/SC

R/12/UH2/B I/P3TR2

R/12/UH2/B I/LI

R/11/SC

R/11/P3TRI

R/11/B I/SC

R/11/B I/P3TRI

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE

FALSE
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R/11/B1/L1 FALSE FALSE FALSE FALSE
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Table 3.3.7-6
Quantification Batch And Macro Files

Batch File

QUANT.BAT

CUTDEL.BAT

Macro File

FTPMAC.MAC
CUTLOAD.MAC

CUTDEL.MAC

Description

QUANT.BATcalls the CAFTA fault tree editor
(CAF386.EXE) and runs thc editor under the control of the
macro file FTPMAC.MAC. This macro adds the
configuration flags to the logic model from FLAGS.FRE,
scLs the sequence logic flags to either TRUE or FALSE as
defined in the sequence driver file, redelmes all logic flags
as either TRUE or FALSE, and redefines the specified
sequences as the top event in the fault tree. The model is
then written to a .FTP file; this file is used as input to the
cut set generator. Thc master integrated model logic file is
exited without saving the reconfigured logic. This
prcscrvcs the integrated logic model for subsequent
analyses. Once the .FTP files have been created,
QUANT.BATcalls the cut set editor (CSED386.EXE) and
runs it under the control of the macro file
CUTLOAD.MAC. This macro loads the generated cut sets
from a .RAW file into the cut set editor and saves them in
an appropriately named .CUT file.

CUTDEL.MAC runs the cut set editor (CSED386.EXE)
under the control of the macro CUTDEL.MAC. This
macro deletes cut sets containing mutually exclusive events
and I or cut sets which do not satisfy the sequence logic
spccilied 'm the event trees (i.e., to account for sequence
success paths).

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 39.7-7
QuantiTication Driver Files

Driver File

MAKE INT.BAT None

Batch Files Description

Creates the master intcgmted
logic inodel (GINNA.')

ALL.BAT RGETRANS.BAT
RGESLOCA.BAT
RGEMLOCA.BAT
RGELLOCA.BAT
RGESGTR.BAT
RGEATWS.BAT

General driver file to generate
minimal cut sets for all
sequences.

RGETRANS.BAT

RGES LOCA.BAT

RGEMLOCA.BAT

RGELLOCA.BAT

RGESGTR.BAT

RGEATWS.BAT

QUANT.BAT
CUTDEL.BAT

QUANT.BAT
CUTDEL.BAT

QUANT.BAT
CUTDEL.BAT

QUANT.BAT
CUTDEL.BAT

QUANT.BAT
CUTDEL.BAT

QUANT.BAT
CUTDEL.BAT

Generate minimal cut sets for
all transient induced core
damage sequences.

Generate minimal cut sets for
all small break loss of coolant
(SLOCA) induced core damage
sequences.

Generate minimal cut sets for
all medium break loss of
coolant (MLOCA) induced core
damage sequences.

Generate minimal cut sets for
all large break loss of coolant
(LLOCA) induced core dtunagc
sequences.

Generate minimal cut sets for
all stcam generator tube rupture
(SGTR) induced core damage
scquenccs.

Generate minimal cut sets for
all anticipated transients without
SCRAM (ATWS) induced core
dainage sequences.

Rochester Gas & Electric Corporation'. E. Ginna PRA Project
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Table 3.3.7-8
Success Path File Generation and Use

Batch File

RGETRANS.BAT

RGESLOCA.BAT

RGEMLOCA.BAT

RGELLOCA.BAT

RGESGTR.BAT

RGEATWS.BAT

Success Path
Files Generated

BI, HPR, Ll, LPR, PI, P2, Ql,
Q2, TNOTQ1, TNOTQ2, UCS,
UH1, UH2

none

none

none

Dl, 11, 12, SD

TLFF, TLPF, TLPR1, TLPR2,,
TLPR3, TLPR4

External Success Path
Files Used To Delete

Success Paths

none

Bl, HPR, Ll, LPR, P2,
UCS

LPR, UCS

UCS

Bl, Ll, UH2

none

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.7-9
CROSS-REFERENCE OF POST-TRIP HUMANFAILUREEVENTS TO SE UENCES

CO

Q
O
Q

8

Q
Q
O
Q

Q
Q
O

Q
O

O0

SE UENCES
/B I /LI /Ul-II

T/13 I/LI/XL
/ I/Bl/XII

I'/ I/XII

/ I/Bl/Ll/XL
/ 2/XL

SS/Ol/XH
SS/Ul 12/P3SS

SS/UI.I2/XL
3S/SC

X X

X

H2/SC
H2/P3TR2

I/SC
I/P3TR I

I/O I/SC

I/O I/P3TR I

X X

X X
X X

X X
X X
X X

Roch«ster Gas P. I.lcctric Corporation R. E. Ginna PRA Project
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Table 3.3.7-10
CROSS-REFERENCE OF NONRECOVERY EVENTS TO SE UENCES

SE UENCES
T/BI/LI/P I
T/BI/LI/UHI
T/B1/LI/XL

/Q2/XL

00 0a

X

Q

CO

CO

a
LY00

I/D
/P3TR2

Rochester Gas &Electric Corporation R. E. Ginna PRA Project

3.3.7-151



Table 33.7-I I
BETE RhIINATIOiV0 F THE NEED TO MODEL IIARDtVARE

CONTRIBUTIONS TO NONRECOVERY EVENTS

8 4

E UENCES
/BI/Ll/PI

/Bl/Ll/UlII

/BI/LI/XL

I/P3TRI

aximum hardware-rclatcd
onrccovery event probability to

ensure that all cut acts containing
e nonrccovcry are below th

cation limitof5.00E48/
proximate hardware-rclatcd

onrcco event robabi lit
d ukl i d

CDF

CDF

CDF

CDF

CDF

CDF

CDF

CDF
rob

CDF

3.97E47
1.26E41

1.78E46
2.81E42

2.81E42

6.70E47
7.46E42

7.46E42

2.16E43

1.58E47
3.16E41
3.95E45
1.27E43
1.04E4S
4.83E43
2.30E45
2.17E43

1.27E43

3A7E44

6.96E.08
7.19E-O I

8.18E-06
6.1 I E-03

6. I I E-03

3.12E-06

1.74E47
2.88E41

2.88E41

2.S9E48

1.22E43
4.1 I E45
1.02E46
4.88E42
1.14E45
4.40E43
6.62E47
7. 56E42

4.1 I E45

3.21E4S

LEGEND
CDF: core~age frequency of'the most likelycut sct in thc scqucncc containing

thc nonrecovery cvcnt
prob: maxiinum probability of the hardware contribution to ensure that all cut sets

containing thc nonrccovery event arc below the truncation limit
(~ 5.00E48/CDF)

Rochester Gas A, Electric Corporation R. E. Ginna PRA Project
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Table 3.3.7-12
MATRIXOF INFLUENCE INDICES

Location

Available Time

Human Engineering

Training

in-CR
0

long (several hours)
0

simple, single action;
no adverse conditions

normal operations;
frequent practice

0

medium (up to one hour)
1

difficultaccess; poor
lighting; separated 1&C

some training or practice

ex-CR
2

short (several minutes)
2

multiple actions or
locations; physical

protective clothing or
tools required

2

no regular training or
practice

2

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.7-13
CORE-DAMAGE FREQUENCY RESULTS FOR INTERNAL INITIATINGEVENTS

As Quantified After Recovery

Sequence

Cut Set

File

Number Number
Of Cut Frequency Refined Of Cut Frequency

Sets (fy) HFD NR Sets (/y)

TRANSIENT SEQUENCES

T/B I/Ll/PI

T/B I/Ll/UHI

T/BI/Ll/XL

T/BI/Ll/FC/UCS

T/B I/Ll/FC/XCS

TB I LIPI

TB I LIUHI

TB ILIXL

TBLFUS

TBLFXC

25

169

20

3.02E-06

4.69E-05

3.94E-06

N
,

15 1.12E-06

8.37E-07

2.66E-07

REACTOR COOLANT PUMP SEAL LOCA SEQUENCES

TRANSIENT SEQUENCES TOTAL 2.22E-06

T/Ql/BI/Ll/P2

T/Ql/BI/XH

T/Ql/XH

T/Q I/FC/UCS

T/Ql/FC/XCS

T/Q I/BI/FC/UCS

T/Ql/BI/FC/XCS

T/Q I/BI/Ll/FC/UCS

T/Q I/BI/LI/FC/XCS

T/Q I/BI/Ll/XL

T/Q I/UH2/BI/LI

TQ I B I LIP

TQ I B IXH

TQ IXH

TQ I FUS

TQ I FXS

TQIBFUS

TQIBFXS

TQ I BLFUS

TQI BLFXS

TQI BLXL

TQI U I

15

8.45E-08

3.69E-06

1.78E-07

N

N

Y

N

T/Ql/UH2/BI/FC/UCS TQ I U2

T/Ql/UH2/BI/FC/XCS TQ I U3

T/Q I/UH2/BI/UA

T/Q I/UH2/BI/UL

T/Q I/UH2/BI/XL

TQ I U4

TQIUS

TQ I U6

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 3.3.7-13
CORE-DAMAGE FREQUENCY RESULTS FOR INTERNAL INITIATINGEVENTS

As QuantiJied After Recovery

Sequence

T/Q I/UH2/FC/UCS

T/Q I/UH2/FC/XCS

T/Ql/UH2/P3SS

T/Q I/UH2/UA

T/Q I/UH2/UL

T/Q I/UH2/XL

T/Q I/UH2/BI/P3SS

Cut Set

Fiie

TQ I U7

TQ I U8

TQI
U9'QI

UIO

TQI U I I

TQIU12

TQ I U13

Monber
Of Cut

Sets
Frequency

8')
Refined

HFD HR

hfuntber

Of Cut
Sets

Frequency

(4)

REACTOR COOLANT PUMP SEAL LOCA SEQUENCES TOTAL ( 5.00E-08

PORV / RC SAFETY VALVELOCA SEQUENCES

T/Q2/UH2

T/Q2/XL

T/Q2/FC/UCS

T/Q2/FC/XCS

TQ2UH2

TQ2XL

TQ2FUS

TQ2FXS

12

220

3.37E-06

3.14E-04

N N

Y

12

54

3.37E.06

1.82F.-05

PORV / RC SAFETY VALVELOCA SEQUENCES TOTAL 2.16E-05

LARGE BREAK LOCA SEQUENCES

A/UA

A/UL

A/XL

A/FC/UCS

A/FC/XCS

AUA

AUL

AXL

AFUS

AFXS

I A4E.06

2.91E-05

N

Y

1.441'. 06

1,65E.06

LARGE BREAK LOCA SEQUENCES TOTAL 3.09E-06

~ Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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TQbIG 3.3.7-13
CORE-DAMAGE FREQUENCY RESULTS FOR INTERNAL INITIATINGEVENTS

As Quantified rlfier Recovery

Seqitence

Crit Set

File

l/utnber
Of Cut

Sets
Frequency

(0')

hfumher
Refined Of Cut Frequency

HFD NR Sets (+)

MEDIUMBREAK LOCA SEQUENCES

M/UH2

M/XL

M/FC/UCS

M/FC/XCS

MUH

MXL

MFUS

MFXS

17

9.22E-07

6.76E-05 Y

N

15

9.22E-07

4.83E-06

SMALLBREAK LOCA SEQUENCES

MEDIUMBREAK LOCA SEQUENCES TOTAL 5.75E-06

S/UH2

S/XH

S/FC/UCS

S/FC/XCS

SUH

SXH

SFUS

SFXS

25

8.53E.07

4.11E-05

N

Y

N

N 24

8.53E-07

4.11F.-06

SMALL@MALLBREAK LOCA SEQUENCES

SMALLBREAK LOCA SEQUENCES TOTAL 4.96E-06

SS/B I/Ll/P2

SS/Bl/XH

SS/B I/FC/UCS

SS/B I/FX/XCS

SS/B I/LI/FC/UCS

SS/Bl/Ll/FC/XCS

SS/B I/Ll/XL

SS/FC/UCS

SS/FC/XCS

SS/XH

SS/UH2/B I/Ll

SSB I LIP

SSBIXH

SSBIFUS

SSB IFXS

SSBLFUS

SSBLFXS

SSBLXL

SSFUS

SSFXS

SSXH

SSUI

1.61E-07

8.23E.05

N

N 9.40I'..06
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Table 3.3.7r13
CORE-DAMAGE FREQUENCY RESULTS FOR INTERNAL INITIATINGEVENTS

As Quantified After Recovery

Sequence

,

SS/UH2/B 1/FC/UCS

SS/UH2/B 1/FC/XCS

SS/UH2/B 1/UA

SS/UH2/B 1/UL

SS/UH2/B 1/XL

SS/UH2/FC/UCS

SS/UH2/FC/XCS

SS/UH2/P3SS

SS/UH2/UA

SS/UH2/UL

SS/UH2/XL

SS/UH2/B 1/P3SS

Cut Set

File

SSU2

SSU3

SSU4

SSU5

SSU6

SSU7

SSU8

SSU9

SSUIO

SSUI 1

SSU12

SSU13

Number
Of Cut

Sets

~ 0

Frequency

(0)

6.12E-08

5.60E-08

1.88E.07

6.12E-08

Refined
HFD

N

N

N

N

N

lVumher
Of Cur

Sets
Frequency

(4)

5.60E-08

1.88E-07

SMALLGMALLBREAK LOCA SEQUENCES TOTAL 9.64E-06

ANTICIPATEDTRANSIENTS WITHOUTSCRAM SEQUENCES

IE/KE/LT

IE/KE/PF

IE/KE/PL/LT

IE/KE/PL/MF/LT

IE/KE/PL/MF/PR 1

IE/KE/PIJMF/FF/LT

IE/KE/PL/MF/FF/PR2

IE/KE/PL/MF/FF/PF

IE/KE/PL/MF/AM

IE/KE/PL/MF/RI/LT

IE/KE/PL/MF/R1/P R3

ATWS3

ATWS4

ATWS6

ATWS8

ATWS9

AVVS1 1

ATWS12

ATWS13

ATWS14

ATWS I 6

ATWS17

Rochester Gas A Electric'Corporation R. E. Ginna PRA Project
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'able 3.3.7-13
CORE-DAMAGE FREQUENCY RESULTS FOR INTERNAL INITIATINGEVENTS

As Quantified After Recovery

Sequence

IE/KE/PL/MF/Rl/FF/LT

IE/KE/MF/Rl/FF/PR4

IE/KE/PLlMF/R1/FF/PF

IE/KE/PL/MF/R1/AM

IE/KM/LT

IE/KM/PF

IE/KM/PL/LT

IE/KM@L/MF/LT

IE/KM/PL/MF/PR3

IE/KM/PL/MF/FF/LT

IE/KM/PL/MF/FF/PR4

IE/KM/PL/MF/FF/PF

IE/KM/PVAM

Cut Set

File

ATWS19

ATWS20

ATWS21

AliVS22

ATWS24

ATWS25

A'PVS27

ATWS29

ATWS30

ATWS32

ATWS33

ATWS34

ATWS35

P/u»iber

Of Cut
Sets

Frequency
8')

5.13E-08

1.14E-07

Refined
HFD

N

N

NR

N

N

hfumber

Of Cut
Sets

Frequency
8')

5.13E-08

1.14E.07

ANTICIPATEDTRANSIENTS WITHOUTSCRAM SEQUENCES TOTAL 1.65E-07

STEAM GENERATOR TUBE RUPTURE SEQUENCES

R/13S/SC

R/B I/13S/SC

R/BI/D

R/B I/Ll

R/UH2/SC

R/UH2/P3TR2

R/UH2lBI/SC

R/UH2lBI/P3TR2

R/UH2/B I/Ll

SGTR03

SGTR04

SGTR07

SGTR08

SGTR09

SGTR I I

SGTR I 2

SGTR14

SGTR I 5

SGTR I 6

127

22

13

23

1.03E.05

3,40E-03

9.65E-06

2.96E 05

7.44E-06

Y

N

Y

N

27 I 40E.OS

1.341'..07
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3.3.7-158



Table 3.3.7-13
CORE-DAMAGE FREQUENCY RESULTS FOR INTERNALINITIATINGEVENTS

As Quantified After Recovery

Sequence

R/12/13VSC

R/I2/13L/P3TR I

R/12/B 1/13L/SC

R/12/B 1/13L/P3TR1

R/12/B 1/D

R/12/B 1/Ll

R/12/UH2/SC

R/12/UH2/P3TR2

R/12UH2/B 1/SC

R/12/UH2/B 1/P3TR2

R/12/UH2/B 1/Ll

R/11/SC

Cut Set

File

SGTR19

SGTR20

SGTR21

SGTR24

SGTR25

SGTR26

SGTR27

SGTR29

SGTR30

SGTR32

'SGTR33

SGTR34

SGTR36

Nuinber
Of Cut

Sets

41

Frequency
8')

2.36E-03

Refined
HFD

N

Number
Of Cut

Sets
Frequency

7.96E 07

R/11/P3TR1

R/Il/B1/SC

R/Il/B1/P3TR1

R/11/B 1/Ll

SGTR37

SGTR39

SGTR40

SGTR41

129

28

6.30E-04

6.01E-06 Y

6.39E-07

N

29 1.20E-O

STEAM GENERATOR TUBE RUPTURE SEQUENCES TOTAL 2.69E- 5

TOTAL FOR ALLINTERNALSEQUENCES 7.43E- 5
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Figure 3.3.7-1

Model Integration Process

AFWK.CVCSEE. COWK.
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MACRO; INTGT MAC
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OCQF. ACTIST.QF.OG QF
UVCAF.ESFAS QF. HVICCIF.

AHAXAF.FPC.QF. SLCIF.
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VERGE FAULTTREE
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AENARr4OOIAE
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CENE RATE 4OOVLE
CVTSETS

CODE. CVT544.E XE

GNNIJIAW

LOAD 40CVLE CVTSETS

OITO CUTSKT EOITCA
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Figure 3.3.7-2

Software Implimentation of the Quantification Process
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Figure 3.3.7-3
Computer File Development Process.
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3.3.8 Internal Plant Flooding Analysis

3.3.8.1 Introduction

This section presents the methods, supporting information, and results of the assessment to plant
risk from internal floods. The internal plant flooding analysis was conducted in accordance with
the Flood Analysis Task Procedure [Ref. 3.3.8-1]. Only the risk of core damage due to internal
floods (floods originating within the plant confines) has been assessed; the impact of such floods
on containment performance systems has not been generally addressed.

Each plant location has been systematically reviewed for any possible threat to the plant
equipment required to prevent core damage; no a priori assumptions have been made which
eliminated certain areas of the plant. To keep the analysis tractable, a series of screening
analyses were performed to focus attention on those plant locations which pose the greatest risk.
Following an initial information gathering effort, the initial screening analysis eliminated plant
locations which (1) did not contain any equipment related to a basic event in the integrated plant
risk model, and (2) did not contain any equipment which, if flooded, would initiate a plant trip.
The second screening analysis consisted of a computer search for dominant core-damage
sequences caused by floods originating from specific sources and affected specific plant locations.
A detailed analysis was performed on all dominant sequences remaining after the second
screening analysis, consisting of (1) refinement of the flood occurrence frequency, (2)
reassessment of flood vulnerabilities, and (3) recovery analysis. It should be noted that this
approach expresses flood-induced core-damage risk in terms of the same sequences detined in
Section 3.3.1.2 [Ref..3.3.8-2).

3.3.8.2 Identification of Flood Vulnerabilities

Information was gathered to determine the vulnerability of equipment included within the
integrated plant risk model (see Section 3.3.7 [Ref. 3.3.8-3]) to floods. First, a set ot'lood areas
and flood zones were define based on the plant layout (e.g., buildings, walls, etc.). Second.
each basic event that would occur if associated plant equipment was sprayed or submerged by
a flood was related to one or more equipment identification numbers (EINs), which were
subsequently mapped into the previously defined flood zones. The following sections describe
these steps in detail.
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3.3.8.2.1 Specification of Flood Areas and Flood Zones

Flood areas and flood zones were defined [Ref. 3.3.8-4] through a review of plant layout
drawings and walkdowns. For the purposes of this analysis, the following definitions were made:

Flood Area: Major structural areas of the plant which may be susceptible to internal flooding,
or areas that contain fluid systems or stored fluid volumes which, if failed, could act as a source
of internal flooding to an interconnected flood area or flood zone.

Flood Zone: A further division of a flood area, based on floor elevations and/or other structural
features such as support columns, doors and/or passive flood barriers.

Table 3.3.8-1 lists the flood areas and flood zones. Figure 3.3.8-1 summarizes the major
interconnections among flood zones as identified by RG&E. A tabulation of significant flood
sources by flood zone, as reported by RG&E, is contained in Table 3.3.8-2.

l

3.3.8.2.2 Mapping PRA Basic Events to Flood Zones

In order to utilize the integrated plant risk model to assess flood-induced core-damage risk, it was
necessary to determine which basic events would occur following a flood in a given zone (or
combination of zones). In principle, this task is straightforward: (1) Eliminate basic events
whose associated equipment is not vulnerable to floods (e.g., manual valves, etc.); (2) Relate the
remaining basic events to plant EINs; and, (3) Determine the location of those previously
identified EINs in terms of the defined flood zones. A computerized database was developed to
organize the required information [Ref; 3.3.8-5]. The following sections summarize how this
database was populated.

3.3.8.2.2.1 Identifying Basic Events Vulnerable to Floods

A complete list of basic events in the integrated plant risk model was obtained from the
Quantification Worl'ackage [Ref. 3.3.8-3] (in particular, from the CAFTA Basic Event File
GINNA.BE). The following types of basic events were removed as either (1) they are not
vulnerable to floods, or (2) they are not associated with specific plant locations:

Manual valves:

2. Piping:

3. Heat exchanger»:
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4. Check valves;

5. Tanks;

6. Test / maintenance unavailability events;

7. Human failure events;

8. Initiating events (initiating events induced by floods are discussed in Section
3.3.8.3.1.2);

9. Common-cause failure modules;

10. Modular events; and,

11. Logic flags.

Allother basic events were assumed to be vulnerable to flood effects (spray and/or submergence).
It was assumed that all failure modes of a vulnerable component were possible; basic events were
not eliminated from the flood analysis database on the basis of component failure mode.

3.3.8.2.2.2 Relating Basic Events to EINs

The basic event descriptions were reviewed to associate each event with an EIN. In some cases,
these descriptions were unclear or incomplete, and the associated fault tree models and referenced
drawings used to develop them were reviewed.

3.3.8.2.2.3 Identifying Electrical Subcomponents

During the process of mapping basic events to EINs, it was noted that the component boundaries
used to develop the fault tree models [Ref. 3.3.8-6] often included subcomponents which have
unique plant locations. For example, motor-operated valve 4614 in the service water system
(basic events SWMVC04614, SWMVK04614, AND SWMVN04614) is located in flood zone
IBN; it also has subcomponents such as the load circuit breaker (flood zone ABO), hand
controller (flood zone CR), thermal overload bypass relay (flood zone ABM), DC control power
fuses (flood zone ABO), and the ESFAS / safety injection signal auxiliary relay (flood zone RR).
The load circuit breaker and DC control power fuses are individually modeled in the PRA; hence.
their EINs were identified through review of the basic event descriptions. The other
subcomponents were noted during review of the associated electrical elementary drawings.
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Another source of unmodeled electrical components is interconnecting cables (which were not
modeled) containing splice boxes. Thus, a detailed drawing review was conducted to identify
electrical subcomponents and their unique locations.

3.3.8.2.2.4 Relating EINS to Flood Zones

EINs were related to the defined flood zones through several methods: (1) review of plant layout
drawings, (2) review of process and instrumentation drawings (P&IDs), (3) plant walkdowns, and
(4) queries of various RG&E databases (e.g., GMEDB, CMIS, etc.). For electrical
subcomponents, it was efficient to relate a specific subcomponent to a panel, cabinet, or relay
rack and subsequently identify the flood zone of the associated panel, cabinet, or relay rack.

3.3.8.3 Initial Screening Analysis

Following the collection and organization of information, as described in Section 3.3.8.2. an
initial screening analysis was performed to eliminate flood zones from further consideration using
the following bases:

The flood zone does not contain any significant flood sources and cannot be
flooded from any flood zone; or,

2. The flood zone does not contain any equipment whose failure causes the
occurrence of either a PRA basic event or an internal initiating event.

The first criteria eliminates flood zones which may contain vulnerable equipment of interest. but
cannot be flooded by any means. The second criteria eliminates flood zones which do not impact
the integrated plant risk mendel events.

3.3.8.3.1 Definition of Flooding Scenarios

A flooding scenario is defined as the occurrence of a flood from a specific source in an
originating flood zone which affects one or more adjacent flood zones. The initial screening
analysis was performed by noting that flood zones may be eliminated from further consideration
if they do not appear in any flooding scenario. Thus, flooding scenarios express how the
integrated risk model interfaces with plant locations and equipment susceptible to flood effects.
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Three elements must be considered when defining flood scenarios: (1) The possibility that plant
equipment will be either sprayed or submerged given a flood in any flood zone; (2) The
possibility that a plant trip will occur given a flood in a specific flood zone; and, (3) The
possibility that flood water may flow into or out of a given flood zone from adjacent zones. The
information collected in Section 3.3.8.2 has been used to address these elements, as discussed in
the following sections.

3.3.8.3.1.1 Relating Flood Zones to Basic Events

The flood analysis database was queried to determine the set of basic events associated with each
flood zone. In order to support other tasks in the flood analysis, results of these queries were
expressed in the form of free-formatted fault tree gate equations suitable for importing into the
integrated risk CAFTA model; these gate equations are contained in flood flag files (one per
flood zone). No basic events were associated with the following flood zones: AVT, CT, IBB,
SBM, and SHW.

The flood analysis database was populated under the assumption that basic events associated with
electrically connected components (i.e., components which receive electrical motive or control
power, or receive or transmit electrical signals) will occur if the underlying components or
electrical subcomponents are sprayed or submerged. Each flood flag file generated through the
interrogation of the flood analysis database was reviewed to check the validity of this assumption.
In certain cases, manual adjustments were made:

1. De-energized motor-operated valves

The containment spray, safety injection, and RHR systems contain several
motor-operated valves which are electrically disconnected when the plant is in
operation. In the integrated plant risk model, these valves were modeled as

manual valves (the third and fourth characters in the ten-character basic event
name are "XV"). Thus, a flood cannot impact these valves, and all XV-related
basic events were removed from the flags files ABO.FRE and ABM.FRE.

2. TSC Manual Throwover Switch (DCPDPTB02)

DCPDPTB02. located in Flood Zone TB/TBB, allows either battery (BRTYA or
BRTYB) to be supplied from the TSC battery (BTRYTSC). It is normally
deenergized since all of the fused disconnect links with which it interfaces
(DCPDPCD01. DCPDPCBOSA, and DCPDPCBOSB) are open during plant
operation. Thus, a tlood in the turbine building basement cannot adversely affect
either battery. Accordingly, basic event DCBDFFUSEB was removed t'rom tlag
file TBB.FRE.
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Instrument Bus Maintenance Power Supply (CVTAUX)

The flood analysis database indicates that the instrument bus maintenance power
supply, CVTAUX, is a subcomponent to each 120 VAC instrument bus
(IBPDPCBAR, IBPDPCBBW, IBPDPCBCB, and IBPDPCBDY). CVTAUX,
powered from 480 VAC Motor Control Center A which is located in the turbine
building basement, is not connected to any instrument bus when the plant is
operating; subsequently, its failure due to a flood is of no consequence. Thus,
events ACB4FBUS IA, ACB4FBUS1B, ACB4FBUS1C, and ACB4FBUS1D were
removed from the flood flag file TBB.FRE.

3.3.8.3.1.2 Defining Flood Initiators

A flood may initiate a plant trip in two ways: (1) Spray or submergence of essential plant
equipment; and / or, (2) Failure of the pressure boundary in operating systems. In the first case,
the only characteristic of the flood source that is important is its proximity to essential equipment
(e.g., spray from any water system located in the vicinity of switchgear, etc.). The second case
relates directly to the defined internal initiators of the PRA (e.g., a pipe rupture in the CCW
header is equivalent to initiator TIOOOCCW).

The flood sources located within each flood zone were assessed as to their ability to cause plant
trips by one or both of the mechanisms identified above, using knowledge from the flood analysis
database and discussions with RG&E. Flood initiators were developed for each flood zone
according to the following guidelines:

1. Floods originating from sources directly analogous to one of the internal PRA
initiators were assumed to cause the related initiator to occur (affects main
feedwater. service water, and CCW systems);

2. Floods originating from source not directly represented by an internal PRA
initiator which sprayed or submerged essential plant equipment were assumed to
cause the generic plant trip initiator TIRXTRIP;

Floods t'rom any source that could not spray or submerge any equipment related
to PRA basic event were assumed to be subsumed within one ot'he existing
internal initiators and, subsequently, were not further considered (this guideline
requires the consideration of flood zone interconnections);

4. Flood sources originating from the reactor coolant system (interfacing system
LOCAs) were not addressed since such events have been separately considered in
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the PRA (Ref. 3.3.8-7];

5. Flood sources which could cause or increase the possibility of transient-induced
LOCAs (e.g., reactor coolant pump seal LOCAs, etc.) were retained; and,

6. Since DC power is required to open the PORVs and the possibility of a "hot
short" across conductors during a flood is remote, it was assumed that a flood
could not result in a spurious actuation of the PORVs.

Table 3.3.8-3 relates the specific flood sources within a given flood zone to the occurrence of
each internal initiator.

3.3.8.3.1.3 Considering Flood Zone Interconnections

A set of flooding scenarios (Table 3.3.8-4) was defined for floods located within a single flood
zone; note that each flood zone may have more than one flood initiator and, thus, more than one
related flooding scenario. Such an approach provided a conservative bounding estimate for spray
effects since it was assumed that all PRA-related equipment within the flood zone would be
failed (sprays tend to be highly localized and, thus, would not typically affect all equipment
within a given flood zone).

Flooding scenarios affecting multiple flood zones were defined based on a review of the flood
zone interconnection information [Ref. 3.3.8-4]. Within the turbine building, a flood originating
in zone TBM from the main feedwater piping and propagating into zone TBB was defined to
conservatively address steam floods. There is no other credible source of flooding in zone TBM
which can also affect zone TBB. A second multiple flooding scenario originates in zone SBM
from the CCW header and propagates into zone SBB. (Note that there is no PRA-related
equipment in zone SBM; hence, a flood from the CCW header which is confined to zone SBM
is bounded by initiator TIOOOCCW. Further, a plant trip cannot occur due to flooding in zone
SBB. Thus, this flooding scenario is interesting in that both zone must be affected.)

Flooding scenarios involving multiple zones within the auxiliary building are not credible. A
conservative calculation [Ref. 3.3.8-8] indicates that zone ABS holds about 50,000 gallons. and
that zone ABB holds about 318.000 gallons. Thus, either a large-volume or long-duration flood
is required to affect these zones. As indicated in Table 3.3.8-2, the only flood source within zone
ABB whose occurrence could lead tn a plant trip is a rupture of the CCW header (an RWST
rupture will not cause an immediate plant trip): however, the CCW system volume is small as

compared to the free volume of zone ABS. Thus, a flood originating within zone ABB from the
CCW header cannot substantially affect zone ABS. Floods from the service water header
originating in either zone ABM or ABO (which connect with zones ABB and ABS) would have
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to go unnoticed for a substantial period of time to create a problem involving multiple flood
zones; there is no other source of flooding in zones ABMand ABO which has sufficient volume
to adversely affect the other auxiliary building flood zones.

3.3.8.3.2 Results of the Initial Screening Analysis

The results of the initial screening analysis are shown in Table 3.3.8-5, which addresses the three
elements discussed in Sections 3.3.8.3.1.1, 3.3.8.3.1.2, and 3.3.8.3.1.3 and compares these
elements with the screening criteria given in the introduction to Section 3.3.8.3. As result of the
initial screening analysis, fourteen of thirty flood zones were eliminated from further
consideration.

Flood zone IBN has been eliminated from further consideration based on RG&E's and NRC's
assessment of high-energy line breaks and floods in the intermediate building [Ref. 3.3.8-8,
Section 3.6.2]. As a result of this assessment, various plant modifications were made to
minimize the risk due to floods in zone IBN:

1. An augmented inservice inspection program was initiated to further reduce the
probability of a main feedwater or steam line break;

The standby auxiliary feedwater system (SAFW) was added specifically to
substitute for the auxiliary feedwater system (AFW) in the event that the AFW
pumps are damaged due to nearby high-energy line breaks within the intermediate
building;

3. Check valves were added to existing AFW lines near the connections to the main
feedwater lines to minimize the AFW piping that is pressurized during normal
operation:

4. Two parallel remotely operated valves were added to a crossover line between the
motor-driven AFW pump discharge line to provide additional AFW makeup
capability;

Jet impingement shields were added'in the intermediate building to protect vital
equipment including: (1) containment isolation valves, (2) motor generators. (3)
transfer switches, (4) cable trays, (5) terminal boxes and wiring, (6) pressure
transmitters, and (7) reactor trip breakers;

6. Instrument cabling was relocated to areas that would not be affected by postulated
high-energy line breaks; and,

Rochester Gas & Electric Corporation R. E Ginna PRA Project

3.3.8-8



With the exception of the concrete block walls and the beams and decking of the high roof, all
structural components in the intermediate building are capable of withstanding the internal
pressures caused by high energy line breaks [Ref. 3.3.8-8, 3.6.2.5.1.2]. This dependency was
recognized and modeled during development of the AFW [Ref. 3.3.8-9, Section 11.3.12] and
RHR [Ref. 3.3.8-10, Section 11.3(8)] system fault tree models by adding initiating events related
to high-energy line breaks at appropriate places in the fault tree structure. Thus, the effects of
high-energy line breaks within the intermediate building have been addressed during the
assessment of risk from internal initiators, and needs not be further assessed during the internal
plant flooding analysis.

RGB has also considered intermediate building floods from the service water system [Ref.
3.3.8-8, Section 3.6.2.4.8.1), noting that all flood water would drain to the subbasement (zone
IBS) via floor drains and that such an event would be detected during the once-per-shift
walk-through inspections before any essential equipment could be affected. Thus, the effects of
a service water piping rupture within the intermediate building would be confined to loss of the
affected header, which has been considered during the assessment of risk from internal initiat'ors
(initiators TIOOOSWA and TIOOOSWB).

3.3.8.4 Second Screening Analysis

The second screening analysis consisted of a computer search for significant core-damage
sequences arising from each of the flooding scenarios defined in Section 3.3.8.3. Details of this
search are provided in the following sections.

3.3.8.4.1 Identification of Flood-Induced Core-Damage Sequences

The event trees associated with the integrated plant risk model [Ref. 3.3.8-2] were used as the
basis for identifying flood-related core-damage sequences. Only the transient event tree is
relevant (sequences beginning with the designator "T/"), including transient-induced LOCAs
(reactor coolant pump seal LOCAs - designated with "T/Q1", and PORV LQCAs following
failure of pressurizer spray - designated with "T/Q2"). Thus, a total of thirty-two core-damage
sequences were solved for each of the twenty-four flooding scenarios defined by Table 3.3.8-4
(along with sixteen "success path" top events per scenario; a total of 1,152 fault tree top events).
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3.3.8.4.2 Computer Solution Method

In general, the process for generating flood-induced core-damage cut sets was analogous to the
methods used to generate the internally initiated sequence cut sets. The following general
assumptions were used:

1. The frequency of all flood initiators was taken to be 1.00E-03/y, which is
generally consistent with the flood frequencies used in the NUREG-1150 PRA
studies [Ref. 3.3.8-12]; and,

All sequence cut sets were truncated at a frequency of 5.00E-08/y, which was
consistent with the truncation value used to quantify the internally initiated
sequences [Ref 3.3.8-3].

3.3.8.4.2.1 Developing the Integrated Flooding Risk Model

An integrated flooding risk model was developed from the integrated plant risk model developed
during the quantification task [Ref 3.3.8-3]. The following changes were made:

Integrated Plant
Risk Model

GINNA.CAF

Flooding Integrated
Risk Model

FLOOD.CAF

Changes Made

added RHR (shutdown cooling)
fault tree

GINNA.BE FLOODCOM.BE added RHR (shutdown cooling)
basic events

GINNA.TC

GINNA.GT

FLOODCOM.TC

FLOODCOM.GT

added flood initiators

added RHR (shutdown cooling)
CAFTA type codes

added RHR (shutdown cooling)
gate descriptions

Table 3.3.8-6 lists the flood initiators.

3.3.8.4.2.2 Developing DOS Batch and CAFTA Macro Files

Figure 3.3.8-2 illustrate» the process used to generate the second screening analysis cut sets in
terms of the various DOS batch and CAFTA macro files developed during the analysis.
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Allcut set file names and cut set module names (the name given to the top event being solved)
follow the naming scheme: FFFZZZZZ, where FFF denotes the specific top event (F01 to F32
for the core-damage sequences as specified in Table 1 of the Flood AnaIysis Task Procedure
[Ref. 3.3.8-1]), and ZZZZ denotes the specific flooding scenario involved as specified on Table
3.

It should be noted that two flood-related free-formatted files are loaded into the integrated
flooding risk model (FLOOD.CAF) in order to account for scenario-specific impacts: (1) The
flood flag file; and, (2) The flood initiator flag file (further discussed in Section 3.3.8.4.2.3. All
basic events and initiating events which occur as a result of a given flooding scenario are set
equal to the dummy flood initiator FLOODIE, which is subsequently set equal to the
scenario-specific flood initiator (from Table 3.3.8-6). Experimentation showed that this approach,
as opposed to setting flood-failed events to Boolean TRUE, minimized the cut set generation time
by several orders of magnitude.

3.3.8.4.2.3 Creating Flood Initiator Flag Files

A set of flood initiator flag tiles, which set each internal initiating event to either FLOODIE or
Boolean FALSE, was developed from Table 3.3.8-3. Thus, the flood initiator flag files are
specific to a given flooding scenario.

One additional problem with the event tree top logic was addressed in the flood initiator flag
files. Namely, the Event Q2 top logic (which describes PORV/safety valve LOCAs) contains two
opposing failure modes for the PORVs within the same fault tree structure. Gates TL Q2CV430
and TL Q2CV431 describe failure of the PORVs to reseat whereas gate TL Q2 SRV contains
logic which represents both PORVs'ailure to open; all of these gates feed into gate
TL Q2 OPEN, which subsequently can produce cutsets that contain either type of PORV failure.

As previously noted in Section 3.3.8.3.2.1, Item 6, it has been assumed that the PORVs fail
closed ifany associated component is wetted by a flood. Thus, in any flooding scenario where
PORV components are flooded, events RCRZT00430 ("PORV PCV-430 Fails to Reset After
Steam Relief") and/or RCRZT0431C ("PORV PCV-431C Fails to Reset After Steam Relict"')
should be set to Boolean FALSE in the flood initiator flag file if the flood fails sut'ficient
equipment to prevent the PORVs from opening. The impact of a flood on either PORV's ability
to open was assessed on a zone-by-zone basis by merging the appropriate flood flag tile t'or the
flood zone in question into the integrated flood risk model (FLOOD.CAF) and generating cut
sets for gates RC203 ("PRESSURIZER PORV PCV-430 FAILS TO AUTOMATICALLY
OPEN" ) and RC233 ("PRESSURIZER PORV PCV-431C FAILS TO AUTOMATICALLY
OPEN" ); the existence of a single cut set indicates that the flood alone is sufficient to prevent
PORV opening. Table 3.3.8-7 summarizes the results of this analysis.
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3.3.8.4.3 Results of the Second Screening Analysis

Results of the second screening analysis are summarized in Table 3.3.8-8. Note that four
scenarios were eliminated during this analysis (TSCG, TBOG, TBBG, and TBBSA).

3.3.8.5 Detailed Flooding Analysis

Each sequence generated by the second screening analysis was examined to assess the validity
of the integrated flood risk model and associated flood analysis database, refine flood frequencies,
reassess equipment vulnerability to flood effects, and to consider possible recovery actions.
These work is discussed in the following sections.

3.3.8.5.1 Refinement of Flooding Event Frequencies

A method developed on behalf of EPRI [Ref. 3.3.8-13] was used to refine the frequencies of
floods in zones CC/BR 1 A, CC/BR1B), EDG1A, and IB/IBS. This method parses pipe ruptures
into three groups according to nominal pipe diameter, and accounts for partial breaks in large
pipe (which create flow rates similar to those created by the full rupture of smaller diameter
pipes). The basic equations are:

Zi()6 ) — Z C P n

Z (2-6"')

Z,((2" )

= Zn[C, ~ nz + C, P~ n,]

=Z„[C, n, +C, P, nnz+C P3,n n,]

where:

Z, = 5E-10lsection-hr
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Size Attribute Value

C, =1.2

C, =0.6

C3 = 1.4

Pipe Diameter Range

< 2"

2- 6"

) 6"

Pl/2

P„,=Pr{ floo size is group i given rupture in group size j)
p3n pin

1/10 9/10 7/15 1/3 1/5

n, = number of pipe sections in group i

Note that a pipe section is defined as a segment of pipe between major discontinuities such as
valves, pumps, reducers. tees, etc. The frequency of rupture for such discontinuities was assumed
to be 3.00E-09/h [Ref. 3.3.8-14]. Thus, this approach allows one to determine an estimate of
flooding frequency by counting pipe sections and discontinuities from the relevant flow diagrams.

3.3.8.5.1.1 Refining Battery Room Flood Frequencies

There is a single section of one-inch pipe in each battery room (a non-safety service water line
to the relay room HVAC units) which contains no major fittings (e.g., valves). Thus, the refined
frequency was calculated as:

f'=5E 10[1.2 1-+0 0 0+0 0 0]

= 6E-10/h

= 5.26E-6/y
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3.3.8.5.1.2 'efining the EDG1B Flood Frequency from Service Water Floods

There is a twenty-inch diameter section of service water pipe (safety-related header A) in flood
zone EDG1B that constitutes the flood source. Thus, the refined frequency was calculated as:

f=Z,+Z +Z,

=Z,C,n, if n,=n,%

= 5E-10 1.4 1

= 7E-10/h

= 6.13E-6//i

3.3.8.5.1.3 Refining the IB / IBS Flood Frequency from CCW

Based on a review of the relevant flow diagram [Ref. 3.3.8-15], zone IB / IBS contains six
sections of three-inch pipe and 23 valves. Thus, the refined frequency was calculated as:

f=SE 10[12 6+0 0 0+0 0 0]+3E9 23

= 7.26E-8//r

= 6.36E-4/y

3.3.8.5.2 Reassessment of Flooding Vulnerabilities

The vulnerability of certain plant equipment to floods has been reassessed based on the results
of the screening analysis. Unlike the manual adjustments made to the computer-generated flood
flag files (Section 3.3.8.3.1.1), the basic events related to certain flood zones have true
dependencies upon various electrical subcomponents as identified in the flood analysis database:
the degree of susceptibility to floods (either spray or submergence) of this equipment was
questioned. Thus, the flood flag files were redefined by removing certain basic events judged
to be invulnerable to floods and the corresponding sequences were requantified.

Rochester Gas & Electric Corporation
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3.3.8.5.2.1 Reassessing Flood Zone AHR Vulnerabilities

Basic events ACCBR75112, ACCBR76702, ACT1FST12A, and ACT1FST12B removed from
flood flag file AHR.FRE (thus creating a new flood flag file, AHR D.FRE) since loss of the
offsite power breaker operating air compressors (powered from ACPDPCB04, located in zone
AHR) willnot result in a spurious opening of the 115 kVAC circuit breakers (i.e., the breakers
will fail "as-is" given loss of ACPDPCB04, and no loss of offsite power would occur). Flood
scenarios AHRG and AHRSB were requantified, and no cut sets above the truncation limitwere
generated.

3.3.8.5.2.2 Reassessing Flood Zone SHE Vulnerabilities

In the second screening analysis, it was assumed that floods in zone SHE (Screen House - East)
would fail all four service water pumps (either by directly spraying or submerging them, or by
damaging their related switchgears - 480 VAC Buses 17 and 18). The most likely source of
flooding would come from the expansion joints located on the SW pump discharge lines; an
assessment [Ref. 3.3.8-16] indicates that it is unlikely more than two pumps would be affected.
Note that BUS17 and BUS18 are sealed and provided with drip shields; the orientation of any
credible flood source makes it unlikely these switchgears would receive any substantial spray..
Further, water cannot pool within zone SHE.

Considering the contiguration of the SW pumps within the flood zone, the following scenarios
are possible:

Ruptured Expansion Joint

SWEJFSSW02 (SW pump A)

SWEJFSSW03 (SW putnp B)

SWEJFSSW03 (SW pump B)

SWEJFSSW04 (SW pump C)

SWEJFSSW04 (SW pump C)

SWEJFSSW05 (SW pump D)

Affected Adjacent SIU Pump,

SW pump B

SW pump A

SW pump C

SW pump B

SW pump D

SW pump C

Notes

bounded by internal initiator
TIOOOSWA (loss of service water
header A)

bounded by internal initiator
TIOOOSWA (loss of service water
header A)

causes loss of one pump in each
header

causes loss of one pump in each
hcadcr

bounded by internal initiator
TlOOOSWB (loss of service water
header B)

bounded by internal iniuator
TIOOOSWB (loss of service water
header B)

Rochester Gas & Electric Corporation



In the Ginna PRA model, it is assumed that service water pumps PSWOIA and PSW01D are the
normally operating pumps, and that pumps PSW01B and PSW01C are in standby (in accordance
with the configuration logic settings in FLAGS.FRE [Ref. 3.3.8-3]). Thus, the middle two
combinations do not result in a plant trip unless either pump PSW01A or PSWOID fails to
continue running. Consequently, zone SHE was dismissed from further consideration.

3.3.8.5.2.3 Reassessing Flood Zones ABO, ABM, and ABB Vulnerabilities

The second screening analysis conservatively assumed that all electrical equipment was
vulnerable to the effects of floods. Flood zones ABO and ABM contain much of the Class 1E

equipment in the plant, which is housed in spray-proof enclosures and is, therefore, not
vulnerable to floods within these zones. Two flood flag files were created (ABM D.FRE from
ABM.FRE, and ABO D.FRE from ABO.FRE) which eliminated all basic events whose failure
could be tied to the flooding of Class 1E equipment. The basic events eliminated were identified
through queries of the flood analysis database. Flood scenarios ABMG, ABMSA. ABMSB.
ABMC, ABOG, ABOSA, and ABOC were requantified using the new flood flag files (Table
3.3.8-9).

Further examination of the cut sets generated for the ABM-related sequences indicated an overly
conservative assumption concerning the likelihood of a reactor coolant pump (RCP) seal LOCA
(sequence T/Ql/XH). An RCP seal LOCA occurs ifboth the seal injection flow (from CVCS)
and thermal barrier cooling (from CCW) are lost. In these scenarios, all supply to the CVCS
pumps is failed due flooding of level transmitter LT-112, leading to a loss of seal injection.
Also, motor operated valves 749A and 749B, which supply CCW to the RCP thermal barriers.
are also failed by the flood. However, LT-112 is separated from 749A and 749B by various
walls, equipment, and other obstructions; thus, it is not likely that both RCP seal injection and
CCW to the thermal barriers would be lost due to spray originating from a single flood source.
Further, floods in zone ABM cannot pool (instead, it drains to zone ABB). Consequently.
ABM-related flooding scenarios involving T/Q 1/XH were eliminated from further consideration.

A similar situation exists concerning floods in zone ABB originating from the CCW system
(sequence T/Ql/UH2/UL). In this case, CCW to the thermal barriers is directly lost: the scenario
also assumes that all CVCS pumps, SI pumps, and RHR pumps would be failed. However. there
is not sufficient volume in the CCW system to simultaneously affect this equipment:
consequently, ABB-related scenarios involving T/Ql/UH2/UL were eliminated from further
consideration.

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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3.3.8.5.3 'ecovery Analysis

The same techniques used to recover internally initiating sequences were used to recover
flood-related sequences: (1) Refinement of human failure event (HFE) probabilities; and, (2)
Adding nonrecovery events to cut sets as appropriate. A new CAFTA basic event file
(FLOODFIN.BE) was created by merging FLOODCOM.BE with the final integrated risk basic
event file (RGEFIN.BE), thereby incorporating HFE probabilities previously refined during the
internal events recovery analysis process [Ref. 3.3.8-17]. This action also incorporated the
previously defined nonrecovery events [Ref. 3.3.8-18].

Two additional HFEs were refined during the flooding recovery analysis:

Event MFHFDMF100 describes the failure to restore main feedwater flow to the
steam generators. Per step 5 of FR-H.1 [Ref. 3.3.8-19], the operators are directed
to restore main feedwater flow if at least 200 gpm AFW flow cannot be
established to one steam generator. Per MAAP run FB13E [Ref. 3.3.8-20], the
cue to start bleed-and-feed cooling (steam generator level less that three feet) is
reached at 0.4 hours (24 m) assuming a complete loss of feedwater at the time of
plant trip. From the SAIC Time Response Correlation for rule-based behavior
without hesitation [Ref. 3.3.8-17, Table 1], the probability of failing to restore
main feedwater within this 24 m window is 6.64E-04.

Event CCHFDSTART describes the failure to start a CCW pump following a

concurrent loss-of-offsite-power and SI actuation. This event is similar to
nonrecovery event NRHCCWPUMP, and was set to the same probability
(2.4E-04).

3.3.8.5.4 Results of the Detailed Flooding Analysis

Table 3.3.8-10 presents the final list of flood-related core-damage sequences, incorporating all
refined flood frequencies. vulnerability reassessments, and recovery analysis results.

3.3.8.6 Conclusions

The total core-damage t'requency due to floods is estimated as 5.05E-06/y, with the major
contributor being related to turbine building floods from the main feedwater system.

Rochester Gas & Electric Corporation R. E Ginna PRA Pioject
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Flood
Area

Flood
Zone

Table 3.3.8-1
List of Flood Areas and Flood Zones

Description Clevation

AB - Auxiliary Building

AB

AB

AB

AB

AB

ABS

ABB

ABM

ABO

N2

Auxiliary Building Sub-Basement

Auxiliary Building Basement

Auxiliary Building Mid-Level

Auxiliary Building Operating Floor

Nitrogen Storage

219

235

253

271

271

IB - Intermediate Building

IB

IB

IB

CT - Cable Tunnel

IBB

IBN

IBS

Intermcdiatc Building Sub-Basement

Intermediate Building (Clean Side) North

Intermediate Building (Controlled Side) South

219

all

all

CT CT

CC - Control Complex

Cable Tunnel 253

CC

CC

CC

CC

CC

CC

BRlA

BR1B

AHR

RR

RRA

CR

Battery Room A

Battery Room B

Air Handling Room

Relay Room

Relay Room Annex

Control Room

253

253

253

271

271

EDGIA - Diesel Room A

EDG1A EDG I A Diesel Room A

EDG1B - Diesel Room B

EDGI B EDG l B Diesel Room B

253

253

Rochester Gas 8r. Electric Corporation R. E Ginna PRA Project

3.3.8-20



Flood
Area

Flood
Zone

Table 3.3.8-1
List of Flood Areas and Flood Zones

Description Elevation

H2 - Hydrogen Storage

H2

RC - Containment

H2 Hydrogen Storage 253

RC RC

SB - Service Building

Containment all

SB

SB

SH - Screen House

SH

SH

SBB

SBM

SHE

SHW

Service Building Basement

Service Building Mid-Level

Screen House East

Screen House West

253

271

253

253

SAF - Standby Auxiliary Feedwatcr Building

SAF SAF Standby Auxiliary Fecdwater

TO - Turbine Oil Storage

all

TO TO Turbine Oil S torage 253

TB - Turbine Building

TB

TB

TB

TBB

TBM

TBO

Turbine Building Basement

Turbine Building Mezzanine

Turbine Building Operating Floor

253

27l

289

AVT - All Volatile Trcaunent Building

AVT

AVT

AVT

TSC

All Volatile Trcauncnt Building

Tcchnical Support Center

247

27 I

Rochester Gas & Electric Corporation R. E Gnna PRA Project
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Table 3.3.8-2
Internal Plant Flooding Sources

Auxiliary Building Sub-Basement, Elevation 219 (AB / ABS)

10" Residual Heat Removal line
2" Liquid Waste Disposal line
3" Reactor Coolant Drain Tank (TWD01A) line
375 gallon Auxiliary Building Sump Tank (TWD09)

Auxiliary Building Basement, Elevation 235 (AB / ABB)
t

3" Service Water line
10" Containment'pray line
10" Safety Injection line
1" Liquid Waste Disposal line
10" Component Cooling Water line
2" Fire Service Water line
10" Residual Heat Removal line
6" Spent Fuel Pool Cooling line
2" Letdown line
4" Charging line
2" Boric Acid line
2" line from the Holdup Tank to the Gas Strippers
2" line from the Boric Acid Evaporator to the Monitor Tank
1" Reactor Makeup Water line
2" Liquid Waste Disposal line
3" Reactor Coolant Drain Tank line
3" Post Accident Sampling System (PASS) line
335,000 gallon Refueling Water Storage Tank (TSI01)
Three 31,200 gallon CVCS Holdup Tanks (TCH09A, TCH09B, TCH09C)
21,4444 gallon Waste Holdup Tank (TWD10)
5,100 gallon Sodium Hydroxide Tank (TSI02)
Two 1,122 gallon Spent Resin Storage Tank (TWDOSA, TWDOSB)

Rochester Gas & Electric Corporation
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Table 3.3.8-2
Internal Plant Flooding Sources

Auxiliary Building Mid-Level, Elevation 253 (AB / ABM)

3" Component Cooling Water line
4" Spent Fuel Pool Cooling line
20" Safety-Related Service Water header
2" Pressurizer Spray line
10" Safety Injection line
2" Letdown line
1" Charging line
1" Boric Acid line
4" line from the holdup tanks to the gas strippers
2" line from the Boric Acid Evaporator to the Monitor Tank
3" line to the Liquid Waste Disposal Tank
2" line to the Reactor Coolant Drain Tank
2" line to the Polishing Demineralizes
1" Nuclear Sampling line
6" Fire Service Water line
2" Reactor Makeup Water line
1,500 gallon Volume Control Tank (TCH04)
700 gallon Concentrates Holding Tank (TCH13)

E

Rochester Gas & Electric Corporation R. E Ginna PRA Pmject
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Table 3.3.8-2
Internal Plant Flooding Sources

Auxiliary Building Operating Floor, Elevation 271 (AB / ABO)

10" Component Cooling Water line
6" Spent Fuel Pool Cooling line
14" Safety-Related Service Water header
6" Containment Spray line from the RWST
3" Letdown line
2" Boric Acid Line
3" line from the holdup tank to the gas strippers
3" line from the Boric Acid Evaporator to the Monitor Tank
3" Reactor Makeup Water line
1" Liquid Waste Disposal line
2" line to the Waste Evaporator
3" line to the Polishing Demineralizes
6" Fire Service Water Line
75,000 gallon Reactor Makeup Water Tank (TCH15)
Two 3,600 gallon Boric Acid Storage Tanks (TCH07A, TCH07B)
Two 600 gallon Waster Evaporator Condensate Tanks (TWD11A, TWDI IB)

Auxiliary Building Nitrogen Storage, Elevation 271 (AB/N2)

No flood sources

Rochester Gas & Electric Corporation R. F Ginna PRA Project
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Table 3.3.8-2
Internal Plant Flooding Sources

Turbine Building Basement, Elevation 253 (TB / TBB)

80" Circulating Water
2" Main Steam line
4" Feedwater Heaters line
14" Condensate line
18" Main Feedwater line
1.5" Standby Auxiliary Feedwater line
10" Non-Safety Service Water Header A
10" Non-Safety Service Water Header B
1.5" Steam Generator Blowdown line to the Liquid
8" Steam Generator Blowdown line
10" Fire Service Water line
1.5" City & Domestic Water line
8" Steam Generator Blowdown line
10" Fire Service Water line
1.5" City & Domestic Water line
15,000 gallon Fire Service Water Tank (TFS01)
5,386 gallon Heater Drain Tank (TFW01)

Waste Disposal System

Turbine Building Mezzanine, Elevation 271 (TB / TBM)

30" Main Steam line
14" line to the Low-Pressure Feedwater Heaters
14" Condensate line
18" Main Feedwater line
4" Fire Service Water line
1.5" City & Domestic Water line

Rochester Gas & Electric Corporation R E Ginna PRA Project
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Table 3.3.8-2
Internal Plant Flooding Sources

Turbine Building Operating Floor, Elevation 289 (TB / TBO)

High-Pressure Main Steam Lines
Low-Pressure Main Steam Lines
I" Condensate line
4" Non-Safety Service Water line
1.5" Fire Service Water line

Control Building, Elevation 289 - Control Room (CC / CR)

1" City Water line

Control Building, Elevation 271 - Relay Room (CC / RR)

1" Non-Safety Service Water line

Control Building, Elevation 271 - Relay Room Annex (CC / RRA)

No flood sources

Control Building, Elevation 253 - Battery Room A (CC / BR1A)

1" Non-Safety Service Water Line

Control Building, Elevation 253 - Battery Room B (CC / BR1B)

1" Non-Safety Service Water Line

Control Building, Elevation 253 - Air Handling Room (CC / AHR)

20" Safety-Related Service Water line
10" Fire Service Water line
1.5" City Water line

Rochester Gas & Electric Corporation R. E Ginna PRA
Project'.3.8-26



Table 3.3.8-2
Internal Plant Flooding Sources

Diesel Generator A Room, Elevation 253 (EDG1A)

4" Safety-Related Service Water line
8" Fire Service Water header

Diesel Generator B Room, Elevation 253 (EDG1B)

20" Safety-Related Service Water line
2.5" Fire Service Water line

Intermediate Building (Clean Side) - North (IB / IBN)

30" Main Steam header
20" Safety-Related Service Water headers
14" Main Feedwater lines
10" Fire Service Water header
5" Auxiliary Feedwater lines
635 gallon House Heating Boiler Return Tank (THS03)

Intermediate Building (Controlled Side) - South (IB / IBS)

3" Component Cooling Water line
3" Spent Fuel Pool Cooling line
3" Steam Generator Blowdown line
Two 600 gallon Laundry & Hot Shower Tanks (TWD02A, TWD02B)
375 gallon Radio-Chemistry Lab Drain Tank (TWD01)

Intermediate Building Sub-Basement, Elevation 235 (IB / IBB)
l

20" Safety-Related Service Water headers
10" Auxiliary Feedwater header

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3:8-2
Internal Plant Flooding Sources

Standby Auxiliary Feedwater Building, Elevation 271 (SAFW)

6" Standby Auxiliary Feedwater lines
4" Safety-Related Service Water lines
2.5" Fire Service Water line
10,000 gallon Condensate Test Tank (TCD01)

Service Building Basement, Elevation 253 (SB / SBB)

10" Condensate line
8" Fire Service Water header
4" City Water line
Two 30,000 gallon Condensate Storage Tanks (TCD02A, TCD02B)
24,000 gallon Primary Water Treatment Neutralizing tank (PWT02)
6,000 gallon Acid Storage Tank (TWT01)
6,000 gallon Caustic Storage Tank (TWT23)
200 gallon House Heating Steam Return Tank (THS01)

Service Building Mid-Level, Elevation 271 (SB / SBM)

4" Fire Service Water line
2" Component Cooling Water line

Screen House, East (SH / SHE)

20" Safety-Related Service Water lines
10" Fire Service Water headers

Screen House, West (SH / SHW)

90" Circulating Water headers

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.8-2
Internal Plant Flooding Sources

All Volatile Treatment Building, Elevation 253 (AVT/ AVT)

2" Fire Service Water line
45,000 gallon High Conductivity Waste Tank (TWT20)
22,600 gallon Low Conductivity Waste Tank (TWT19)
20,000 gallon Dilute Acid Reclaim Tank (TWT16)
6,000 gallon Acid Tank (TWT18)
6,000 gallon Caustic Tank (TWT21)
4,000 gallon Dilute Ammonia Reclaim Tank (TWT12)
1,500 gallon Dilute Caustic Reclaim Tank (TWT13)

Technical Support Center, Elevation 271 (AVT / TSC)

4" Fire Service Water header
1.5" Non-Safety Service Water line
1" City Water line

Cable Tunnel, Elevation 235 (CT)

No flood sources

Turbine Oil Storage Building, Elevation 253 (TO)

No flood sources

Hydrogen Storage, Elevation 253 (H2)

No flood sources

Rochester Gas Ec Electric Corporation
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Table 3.3.8-2
Internal Plant Flooding Sources

Containmerit, All Elevations (RC)

No flood-vulnerable PRA-related equipment (qualified for post-LOCA environment);
thus, flood sources were not tabulated

Rochester Gas & Electric Corporation
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Table 3.3.8-4
Flooding Scenrios

Originating
Flood Zone

AHR

BR1A

BR1B

TSC

SHE

TBO

TBM

TBM

TBB

TBB

TBB

EDG1B

IBS

ABO

ABO

ABO

ABM

ABM

ABB

TBM

SBM

Flood Source

generic

SW Header B

generic

generic

generic

generic

generic

generic

feedwater header

generic

feedwater header

service water header A

service water header A

CCW header

generic

service water header A

CCW header

generic

service water header A

service water header B

CCW header

CCW header

feedwater header

CCW header

Connecting
Flood

Zone(s)

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

none

TBB

SBB

Partial
Cut Set

File Name

AHRG

AHRSB

BRAG

BRBG

TSCG,

SHEG

TBOG

TBMG

TBMF

TBBG

TBBF

TBBSA

DGBSA

IBSC

ABOG

ABOSA

ABOC

ABMG

ABMSA

ABMSB

ABMC*

ABBC

TBF

SBC

Rochester Gas & Electric Corporation R. E Ginna PRA Bojecc
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Table 3.3.8-5
Initial Screening Analysis

Flood.
Area

AB

Flood
Zone

ABS

Significant
Flood

Sources?
Significant

Interconnections?

Vulnerable
PRA-Related

Basic Events?

Flood
Causes an
Initiator?

no

Disposition

ret uned

Remarks

only in combination with
ABB scenarios

AB

AB

AB

AB

ABB

ABK1

ABO

¹
ycs

yCs

no

ycs

yCs

no

no no

ycs

no

rct uned

ret;uned

ret;uned

eliminated

IB

IB

IB

CC

CC

CC

CC

CC

CC

IBB

IBN

IBS

BRlA

BRI B

AHR

RR

CR

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

eliminated

elm»nated

ret uned

eliminated

retained

retained

rettuned

eliminated

eliminated

eliminated

see text for explanation

adequate floor drains
compared to I" service water
supply to room coolers; will
not spray on cabinets

I" city water line not located
ne u any panel or cabinet

Rochester Gas & Electric Corporation
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Table 3.3.S-S

Initial Screening Analysis

Flood
Area

EDGIA

Flood
Zone

EDG]A

Significant
Flood

Sources?

no

Significant
Interconnections?

no

Vulnerable
PRA-Related

Basic Events?

Flood
Causes an
Initiator?

no

Disposition

eliminated

Remarks

4" service water brcak will
not cause a loss of service
initiator

EDG1B

HZ

RC

SB

EDGI B

H2

RC

SBB

no

no

no

no

yes

no

no

no

no

rct;uned

eliminated

clirninated

retained

;dl equipment inside
containment import Int to

. PRA is qualified for
post-LOCA environrncnt

only in combination with
SBM scenarios

SB SBM no yes retained only in combination with
SBB scenarios

SH

SH

SHE

SHW

no

no no

ret;uned

eliminated sump level instrumentation
will trip circulating water
pumps; willoverflow to thc
tnveling screen pits and into
L<e Ontario; bounded by
loss of feedwater initiator

TO

TB

TB

SAF

TO

TBB

TBM

110

yCs

no

no

ycs

ycs

yes

no

yes

no

no

yes

ycs

eliminated

elirninatcd

ret;uncd

retained

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.8-5
Initial Screening Analysis

Flood
Area

AVT

AVT

Flood
Zone

TBO

AVT

TSC

Significant
Flood

Sources?

yes

Significant
Interconnections?

no

no

no

Vulnerable
PRA-Related

Basic Events?

no

Flood
Causes an
Initiator?

no

Disposition

retained

eliminated

retained

Remarks

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Initiator ~Dnscci lion

Table 3.3.8-6
Internal Plant Flooding Analysis Initiating Events

FIOOOABM
FIOOOABO

FIOOOAHR
FIOOOBRA
FIOOOBRB

FIOOOSHE

FIOOOTBB
FIOOOTBM
FIOOOTBO
FIOOOTSC

FIABBCCW
FIABMCCW
FIABMSWA
FIABMSWB
FIABOCCW
FIABOSWA
FIAHRSWB
FIDGBSWA
FIIBNFAI
FIIBNFBI
FIIBNSWA
FIIBNSWB
FIIBSCCW
FISBMCCW
FITBBFTB
FITBBSWA
FITB MFA

Flood in Auxiliary Building 253'AB/ABM) from Generic Source
Flood in Auxiliary Building 271'AB/ABO) from Generic Source
Flood in Air Handling Room 253'CC/AHR) from Generic Source
Flood in Battery Room A 253'CC/BR1A) from Generic Source
Flood in Battery Room B 253'CC/BR1B) from Generic Source
Flood in Screen House East 253'SH/SHE) from Generic Source
Flood in Turbine Building Basement 253'TB/I'BB) from Generic Source
Flood in Turbine Building Mezzanine 271'TB/TBM) from Generic Source
Flood on Turbine Building Operating Floor 289'TB/TBO) from Generic Source
Flood in Technical Support Center 271'AVT/TSC) from Generic Source
Flood in Auxiliary Building 235'AB/ABB) from the CCW Header
Flood in Auxiliary Building 253'AB/ABM) from the CCW Header
Flood in Auxiliary Building 253'AB/ABM) from SW Header A
Flood in Auxiliary Building 253'AB/ABM) from SW Header B
Flood in Auxiliary Building 271'AB/ABO) from the CCW Header
Flood in Auxiliary Building 271'AB/ABO) from SW Header A
Flood in Air Handling Room 253'CC/AHR) from Service Water Header B
Flood in Diesel Room B 253'EDG1A) from Service Water Header A
Flood in Intermediate Building (Nortlt/Clean) 253'IB/IBN) from FW Header A
Flood in Intermediate Building (North/Clean) 253'IB/IBN) from FW Header B
Flood in Intermediate Building (North/Clean) 253'IB/IBN) from SW Header A
Flood in Intermediate Building (Nortlt/Clean) 253'IB/IBN) from SW Header B
Flood in Intermediate Building (South/Hot) all'IB/IBS) from the CCW Header
Flood in Service Building Mid-Level 271'SBM) from the CCW Header
Flood in Turbine Building Basement 253'TB/I'BB) from the Feedwater Header
Flood in Turbine Building Basement 253'TB/I'BB) from Service Water Header A
Flood in Turbine Building Mezzanine 271'TB/fBM) from the Feedwater Header

Rochester Gas & Electric Corporation
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Table 3.3.8-7
Impact ol Internal Plant Floods on PORVs Abilityto Open

Flooding Scenario

AHRG

AHRSB

BRAG

BRBG

TSCG

SHEG

TBOG

TBMG

TBMF

TBBG

TBBF

TBBSA

DGBSA

IBNFA

IBNFB

IBNSA

IBNSB

IBSC

ABOG

ABOSA

ABOC

ABMG

ABMSA

ABMSB

ABMC

ABBC

PC V-430

no impact

no impact

no impact

failed closed

no impact

tailed closed

no impact

no impact
"

failed closed

no Impact

no impact

no impact

no impact

failed closed

failed closed

failed closed

failed closed

no impact

failed closed

failed closed

failed closed

l'ailcd closed

failed closed

failed closed

failed closed

no impact

PC V-43lC

failed closed

failed closed

failed closed

failed closed

no impact

failed closed

failed closed

failed closed

failed closed

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no impact

no mpact

no nnpact

no impact

failed closed

failed closed

failed closed

tailed closed

no impact

Rochester Gas 2 Electric Corporation
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Table 3.3.8-8
Results of the Second Internal Flooding Screening Analysis

Orr'gina/i'lood

ZOllC

CC/AIIR

CC/AHR

('('/IlkI A

CC/IIRI 13

SH/SIIE

Flood
Source

generic

SEV 13

generic

generic

generic

Connecting
Flood

Zones)

none

none

none

none

none

T/8 I/LI/UHI

T/Q2/XL

T/8 I/LI/UlI I

T/8 I/LI/XI.

Sequence

T/Q2/XL

T/8 I/LI/PI

T/81/LI/U1I I

T/Q2/UH2

T/Q2/XL

T/8 I/LI /P I

T/8 I/LI/UHI

T/Q2/XL

T/8 I/LI/PI

T/81/LI/UllI

T/81/LI/XL

T/Q I/8 I/L I/P2

Cut Set

File

I'02AHRG.CUT

F30AHRG.CUT

R32AIIRS8.CUT

FO3AI IRS 8.CUT

I'30AIIRS 8.CUT

I%I l3RAG.CUT

F028RAG.CUT

I'298RAG.CUT

F308RAG.CUT

FOI BRBG.CUT

R32BRDG.CUT

F308RBG.CUT

FOISIIEG.CUT

R32SHEG.CUT

F03SI IEG.CUT

R36SI IEG.CUT

Cut Sets

21

17

12

22

13

12

18

10

CDF(IY)

7.90E-06

2.07E-06

1.99E-OS

5.74E-05

1.06E-OI

I 49E-06

3.84E-06

5.03E-05

4.87E-06

3.84E-06

2.30E.OI

1.03E-OI

1.00E-03

3.30E-05

TDfnIM generic none

T/Q I/8 I/LI/XL

T/Q I/Ull2/8 I/LI

T/Q2/XL

T/131/L I/VII I

T/8 I/I.I/XL

FlSSI IEG.CUT

F16SIIEG.CUT

F30SI IEG.CUT

F02TBMG.CUT

RHTBMG.CUT

1.39E.07

I 49E-05

8.06E-06

2.33F:06

Rochester Gas 8(, Electric Corporation

3.3.8-38



Table 3.3.8-8
Results of the Second Internal Flooding Screening Analysis

Originating
Flood
Zone

TBffBhi

ilk/ii)li

lil)oI li

IB/IIIS

Ali/AI30

Flood
Source

ItW

SW 8

generic

Connecting
Flood

Zone/s)

none

none

none

none

none

T/Q2/XL

T/8 I/LI/UlI I

T/8 I/I.l/XL

T/Q2/XL

T/Bi/Li/VIIi

T/8 I/LI /XL

T/8 I/Ll/UllI

T/8 I/LI/XL

T/Q I/8 I/XII

T/Ql/Xll

T/8 I/LI/XL

T/Q I/8I/XII

T/Ql/XII

Sequence

Cut Set

File

P30TBMG.CUT

H)2TBhIF.CVT

rmTDhtl:.CVT

F30TBMF.CUT

l92TDBF.CUT

FO3TBBI'.CUT

HQDGDSA.CVT

H)3IDSC.CUT

F07IDSC.CUT

R)SIDSC.CUT

F03ABOG.CUT

F07ADOG.CUT

FOSABOG.CUT

Cut Sets

56

6l

I6

CDF(IY)

9.2IE-06

5.75E-O6

5.SOL'-06

I.53I!-07

ZI IE-07

I.OOL'-06

I.53F;07

I.SOE-07

I.SOE-07

3.50E.07

3.50E.07

I.OOF OI

AB/ABO SW A none

T/Qi/UII2/P3SS

T/QI/Ull2/XL

T/8 I/LI/XL

T/Q I/8 I/XII

T/Ql/Xll

T/Q I/UII2/P3SS

T/Q I/UlI2/XL

P24ABOG.CUT

F27ABOG.CUT

F03ABOSA.CUT

F07ABOSA.CUT

H)SABOSA.CUT

P24ABOSA.CUT

F27ABOSA.CUT

l2

l2

5.59E-OS

2. I I E-06

3.50E.07

3.50E-07

5.59E-OS

2. I IE-06

Rochester Gas & Electric Corporation
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Table 3.3.8-8
Results of the Second Internal Flooding Screening Analysis

Ott'g/noting
Flood
Zone

AB/ABO

Flood
Source

CCkV

Connecting
Flood

Zone(s)

none T/8 I/LI/XL

T/Q I /8 I/XII

T/Ql/XH

Sequence

Cut Set

File

ROABOGCUT

R17ABOC.CUT

RISABOGCUT

Cut Sets CDF(ly)

3.50F 07

3.50F 07

I.OOE-Ikt

Alk/h1k h1

hlk/Alkhl

AB/ABhl

AB/ABhl

genetic

SW A

SkV 8

none

none

none

none

T/Q I/ill12/P3SS

T/Q I/U112/XI.

T/8 I/Ll/VII I

T/Q I/Ul12/8 I/Ll

T/Q I /U112/P3SS

T/Q I/U112/UL

T/8 I /LI/U1I I

T/Q I/UH2/8I/Ll

T/Q I/U112/P3SS

T/Q I/UH2/UL

T/8 I/LI/UHI

T/Ql/UH2/8I/LI

T/Q I /UH2/P3SS

T/Q I/UH2/UL

T/81/Ll/UHI

T/Q I /UlI2/81/L I

T/Q I/U112/P3SS

T/Q I /U112/U I.

F24ABOC.CUT

I'27ABOC.CUT

F02ABhlG.CUT

F16ABhlG.CUT

P24ABhlG.CUT

F26ABMG.CUT

F02ABMSA.CUT

F16ABh1SA.CUT

P24ABMSA.CUT

F26ABMSA.CUT

RI2ABhtSB.CUT

F16ABMSB.CUT

P24ABhlSB.CUT

F26ABMSB.CUT

Rk2ABhtC.CU f
FI6ABMC.CUT

P24ABMC.CUT

P26ABMC.CUT

31

31

31

31

5.59E-OS

2. I IE-06

5.95F:05

5.56E-06

I 41E-05

I.OOE-04

5.95E-05

5.56E-06

1.41E-05

I.OOF OI

5.95E-OS

5.56E-06

1.418-05

I.OOE-OI

5.95E-05

5.56E-06

I 41E-05

Rochester Gas &, Electric Corporation
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Table 3.3.8-8
Results of the Second Internal Flooding Screening Analysis

Originating
Flood
Zone

AB/ADD

1'Dfrl&I

SB/SINAI

Flood
Source

I IV

(.'(„'lV

Connecting
Flood

Zone(s)

none

TBfIDD

SB/SBB

Sequence

T/Ql/UII2/BI/UL

T/Ql/UII2/P3SS

T/QI/UII2/UL

T/DI/LI/UlI I

T/D I/LI/XL

T/Q2/XL

T/Ql/XII

Cut Set

File

P20ADDCCUT

P24ABBCCUT

P26ADDC.CUT

P02TDI'.CUT

P03TBI'.CUT

P30TBI',CUT

FOSSDC.CUT

Cut Sets

56

6I

l6

CD'�)
2.20E-07

I.37E-05

I.OOE-OI

9.2IE-06

5.75P:06

5.80L-06

I.SOE-07

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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Table 338-9
"Sequence Results After Reassessment or Vulnerabitltles

Originating
Flood
Zone

ABM

ADM

ADM

ADM

Flood
Source

generic

SA

CHV

Connecting
Flood

Zone(s)

none

none

none

none

Sequence

T/8 I/Ll/XL

T/Q I/8 I/Xll

T/Ql/Xll

T/Q I/UII2/XI.

rnttn.t/xt.

T/Q I/liI/XII

T/Ql/XII

T/Q I/UlI2/XL

T/l3 I/LI/XL

T/Q I /8 I/XII

T/Q I/XII

T/Q I/UlI2/XL

T/8 I/LI/Xl.

T/Q I/8 I/XII

Cut Set

File

F03ABMG.CfI

ROADMG.CTI

FDSABMG.CfI

F27ABMG.CTI

F03ABhlSA.Cfl

~ F07AIIihlSA.CTI

FDSABihlSA.CTI

F27ABMSA.CTI

F03ABMSB.CTI

RI7ABMSB.Cfl

FOSABMSB.Cfl

F27ABXISB.CfI

ftOABMC.CI'I

F07ABMC.CTI

Cut Sets CDF(ly)

2.20E-07

l.39E-07

2.20L-07

2.20E-07

l.39E.07

2.20L-07

2.20E-07

I.39E-07

2.20E-07

2.20E-07

ADO

ABO

ABO

generic

Stv A

C&V

none

none

none

T/Ql/XII

T/Q I/UH2/Xl.

T/Ql/XII

T/Ql/XII

T/Ql/Xll

FOSABMC.CfI

F27ABMGCfl

FOSABOG.CTI

FOSABOSA.Cfl

F0SABOSA.Cfl

I.39E-07

5.57F 06

5.57E-06

5.57E.06

Rochester Gas & Electric CorporDtion
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Table 33Al-10
Hnal Internal Plant Flooding-Induced Core-Damage Sequences

Second Scrccning
(*.CUT) Detailed Analysis

Orig/nating
Flood
Zollc

Flood
Source

Connecting
Flood

Zone(s) Sequence

Cut Sct

File

Vulnerability
Rcassessincnt

(~.CT?)

Final
Results
('.CT2)

Cut
Sets CDF(/y) fn

Cut
Sets CDF(/y)

/lFE
iVR

Cut
Sets CDF(/y)

CC/A I IR

6( /Allk

CC/8kl A

CC/BR I 8

generic

generic

generic

none

none

none

none

T/8 I/I.I/UI I I

T/Q2/XI.

'I'nl I/I.I /UlI I

mt in. I/XL

T/QMiL

T/8 I/I.I/PI

T/81/I. I /UlI I

1'JQ2/U 112

T/Q2/XL

T/8 I/LI/PI

T/8 I/LI/UlI I

T/Q2/XL

1%2AIIRG

F30AIIRGi

1%2AI IRSD

F03AI IRS 8

F30AIIRS 8

FOI BRACi

F028 RAG

I'298RAGi

I'308RAGi

FOI BRDG

F028RDG

F308RBG

21

28

17

12

22

13

12

7.90E-06 N 0

4,47L'-07 N

7.90L:-06 N 0

1.99E-05

5.74E-05 Y N

1.06E-04 Y N

1.49E-06 Y N

3.84F 06 Y N

5.03E.05 Y N

4.87E-06 Y N

3.84E-06 Y N

N

N

N

N

N

N

Nh Nh

NA NA

NA Nh

NA NA

NA NA

N

N

Y 0

N 0

NA

NA

NA

NA

NA

7.70F:08

7.70F 08

Rochester Gas & Electric Corporation



Table 33.8-10
Final Internal Plant Flooding-Induced Core-Damage Sequences

Second Screening
(~.CU7) Detailed Anal>sis

On'gina/in g
Flood
Zone

Flood
Source

Connecting
Flood

Zone(s) Sequence
Cut Sct

File

Vulncrabilily
Rcasscssnrcnt

(~.CTl)

Final
Results

P.C72)

Cut
Sets CDF(N f~

Cut
Sets CDF(fy)

ilFE
NR

Cut
Sets CD')

Sll/SIIE generic

generic

none

none

none

none

T/81/LI/PI

T/8 I/I.I/UlI I

T/81/I. I /XL

T/Q I/8 I/I.I /P2

T/Q I/O I/LI/XL

T/Q I/U112/81/LI

T/Q2/Xl.

T/81/Ll/UlI I

T/8 I/LI /XL

T/Q2/XL

T/8 I/LI/UlI I

T/8 I/LI/XL

T/Q2/XL

T/8 I/LI/UllI

T/8 I/LI/XL

FOISIIEG

F02SIIEG

astir:G

FO6SIIEG

FI5SI IEG

FI6SIIEG

F30SI IEG

F02TBMG

F03TBMG

F30TBhlG

RI2TBhIF

F03TBMF

F30TBhlF

F03TBBF

18 2.30F Ot N

10 1.03E.OI N

I I.OOE-03 N

I4 3.30E-05 N

I I.OOF Ot N

2 1.39F 07 N

2 1.49E-05 N

46 8.06E-06 N

24 2.33E-O6 N

2 4.47F 07 N

56 9.21E-06 N

61 5.75F 06 N

16 5.80E-06 N

2 1.53E-07 N

3 2.11F 07 N

-0

N

N

N

N

N

N

N

N

N

N

N

N

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

Y 0

N

Y 0

Y 29

NA

NA

NA

NA

NA

NA

see TBM
/ TBB

see TDht
/ TBB

see TBM
/TDB

EDGI8 SiV 8 none T/8 I/LI/UllI F02DGDSA I I.OOE-06 Y N N N

Rochester Gas & Electric Corpontion
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Table 334-10
Hnal Internal Plant Flooding-Induced Core-Damage Sequences

Second Screening

P.CU7j Detatled Analysts

Originating
Flood
Zone

Flood
Source

Conn Icting
Flood

Zone(s) Sequence

Cut Set

File

Vulnerability
Reassessment

(~.CTI)

Final
Results
(~.C72)

iBnBs none T/8 I/LI/XI.

T/Q I/81/XlI

T/Qi/Xl1

PO3IBSC

f%7IBSC

FOSIBSC

Cut
Sets CD')

1.53E-07

1.50E-07

1.50L-07

Cut
Sets

Y N

Y N

Y N

CD')
/IFE
NR

N

CLIt
Sets CDFNI)

6.47E-08

AB/Alt()

AB/ABO

AB/ABO

SetieLIc

SW A

CNV

none

none

T/8 I /L I /XL

17Qini i/Xli

T/Ql/XII

T/Q I/U112/P3SS

T/Q I/UI12/XL

T/8 I/I.I /XI.

T/Q I/8 I/XII

T/Ql/XII

T/Q I /U112/P3SS

T/Ql/UII2/XL

T/8 I/LI/XL

T/Q I/8 I/XII

T/Ql/Xll

T/Q I/Ull2/P3SS

T/Q I/U112/XL

F03ABOG

F07ABOG

FOSABOG

P24A BOG

F27ABOG 12

P03ABOSA

R17ABOSA 4

F08ABOSA I

P24ABOSA

P27ABOSA 12

ROABOC 4

PO7ABOC 4

FOSABOC

F24 ABOC

F27ABOC

3.508-07

3.50E-07

I.OOF Ot

5.59E-OS

2.11E-06

3.50E-07

3.50F 07

5.59E-OS

2.11E-06

3.50E-07

3.50F 07

I.OOE-0$

5.59E 08

2.118-06

7 5.57E-O6

N

N 0

7 5.57E-06

N

N 0

N 0

7 5.57E-O6

N 0

N 0

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Rochester Gas & Electric Corporation
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Table 36.8-10
Ftnal Internal Plant Hoodlng-Induced Core-Damage Sequences

Second Screening
(~.CUT) Detai /cd Analysis

Originating
Flood
Zone

Flood
Source

Connecting
Flood

Zone(s) Sequence

Cut Set

File

Vulnerability
Reassessment

('.CTI)

Final
Rcsuits

P.C72)

Cut
Sets CDF(ly) f~

Cut
Sets CDF(/Y)

/IFE
//R

Cut
Sets CDF(IY)

AB/Allhl

AB/ABhl

eenetie

SN/ A

none

none

T/8 I/I.I/Itl I I

T/8 I/I.I /XI.

T/Q I /8 I/XI I

T/Ql/XII

T/Q I/UII2/8I/LI

T/Ql/UII2/P3SS

T/Q I /tl1I2/UL

T/Q I/U112/XI.

T/8 I/LI/UlI I

T/8 I/LI/XL

T/Q I/81/XII

T/Ql/Xll

T/Q I/U112/8 I/LI

T/Ql/UI12/P3SS

T/Ql/U112/UL

T/Q I/Ull2/XL

I'02ABMG

103ABMG

P07ABihlo

P08AI3MG

FI6ABMG

F24ABihlG

P26ABhlG

F27ABMG

P02A8hlSA

HOABMSA

F07ABMSA

1%8ABMSA

FI6ABMSA

P24ABMSA

F26ABhlSA

F27ABMSA

31

31

5.95E.OS N 0

N

5.56E-06 N

1.41 E-05 N

I.OOP 04 N

5.95E-OS N

N

N 2

N

5.56E.06 N 0

1.41E-OS N 0

I.OOF Ot N

N

2.20E-07

2.20F;07

1.39E-07

2.20E.07

2.20E-07

1.39E-07

NA NA

see lexl

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

see te

NA NA

NA NA

NA NA

iVA NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 3.3.8-10
Hnal Internal Plant Floodtng-Induced Core.Dantage Sequences

Second Screening
(~.CUT) Detailed Analysis

Originating
Flood
Zone

Flood
Source

Connecting
Flood

Zone(s) Sequence

Cut Set

File

Vulnerability
Reassessment

(~.CTl)

Final
Results
(~.CT2)

Cut
Sets CD~N') fn.

Cut
Sets CDF(ly)

HFE
JVR

Cut
Sets CDF(ly)

AB/AIIXI SIV 8 none T/81/I.I /III I I

T/8 I/I.I/Xl.

FO2ABMSB

HI3AI3h1SB

3l 5.95E-05 N

N

NA NA

2.20E-07 Y 0

NA

T/Q I /III/XII l07ABihISII 0 N 2.20E-07 Y

AB/ABh1 none

'I'/Q I /XI I

T/Ql/UH2/81/Ll

T/Q I/UlI2/P3SS

T/Q I/UI I2/UL

T/Q I/UlI&<I.

T/8 I/LI /UlI I

T/8 I/L I /XL

T/Ql/8 I/Xll

T/Ql/XH

T/Ql/UII2/8I/LI

T/Q I/UH2/P3SS

T/Ql/UH2/UL

T/Q I/UI12/XL

FOSABh1SD

FI6ABMSB

P24ADMSB

F26ADMSB

F27ABhlSB

P02ABihlC

HOADMC

H37ADMC

FOSABh'IC

FI6ABMC

F24ABhIC

P26ABMC

F27ADMC

N

9 5.56l'6 N

5 I 4IF 05 N

I I.OOE-OI N

N

31 5.95E-05 N

N

N

9 5.56E-06 N

5 I 41E-05 N

I I.OOF OI N

see text

NA NA

NA NA

NA NA

1.39E-07 Y

see text

NA NA

NA NA

NA NA

1.39E.O6 Y

NA

NA

NA

NA

NA

NA
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Table 3.3.$ -10
Final Internal Plant Flooding-Induced Core-Damage Sequences

Second Screening
('.CUT) Detailed Analysis

Originating
Flood
Zone

Flood
Source

Connecting
Flood

Zone(s) Sequence

Cut Set

File

Vulnerability
Reassessment

(~.CTI)

Final
Results

p.cr2)

Cut
Sets CDF(fy) fn

Cut
Sets CDF(fy)

llFE
NR

Cut
Sets CDF(fy)

AD/ADD ('WV none T/Q I/UII2/DI/UL

1/Q I /I ill~dP I'i'i

F20ADDC

I'24ADBC

2 2.20E-07 N

3 1.37E-05 N

2.20L-07 Y

I.37E.05 Y 6.54E 08

11lfl1IM

SB/SDM

I IV

'I'/Q I/lill2/UI.

TDflltlt T/D I/I.I/UllI

an> ln.i/xi.

T/QdXI.

SD/SDD T/Q I/XII

I'26ADBC

RI2TBI'03TBF

I I.OOL'-M N

56 9.2I E-06 N

61 5.75L.-06 N

l6 5.gOE-06 N

I.501<07 N

N

N

N

I.OOI -M

N

N

N

N Y

see text

29 2.85L-06

I. I6F:06
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Figure 3.3.8-1
Flood Zones Interconnecting Diagram

TB/TB0 CC/CR AB/ABO SAF

TB/TBM
CC/RR

AVT/TSC

CC/RRA

AB/ABM

EDGIA AVT/AVT

RC

EDGIB

TB/TBB

TO

AB/ABB

SG/SBM
IB/IBN CC/AHR CC/BRIA CC/BRIB AB/ABS

IB/IBB CT
SH/SHE

IB/IBS
SH/SHW
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3.4 Level 1 Results and Screening Process

3.4.1 Application of Generic Letter 88-20/ NUREG-1335 Screening Criteria

NUREG-1335 requests that sequences be reported that meet the following criteria:

1. Sequences contributing > 1.00E-07/ year to the calculated core damage frequency;

2. All sequences in the upper 95 percent of the total calculated core damage
frequency; and,

3. Sequennces contributing > 1.00E-08 / year to the calculated containment bypass
frequency.

Sequences meeting these criteria are shown in Table 3.4-1.

3.4.2 Vulnerability Screening

No consensus definition is available for severe accident vulnerabilities. Therefore, for purposes
of this report, RG&E has chosen the following definitions, based on the USNRC's mean safety
goal targets for domestic nuclear power licensees published in SECY-89-102, Implementation of
Safety Goal Policy:

Severe accident vulnerabilities are plant-specific design or operating characteristics that
result in dominant contributors to core damage frequency or large fission product release
frequencies significantly greater than the USNRC's mean safety goal targets stated in
SECY-89-102. A significant dominant contributor to calculated core damage or release
frequency meeting this definition would call for immediate corrective actions to address
the vulnerability. These targets are 1.00E-04 I year for calculated core damage
frequency, and 1.00E-06 Iyear for calculated frequency of large jission product release.
Further, a large jission product release is defined as a release sequence which results in
the release ofmore than one percent of the volatile radioactive fission product inventory
of the reactor core, yielding offsite radiation exposures with the potential for at least one
offsite, early radiation-induced fatality.

As can be seen in Table 3.4-1. the total calculated core damage frequency for the Ginna PRA
of 8.71E-05/ year meets the thirst of these criteria (being less than 1.00E-04/ year). See Section
4.7.4 and Section 6 for a discussion of how the Level 2 results compare to the second criteria
(frequency of large release).

Rochester Gas & Electric Corporation R. E Ginna PRA Ptoject
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3.4.3 Uncertainty Analysis

A Monte Carlo uncertainty analysis was performed using the SAIC computer code UNCERT
[Ref. 3.4-1] to assess the impact of statistical deviations in the underlying reliability data (e.g.,
failure rates, test/maintenance unavailabilities, etc.), common-cause failure parameters, human
error rates, and initiating event frequencies. This analysis was conducted under the following
guidelines:

1. All cut sets above the truncation limit (5.00E-08/y) were included; and,

2. Uncertainty was propagated in such a manner as to account for coupling among
groups of components whose related basic events are based on a common failure
rate (e.g., the failure rate for service water motor-operated valves was varied and
the probabilities of all events in the integrated risk model based on this failure r'ate

were recalculated).

A summary of the statistical results of the uncertainty analysis (e.g., moments and percentiles)
are shown in Figure 3.4-1. Figures 3.4-2 and 3.4-3 present the sampling probability density and
distribution functions. The overall core-damage frequency may be characterized as having an
error factor (ratio of the 95th percentile to the median) of about 4.9.

3.4.4 Sensitivity Analysis

To assist in the determination of dominant risk contributors, importance measures for all basic
events in the integrated risk model was calculated. These importance measures include: (1) The
Vesely-Fussell (VF) measure; (2) The risk achievement worth (RAW); (3) The risk reduction
worth (RRW); and, (4) The Birnbaum measure. Each type of importance measure has its
strengths and weaknesses; thus, a combination of importance measures was used to assess
sensitivities.

The SAIC Risk Management Query System (RMQS) computer code was used to calculate
importance measures. The following definitions are from the RMQS User's Manual [Ref. 3 4-2):

Vesley-Fussell Measure: Gives the risk associated with a given component; that is, how much
the component is contributing to the total calculated core damage frequency.

Risk Achievement Worth: Expressed as a ratio, giving the factor by which calculated core
damage frequency increases due to the component in question not being available.

Rochester Gas & Electric Corporation R. E Ginna PRA Plea
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Risk Reduction Worth: A measure of the calculated core damage frequency that would be
reduced by reducing the unavailability of the component in question to zero (making the
component in question always reliable / always available). Also expressed as a ratio.

Birnbaum Measure: Measures the difference in calculated total core damage frequency when
the failure of the component in question occurs and when the failure in question does not occur,
and therefore the increase in total calculated core damage frequency associated with the failure
of the component in question.

Tables 3.4-2 through 3.4-5 lists the calculated importance measures sorted by Vesely-Fussell,
RAW, RRW and Birnbaum, respectively. The top twenty basic events for each category are
shown in bold-faced type in each of these tables for ease of identification and comparison.

3.4.4.1 Hardware-Related Events

A complete list of hardware-related failures contributing to the total calculated core damage
frequency (sorted by the Vesely-Fussell measure) is given in Table 3.4-6. The following
hardware-related events are of interest:

Failure of either pressurizer safety valve to reseat following steam relief;

Failure of various components associated with the residual heat removal function;

Failure of 125 VDC power (Circuit E215 - RA Rack Train A, Circuit E212 - RA Rack
Train B, Circuits E76 - Main DC Distribution Panel B, and Circuit E103 - MCB DC
Distribution Panel I B);

Rupture of the component cooling water surge tank;

Motor operated valves 896A or 896B transfer closed, blocking flow from the refueling
water storage tank: and,

Failure of main steam isolation valve 3516 to close. The VF measure for this event is
high, but other importance measures are low. This suggests that this significance is due
to the system configuratio, and not to a valve maintenance / reliability problem.

Rochester Gas Ec Electric Corporation
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3.4.4.2 Test / Maintenance Unavailabilities

A complete list of test/ maintenance-related basic events contributing to the total calculated core
damage frequency (sorted by the Vesely-Fussell measure) is given in Table 3.4-7. The following
test/ maintenance events are of interest:

Either RHR train is out of service; and,

Unavailability of diesel generator EDG1B.

Both of these events exhibit a high Vesely-Fussell importance; however, the other importance
measures are low. This suggests that the problem is one of system configuration (i.e., B train
AC power is more risk-signiticant than A train AC power, and both trains of RHR are important
to risk), and not one of diesel generator or RHR pump reliability or maintenance.

3.4.4.3 Human Failure Events and Non-Recovery Events

A complete list of human failure events and non-recovery events that contribute to the total
calculated core damage frequency (sorted by the Vesely-Fussell measure) is given in Table 3.4-8.
Included are the following significant events:

Failure to close air operated valve 371 after the valve fails to close on a containment
isolation signal;

Failure to throttle flow from the RHR pumps after failure of air operated valves 624 and
625; and,

Failure to cooldown and depressurize following a steam generator tube rupture (SGTR)
event.

3.4.4.4 Common-Cause Failure Events

A complete list of common cause failure events that contribute to the total calculated core
damage frequency (sorted by the Vesely-Fussell measure) is given in Table 3.4-9. The following
top events are of interest:

Common cause failure of motor operated valves 852A and 852B to open for the residual
heat removal injection mode:

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Common cause failure of Refueling Water Storage Tank TSI01 level transmitters to
respond to a decreasing tank level;

Common cause failure of motor operated valves 850A and 850B to open for the residual
heat removal recirculation mode;

Common cause failure of motor operated valves 897 and 898 to close for the safety
injection recirculation (high-head recirculation) mode; and,

Common cause failure of the safety injection pumps to run in the injection mode.

3.4.5 'ecay Heat Removal Evaluation

USNRC Generic Letter 88-20 requires that the decay heat removal function be explicitly analyzed
as part of this study. The Ginna PRA event trees and fault trees do contain detailed models of
all systems required for decay heat removal including the Residual Heat Removal System, the
AuxiliaryFeedwater and Standby AuxiliaryFeedwater Systems and the Primary Pressure Control
Systems (pressurizer PORVs during bleed and feed operation).

3.4.6 Unresolved Safety Issue and Generic Safety Issue Screening

The following USNRC Unresolved Safety Issues (USIs) and Generic Safety Issues (GSIs) are
considered resolved by RG&E based on the results of the R. E. Ginna PRA Project as

summarized by this report:

USI A-17, Systems Interactions in Nuclear Power Plants, is considered resolved for water
intrusion and flooding from internal sources as shown by the results discussed in Section 3.3.8
of this report;

USI A-45, Shutdown Decay Hear Removal Requirements, is considered resolved for internally
initiated events from power operation and internal plant flooding events, as discussed in Section
3.4.5 above; and,

J

GSI 23, Reactor Coolant Pump Seal Failures. is considered resolved per the results shown in
Table 3.4-1, whereas these sequences do not contribute at all above the truncation value of 5.()E-
08 / year to the total calculated core damage frequency.

Rochester Gas & Electric Corporation
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3.4.7 References

3.4-1 Science Applications International Corporation, UNCERT User's Manual, Version
2.0c, June, 1993.

3.4-2 Science Applications International Corporation, Risk Management Query System
(RMQS) User's Manual, Version 2.4f, November, 1992.
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Sequence

Table 3.4-1
Final Results of the R. E. Ginna PRA Project Level 1 Analyses

Number of Number of
Quantified Quantified Recovered Recovered % of
Cut Sets Frequency Cut Sets Frequency TotalCDF

T/Q2/XL
R/D
R/l1/P3TR1
SS/XH
ISLOCA LI000111
M/XL
S/XH
T/Q2/UH2
Flood: TBM/TBB/FW/T/81/L1/XL
A/XL
A/UL
ISLOCA LI000140
Flood: TBM/TBB/FW/T/Q2/XL
T/81/L1/P1
MNH2
SNH2
T/81/L1/UH1
R/l1/SC
Flood: TBM/G/T/Q2/XL
T/81/L1/XL
ISLOCA LI000101
ISLOCA LI000113
SS/UH2/UL
R/81/D
IE/KM/PUMF/LT
Flood: ABO/G/T/Q1/XH
Flood: ABO/SWA/T/Q1/XH
Flood: ABO/CCW/T/Q1/XH
Flood: BR1A/G/T/81/L1/P1
Flood: BR1 8/G/T/81/L1/P1
Flood: ABB/CCW/T/Q1/UH2/P3SS
Flood: IBS/CCW/T/81/L1/XL
SS/UH2/UA
IE/KM/LT
T/Q1/81/L1/XL
SS/81/XH
SS/UH2/P3SS
SS/UH2/XL
R/13S/SC
R/UH2/SC
R/UH2/P3TR2
R/l1/81/SC
R/l1/81/P3TR1

220 3.14E-04
127 3.40E-03
129 6.30E-04

44 8.23E-05

17 6.76E-05
25 4.11E-05
12 3.37E-06

9 2.91E-05
4 1.44E-06

25 3.02E-06
4 9.22E-07
4 8.53E-07

169 4.69E-05
41 2.36E-03

20 3.94E-06

1 1.88E-07
22 9.65E-06

1 1.14E-07

1 5.60E-OS
1 5.13E-OS
1 1.78E-07
2 1.61E-07
1 6.12E-OS
1 6.12E-OS
2 1.03E-05

13 2.96E-05
23 7.44E-06
28 6.01E-06

7 6.39E-07

54
27
29
44

15
24
12

15
4
4
4
8

1.82E-05
1.40E-05
1.20E-05
9.40E-06
5.79E-06
4.83E-06
4.11E-06
3.37E-06
2.85E-06
1.65E-06
1.44E-06
1.37E-06
1.16E-06
1.12E-06
9.22E-07
8.53E-07
8.37E-07
7.96E-07
4.47E-07
2.66E-07
2.66E-07
2.66E-07
1.88E-07
1.34E-07
1.14E-07
1.04E-07
1.04E-07
1.04E-07
7.70E-OS
7.70E-OS
6.54E-OS
6.47E-OS
5.60E-OS
5.13E-OS

O.OOE+00
O.OOE+00

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

21%
16%
14%
11%

7%
6%
5%
4%
3%
2%
2%
2%
1%
1%
1%
1%
1ol
1o/

1%
0%
P%
P

0%
0%
P%
P

0%
0%
P

0%
P

0%
P
P

0%
0'o
0%
0%
0%
0%
P

0%
0%
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Table 3.4-2

Importance hfeasures Sorted by the Vesely-Fussell hfeasure

Basic Event

RCHFDCDDPR

RCHFDCDTRI

RCRYT00434

RCRYlw435
R HCC852 A/8

R R ifMI IX8 I'I.iV
k I IXIM()()

)ted

2 1t

RRI IXI'A('t)2A

k1 Ihl Mt'KIH52A

hfSAVXOISIn
('S('('MI.I)RiVI

, RRCCSSOA/8

IPG DG WOO I 8
CVAVX00371

NRI II.Ell)()iVN
SICChf I SI I Y

RRMhf008508

NRHLRIIkllH.

5 RCCM897/8

RRMhl00850A

SWMVP9629A

MSAVX03517

CShfhf896A/8

RIICCPUhfPAB

SICChf PSI IX
NRIISOALTCD

CCCC738 A/8
RRCCM0857M

CRCCM0896X

SRCCMPSII Y
CI'AVXO5736

CTAVX05737

RRhfVPO8578

NR()GRIDIOH

RIB I I'DOSGTR

M5 AVP034 I I

rat ton

04A

RED S/G

Descnpuon

Operators Fail To Cooldown and Depressurize RCS During SGTR Given SI Ope

Failure to Cooldown to RHR After Ruptured S/G Isolation Fails

Pressurizer Safety Valve PCV-434 Fails To Reclose Following Steam Relief
Pressurizer Safety Valve PCV-435 Fails To Reclose Following Steam Relief
hlOVS 852A. 8528 FAILTOOPEN <common cause event>

I'atlure ofcomponents for RHR Heat Fiachanger 8
)t~2II Fatlc to t)pen

Hl A'I'iX('HANGIIRIIAC02ACOOLIN( CAP. FAH 8 lRECIRCl
)t52a I'ads lo t)pen

M5 IV 35 I 6 I'ails to (.'lose

('ommon Cause I'ailure To Respond OfTSIOI (RWST) Level Transnutters

MOVS 850A/8 I'All.TO OPEN <common cause event>

DIESEI. GENERATOR KDGOI8 FAlLS TO RUN

AOV 371 I'All8 TO CLOSE

FAH.URE T() LOCALLYISOLATE LETDQiVNVALVEAOV-371 USING 2

PSIOI A, PSIOI 8 ttt PSIOI C fail to run during Injection due to common cause

MOV 8508 FAll>TO OPEN (RECIRCUIATION)
FAILURETO TIIROTTI.ERHR FLOiV USING 715 AND 717

hfOVs 897 and 898 fail to close due to common cause

MOV 850A FAILS TO OPEN (RECIRCULAllON)
hfotor operated valve 9629A fails to open

hfSIV 3517 Fails to Close

hfOV 896A Or 8968 Transfers Gosed (Fails CS And SI Front RiVST)
PUMPS A AND 8 FAILTO START <comnton cause event>

PSIOIA, PSIOI 8 trt. PSIOIC fail to start for injection due to common cause

FAILURETO COOLDOiVNAFfER SGTR USING STEAM DUMP OR RUPTU
MOVS 738A/8 FAILTO OPEN <common cause event>

hfOVs 857A, 8578 and 857C fail to open due to common cause

Common Cause Failure Of hfOVs 896A And S968 To Close (Recirculauon)

PSIOI A. PSIOI 8 dc PSIOIC fail to run for recirc. due to common cause

AOV 5736 Fails to Close

AOV 5737 Fails to Close

hfOV 8578 fails to open

FAII.IIRFT()RI:ST()kilt)ITSITI:I't)WER FROM GRID WITHIN lOll
I'allure to listahlish or Maintain Rl lk ('ooling I'ollowingSGTR

AIR ()Pl!RATI!DVAIVli3411 I'AH 8'f() ()PIIN(ARVA)

VF
1.38E-OI

1.38E-01

1.32E-01

1.32E-OI

8.58E-02

5.60E-02

5.54E-02

5.35E-02

5.34E-02

3.74E-02

3.30E-02

3.24E.02

2ASE-02

2.47E-02

2.33E-02

2.07E-02

2.05E-02

1.98E-02

1.95E-02

1.94E-02

1.75E-02

1.71E-02

1.63E-02

1.43E-02

1.35E-02

1.22E-O2

1.21E-02

1.17E-02

1.17E-02

1.06F 02

I.OIE.02

I.OIE-02

9.66E-03

9.638-03

9.16E-03

8.60E-03

RRiv
1.16

1.16

1.15

1.15

1.09

1.06

1.06

1.06

1.06

1.04

1.03

1.03

1.03

1.03

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

I.OI

1.01

1.01

1.01

1.01

I.OI

1.01

1.01

1.01

1.01

1.01

1.01

1.01

RAiV
139

14.1

18.7

18.7

2.92

2.1

2.83

2.07

2.05

36.1

36.1

I.S

1.4

2.27

25.6

2.7

1.45

13.6

2.6

2.IS

IAS
25.6

36.1

25.6

22.8

36.1

13.6

13.6

13.6

2.07

2.07

I.S

1.17

IO. I

1.05

BIRNBAUM
1.20E-02

1.15E.03

155F 03

1.55E-03

1.95E-03

1.71E 04

I.olE.ot
I.64E 04

9.72F:05

9A I E-05

3.05E-03

3.05E-03

7.198.05

3.738-05

1.128-04

2.14E-03

1.49E.04

4. IOE-05

I. IOE-03

IAIE-OI

1.04E-O4

4.30E-05

2.14F~03

3.05E.03

2.14E-03

1.90E-03

3.05E-03

I. IOE.03

I. IOE-03

I. IOF 03

9.418.05

9A I E-05

7.05F 05

1.55E-05

7.96F 04

5.06E 06
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Table 3.4-2

Intportance Measures Sorted by the Vesely-Fussell Measure

Basic Event

RRMVP0857A

RRhdVP0857C

CShlMOORWST

RRIIFDRCROA

Rl IhlVP085211

SW( ('I'SWSIVII
INiIN)lit)t)t)I A

ht!ikYl'03508

hl SR Yl'03510

hlS kY I'03512

ihlSRYT03514

DGiCCOOORUN

RCht MTRC04A

RChlhlTRC04B

SWMVNO)616

CRhlVX00897

CRhlVX00898

AFMMSAliVPC
Alibi IMSARVPD
ACLOPRTALL
CCMM00738A

RCIIFDOORCP

MSAVP03410

RRFfi IPC629

CfAVX05735

CCM)400738B

IAIIFDCNTBK
SWhlVNCCFSS

DC)iIMCB04AN

MSRYT03509

MSRYT03511

MS R Yf03513
ht!ikYT03515

klI('VI'00854

( 11111)IS()I.B

('( fK)SUR(iEI

Description

MOV 857A fails to open

MOV 857C fails to open

Insuflicient Bow Available From TSIOI (RIVST)

Failure to Switch to Recirculation After LLOCA
hlOT()R.OP VALVE852B FAII 8 TO OPEN lINIECfloiV)
('omnuin cause failure of hl()Vs 9629A and 9629B to open

I)IF.'ilil.(il!Nl!RAT()RKINiOIA FAILS TO RUicl

Steam (ienerator Relief Valve 3508 I'ails to Close After Steam Release

Steam (ienerator kehef Valve 3510 I'ails to Close After Steam Release

Steam (ienerator Relief Valve 3512 I'ails to Close After Steam Release

Steam (ieneratnr Relief Valve 3514 Fails to Close After Steam Release

DII'Sill.(iENEkATORS FAILTORUN (COhlhlON CAUSE)
FAILURFOFNITROGEN SUPPLY TO PCV-430

I'AILUkl:.Olt NITROGEN SUPPLY TO PCV-43 I C

Service Water Ileader Isolation liIOV4616 Fails To Open On Dentand

hlOTOR OPERATED VALVE897 FAILSTO CLOSE

MOTOR.OPERATED VAI.VE898 FAILSTO CI.OSE

I'ailure of SAFW Pump IC train

lYilureofSAIrW Pump I D Train

Loss of AllOff.Site Power Following Reactor Trip
MOV738A FAILS TO OPEN

onlpfessofs

CCFGMOVN

Operators Fail to Trip RCPs After loess of C&VSupport

AIR.OPERATED VALVE3410FAILS TO OPEN (ARV B)

Pressure transnutter PIC.629 fails high

AOV 5735 I'ails to Close

MOV738B FAIISTO OPEN

Operators fail to restore IAto the containment (AOV 5392, SW to IAC

Beta I'actor For Common Cause Failure fvents SWCCFBMOVN dc SW

Failure of Circuit E215 (To RA Racks Train A)
Steam Generator Relief Valve 3509 Fails to Close After Steam Release

Steam Gienerator Relief Valve 3511 I'ails to Close Aher Steam Release

Steam (ienerator Relief Valve 3513 I'ails to Close After Steam Release

Steam (ienerator Relief Valve 3515 I'ailc to ('Ioce After .'iteam Release

('Illi('KVAI.VI'I854 I'All8 1'() ()I'IINllNII!( I l()Nl
()iieralotc I'atl to lscdate S/G It
('( W Sl:k(il:.'I'ASKkl P II'kl

VF
8.53E-03

8.53E-03

8.49E-03

8.29E.03

8.19E-03

7.86E.03

7.82F;-03

7 45E.03

7 45E-03

7 45E-03

7 45L-03

6.96E-03

6.77E-03

6.77E-03

5.82E-03

5.69E-03

5.69E-03

5.24E-03

5.24E-03

4.74E-03

4.47E-03

4.36F 03

4.34E-03

4.32E-03

4.20F 03

3.89E-03

3.83E-03

3.57E-03

3.38E-03

3.1 I E-03

3. I I E-03

3. I I E-03

3.11L'-03

3.09E-03

2.96E-03

2.95E-03

RRW

1.01

1.01

1.01

1.01

1.01

I.OI

I.OI

I.O I

1.01

1.01

I.OI

I.OI

1.01

1.0!

1.01

I.OI

1.01

1.01

I.OI

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

RAW
1.71

1.71

34

3.06

1.16

8.72

1.25

2.08

2.08

2.08

2.08

3.96

I.I
I.l

2.32

1.26

1.26

1.22

1.22

5.73

1.93

2.45

1.03

1.66

1.45

1.81

2.27

1.05

95.9

1.45

I.45

I.45
1.45

3.07

1.98

25.2

BIRNBAUM
6.22F 05

6.22E-OS

2.87E-03

1.80F Ot

1.49E-OS

6.71 E.04

2.26E-OS

9.41E-OS

9.41E-OS

9.41E-OS

9.4 I E-05

2.58E-Ot

8.92E-06

8.92E.O6

1.16E-04

2.33E-OS

2.33E-OS

1.96E.OS

1.96F 05

4.12E-OI

8.15F 05

1.26E-04

2.55E-O6

5.73E-OS

3.92E-OS

7.10E-OS

I. I I E-04

4.38L'-06

8.25E-03

3.92E-OS

3.92E.OS

3.92E-QS

3.92E-OS

1.80F 04

8.58E.OS

2.10E.03
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Table 3 4-2

Importance Measures Sorted by the Vesely-Fussell hteasure

Basic Event

AFCCPRECLB

RRI IFL0850A

RRI IFL0850B

CTCCCSGBLO

HVh11;iAITIA
R('hth10430N2

R('ht h14 t I('N2
hlS('( ('hl5 IVX
h'ISMV( 3504A

11NXVXO)4 la

hISXVX03520

hISXVX03668

V)lll)ll ) 0

CSl.ll)I;ItJ21

CCI Iltl0780A
R1 I I II'I.ACOIA
CCIIFIA)780B

RHI I lrLACOIB

CR MV'rr0896A

CRMVZ0896B

AplIFDXSA&V
RHTMOOOOOA

RHTMOOOOOB

AFfhlSAFWPC

TLCCFhIA&VS

SICCh10867X

IASVP 14206

IASVP14307

IAS VX05736

IASVX05737

SWh1VP9629B

RRHFDRCROM

DChthtCB04BK

DCh1MMAINI B

IX'hththl('1101 B

R(. hlVX00515

Description

Common cause failure of AOVs 9710A and 9710B to open

LATENTHUMANFAILUREOF MOV 850A

I~TENTIIUhIANFAII.UREOF hlov 850B

Commnn Cause Failure of Steam Generator Blowdown AOVs to Close

htOT()R-I)RIVEN FAN Al'I'Ih (SAIAV.A)FAII 'i TO START

S()l.liN()ll)VAI.VII8619A Ithll8 TO OPEN ON DfMAND
5() I.I:.N()II)Vrt I.VII 861') B I'All8 TO OPEN ON DE) 1AND

('otunton ('ance Itatlure ()f h1!ilVs To Oose

hl()V3504A I'atls Io (1nte

hIanual Valve 3412A I'ails to Close

hlanual Valve 35201'ails to Close

htanual Valve 3668 I'ails to Close

RWST level Transmiuer I.T.920 I'ails To Respnnd

RWST lrevle Transmiuer I.T.921 Fails To Respond

CCW TIIROlTI.IYG VAI.VE780AMISPOSlllONED
INTENT H Uh1AN I'*II.URliOlt Rl IR PUMP A (PACOI A)
CCW THROTfLIY(iV*I.Vli780B h1ISPOSITIONED

I&TENTIIUh'IANI'AllURE Ol'IIRPUMP B (PACOI B)
Motor Operated Valve 896h I'ails To Close On Demand (Recirculation)

Motor Operated Valve 896B Fails To Close On Demand (Recirculation)

Operators fail to open cross.tie valves between SARV trains and/or isolate S/G

TRAIN A OUTOF SERVICE FOR MAINTENANCEORTESTING(INJEC11ONI

TRAIN B OUTOI)SERVICE FOR TESTOR hIAINTENANCElINJECflONl
SAFW Pump Train IC out-of.service for ntaintenance

Mechanical Scram Failure Probability (WOG Data)

Common Cause Failure To Open OfCheck Valves 867A dc 867B

SOLENOID VAI.VE14206S FAILS TO OPEN (STANDBY)

SOLENOID VALVE14307S FAILS TO OPEN (STANDBY)
Solenoid Valve 5736S I'or AOV 5736 Fails to Deenergizc

Solenoid Valve 5737S for AOV 5737 Fails to Deenergize

hIotor operated valve 9629B fails to open

I'ailure to Switch to Recirculation Afterh11.()CA

I'ailure of ('ircuit li212 ('I'o RA Racks Train B)

I'ailure of ('ircutt Ii76 ('I'o hIain IX')isuibution Panel B)
I'ailure of ('ircmt I'.10) ('I'o hl('ll IX')tstribut ton I'anel I B)

ht()T()R ()I'I!RAI ill)VAI.VI'I515 I'All.'I() Cl ()5 E

VF
2.84F 03

2.70E-03

2.70E-03

2.56E-03

2.47F:03

2.32E-03

2.32L'-03

2.2811.03

2.2511-03

2.22F:03
2.22L'-03

2.22F:03

2.14E 03

2.14E-03

2.06L'-03

2.06L'-03

2.06E.03

2.06E-03

2.04E-03

2.04E-03

2.02E-03

1.99E-03

1.99E-03

1.92E-03

1.91E-03

1.85E-03

1.80E-03

1.80E.03

1.62E-03

1.62E-03

1.621'3
1.58E-03

1.54E.03

1.54E-03

1.54E.03

1.42E.03

RRW

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

I

I

I

6.58 4.85F 04

1.9 7.83E-OS

" 1.9 7.83E-OS

2.44 - '.25F OI

1.34

1.06

1.06

1.45

1.99

1.99

1.99

1.99

1.23

1.23

1.68

1.68

1.68

1.68

1.16

1.16

I

1.68

1.68

1.34

1060

I.I
I.l

1.99

1.99

1.1 I

16.8

1.05

3.00E-OS

5.84E-06

5.84E-06

'3.92E-OS

8.58E-OS

8.58L-GS

8.58E-OS

8.58E.OS

1.97E-OS

1.97E-OS

5.97E-OS

5.97E-OS

5.96E-OS

5.96Fr 05

1.40E.OS

I 40P~OS

1.76F 07

5.97E-OS

5.96E-OS

3.00E-OS

9.20E-02

2.10F.-03

9.00E 06

9.00E-06

8.58E.OS

8.58E-OS

1.37E-03

3.77E-03

3.77K-03

3.77E-03

4.87E-06

RAW BIRNBAUM
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Table 3.4-2

Importance hleasures Sorted by the Vesely-Fussell hleasure

Basic Event

RCRZT0431 C

RIICC697A/8

RHCC853A/8

.ClllFDISOIA
HVThIShliV A

Sl ( ('hI087)IX

kR I'I'1hlII I.(IA

Alllpl'ihl (Vh

I I Villi SAIIVA
hlShlV( 351)SA

h1SX VX03521

hlSXVX03669

MSXVX3413h
D("fh1000018

Al fhlSAliVIA
AFAVP97 IOA

IAXVK00371

RRPPJhlBLOB

RklH1)RCRSS

DGDGA00018

MSCCARVAIR

IASVX05735

SIHFL857AC

SI HFL08578

ACCBD28TBB

ACCBD52118

AFFfDO(084

ACCBD16118

ACCBD161 IC

ACCBDI/OIK

ACCBN 1612A

ACCBN1613C

ACCBN161 4A

ACCBN1614C

ACCBN161 SA

ACCBY 1 6158

ENANCE

Description

PORV PCV-431C Fails To Reseat After Steam Relief

CIIECK VALVES697A, 6978 FAILTO OPEN <common cause event>

CIIECK VALVES853A, 8538 FAII.TO OPEN <common cause event>

Operators Fail to Isolate S/G A
iSAFW ROOM HVACSTRING IN hlhlNTENANCE
('hick valves 878(i and 8781 fail to open due to common cause

('()Nl)l'll()NAI.I'k()BABII.I'IYOF hlBI.OCA IN A RHR I.INE
I"atlure to restore SAFW Pump Train lC to service post test/maint
I.ATI!,"i'I'l~hlANIIRRORS IN SAI'W-ACOOI.ING INCI SWITCH-A POSITI()N
M()V 3505h I'ails to Close

Manual Valve 3521 I'ails to Close

h1 anual Valve 3669 I'ails to Close

h1anual Valve 3413A I'ails to Close

l)II'SI!l.(IEYIIRATORKDGOIB UNAVAILABLEDUETO TESTING OR MAINT
SA IIVinjection line toS/G A out.of-service for maintenance

Airoperated valve 9710A fails to open

S()LI'IN()IDVALVE14204S I'OR AOV371 FAllS TO DEENERGIZE
CONDI110NAI.PROBABII.ITYOFhIBLOCAIN8 RHR LINE
I'ailure to Switch to Recirculation After SSLOCA

DIESEL GENERATOR KDGOI8 FAILS TO START
COhlhlON CAUSE FAILUREOF AIROPERATED ARVS

Solenoid Valve 5735S I'or AOV 5735 Fails to Deener81ze

Latent I luman Failure of MOV 857A OR 857C

Latent lluntan Failure of MOV 8578

4160 VACBus 118 Bus 128 Tie Breaker 52/BTB-8 (BUS I I8/21) Fails To Operate

4160 VACBus I I8 Feeder Circuit Breaker 52/I I 8 (BUS I I8/22) Fails On Demand

Flow transnutter Ff-4084 fails to respond

AC BREAKER BUS16/118 FAILSTO OPERATE

AC BRL)AKERBUS16/I IC FAILS TO OPERATE

AC BREAKER MCCJ/OI K FAILS TO OPERATE

AC BREAKER BUS16/12A FAII>TO OPEN

AC BREAKER BUS16/13C FAILS TO OPEY

AC BkliAKERBUS16/14A I'AILS TO OPEN

AC BRIIAKERBUS16/14(.''All 8 TO OPEN

AC'RIIAKI!RBIJS16/ISA I'All8 TOOPEN
A('kliAKIk BUS16/158 I'All8 T() OPEN

VF
1.42F 03

IAI E-03

1.41E 03

1.35F 03

1.31E-03

1.21E.03

1.14E.03

I 04E.03

1.04E-03

1.03L'-03

I.OIL'-03

I.OIL-03

I.OI F:03

9.87E-OI

9.84E-OI

9.83E-O(

8.90E.04

8.57E-OI

8AOE.04

8.22E-04

7.85E-04

7.42E.04

7.16E-04

7.15E-04

7. IOE-04

7.IOE-04

6.98E-OI

6.48E-ot

6A8F M
6.48E-04

6A8F~04

6A8E-Ot

628 E-OI

6A8E-04

6.48F OI

6.48E-OI

RRW

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1.28

16.8

16.8

1.45

1.34

16.8

1.22

1.34

1.34

IAS
IAS
IAS
1.45

1.17

1.34

1.34

3.07

1.22

1.17

1.05

1.45

1.24

1.24

1.18

1.18

1.34

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

2.47F 05

1.37E 03

1.37F 03

3.92E-OS

3.00E-OS

1.37E-03

1.9 1 L-05

3.008.05

3.00E.OS

3.92E-OS

3.92E.OS

3.92l~05
3.92E-OS

I A6E-05

3.00E-OS

3.00E-OS

1.80F OI

1.91E-OS

7.30E-04

I A6E-05

4.62F 06

3.92E-OS

2.07E-OS

2.07E-OS

1.60E-OS

1.60E-OS

3.00L'-05

I A6E-05

I A6E-05

IA6E 05

IA6E-05

1.46L'-05

IA6E.OS

1.46E.OS

IA6E-05

I A6E-05

RAW BIRNBAUM
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Table 3.4-2

Importance ihleasures Sorted by the Vesely-Fussell hleasure

Basic Event

ACCBN1615C

ACCBN1616A

ACCBN1617A

ACCIFN1727C

ACCBN1727D
A('('BNhl('l)5K
k('hth104)OIA
k('ht51431('IA

kllhth1A( OIAA

Rllh1hlA1 Ol BA
( ('I ill)START
ACCBRC2648

RClll'LPC451
k(.'II I'I.PC452

R(.'I IFI.P IA51

RCIIFI.IiT452

RChl hIOIiT451

RChl MOPT452

ACCBR012AY

ACCBR75112

Description

AC BREAKER BUS16/15C FAILS TO OPEN

AC BREAKER BUS16/16A FAILSTO OPEN

AC BREAKER BUS16/17A FAILS TO OPEN

AC BREAKER BUS17/27C FAILSTO OPEN

AC BRFAKER BUS17/27D I'AllS TO OPEN

A('RIIAKERhlCCD/5K ItAILSTO OPEN

S()l.liN()IDVAI.VI 8620A I'All8 TO OPEN ON Dl MAND
S()I.IIN()ll)VAI.Vt:.8620B I'All8 TO OPEN ON DEh1AND
PA('Ol A fatls to stan

A(.'OI II I'ails to Start

()I'IIRATORI'All8 TO START A CCW PUhlP FOLLOWING AN EVENTWITIIBOTII A LOOP

AC BREAKER IBPDPCBC/Ol (CIRCUITC2648) TRANSFERS OPEN

AIARMPC-451 ihllSCALIBRATED

Al~lkht PC-452 ihlISCALIBRATED
I'Rl iSUkETRAYSh1ITrER PT-451 MISCALIBRATED
PkFSSURE TRANSihtlTI'IIRPT-452 MISCAI.IBRATED
I'Rl iSURE TRAY'ih1ITTERPTAS I FAII>TO RESI'OND TO IIIGIIPRESSURE CONDITION
I'RF'iSURE TRANShtITTI!kPT-452 FAIIATO RESPOND TO IIIGIIPRESSURE CONDITION
4160 VACBreaker 52/12AY (4160 VAC Bus 12A Normal Supply) Transfers Open

34.5 kVAC Circuit Breaker 52/75112 (RGB E Circuit 751 From Substa. 204) Fails

ANDSI

VF
6 48E.04

6 48E.04

6 48E-OI

6.48E-04

6 48E-Ot

6.48E.04

6.47E-OI

6.47E;04

6.04L'-Ot

6,03f;-Ot

2.02E-06

7.19L-08

1.43E.08

I 43L-08

1.43 L'-08

1.43E-08

6.45E-09

6.45E-09

9.68F:10

9.68E- IO

RRW RAW
I 1.17

I 1.17

I 1.17

I 1.17

I 1.17

I 1.17

I 1.02

I 1.02

I 1.24

I 1.24

I 1.01

I 1.01

I I

I I

I I

I I

I I

I I

I I

I I

BIRNBAUM
I 46F 05

1.46F 05

1.468.05

1.46E-05

I 46E-05

1.46E-05

1.63E-06

1.63E-06

2.07L'-05

2.07E-05

7.28E.07

6.84E-07

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00
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Table 3.4-3

Importance hfeasures Sorted by Risk Reduction AVorth

Basic Event

RCIIFDCDDPR

RCHFDCDTRI

RCRYT00434

RCRYT00435

RHCC852A/B

R kMitI IXB FL5V

kllilhtt)(N52B
kR I IXFA('02A

kllithtO()lt52A

itSAVXO)516
(".i('('itl.l)kWT
RRCC850A/B

IXsDCiROOIB

CVAVX00371

NRHLLTDOWN

SIC(. itPSI I Y

RRitht00850B

YRHI.RHRlllL
SRCCM897/8

RRhlh100850A

SWhIVP9629A

MSAVX03517

CS h1 h1896A/B

RHCCPUMPAB

SICChIPSI IX
NRHSOALTCD

CCCC738A/B

RRCCh10857M

CRCCM0896X

SRCChIPSIIY
CI'AVX05736

CTAVX05737

RRMVP0857B

YR()CiR I D IOII

Rl I IH'DOSGTR

itSAVI'03411

ratton

04A

RED S/G

Description

Operators Fail To Cooldown and Depressurize RCS During SGTR Given SI Ope

Failure to Coo!down to RHR After Ruptured S/G Isolation Fails

Pressurizer Safety Valve PCV-434 Fails To Reclose Following Steam Relief
Pressurizer Safety Valve PCV-435 Fails To Reclose Following Steam Relief
it()VS 852A. 852B FAH.TO OPEN <common cause event>

I'ailure of components for kllk liest Exchanger B

8521) Fails to ()pen

Ini iT IIXQIAN(iERI!AG)2ACOOLENG CAP. I'AILS lRECIRCl
852a Fatls to ()pen

htSI V 3516 I'ails to Close

Common Cause Failure To Respond OfTSIOI (RiVST) Level Transnduers

hIOVS 850A/B FAILTO OPEN <common cause event>

DIESEI. GENERATOR KDGOIB FAILS TO RUN
AOV 371 FAll>TO CLOSE

FAILURETO LOCALLYISOLATELETDOWNVALVEAOV-371 USING 2
PS!01 A. PSIOI B 8c PSIOIC fail to run during injection due to common cause

hIOV 850B FARYTO OPEN (RECIRCULATION)
FAILURETO THROTFLE RHR FLOW USING 715 AND717

htOVs 897 and 898 I'ail to close due to common cause

htOV 850A FAILS TO OPEN (RECIRCULAllON)
htotor operated valve 9629A fails to open

hISIV 3517 Faib to Close

MOV896A Or 896B Transfers Closed (Fails CS And SI From RWSl)
PUMPS A AND B FAILTO START <common cause event>

PSIOIA, PSIOIB k PSIOIC fail to start for injection due to conunon cause

FAILURETOCOOLDOiVN AFTER SGTR USING STEAhd DUhIP OR RUPTU
hIOVS 738A/B FAlLTO OPEN <common cause event>

hIOVs 857A, S57B and 857C fail to open due to common cause

Common Cause Failure Of MOVs 896A And 896B To Close (Recirculation)
PSIOI A, PSIOI B 4, PSIOIC fail to run for recirc. due to common cause

AOV 5736 Fails to Qose

AOV 5737 Fails to Qose

hIOV 857B fails to open

FAILURET() RESTORE 011rSITE POWER I'ROit GRID WITII IN IOII
I'ailure to Establish or ilaintain RHk Cooling I'ollowingSGTR

Alk ()I'I!RATIII)VALVli3411 I'AH 'i TO OPEN (ARV A)

VF
1.38E-OI

1.38E-OI

1.32E-OI

1.32E-OI

8.58E.02

5.60E-02

5.54E.02

5.35E-02

5.34E.02

3.74E-02

3.30E-02

3.24E-02

2.48E-02

2.47E-02

2.33E-02

2.07E-02

2.05E-02

1.98F 02

1.95E-02

1.94E-02

1.75E-02

1.71F 02

1.63E-02

I.43F 02

1.35E-02

1.22E-02

1.21E-02

1.17E.02

1.17E.02

1.06E-02

I.OIF 02

1.01 E-02

9.66E-03

9.63E-03

9.16E-03

8.60E-03

RRiV

1.16

1.16

1.15

1.15

1.09

1.06

1.06

1.06

1.06

1.04

1.03

1.03

1.03

1.03

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.01

1.01

1.01

1.01

I.OI

1.01

1.01

I.OI

1.01

1.01

1.01

1.01

1.01

RAW

139

14.1

18.7

18.7

2.92

2.1

2.83

2.07

2.05

36.1

36.1

I.S

1.4

2.27

25.6

2.7

1.45

13.6

2.6
2.18

I.48

25.6

36.1

25.6

22.8

36.1

13.6

13.6

13.6

2.07

2.07

1.8

1.17

10.1

1.05

BIRNBAUM
1.20E-02

1.15E-03

L55E-03
1.55E-03

1.95E-03

1.71 E-04

I.OIF OI

1.64E-04

9.72E-05

9.4 1 E-05

3.05E-03

3.05E.03

7.19E-05

3.73E-05

I.I2E-OI
2.14E-03

I 49E-04

4.IOE-05

1.108.03

I 41E-0I
1.04E-OI

4.30E-05

2.14E-03

3.05E-03

2.14E-03

1.90E-03

3.05E-03

I. IOE-03

I. IOE.03

I.IOE-03

9.41E-05

9.41F;05

7.05E-05

1.55E-05

7.96F 04

5.06E-06
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Table 3.4-3

Intportance hfeasures Sorted by Risk Reduction SVotth

Basic Event

RRMVP0857A

RRMVP0857C

CShLMOORWST

RRHFDRCROA

Rl lhlVP08521r
SW('('.PSWSIVB

IXilXiFOOOIA

hISR Yl'03508

hl'.ikYl'03510

hlSRYT03512

MSRYI03514

DGCCOOOR UN

RChlhlTRC04A

RChthlTRC048
SWMVN04616

CRMVX00897

CRhlVX00898

AFMMSAFWPC

AIMhISAFWPD

ACLOPRTALL
CCMh100738A

RCIIFDOORCP

h1SA VP03410

RRPTI IPC629

CI'AVX05735

CCMh1007388

IAIIFDCNTBK
SWh1VNCCFSS

DChlhlC804AN
MSRYT03509

hlSRYT03511

hlSR YT03513

hISR Yr03515

Rll( Vi'008S4

( 11 I I1) IS()1.8

CC I'KISI

CORGI�!

ompressors

WCCFGMOVN

Descripuon

hlOV 857A fails to open

MOV 857C fails to open

Insufficient Flow Available From TSIOI (RWST)

Failure to Switch to Recirculation After LLOCA
hl()T()k-OP VAI.VE8528 FAII>TO OPEN iIN)ECTIONt

( ommon cause I'ailure of hl()Vs 9629A and 96298 tu open
~ I)IFSlil.Gl!NERAl'OkKD(iOIAFAILS TO RUN

Steant (ienerator Relief Valve 3508 I'ails to Close After Steam Release

Steam (ienera(or Reltef Valve 3510 I'ails to Close After Steam Release

Steam Generator Relief Valve 3512 Fails to Close After Steam Release

Steam Generator Relief Valve 3514 Fails to Close After Steam Release

DILSEI. GENERATORS I'AILTORUN (COMMON CAUSE)

FAILUREOF NITROGEN SUPPLY TO PCV.430

FAII.UREOF NITROGEN SUPPLY TO PCV-43IC

Service Water l leader Isolation MOV4616 Fails To Open On Dentand

htOTOR-OPERATED VALVI.'97FAllS TO CLOSE

MOTOR.OPERATED VALVE898 FAILSTO CLOSE

Failure of SAI W Pump I C uain

Failure of SARV Pump IDTrain

Loss of AllOff-Site Power Following Reactor Trip
MOV738A FAILS TO OPEN

Operators Fail to Trip RCPs After Loss of CCW Support

AIR.OPERATED VALVE3410 FAILSTO OPEN (ARV 8)
Pressure transmitter PIC-629 fails high

AOV 5735 Fails to Close

hIOV 7388 FAlLS TO OPEN

Operators fail to restore IAto the contain ment (AOV 5392, S W to IAC

Beta Factor For Common Cause Failure Events SWCCFBMOVN d). S

Failure of Circuit E215 (fo RA Racks Train A)
Steam Generator Relief Valve 3509 Fails to Close After Steam Release

Steam Generator Relief Valve 3511 I'ails to Close After Steam Release;

Steam (ienerator Relief Valve 3513 I'ails to Close After Steam Release

Steam Generator Relict'alve 3515 I'ails to ( lose After Steam Release

('Ill!('KVAIVE 8S4 I'All8 'I'() ()I'I N (IN)liC"I'l()Nt

()perators Itatl to Isolate SIG 8
( ( W Sl'k(ip.TANK kltlrilikli

VF—
8.53E-03

8.53E-03

8.49E-03

8.29E-03

8.19F 03

7.86E.03

7.82E-03

7.45L'-03

7ASL.03

7ASF:03

7ASE-03

6.96L-03

6.77E-03

6.77E-03

5.82F 03

5.69E-03

5.69E-03

5.24E-03

5.24E-03

4.74E-03

4.47E-03

4.36E-03

4.34F 03

4.32E-03

4.20E-03

3.89F 03

3.83E.03

3.57E-03

3.38E-03

3.11F 03

3. I IE 03

3.11E-03

3.11E-03

3.09E-03

2.96Fr 03

2.95E.03

RRW

1.01

1.01

1.01

1.01

1.01

I.OI

1.01

1.01

I.O I

I.OI

1.01

1.01

I.OI

I.OI

I.OI

I.OI

1.01

1.01

1.01

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I 71

1.71

34

3.06

1.16

8.72

1.25

2.08

2.08

2.08

2.08

3.96

I.I
I.I

2.32

6.22E-05

6.22E-05

2.87E-03

1.80E-OI

1.49E-05

6.71E-OI

2.26E-05

9A I E.05

9A I E-05

9A I E-05

9A I E-05

2.58F Ot

8.92E-O6

8.92E-O6

1.16E-OI

1.26 2.33E-05

1.26

1.22

1.22

5.73

1.93

2AS

1.03

1.66

)AS

1.81

2.27

1.05

95.9

1.45

IA5
1.45

1.45

3.07

1.98

2.338-05

1.96E-05

1.96F 05

4.12E-04

8.15E-05

1.26E.04

2.55F 06

5.73E-05

3.92E-05

7. IOL'-05

I.I I E-OI

4.38E-O6

8.25E-O3

3.92E-05

3.92F 05

3.92F 05

3.92E-05

1.80E-04

8.58E.05

2.10E-03

RAW 8IRNBAUM
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Table 3.4-3

Importance Measures Sorted by Risk Reduction Worth

Basic Event

AFCCPRECLB

RRI IFLOSSOA

RRI IF L0850B

CTCCCSGBLO

IIVMI I All'IA
k('hlh104)ON2
k('htM4 1 I('N2
hlS('( ( hiS IVX

MSMV('3504A

htSX VX03412

hlSX VX03520

hlSX VX03668

CS I.TI)I:P)20

CS LTDI.T)21

CCI I lily)780A
RIII IFI.ACO I A
CCIIHA)780B

Rl I I Ill.ACO I B

CRMVZ0896A

CRMVZ0896B

AFIIFDXSARV
Rl ITMOOOOOA

RIITh100000B

AFI'h1SAFWPC

TLCCFhIATWS

SICCh10867X

IASVP14206

IASVP I 4307

IASVX05736

IASVX05737

SWhlVP9629B

RRI IFDRCROM

DCMhlCB04BK
IX'hlhlhtA IN I I)

IX'MhlM('BOIB

k('MVXOOSIS .

Description

Common cause failure of AOVs 9710A and 9710B to open

LATENTHUhlANFAILUREOF MOV SSOA

LATENTIIUhIANFAILUREOF MOV 850B

Common Cause Failure of Stcam Generator Blowdown AOVs to Close

hl()T()R.DRIVEN I'ANAlililA(SAIC-A)IiAILiTO START

S()l.liN()IDVAI.VEI8619A liAII8 TO OPEiV ON DEMAND
S()I.ILV()ll)VAI.VI'.861')ll FAII 8 TO OPEN ON DEhlAND
( onuuon ( ause Failure Of MSIVs To Q<ise

hR)V 3504A I'atle tii(lose
hlanual Valve 3412A I'ails to Close

Manual Valve 3520 Iiails to Close

Manual Valve 3668 Iiails to Close

RWST Level Transnutter LT-920 Fails To Respond

RWST Iwvle Transmiuer I.T-921 Fails To Respond

C(W TIIROlTI.IN(iVALVE780A M k) POSITIONED

INTENTIIUM*NIiAII.UREOFRIIR PUh1P A (PACOIA)
CCW TIIRDTTI.INGVALVE780B hllSliOSITIOiVED

LATENTIIUhlANI)AILUREOF Rllk I'UMP B (PACOIB)
Motor Operated Valve 896A Fails To Close On Deniand (Recirculauon)

Motor Operated Valve 896B Fails To Qose On Dcntand (Recirculauon)

Operators 1'ail to open cross-ue valves between SAFW trains and/or isolate S/G

TRAIN A OUTOF SERVICE FOR hlAINTENANCEORTESllNGllNIEC11ON)
TRAIN B OUTOF SERVICE FORTESTOR MAINTENANCE)INIECTION)

- SAFW Pump Train IC out.of-service for maintenance

Mechanical Scram Iiailure Probability (WOG Data)

Common Cause Failure To Open Of Check Valves 867A 4'67B
SOLENOID VALVE14206S FAILS TO OPEN (STANDBY)

SOLENOID VALVE14307S FAILS TO OPEN (STANDBY)
Solenoid Valve 5736S for AOV 5736 Fails to Deenergize

Solenoid Valve 5737S for AOV 5737 Fails to Decnergize

Motor operated valve 9629B fails to open

Failure to Switch to Recirculation After hll.()CA
Iiailurc of Circuit I!212 (To kA Racks Train B)
liailurc of ( itcmt I'176 (To h'lain IX l)istril>ution Panel B)
I'atlurc uf ('iicuit Ii103 gl'o hlCB IX')retribution Panel IB)
hit fit)k.()PI!RA11!I)VAI Vl'. 515 I'All.'I()('1.()SE

VF
2.84F 03

2.70E-03

2.70E-03

2.56E-03

2 47E.03

2.32L'.03

2.32E-03

2.28E.03

2.25E-03

2.22E.03

2.22E-03

2.22F:03

2.14E-03

2.14L'.03

2.06F;03

2.06L-03

2.06L'-03

2.06E-03

2.04E-03

2.02E-03

1.99E-03

1.99E-03

1.92E-03

1.91E-03

I.SSE-03

I.SOE-03

1.80E-03

1.62E-03

1.62E-03

1.62E.03

1.58E-03

1.54E.03

1.54E-03

1.54F:03

142F 03

RRW

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

RAW
6.58

1.9

1.9

244
1.34

1.06

1.06

1.45

1.99

1.99

1.99

1.99

1.23

1.23

1.68

1.68

1.68

1.68

1.16

1.16

I

1.68

1.68

1.34

1060

25.2

I.I
1.1

1.99

1.99

I. I I

16.8

44.4

44.4

1.05

BIRNBAUM
4.85E-OI

7.83F 05

7.83E-OS

1.25E-OI

3.00E.OS

5.84E-06

5.84E-06

3.92E-OS

8.58E-OS

8.58E-OS

S.SSE-OS

8.58E-OS

1.97L'-05

1.97E-OS

5.97E-OS

5.97F 05

5.96E-OS

5.96E-OS

I 401'5
1.40E-OS

1.76F 07

5.97E-OS

'5.96E-OS

3.00E.OS

9.20E-02

2.1OE-03

9.00E-O6

9.00E-O6

8.58E-OS

S.SSE-OS

9.64E-06

1.37E-03

3.77E-03

3.77F.-03

3.77E-03

4.87E-06
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Table 3.4-3

Importance hfeasures Sorted by Risk Reduction IVorth

Basic Event

RCRZT0431C

Rl ICC697A/8

RlICC853A/8

ClllFDISOIA
IIVTMSAliVA

5 I('('i1087 ttX

RR Pl'I if ill.thi
AFI IF I.iAliVA
I IVIIllSAFWA

MSMV( 3505A

ifSX VX03521

MSXVX0366')

hfSX VX3413A

DGTif000018

AH<if SAFW I A

AFAVI")710A

IAXVK00371

RRPPJhfBU)8

RRI IFDRCRSS

DGDGA00018

MSCCARVAIR

IASVX05735

SIIIFL857AC

SIHFL08578

ACCBD28TBB

ACCBD52118

AFFI'D04084

ACCBD16118

ACCBD161 IC
ACCBDJ/OI K
ACCBN1612A

ACCBN1613C

ACCBN1614A

ACCBYI614C
ACCBiV161SA

ACCBN16158

P()S ITION

OR MAINTENANCE

To Operate

n Demand

Description

PORV PCV-431C Fails To Reseat After Steam Relief

CIIECK VALVES697A, 6978 FAII.TO OPEN <common cause even+

CIIECK VALVES853A, 8538 FAILTO OPEN <common cause event>

Operators Fail to Isolate S/G A

A SAI iVROOM IIVACSTRI<NG IN hfAINTENANCE
(t«ck valves 878G and 878J I'atl to open due to comnton cause

(.()N I)I'l()NAI. P R()8 AI)II.I'IY()It <ifIII.OCA I<N A Rl IR I.IN
L''a<luret«rest«re SAI N< I'ump Train I C to service post test/ntaint

I VIEINT111'if,iN I:RR()RS INSAIW.ACOOI.ING 1<VCI SWITCII.A
i1()V 3505<i Fails to Close

Manual Valve 3521 Fails to Close

<ifanual Valve 3669 I'ails to Close

Manual Valve 3413A I'ails to Close

Dll"iEl. GI'.NERATOR KD(i018 UNAVAILABLEDUE TO TESTI YG
SAIiV injection line to S/G A out.of-service for maintenance

Airoperated valve,97 IOA fails to open

SOLENOID VALVE14204S I'OR AOV 371 FAILS TO DEENERGIZE
CONDITIO<VALPROBABII.ITYOF hfBLOCA IN 8 RIIR LINE
Failure to Switch to Recirculation After SSLOCA

DIESEL GENERATOR KDGOIB FAILS TOSTART
COMhfON CAUSE FAILUREOF AIR OPERATED ARVS

Solenoid Valve 5735S I'or AOV 5735 Fails to Deener81zc

Latent 1luntan Failure of hfOV 857A OR 857C

Latent Ilnman Failure of hfOV 8578

4160 VAC Bus I I8 Bus 128 Tie Breaker 52/BTB-8 (BUS I I8/21) Fails

4160 VAC Bus 118 Feeder Circuit Breaker 52/118 (BUS I I 8/22) Fails 0
Flow transmitter FT-4084 fails to respond

AC BREAKER BUS16/118 FAILS TO OPERATE

AC BREAKER BUS16/I IC FAILS TO OPERATE

AC BREAKER hfCCJ/01 K FAILS TO OPERATE

AC BREAKER BUS16/12A FAll>TO OPEN

AC BREAKER BUS16/13C FAll>TO OPIiN

AC 8RIIAKIR 8 US 16/14 A I'All8 T() OPEY

AC BRliAKER 81 JS16/14C FAII 'i T() OPli<V

A(.'lRI:AKER81 IS16/ISA FAII.'i TO ()PliY
AC BRFAKI!RBlki16/158 I'AlliTO ()PE<V

VF
IA2E-03

IAIE-03

IAIE.03

1.35E-03

1.31E-03

1.21 E-03

1.1411-03

1.04E-03

l.04E-03

1.03E.03

1.01 Fr03

1.01 E-03

I.OIE.03

9.87E.OI

9.84E-04

9.83E-04

8.90E-04

8.57F 04

8AOF 04

8.22E-OI

7.85F 04

7A2E.04
7.16E-04

7.15E-04

7. IOE-04

7.10E.04

6.98E.04

6A8E.04

6A8E.04

6A8E-04

6A8E-Ot

6A8E-04
638L'-04

6A8E.OI

6.48F 04

6A8E-04

RRW

1.28

16.8

16.8

IAS
1.34

16.8

1.22

1.34

1.34

1.45

IAS
IAS
IAS
1.17

1.34

1.34

3.07

1.22

9A
1.17

1.05

1.45

1.24

1.24

1.18

1.18

1.34

1.17

1.17

1.17

1.17

l. 17

1.17

1.17

1.17

1.17

2.47E-OS

1.37E.03

1.37E.03

3.92E-OS

3.00E-OS

1.37F 03

1.91 E-05

3.00E-OS

3.00E-OS

3.92E-OS

3.92F 05

3.92E-OS

3.92E-OS

IA6F 05

3.00E-OS

3.00E-OS

I.80E-OI

1.91E.OS

7.30F 04

I A6E-05

4.62E-06

3.92E-OS

2.07F 05

2.07E-OS

1.60L-OS

1.60E.OS

3.001'-05

I A6E-05

IA6E-05

I A6E-05

1.46F.OS

1.46E-OS

I A6E-05

IA6F 05

IA6F 05

IA6E-05

RAiV BIRNBAUM
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Table 3.4-3

Impor(ance Measures Sorted by Risk Reduction Wodh

Basic Event

ACCBN1615C

ACC8N1616A

ACCBN1617A

ACCBN1727C

ACCBiN1727 D

A('( BNhl( l)5K
k('hIM04tt)IA
k( hlM4t I ('IA
k I I h1 MA(.'0IAA

k I I h1h'I A('011)A

( ('llpl)S1'ART

A( CBR('2648

RCI I I'LPC451

k(.'II I'I.PC452
R('I II'l.l'IASI

RCI II'l.l'T452

RChth101 f451

kCihlhIOPf452

ACCBROI2AY

ACCBR75112

Description

AC BREAKER BUS16/15C FAILS TO OPEN

AC BREAKER BUS16/16A FAILSTO OPEN

AC BREAKER BUS16/17A FAILS TO OPEN

AC BREAKER BUS17/27C FAILS TO OPEN

AC BkEAKER BUS17/27D FAILiTO OPEN

A( BRI!AKL'kM('(I)/5KI'AIIST() OPEN

S()l.l'~()ll)VAI.VE8620A I'AILSTO OPEN ON DlihIAND
S()l.l!N()ll)VAI.VI 8620B I'AILiTO OPEN ()N DliihIAND
I'A(OIA4115 ui start

AA)I B I'ails to Start

()PERA1()R FAII 8 1'() STAkT A CCW PUhIP FOI.I.OWING AN EVENTWITIIBolllA LOOP

AC BREAKIIRIBPDPCBC/Ol (CIRCUITC2648) TRANSFERS OPEN

AI&khtPC-451 h1ISCALIBRATFD

AI&kh1PC-452 hIISCAI.IBRATED
PRLSSURE TRANSih111 fER I'-451 MISCALIBRATED
PRESSURE 1'RANSh111 fEk PT-452 MISCALIBRATED
Pkl SSU RE TRANSh111TER I'T45I FAILS TO RF'iPOND TO IIIGIIPRESSURE CONDITION
PRESSURE TRANSihllTfERI'-452 FAILS TO RESPOND TO lllGIIPRESSURE CONDITION
4160 VAC Breaker 52/12AY (4160 VAC Bus 12A Norntal Supply) Transfers Open

34.5 kVACCircuit Breaker 52/75112 (RG8cE Circuit 751 From Substa. 204) Fails

ANDSl

VF
6ASF 04

6A8E-01

6.48E.04

6.48E-01

6ASF OI

USE.01
6.47L'.04

6.47E.OI

6.04L.04

6.03l!.04
2.02L'.06

7.19lr08
I A3E.08

IA3E.08

I A3E.OS

1.43E-OS

6ASE-09

6.45E-09

9.68K- IO

9.681'0

RRW RAW BIRNBAUM
I 1.17 1.46F 05

I 1.17 1.46E.05

I 1.17 1.46F 05 .

I 1.17 IA6F 05

I 1.17 1.46E.05

I 1.17 IA6E-05

I 1.02 1.63E.06

I 1,02 1.63E.06

I 1.24 2.07E-05

I 1.24 2.07L'.05

I I.OI 7.28F:07

I 1.01 6.84E.07

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00
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Table 3.4-4

Importance Measures Sorted by Risk Achievement IVorth

Basic Event

TLCCFMATWS

RCIIFDCDDPR

DChlMCB04AN

DCMhlCBO4BK

DChlhlMAINI B

IX hlhlhl('IIOIB
(".i('( hH.I)RN

I'R('('85()A/Ik

R I IC('P I 'I'Alt
C('C('73 8 A/It

CShlMOORWS'I'ICCMPSI

I Y

CShihl 8')6A/B

SICCMPS I I X
CCTI"JSURGE

SICChl0867X

RHCC852A/B

NRIISOALTCD

RCRYTO0434

RCRYT00435

RRHFDRCROh1

RIICC697A/B

RlICC853A/B

SICCM0878X

RCHFDCDTRI

SRCCM897/8

RRCCM0857M

CRCCM0896X

SRCCMPSII Y
RIH IFDOSGTR

RRIIFDRCRSS

SWCCPSiVMVB

AFCCPRECLB

ACI.OPRTALL
DGCCOOORUN

RHCVP00854

peration

PTURED S/G

Description
Mechanical Scram Failure Probability (WOG Data)

Operators Fail To Cooldown and Depressurize RCS During SGTR Given SI 0
Failure of Circuit E215 (To RA Racks Train A)
Failure of Circuit E212 (To RA Racks Train B)
Failure of Circuit E76 g'o blain DC Distribution Panel B)
I'ailure of ('ircuit E103 (To hl('ll I)C Distribution Panel I B)
('omiuon ( ause Failure To Respond OfTSIOI (RWST) Level Transnuuers

M()VS 850A/B FAH. T() ()PEN <common cause event>

PIIMI'S A ANI) B I'AH.T() START <common cause event>

hl()VS 738A/ll I'All.TO OPEN <common cause event>

Insufficient liow Available I'rom TSIOI (RWST)
PSIOIA. PSIOI B de PSIOIC fail to run during injection due to common cause

hlOV 896A Or 8961) Transl'ers Closed (Fails CS And Sl From RWST)
PSIOI A. PSIOI B dt PSIOIC fail to stan for injection due to common cause

C&VSURGE TANKRUPTURE

Common Cause Failure To Open Of Check Valves 867A 4e 867B

hlOVS 852A. 852B FAILTO OPEN <common cause event>

FAI LIJ RE TO COOLDOWN AliTERSGTR USING STEAhl DUMP OR RU
Pressurizer Safety Valve PCV-434 I'ails To Reclose Following Steam Relief
Pressurizer Safety Valve PCV-435 Fails To Reclose Followmg Steam Relief
Failure to Switch to Recirculation After MLOCA
CHECK VALVES697A, 697B FAILTO OPEN <common cause event>

CI IECK VALVES853A, 853 B FAILTO OPEN <common cause event>

Check valves 878G and 878J fail to open due to common cause

Failure to Cooldown to RHR After Ruptured S/G Isolation Fails

MOVs 897 and 898 fail to close due to common cause

MOVs 857A, 857B and 857C fail to open due to common cause

Common Cause Failure Of MOVs 896A And 896B To Close (Recirculation)
PSIOI A, PSIOI B 8e PSIOIC fail to run for recirc. due to common cause

Failure to Establish or Maintain RHR Cooling Following SGTR
Failure to Switch to Recirculation After SSI.OCA

Common cause failure of MOVs 9629A and 9629B to open

Common cause failure of AOVs 97IOA and 9710B to open

Loss of AllOff.Site Power I'ollowing Reactor Trip
DH."iEI.GliNERAT()RS I'AH.T() RUN (COMMON CAUSE)
CHIICK VAI.VE854 I'AH 8 TO ()Pl!N lliNJECllONI

VF
1.91E-03

1.38E-01

3.38E-03

1.54E-03

1.54E-03

1.54E.03

3.30E-02

3.24E-02

1.43E-02

1.21 E-02

8.49E-03

2.07E-02

1.63E-02

1.35E-02

2.95E-03

1.85E-03

858 E-02

1.22E.02

1.32E.OI

1.32E-01

1.58F 03

1.41E 03

1.41E-03

1.21E-03

1.38E-OI

1.95E-02

1.17E-02

1.17E.02

1.06E-02

9.16F 03

8.40E-OI

7.86F 03

2.84E-03

4.74E-03

6.96E-03

3.09F 03

RRW

I
1.16

I

I

I

I

1.03

1.03

I.OI

1.01

1.01

1.02

1.02

1.01

I

I

1.09

1.01

1.15

1.15

I

I

I

I

1.16

1.02

I.OI

1.01

1.01

1.01

I

1.01

I

I

1.01

I

RAW
1060

139

95.9

36.1

36.1

36.1

36.1

34

25.6

25.6

25.6

25.2

25.2

22.8

18.7

18.7

16.8

16.8

16.8

16.8

14.1

13.6

13.6

13.6

13.6

10.1

8.72

6.58

5.73

3.96

3.07

BIRNBAUM
9.20E-02

1.20E-02

8.25E-03

3.77F 03

3.77E-03

3.77E-03

3.05E-03

3.05E-03

3.05F.-03

3.05E-03

2.87E-03

2.14E-03

2.14E-03

2.14E-03

2.10E-03

2.10E-03

1.95E-03

1.90E-03

1.55E-03

135 E-03

1.37F 03

1.37E-03

1.37E-03

1.37E-03

1.15E-03

I.IOE-03

I. IOE-03

I. IOE-03

I. IOE-03

7.96E-Ot

7.30E-O4

6.71 E-OI

4.85E-OI

4.12F 04

2.58E-OI

1.80F 04
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Table 3 44
Importance hfeasures Sorted by Risk Achievement IVotth

Basic Event

IAXVK00371

RRIIFDRCROA

RRMMIIXBFLW

RRI IXFAC02A

Rkhlh100850B

Rkhlh100850A
k('I Ill)IX)k('I'

I'( ( ('S(lit 1.()

SWSIVNO(616

NklII.I11 X)WN

IAI1 1'l)CihrlllK

SWhlVI8629A
kllihlhl00852B

hlSRYT03508

hlSR YTO3510

MSR YT03512

hlSRYT03514

Rl IMh100852*
Cl'AVX05736

CfAVX05737

hlSAVX03516

hIShIVC3504A

MSXVX03412

hlSXVX03520

MSXVX03668

IASVX05736

IASVX05737

CPIIFDISOLB

CCMM00738 A

RRIIFL0850A

RR I IF L0850B

CChlM00738B

IXiIXi1%00IB

kkhlVP0857B

kRSIVI 0857A

kR hlV

I'0857('NG

204A

tprcssors

Description

SOLENOID VALVEI42OIS FOR AOV371 FAILS TO DEENERGIZE

Failure to Switch to Recirculation Al'ter LLOCA
Failure of components for RIIR I teat Exchanger B

I lliATEXCIIANGEREAC02A COOLING CAP. FAILS lRECIRC)
ihlOV 850B FAII 8 TO OP I!N (R IICI RCU I&TIOiV)
M()V850A I'All-8TOOPI!N (RECIRCULATION)

()per t r F il to Trip RCI's After lass of CCW Support
('immion ('ause I'ailure of Steam Generator Blowdown AOVs to Close

Service 'tVater I leader Isolation hlOV 4616 Fails To Open On Dentand

ItAII.lIkl T() 1.()CALLY ISOLATELETDOWN VALVEAOV-371 US

()perators fail to restore IA to the containmcnt (AOV 5392, SW to IA Con

hlotor operated valve 9629A fails to open

852B I'ails to Olden

Steam Gienerator Relief Valve 3508 Fails to Close After Steam Release

Steam Generator Relief Valve 3510 Fails to Close After Steam Release

Steam Generator Relief Valve 3512 Fails to Close After Steam Release

Steam Generator Relief Valve 3514 Fails to Close After Steam Release

852a Fails to Open

AOV 5736 Fails to Close

AOV 5737 Fails to Close

MSIV3516 Fails to Close

MOV 3504A Fails to Close

Manual Valve 3412A Fails to Close

Manual Valve 3520 Fails to Close

Manual Valve 3668 Fails to Close

Solenoid Valve 5736S for AOV 5736 Fails to Deenergize

Solenoid Valve 5737S for AOV 5737 Fails to Deenergize

Operators Fail to Isolate S/G B

hIOV 738A FAILS TOOPEiN

LATENTIIUMANFAILUREOF hIOV 850A

LATENTI IUhlANFAII.UkEOF hlOV 850B

hIOV 738B FAII 'i T() OPIIN

I)ilail!I.GI!NIIRA'll)kKl)GOIB I'All'i'I'()kltN
hl()V 85711 fails to iipen

hl()V 857A fails to i>p n

hl()V 857('ails tiiopen

VF
8.90E-(H

8.29E-03

5.60E-02

5.35E-02

2.05E-02

1.94E-02

4.36E.03

2.56E.03

5.82E;03

2.33E-02

3.83L-03

1.75E-02

5.54E.02

7.45E-03

7 45E.03

7 45L'-03

7 45E-03

5.34E-02

1.01 E-02

1.01 E-02

3.74E-02

2.25E.03

2.22E-03

2.22E-03

2.22E-03

1.62E.03

1.62E.03

2.96E-03

4.47E.03

2.70E-03

2.70E.03

3.89E-03

2.48E-02

9.66E 03

8.53E-03

8.53E-03

RRW

I

1.01

1.06

1.06

1.02

1.02

I

I

I.OI

1.02

I

1.02

1.06

1.01

I.OI

I.OI

1.01

1.06

1.01

1.01

1.04

I

I

I

I

I

I

I

I

I

I

I

1.03

1.01

1.01

I.OI

RAW
3.07

3.06

2.92

2.83

2.7

2.6

2.45

244
2.32

2.27

2.27

2.18

2.1

2.08

2.08

2.08

2.08

2.07

2.07

2.07

2.05

1.99

1.99

1.99

1.99

1.99

1.99

1.98

1.93

1.9

1.9

1.81

1.8

1.8

1.71

1.71

BIRNBAUM
1.80E-04

I.80E-OI

1.71 E-Ot

1.64E 04

1.49F 04

1.41E-OI

1.26E.04

I.25F 0I
I.I61 Ot

I. I2frOI
I. I I E-04

1.04E 04

I.OI E-OI

9 41 E.OS

9.41E.OS

9.4 1 E-05

9.41F;05

9.72E.OS

9.41F 05

9 4 IE.OS

9 41 E-05

8.58E-OS

8.58E-OS

8.58E 05

8.58E-OS

8.58E-OS

8.58L'-05

8.58E-OS

8.15E-OS

7.83E-OS

7.83E-OS

7.IOE-OS

7.19E-OS

7.05E.OS

6.22E-OS

6.22E.OS
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Table 3AM
importance Measures Sorted by Risk Achievement )iVorth

Basic Event

CCHFL0780A

Rl IHFLACOIA
CCHFL07808

RH IIFLACOI8
RHThlOOOOOA

Rl I'lsM(XXXX)lt

RRI"I HI'( (i~')

hl8 AVX()t S I 7

NklIl.k Ilk'I'III.
( I'AVX05735

his kYl'0350')

ht8 kYl'03511

ht SR Yl03513

MSRYI'0351 S

MSCCCSISI VX

CllII'I)I.'i()IA
htShlVC3505A

hlSXVX03521

MSXVX03669

hlSXVX3413A
IASVX05735

CVAVX00371

IIVMFSAFFIA
AFI'htSAFWPC

HVTMSAFW A

AFIIFLSABVA
HVIIFLSABVA
AFTMSAFWIA
AFAVP9710A

AFFfD04084

RCRZT043 I C

CRhlVX00897

CRh1 VX00898

D(in(iI'000 1 A

Sl I 111.857A('l

I IBID)85711

Description

CCSV THROTTLINGVAI.VE780A MISPOSITIONED

LATENTHUhlANFAILUREOF RHR PUMP A (PACOIA)
CCW TIIROTILINGVALVE7808 MISPOSITIONED

IATFtNTHUMANFAILUREOFRIIR PUMP 8 (PACOIB)

TRAIN A OUT OI'SIIRVI(E I'OR MAINTENANCEORTFSTINGlINIECTIONl
TkAIN lt ()UTOI'SIIRVI('llI'()RTESTOR MAINTENAiNCEtINJECTIOiii)
I'ressure nansnutter Pl('629 fails high

his IV IS I 7 I'at le to ('ose

FAll.t'R I".I'()'I'Ilk()'II'I.liRl I R I:LOW USI YG 715 AY D 717

A()V 5735 I ails to (lose
Steam Gienerator Relief Valve 3509 Fails to Close After Steam Release

Steam (ienerator Relief Valve 3511 I'ails to Close After Steam Release

Steam (ienerator k«liefValv«3513 Fails to Close After Steam Release

Steam (ienerator Relief Valve 3515 Fails to Close After Steam Release

('ommon Cause I'ailure Of ihlSIVs To Qose

()perators Fail to lactate S/G A
hlOV 3505A I'ails to Close

litanual Valve 3521 Fails to Close

Manual Valve 3669 Fails to Close

hlanual Valve 3413A Fails to Close

Solenoid Valve 5735S lor AOV5735 Fails to Deenergize

AOV371 FAILS TO CLOSE

hlOTOR.DRIVEN FAN AFFIA (SAFE-A) FAILS TO START

SABV Pump Train IC out-of-service for ntaintenance

ASAFW ROOht IIVACSTRING IN MAINTENANCE
Failure to restore SABV Pump Train IC to service post test/mant

INTENTIIUMANERRORS IN SAFE-A COOLING INCLSWITCH-A POSlllON
SAFE injection line to S/G A out.of-service for ntaintenancc

Airoperated valve 97 IOA fails to open

Bow transmitter Ff-4084 fails to respond

PORV PCV-43 I C Fails To keseat After Steam Relief

hlOTOR-OPERATED VALVIi897 FAII 8 T() CI.OSIS

hl()1'()R Ol'ERAllinVAI.Vli898 lrAII iT()Cl ()SII

Dll ilil.(il!NIIRAT()kKl)(iOIA I'All8 1'() kl'N
latent I luntan I atlure ot'l()V 857A ()k

857('~tent

Huntan I'ailure of hl()V 857lt

VF
2.06E.03

2.06E 03

2.06F 03

2.06E-03

1.99E-03

1.99E.03

4.32E.03

1.71 E.02

1.98E-O2

4.20L'-03

3.1 I E-03

3. I I E-03

3. I I E.03

3. I I E-03

2.28F:03

1.35E-03

1.038.03

1.01 E-03

1.01 E-03

I.OIF 03

7.428-04

2.47E-O2

2A7E.03

1.92F 03

1.31E-03

1.04E-03

1.04E.03

9.84E-M

9.83E-Ot

6.98F Ot

I A2E-03

5.69F:03

5.69E-03

7.82E-03

7.16F Ot

7.15E-Ot

RRW

I

I
I

I

I

I

I

1.02

1.02

I

I

I

I

I

I

I

I

I

I

I

1.03

I

I

I

I

I

I

I

I

I

1.01

1.01

1.01

I

I

1.68

1.68

1.68

1.68

1.68

1.68

1.66

1.48

1.45

IA5
1,45

IAS
IA5
IA5
1.45

IA5
IA5
IA5
IAS
IA5
IAS
IA

1.34

1.34

1.34

1.34

1.34

1.34

1.34

1.34

1.28

1.26

1.26

1.25

1.24

1.24

5.978-05

5.978-05

5.96E-05

5.96E-05

5.97E-05

5.96E-05

5.738-05

4.30E-05

4. IOE-05

3.92E-05

3.92E-05

3.92E.05

3.92E-05

3.92E-05

3.92F;05

3.92F 05

3.92E-05

3.92E-05

3.92E.05

3.928-05

3.92F 05

3.73E-05

3.00E-05

3.00E-05

3.00E-05

3.00E-05

3.00E-05

3.00L'.05

3.00F:05

3.008-05

2A7E-05

2.33L'-05

2.33E-05

2.26F 05

2.07E-05

2.07E-05

RAW 8IRNBAUhi

Rochester Gas 8 Electric Corporation 3.4-20 R. E. Ginna PRA Project



Table 3 4-4

Importance Measures Sorted by Risk Achievement IVorth

Basic Event

RllhfhfACOIAA
RHMMACOIBA

CS LTDLT920

CS LTI)LT921

AFhfMS*I:WI>C

AI hfhfSA I W I'I)
R R PI'Ihf III.OA

RRPI'Jh1lkLOlk

A( ('lkl)2lrl'Blk
cK'('ill)521111

NR(XiR II)I OI I

IX>Thf000018

D(>IX>A00018

ACCIkD16118

ACCIID I6 1 IC
ACCBDJ/Oi K

ACCIIN1612A

ACCBN I 613C

ACCBN1614A

ACCBN I614C

ACCBN1615A

ACCBN16158

ACCBN1 6 1 SC

ACCBN1616A

ACCBN1617A

ACCBN1727C

ACCBN1727D

ACCBNMCDSK

RilhfVP08528

CRhfVZ0896A
CRMVZ08968

SWMVP96298

RCMMTRCNA
RCMMTRCNlk

IAS VP 1 4206

IASVP 14307

Description

PACOI A fails to start

ACOI8 Fails to Start

RWST Level Transnuuer LT-920 Fails To Respond

RWST I>vie Transntitter I.T-921 Fails To Respond

I'ailurc of SAFW Pump IC uain

I'ailurc of SAI'W I'ump I I) I'rain

('()Nl)l'll()NAI.PR()lkAIIII.ITYOlrMBI.OCAINA RIIR I.INE
('()Nl)I'llONAI.PROIIAIIILITY()lthfBI.OCA IN lk RIIR I.INE
4160 VA( lkus I I lk Bus 128 Tie Breaker 52/BTB-8 (IJUS I I 8/21) Fails

4160 VAC lkus 118 I'ceder Circuit Breaker 52/I I 8 (BUS I I8/22) Fails

To Operate

On Demand

OR hiAINTENANCE

AC IIREAKER 8(JS16/118 FAlLS TO OPERATE

AC IIRIIAKERBUS!6/I IC FAILSTO OPERATE

AC lkRL'AKERMCCJ/OIK FAIIhTOOPERATE
AC IIREAKER lkUS16/12A FAILSTO OPEN

AC BREAKER BUS16/13C I'AILSTO OPEN

AC BREAKER IJU.'i 16/14A FAII>TO OPEN

AC BREAKER BUS16/14C FAILS TO OPEN

AC BREAKER BUS16/ISA FAILS TO OPEN

AC BREAKER BUS16/158 FAlLS TO OPEN

AC BREAKER 8US16/ISC FAILS TO OPEN

AC BREAKER BUS16/16A FAIIS TO OPEN

AC BREAKER BUS16/17A FAILSTO OPEN

AC BREAKER BUS17/27C FAILS TO OPEN

AC BREAKER BUS17/27D FAILS TO OPEN

AC BREAKER MCCD/SK FAILS TO OPEN

hfOTOR-OP VALVE8528 FAILSTO OPEN tINJECTION)

Motor Operated Valve 896A Fails To Close On Dcntand (Recirculation)

hfotor Operated Valv» 8968 Fails To Close On Den>and (Recirculation)

hfotor operated valve 962911 fails to open

FAII.UREOF NITROGEN SUPPI.Y TO PCV.430

I'AII.UREOI'NITROGENSUPPLY T() PCV.43IC

SOI.ENOID VALVIi14206S I'All8 TO ()I'EN (STANDIIY)
SOI.IINOIDVALVE14307S I'All8 TO Ol'EN (STANDBY)

''AllURET() RESTOREOFFSITE POWER FROhf GRID WITIIIN101

DIl>SI!l.GENERATOR KDGOI8 UNAVAILABLEDUE TO TESTING
DIESEL GENERATOR KDGOI8 FAILS TO START

VF
6.048 01

6.03E-N
2.14E-03

2.14E-03

5.24E-03

5.24L'-03

1.14f:-03

8.57L-N
7.10F:N
7.10L-N
9.63E-03

9.87F:N
8.22E-OI

6 48L'-Ot

6.48E.N
6 48E-N
648F N
648F N
648F N
648F N
6.48E.N
6 48E-04

6 48E-N
6 48E-N
6 48E-01

6 48E-N
6 48E-N

6 488.04

8.19E-03

2.04F 03

2.04F 03

1.62E-03

6.77E-03

6.77F 03

1.80E-03

1.80E.03

RRW

I

I

I

I

1.01

1.01

I

I

I

I

I.OI

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
1.01

I

I

I

1.01

1.01

I

I

RAW
1.24

1.24

1.23

1.23

1.22

1.22

1.22

1.22

1.18

1.18

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.16

1.16

1.16

I. I I

I.I
I.I
I.l
I.l

BIRNBAUM
2.07E-OS

2.07E-OS

1.97E-OS

1.97F 05

1.968.05

1.96E-OS

1.918-05

1.91E-OS

1.60E-OS

1.60E-OS

I.SSE.OS

1.46E-OS

1.46E-OS

I 46E-OS

I 46E-OS

I 46E-OS

I 46E-OS

1.46E-OS

I 46E-OS

1,46E-OS

I 46E-05

146F 05

I 46E-OS

I 46E-05

I 46E-OS

1.46E-OS

1.46L'-05

146F 05

1.49E.OS

140F 05

140F 05

9.64E-06

8.92E-06

8.92E-06

9.008-06

9.008.06
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Table 3 4A
Importance hleasures Sorted by Risk Achievement IVorth

Basic Event

RCMM0430N2

RCMM43 ICN2

hlSAVP03411

SWMVNCClM
RChlVX00515

hl5('('AkVAI R

hlSAVI'03410

k( 515104 t(IIA
k('MM431( IA
C( I Ill)!ITART
ACCIIR(. 264$

AllII'DX!iAI W

RCI IFI.I'C451

RCI II'LPC452

RCIII'l.l'L451

RCI I I'I.PT452

RChlMOFf451

RCMMOPT452

ACCBROI2AY

ACCBR75 I I2

Description

SOLENOID VALVE8619A FAILS TOOPEN ON DEMAND
SOLENOID VALVE8619B FAILS TO OPEN ON DEMAND
AIR-OPERATED VALVE3411 FAILS TO OPEN (ARV A)
Beta Factor For Common Cause Failure Events SWCCFBhIOVN /k SWCCFGhiOVN
MOTOR-OPERATED VAI.VE515 FAILTO CLOSE

( ()h1MON CAUSE FAILIIRE Ol'IR OPERA1TD ARVS
Alk'()II RATI:I)VAIVE 3410 FAIIATO OPIIN (ARV B)
S()l.l (()IDVAI.VI'I8620A FAILS TO OPEN ON DEMAND
S()l.l!N()IDVAI.Vli8620B FAIIATO OPEN ON DEMAND
()PERATOR FAILS TO START A C&VPUMP FOI.LOWIYG AN EVENTWITIIBOTII A LOOP ANDSl

AC BREAKER IBPDPCBC/Ol (CIRCUITC2648) TRANSFERS OPEN

Operators fail to open cross-tie valves between SAFW trains and/or isolate S/G

AI&khtPC-451 hIISCALIBRATED
AI.ARhlPC-452 hllSCAI.IBRATED
PRESSURETRAYShlllTER PT-451 MISCAI.IBRATED
PRESSURE TRANSMITTER PT-452 h1ISCALIBRATED
I'RESS U RE TRANSMITS!kPT-451 FAILS TO RESPOND TO I IIGII PRESSURE CONDITION
PRESSURE TRANSMIT11!kPT-452 FAILS TO RESPOND TO IIIGIIPRESSURE CONDITION
4160 VAC Breaker 52/12AY (4160 VAC Bus 12A Normal Supply) Transfers Open

34.5 kVACCircuit Breaker 52/75112 (RG8t E Circuit 751 From Substa. 204) Fails

VF
2.32E.03

2.32E-03

8.60F 03

3.57F 03

I 42E-03

7.85E-OI

4.34 L'.03

6.47L'.04

6.47E.04

2.02E-06

7.19E-08

2.02E-03

I 43E-08

I 43E-08

1.43E-08

I 43E-08

645F 09

6.45F:09

9.68E- IO

9.68E-IO

RRW RAW
I 1.06

I 1.06

I.OI 1.05

I 1.05

I 1.05

I 1.05

I 1.03

I 1.02

I 1.02

I I.OI

I 1.01

I I

I I

I I

I I

I I

I I

I I

I I

I I

BIRNBAUM
$.84E.06

5.84F 06

5.06F 06 .

4.38E-06

4.87E-06

4.62E-06

2.55F 06

1.63E-06

1.63E-06

7.28E-07

6.84E-07

1.76E-07

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00
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Table 3 4-5

Importance hfeasures Sorted by the Birnbaum Measure

Basic Event

TLCCFMATWS

RCIIFDCDDPR

DCMMCB04AN

DCMMCB04BK

DCMhfhfAINI B

I)(.'i1ifM('I(OIII

( i(
('ifl.l)RWI'R(

('ttf()A/lt

Rl I('('PI'ifl'Alt
(tC('( 73 8 A/B

CS i1 ifOORWS1

SIC('i1 PS I I Y

CS i1 i1896A/B

Sl CCh1 PS I IX

CCTKJSURGE

SICCh10867X

RIICC852A/B

NRIISOAI.TCD

RCRYT00434

RCRYT00435

RRHFDRCROM

RlICC697A/B

RIICC853A/B

SICChf0878X

RCIIFDCDTRI

SRCCM897/8

RRCCM0857hf

CRCCMO$ 96X

SRCChfPSII Y
RHHFDOSGTR

RRHFDRCRSS

SWCCPSWhf VB

AFCCPRECI.B

ACI.OPRTAI.I.

IXICCOOORUN

Rl ICVI00854

ration

PTURED S/G

Description

Mechanical Scram Failure Probability (WOG Data)

Operators Fail To Cooldown and Depressurize RCS During SGTR Given Sl Ope

Failure of Circuit E215 (To RA Racks Train A)
Failure of Circuit E212 (To RA Racks Train B)
I'ailure of Circuit E76 (To hfain DC Distribution Panel B)
I'ai lure of ('ircuit 11103 (To hfCB DC Distribution Panel I B)
(iuunton ( ause I'ailure To Respond Of TSIOI (RWST) level Transnuuers

i1()VS SSOA/B I'All.T() ()Pl N <common cause event>

Pfti1PS A ANI)B I'AH.T() START <common cause event>

i1OVS 738A/B I'All.T() OPEN <common cause event>

Insufficient liow Available I'rom TSIOI (RiVST)
I SIOI A. PSIOI B 8r 15IOI C fail to run during injection due to common cause

MOV 896A Or 896B Transfers Closed (Fails CS And Sl From RWST)
PS IO I A. PS IOI B 8c PS IOIC fail to start for injection due to common cause

CCW SURGETANK RUPTURE

Comnton Cause Failure To Open Of Check Valves 867A Ec 867B

MOVS 852A. 852B FAll.TO OPEN <common cause event>

FAILURETO COOLDOWN AFfER SGTR USING STEAM DUMP OR RU

Pressurizer Safety Valve PCV-434 Fails To Redose Following Steam Relief
Pressurizer Safety Valve PCV-435 Fails To Redose Following Steam Relief
Failure to Switch to Recirculation After hfLOCA
CHECK VALVES697A, 697B FAILTOOPEN <common cause event>

CIIECKVALVES853A, 853B FAILTO OPEN <common cause event>

Check valves 878G and S78J fail to open due to common cause

Failure to Cooldown to RHR After Ruptured S/G Isolation Fails

hfOVs 897 and 89$ fail to close due to common cause

hfOVs 857A, 857B and 857C fail to open due to common cause

Common Cause Failure Of MOVs 896A And 896B To Close (Recirculation)

PSIOI A, PS !01 B 8c PS IOIC fail to run for recirc. due to conunon cause

Failure to Establish or Maintain RIIR Cooling Following SGTR

Failure to Switch to Recirculation After SSLOCA

Common cause failure of MOVs 9629A and 9629B to open

Common cause failure of AOVs 9710A and 97IOB to open

loess ofAll()ffSite I'ower I'ollnwing Reactor Trip
l)lf'Sill.GIINI!RAT()RS I'AH.T() RUN (C()itifONCAUSE)
( IIIICKV,il.VEI854 F.ilLS 'f() ()PFIN tiNJEnlONl

VF
1.91E-03

1.38E-OI

3.38E-03

1.54E-03

1.54E.03

1.54L'-03

3.30E-02

3.24F.-02

1.431>02

1.21 E-02

8 49E-03

2.07F~02

1.631>02

1.35E.O2

2.95L-03

1.85E.03

8.5$ E-02

1.22E.02

1.32E-OI

1.32E-OI

I.SSE-03

1.41E.03

1.4 1 F 03

1.21F 03

1.38E-OI

1.95E-02

1.17F 02

1.17E-02

1.06E-02

9.16E-03

8 40E-OI

7.86E-03

2.84E.03

4.74E-03

6.96E-03

3.09E-03

RRW

I

1.16

I

I

I

I

1.03

1.03

1.01

1.01

1.01

1.02

1.02

1.01

I

I
1.09

I.OI

1.15

1.15

I

I

I

I

1.16

1.02

1.01

1.01

1.01

1.01

I

I.OI

I

I

1.01

I

RAW
1060

139

95.9

44 4

36.1

36.1

36.1

36.1

34

25.6

25.6

25.6

25.2

25.2

22.8

18.7

18.7

16.8

16.8

16.8

16.8

14.1

13.6

13.6

13.6

13.6

10.1

9.4

8.72

6.58

5.73

3.96

3.07

BIRNBAUM
9.20E-02

1.20E-02

8.25E-03

3.77E-03

3.77E-03

3.77E-03

3.05E-03

3.05E-03

3.05E-03

3.05E-03

2.$7E-03

2.14E-03

2.14E-03

2.14E-03

2.1 OF~03

2.10E.03

1.95E-03

1.90E-03

1.55E-03

1.55E-03

1.37F 03

1.37E-03

1.37E-03

1.37E 03

I.ISF 03

I.IOE-03

I.IOE.03

1.10F 03

I.IOE-03

7.96E-OI

7.30E-OI

6.71E-04

4.85E.04

4.12E-OI

2.58E-04

1.80E.04
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Table 3.4-5

Importance hfeasures Sorted by the Birnbaum Measure

Basic Event

IAXVK00371

RRI IFDRCROA

RRMMIIXBFLSV

RRI IXI'AC02A

Rkhf if00850B

RRMifN)HSOA
R('I I I1)

N)k('I'"I'('A.'SG

ItI.()
SWMVNOIAIA

Nk t II.I.I1)()WN

IAIII'I)('NlltK
SWh1VP9629A

Rl Ihf i100852B

Rl Ih1hf00852A

h1SRYT03508

hfSk YT03510

h1SRYT03512

hfSR YT03514

CTAVX05736
CI'AVX05737

MSAVX03516

MSMVC3504A

h1SX VX03412

MSXVX03520

hfSX VX03668

IASVX05736

IASVX05737

C11IFDISOLB

CCh1M00738A

RRI IF LOHSOA

RRIIFIASSOB

DGDGWOOIII
('CifM0073 8lt

kkMVI'085711

RRMVI'0857A

Rk ifVI'0857(

Descripuon

SOLENOID VALVE142OIS FOR AOV371 FAILS TO DEENERGIZE

Failure to Switch to Recirculation After LLOCA
Failure of components for RIIR lleat Exchanger B

I IEAT EXCHAYGER EAC02A COOLING CAP. FAILS lRECIRCl

i1()VHSOB FAILSTOOPEN(RECIRCUIATION)
in)V 850A I»AII8 T() ()PEY, (RECIRCULA11ON)

<)perator» Itatl to Trip k('I's After Loss of CCW Support

204A

essors

Solenoid Valve 5736S for AOV 5736 Fails to Deenergize

Solenoid Valve 5737S for AOV 5737 Fails to Deenergize

Operators Fail to Isolate S/G B

hfOV 738A FAIISTO OPEN

INTENTIIUhfANFAII URE OF hfOV 850A

IMTIINTIIUMANFAII.UREOF ifOV850B

Dll'-SEI.GI!NERAT()kKl)(i0111 I'All8 I'() kt)N
i1()V 73HII I'All'i 'I'() ()Pl!N

i1()V H57lt fatl» to open

i1()V H57A fail» nr open

ik)V857('atl» to open

( onunon ( au»e I'ailure of Steam Generator Blowdown A()Vs to Close

Service SVater lirader l»olation h1()V 4616 Fails To Open On l)entand

FAII.UkliTO I.()CAI.I.YISOLATELETDOWN VALVEAOV-371 USIYG

()perators fail to re»tore IA to the containment (AOV 5392, SSV to IA Compr

hfotor operated valve 9629A fails to open

852B Fails to Open

852a Fails to Open

Steam Generator Relief Valve 3508 Fails to Close After Steam Release

Steam Generator Relief Valve 3510 Fails to Close After Steam Release

Steam Generator kelief Valve 3512 Fails to Close After Steam Release

Steam Generator Relief Valve 3514 Fails to Close After Steam Release

AOV 5736 Fails to Qose

AOV 5737 Fails to Qose

h1SIV 3516 Fails to Close

MOV 3504A Fails to Qose

h1anual Valve 3412A Fails to Close

Manual Valve 3520 Fails to Close

Manual Valve 3668 Fails to Close

VF
8.90F Ot

8.29E-03

5.60E-02

5.35F 02

2.05E-02

1.94E-02

4.36E-03

2.56E-03

5.82E-03

2.33E.02

3.83Fr03

1.75E-02

5.54E-02

5.34E-02

7.45E.03

7.45E-03

7.45E-03

7 45E-03

I.OIE-02

I.OIE-02

3.74E-02

2.25E.03

2.22E-03

2.22E 03

2.22E-03

1.62L'-03

1.62E-03

2.96E-03

4.47E-03

2.70F 03

2.70E-03

2.48E-02

3.89E.03

9.66FA3
8.53E-03

8.53E-03

RRW

I

I.OI

1.06

1.06

1.02

1.02

I

I

I.O I

1.02

I

1.02

1.06

1.06

1.01

1.01

1.01

I.OI

I.OI

1.01

1.04

I

I

I

I

I

I

I

I

I

I

1.03

I

I.OI

1.01

I.OI

RAW
3.07

3.06

2.92

2.83

2.7

2.6

2.45

244
2.32

2.27

2.27

2.18

2.l
2.07

2.08

2.08

2.08

2.08

2.07

2.07

2.05

1.99

1.99

1.99

1.99

1.99

1.99

1.98

1.93

1.9

1.9

1.8

1.81

1.8

1.71

1.71

BIRNBAUM
1.80E-04

I.80E-OI

1.71E-Ot

1.64F Ot

I.49E-OI

I.41E-OI

1.26F Ot

I.25F Ot

1.16E Ot

1.12F Ot

I. I I E-Ot

I.04F Ot

I.OIE-Ot

9.72F 05

9 41E-05

9.41F 05

9.41E-OS

941F 05

941F 05

9.41E-OS

9.41F 05

8.58E-OS

8.58E-OS

8.58E-OS

8.58E-OS

8.58E-OS

8.58F 05

8.58E-OS

8.15E-OS

7.83E-OS

7.83E-OS

7.19E-05

7.10E-OS

7.05E-OS

6.22E-OS

6.22E-OS
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Table 3.4-5

Importance Measures Sorted by the Birnbaum Measure

Basic Event

CCHFL0780A

RII I IF LACOI A
RHTh100000A

Rl ITh100000B

( Cl I I:IA)780B

Rl I I Ill.AC()I B

kkl flip( ti2')

hlSAVX())517

Nk Ill.kIlk'I'III.
( I'AVX05735

MSR Yf0350')

hl!ik1"f03511

MSRYT03513

M!ikl"f035IS

hISCC(h1SIVX
(f1llil)IS()I>
hISMVC3505A

hlSXVX03521

MSXVX03669

MSXVX3413A
IASVX05735

CVAVX00371

HVMFSAFI'IA
AFfhISAFWPC
HVTMSABV A

AR IF LiARVA
HVHFLSARVA

AFIMSARVIA
AFAVP97 IOA

AFFfD04084

RCRZT043 IC

CRhlVX00897

Ckh1VX00898

IXil)(ili0001A

S1 I 111.857 A('

I IMMA('01 AA

Description

C&VTHROTTLINGVALVE780A MISPOS111ONED

LATENTHUMANFAILUREOFRHRPUhlP A (PACOIA)

TRAIN"A OUT OF SERVICE FOR MAINTENANCEOR TESTING

TRAIY B OUTOF SERVICE FOR TESTOR h1AINTENAYCElINJ

( ()VTIIROTfLINCiVAIVl'.780B hlIS POSITIONED
l>X'I'I%I'UMAY FAll.l;REI ()F RHR PUMP -B- (PACOH))

I tessurc trantnuner I'I('6 ') fails high

his I V 3517 Itails to ( lose

liAII.l'k I":T()TI IR()'I fLliklI k Iil.o)VUSI YG 715 AND 717

A()V5735 Fails to (lose
!iteam Generator Relief Valve 3509 Fails to Close Aker Steam Release

!iteam Generator Relief Valve 3511 Fails to Close After Steam Release

!iteam (ienerator Relief Valve 3513 Fails to Close After Steam Release

Steam Cienerator Relief Valve 3515 Fails to Close After Steam Release

Common Cause Failure Of MSIVs To Close

()perators I'ail to isolate S/Ci A
hl()V 3505A Fails to Gose

Manual Valv«3521 Fails to Close

Manual Valve 3669 I'ails to Close

hlanual Valve 3413A Fails to Close

Solenoid Valve 5735S for AOV 5735 Fails to Deeneryzc

AOV371 FAIIATO CLOSE

hIOTOR-DRIVEN FAN AFF I A (SARV-A)FAILS TO START

SAFW Pump Train IC out-nf-service for maintenance

A SARY ROOM HVACSTRING IN h1AINTENANCE

Failure to restore SABV Pump Train IC to service post test/maint

LATENTHUMANERRORS IN SARY-A COOLING INCLSWITCH

SAlrW injection line to S/G A out-of-service for maintenance

Airoperated valve 9710A fails to open

liow transnuner IT-4084 fails to respond

PORV PCV-431C Fails To Reseat After!iteam Relief

hlOT()k ()PERATED VAI.VEI897 rtAII 8 r() CL()SE
M()T()k.()l'I.'RAllil)VAI Vl'. 8i)8 I'All8 TO Cl.()SE

I)IF.'ilil.(iENI!RA'I'()kKl)(iOIA I'All8 1'() kl'N
I ~tent Hunian I'ailuie iifhl()V 857A ()k 857(
I'Atl)IAfails tiistart

lINJEC11ONl

ECTIOiili

A POSITIOi4

VF
2.06E.03

2.06E.03

1.99E.03

1.99F 03

2.06E-03

2.06E.03

4.32E.03

1.7 I E-02

1.98E-02

4.20E.03

3.11E-03

3.11 L-03

3.11E-03

3. I I L'-03

2.28E-03

1.35E-03

1.03L'-03

1.01 E-03

1.01 F 03

1.01 E-03

742F Ot

2.47E-02

2.47E-03

1.92E-03

1.31E-03

1.04E-03

1.04E-03

9.84F Ot

9.83F:04

6.98'4
1.42E-03

5.69E-03

5.69F:03

7.82E-03

7.16F Ot

6.04E-04

RRW

I

I

I

I

I

I

I

1.02

1.02

I

I

I

I

I

I

I

I

I

I

I

I

1.03

I

I

I

I

I

I

I

I

I

1,01

1.01

1.01

I

I

RAW
1.68

1.68

1.68

1.68

1.68

1.68

1.66

148
1.45

1.45

145

145

1.45

1.45

1.45

I.45
145

145
I.45
1.45

1.45

1.4

1.34

1.34

1.34

1.34

1.34

1.34

1.34

1.34

1.28

1.26

1.26

1.25

1.24

1.24

BIRNBAUM
5.97E-OS

5.97E-OS

5.97F 05

5.96E-OS

5.96E.OS

5.96E.OS

5.73E-OS

4.30E-05

4.10r~05

3.92L.OS

3.92E-05

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.92E-OS

3.73E 05

3.00L'-05

3.00E-OS

3.00E-OS

3.00E-OS

3.00E-OS

3.00E-05

3.00E-05

3.00F:05

2.47E.OS

2.33E-OS

2.33E-OS

2.26E-OS

2.07E-OS

2.07E-OS
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Table 3.4-5

Importance Measures Sorted by the Birnbaum Measure

Basic Event

SII IF LO8578

RIIMMACOIBA

CS LTDLT920

CS I.TDI T921

Al ht hlSAIWI'('

I hIM5 AItWI'I)
kkl'I'Jhllkl.tth
Rk I'I'J

hillI�/klk
A( ('Ill)211'I'I 1 lk

A('('Ill)52111k

Nk(Xikll)1011
RIISIVI'085211

DGTh10000111

D(iD(iAOOO I lk

AC(.'llD161111

ACCBD I 61 IC

ACCBDJ/OI K

ACClkN I 612A

ACCBN1613C

ACCBN1614A

ACCBN1614C

ACCBN1615A

ACCBN 1 6158

ACCBN1615C

ACCBN1616A

ACCBN1617A

ACCBN1727C

ACCBN1727D

ACCBNMCDSK

CRMVZ0896A

CRMVZ08968

SWMVP96298

IASVP14206

IASVP 14307

RCMhffkC04A
RChIMTRC0411

To Operate

On Demand

I

OR MAINTENAYCE

Descripuon

Latent lluman Failure of MOV 8578

ACOI8 Fails to Start

RWST Level Transnutter LT-920 Fails To Respond

k'kVST i<vie Transmitter I.T-921 Fails To Respond

I'allure of SAIAVPump I C train

I'atlure of SAIAV I'untp I I) 'I'rain

('()Nl)l'11()NAI.I'k()lkAIJII.ITYOlt MIII')CAIN A RIIR I.INE
('()Nl)l'11()NAI.Pk()IJAIIII.ITYOF hlBI.OCA IN lk RIIR LIYE
4160 Vh('kus I Ilk lkus 128 Tie Breaker 52/BTB-8 (BUS I I 8/21) I'ails

4160 VA('kus I Ilk I'ceder Circuit lkreaker 52/I IB (BUS I 18/22) Fails

ItAII.URI!T() RI'STORE OlltSITE POWER FROM GRID WITIIIN101

hl()T()R-()P VAI.VE8528 I All 'i TO OPEN l INJECTIONI

Dll Si!I. GENERATOR KDGOI lk UNAVAILABLEDUE TO TESTING
Dll"iEI.(lENIIRATORKDGOI8 FAIIhTO START
AC BREAKER lklJS16/118 FAILS TO OPERATE

AC BREAKER 1jUS16/I IC FAI I>TO OPERATE

AC IkREAKER MCCJ/Ol K I'All.STO OPERATE

AC BREAKER BUS 16/12A I'All'i TO OPEN

AC BREAKER BUS16/13C FAILS TO OPEN

AC BREAKER BUS16/14h FAIIATO OPEN

AC BREAKER BUS 16/14C FAILS TO OPEN

AC BREAKER BUS16/15A FAII> TO OPEN

AC BREAKER BUS16/158 FAILS TO OPEN

AC BREAKER BUS16/15C FAILS TO OPEN

AC BREAKER BUS16/16A FAILS TO OPEN

AC BREAKER BUS16/17A FAII>TO OPEN

AC BREAKER BUS17/27C I'AlLSTO OPEN

AC BREAKER BUS17/27D FAILS TO OPEN

AC BREAKER MCCD/5K FAILS TO OPEN

hlotor Operated Valve 896A Fails To Close On Dentand (Recirculation)
Motor Operated Valve 8968 I'ails To Qose On Dentand (Recirculation)

hlotor operated valve 96298 fails to open

SOI,ENOID VAI.VE14206S FAIIS 1() ()PEY (STANDBY)
SOI.EYOID VAI.VE14307S Fhll 8 TO OPFN (STAYDBY)
I'AII.URI.'OI NITk()GEYSUPPI.Y T() PCV-430

I'AII.IIREOl'ITROGI'INSUPPI.Y 1'() ICV.43IC

VF
7.15E-OI

6.038-04

2.148-03

2.14F 03

5.24E-03

5.24L'-03

1.14E-03

8.57th()t
7.101.01

7. IOL'-Ot

9.63L-03

8.19L'-03

9.87E-OI

8.22E-04

6.48E.04

6 48E-Ot

6.48E-OI

6.48F Ot

6481't
648E-04

6 48E-OI

6 48E-OI

6 48E-OI

648F Ot

6 48E-04

6 48E-OI

6 48E-OI

648F 04

6 48E-04

2.04L'-03

2 04E-03

1.62E.03

I.SOE.03

1.80E-03

6.77E-03

6.77E-03

RRW

I

I

I

I

I.OI

1.01

I

I

I

I

1.01

I.OI

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1.01

1.01

RAW

1.24

1.24

1.23

1.23

1.22

1.22

1.22

1.22

I. I 8

1.18

1.17

1.16

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.16

1.16

I. I I

I.l
I.I
1.1

I.l

BIRNBAUM
2.07F 05

2.07F 05

1.97E-05

1.97E-05

1.96E-05

1.96E-O5

1.91 E-05

1.91E-05

1.60E-05

1.60E-05

1.55E-05

1.49F 05

1.46E-05

1.46E.05

1.46F 05

146F 05

I 46E-05

146F 05

I 46E.05

146F 05

I 46E-05

I 46E-05

I 46E-05

1.46E-05

1.16E-05

I.46E-05

1.46E-05

1.46E-05

1.46E-05

I 40E-05

1.40E-05

9.64E-06

9.00F 06

9.00E.06

8.92E-06

8.92E-06
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Table 3.4-5

Importance Measures Sorted by the Birnbaum Measure

Basic Event

RCMM0430N2

RCMM43 ICN2

MSAVP03411

RCMVXOOS I5

hlSCCARVAIR
SWhlVN('( I'SS

hlhAVlie!410

RCSIh104!OIA

R('h151431( IA
C('I Ill)START
A(.'CBRC2648

AI'III'DXSAIiV
R( Ill'l.l'C451
RCIII'I.PC452

'CI

II'l.l'IA5I

RClll'I.PT452

RCh1 MOPT451

RCh1h10irr452

ACCBR012AY

ACCBR75112

Description

SOLENOID VALVE8619A FAILS TO OPEN Oil DEMAND
SOLENOID VALVE8619B FAILS TO OPEN ON DEMAND
AIR.OPERATED VALVE3411 FAILS TO OPEN (ARVA)
MOTOR-OPERATED VALVE515 FAILTO CLOSE

C()MhlON CAUSE FAII.UREOF AIR OPERATED ARVS

llira Factor I'or Common Cause Failure Events SWCCFBMOVN 4e SWCCFGMOVN
AIR ()I'IIRATIIDVAI.VE3410 FAII 8 TO OPIN (ARV B)
S()l.l!N()ID VAI.VI'.8620A I'AIIS TO OPEN ON DEhIAND
S()l.l'.N()ll)VAI.VI'.8620B FAILS TO OPEN OiV DEhIAND
OPERAT()R F ~ll.s T() START A CCW PUMP FOLLOWINGAN EVENT WITIIBOTII A LOOP
AC IIREAKER IBPDPCBC/OI (CIRCUITC2648) TRANSFERS OPEN

()perators fail to open cross.tie valves between SAFW trains and/or isolate S/G

AI.ARMPC.451 h1ISCALIBRATED

Al>Rht PC.452 MISCAI.IBRATED
PRI SSURI! TRANShlllTIIRPT-451 MISCALIBRATED
I'Rl iSURE TRANSh1ITTER PT-452 hllSCALIBRATED
PRESSURE TRANSh1111TtR PT451 I)All~TO RESPOND TO IIIGIIPRESSURE CONDITION
PRESSURE TRANSMITTERPT452 FAII> TO RESPOVD TO 1llGH PRESSURE CONDITION
4160 VAC Breaker 52/12AY (4160 VAC Bus 12A Norntal Supply) Transfers Open

34.5 kVACCircuit Breaker 52/75112 (RGEc E Circuit 751 From Substa. 20t) Fails

ANDSl

VF
2.32E-03

2.32E-03

8.60E-03

1.42E-03

7.85E-04

3.57E-03

4.34F:03

6.47E.OI

647tt Ot

2.02L'.06

7.19E 08

2.02E.03

I 43E.08

I 43E-08

I 43E-08

1.43E-08

6.45E-09

6 45E-09

9.68E-IO

9.68E-IO

RRW RAW BIRNBAUM
I 1.06 5.84E-06

I 1.06 5.84E-06

1.01 1.05 5.06H-06

I 1.05 4.87E-06

I 1.05 4.62E-06

I 1.05 4.38E-06

I 1.03 2.55E-06

I 1.02 1.63E-06

I 1.02 1.63E.06

I I.OI 7.28F 07

I 1.01 6.84F:07

I I - 1.76E 07

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I O.OOE+00

I I - O.OOE+00

I I O.OOE+00
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Table 3A.6
Importance hfeasures I'or Hardware-Related Events Sorted by the Vesely-Fussell Measure

Basic Event

RCRYT00434

RCRYT00435

RRMMIIXBFIAV

Rl I h1 M00852B

RRI IXI'A('02A

R I lh1 M0085 2 A
hl.'iAYXO)51(i

IXiIX iI<XX)I Il
('VAVXN)371

RRh151008SOB

RRh15100850A

SWhIVP9629A

hISAVX03517

CShth1896AIB

CTAVX05736

CTAVX05737

RRMVP0857B

hISAVP03411

RRMVP0857A

RRMVP0857C

CSMMOORWST

RHhIVP0852B

DGDGFOOOI A
hISRYT03508

hISRYT03510

hISRYTO3512

hISRYT03514

RCMihITRCNA

RChIMTRCNB
SWhfVN04616

CRMVX00897

CR hlVX00898

AlMMSAIIVPC
AI'hlhISAI'WPD

*CIA)PRTAI.I.

Description

Pressurizer Safety Valve PCV-434 Fails To Reclose Following Steam Relief

Pressurizer Safety Valve PCV-435 Fails To Reclose Following Steam Relief
I'ailure of components for RIIR liest Exchanger B

852B I'ails to Open

Ill!ATIIXCIIAN(IEREAC02A COOI.INCi CAP. FAIIS (RECIRCl

tt52a I'atls tn Open

MS IV .)5 16 I'ails ui (lose
I)Il"ilil.(iliNI!RAT()RKDGOIB FAILS TO RUN

A()V371 I'All'i TO CIA)SE

M()V850B liAII>TO OPEN (RECIRCULATION)
hIOV 850A FAILS TO OPEN (RECIRCULATION)

Motor operated valve 9629A fails to open

ihISIV 3517 Fails to Close

ihIOV 896A Or 896B Transfers Qosed (Fails CS And Sl From RWS1)
AOV 5736 Fails to Close

AOV 5737 Fails to Close

MOV 857B fails to open

AIR.OPERATED VALVE3411 FAILS TO OPEN (ARVA)
MOV857A fails to open

MOV857C fails to open

Insufficient Flow Available From TSIOI (RWS1)
hIOTOR-OP VALVE852B FAILS TO OPEN [INJECfiONl
DIESEL GENERATOR KDGOIA FAILS TO RUN

Steam Generator Relief Valve 3508 Fails to Qose AfterStcam Release

Steam Generator Relief Valve 3510 Fails to Qose AfterSteam Release

Stcam Generator Relief Valve 3512 Fails to Qosc AfterSteam Release

Steam Generator Relief Valve 3514 Fails to Qose AfterSteam Release

FAILUREOF NITROGEN SUPPLY TO PCV-430

FAILUREOF NITROGEN SUPPLY TO PCV-431C

Service Water Ileader Isolation hIOV 4616 Fails To Open On Dentand

MOTOR-OPERATFD VALVE897 FAII>TO CIDSE
hIOTOR-OPERATED VALVE898 FAILS TO CLOSE

Failure of SA I%V Pump IC train

I'ailure of SAI~V Pump I D Train

lioss of All()ff'Site Power ltollowing Reactor Trip

VF
1.32E-OI

1.32E-OI

5.60E-02

5.54E-02

5.35E-02

5.34E-02

3.74E-02

2.48E-02

2.47E-02

2.05E-02

1.94E-02

1.75E.02

1.71 E-02

1.63E-02

I.OIE-02

I.OIE-02

9.66E-03

8.60E-03

8.53E-03

8.53E-03

8.49E.03

8.19E.03

7.82E-03

7.45E.03

7ASE-03

7.45F 03

7ASF 03

6.77E-03

6.77E 03

5.82E-03

5.69F 03

5.69E-03

5.24F 03

5.24E-03

4.74E-03

RRW

1.15

1.15

1.06

1.06

1.06

1.06

1.04

1.03

1.03

1.02

1.02

1.02

1.02

1.02

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

I.OI

I.OI

1.01

1.01

I.OI

1.01

I

RAW

18.7

18.7

2.92

2.1

2.83

2.07

2.05

1.8

IA
2.7

2.6

2.18

1.48

25.6

2.07

2.07

1.8

1.05

1.71

1.71

34

1.16

1.25

2.08

2.08

2.08

2.08

I.l
I.I

2.32

1.26

1.26

1.22

1.22

5.73

BIRNBAUM
1.55F~03

1.55E-03

1.71E-N

I.OIE-N
1.64E-N

9.72E-05

9A I E-OS

7.19E-OS

3.73E-OS

1.49E-N

1.41E-N

I.NE-N
4.30E-OS

2.14E-03

9A IE-OS

9.4IF 05

7.05E-OS

5.06E-06

6.22E 05

6.22E-OS

2.87E-03

I A9E-05

2.26E-OS

9.41F 05

9A I E-OS

9A I E.OS

9A I E 05

8.92E-06

8.92F 06

1.16F N
2.33E-OS

2.33E-OS

1.96E-OS

1.96F 05

4.12F N
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„Table 3.4-6

Impohance Measures for Hardtvare-Related Eve)its Sorted by the Vesely-Fussell Measure

Basic Event

CCMM00738A

hfSAVP03410

RR VTIIPC629

CTAVX05735
('('Mhf007381)

IN ili1('I)04AN.
hfgik'Fl'())S(y)

ifSk Vf03511
ifS R')"I'03513

ifSRYf03515
Rl1( VP00854

CCTKJSURGE

IIVifISAFF IA
RChIM0430N2

RCM)143 ICN2

hISMVC3504A

MSXVX03412

MSXVX03520

MSXVX03668

CSI.TDLT920

CS LTDLT921

CRMVZ0896A

CRMVZ08968

IASVP14206

IASVP14307

IASVX05736

IASVX05737

SWMVP96298

DCMMC8048K
DChfhIiifAINI I)

DChfhfhK 8018
k('ifVX00515

RCk/'1943 IC

kki'I'JhfI)IAhh

ifSMVC3505A

Des cripuon

MOV738A FAlLSTO OPEN

AIROPERATED VALVE3410 FAILSTO OPEN (ARV 8)
Pressure transnduer PIC-629 fails high

AOV 5735 I'ails to Qose

i1()V 7388 IiAIIiT() OPEN

I'ailure iifCircuit I!215 (Tn RA Racks Train A)
Sieam (ieneratnr Relief Valve 3509 Fails to Qose After Steam Release

Steam (ienerator Relief Valve 3511 Fails tn Gose After Steam Release

Steam (ienerator Relief Valve 3513 Fails to Gose After Steam Release

Steam (ieneratnr Relief Valve 3515 Fails to Qose After Steam Release

CI I IICKVALVE854 FAILS TO OPEN lIN)ECTIONl
C(3V SURGE TANK RUPTURE

i101 Ok-DR I V IIN IiANA IT I A (SAIIV-A)FAILS TO START
SOI.ENOID VALVE8619A FAILS TO OPEN ON DEMAND
SOI.ENOID VALVE86198 FAILS TOOPENON DEMAND
MOV35OI A Fails to Qnse

hlanual Valve 3412A Fails to Qnse

Manual Valve 3520 Fails to Qose

Manual Valve 3668 Fails to Qose

kWST Level Transnutter LT-920 Fails To Respond

RWST Lcvle Transmitter LT-921 Fails To Respond

Motor Operated Valve 896A Fails To Qose On Demand (Recirculation)

hfotor Operated Valve 8968 Fails To Close On Dentand (Recirculauon)

SOLENOID VALVE14206S FAII>TO OPEN (STANDBY)
SOLENOID VAI.VE14307S FAILS TO OPEN (STANDBY)
Solenoid Valve 5736S for AOV 5736 Fails to Deenergize

Solenoid Valve 5737S for AOV 5737 Fails to Deenergize

Motor operated valve 96298 fails to open

Failure of Circuit E212 (To RA Racks Train 8)
Failure of Circuit E76 (To hlain DC Distribuuon Panel 8)
I ailure nf Circuh E I03 (1'n if( 8 DC Diurihutinn Panel I 8)
i1()T()k ()Pl!RrVI'ill)VAI.VI'.515 I'All.T() ('1.()SI'.

I'()RV P('V.431('ails Tn Reseat After Steam Relief

( ()Nl)ill()Neil.I'k()l)AltI I.l'I'Y()I'f81.(K A IN A kl1k I.IN E

il()V 3505A I'ails in (liise

VF
4A7E.03

4.34E 03

4.32E-03

4.20E-03

3.89E-03

3.38E.03

3. I I E-03

3. I I L'-03

3. I I IA3
3. I I E-03

3.09E.03

2.9511-03

2A7E-03

2.32E-03

2.32E-03

2.25E-03

2.22E-03

2.22E 03

2.228.03

2.148-03

2.148.03

2.04E-03

2.04E-03

I.SOE-03

1.80E-03

1.62E.03

1.62E-03

1.62E-03

1.54F 03

1.54E-03

1.54E-03

1.42E-03

1.42E.03

1.14E 03

1.03E-03

RRW

1.93

1.03

1.66

IA5
1.81

95.9

1.45

1.45

IA5
1.45

3.07

1.34

1.06

1.06

1.99

1.99

1.99

1.99

1.23

1.23

1.16

1.16

I I. I

I I.l
I 1.99

1.99

1.05

1.28

1.22

1.45

BIRNBAUM
8.15F 05

2.55E-06

5.73F 05

3.92E-05

7.108-05

8.25E-03

3.92E-05

3.92L-05

3.92E-05

3.92E-05

I.SOF Sf
2.10E-03

3.008.05

5.84E-06

5.848-06

8.58E-05

8.58E-05

8.58E-05

8.58E-05

1.978-05

1.97F 05

1.40E-05

IAOE-05

9.00lsi06

9.00L.06

8.58E-05

8.58E.05

9.64E.06

3.77F 03

3.77E-03

3.77F 03

4.87F 06

2A7E-05

1.91 E-05

3.92E-05
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Table 3A-6
Importance Measures for Hardtvare.Related Events Sorted by the Vesely-Fussell Measure

Basic Event

MSXVX03521

MSXVX03669

hlSXVX3413h

AFAVP97 IOA

IAXVK(X)371

k kl'I'Ihl1II l)lt
IXilX Ih(NX)I 8

IASVX05735

A( ('8 l)281'88
A('('Bl)52118
All f1X)4084

AC('BD16118

ACCBD161 I C

ACCBDI/OI K

ACCBN I 612A

ACCBN1613C

ACCBN1614A

ACCIPN1614C

ACCBN1615A

ACCBN16158

ACCBN1615C

ACCBN1616A

ACCBN1617A

ACCBN1727C

ACCBN1727D

ACCBNhlCDSK
RCMMN30IA

RChlM43 I CIA

RHMMACOIAA
RIIMMACOIBA

ACCBRC2648

RCMhlOPT451

R('hlhlOPT452

A('( BROI 2AY
A('('llR75112

Description

Manual Valvc 3521 Fails to Qose

htanual Valve 3669 Fails to Close

Manual Valve 3413A Fails to Oose

hir

serrated

valve 97 IOA fails to open

!iOI.I!N()ll)VAI.VII14204.'i F()k A(yV371 FAII 8 'fO DEENERGIZE
( ()Nl)l'I'It)NAI.Pk()BABII.I'IY()I'lBI.OCAIN 8 RIIR I.INE
1)lp.'ilil.(il!NlikA'It)k KD(1018 FAILS TO START
Solencdd Valve 5735S for A()V5735 Fails to Deenergize

4160 VAC Bus I I 8 Bus 128 Tie Breaker 52/BTB.B (BUS I IB/21) Fails To Operate

4160 VA(;Bus I I 8 I'eed«r Circuit Breaker 52/I I 8 (BUS I I 8/22) Fails On Demand

liow uansminer I'-4084 lails to respond

A(.'REAKIIRBUS16/118 FAILSTO OPERATE

AC BREAK IIR BUS16/I IC I'AILSTO OPERATE

AC IPREAKI!khlCCJ/Ol K Irhll>TO OPERATE

AC BREAKER BUS 16/12A I'AILSTOOPEY

ACBRFthKER BUS16/13C Ithll>TOOPEN
AC BREAKER BUS I 6/14A Irhlth TO OPEN

AC BREAKER BUS 16/14C FAILS TO OPEN

AC BREAKER BUS 16/ISA FAILS TO OPEN

AC BREAKER BUS16/158 FAILS TO OPEN

AC BREAKER BUS16/15C FAIISTO OPEN

AC BREAKER BUS 16/16A FAILS TO OPEN

AC BREAKER BUS16/17A FAILS TO OPEN

AC BREAKER BUS17/27C FAILS TO OPEN

AC BREAKER BUS17/27D FAILS TO OPEN

AC BREAKER hlCCD/5K FAILS TO OPEN

SOLENOID VALVE8620A FAILSTO OPEN ON DEMAND

SOLENOID VALVE86208 FAILS TO OPEN ON DEMAND
PACOI A fails to start

ACOI8 Fails to Stan

AC BREAKER I BI'DPCBC/Ol

(C'IRAQI

IITC2648) TRANS I ERS OPEN

I'kl SSURI! TRANS hll'I llikI'I'-451 I'AlI 'iT() RLSP()ND TO 111011 PRBiSU RE CONDITION
PRI:SSI I k1 i TkASS ht I I I'Iik I"I'452 FAII 8 'I'() RLi1'()NDTO I II( I I I'RF iSUREI CONDITION
4160 VA( Breaks'r 52/12AY (416t) Vh('us 12A Normal Supply) Transfers ()lan
345 kVA( (lrcutt Brea4r 52/75112 (k(INE ('trcmt 751 I'rom Suhsta. 2N) I'ails

VF
1.01 F 03

1.01E.03

1.01E.03

9.83E-04

8.90E-04

8.57E.N
8.22E-O4

7A2L-04
7.10E.N
7.10L'-Ot

6.98E-N
6.48L'-N

6ASL:.N

6ASF:N
6ASE-N
6ASE-N
6A8E.N
6ASL-N
6ASE-01

6ASE-04

6ASE-N
6.48E.N
6ASE-N
6ASE.N
6ASE.N
6ASE-N
6A7E-N
6A7E-N
6.04E-N
6.03E-N
7.19la08

6.45E 09

6.45E-09

9.68E- IO

9.68E-IO

RRW

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1.45

1.45

1.45

1.34

3.07

1.22

1,17

IA5
1.18

1.18

1.34

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1.17

1,17

1.02

1.02

1.24

1.24

1.01

I

I

~ I

I

BIRNBAUM
3.92E.05

3.92E-05

3.928-05

3.00F 05

1.80E-N

1.91E-05

I A6E.05

3.92L'.05

1.60L-05

1.60E-05

3.00E-05

1.46E-05

1.46E-05

IA6E-05

I.46F;05
IA6E-05
1.46E.05

IA6E-05

IA6E-05

I.46Fr05

I A6E-05

I A6E-05

IA6E-05

I A6E-05

I A6E-05

1.46E-05

1.63F:06

1.638.06

2.07F 05

2.07E.05

6.84E-07

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00
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Table 3.4-7

Importance hleasures forTest IMaintenance Events Sorted by the Vesely-Fussell Measure

Basic Event

RIITM00000A

RIITM00000B

AFTMSARVPC

IIVThISARV~
IXIThI0000111

Al'Tht5AliVIA

Descripuon

RIIRTRAIN A OUT OF SERVICE FOR MAINTENANCEOR TESTING [INJECTION[
RIIRTRAIN B OUTOFSERVICE FORTESTOR hlAINTENANCE[INJECfiON[
SARY Pump Train IC out.of-service for maintenance

A SAIW ROOM HVACSTRIYG IN MAINTENAYCE

DIEslil. GENERATOR Kl)GOIB UNAVAILABLEDUE TO TESTING OR MAINTENANCE
SA IIVinjection line to S/G A out.of service (or maintenance

VF
1.99E-03

1.99E-03

1.92E-03

1.31E-03

9.87E.04

9.84L'-Q

RRiv RAW
I 1.68

I 1.68

I 1.34

I 1.34

I 1.17

I 1.34

BIRNBAUM
5.97E.05

5.96E.05

3.00E.05

3.00F 05

1.46E-05

3.00E 05
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Table 3.44I
Importance hfeasures for Human FaBure Events and Non.Recovery Events Sorted by the Vesely-Fussell Measure

Basic Event

RCHFDCDDPR

RCHFDCDTRI

NRIILETDOWN

NRIILRHRTIIL
NRIISOAI.TCD

Nk(X I Rl I)1011

klIIIF IX)S(rl'k

kk I I I1) k('kOA
k( I Ill)00k('P
IAlIItD('N11)K

(. IlII'DISOLB

RR Ill'IA)850A
RRI II'IA)850B

CC Ill'IA780A
klI I II'I.ACOIA

CCI II'107801)

Rllllll.ACOIB
AFIIFDXSAFW

RR I IFDRCROM

CllIFDISOIA
AFIll'LSABVA
HVIIFLSABVA
RRHFDRCRSS

SHIFL857AC

SHIFU)857B

CCHFDSTART

RCI IF LPC451

RCI IF LPC452

RCI IF LPIAS I

RCI IF LPT452

Description

Operators Fail To Cooldown and Depressurize RCS During SGTR Given SI Operation

Failure to Cooldown to RHR After Ruptured S/G Isolation Fails

FAILURETO LOCALLYISOLATELETDOWNVALVEAOV-371 USING 204A
FAILURETO 11 IROTI'LE Rl IR FLOW USING 715 AND 717

I'AH.URETO COOLDOtVN AFTER SGTR USING STEAM DUMP OR RUPTURED S/G

I'All.URETO RIISTORI!()ITSITE POWER FROhf GRID WITIIINIOH

Failure to L'stahlish or hfaintatn RIIR Cooling Following SGTR

I'iulure to Switch to Recirculation At'ter LLOCA
()tmrators Iratl to 1rip RCPs After Loss of C&VSupport

()p.rators fail ti> restore IA to the containment (AOV 5392. SW to IA Compressors

Operators Fail to Isolate S/G B

INTENTHUihfANFAILUREOF MOV 850A

LATENTHUMANFAILUREOF MOV 850B

CCW THROTll.lNG VALVE780A MISPOSITIONED

I.ATENTIIUMANFAILUREOF RHR PUhfP A (PACOIA)
C&VTHROTILINGVALVE780Bh1ISPOSITIONED

IATI!ATHUhfAN FAII.URE OF RHR PUhf P B (PACOI B)
()perators fail to open cross-tie valves between SARV trains and/or isolate S/G

Failure to Switch to Recirculation After hfLOCA

Operators Fail to Isolate S/G A
Failure to restore SAFW Pump Train IC to service post test/maint

LATENTHUMANERRORS IN SAFW-A COOLING INCLSWITCH-APOSITION

Failure to Switch to Recirculation After SSLOCA

l>tent I luntan Failure of MOV 857A OR 857C

Latent Iluman Failure of hfOV 857B

OPERATOR FAILS TO START A C&VPUMP FOLLOWINGAN EVENTWITIIB0111 A LOOP ANDSl
ALARMPC-451 hflSCALIBRATED

ALARMPC-452 MISCALIBRATED

PRESSURE TRANShf11TER PT-451 IiflSCALIBRATED

PRESSURE TRANShlllTER PT-452 MISCALIBRATED

VF
1.38E-01

1.38E-01

2.33E-02

1.98E-02

1.22E-02

9.63F:03

9.16E.03

8.29E-03

4.36E.03

3.83E-03

2.96E-03

2.70E-03

2.70L'-03

2.06E-03

2.06E-03

2.06E-03

2.06E-03

2.02E-03

1.58E-03

1.35E-03

1.04E-03

1.04E-03

8AOE.04

7.16F~04

7.15E-Ot

2.02E-06

I A3E-08

IA3F 08

IA3F 08

I A3E-08

RRW RAW BIRNBAUM
1.16 139 1.20F 02

1.16 14.1 1.15E-03

1.02 2.27 1.12E-04

1.02 IA5 4.10E-05

1.01 22.8 1.90E-03

1.01 1.17 1.55E-05

1.01 10.1 7.96E-O4

1.01 3.06 I.SOF Ot

I 2.45 1.26L'-Ot

I 2.27 I. I I E-Ot

I 1.98 8.58E-05

I 1.9 7.83E-05

I 1.9 7.83E-05

I 1.68 5.97E-05

I 1.68 5.97E-05

I 1.68 5.96F~05

I 1.68 5.96E-05

I I 1.76E-07

I 16.8 1.37Lt-03

I 1.45 3.92E.05

I 1.34 3.00E.05

I 1.34 3.00E-05

I 9A 7.30E.Ot

I 1.24 2.07E 05

I 1.24 2.07E.05

I 1.01 7.28E-07

I I O.OOE+00

I I O.OOE+00

I I O.OOFw00

I I O.OOE+00
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Table 3.4-9

Importance Measures for Common Cause Failure Events Sorted by the Vesely-Fussell hfensure

Basic Event

RlICC852A/8

CSCChlLDRWT

RRCC850A/8

SICCMPSI I Y
5 RCCif897/8

RII( CPI-'-ifl'AB

Sl( ('fP.'il I X
('('('('7tttA/It
RR('('hf(N57hf
CR('('ifOP)AX
SR(.'OSIS I IY

5W(tCI'5WMV8
I)GC(OOORUN

AFCCPRECLB

CTCCCSGBLO

MSCCCifSIVX
TLCCFhfA AVS

SICChf 0867X

Rl ICC697A/8

RlLCC853A/8

SICCM0878X

MSCCARVAIR

Description

MOVS 852A, 8528 FAILTO OPEN <common cause event>

Common Cause Failure To Respond OfTSIOI (RWST) Level Transmitters

MOVS 850A/8 FAILTO OPEN <common cause «vent>

PSIOI A. PSIOI 8 Sc PSIOIC fail to run during injection due to common cause

hfOVs 897 and 898 fail to close due to common cause

I'I 'hfPS A AND 8 FAll.TO START <common cause event>
I'5 IOIA. Iiil018 /)I PSIOI('ail to start for injection due to common cause

il()VS 738A/8 FAII.T() OPEN <common cause event>

il()Vs 857A. 8578 and 857C fail to open due to common cause

('ommon (.'ause I'ailure Of ifOVs 896A And 8968 To Close (Recirculauon)
ISIOIA. P!il018 d't PSIOI C fail to run for recirc. due to common cause

Common cause failure of MOVs 9629A and 96298 to open
DII'SEI. GENERATORS I'All.TO RUN (COMMON CAUSE)
Common cause failure of AOVs 9710A and 97108 to open

Common Cause Failure of Stean> Generator Blowdown AOVs to Close

Common Cause I'ailwe Of hfSIVs To Close

hfechanical Scram Failure Probability (WOG Data)

Common Cause Failure To Open Of Check Valves 867A k 8678
CHECK VALVES697A, 6978 FAILTO OPEN <common cause event>

CIIECK VALVES853A. 8538 FAILTO OPEN <common cause event>

Check valves 878G and 878J fail to open due to common cause

COhifMON CAUSE FAILUREOF AIROPERATED

ARVS'F

8.58F 02

3.30E-02

3.24E-02

2.07E-02

1.95F~02

143F 02

1.35E-02

1.21 E-02

1.17E 02

1.17E.02

1.06E-02

7.86E-03

6.96F;03

2.84E-03

2.56E.03

2.28E-03

1.91E-03

1.85E.03

141F 03

1.41E-03

1.21F 03

7.85E-04

RRW RAW
1.09 23.4

1.03 36.1

1.03 36.1

1.02 25.6

1.02 13.6

I.OI 36.1

1.01 25.6

I.OI 36.1

I.OI 13.6

I.OI 13.6

I.OI 13.6

I.OI 8.72

I.OI 3.96

I 6.58

I 244
I 1.45

I 1060

I 25.2

I 16.8

I 16.8

I 168
I 1.05

BIRNBAUM
1.95E-03

3.05E-03

3.05E-03

2.14F 03

I.IOE-03

3.05E-03

2.14E-03

3.05E-03

I. IOE-03

I. IOF 03

I. IOE-03

6.71F Ot

2.58F Ot

4.85E-OI

1.25F 04

3.92E-OS

9.20F~02

2.10E-03

1.37E.03

1.37E-03

1.37E-03

4.62E.06
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Input Options

Figure 3.4-1

Uncertainty Analysis Summary

Filename
Module Name
Sample Size
Seed
Point Estimate
Number of Modules
Total Cutsets In All Modules
Number of Basic Events
Number of Type Codes
Inputs Missing Distribution

Moments
(With 95% Confidence)

: C:iRMQSiRGEUNC.TXT
: (TOP]
: 5000
: 4042637
: 8.69E-05
: 47
: 446
: 280
: 62
: 15

Mean
Standard Deviation
Skewness
Kurtosis

Percentiles
(With 95% Confidence)

Minimum
2.5
5.0

10.0
20.0
25.0
30.0
40.0
50.0
60.0
70.0
75.0
80.0
90.0
95.0
97.5
Maximum

Errors

Low
8.93E-05
1.60E-04

Low

1.30E-05
1.60E-05
2.07E-05
2.84E-05
3.22E-05
3.60E-05
4.43E-05
5.39E-05
6.67E-05
8.34E-05
9.56E-05
1.12E-04
1.71E-04
2.55E-04
3.84E-04

Estimate
9.37E-05
1.57E-04
1.13E+01
2.49E+02

Estimate
5.64E-06
1.37E-05
1.67E-05
2.14E-05
2.93E-05
3.32E-05
3.70E-OS
4.55E-05
5.53E-05
6.86E-05
8.62E-05
9.90E-05
1.16E-04
1.80E-04
2.71E-04
4.12E-04
5.11E-03

High
9.80E-05
1.54E-04

High

1.45E-05
1.72E-05
2.22E-05
3.00E-05
3.40E-05
3.80E-05
4.65E-05
5.74E-05
7.03E-05
8.97E-05
1.03E-04
1.20E-04
1.87E-04
2.92E-04
4.68E-04

Number of Observations Sampled Where a:
Cutset was less than zero
Cutset was greater than one
Basic Event was less than zero
Basic Event was greater than one

:0
: 34
:0
:0
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Figure 3.4-2
Sampling Probability Density
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Figure 3.4-3
Distribution Functions
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4.0 Level 2 Analysis

The objectives of the Level 2 Containment Analysis are to develop an understanding of the
potential containment challenges, and the impact of physical phenomena, plant design features
and operator actions on prevention and mitigation of the containment challenges under severe
accident conditions. Another objective is to develop basic insights on severe accident behavior
that will assist in the development of an accident management program.

The Level 2 Containment Analysis includes both deterministic and probabilistic aspects. The
deterministic aspects are:

o Use of the MAAP code to simulate the progression of severe accidents which
were identified as dominant contributors to core damage.

The MAAP code was used to assess the timing of key events such as core
uncovery, vessel failure, and containment failure, to determine the containment
pressure history and to estimate the magnitude of source term releases

The probabilistic aspect of the analysis includes:

o Development of an intermediate event tree to assess the performance of systems
that impact containment accident progression and quantification of these
containment system event trees (CSETs) by linking the Level 1 core damage
cutset results to the CSET. The use of core damage sequence cutsets as the
initiating events for the CSETs assured that the status of key systems was treated
consistently in both the Level 1 and 2 analysis.

Assessment of the impacts of uncertainties in the severe accident progression due
to lack of knowledge regarding critical physical phenomena. These
phenomenological uncertainties were modelled in the containment event tree. The
probabilities assigned for the possible outcomes for various physical processes
and phenomena were largely based on MAAP code analysis, engineering
calculations, published data in the literature, and engineering judgement.

The first seven sections are generally organized as requested in NUREG-1335. An additional
section (4.8) presents sensitivity analyses result.

Section 4.1 identifies and highlights the containment design characteristics that are of signiticance
in assessing severe accident progression.

Section 4.2 discusses the MAAP plant model and the selection of key input data.
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Section 4.3 describes the interface of the front-end (Level 1) analysis to the back-end (Level 2)
analysis, the analysis of systems important to containment accident progression and the binning
of accident sequences into plant damage states.

Section 4.4 describes the containment ultimate strength assessment, the failure modes of
containment and the 'overall containment probabilistic fragility curve.

Section 4.5 discusses the containment event tree which characterizes the possible paths that an
accident sequence may progress along, given the sets of initial conditions defined by the various
plant damage states. The methods and the results of the containment event tree probabilistic
analyses (quantification) are also in this section.

Section 4.6 describes the deterministic containment accident progression analyses performed with
the MAAP code to support the containment event tree development and quantification and to
provide insights and information on the plant response.

Section 4.7 discusses the radionuclide release source term development, analyses, and numerical
results.

Section 4.8 presents the results of the sensitivity analysis performed on the probabilistic
containment event tree'model and with the MAAP code.

4.1 Plant Data and Plant Description

Ginna is a Westinghouse PWR with a large, dry containment. A video taped walkdown of the
Ginna containment was performed on April 25, 1991 to provide an integrated three-dimensional
understanding of the Ginna containment and to collect information for use in the develpoment
of the Modular Accident Analysis Program (MAAP) parameter file. Results of a Seismic
Qualification UtilityGroup (SQUG) project photographic walkdown were also used in order to
develop a better understanding of the layout of the cavity region, which was difficult to develop
from a review of the drawings alone.

4.1.1 General Containment Building Structure

The Ginna containment is a steel lined concrete containment with pre-stressed reinforcement in
the cylindrical wall meridional direction and mild steel reinforcement in the cylindrical wall
circumferential direction and in the dome. It has the shape of a vertical cylinder with a tlat base
and topped by a hemispherical dome. The containment is founded on bedrock and the meridional
reinforcing tendons are coupled to 160 prestressed rock anchor tendons which are grouted into
the rock foundation of containment. The containment basemat is 4 ft. thick with the liner

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-2



imbedded two feet below the surface. The wall of the cylinder has a thickness of=3.5 ft., an
internal diameter of 105 ft. and a height from the floor to the springline of 99 ft. The dome is
2.5 ft. thick. The thickness of the liner in the cyliner and the dome is 3/8 inch and in the base
it is 1/4 inch. The containment vessel provides a minimum free volume of approximately
972,000 ft~. The containment design pressure is 60 psig. Table 4.1-1 contains Ginna design
information and Figure 4.1-1 shows a section through the Ginna containment.

Reinforced concrete walls are located around the major reactor coolant system components and
serve as missile barriers to prevent damage to the containment wall and to components of the
safety injection system should a failure occur to one of the reactor coolant system components
located inside the walls.

A 1.25 inch thick liner insulation is provided for the side walls to a point 15 ft above the spring
line. The liner insulation is a closed-cell polyvinyl chloride foam insulation with low
conductivity, low water absorption and high strength and is covered with a metal sheeting.

All penetrations through the containment pressure barrier for pipe, electrical conductors, ducts
and access hatches are of the double barrier type. In general, a penetration consists of a sleeve
embedded in the reiforced concrete wall and welded to the containment liner. Piping penetrations
have a bellows type expansion joint mounted on the exterior end of the embedded sleeve where
required to compensate for differential motions. An equipment hatch with a diameter of 14 ft.,
constructed of welded steel and having a double gasketed flange and bolted dished door, is
located near grade. Two personnel accesses are provided; one penetrates the dished door of the
equipment hatch and the other is directly opposite the equipment hatch. Each personnel hatch
is a hydraulically-latched double door, welded steel assembly. All penetrations, with the
exception of the equipment access hatch, permit testing of leaktightness.

4.1.2 Reactor Cavity Design

The reactor cavity in the Ginna plant is isolated from the remainder of the lower containment
compartment. Figures 4.1-2 and 4.1-3 show the reactor cavity. The reactor cavity has the shape
of a "keyhole" with a cylindrical section under the reactor vessel and a rectangular tunnel for
passage of the instrument tubes. The radius of the cylindrical portion of the cavity is 6.54 ft and
the height from the cavity floor to the bottom of the reactor vessel lower head is approximately
11.5 ft. [Ref. 4.9-1]. The distance to the end of the cavity tunnel from the centerline of the
reactor vessel is 30.25 ft [Ref. 4.9-1]. The total floor area of the reactor cavity is 312 ft'fwhich
134.4 ft is in the cylindrical region under the reactor vessel. At the far end of the cavity tunnel
is a 5 ft. deep sump. The concrete thickness in the cavity away from the sump is 2.0 ft above
the imbedded liner and 2.0 ft below the liner [Ref. 4.9-1]. Below the cavity sump the total
thickness of the basemat concrete is 1.5 ft [Ref. 4.9-1].
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The floor of the reactor cavity is located 25.7 ft below the floor of the main containment region.
A six inch curbing [Ref. 4.9-'I] exists above the floor of the main containment compartment at
the top of the instrument tunnel (where the instrument tubes exit the roof of the cavity). Hence,
whenever the contents of the RWST are injected into the containment the cavity will be
completely filled and will remained filled (unless water inventory leaks from containment due
to a containment breach).

The outer end of the instrument tunnel away from the reactor vessel is not sloped as in some
designs (e.g. Zion). This design should result in a geometry somewhat less favorable to debris
dispersion out of the cavity following vessel failure. At the outer end of the instrument tunnel
the instrument tubes are directed vertically upward and exit through the ceiling of the cavity.
The ceiling of the cavity tunnel includes an opening above the cavity sump (covered by a
removable metal plate) and an opening for air ducting. The combined area of these two openings
is 21.3 ft'Ref. 4.9-1]. This is a likely pathway for debris (and water and gases) to be expelled
from the cavity under high reactor vessel pressure failure conditions. Two other possible
pathways for debris to be dispersed from the cavity involve transport through the annulus
between the reactor vessel and biological shield to either the refueling pool or to the main coolant
piping penetrations through the biological shield wall.

4.1.3 Containment Systems

4.1.3.1 Containment Spray System

Active containment heat removal during design basis accident conditions is accomplished by the
Containment Spray System and the Containment Recirculating Fan Coolers. Each of these
systems is capable of maintaining and reducing containment temperature and pressure within the
60 psig design limit following a LOCA or a main steam line break. The Containment Spray
System utilizes two pumps, a spray additive tank, two spray headers in the dome of the
containment,. spray-nozzles and the necessary piping and valves to provide a spray of cool,
borated water to the containment atmosphere. The system initially draws water from the
Refueling Water Storage Tank until a low level is reached. If spray is required in the
recirculation mode, the pumps are fed from the discharge of the Residual Heat Removal pumps.
The system is designed to spray at least 2400 gpm into the containment whenever the
coincidence of two of three high containment pressure (28 psig) signals occurs. The Containment
Spray System is covered in detail in section 3.2.1.4.
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4.1.3.2 ~ Containment Isolation System

The Containment Isolation System is designed t'o isolate non-essential process lines that penetrate
the containment in order to maintain the total leakage of radioactivity within design limits in the
event of an accident. In addition, the system ensures that essential process lines and penetrations
remain capable of maintaining containment integrity both during and following the performance
of their safety related activities. The Containment Isolation System utilizes both automatic and
normally closed isolation valves, and the physical design of piping systems and penetrations to
perform its function. Automatic isolation is initiated by a containment isolation signal from the
Engineered Safety Features Actuation System or by manual actuation from the control room. The
Containment Isolation System is covered in detail in section 3.2.1.3.

4.1.3.3 Containment Recirculating Fan Coolers

The Containment Recirculating Fan Coolers provide a dynamic heat sink to cool the containment
atmosphere and filter the containment atmosphere to remove airborne particulate and halogen
fission products that form the source for potential public exposure. There are four air handling
units, each including motor, fan, cooling coils, moisture separators and high efficiency particulate
air filters, duct distribution system, and instrumentation and controls. Two of the four air
handling systems are equipped with activated charcoal filter units through which the air-steam
mixture is passed to remove volatile iodine following an accident. The Containment
Recirculating Fan Coolers are covered in detail in the Heating, Ventilation and AirConditioning
System discussion in section 3.2.1.8.

4.1.3.4 Residual Heat Removal System

The Residual Heat Removal (RHR) System recirculates and cools water drawn from the
containment sump and delivers it back to the Reactor Coolant System via the RHR pumps or the
Safety Injection pumps and/or the containment via the Containment Spray pumps. The RHR
system flow is cooled by two heat exchanges cooled by the Component Cooling Water System.
The Residual Heat Removal System is covered in detail in section 3.2.1.11.

4.2 Plant Models and Methods for Physical Processes

The Modular Accident Analysis Program (MAAP) was used in the Ginna PRA containment
evaluation of the accident progression analysis, to assist in quantifying the containment event tree
(CET), and for estimating source terms. Information from prior analyses (principally NUREG-
1150) was also utilized.

II
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A slightly modified version of MAAP3.0B-PWR, Revision 19.0 was the basis for the Ginna
analysis. Minor changes to four subroutines were made to correct errors that were in the base
19.0 version of the code that had not been corrected in a released version of the code at the time
the analyses for Ginna began. These modifications were incorporated into the working version
of the code prior to initiating any Ginna specific MAAP runs as described in Reference 4.9-2.
Sample problem testing and checkout of the code were performed with the modifications included
[Ref. 4.9-3].

Section 4.2.1 briefly summarizes important MAAP input modelling assumptions which were used
in the Ginna study. The plant model description (parameter file) used in the Ginna MAAP
analyses is described and documented in Reference 4.9-1.

4.2.1 MAAP Analysis Assumptions (Model Parameters)

The MAAP model parameters generally represent inputs to phenomenological models in which
significant uncertainties exist. Variations in the values of these parameters can be used to assess
the impact of uncertainties in important physical models. The nominal, or default, values of these
parameters used in the Ginna analyses were based on the recommendations found in the EPRI.
MAAP Guidance Document [Ref. 4.9-4].

For most of the model parameters, the default values have been used for base case analysis in
the Ginna PRA. The following MAAP model parameter inputs were varied from the default
values.

FCMDA- This model parameter dictates the fraction of entrained corium and
water that goes from the cavity 'to the upper compartment with the
remainder going to the lower compartment. For Ginna, this
variable was calculated based on the area ratio of the openings
from the cavity to each„of these regions. Thus, a conservative
maximum value considering area ratio alone of 0.284 was used in
the base cases. Several cases were run to explore the sensitivity to
this assumption as described in Section 4.6.2.

FCDDC- This parameter was previously only used for B&W units in the
MAAP code. However, recent changes to the code made the
choice of this parameter necesshry for Westinghouse units as well.
A value of 1.0 was chosen to limit the amount of condensation in
the cold leg to the smaller of that computed by a simple Reynold's
analogy model and that which would saturate the film of water
flowing through the cold leg. A value of 1.0 gave the best
agreement with RELAP data as described in Reference 4.9-5.
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Several other MAAPsensitivity analyses were performed as part of this effort in which variations
were made in parameters to assess the impact of uncertainties in important physical models.
Results from these analyses are discussed in Section 4.8.2.

4.3 Bins and Plant Damage States

The interface between the Level 1 core damage analysis and the Level 2 containment analysis
consists of a set of plant damage states. The plant damage states (PDSs) are defined by a set of
functional characteristics for system operation which are important to accident progression,
containment failure and source term definition. Each PDS contains core damage sequences with
sufficient similarity in system functional characteristics that the containment accident progression
for all sequences in the group can be considered to be essentially the same. Each PDS defines
a unique set of conditions regarding the state of the plant and containment systems, and the
physical state of the core, primary coolant system and the containment boundary't
(approximately) the time of core damage/vessel failure.

The important functional characteristics for each PDS are determined by identifying the critical
parameters (system functions) which impact the key results. The sequence characteristics which
are important are defined by the requirements of the containment accident progression analysis.
They include the type of accident initiator, the operability/non-operability of important systems,
the value of important state variables (e.g., primary system pressure) which are defined by system
operation, and timing of key events.

The Level 1 accident sequence event trees (ASETs) generally considered systems operation and
operator actions only to the extent that those actions impacted the determination of core damage.
Systems which impact containment integrity, radionuclide behavior, source term determination
and containment accident progression were not explicitly considered in the Level 1 ASETs unless
they also impacted core damage. Furthermore, even for those systems and operator actions which
impact both core damage and containment performance, the Level 1 analysis only considered
those functional aspects which impact core damage. Consequently, it was necessary to perform
additional systems analysis to define the status of all systems important to the containment
accident progression. This analysis was performed through the use of a containment systems
event tree (CSET).

The important plant and containment systems that need to be modelled to support the definition
of the plant damage states were identified and the containment systems event tree was developed
to assess the availability of these systems for each important Level 1 core damage sequence
cutset. The CSET quantitication task provided the frequency and system functional status of all
core damage sequences above the established frequency cutoff threshold.
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The core damage accident sequence event trees and CSET contain all the necessary information
to allow sequences to be unambiguously assigned to specific plant damage states. The plant
damage states contain all the system status information necessary to evaluate the containment
accident progression (evaluate the containment event tree - CET) with the possible exceptions
of systems failures which result from the occurrence of specific physical phenomena and
operator, recovery or mitigation actions which occur subsequent to core damage. Since systems
important to the containment analysis are being considered in conjunction with systems important
to core damage in the Level l event trees and CSET, dependencies between containment systems
and all other systems were handled in a rigorous and consistent manner.

The PDS grouping task provided the PDS frequency, PDS characteristics and dominant sequences
for each PDS to the containment event tree task (Section 4.5) and to the deterministic accident
progression modelling task (Section 4.6).

4.3.1 Level 1 / Level 2 Interface

4.3.1.1 CSET Description

A review of the systems modeled in the Level 1 analysis was conducted in order to assure that
the systems analyses included considerations of those systems and operator actions which are
important to the containment analyses and are required for plant damage state definition.

The accident initiators, plant systems and various possible states of the primary system and
containment, (at the time of the core damage) were reviewed to determine their potential impact
on containment accident progression. The most important features were identified and the PDSs
defined to assure that these features were considered. The systems and the important states of
the containment and primary system are listed in Table 4.3-1.

The Level I/Level 2 interface task involved the development of the containment systems event
tree (CSET). The CSET assesses the availability of systems important to containment accident
progression, containment failure and the radionuclide source term for the core damage sequences
(cutsets) identified in the Level l core damage analysis. This task also included the definition
of the event headings and the success criteria for the system functions evaluated in the CSET.

The CSET is needed to assess those systems which impact containment performance which have
not been evaluated in the Level l event trees. The events considered in the CSET include
systems/processes which were not considered in the Level 1 event trees for any sequence (e.g.
failure to isolate containment) and events which were considered for some sequences, but because
these systems were not important to core damage for specific sequence conditions (e.g. low
pressure injection systems t'or sequences at elevated RCS pressure) they were not evaluated in
the Level I trees.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-8



Figure 4.3-1 shows the containment systems event tree which has been developed for the Ginna
PRA. (For clarity, the branching following to the right of the upper branch of event PRV is not
shown. The tree structure following this branch is identical to that shown in the tree structure
leading to endpoints 1 through 46. Rather than expand the tree, these endpoints willbe delineated
SBQV1-SBOV46. Similarly, the tree structure following to the right of the upper branch of event
PRC is the same as for the tree structure leading to endpoints 1-8. These endpoints will be
delineated SBQCI-SBOC8. Note that branching is not required for events UL,XL,UH,and XH
for these latter sequence pathways.) It was solved for each core damage sequence that has a
frequency greater than the truncation limit imposed on the Level 1 analysis.

The containment system event tree includes the following event headings:

4.3.1.1.1 No Station Blackout - SBO

This event heading is used to distinguish transient sequences with total loss of AC power (and
failure to recover power prior to core damage initiation) from all other transient sequences. SBO
sequences have been uniquely identified in the Level 1 core damage analysis and the inclusion
of SBO as a heading in the CSET is to clarify the logic for the next two events in the tree which
consider offsite AC power recovery after core damage.

4.3.1.1.2 Power Recovery Prior Vessel Failure - PRV

This event is used to identify station blackout sequences with recovery of offsite AC power
(subsequent to core damage) within a time period judged to be prior to core support plate and
reactor vessel failure. Note that recovery of the diesel generators is not considered in the Level
1 core damage event trees or in the CSETs and that power recovery is defined solely as offsite
power recovery.

MAAP calculations [Ref. 4.9-8] for several station blackout sequences (which considered
operation/non-operation of the steam turbine-driven auxiliary feedwater system) indicate a time
period of approximately 1.4 to 2.0 hours between core damage initiation and core support plate
failure (ifcore support plate failure occurs then it is assumed that the probability of cooling the
debris in-vessel is small and vessel failure is assumed to occur).

Based on these MAAP calculations. a time period from the start of core damage to core plate
failure of 1.4 hours for sequences with early failure of AFW (at accident initiation) and 2.0 hours
for late failure of AFW (t'ollowing battery depletion) will be used to estimate the power recovery
probability.
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4.3.1.1.3 ~ Power Recovery Prior to Containment Failure - PRC

This event is used to identify station blackout sequences with recovery of offsite AC power
(subsequent to vessel failure) within a time period judged to be prior to containment overpressure
failure from long term production of steam and noncondensible gases.

MAAP calculations indicate that there will be many hours between vessel failure and the time
when the containment integrity is first threatened from long term pressurization. The Ginna
containment fragility curve has a median containment failure pressure of 144 psia [Ref. 4.9-9].

We have conservatively chosen to use the 5th percentile failure pressure (133 psia) to assess time
available for power recovery prior to containment failure. The MAAPcalculations indicate a time
period of between 8.1 to 9.8 hours from the time of core support plate failure to the time the
containment pressure reaches 133 psia [Ref. 4.9-8).

4.3.1.1.4 Status of In-Vessel Injection

The four event headings which are included in the CSET for in-vessel injection are:

Low Pressure Injection - UL
Low Pressure Recirculation - XL
High Pressure Injection - UH
High Pressure Recirculation - XH

For most sequences the availability of these systems has already been determined in the Level
1 core damage trees. However, for those sequences where the availability of one or more of these
systems has not been determined. then the CSET will evaluate their status. Note that the
functional success criteria for these systems in the CSET is the same as in the Level 1 core
damage analysis. Note also that the success criteria for low pressure recirculation is operation of
one RHR pump taking suction from the sump, successful heat removal with one RHR heat
exchanger and water delivery to the reactor vessel. Simplifications made in the consideration of
in-vessel injection in the CSET are discussed in section 4.3.1.2.1.

4.3.1.1.5 Containment Fan Coolers - FC

Analyses [Refs. 4.9-11 and 4.9-45) indicate that one train of fan coolers is sufficient tn prevent
overpressurization of the containment resulting from gradual steam production. Hence. the
success criteria for fan cooler operation is one train of fan coolers (with or without the «har«oal
filter train). Simplification» made in the consideration of containment heat removal in the CSET
are discussed in section 4.3. l.2.l.
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4.3.1.1.6 Containment Spray Injection - UCS

The success criteria for containment spray injection is spray delivery from the RWST to the
containment by one spray train.

4.3.1.1.7 Containment Spray Recirculation - XCS

The success criteria for containment spray recirculation is spray delivery from the sump to the
containment by one spray train with successfull containment heat removal from one RHR heat
exchanger. The success criteria for the RHR heat exchangers is operation of one heat exchanger
(with one RHR pump supplying flow to the heat exchanger and one containment spray pump
taking suction from the discharge of the RHR p'ump).

4.3.1.1.8 No Loss of Containment Isolation - IS

This event heading evaluates whether the containment is isolated following the start of core
damage. Loss of isolation is defined as a leakage pathway from the containment atmosphere to
outside the containment boundary with a minimum equivalent diameter of 1.5 inches or greater.
MAAP code analysis-[Ref. 4.9-6] for a spectrum of loss of isolation cases indicates that for
containment leak sizes of 1.5 inches or less the volatile fission product (CsI) release fraction will

'e

less than 10'. Furthermore, these MAAP calculations indicate that a leak size equal to, or
greater than, 1.5 in. will generally prevent gradual overpressurization of containment in the
absence of containment heat removal.

4.3.1.2 CSET Solution

The solution is built one node at a time, starting from the CUTSETs from a core damage
sequence, by logically ANDing the CUTSETs for a top heading to the terms from the previous
node. Mutually exclusive events and success terms identified in both the Level 1 Event Tree and
the CSET are then deleted. This process ensures that no information from the Level 1 solution
is lost in the quantification of the CSET. Split fractions are then computed for each CSET node,
which are then used to determine the frequencies of the end states.

Special care is taken to preserve the results of the Level 1 recovery analysis without incorrectly
applying recovery terms to systems that are not involved in the core damage scenario. The
exceptions to this are certain containment isolation recoveries th'at are explicitly described in the
Emergency Operating Procedures.
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The end state frequencies are computed 'from split fractions rather than CUTSETS because all
of the CSET end states are significant, and CUTSET solutions tend to over estimate the
frequencies of success paths. (The reason for this is that independent success terms are not
explicitly represented in this type of solution.) The split fraction solution preserves the core
damage frequency from the Level 1, while allowing the sequences to be binned into Plant
Damage States (PDS) based on Level 2 system performance considerations.

4.3.1.2.1 Evaluate Level 1 Sequences

The first step in solving the CSET for a core damage sequence is to determine what is already
known about the availability of the containment systems explicitly modeled in the sequence.
Since the success criteria for the CSET headings has been defined to be identical to the Level
1 success criteria, there are only three possibilities for a system state:

1) Available

2) Failed

3) Not Modeled

The exception to this rule is that a system that has been failed due to a loss of offsite power may
become available after core damage occurs because of power recovery.

If a system falls into the "Not Modeled" category, its availability state may still be inferred by
the states of the other explicitly known systems. The rules that apply in this situation are:

1) If low pressure injection (UL) is failed, then low pressure recirculation (XL) is assumed
to be failed.

2) Ifhigh pressure injection (UH) is failed, then high pressure recirculation (XH) is assumed
to be failed.

3) If low pressure recirculation (XL) is failed, then high pressure recirculation (XH) and
containment spray recirculation (XCS) are assumed failed since high pressure recirculation
and containment spray recirculation take suction from the discharge of the low pressure
pumps.
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4) If the containment fan coolers (FC) are available, then the availability of containment
sprays in both injection and recirculation mode (UCS and XCS) are assumed failed. The
containment pressure setpoint for actuation of the fan coolers (4 psig) is much lower than
the sprays (28 psig), and for most sequences, with the possible exception of large and
medium LOCAs, operable fan coolers will prevent the containment pressure from
exceeding the pressure setpoint of the sprays prior to vessel failure.

There is one exception to this rule. If both low and high pressure injection into the
reactor vessel has failed, containment spray is a valid mode of injecting water into
containment. In these cases, UCS is asked to determine if the RWST has been injected
into containment rather than for containment cooling purposes.

Note that the following corollaries also apply:

1) If low pressure recirculation (XL) is available, then low pressure injection (UL) is also
available.

2) Ifhigh pressure recirculation (XH) is available, then high pressure injection (UH) is also
available.

3) Ifhigh pressure recirculation (XH) or containment spray recirculation (XCS) are available.
then low pressure recirculation (XL) is available.

In addition to the system status, the logic flags that were used in the Level 1 analysis for each
sequence must be preserved in the solution of the CSET.

Finally, the frequency of each of the Level 1 core damage 'sequences must be known. If a core
damage sequence was below the truncation level, or ifrecovery reduces the frequency below the
truncation level, the sequence will not be analyzed in the Level 2, and therefore does not need
to have a CSET solution.

4.3.1.2.2 AC Power Recovery

There are four possible states of offsite AC power considered in the Level 2 analysis. AC power
can be available at all times. unavailable prior to core damage and recovered before vessel
failure, unavailable prior to vessel failure and recovered before containment failure. or
unavailable throughout the scenario. The core damage CUTSETs must be sorted into these
configurations.
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The first heading in the CSET, "No Station Blackout" (SBO), determines whether or not power
was available prior to core damage. The sequence CUTSETs are divided into SBO and non-
SBO. Note that even though recovery of AC power is considered in the Level 1, the only terms
that show up in the core damage sequences are those that have not been recovered prior to core
damage.

The next two CSET headings, "Power Recovery Prior Vessel Failure" (PRV) and "Power
Recovery Prior Containment Failure" (PRC), are based on the offsite power recovery curves. The
probability of recovery is determined by the time available to restore power before the given
undesired event occurs. In this analysis, only one scenarios is necessary:

1) AFW fails due to loss of ventilation, Vessel Failure at 12 hours, Containment Failure at
21 hours

If the state of AFW is unknown, it is assumed to be failed. For Level 1 sequences that include
power non-recovery at 4 or 10 hours, it is assumed that AFW is available since the core would
have been damaged much earlier ifAFW was failed.

A review of the recovered Level 1 CUTSETs shows that all of the SBO terms above the
truncation limit involve loss of the grid. This makes the calculation of the CSET recovery split
fractions simple since the CUTSETs do not have to be further broken down into grid related and
switchyard related loss of power events. A split fraction for each of the CSET headings is
calculated based on the time required to recover power and any known time period of non-
recovery. The probability of non-recovery by a given time is estimated by

and the probability of non-recovery between,two times is given by

P~R(t~)
P>R(tz t,) =

The CSET split fraction is defined as the probability of non-recovery between two times. Table
4.3-2 summarizes the split fractions used.

4.3.1.2.3 Generate the CSET Top Events

This section deals with the quantitication of the injection, recirculation, and containment cooling
systems modeled in the CSET. The containment isolation system is treated differently. and is
described in the next section.
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The top events in the CSET are defined such that they are the same as those used in the Level
I analysis. Therefore, the Level 1 fault tree models can be used without modification. The
major difference is the treatment of offsite AC power. All of the CSET branches that consider
the system availability have offsite power either available or recovered at the time in question.

4.3.1.2.4 Containment Isolation Tree Solution

The Containment Isolation fault tree contains logic that is highly dependant on the core damage
sequences being evaluated. Many of the systems considered in the Level 1 analyses have
components that also perform a containment isolation function, while others have parts that
preclude the failure of the containment isolation function. Great care was taken to ensure that
all dependencies between the Level 1 solution and the Containment Isolation tree quantification
were handled in a rigorous and consistent manner. The Containment Isolation tree treats
dependencies to the other models via logic flags. There are two types of flags used; those that
are associated with a containment isolation signal to a valve, and those associated with special
events.

The first type of flags are used to identify Level 1 failures that would generate a containment
isolation signal for a particular valve. The gate logic identified in the flag description must be
DELETED from the associated "No Containment Isolation Signal from ESFAS" gate. This is
because failure of the items identified in the flag description willgenerate a signal for the valve
to close whether an actual containment isolation signal is present or not. Note that the valve can
still mechanically fail to close even if it gets a signal to close. These flags are handled in the
solution by deleting the flagged terms prior to combining the Containment Isolation CUTSETs
with the rest of the CSET.

The second type of flags are used to identify special circumstances that may occur in a core
damage sequence that may invalidate a given containment penetration as a potential release path.
A typical scenario of this type is a valve that is required to be open to perform its Level 1

function, but its failure leads to the core damage event. In this case, the valve failure ensures
that it is in its proper (closed) state for the containment isolation function. These flags are
handled in the solution by deleting the flagged terms after combining the Containment Isolation
CUTSETs with the rest of the CSET.

As in the other system tops. the Level 1 flags need to be preserved for the solution ot'he
Containment Isolation t'ault tree. However, AC power is treated differently for containment
isolation than it is for the other systems. It is possible that the containment isolation function
could fail due to power failure for PRC success sequences. For these sequences. the tree is
solved with the AC power terms in their Level 1 quantification state, and the combination of the
logic determines whether or not the isolation function is failed by power.,
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Initial quantification of the CSET showed failure to isolate AOV-371 to be a significant
contributor to the failure of containment isolation. Procedure E-O, step 12b calls for the local
isolation of AOV-371 via manual valve 204A. A recovery action was applied to these isolation
failures to provide a more realistic estimation of the containment isolation failure probability.
All Level 1 recovery rules were followed when including this recovery to the CUTSETs.

4.3.1.2.5 CSET End State Solution

The system tops are combined with the Level 1 core damage solutions by a CUTSET linking
process. A failure branch is computed by ANDing the terms from the system top to the terms
from the upstream node. Then the mutually exclusive terms and previous success branch terms
are deleted from the result. A success branch is computed by copying the upstream node, and
deleting the terms from the system top. A split fraction for the node is then calculated by
dividing the probability of the failure branch by the probability of the upstream node.

Node002
P

1.0'ode0031P 1.0E-5

Node0041
P ~ 9.0E-6

Node004
P ~ 1.0E4 Nodo002

Node003
P ~ 1.0E4

Probabilities from CUTSBT Solution

Node003

Calculated Split Emotions

Several special cases may be encountered during the CSET solution. Some nodes may have been
pre-determined by the Level I analyses, while others may be truncated or found impossible due
to exclusive events or system successes. The following paragraphs describe the way that
exceptions to the CUTSET linking process are handled.

SBO
Rather than ANDing terms for this split fraction, the solution of this node splits the Level
1 sequence CUTSETs into terms involving AC power failure and those that do not. The
process for performing this split is described in Section 4.3.1.2.2. The split fraction is
computed by dividing the probability of the Loss of Power portion by the probability of
the core damage sequence.

The nodes for PRY and PRC are split fractions computed from Table 4.3-2. No
CUTSETs are involved. Because of this, the terms from the failure branch of Node 1 will
be the upstream node t'or each of the power recovery branches. The split fractions used
on these nodes are presented in Section 4.3.1.2.2.
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Pre-Determined Branches
Since many of the systems in the CSET have already been considered in the Level 1

analysis, 'the state of many of the nodes has been pre-determined. If a system was
determined to be unavailable, the split fraction for the node is assigned to unity (1.0) and
the CUTSETs from the upstream branch are copied into the failure branch. The success
branch is set to FALSE (0.0). If the system was determined to be available, the failure
branch is set to FALSE, the split fraction is set to 0.0, and the upstream CUTSETs are
copied to the success branch. In this case, the system CUTSETs are still deleted from
the success branch for completeness.

U stream Success or Failure
As the solution of the CSET progresses, some branches may be determined to have a zero
probability. There is no reason to proceed with the solution along such a branch. If the
success path of a node is zero, the solution continues along the failure path. Ifthe failure
path is zero, the success path solution is completed and then the quantification skips the
failure branch. The solution'is resumed at the next node below the FALSE failure branch.

4.3.1.3 Results

Table 4.3-3 lists the frequencies for each of the non-truncated CSET end states. These
frequencies are used directly in the determination of Plant Damage State probabilities.

4.3.2 Plant Damage State Grouping Parameters

Twelve parameters were selected for use in defining the Ginna plant damage states (however. two
parameters apply only to SGTR sequences). A description of these parameters and the bases for
their selection are discussed in detail below.

4.3.2.1 Containment Bypass

This parameter is used to divide the Level 1 core damage sequences into bypass and non-bypass
groups. Furthermore, the containment bypass sequences are subdivided into interfacing system
LOCA (ISLOCA) and steam generator tube rupture (SGTR) groups. The containment bypass
sequences are distinctly different from non-bypass sequences in that there exists a direct tlow
pathway from the primary system to outside the containment boundary which bypasses the main
containment region. Hence. holdup and attenuation of radionuclides (released from the
core/primary system prior to vessel failure) are not affected by the natural processes and
engineered safety systems in containment. Consequently, bypass sequences can result in relatively
large source term releases early in time. The interfacing system LOCA and SGTR bypass
sequences are separated into different groups because the radionuclide release pathways for these
two groups of sequences are unique.
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For the SGTR sequences the pathway includes, for example, the reactor coolant system (RCS),
steam generator (SG) secondary side, secondary steam line and safety/relief valves. For
interfacing system LOCA sequences a typical pathway is RCS, low pressure injection (LPI)
system piping and the auxiliary building (where the break location may be submerged). Strictly
speaking a containment event tree is not required for these sequences since containment
phenomena are largely irrelevant or unimportant.

4.3.2.2 Containment Isolation Status

This parameter segregates the core damage sequences into sequence groups based on the status
of containment isolation at the time of core damage. With the containment not isolated, early and
relatively large releases of radionuclides from the plant are possible. If the containment is not
isolated the most important additional system consideration from the standpoint of the
radionuclide source term is whether the containment sprays and/or containment fan coolers
function. With operation of the sprays or fan coolers, leakage from the containment will be
reduced and effective mitigation of radionuclides in the containment atmosphere will occur.
Consequently, for sequences which are not isolated these are the only other grouping parameters
which are considered.

MAAPcalculations [Ref. 4.9-6] indicate that the minimum leak diameter that need be evaluated
(from consideration of the off-site source term and the impact of the leak on containment
pressurization and failure) is 1.5 inches.

4.3.2.3 Transient or LOCA Type

This parameter is used to separate transient sequences from LOCA sequences and to further
subdivide large/intermediate LOCAs sequences from small LOCAs. The major reasons for the
use of this parameter for grouping are: 1) to aid in the subsequent classification of sequences by
RCS pressure, 2) to distinguish sequences with distinctly different key event timing, and 3) for
radionuclide release and transport behavior differences. Large and intermediate LOCAs have
been combined since their containment accident progression is expected to be similar.

4.3.2.4 Reactor Shutdown

This parameter segregates ATWS sequences from all other transient sequences. For ATWS
sequences it is assumed that the damaged core is not eoolable in-vessel because of the potential
for elevated power levels when the debris is flooded with water.
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4.3.2.5 Station Blackout

This parameter is used to distinguish transient sequences with total loss of AC power (and failure
to recover power prior to core damage initiation) from all other transient sequences. This
distinction is not made for LOCA initiated sequences since a LOCA initiated sequence with total
loss of AC power has a very low frequency. Station blackout is selected as a grouping parameter
for several reasons. First, total loss of AC power results in a sequence without any containment
safeguards (sprays or containment fan coolers). Second, past studies of similar plants [Ref. 4.9-7]
indicate that station blackout sequences may be important contributors to core damage and offsite
risks.

4.3.2.6 Power Recovery

This parameter is used to identify station blackout sequences with recovery of offsite AC power
(subsequent to core damage) within a time period judged to be prior to vessel failure and/or
containment failure. Three possible branch pathways are evaluated; 1) "PRIOR Vessel Failure",
2)"PRIOR Containment Failure" and 3) "NO power RECOVery". Power recovery subsequent
to core damage allows for the possible restoration of in-vessel injection which may terminate the
accident and prevent vessel failure. Power recovery prior td containment failure allows for
restoration of containment sprays and/or containment fan coolers in sufficient time to prevent
containment failure or mitigate the source term.

4.3.2.7 RCS Pressure During Core Damage/At Vessel Failure

The reactor coolant system pressure during core damage and at the time of vessel failure can
have a major impact on several potentially important containment events. High RCS pressures
during core heatup and core damage facilitate natural circulation heat transfer from the core to
the hot leg which increases the potential for high temperature induced hot leg, surge line or steam
generator tube failure. Elevated pressures at the time of vessel rupture may result in entrainment
of the core debris out of the reactor cavity and increase the potential for debris fragmentation and
dispersal into the main containment gas volume thus increasing the potential for direct
containment heating (DCH). Four pressure regimes have been identified as being signiticant.
These are:

Pressure Regime
LO-LO
LO-Hl
HIGH
HI-HI

Pressure Range (psig)
< 140

140 - 1400
1400 - 2335

) 2335
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The reasons for this selection of pressure regimes for use as PDS characteristics are discussed
below. The shutoff head for the Residual Heat Removal (RHR) System is approximately 140
psig [Ref. 4.9-1]. Energetic dispersal of the debris out of the reactor cavity following vessel
failure is not expected for RCS pressures less than 150 psi [Refs. 4.9-10, 4.9-33 and 4.9-34],
whereas for pressure differentials above 150 psi debris entrainment and dispersal out of the cavity
and DCH are potentially important processes. Based on the RHR shutoff pressure and the debris
entrainment threshold pressure the upper pressure limitfor LO-LO pressures was selected as 140
pslg.

The shutoff head for the Safety Injection (SI) System is approximately 1400 psig [Ref. 4.9-1].
In addition, 2000 psi was judged by the NUREG-1150 In-Vessel Expert Panel as the lowest
pressure where induced hot leg or surge line creep rupture failure was credible (though unlikely).
Since the threshold pressure for induced RCS failure is above the shutoff pressure for SI, 1400
psig was selected as the upper pressure limit for the LO-HI regime.

At very high RCS pressures in the range of the pressurizer relief/safety value setpoints (2335-
2485 psig) [Ref. 4.9-1] the NUREG-1150 experts panel judged that induced hot leg or surge line
failure was likely and that induced steam generator rupture was possible (though highly unlikely).

4.3.2.8 Status of In-vessel Injection

The status of in-vessel cooling at the time of core damage is important for several reasons. If
in-vessel cooling is available during the period of core damage, core damage may be limited and
vessel failure prevented. This situation would be the case for a large break LOCA sequence with
operable RHR cooling but with all accumulators failed. For this sequence the Level 1 success
criteria indicate core damage occurs [Ref. 4.9-22]. If the RCS pressure is elevated above the
RHR system shutoff pressure (140 psig) or above the SI system shutoff pressure (1400 psig) but
these systems are available (deadheaded) they could provide in-vessel injection if the RCS is
depressurized prior to RV failure (such as by an induced hot-leg rupture). In addition. with the
in-vessel cooling systems available an additional source of cooling water is available to the cavity
debris following vessel failure. The in-vessel cooling systems may also be available following
off-site power recovery for station blackout sequences. The seven possible branches for this
heading are:

REC ON (in-vessel cooling on early - both injection and recirculation modes
available)

INJ ON (in-vessel cooling on early - only injection mode available)

REC DEADHEAD (in-vessel cooling available but cannot inject because of high RCS
pressure - both injection and recirculation modes available)

INJ DEADHEAD (in-vessel cooling available but cannot inject because of high RCS
pressure - only injection mode available)
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REC RECOV (in-vessel cooling recovered subsequent to core damage but prior
to the anticipated time of core support plate and RV failure - both
injection and recirculation modes available)

INJ RECOV (in-vessel cooling recovered subsequent to core damage but prior
to the anticipated time of core support plate and RV failure - only
injection mode available)

INJ FAIL (in-vessel cooling never available)

Note that failure in the recirculation mode is assumed to occur if long term containment heat
removal (fan coolers and containment sprays) is failed, even when in-vessel cooling in the
recirculation mode is initially available.

4.3.2.9 Containment Fan Coolers

Operation of containment fan coolers (i.e. operation of at least one train of fan coolers) or
operation of one train of the containment sprays with a functional RHR heat exchanger is
considered necessary to prevent long term containment over-pressure failure from steam
generation and high containment temperature [Ref. 4.9-11]. Successful operation of containment
heat removal requires that heat removal be established prior to the containment reaching a

pressure where containment integrity is first threatened (taken to be 133 psia). This requirement
generally affects SBO sequences where success of offsite power recovery (prior to containment
failure) is based on the time period from onset of core damage to the time when the containment
integrity is initially threatened.

Operation of the fan coolers also provides for mitigation of the radionuclides in the containment
atmosphere. Even without the filter trains in service, effective deposition of radionuclides on the
fan coolers is expected due to steam condensation on the cooling coils.

4.3.2.10 Containment Sprays

Operation of the containment sprays provides several important functions which impact
containment accident progression. containment loading and the radionuclide source term. First,
operation of the sprays in the recirculation mode (with an operational RHR heat exchanger) is
considered necessary for long term containment heat removal if the fan coolers are failed [Ref.
4.9-11]. Second, operation of the sprays will attenuate fission products released to the
containment atmosphere and greatly reduce the source term. To be considered successful for this
purpose the sprays must operate during periods of time when t>ssion product release is occurring
and when containment heat removal is required. However, with the fan coolers available the
containment sprays are unlikely to be operated in the long term.
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The sprays also provide a means of injecting the contents of the RWST into containment and
thus provide a source of water to cover the debris in" the reactor cavity or on the lower
containment floor for cooling the debris. Cooling the debris ex-vessel prevents debris concrete
attack and the release of radionuclides and non-condensible and combustible gases.

4.3.2.1 1 Steam Generator Isolated

Given that a SGTR has occurred, the source term to the environment will be significantly larger
if there is an open release pathway from the broken steam generator to the environment (such
as a stuck open atmospheric relief valve), compared to the case where there is no open pathway
and the only significant releases occur through relief valves'cycling at their setpoint pressure.

4.3.2.12 Steam Generator Break Covered

Ifthe broken steam generator is flooded to a level which covers the steam generator tubes during
the time period of core damage and fission product release, then significant attenuation of the
fission product source term can be expected by scrubbing in the steam generator. The steam
generator would remain flooded if AFW was not isolated to the broken steam generator.

4.3.3 PDS Logic Diagram and Characteristics

A logic diagram was constructed with these twelve parameters as decision branches to aid in the
assembly of specific plant damage state characteristics from the matrix of all possible
combinations allowed by the twelve grouping parameters.

The logic diagram for the Ginna plant damage states is shown in Figure 4.3-2. The endpoints
of the logic diagram represent individual plant damage states and the pathway through the
diagram (i.e. the set of decision paths taken at each decision branch) define the attributes t'or each
plant damage state.

The logic diagram is a tool used to combine the various grouping parameters into unique plant
damage states. The goal of the grouping process is to reduce the number of required containment
analyses to a tractable number while continuing to distinguish the more important differences
among the sequences which are likely to influence the containment accident progression.
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Using twelve parameters in a grouping logic structure with (only) binary choices at each decision
point would result in 2" (4096) groups which is clearly intractable. However, by arranging the
logic diagram in such a way that the most important parameters are considered before parameters
of lesser importance, and eliminating decision points by allowing only one decision branch results
in the collapse of the number of plant damage states to a reasonable number while still preserving
the most important differences among the various sequences.

The reasons for suppressing branching on a decision branch are highly judgmental and involve
the following considerations: (1) Is this branch necessary to distinguish an important difference
among the sequences? (2) Is the frequency of sequences following this pathway likely to be
sufficiently large to warrant additional plant damage states?, and (3) Can a conservative choice
be made which allows for branch suppression which is not likely to significantly impact the
overall results. For example, on the Ginna PDS Logic Diagram shown on Figure 4.3-2 branching
is suppressed under the Station Blackout heading for LOCA sequences based on the relative
frequency of LOCAs with and without AC power.

Figure 4.3-2 has been reduced to eliminate plant damage states containing no sequences (i.e. all
sequences in these groups had frequencies below the cutoff threshold - see section 4.3.1). Twenty
four plant damage states were defined for the Ginna plant.

The timing of,key events such as system failure/recovery, and operator actions were assessed.
The PDS logic diagram was structured to assure that the key event timing information was
appropriately considered. The major time periods of interest are:

~ Prior Core Damage
~ Core Damage to Vessel Failure
~ At Vessel Failure

Between Vessel Failure and Gradual Containment Overpressure
Failure

After Containment Failure

4.3.4 Plant Damage State Frequencies and Dominant Sequences

The core damage sequences evaluated through the Level 1 accident sequence event trees (ASET)
and containment system event tree (CSET) were assigned to plant damage states using the PDS
logic diagram (Figure 4.3-2).
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The total core damage frequency (CDF) is 8.24E-5. Table 4.3-4 presents the Ginna PDS
frequencies. The dominant plant damage states are 12, 22, 24, 20, 15, 17, 11 and 1. These PDSs
represent 96.3% of the total core damage frequency. Three of the top four frequency ranked
PDSs contain containment bypass sequences. PDSs 22 and 24 represent steam generator tube
rupture (SGTR) initiated core damage sequences. SGTR sequences represent 32.7% of the total
CDF. Interfacing system loss of coolant accident (ISLOCA) sequences are contained in PDS 20.
ISLOCA initiated core damage sequences account for 9.7% of the total CDF.

The PDS with the highest frequency is PDS 12 (29.7% of total CDF). This PDS contains large
and intermediate LOCA sequences with the in-vessel emergency cooling systems available in the
injection phase but failed in the recirculation phase. PDS 11 is similar to PDS 12 except that
for PDS 11 the in-vessel cooling systems are available in both the injection and recirculation
modes.

PDSs 15 and 17 (9.6% and 7.5% of CDF, respectively) contain small break LOCA sequences.
For PDS 15 in-vessel injection is available in both the injection and recirculation modes, however
the reactor coolant system has not been depressurized sufficiently to allow injection into the
vessel. For PDS 17 in-vessel cooling is provided during the injection phase, however failure of
in-vessel cooling occurs in the recirculation phase.

PDS 1 contains all sequences with failure of containment isolation. Loss of isolation sequences
represent 3.0% of the total CDF and 5.2% of the frequency for non-containment-bypass core
damage sequences.

Containment heat removal is available for all PDSs except for the PDS containing SBO
sequences with offsite power never recovered (PDS 8). This result indicates that the containment
heat removal systems are reliable (particularly the containment fan cooler system).

Inspection of Ginna individual plant damage state attributes yields the following additional
insights. Of the non-bypass, non-loss of isolation sequences, transient sequences'epresent 2.7%.
small break LOCAs 17.6%, and large/intermediate break LOCAs 34.5%, of the total core damage
frequency. Station blackout (SBO) sequences account for only about 1% of the total «ore
damage frequency (and 38% of the transient CDF). For SBO sequences, 38% have power
recovery subsequent to core damage but prior to the estimated time for vessel failure. 54'7c have
power recovery after vessel failure but prior to the estimated time when long term containment
overpressure failure might thirst occur, and for 8% of the SBO sequences, power is not recovered.

'Transient sequences assigned to Transient PDSs do not contain all the transient initiated
sequence CDF. Transient initiated sequences which are transferred to LOCA event trees (for
example, as a result of a stuck open pressurizer PORV) are assigned to the corresponding LOCA
PDSs.
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RCS pressure during core damage is an important parameter for assessing containment accident
progression. The overall breakdown for fraction of all plant damage state sequences in each
pressure regime is shown below (neglecting bypass and loss of isolation sequences):

Very High ( P ) 2335 psig) 5%
High (1400 < P < 2335) 0%
Intermediate ( 140 < P < 1400) 32 %
Low ( P <140 ) 63%

Table 4.3-5 lists the core damage sequences'that contribute to the frequency of each plant damage
state.

4.4 Containment Failure Characterization

4.4.1 Containment Ultimate Strength

A finite element analysis was performed by Ebasco Services [Ref. 4.9-12] to assess the ultimate
strength and failure modes of the Ginna containment under the pressure and temperature loads
associated with a severe accident. Bounding pressure and temperature loads for the finite element
analysis were selected from a set of MAAP code calculations for a spectrum of severe accident
sequences.

Global structural failure was found to be initiated in the circumferential reinforcement steel in
the cylindrical wall at its midheight. The containment internal pressure at the inception of global
failure was 155 psia. Local liner tearing at discontinuities (penetrations) was estimated to occur
at a pressure of 145 psia. These failure pressures were assessed to have an uncertainty of (+I-
5%) estimated from the general accuracy of the finite element modelling approach.

Due to conservatism in design and construction, most estimates of the failure pressure for PWR
containments are between two and three times the design pressure. Based on a design pressure
of 60 psig (75 psia) and a global failure pressure of 155 psia the ratio of failure pressure to
design pressure for the Ginna containment is 2: l.

4.4.2 Containment Building Failure Mechanisms

The containment failure mechanisms considered in the Ginna PRA are based on NUREG-1150
[Ref. 4.9-7] results. NUREG-1335 [Ref. 4.9-13] provides a list of potential containment failure
modes and mechanisms and states that all of these failure modes and mechanisms were
considered in the NUREG-115() analysis. This section discusses each of these items.
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4.4.2.1 Direct Bypass

Direct bypass of the containment is considered in the NUREG-1 l50 analysis and in the Ginna
PRA. In each analysis the bypass sequences include both interfacing system loss of coolant
accident (ISLOCA) and steam generator tube rupture (SGTR) sequences.

4.4.2.2 Failure to Isolate

Failure to isolate containment can lead to an early release of radioactivity. A leak in
containment, either pre-existing at the time of the accident, or resulting from the failure of the
isolation paths to close, may result in a significant radionuclide release especially if the release
pathway is in direct contact with the containment atmosphere. In the Ginna PRA, loss of
isolation is treated as an event heading in the containment system event tree. A detailed fault
tree model has been developed to assess loss of isolation failures.

4.4.2.3 Vapor Explosions

NUREG-1150 considered steam explosions originating in-vessel (the classic alpha-mode failure)
or ex-vessel in the reactor cavity. Alpha-mode failures were considered by the Steam Explosion
Review Group [Ref. 4.9-14]. Ex-vessel steam explosions were dismissed for the Surry plant in
NUREG-1150 because steam explosions in the cavity would not directly contact structures that
are both vulnerable and essential to the containment function. The Ginna reactor cavity is located
below the level of the containment floor and is isolated from the containment walls.
Consequently, based on the NUREG-1150 results, containment failure resulting directly from
ex-vessel steam explosions was not considered credible in the Ginna PRA.

Estimates for probability of alpha mode containment failures used in the Ginna PRA were based
on insights from the Steam Explosion Review Group.

4.4.2.4 Combustion Processes

Hydrogen combustion was considered in the Surry NUREG-1150 accident progression analysis.
Both early and late combustion were considered.
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Hydrogen combustion at the time of vessel failure in the absence of high pressure melt ejection
(HPME) and direct containment heating (DCH) result in pressure transients which do not threaten
containment integrity [Ref. 4.9-15]. Combustion of hydrogen late in the sequence (many hours
after vessel failure) is only of concern for sequences where the containment atmosphere is rapidly
de-inerted following a long period with extensive debris concrete interactions in an inerted
containment. Based on the results from NUREG-1150 and a review of the Ginna interior design,
hydrogen detonations were considered of negligible importance.

4.4.2.5 Steam Overpressurization

In the absence of effective containment heat removal, gradual pressurization of the containment
would result from the generation of, steam and non-condensible gases from the interaction of core
debris with water on the containment floor or with the concrete basemat. This pressurization
process could last from several hours to several days, depending upon accident-specific factors
such as the availability of water in the containment and the operability of engineered safety

'features.

Gradual containment pressurization by steam production and from the non-condensible gases
generated during debris concrete attack was considered in the Ginna PRA.

4.4.2.6 Core-Concrete Interaction (Basemat Meltthrough)

The Ginna design is such that water fills the reactor cavity if the contents of the refueling water
storage tank (RWST) are injected into containment. In addition, the containment floor will be
covered with water when the RWST empties. However, if the RWST is not injected or the
debris is not in a eoolable configuration, then basemat meltthrough may occur at Ginna.

Basemat meltthrough was considered in the Ginna PRA containment analysis.

4.4.2.7 Blowdown Forces (Vessel Thrust Force)

Failure of the containment as a result of gross displacement of the reactor vessel (above the
shield wall) was considered in the NUREG/CR-4551 accident progression analysis. However.
the assigned probability for this event was sufficiently small that it made a negligible contribution
to the probability of early containment failure. This mode of containment failure wa» not
considered in the Ginna PRA containment analysis.
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4.4.2.8 Liner MeltThrough (Direct Contact of Containment Shell with Fuel Debris)

The principal pathway for release of gases, water and debris dispersed from the Ginna cavity is
near the end of instrument tunnel. The containment compartment outside the cavity in this area
is not separated from the containment wall by any major structures. Consequently, there exists
the potential for significant quantities of debris to come into contact with the containment wall.

This mode of failure was considered in the Ginna PRA.

4.4.2.9 Failure of Containment Penetrations

Failure of containment penetrations (electrical, fluid, equipment hatch, personnel hatch, etc.) was
evaluated in the NUREG-1150 analysis and was judged to be significantly less important than
over-pressure failure of the cylinder wall. Based on the NUREG-1150 results and the Ebasco
study [Ref. 4.9-12] this failure mode was not explicitly included in the Ginna PRA.

4.4.3 Containment Building Overpressure Fragility

The Level 2 analysis considers the possibility of the containment failing under various accident
scenarios. In order to be comprehensive, failures resulting over the range of possible pressures
and pressurization rates must be considered. The objective of this task was to develop the
fragility curve for containment failure (i.e. the probability of containment failure as a function
of containment pressure) and to assess the probability of each possible mode of containment
failure.

Construction of the Ginna containment fragility curve was based on the containment structural
analysis from Ref. 4.9-12 and summarized in Section 4.4.1 above. The procedure for construction
of the fragility curve is described in detail in Ref. 4.9-9. A general sketch of the containment
is shown in Figure 4.4-1.

In the Level 2 containment analysis, it is necessary to assess the probability of containment
failure for a spectrum of accident sequences. A principal threat to the integrity of containment
is overpressurization associated with the severe accident. Overpressurization results from steam
production from the decay heat in the debris; from noncondensible gases generated from debris
concrete attack and from oxidation of the metals in the debris; and from direct heating of the
containment atmosphere. The pressurization rate can be slow, as from gradual steam production,
or rapid, as from a hydrogen burn or from direct containment heating (DCH).
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The containment fragility curve represents the probability of containment failure as a function
of containment pressure. The fragility curve is generally based on a structural analysis of
containment which identifies the potential modes of containment failure (limiting components of
the containment pressure boundary) and provides an estimate of the expected failure pressure for
each mode. In addition, the containment structural analysis generally provides an estimate of the
uncertainties associated with the failure pressure estimate for each mode. This information is
used to construct the containment fragility curve.

A detailed structural analysis of the Ginna containment shell was performed by Ebasco Services
[Ref. 4.9-12]. This analysis identified two dominant modes of containment failure: global failure
of the reinforcing in the containment wall at an estimated pressure of 155 psia, and local liner
failure in the vicinity of large penetrations at an estimated pressure of 145 psia. Each of these
failure estimates was assessed to have an associated unCertainty of (+/-) 5%.

In order to develop the containment fragility curve, an assumption must be made on the manner
in which the uncertainties are distributed. Typically, either a normal or log-normal distribution
is assumed. The stated uncertainty from Ref. 4.9-12 (+/- 5%) is symmetric about the best
estimate failure pressure. Since a normal distribution has this property, it has been assumed that
the uncertainties in the Ginna containment failure pressure for each mode can be represented by
a normal distribution. Furthermore, it is assumed that the stated uncertainty of +/- 5% represents
one standard deviation from the mean failure pressure.

It was assumed that local liner failure and global failure will both prevent further containment
pressurization under gradual overpressurization conditions. For rapid pressurization conditions,
however, local liner failure was assumed to provide insufficient pressure relief to prevent
continued containment pressurization.

The uncertainties in estimating the local liner failure pressure and the global failure pressure were
conservatively assumed to be independent in constructing the composite containment fragility
curve.
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The normally distributed probability density functions for local liner and global containment
failure are:

tp-s .(P

1 za2
Pdc~ i(P)-=

27T 0(

where:

p = the absolute pressure

P„.; = the probability density for failure mode i
a, = the standard deviation for failure mode i
p,; = the median/mean failure pressure for failure mode i
p ., = 145 psia

p ., = 155 psia
i = local liner failure (1) or global failure (g)

The cumulative distribution function is given by:

P,„;(P)=f P ;(P )"P.

Based on the stated accuracy of the ultimate failure pressure calculation +/- 5% it is assumed that
the standard deviation is 5% of the mean failure pressures for each failure mode. Hence:

G) = 7.25 pst
Gg = 7.75 pst

Using these parameters the probability density functions and the cumulative density function for
each failure mode were determined and are shown on Figures 4.4-2 and 4.4-3 respectively.

The overall containment fragility curve is calculated using the equation to combine the
probabilities for two independent failure modes:

>cuA ) =>curn-I+>curn-g / rum-p(:um-g

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-30



The assumption of independence (i.e., uncertainties in the analysis for the failure pressure for
each mode are not correlated) is reasonable since the material for the liner and the concrete
reinforcing are not the same and different models would be used to assess the ultimate strength
for each of these modes. Furthermore, the assumption of independence is conservative (i.e, results
in the lowest value for the overall ultimate strength). This curve is also shown on Figure 4.4-3.
The median pressure for containment failure (by any mode) from the combined curve is 144 psia
and the 5th percentile failure pressure is 133 psia.

Given that containment failure has occurred, it is also necessary to know the mode of failure.
Two possible conditions may exist: firstly, for slow pressurization events containment
pressurization will cease whenever either a local liner failure or a global containment failure
occurs (it is assumed that the leakage area for a liner failure is sufficient to prevent continued
pressurization of containment) and secondly, for rapid pressurization events (such as from
hydrogen burns or direct containment heating) the leak rate from containment is unlikely to be
sufficiently large to prevent the containment from continuing to pressurize for a local liner
failure.

Consequently, for slow pressurization events it can be assumed that only one failure mode will
occur and whichever failure mode occurs first will preclude failure by the other mode. On the
other hand for fast pressurization events local liner failure will not necessarily preclude
containment failure by global failure also.

For cases of slow pressurization, where the failure of containment in one mode precludes failure
in the other mode, local liner failure and global containment failure are mutually exclusive. The
equation for the probability of a specific failure mode, conditional on containment failure, at a
pressure p, under these conditions is:

curn-iP
I cf"i

>curn-i+>curn-8

These conditional probabilities as a function of the containment failure pressure are shown on
Figure 4.4-4.

For cases of fast pressurization, where the failure of containment in one mode does not precludes
failure in the other mode either, or both, local liner failure or global failure may occur. The
equation for the probability (conditional on containment failure) of local liner failure only. or
global failure only, is:
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Icurn-I ~curn-scum-g
~cf-I

>curn-I I curn-g Icurn-scum-g
I

and for both global failure and local liner failure is:

I curn-scum-g
~cf-I+g I curn-I+I curn-g I curn-scum-g

These conditional probabilities are shown on Figure 4.4-5.

For slow pressurization events, containment failure will be dominated by local liner failure for
failure pressures, at or below the median containment failure pressure. At failure pressures above
the median failure pressure, the global failure mode becomes of increasing importance with the
conditional probabilities of local liner failure and global failure asymptotically approaching 0.5
at high failure pressures. For fast pressurization events, local liner failure will again dominate
for pressures at or below the median failure pressure. At higher pressures both global and local
liner failures are expected.

4.5 Containment Event Trees

A containment event tree (CET) is a logic model to delineate the possible paths that an accident
sequence may progress along, given an initial set of conditions defined by a plant damage state.
The CET models the key uncertainties in the possible outcomes from various physical phenomena
and processes which impact severe accident progression, containment integrity and the
radionuclide source term.

The Ginna CET analysis was conducted as follows:

A simplified CET diagram was developed which contained headings for only the most significant
events impacting severe accident progression. The CET is shown in Figure 4.5-1. For each ot'he
event headings in the CET. Decomposition Event Trees (DETs) were constructed to assist in the
quantification of each CET heading. Finally, an overall logic model was developed using the
EVNTRE code [Ref. 4.9- l6) based on the CET and DET diagrams.

The number of event headings incorporated into the main CET diagram was limited in order to
preserve the lucidity ot'he CET and to delineate the most significant accident progression
pathways. Additional event details required for the quantification of CET events were relegated
to decomposition event trees (DETs) and incorporated into the EVNTRE model. The details of
the Level 2 model development and quantification are discussed below.
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It should be noted that the first 12 events in the EVNTRE input represent the plant damage state
headings as shown in Figure 4.3-2. Incorporation of the PDS heading into the EVNTRE model
allowed the direct modelling of dependencies between the CET/DET events and the PDS
attributes.

4.5.1 Containment Event Tree Development

The events considered in the CET analysis generally represent phenomenological events or
physical processes which are considered to be important to the definition of the source term and
the time, mode, and location of containment failure. The severe accident phenomena and
containment events specihed in Generic Letter 88-20 [Ref. 4.9-17], the IPE Submittal Guidance
Document-NUREG-1335 [Ref. 4.9-13] and the PRA Procedures Guide [Ref. 4.9-18] have been
evaluated for inclusion in the CET. Also considered were the detailed set of events developed
for NUREG-1150 [Ref. 4.9-7] and for NUREG/CR-4551 [Ref. 4.9-19]. A review of past PRAs
and IDCOR results was also performed to identify events which should be included in the CET.

A general list of events considered for inclusion in the CET (and DETs) is shown in Table 4.5-1.
The list of potentially important containment events shown in Table 4.5-1 indicate the type of
events considered. Additional events were identified based on a review of the specific design
and operational characteristics of the Ginna plant.

Event timing was a key factor in organizing the events on the CET. The accident progression
was divided into distinct time periods for which different phenomenological processes are
important and for which different recovery and mitigation actions may be effective. The general
time periods considered were:

1. prior to RV failure
2. at or within a few hours of the time of RV failure
3. many hours after RV failure

The applicable time periods for each event are shown on Table 4.5-1.

A general containment event tree structure was used to assess containment accident progression
for nearly all plant damage states except for those PDS associated with containment bypass
sequences (SGTR or ISLOCA). For containment bypass sequences a CET was not required.
Although the general CET structure was the same for most PDS, the quantification of the CET
was different as a result of differing PDS characteristics. The following event headings were
selected for incorporation into the main Ginna CET diagram. These events are judged to be the
most important for assessing containment accident progression, containment failure and the source
term. These events are grouped on the tree into the three principal time periods of interest for
the analysis shown above.

The following discussion summarizes the events included in the main Ginna CET diagram.
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4.5.1.1 Mode of Induced Primary System Failure

This event determines whether the elevated temperatures and pressures within the reactor coolant
system.(RCS) following core uncovery can result in failure of the RCS pressure boundary prior
to reactor vessel lower head failure. Three branch possibilities are considered:

1. no induced RCS failure
2. rupture of a hot leg (or the pressurizer surge line)
3. steam generator tube rupture(s) (SGTRs)

Induced RCS pressure boundary failure is only likely to be important for sequences where the
RCS pressure remains elevated during core uncovery and core heatup, since the high pressure
conditions enhance natural convection heat redistribution from the core to the hot leg and steam
generators [Ref. 4.9-17] and the high pressure conditions may lead to failure of these components
at elevated temperatures. Each of the possible branch pathways for this event has an important
impact on accident progression. Hot leg failures are likely to be of sufficient size (large break
LOCA) [Ref. 4.9-17] to cause depressurization of the RCS prior to vessel failure, and
consequently to greatly reduce the probability that energetic events at vessel failure (e.g., DCH
or H, burning) willcause containment failure. Failure of one or more steam generator tubes can
result in a bypass of containment if a secondary relief/safety valve opens. Unless the number of
induced steam generator tube failures is large (> 10) and the secondary side of the steam
generator is depressurized, the primary system would not be expected to depressurize prior to
reactor vessel failure.

4.5.1.2 Debris Cooled In-Vessel

Given that core uncovery and some core damage has occurred, this question considers whether
the damaged core can be cooled in-vessel and vessel failure prevented. For there to be any
possibility that the core be cooled in-vessel, then a supply of water to the vessel in excess of that
required to remove decay heat must be supplied. This requires an absolute minimum of several
hundred gpm injection flow. At this minimum flow level, the probability of successfully cooling
the damaged core in-vessel will be low, even given a core debris configuration favorable to
cooling. At substantially higher injection flow rates, the probability of cooling the debris under
less favorable debris contigurations (e.g. at later times with greater amounts of core damage. core
slumping and/or core melting) is enhanced.

The plant damage state entry conditions defin whether low pressure (or high pressure) coolant
flow is (or can be) provided in both the injection and recirculation phases. The types ot'ore
damage sequences with in-vessel cooling following core damage initiation can be divided into
two major classes. The first class of sequences are those where the in-vessel cooling'flows are
insufficient to prevent core damage as define by the Level 1 analysis success criteria. An
example of this type of sequence is a large break LOCA with successful low pressure coolant
injection (and recirculation) but with failure of the accumulators to inject.
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The second class of sequences are those where there is no coolant injection prior to core
uncovery and incipient core damage, but where some form of in-vessel cooling is recovered prior
to vessel failure. This second class of sequences would include:

1) station blackout with late recovery of power and

2) high pressure sequences with failure of the high pressure system, or with failure
to depressurize the RCS to the high (or low) pressure injection thresholds prior to
core uncovery. followed by late depressurization (either intentionally or as a result
of induced hot leg or surge line rupture) and with in-vessel cooling available.

The possible branch pathways for this event are:

1) debris cooled in-vessel (no vessel failure), and
2) debris not cooled in-vessel.

If the debris is cooled in-vessel, containment failure is extremely unlikely since only limited
hydrogen production would be expected, steam generation will be limited, and DCH is not a

possible threat. Furthermore. radionuclide release from the debris willbe limited and longer-term
revaporization of radionuclides deposited on RCS surfaces will be largely avoided. Hence,
because the containment does not fail and because of the limited radionuclide release, the
environmental source terms for core damage sequences successfully terminated in-vessel are
expected to be very small. The sequences of this type are very similar to the TMI-2 accident.
Note that successful in-vessel core cooling is assumed possible only ifcontainment heat removal
is available, the containment is isolated and the containment is not bypassed.

4.5.1.3 Mode of Early Containment Failure

This event assesses the probability that the containment will fail at, or soon after, vessel failure
as a result of the containment loads generated by processes which may occur at vessel failure.
The potential containment loading mechanisms which have been considered include:

Direct Containment Heating (DCH)
In-vessel Steam Explosions
Hydrogen Combustion
Ex-vessel Steam Explosions/Spikes
Blowdown of The Reactor Vessel From Elevated Pressure

The rapid steam generation which may occur at vessel failure as the molten debris is ejected into
water in the lower cavity and is quenched will result in peak containment pressures which are
well below pressure levels which would threaten containment integrity. Furthermore, the dynamic
loads associated with steam explosions which may occur in the lower cavity are not considered
to pose a threat to containment integrity since there is no pathway for the pressure wave to be
transmitted to the containment walls or dome either in water or gas. These results are similar
to the conclusions presented on NUREG/CR-4551 for the Surry reactor [Ref. 4.9-19).
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Bounding calculations indicate that hydrogen combustion at vessel failure alone will not result
in a peak pressure which would threaten containment integrity. This calculation is summarized
in Ref. 4.9-15. These bounding calculations assumed 75% of the core inventory of zirconium was
reacted in-vessel and that a complete adiabatic burn occurs. The maximum calculated peak
pressure from a hydrogen burn at vessel failure is less than 130 psia (8.9(10)'Pa) which is 14
psi below the median containment failure pressure (144 psia) for the Ginna plant. Considering
that these calculations are very conservative (75% in-vessel metal water reaction and an adiabatic
complete burn), it can be concluded that a hydrogen burn alone will not threaten containment
integrity prior to vessel failure.

The only credible threat to containment integrity from potential failure mechanisms at vessel
failure is associated with vessel blowdown, high pressure melt ejection (HPME) from the cavity,
and direct containment heating (DCH) for high pressure sequences. Associated with the DCH
event, hydrogen combustion might also ocur and is considered in the analysis.

4.5.1.4 Containment Liner Meltthrough

This event assesses the probability of containment liner failure due to thermal attack by debris
deposited near the liner. Under high pressure melt ejection (HPME) conditions debris expelled
from the reactor vessel at the time of vessel failure may be dispersed from the reactor cavity as
a result of the blowdown of the reactor vessel.

Ifwater covers the containment floor at, or soon after the time of vessel failure, then the debris
may be quenched and debris thermal attack on the liner will not result in liner failure. For
sequences where the water inventory injected into containment is insufficient to cover the debris
on the containment floor, heat removal from the debris then willbe by radiation and convection
to the containment atmosphere and conduction into the containment floor and adjacent structures.
Under these conditions liner thermal failure may be more probable than for cases where the
debris is covered by a water pool.

The probability of liner thermal failure is considered to be a function of the depth of the debris
in the vicinity of the liner, and hence, on the mass of debris dispersed from the cavity and the
spread area of the debris.

4.5.1.5 Type of Ex-Vessel CCI

This event heading assesses the probability that the debris released from the reactor vessel is in
a eoolable configuration in the reactor cavity, and if not eoolable, determines the type ot'ore-
concrete interactions (CCI) which would occur.

The analysis of ex-vessel'ebris cooling included consideration of plant physical states (e.g.
reactor vessel pressure at vessel failure). and the uncertainties associated with the occurrence of
critical'hysical phenomena (e.g. debris configuration in the reactor cavity) determined to be
important in assessing whether the debris was eoolable ex-vessel.
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The important plant state variables which were considered were:

Reactor Vessel Pressure at RV Failure;
Whether, the Reactor Cavity is Flooded Prior to Vessel Failure; and,
Whether the Reactor Cavity is Flooded After Vessel Failure.

To assess the coolability of the debris it was considered necessary to determine the debris
configuration, both in the short term, and in the longer term. Two debris configurations were
considered in the analysis including continuous liquid pools and fully developed debris beds.

For each of these debris configurations, values for the maximum and minimum potential upward
heat fluxes are estimated and a probability distribution is constructed based on the available
experimental results and analysis. The actual heat fluxes that must be removed under steady state
conditions are then estimated based on the decay heat in the debris, the debris mass released from
the vessel at the time of vessel failure (and not dispersed from the cavity) and the debris spread
area in the cavity. The actual heat fluxes are then compared with the potential heat flux
,-probability distributions for each debris configuration to estimate the probability that the debris
is eoolable for each potential debris configuration for both the early and late time periods.

The sump in the reactor cavity tunnel was considered to be the critical design feature with regard
to coolability of the debris ex-vessel. The 5 foot deep sump, if filled (or partially filled) with
debris, represents a less favorable geometry for cooling the debris than if the debris is spread
over a larger area in the cavity. In addition, the thickness of the concrete under the sump is
only 1.5 ft compared with 4 ft elsewhere in the cavity.

4.5.1.6 Mode of Late Containment
Failure'his

event assesses whether late containment failure occurs and the mode of late containment
failure. The mechanisms considered for late containment failure include gradual
overpressurization resulting from failure of containment heat removal, late hydrogen combustion
and basemat meltthrough.

For sequences with failure of containment heat removal, gradual containment overpressure failure
is expected. Two overpressure failure modes have been identified for the Ginna containment:
global containment failure and liner tearing.

This event also considers whether a late hydrogen burn occurs (upon rapid deinerting of the
containment) of sufficient magnitude to fail containment. This event is only considered for SBO
sequences with power recovery after vessel failure and with ex-vessel 'CCI occurring. Prolonged
debris concrete interactions can produce very high flammable gas concentrations in the
containment atmosphere. Upon deinerting combustion of these gases can produce pressures that
threaten containment integrity if the burn is global and efficient.

MAAP code calculations and the NUREG/CR-4551 [Ref. 4.9-19] results suggest that hydrogen
combustion during rapid deinerting events late in the accident following a substantial period of
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debris concrete interaction, could pose a serious challenge to containment integrity. If
containment failure occurs due to a large hydrogen burn it is assumed that the containment failure
mode is global (i.e. a large failure area).

For sequences where containment heat removal has been successful in preventing late
overpressure failure and a late hydrogen burn has not failed containment then the remaining
threat to containment integrity is from basemat meltthrough if the debris is not cooled in the
cavity. As discussed previously, the design feature which is expected to control debris coolability
is the sump in the reactor cavity. The analysis of debris coolability consequently, has been
focused on coolability of the debris transported into the cavity sump. In addition to being the
limiting design feature for cavity debris coolability, the basemat thickness under the cavity sump
is very thin (1.5 ft). Consequently, if long term CCI does occur in the region of the cavity sump
then basemat penetration can be expected with a high probability. In this analysis it is assumed
that if ex-vessel CCI in the reactor cavity occurs (either with an overlying water layer or dry)
then basemat failure is certain.

4.5.2 Methodology for Containment Event Tree Quantification

The purpose of the CET quantification is to assess the relative likelihood or probability of each
distinct containment end state conditional on the plant damage state associated with the CET.
This is accomplished by assigning a probability to each branch in each event in the CET (and
associated DETs) and propagating the probabilities for each pathway leading to a distinct
containment end state.

After construction of the CET and supporting DETs an overall containment event tree model was
constructed for quantification using the EVNTRE code. The sections below summarize the
decomposition event tree analysis process, including the assignment of event branch probabilities.
The DETs are shown on Figures 4.5-2 through 4.5-7. On these trees are shown the EVNTRE
question numbers corresponding to the event headings on the trees.

The sources of "data" for quantification of the event branch probabilities include:

A. Results ot'ast Studies

B. Plant Specific Calculations with Deterministic Models (e.g. MAAP)

C. Separate Effects Calculations

D. Engineering Assessment/Judgment

The main containment event tree has six headings which are quantified using decomposition
event trees (DETs). This section discusses each. Ginna DET in order to provide an indication of
how the quantification is accomplished.
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4.5.2.1 Mode of Induced Primary System Failure

This event was decomposed as shown in Figure 4.5-2. The major events in the decomposition
event tree are discussed below.

Event 1: RCS Pressure During Core Damage (RCSPRESS)
EVNTRE Event 7

Five Branches

Lo Lo Pressure ( < 140 psig)
Lo Hi Pressure ( 140 - 1400 psig)
High Pressure ( 1400 - 2335 psig)
Hi Hi Pressure ( > 2335 psig)
PRES OTH

The branch taken under this event heading is determined based on the plant damage state
characteristics.

Event 2: Mode of Induced Primary System Failure (RCSFAIL)
EVNTRE Event 13

Four Branches

. No RCS Failure
Hot Leg Failure (Surge Line Failure)
SGTR (Steam Generator Tube Rupture)
BP/nISOL

Discussion:

This phenomenological event was specifically addressed by the in-vessel experts in the
NUREG/CR-4551 study [Ref. 4.9-19]. In addition, Ginna specific hot leg and steam generator
tube temperatures (and temperature histories) were determined from MAAPcode calculations for
SBO and other high RCS pressure sequences. These temperature histories were then input into
a Larson MillerParameter (LMP) Creep Rupture model to estimate the time of failure for the hot
leg and steam generator tubes. The Larson MillerParameter analysis is summarized in Refs. 4.9-
20 and 4.9-21. These results basically confirm the probability estimates found in NUREG/CR-
4551. The LMP analysis indicates that there is a high probability of induced hot leg failure if the
RCS pressure remains elevated, at or above, the pressurizer PORV setpoint (2335 psig) during
core damage. There is only a remote possibility of induced SGTRs under these conditions unless
the secondary side of the steam generators is depressurized (such as by a stuck open safety or
atmospheric relief valve) and there is severe wastage (> 507o wall thinning) of one of more steam
generator tubes in the high temperature zone (i.e. hot leg side of the tubes near the tube sheet).
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Based on the supporting results of the Ginna specific LMP analysis and considering the large
uncertainties in estimating induced RCS failures it was judged that the NUREG/CR-4551 results
for the Surry plant could be used to estimate induced RCS failure for Ginna. The following
discussion summarizes the NUREG/CR-4551 estimates for induced hot leg failure.

Case A: Lo Lo and Lo Hi Pressure Se uences < 1400 si

The NUREG-1150 In-vessel Expert's Panel did not consider temperature induced SGTR or
hot-leg failure to be credible events for sequences with pressures below about 2000 psi [Ref. 4.9-
19].

No RCS Failure
Hot Leg Failure
SGTR

Probability
l.
0.
0.

Case B: Hi Hi Pressure Se uences > 2335 sic

For very high RCS pressures (equal to or greater than the pressurizer PORV setpoint pressure
- 2335 psig) the NUREG- l 150 In-vessel Expert's Panel estimated that temperature induced SGTR
would be highly unlikely if there were no defective tubes in the steam generators. Since there
are likely to be a number of defective tubes, however, the probability of temperature induced
SGTR would be increased. The expert panel estimated that under these conditions induced
SGTRs would still be very unlikely (probability of SGTR = .018)[Ref. 4.9-19]. However. they
also estimated that hot leg or surge line failure would be likely (probability of hot leg failure =
.72). Making the simplifying assumption that induced SGTR and hot leg failure are mutually
exclusive results in the branch probabilities shown below.

No RCS Failure
Hot Leg Failure
SGTR

Probability
.262
.720
.018

Case C: Hi h Pressure Se uences < 2335 and > 1400 si

For high pressure sequences (but with the RCS pressure less than pressurizer PORV setpoint
pressure - 2335 psig) the NUREG-l 150 In-vessel Expert's Panel estimated that temperature
induced hot leg or surge line failure would be unlikely (probability of hot leg failure = .034)[Ref.
4.9-19]. The In-vessel Expert's Panel estimated that temperature induced SGTRs were not
credible at pressures below the pressurizer PORV setpoint pressure.

No RCS Failure
Hot'Leg Failure
SGTR

Probability
0.966
0.034
0.000
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Case D: Other Se uences

For containment bypass sequences and for sequences with loss of isolation, loss of containment
integrity has already occurred and subsequent events which impact on containment failure are not
considered relevant. Hence, the "BP/nISOL" branch is taken for all bypass and loss of isolation
sequences.

4.5.2.2 Debris Cooled In-Vessel

Figure 4.5-3 shows the decomposition event tree for this event. The following describes the
events associated with this decomposition.

Event I: Status of In-vessel Injection (INVESSINJ)
EVNTRE Event 8

Seven Branches

REC ON
INJ ON
REC DEADHEAD
INJ DEADHEAD
REC RECOV
INJ RECOV
INJ FAIL

"REC ON" indicates that in-vessel cooling is on at the time of core damage and that both the
injection and recirculation modes of cooling are available. "INJ ON" indicates that in-vessel
cooling is on at the time of core damage and that only the injection mode of cooling is available.
"REC DEADHEAD" indicates that in-vessel cooling is available in both injection and
recirculation modes but the RCS pressure is above the threshold for coolant injection at core
damage initiation. "INJ DEADHEAD" indicates that in-vessel cooling is available in the injection
mode (only) and the RCS pressure is above the threshold for coolant injection at core damage
initiation. "REC RECOV" indicates that in-vessel cooling is available in both injection and
recirculation modes following offsite power recovery for SBO sequences. "INJ RECOV" indicates
in-vessel cooling is available in the injection mode only following offsite power recovery for
SBO sequences. "INJ FAIL" indicates in-vessel cooling is failed in the injection and recirculation
modes. Note that in-vessel cooling recovery is only considered for SBO sequences.

Event 2: Mode nf Induced Primary System Failure (RCSFAIL)
EVNTRE Event 13 (Discussed in Section 4.5.2.1)

Three Branches

Hot Leg Failure
No RCS Failure
STGR
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For cases where an in-vessel core cooling system is available but the primary system pressure
is elevated above the shutoff head of the high pressure (HP) or low pressure (LP) systems
(Deadheaded) initiation of cooling can occur if the RCS pressure is reduced to below the shutoff
head of the HP or LP systems. Induced hot leg or surge line failure will result in a large break
in the RCS which willrapidly reduce the RCS pressure to below 140 psig allowing for LP or HP
cooling. Rupture of one or two steam generator tubes late in time would not be expected to
depressurize the RCS prior to core slump.

Event 3: Debris Cooled In-vessel (INVCOOL)
EVNTRE Event 16

Two Branches

Not Cooled
Cooled

This event assess the probability that the debris is cooled in-vessel and vessel rupture prevented.
Note that in this analysis the in-vessel cooling systems must be available in both the injection
and recirculation phases to assure long term in-vessel debris cooling.

Case A: In-vessel Coolin On

The success criteria for large break LOCA sequences requires the LP cooling system and the
accumulators to operate to avoid core damage [Ref. 4.9-22]. For intermediate LOCAs, both HP
and LP cooling must operate to prevent core damage [Ref. 4.9-22]. With only LP cooling
available core damage is assumed but the potential for cooling the core and preventing gross core
damage and vessel failure is significant. Breeding [Ref. 4.9-19] estimated that for these cases
successful in-vessel cooling is likely (probability of in-vessel cooling = .95). This case applies
to branch "REC ON" under Event Heading "Status of In-vessel Injection".

Cooled
Not Cooled

Probability
.95
.05

Case B: In-vessel Coolin Available but Deadheaded

If the RCS pressure remains above the shutoff head of the LP system during the transient. the
LP system may be available but not able to inject. Later in the transient an induced hot leg (or
surge line) failure may cause the pressure to decrease low enough to allow injection. Successful
initiation of the LP system may,provide enough core cooling to prevent vessel failure. Breeding
[Ref. 4.9-19] 1990 estimated that successful in-vessel cooling is less probable for this case than
for cases where the LP cooling is available early (probability of in-vessel cooling = .9()). This
case applies to branch "REC DEADHEAD"under Event Heading "Status of In-vessel Injection".

Cooled
Not Cooled

Probability

.1
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Case C: AC Power Recove After Core Dama e

For loss of AC power sequences, the potential exists for recovery of AC power prior to reactor
vessel failure. If power is restored in sufficient time and the in-vessel cooling systems are

, available, then in-vessel debris cooling and prevention of reactor vessel failure are possible. Since
the Level 1 analysis considered power recovery in the time period prior to core uncovery, the
recovery period considered here is from the end of the power recovery period considered in the
Level 1 analysis to core support plate failure and core slump. For the recovery cases considered
in NUREG/CR-4551 [Ref. 4.9-19], the mean values for the probability of successful in-vessel
debris cooling ranged from indeterminant to likely (0.5 < probability of in-vessel cooling < 0.9
]. A value midway between these two values has been selected for our point estimate value
(0.7). This case applies to branch "REC RECOV" under Event Heading "Status of In-vessel
Injection".

Cooled
Not Cooled

Probability
.7

.3

Case D: In-vessel In'ection Failed

For the case where in-vessel cooling is lost (either in the injection or recirculation modes) and
not recovered, then vessel failure is certain. This case applies to branches "INJ ON", "INJ

, DEAHHEAD", "INJ RECOV" and "INJ FAIL" under Event Heading "Status of In-vessel
Injection".

Cooled
Not Cooled

Probability
0.0
1.0

Note that if the RWST is injected into containment, the cavity will be flooded and the reactor
vessel will be partially submerged. No credit for the influence of heat transfer to the water
covering the lower portion of the reactor vessel has been considered in the Ginna PRA.
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4.5.2.3 Mode of Early Containment Failure

The DET discussed below (and shown in Figure 4.5-4) focuses on assessing the threat to
containment integrity associated with DCH and related phenomena.

Event I: RCS Pressure at Time of RPV Failure (PRES VB)
EVNTRE Event 15

Five Branches

Lo Lo Pressure ( < 140 psig)
Lo Hi Pressure ( 140 - 1400 psig)
High Pressure ( 1400 - 2335 psig)
Hi Hi Pressure ( > 2335 psig)
PRES OTH

This event assesses whether the RPV pressure is elevated at vessel failure. If the RPV pressure
is above about 150 psig, then removal of debris from the reactor cavity would be expected and
the potential for DCH exists. If the pressure is below 150 psig then there were no identified
credible processes which would challenge'containment integrity at the time of vessel failure and
early containment failure resulting from in-vessel steam explosions is the only mechanism
considered for early containment failure.

For sequences in the HI HI. HIGH and LO HI pressure categories (NOT LO LO branch in Figure
4.5-4) HPME and DCH are considered to potentially represent a threat to containment integrity.
Bypass sequences are assigned to the "PRES OTH" category and early containment failure is not
considered for these sequences.

This event is dependent on EVNTRE PDS Event 7 - RCS Pressure at Core Damage and
EVNTRE Event 13 - Mode of Induced RCS Failure. If induced hot leg failure occurs then it is
assumed that the RCS depressurizes to the LO LO pressure regime.

Event 2: In-vessel Steam Explosion Fails Containment (ALPHA)
EVNTRE Event 19

Two Branches

No Alpha CF
Alpha CF

This event is dependent on EVNTRE Event 15 - RCS Pressure at Time of RPV Failure*
(PRES VB)
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Case A: Low Pressure Sequences

Steam explosions have been observed to occur much more readily at low pressures than at
elevated pressures. The mean value for the probability of an in-vessel steam explosion failing
containment reported in NUREG-4551 [Ref. 4.9-19] is .008. The consensus of the Steam
Explosion Review Group (SERG) experts was that the occurrence of a steam explosion of
sufficient energy to lead to alpha mode containment failures was of low probability [Ref. 4.9-14].
The best estimate subjective probabilities of 7 of the 10 SERG experts (who provided numerical
estimates) were less than 10'or the occurrence of an ALPHAmode failure. Based on the SERG
results, itjudged that 10's appropriate as a best estimate probability for ALPHA mode failures
under low pressure conditions.

No Alpha CF
Alpha CF

Probability
.999
.001

Case B: High Pressure Sequences

For high RCS pressure sequences, the Alpha mode containment failure probability was decreased
by one order of magnitude below the low pressure estimate. The SERG experts indicated that
Alpha mode failures were much less likely under high pressure conditions. Consequently, 10"
is judged to be the best estimate probability for Alpha mode failures under high pressure
conditions.

No Alpha CF
Alpha CF

Probability
.9999
.0001

Event 3: Containment Atmosphere Inert (INERT)
EVNTRE Event 21

This event assesses whether the containment atmosphere is inert to hydrogen burns at the time
of vessel failure. The containment steam concentration will only be sufficiently high to inert the
containment atmosphere to hydrogen burns ifcontainment heat removal is unavailable. Hence.
only sequences with failure of the containment fan coolers and containment sprays or SBO
sequences with failure to recover AC power prior to vessel failure will be inerted.

This event is dependent on the following EVNTRE PDS Events: 9 - Containment Fan Coolers,
10 - Containment Spray Status. 5 - Station Blackout and 6 - Power Recovery.

Event 4: Mass Debris Expelled Early ( M DEBRIS)
EVNTRE Event 22

This event determines the mass of molten debris (fraction of total core debris mass) which is
expelled from the reactor vessel at vessel failure.
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This issue was addressed by the In-vessel Issues experts panel [Ref. 4.9-23]. The probability
distributions for core fraction ejected at vessel failure (for PWRs) provided by each of the experts
and the aggregate distribution are shown in Figure 4.5-8. For the Ginna PRA the aggregate
distribution was discretized resulting in the following branch probabilities:

0 - 20% Core Mass
20 - 40%
40 - 60%

Probability
.25
.50
.25

Event 5: Fraction Debris Involved in DCH (DCH FRACT)
EVNTRE Event 23

Two distinct mechanisms are believed to be involved in debris dispersal from the cavity. The
debris may be dispersed by a wave-like film displacement mechanism, or may be entrained by
the shearing off of debris from the debris surface and the formation of liquid debris particles
which are transported by the gas flow. Debris which is dispersed from the cavity by a wave-like
film mechanism would not be expected to participate in DCH heating of the containment
atmosphere.

Observations of test results conducted at Argonne National Laboratory indicate, the dispersal
process involves "a progression of hydrodynamic phenomena including crater formation due to
jet impingement, radial wave motion and growth, sputtering and transport of liquid droplets,
liquid layer formation on the far end of the inclined tunnel shaft as a result of droplet impaction
and recombination (for a Zion like tunnel configuration with an inclined shaft at the end of the
instrument tunnel), fluidization of liquid remaining in the cavity, removal of fluidized liquid
droplets remaining in the cavity, and removal of the remaining liquid layer in the shaft" [Ref.
4.9-24].

The Ginna cavity design does not have an inclined shaft at the end of the instrument tunnel. The
principle release pathways for debris from the Ginna cavity are the cavity sump access and
ventilation penetrations in the ceiling of the cavity near the far end of the tunnel and the annulus
between the reactor vessel and the biological shield wall. The design of the Ginna cavity is
shown in Figures 4.1-2 and 4.1-3. For this geometry the initial dispersal process would be
expected to involve wave-like film movement and entrained particles initially transported from
the cylindrical portion nf the cavity into the tunnel which would impact against the wall on the
far end of the cavity. Subsequently, the debris would be transported out of the openings in the
tunnel ceiling into the lower containment compartment above of the cavity.

The sweepout threshold pressure is a function of the failure area at vessel breach and the cavity
configuration. For typical cavity configuration, a pressure below about 150-300 psi [Refs. 4.9-
10, 4.9-33 and 4.9-34) will generally preclude entrainment of significant quantities of core debris
out of the reactor. cavity.
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The Ginna cavity is generally similar in geometrical details to the Ringhals 2 design. For the
Ringhals cavity design, scale model entrainment tests (Figure 4.5-9) were conducted using corium
simulants [Ref. 4.9-25]. For the Ringhals 2 configuration the following dispersal behavior was
observed:

1. Liquid was pushed away from the floor area beneath the reactor vessel.

2. A standing wave was formed where the hydrodynamic pressure head of the gas
was balanced by the hydrostatic head of the liquid.

3. Breakup of the liquid occurs mainly in the region of the standing wave.

4. Liquid particles, which have a large, vertical upward velocity component. leave
the cavity via the ceiling opening.

Extrapolating these results to full size conditions using simple considerations based on the local
Kutateladze criterion and findings from other debris dispersion studies Frid [Ref. 4.9-25] drew
the following conclusions:

1. Significant debris dispersion from the cavity ceiling opening is possible in
Ringhals 2 for primary system pressures on the order of 2 to 3 MPa (150 to 300
psia).

2. Complete core dispersion from the cavity is to be expected at primary system
pressures on the order of 5 MPa (750 psia). p

Based on these results the following assumption has been made regarding entrainment from the
Ginna cavity:

For high pressure sequences (RCS pressure > 140 psig) complete debris removal from the
reactor cavity is assumed.

Results from the Sandia Integral Effects Tests (IET) [Ref. 4.9-26] indicate that a large t'raction
of the metals in the simulant debris in these tests were oxidized during expulsion from the cavity.
Generally, debris metal oxidation was 70 to 80% complete. These results suggest that debris
fragmentation was extensive during the dispersal process (resulting in a large increase in the
interfacial surface area between debris and gas).

Based on these results the branch probabilities for fraction of the debris released from the vessel
at vessel failure which is fragmented and entrained out of the cavity as particles are:

HI - 100%
LO - 50%

Probability
:5
.5
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Because of the uncertainties in the fraction of the dispersed debris entrained as particles or
removed by a wave-like film dispersed mechanism and since these branch values bound the IET,
test results equal probabilities are assigned to each branch.

Event 6: Fraction of Debris Entrained Outside Lower Compartment-
(DIS FRACT)
EVNTRE Event 24

This event assesses the fraction of the debris (which has been entrained from the cavity as
particles) which is transported by the gas flows into regions outside the lower compartment. If
little particulated debris is transported into the main containment gas volume above the operating
deck then the potential pressure rise from DCH willbe limited to values well below that required
to threaten containment integrity. It is only when.a significant quantity of debris is transported
into the main containment gas regions that DCH pressures pose a threat to containment integrity.

Particulated debris that is entrained from the cavity can be transported to the main containment
regions by gas convection. Debris removal from the gas will occur due to gravitational settling
and impaction'of the debris particles on surfaces during transport. Hence, the ability to transport
large amounts of particulate debris into the main containment regions willbe determined largely
by the characteristics of the flow pathways between the cavity and the main containment gas
volumes. Generally speaking, limited flow areas between compartments and complicated,
convoluted pathways enhance debris removal and limit the mass of debris transported into the
main containment regions.

Detailed scale model integral effects experiments of the Zion containment have been conducted
at 1/10 and 1/40 scale at Sandia and Argonne National Laboratories, respectively, to assess the
fraction of core debris that is transported into the main containment region above the operating
deck under high pressure conditions. In these tests 4 to 18% of the debris has been observed to
transport to the main containment region in the ANL 1/40 scale tests and from 9 to 147o in the
Sandia 1/10 scale experiments [Ref. 4.9-27].

As a result of the compartmentalization of the lower containment in the vicinity of the openings
in the ceiling of the cavity tunnel in the Ginna containment, it is expected that very little ot the
debris entrained from the cavity through these openings will be transported to the containment
regions above the operating deck. The principal pathway for debris transport into the upper
containment regions is judged to be through the annular gap between the reactor vessel and the
biological shield walls.

The following discussion describes how the magnitude and probabilities were estimated for
transport'of debris into the upper containment. The fraction"of the debris that is entrained from
the cavity which is transported as particles into the upper containment,gas region (F ) is
estimated using the following t'our factor formula:
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Fuc F>F>[F3+(I -F>)F4]

where:

The fraction of debris entrained from the cavity that enters the RV annulus

The fraction of the debris in the flow entering the annulus which exits upwards past the
RV flange as opposed to flowing out through the hot leg/cold leg cutouts in the biological
shield walls

F, = The fraction of the debris which flows out of the annulus past the flange which does not
impact upon the lower side of the missile shield

F4
—— The fraction of the debris which impacts upon the missile shield which is re-entrained

into the gas stream

For terms F,, F, and F, best estimate and upper and lower estimates were developed. For term
F, only a best estimate was made. F, was estimated based on the minimum flow areas out the
tunnel pathway and out the annulus pathway. The minimum flow area out the tunnel is 21.25
ft [Ref. 4.9-1]. The minimum flow area through the annulus is 8.427 ft'Ref. 4.9-1]. Hence,
the fraction of the cavity gas'(and entrained debris) flow going up the annulus can be estimated

8.427
=.28

8.427+21.25

The fraction of the debris which enters the annulus which is transported past the RV flange into
the refueling pool region is estimated as follows:

It can be expected that some fraction of the debris particles which enter the annulus will be
removed from the gas stream exiting past the annulus as a result of the gas flow splitting
(between the flow exiting past the RV flange and exiting out the coolant loop cutouts) and as a
result of the debris impacting upon the coolant loop piping or vessel nozzles. The upper limit (F,.

= 1.) is estimated assuming that none of the debris impacts upon the piping or nozzles and
none of the debris is able to make the 90 degree turn with the gas flow and enter the piping
cutouts. Hence, all of the debris which enters the annulus is assumed to exit the top of the
annulus past the flange.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-49



The lower limit (F~ J assumes that the debris particles can completely follow the gas flow (i.e.
the debris particles are able to make the 90 degree turn with the gas which flows out the cutouts
in the biological shield). The lower limit for F, is estimated based on the relative gas flow area
(past the flange and out the cutouts). The flow area past the RV flange is 7.54 ft~ and the flow
area out the cutouts is 13.98 ft'Ref. 4.9-1].

7.54
35

7.54+13.98

The best estimate value for F, is estimated based on the fraction of the annulus flow area which
is blocked by the coolant loop piping and vessel nozzles. At the elevation of the nozzles
approximately 50% of the flow area is blocked by the piping/nozzles [Ref. 4.9-15]. Assuming
that the debris in the gas flow stream which must divert around these obstructions would either
impact upon the piping or, once diverted, would flow out the cutouts with the majority of the gas
flow suggests the best estimate value (F~be) of .5.

The debris which exits past the vessel flange may impact upon the missile shield above the RV
control rod drive assembly. The missile shield is located approximately 26 feet above the floor
of the refueling pool and spans the narrow dimension of the refueling pool cavity (approximately
21' " x 13' ") [Ref. 4.9-15]. The smallest dimension of the missile shield (13'") is
approximately the same as the diameter of the RV. As the gas/debris stream flows past the
flange the jet would be expected to expand outward in a conical fashion. Depending on the
spread of the jet the fraction of the debris stream which impacts on the missile shield will vary.
The maximum impaction fraction would occur for a very narrow jet. Under these conditions
upwards of 100% of the debris could impact upon the missile shield. With more dispersive jets
(i.e. greater angle of dispersion) the impaction fraction would drop to a minimum of about 50%.
Based on these considerations the best estimate and upper and lower bounds for F~ are shown
below.

F,. =.1
F3.be = 3

F,. =.5

For the debris which impacts the missile shield it can be expected that some fraction ot this
debris will rebound or be re-entrained as droplets into the gas stream. This is a very difticult
parameter to estimate; consequently. a wide span between the upper and lower bounds has been
assumed. The estimated values for F„are shown below.

F4.„= .25

F..~ =5
F4. = .75
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Values for parameter F are estimated using the upper bound, best estimate and lower bound
values for F, - F, using the equation above. The calculated values for F are shown below along
with the estimated probability for each estimate (the upper and lower bounds are each assigned
a probability of 0.1).

Probability

F . =.03
F .„=.09
F . =.25

0.1

0.8
0.1

These estimates are consistent with the IET test results discussed above for the Zion cavity
configuration.

Event 7 Fraction Debris Metal Reacted (MET REAC)

There are no branches under this event. The extent of metal oxidation is considered to be strongly
dependent on the fraction of debris which is dispersed from the cavity as fragmented particles
which is considered under event "Fraction Debris Involved in DCH" above. The fraction of metal
oxidized is set equal to the value of "Fraction Debris Involved in DCH".

Event 8 Hydrogen Burn (H2 BURN)
EVNTRE Event 26

The molten debris particles associated with a large DCH event can provide a widely distributed
ignition source and can greatly increase the containment gas temperature such that widespread
burning or recombination of hydrogen may result. The HPME event also can result in the
production of additional hydrogen by extensive metal water reaction between the high velocity
steam and the core debris in the cavity during the entrainment and fragmentation process. The
metal water reaction also produces additional energy which is available to heat the containment
atmosphere.

To evaluate the impact of hydrogen combustion on the containment pressurization associated with
a DCH event, two cases are considered in the event tree. In one case hydrogen combustion is
allowed to occur as predicted by the hydrogen burn model contained in the MAAP code (which
willgenerally initiate a hydrogen burn in a region when the hydrogen concentration is near the
global flammability limit of 8% or, if the region gas temperatures exceeds the auto-ignition
threshold of 983QK). This is termed the "STANDARD" burn in the tree. The other case
considered is to assume that the DCH event results in essentially complete combustion of all the
hydrogen in the containment when a DCH event occurs. This branch on the tree is labeled the
Unconditional Hydrogen Burn (UCHB). These two cases are judged to represent lower and
upper bounds on the amount ot'hydrogen combustion that would occur in association with a DCH
event.
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A review of the Sandia Integral Effects Experiments [Ref. 4.9-26] indicates the following
hydrogen combustion behavior:

Combustion of essentially all the hydrogen produced by metal oxidation during the blowdown
was observed to occur for all tests where the "containment" atmosphere was "reactive". A
reactive atmosphere in these tests was characterized by an oxygen mole fraction greater than 5%
and where the atmosphere was not inerted by a diluent gas (in IET Test 5 the containment
atmosphere was inerted with a 76% mole fraction of CO/. For tests where the containment was
not reactive, very little hydrogen combustion was observed.

For all of the IET tests, very little of the hydrogen which was released into the containment
vessel prior to the test was observed to burn during the DCH event. These observations lead to
the following approach for the treatment of hydrogen combustion during DCH:

For sequences where the containment atmosphere is inerted at the time of vessel failure (steam
concentration above about 55%), there is little likelihood of significant hydrogen combustion.
MAAP will generally not predict a hydrogen burn unless the auto-ignition temperature is
exceeded under these conditions.

The atmosphere in the containment will generally be steam inerted only for those sequences
where containment heat removal has failed.'ence, SBO sequences and sequences with failure
of containment heat removal are probably steam inerted.

For sequences where the containment atmosphere is not inerted, burning of the hydrogen
produced during the blowdown (as it enters the main containment region as a jet) is likely,
however little burning of the pre-existing hydrogen in the containment atmosphere would be
expected. The MAAP code does not contain a model for burning of hydrogen as a diffusion
flame as it enters the main containment compartment as a jet. Under these conditions the MAAP
standard hydrogen burn model will probably underpredict hydrogen burning, while forcing a

global burn (UCHB) will probably overpredict hydrogen combustion. Consequently. under
conditions where the containment atmosphere is not inerted it is judged that a complete global
burn is possible, but not likely, and a probability of 0.1 was assumed for the UCHB branch.

Event 9 Peak Containment Pressure (PEK PRES)

This event determines the peak containment pressure associated with a DCH event based on the
conditions defined on the sequence pathway leading to this event. This event has no branches
and simply summarizes the calculated pressures resulting from MAAP code analysis [Ret'. 4.9-
28]. The process for definin these pressures is summarized below.

The MAAPcode allows DCH pressurization to be modelled in a parametric fashion. The MAAP
code DCH model treats heat transfer from the debris particles to the gas in a containment region
as an equilibrium process (i.e. heat transfer from the debris to the region atmosphere is allowed
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to occur until the atmosphere comes into temperature equilibrium with the debris particles). This
assumption, which neglects the rate limiting mechanisms in the heat transfer process is
conservative. Unoxidized metals in the debris are assumed to completely oxidize (assuming a
sufficient supply of steam and oxygen in the region atmosphere) and the chemical reaction energy
is added to the debris.

The mass of debris which participates in the DCH heating is determined by the mass of debris
dispersed from the cavity times an input fragmentation parameter (FCMDCH) which defines the
fraction of the dispersed debris which is fragmented to small particles during the entrainment
process. Finally, an input parameter (FCMDA) allows the user to specify the fraction of the
entrained debris which is transported to the main containment region above the operating deck
with the remaining fraction (1 - FCMDA) being transported to the lower containment region near
the exit of the cavity tunnel.

A series of parametric DCH sensitivity calculations were performed for the Ginna PRA [Ref. 4.9-
28]. These are summarized in Table 4.5-2. These runs varied a number of parameters
considered important for assessing the DCH peak pressure including:

The Debris Fragmentation Fraction (FCMDCH)

The Debris Transport Parameter (FCMDA)

The Type of Hydrogen Burn at Vessel Failure

To assess the impact of differing hydrogen burn assumptions two parametric variations were
considered. For one set of runs the MAAP code default hydrogen burn model was allowed to
define the conditions of when burns would occur and the extent of the burns. For the other set
of runs a complete global burn (UCHB) was forced to occur in conjunction with the DCH event.

The range of peak pressures shown on the DET (for each pathway) represent the uncertainty
associated with the entrainment time. As shown on Table 4.5-2 an 8 to 11 psi difference in the
peak pressures results from different assumptions regarding the entrainment time parameter
(compare MAAP case SBO08 with SBO17 and SBO09 with SBO14 on Table 4.5-2).

Event 10 Early Containment Failure (CF EARLY)
EVNTRE Event 28

This event assesses whether early containment failure occurs and the mode of containment
failure. Containment failure resulting from in-vessel steam explosions is assessed in a prior
event. Sequences with RCS pressures below the threshold pressure for significant entrainment
from the reactor cavity (LO LO) are not expected to result in containment failure since hydrogen
burns alone will not exceed the containment internal pressure capacity [Ref. 4.9-15]. Similarly,
peak containment pressures t'or sequences with the containment atmosphere inert are not expected
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to exceed the containment capacity since the DCH thermal loads (without hydrogen combustion)
are insufficient to threaten containment integrity. Sequences with peak pressures below 128 psia
(1st percentile pressure on the containment fragility curve) are also assumed not to threaten
containment integrity and subsequent branching in the DET is suppressed for these sequence
pathways.

For sequences pathways with peak pressures in excess of 128 psia this event assesses the
probability of containment failure given the peak DCH pressures shown in the prior event. The
peak DCH pressures shown on the DET (high and low bounds) were compared with the
containment fragility curve (Figure 4.4-3) to assess the probability of containment failure (the
failure probabilities for the high and low bounds were equally weighted). Given that containment
failure is predicted, the mode of containment failure (liner or global structural failure) was
determined from Figure 4.4-5. Figure 4.4-5 shows the conditional probabilities of liner failure
and global structural failure as a function of peak containment pressure for a fast containment
pressurization event.

4.5.2.4 Containment Liner Meltthrough

The DET for Containment Liner Meltthrough is shown in Figure 4.5-5. The event headings
evaluated in this tree are discussed below.

Event I: RCS Pressure at Time of RPV Failure (PRES VB)
EVNTRE Event 15

Five Branches

Lo Lo Pressure ( < 140 psig)
Lo Hi Pressure ( 140 - 1400 psig)
High Pressure ( 1400 - 2335 psig)
Hi Hi Pressure ( > 2335 psig)
PRES OTH

This event assesses whether the RPV pressure is elevated at vessel failure. If the RPV pressure
is above about 150 psig then removal of debris from the reactor cavity would be expected and
the potential for liner meltthrnugh exists. If the pressure is below about 150 psig then little
debris would be expected tn be dispersed from the reactor cavity.

Sequences in the HI Hl. HIGH and LO HI (NOT LO LO) categories may potentially have
significant dispersal of debris from the cavity at vessel failure and liner meltthrough may be a

possible threat to containment integrity. Bypass sequences are assigned to the "PRES OTH"
category and liner meltthrough is not considered.

This event is dependent on EVNTRE PDS Event 7 - RCS Pressure at Core Damage and
EVNTRE Event 13 - Mode of Induced RCS Failure. If induced hot leg failure occurs then it is
assumed that the RCS depressurizes to the LO LO pressure regime.
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Event 2: RWST Injected Early (E RWST)
EVNTRE Event 20

This event assess whether the RWST is injected into containment prior to reactor vessel failure.
The conditions under which the RWST is injected prior to RV failure are summarized below:

Case A: Large and Intermediate LOCAs with Containment Sprays

For large or intermediate LOCAs the pressure rise in containment will be sufficiently large to
initiate the containment spray system (setpoint pressure = 28 psig) soon after accident initiation.
Consequently, if the sprays are available they will initiate and deliver the contents of the RWST
into containment.

Case B: Sequences with Failed Containment Fan Coolers (CFCs)

For sequences with the failure of the CFCs the pressure rise in containment willalso exceed the
pressure setpoint for spray actuation.

Case C: In-vessel Injection On

For sequences with in-vessel injection on during core damage the RWST will be injected prior
to reactor vessel failure.

Case D: Injection Deadheaded and Induced Hot Leg Failure

For sequences with in-vessel injection available but deadheaded an induced hot leg failure will
rapidly reduce RCS pressure and allow in-vessel injection prior to vessel failure.

Case E: SBO with Power Recovery After Core Damage But Prior to RV Failure

For SBO sequences with power recovery prior to vessel failure the RWST can be injected into
containment by the in-vessel injection systems or by containment sprays if available.

This event is dependent on EVNTRE PDS Events 3 - Transient or LOCA Type, 5 - SBO. 6-
Power Recovery, 8 - Status of In-vessel Injection, 9 - Containment Fan Coolers, and l0-
Containment Spray Status.

Event 3: RWST Injected Late (L RWST)
EVNTRE Event 30

This event assesses whether the RWST is injected into containment (soon) after reactor vessel
failure. The conditions under which the RWST is injected after RV failure are summarized
below. 1
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Case A: Injection Deadheaded

For sequences with the in-vessel cooling systems available but deadheaded, RCS depressurization
upon vessel lower head failure willallow the in-vessel cooling systems to inject the contents of
the RWST into containment.

Case B: High Pressure Vessel Failure with Sprays Available

For sequences at elevated pressure at vessel failure and with containment spray injection available
the containment pressure rise at vessel failure will result in actuation of the spray system.

This event is dependent on EVNTRE PDS Events 8 - Status of In-vessel Injection and 10-
Containment Spray Status.

Event 4: Containment Fan Coolers (CFC)
EVNTRE Event 9

This event assesses whether the fan coolers are available. If the fan coolers are available
sufficient condensation of steam in the containment atmosphere will occur that the cavity will
remain filled with water (water inventory released from the RCS and accumulators) and overflow
onto the containment floor (even without injection of the RWST) thus providing cooling for the
debris entrained from the reactor cavity [Rtf. 4.9-15]. This event is PDS Parameter 9.

Event 5: Mass Debris Expelled Early (M DEBRIS)
EVNTRE Event 22

-This event determines the mass of molten debris (fraction of total core debris mass) which is
expelled from the reactor vessel at vessel failure.

This issue was addressed by the In-vessel Issues experts panel [Ref. 4.9-23]. The probability
distributions for core fraction ejected at vessel failure (for PWRs) provided by each of the expens
and the aggregate distribution are shown in Figure 4.5-8. For the Ginna PRA the aggregate
distribution was discretized resulting in the following branch probabilities:

Probability
0 -20% Core Mass .25
20 - 40% .50
40 - 60% '25
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Event 6: Fraction Debris Involved in DCH (DCH FRACT)
EVNTRE Event 23

The branch probabilities for fraction of the debris released from the vessel at vessel failure which
is fragmented and entrained out of the cavity as particles are:

HI - 100%
LO- 50%

Probability
.5

.5

This event is discussed in detail in Section 4.5.2.3 (Mode of Early Containment Failure).

Event 7: Debris Depth Against Liner (D DEPTH)
EVNTRE Event 32

This event assesses the possible depth of the debris in the vicinity of the containment wall in the
area near the location of debris discharge from the reactor cavity.

No debris will be discharged from the reactor cavity unless the RCS pressure at vessel failure
is above the threshold pressure for entrainment and dispersal (LO HI pressure regime or above).
Given that the pressure is sufficiently high to disperse debris from the cavity then the depth of
the debris near the liner will be determined by the mass of debris released from the vessel at
vessel failure, the extent of debris fragmentation and dispersal from the cavity and the spread area
of the debris on the floor of the basement of containment. Note that debris dispersal to the upper
compartment is conservatively neglected in this analysis and that all debris dispersed from the
reactor cavity is assumed to transport into the lower compartment outside of the cavity.

It is assumed that the debris that is dispersed from the reactor cavity will predominantly settle
on the quadrant of the containment basement floor near the exit of the cavity instrument tunnel.
With an inside radius of 52.5 ft [Ref. 4.9-1] the total geometrical area of the containment
basement floor is 8659 ft'nd of one quadrant of the floor 2165 ft'. In the quadrant of the
containment basement floor near the penetrations in the cavity tunnel ceiling are several major
structures including:

Refueling canal transfer tube/penetration - floor area - 400
ft'ccumulatorIB - floor area —80

ft'avity/biologicalshield wall - floor area - 130
ft'iscellaneousstructures - floo area - 100

ft'ence

the total free floor area in this quadrant is approximately 1455 ft'. For calculating the
debris depth, this is taken to be the best estimate spread area. However, the debris may not
distribute uniformly across the floor in this quadrant and to estimate an upper bound on the
debris depth it is assumed that the debris spreads to cover only one half of this area (i.e. 728 ft')
with a probability of ().5.
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Table 4.5-3 summarizes the debris depths for various values for mass released from the vessel,
fraction debris dispersed from the cavity and debris spread area. Note that the debris depth is
a "collapsed depth" (i.e. no porosity) and the debris density was taken as 8678 kg/m'See
discussion in Section 4.5.2.5 - Ex-Vessel CCI).

Event 8: Containment Liner Meltthrough (LMT)
EVNTRE Event 33

This event assesses the probability of containment liner failure due to thermal attack by debris
deposited near the liner. As Table 4.5-3 shows, the maximum depth of debris expected in the
vicinity of the liner is approximately 5 cm and the maximum upwards heat flux required to cool
the debris is less than 100 kw/m'. Under these conditions, ifwater covers the debris then it is
almost certain that the debris will be quenched and debris thermal attack on the liner will not
result in liner failure. Consequently, for all cases where the RWST is injected into containment
(either prior to, or at, vessel failure) liner integrity will not be threatened.

For sequences without RWST injection, there are sufficient inventories of water in the RCS (and
accumulators) to fill the cavity and sumps and cover the floor of containment to a depth of
approximately six inches [Ref. 4.9-15] as long as the containment fan coolers are operating to
condense steam from the containment atmosphere. Hence, if the containment fan coolers are
operating then the debris on the containment floor will be covered with water and liner integrity
will not be threatened.

For sequences without RWST injection and with failure of the containment fan coolers, the water
inventory on the containment floor will eventually boil away resulting in dryout of the debris
on the containment floor. Heat removal from the debris then willbe by radiation and convection
to the containment atmosphere and conduction into the containment floor and adjacent structures.

The melting temperature of the steel liner is 1537 C (1810 K). However, as the temperature
nears the steel melting temperature significant loss in liner strength willoccur. Theofanous [Ref.
4.9-29] assumed liner thermal failure would occur at a temperature of 1500'C for a MARK-I
containment. A more limiting temperature may be the ablation temperature of the concrete. The
concrete melting point assumed for the Ginna basemat is 1313 C (1586 K) [Ref. 4.9-1). Since
the concrete melting temperature is significantly less than the steel melting temperature it was
taken as the limiting temperature for defining liner thermal failure.

The core debris masses. volumes and conductivities are shown in Table 4.5-4. In this table the
debris masses are from the MAAP input file [Ref. 4.9-1] and the densities and thermal
conductivities are from the MAAP code [Ref. 4.9-30]. Note that 50% metal water reaction of
the zirconium is assumed.

The temperature distribution in steady state, assuming a homogeneous one-dimensional debris
mixture, is given by:
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6 Tk—+q„=0
5x2

where:

k = debris thermal conductivity
q„= volumetric heat generation rate

Assuming 1% decay power and assuming 15% of the decay heat are from volatile species which
have been released from the debris in-vessel results in a total debris decay heat power of 13 MW.
For a total debris volume of 7.5 m', this implies an average volumetric heat generation rate:

q, = 1.73
MW/m'n

a one-dimensional, flat geometry, integrating the above equation twice yields:

qpT=-—+C x+C
I 2

Ifwe conservatively assume that the bottom of the debris in contact with concrete is adiabatic,
and impose the condition that the debris maximum temperature (at the bottom of the slab) be less
than the concrete ablation temperature, we have as boundary conditions:

(Let X = 0 be the lower interface of the debris with the containment basement floor and X = X,
be the upper interface of the debris with a water pool or with the containment atmosphere)

T(XW) = T, - Hence C, = T, 'K

T'(X=O) = 0. (adiabatic surface) - Hence C, = 0

T(X=X,) = T,

The heat flux at the upper surface is:

2k(T,-T,)o s

C

The volume fraction weighted debris conductivity calculated in Table 4.5-4 is 7.8 W/m-K (the
control rod material conductivities are conservatively assumed to be the same as steel).

The debris c'onductivity calculated above is for a 100% theoretical density debris pool. With the
incorporation of some porosity into the debris layer the effective conductivity would be reduced.
The possible reduction in effective debris thermal conductivity is assessed parametrically by
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reducing the conductivity by 50% in the lower bound conductivity case described below.

Table 4.5-5 below shows the calculated debris upper surface temperature for various debris
depths assuming the lower surface temperature is fixed at 1586 K for two values of the debris
conductivity. This table indicates that the maximum dT across the debris is about 700'F for the
maximum debris depth and minimum conductivity. This table indicates that debris internal
conductivity is sufficient to remove decay heat without exceeding the limiting temperature of
1586 K.

The next step in, the analysis is to determine if radiation and convection from the upper surface
can remove the required heat fluxes.

Holman [Ref. 4.9-31] provides the following correlation for the Nusselt number under natural
convection conditions for a heated upwards facing horizontal surface.

Nu =0.14(Pr Gr) ~

Station Blackout (SBO) sequences are typical of sequences with both the RWST not injected into
containment and with the fan coolers unavailable. MAAP calculations performed for SBO
sequences indicate that the containment pressure following vessel failure is approximately 80 psi
(MAAPcalc. SBO00)[Ref. 4.9-32]. At this time the containment atmosphere temperature is 310
F and the steam mole fraction is 0.72. Using these conditions the following atmospheric
properties were calculated (treating the containment atmosphere as 1007o steam). Property data
was calculated from correlations in the MAAP code [Ref. 4.9-30].

k
P

Cp
x

= thermal conductivity = 0.031 W/m-K
= dynamic viscosity = 0.15E-04 kg/m-s
= specific heat = 2325. J/kg-K
= characteristic length taken to be 1 m
(note that the Nusselt number is not sensitive to the value chosen for x since x is taken
to the 3rd power in the Grasholf number and the 1/3rd power in the Nusselt number
correlation)
= the volume cnef. of expansion

(ideal gas behavior assumed - P = 1/T,)
= density = 2.9 kg/m~

a =thermal difussivity=—=0.46E-05—
pC '
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Pr =Prandtl Number =—=1.11II

pa

g P(T,-Tgx3
Gr=Grashof Number=

P
(—)

P

Nu =Nusselt Number=-hx

k

Where,

h = convective heat transfer coefficient
T, = containment atmosphere temperature = 310'F (427'K)

The radiation heat flux from the debris surface was calculated using the following expression for
two parallel infinite plates:

where:

o = stephan boltzman constant = 5.669 (10)'/m'-K

e,„e„= the emissivities of the debris surface and lower compartment walls = 0.85
[Ref. 4.9-1 j.

T„= the lower compartment wall temperatures (assumed to be at the
same temperature as the lower compartment gas)

Using the calculated surface temperature for the 5.5 cm deep debris layer with the nominal and
lower bound debris thermal conductivities shown in Table 4.5-5 and calculating the convective
and radiative heat fluxes results in:
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For T, =902. K (k = 3.9)

lconv

qnd

%o~

= 33 w/m~-k
16. KW/m~
26. KW/m~
42.

KW/m'or

T, = 1244. (k = 7.8)

lconv

q a

qto~

= 40 w/m2-k
32.

KW/m'9.

KW/m'31.

KW/m'omparing

the above results with the heat flux values in Table 4.5-5, it can be concluded that
debris beds with depths of less than 2 cm do not represent a credible threat of liner thermal
failure. Debris beds of between 2 and 4 cm are unlikely to result in containment failure and a

probability of liner failure of 0.1 is judged to be appropriate for this range. Liner thermal failure
in the 4 to 6 cm range is judged to be as likely as non-failure and a probability of 0.5 is
assigned.

4.5.2.5 Type of Ex-Vessel CCI

This DET (shown in Figure 4.5-6) assesses the probability that the debris released from the
reactor vessel is in a eoolable configuration in the reactor cavity, and ifnot eoolable, determines
the type of core-concrete interactions (CCI) which would occur.

4.5.2.5.1 General Considerations

4.5.2.5.1.1 Volumetric Heat Generation Rate

The Ginna design power is 1520 MWt [Ref. 4.9-1]. At a decay heating level of 1% (decay
heating at approximately 3 hours after shutdown) the total decay power is approximately 15.

MW. Assuming that 15'f the decay heat is produced by noble gases and volatile fission
products which would be released from the debris prior to reactor pressure vessel (RPV) failure
results in 13. MW maximum decay heating in the core debris (assuming 100% of core mass is
released into the reactor cavity and not dispersed out of the cavity).

The masses of the major structural materials in the Ginna core are shown in Table 4.5-4. The
total debris volume (neglecting porosity) is 265 ft'7.5 m ) and the volumetric heating rate in
the debris is therefore 1.73 MW/m'.
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4.5.2.5.1.2 Debris Spread Areas

The total cavity floor area is 312 ft'29. m'). The floor areas outside the reactor cavity are
sufficiently large that debris entrained out of the reactor cavity would be expected to solidify as
a thin layer on the containment floor. Hence, debris concrete attack outside of the reactor cavity
is not expected in the Ginna design except possibly under conditions when the RWST is not
injected illtocontainment and the containment fan coolers have failed (see discussion above under
liner meltthrough failure).

4.5.2.5.1.3 Debris Depths

Assuming 100% of core debris (7.5 m') is spread over the total floor area of the reactor cavity
(29 m') the depth of the debris, assuming 0% porosity, is 26 cm.

4.5.2.5.1.4 Debris Heat Fluxes

The upward heat flux required to remove the decay power (13 MW) is .45 MW/m'ssuming the
total core debris mass spreads to cover the entire reactor cavity floor area.

4.5.2.5.1.5 Reactor Cavity Sump

The 4.5 x 4.5 x 5 ft deep sump at the end of the instrument tunnel in the cavity has a volume
of 101.3 ft'2.87 m') and consequently can accommodate approximately 40% of the core debris
volume (with no porosity) and approximately 20% of the total core volume (with a 50% void
fraction). The total upward heat flux required to cool the debris with the sump completely tilled
with debris (no porosity) is:

5 ft x (.3048 m/ft) x 1.73 MW/m~ = 2.6
MW/m'ith

a 50% porosity the heat flux is 1.3 MW/m'.

4.5.2.5.2 Decomposition Event Tree for CCI

The Decomposition Event Tree developed to assess ex-vessel debris cooling for the Ginna PRA
is shown in Figure 4.5-6. The events considered in this tree are discussed below.

Event 1 RCS Pressure at Time of RPV Failure (PRES VB)
EVNTRE Event l5

The pressure in the reactor vessel (RV) at the time of vessel failure determines whether a high
pressure melt ejection can occur. Prior studies [Refs. 4.9-10, 4.9-33, 4.9-34] suggest that for
pressures in excess of about 150 to 300 psi the velocity of gases in the reactor cavity are
sufficiently large to result in dispersal of core debris from the reactor cavity floor (either as a
wave-like film or as fragmented particles).
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This event was assessed previously and is described in Section 4.5.2.3 (Early Containment
Failure).

Event 2 RWST Injected Early (E RWST)
EVNTRE Event 20

This event separates sequences with little, or no, water in the reactor cavity at vessel failure from
those with the reactor cavity flooded at vessel failure. A large depth of water in the cavity at
vessel failure has the potential to fragment and quench the debris when it falls into the cavity
either by hydrodynamic breakup of the debris stream or by the occurrence of steam explosions.
A water pool in the reactor cavity is also necessary to assure that long term cooling of the debris
can be maintained.

If the RWST has been injected (fully or partially) into containment prior to vessel failure then
the reactor cavity will be flooded. Sequences with RWST injection include LOCAs with
successful in-vessel injection and sequences with spray injection initiated prior to RPV failure.

This event was assessed previously and is described in Section 4.5.2.4 (Containment Liner
Meltthrough).

Event 3 Mass Debris Expelled From RPV at RPV Failure (M DEBRIS)
EVNTRE Event 22

This event assesses the mass of molten debris which is released from the RPV soon after RPV
failure. For elevated pressu'res in the vessel at vessel failure some fraction of this debris would
be expected to be dispersed out of the reactor cavity. For low pressure sequences it is expected
that the debris would largely remain within the reactor cavity.

The debris mass ranges which are considered under this heading are:

High
Int.
Low

Mass Range
(40- 60% of core mass)
(20- 40%)
(0 - 20%)

This event was assessed previously and is described in Section 4.5.2.3 (Early Containment
Failure).

Event 4 Fraction Debris Involved in DCH (DCHFRACT)
EVNTRE Event 23

This event assesses the fraction of the debris expelled from the reactor vessel which is dispersed
from the reactor cavity at the time of vessel failure. Hence, this event is important to the
determination of the mass of debris released into the cavity at vessel failure.
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This event was assessed previously and is described in Section 4.5.2.3 (Early Containment
Failure).

Event 5 Steam Explosion Disperses Debris (SE)
EVNTRE Event 34

For situation where the core debris falls into water in the reactor cavity there is the potential for
steam explosions to occur and for the debris to be fragmented and dispersed.

Given that a "significant" steam explosion occurs, it is expected that the debris would be
fragmented and dispersed throughout the reactor cavity. For situations where steam explosions
do not occur, the possibility of debris fragmentation is considered to be less likely.

The debris particle size is a critical parameter in assessing the coolability of debris beds (see
discussion below). For debris sizes in excess of about 1 mm, the debris beds are most probably
eoolable over a wide range of debris depths. Debris particle sizes have been measured in
numerous steam explosion experiments. Generally, for highly energetic steam explosions the
mean particle size is 1 mm or less [Ref. 4.9-35]. For energetic steam explosions the
characteristic particle size appears to be a function of the coolant to debris mass ratio. For mild
steam explosions (low measurable work output) the mean debris size is greater than 1 mm.

In NUREG/CR-4551 [Ref. 4.9-19), Sandia estimated the likelihood that steam explosions would
occur under low pressure conditions to be 0.86 based on results of numerous experiments which
have been conducted. However, not all of these steam explosions are expected to be
"significant". A "significant" steam explosion was defined in NUREG/CR-4551 (as regards ex-
vessel debris coolability) as one which would fragment the debris and lead to a eoolable debris
bed, or which would determine the amount of debris involved in CCI. NUREG/CR-4551
estimated, based on the current state of knowledge, that a probability of about 0.5 was
appropriate for the occurrence of a significant steam explosion given the occurrence of any steam
explosion.

Given that a significant ex-vessel steam explosion occurred NUREG/CR-4551 estimated (for the
Surry cavity) that there was a probability of 0.5 that a significant quantity of the core debris was
ejected from the reactor cavity by the steam explosion. NUREG/CR-4551 estimated that an ex-
vessel steam explosion could also eject a signiticant portion of the core debris from the pedestal
cavity for the MARK III BWR. In the analysis for Ginna it was conservatively assumed that
none of the debris involved in a steam explosion is ejected from the reactor cavity for the
purpose of estimating the debris bed heat loads.
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Based on the considerations presented above and analysis performed for the Ginna plant [Ref.
4.9-15] the probability that a significant steam explosion occurs which spreads the debris
throughout the reactor cavity and results in the formation of a debris bed configuration which is
favorable to cooling is estimated to be 0.43 (0.86 x 0.5) for sequences with the cavity flooded
prior to reactor vessel failure.

Event 6 Depth of Debris in Sump (D SUMP)
EVNTRE Event 36

The sump in the reactor cavity tunnel is considered to be the critical design feature with regard
to coolability of the debris ex-vessel. Without the sump the average depth of the debris in the
cavity would be 26 cm (assuming no porosity) and the required upward heat flux to remove
decay heat would be 450 kw/m'assuming 100% of the core has slumped into the cavity). Under
these conditions coolability of the debris would be reasonably likely.

The 5 ft deep sump, iffilled (or partially filled) with debris, represents a less favorable geometry
for cooling the debris. In addition, the thickness of the concrete basemat under the sump is only
1.5 ft compared with 4 ft elsewhere in the cavity.

This event assesses the extent of spreading of the debris (away from the reactor vessel). the mass
of debris which might be expected to enter the sump and ultimately the depth of the debris in
the sump.

Three branches are considered for this event:

Sump Full - This branch implies that the sump has been filled (or nearly filled) with debris.
The debris is assumed to have a porosity fraction ranging from 0% to 50%.
Hence, the mass of debris in the sump can range from 27369 ibm (12440 kg) to
54737 ibm (24881 kg) and the upward heat flux necessary to remove decay heat
ranges from 1.3 to 2.6 MW/m'.

Part. Full- This branch implies that the sump has been partially filled (approximately one-
quarter to one-half filled) with debris. As above, the debris may have a porosity
ranging from 0% to 50%. Hence. the mass of debris in the sump can range from
6842 ibm (3110 kg) to 27369 ibm (12440 kg) and the upward heat flux necessary
to remove decay heat ranges from 0.33 MW/m'o 1.3 MW /m~.

Nominal- This branch implies that the debris depth in the sump is approximately the same
as the depth ot'ebris elsewhere in th'e reactor cavity. That is, there has been little
or no preferential movement of debris into the sump (sump less than one quarter
filled).
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LO LO Pressure Se uences

CAVITYDRY

For low pressure sequences with the lower cavity dry at vessel failure the debris would be
expected to spread out and cover the entire floor of the cavity. Under these conditions it would
be expected that the sump would be filled to a substantial depth as the liquid debris flows into
the sump. Even for a small initial release of debris from the reactor vessel (20% of total core
mass) and assuming 50% of this debris enters the sump the depth of debris in the sump would
be L3 ft (40 cm) and the required heat flux to cool the debris would be 700 KW/m'.

As discussed later this heat load is well above the upward heat flux considered credible for
cooling the debris initially in a liquid pool configuration. Hence for all low pressure sequences
where the cavity is dry (or nearly dry) at the time of reactor vessel failure the debris is
considered to not be eoolable (even ifwater is added to the cavity soon after vessel failure).

CAVITYFLOODED - STEAM EXPLOSION(S)

For sequences with the cavity flooded at RPV failure the following behavior could be expected.
Ifsignificant steam explosions occur during the initial debris pour (at vessel failure) then it can
be expected that the debris participating in the steam explosion willbe dispersed throughout the
reactor cavity. Under these conditions more or less uniform dispersion of the debris particles
throughout the reactor cavity could be expected. Hence, for cases where significant steam
explosions occur the following branch probabilities are estimated:

40-60% Debris Released From RV at Vessel Failure

SUMP FULL-
PART FULL-
NOMINAL

Probability
.01

.09

.90

20-40% Debris Released From RV at Vessel Failure

SUMP FULL-
PART FULL-
NOMINAL

Probability
.()05

.045

.95
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0-20% Debris Released From RV at Vessel Failure

SUMP FULL-
PART FULL-
NOMINAL

Probability
0.
.015
.985

CAVITYFLOODED - NO STEAM EXPLOSION(S)

For sequences where steam explosions do not occur in the reactor cavity then the fraction of the
initial debris stream which does not fragment and quench would likely form a coherent liquid
layer under the water pool which would flow outward from the cylindrical portion of the cavity
into the cavity tunnel. Freezing and crust formation on the upper debris pool surface and at the
leading edge would act to inhibit free flow of the debris.
An empirical dimensional correlation of simulant material (lead - water) spreading experiments
[Ref. 4.9-36] correlates the debris depth to the debris volume released, the water pool depth, the
water subcooling and the debris initial superheat.

—'HA
t=0.03V~ —~g 2

h~,

where: t = the debris thickness
V = the debris volume
H = the water depth
h„= the effective heat of solidification of the debris

(heat of fusion plus superheat enthalpy)

hfdf= the effective heat of vaporization of the water
(latent heat of vaporization plus subcooling
enthalpy)

The above correlation can be rearranged to solve for spread area using
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5

6 pA=——
0.03 H h~

For a debris superheat of 100 K and saturated water this correlation reduces to:

A =12.1

V—5
6
i

H

This correlation yields the spread areas for Ginna as a function of debris mass for a water depth
of 11.5 ft (3.5 m) (the distance from the bottom of the reactor vessel lower head to the cavity
floor) shown in Table 4.5-6.

F. Moody has developed a simple model to estimate debris spreading in the presence of a water
pool [Ref. 4.9-37]. This model calculates the debris spread radius as a function of the debris pour
rate, debris superheat, water subcooling and heat transfer coefficient at the debris water interface.

Qp P C> (T< Tj)

where: r, = final debris spread radius

Q, = debris volumetric pour rate

p = debris density
C„= debris specific heat

T; = initial debris temperature
T, = debris freezing temperature (2500 K)
H = enhanced film boiling coefticient (400 W/m -K)
T„= water temperature
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The debris heat capacities (at 2501 ') from the MAAP code (USOLID Routine) are:

UO,
Zr
ZI0g
Steel

491 J/kg-'K
356
645
797

Using the debris composition listed in Table 4.5-4 and neglecting the control materials the debris
mixture heat capacity is:

(47955)(491)+(5892)(356)+(7959)(645)+(2027)(797)
507

J
63832 kg -K

Assuming gravity driven flow, the velocity of debris exiting the reactor vessel can be calculated
assuming Bernoulli flow:

1 2—v, =g(h +t)I

v> =~2g(h, +t)

where h, = the debris depth in the reactor vessel
t = the vessel lower head thickness

The mass flow through breach is then:

W=pA

where the area of the vessel breach

d"
A =m-

t 4
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increases during the debris pour due to ablation. Using the vessel penetration ablation model
incorporated into the MAAP code the vessel breach diameter was calculated to increase from 4
cm at the start of the gravity pour to 18, 26 and 31 cm at the completion of the pour for pours
of 10%, 30% and 50% of the total core mass.

In these three calculations the average debris mass flow rate was calculated and is shown in
Table 4.5-7.

Table 4.5-7 shows the predicted spread radii for an initial debris temperature of 2600 K (100 K
superheat) and a water temperature of 373 K using the Moody model.

Note the following dimensional features of the reactor cavity. The cylindrical portion of the
reactor cavity has a radius of 6.54 ft (2 m) and area of 134.4 ft~ (12.5 m~). The distance from
the centerline of the reactor vessel to the nearest edge of the cavity sump is 25.7 ft (7.8 m). The
total area of the cavity is 312 ft'29 m'). Comparing the predictions of the two spreading
models with the above dimensions Suggests the following:

1) - For initial debris pours less than about 20% of the core mass the debris is unlikely
to spread much beyond the cylindrical part of cavity. Consequently, a very low
probability (.01) is assigned to the PART FULL branch. The SUMP FULL condition is
not possible for this case due to an inadequate amount of debris to "fill"the sump when
only 0-20% of the debris is initially released.

2) - For intermediate debris masses (20-40%) the results suggest spreading to cover the
cylindrical portion of the cavity is likely, but debris spreading far down the cavity tunnel
is unlikely. Hence, a low probability of .05 is assigned to the SUMP FULL branch and
a somewhat higher probability (0.1) is assigned to the PART FULL branch.

3) - For high debris masses (40-60%) the results suggest that spreading to cover the entire
cavity may be possible, but is not likely. Hence, a probability of 0.1 is assigned to the
SUMP FULL branch and a probability 0.2 is assigned to the PART FULL branch.

HIGH NOT LO-LO PRESSURE SE UENCES

For sequence with elevated pressure in the RCS at the time of vessel failure the forceful
expulsion of the debris from the vessel and the blowdown of the gases in the RCS will act to
spread the debris throughout the cavity and potentially disperse debris out of the cavity.

COMPLETE ENTRAINMENTFROM CAVITY

For sequences with essentially complete debris dispersal from the cavity ("HIGH" branch taken
under prior event heading "FRACTION DEBRIS INVOLVED IN DCH") little debris would
remain in the cavity and early debris cooling is not an issue.
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PARTIALDISPERSAL

For sequences with partial dispersal from the cavity ("LOW" branch taken under prior event
heading "FRACTIONDEBRIS INVOLVEDIN DCH") approximately 50% of the debris released
from the reactor vessel at vessel failure is assumed to remain in the cavity. The debris
configurations for these partial dispersal cases are discussed below:

Partial Dispersal - No water in Cavity Prior to Vessel Breach

Under these conditions the residual debris remaining in the cavity would be expected to
be driven away from the cylindrical part of the cavity into the cavity tunnel due to the
flow of gases from the reactor vessel. Under these conditions a relatively large quantity
of debris would be expected to enter the cavity sump and form a liquid pool. As noted
above, ifonly 10% of the core debris enters the sump the required upwards heat flux to
cool the debris would be on the order of 700 KW/m'hich is well above the estimated
heat flux capabilities for cooling an initially liquid pool debris configuration.
Consequently, it is assumed that the debris in the sump is only potentially eoolable under
these conditions for the case of a small initial debris mass release from the vessel
(EVNTRE Event 22 - branch "LOW (0-20%).

Partial Dispersal - Water in Cavity Prior to Vessel Breach - Steam Explosion Occurs

As discussed above a steam explosion would act to fragment the debris, quench the debris
particles and disperse the debris. However, due to the blowdown of the reactor vessel it
is possible that more of the debris (fragmented and dispersed by the steam explosion)
would be driven toward the end of the cavity tunnel (and into the sump). Consequently,
for the case of a steam explosion occurring following vessel failure at high pressure the
probabilities for enhanced debris in the sump have been increased above their
corresponding low pressure values by a factor of 3.

Partial Dispersal - Water in Cavity Prio'r to Vessel Breach - No Steam Explosion
Occurs

The elevated pressures in the reactor vessel would result in higher debris flow rates from
the reactor vessel and enhanced debris spreading. Application of the Moody model for an
RCS pressure of 16.2 MPa (2335 psia) results in the predicted debris spread radius shown
in Table 4.5-8. Comparing Tables 4.5-7 and 4.5-8 it can be seen that elevated pressures
could result in significantl greater debris spreading. Consequently, for high pressure
sequences with the cavity flooded and without a significant steam explosion the
probabilities for enhanced debris masses in the sump have also been increased above their
corresponding low pressure values by a factor of 3.
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Event 7 Initial Debris Configuration in Reactor cavity (DEB COB I)

This event defines the initial debris configuration and hence the possible upward heat transfer
rates which can occur immediately following the initial debris pour from the vessel following
vessel failure. Two configurations are considered:

Debris Bed Configuration
Continuous Layer (Pool)

These heat transfer configurations are discussed below.

A debris bed configuration can be formed by fragmentation of the debris by hydrodynamic forces
as it flows from the reactor vessel into the water pool in the reactor cavity or by the occurrence
of an energetic molten debris coolant interaction (i.e. a steam explosion). Recent work by Chu
[Ref. 4.9-38] at Argonne National Laboratory indicates that the ratio of the water pool depth to
the debris stream diameter (L/D) is a critical parameter in assessing fragmentation and quenching
of the debris stream. For L/D ratios in excess of about 50, substantial fragmentation of the debris
stream can be expected and for (L/D) ratios in excess of about 75 essentially complete
fragmentation could be expected. The implications for ex-vessel debris coolability in the Ginna
reactor cavity are discussed below.

The expected failure of the Ginna lower vessel head is an instrument line penetration which has
a diameter of 4 cm. As the debris flows out of the vessel breach the flowing debris will cause
ablation of the surrounding steel causing the initial breach size to increase.

Calculations performed by Chu using the THIRMALcode for gravity pours of 130,000 kg of
debris (initial vessel breach size of 5.0 cm) indicate that 10%, 25% and 70% of the debris was
fragmented and quenched during the pour for water depths of 3, 6, and 9 meters, respectively.
For the smaller initial debris pours for Ginna discussed above, under the heading M DEBRIS,
the extent of fragmentation would be larger (due to a smaller terminal debris stream diameter
resulting from less extensive hole ablation at. the end of the pour). For these size pours Table
4.5-9 summarizes the expected L/D ratio (for a 3 m deep water pool and at the midpoint in the
debris pour).

These results indicate that (in the absence of a steam explosion) most of the initial debris pour
would contact the reactor cavity tloor as a liquid stream for a 3 m deep pool.

The above discussion is for low pressure sequences. For high pressure sequences at RPV failure
somewhat different behavior would be expected. If the cavity is flooded with water the high
pressure melt ejection and/or steam explosions would be expected to disrupt and intermix the
debris and water pool leading to debris fragmentation and quenching. Under these conditions a
debris bed configuration could be expected. However, for high pressure sequences with the
reactor cavity dry; debris which is not dispersed from the reactor cavity would be expected to
eventually form a continuous liquid layer on the reactor cavity floor.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-73



Note that there is no branching under this event heading. The attributes of the sequence pathway
prior to this event uniquely defin which debris configuration will occur.

Event 8 Initial Upward Heat Flux to Cool Debris (HT FLUX I)

This event assesses the upward heat flux required to remove all the decay heat from the debris
that is initially introduced into reactor cavity at the time of vessel failure. There are no branches
under this event. The range of upward heat fluxes is determined by the mass of debris released
at vessel failure, the initial spread area of the debris and the volumetric heat generation rate in
the debris. As indicated above, the critical consideration for debris cooling in the Ginna'avity
is the depth and mass of debris in the cavity sump.

The determination of the upward heat flux required to cool the sump debris is illustrated below.
Consider the top "branch" under this heading with an assessed range of values from 1.3 to 2.6
MW/m'. These values were determined as follows:

For this sequence pathway the sump is filled with debris. The depth of the sump is 5 ft (1.52
m) and it is assumed the void fraction (porosity) in the debris is between 0 and 50%. Hence, the
estimated range of upward heat fluxes required to cool the debris is from 1.3 MW/m'0.5 * 1.73
MW/m * 1.52 m) to 2.6 MW/m'1.73 MW/m' 1.52 m).

For a partially filled sump (one-quarter to one-half full) the range of heat fluxes is .33
MW/m'0.25* 0.5 * 1.73 MW/m' 1.52 m) to 1.3 MW/m'0.5 * 1.0 * 1.73 MW/m' I.52 m).

For the "NOMINAL"branch it is assumed that the debris does not preferentially enter the sump
and that the debris depth is more or less uniform throughout the cavity. The lower bound heat
flux assumes that the debris spreads uniformly across the entire cavity floor. The upper bound
heat flux assumes that the sump is 1/8 filled with debris (the lower bound for a partially tilled
sump.)

Event 9 Water Injection to Reactor Cavity After Vessel Failure (CAV WAT F)
EVNTRE Event 30

This event assesses whether the reactor cavity is flooded with water soon after vessel failure.
given that the reactor cavity was dry at RPV failure. If the reactor cavity is not flooded. then
long term debris concrete attack in a dry reactor cavity will occur. This is a sorting type event
determined by the PDS characteristics for the status of systems which can add water into the

'eactor cavity after RPV failure. Systems which can add water into the reactor cavity after vessel
failure include the in-vessel injection systems and the containment spray system.

This event has been discussed previously in Section 4.5.2.4 (Containment Liner Meltthrough).
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Event 10 Type of Ex-Vessel Core/Concrete Interactions (TYPE CCI)
EVNTRE Event 39

This event assesses whether the debris is eoolable in the reactor cavity, or if not eoolable, the
type of core concrete interaction (CCI) that occurs. The branches for this event are:

NO CCI
WET CCI
DRY CCI

The "NO CCI" branch indicates that the debris was cooled fairly rapidly and no long term debris
concrete attack occurred. The "WET CCI" branch indicates significant CCI occurs in the
presence of an overlying water pool. The dry CCI branch represents CCI in a dry cavity.

The coolability, of the debris in the reactor cavity is determined by the configuration of the debris
and the internal heat generation rate of the debris. The configuration types and their possible
upward heat removal capabilities are discussed below.

DEBRIS BED

A debris bed is the debris configuration with the maximum potential for cooling. A debris bed
configuration allows water entry into the debris and greatly enhances the debris/water interfacial
heat transfer area. The limitations on the coolability of debris beds are generally hydrodynamic
in nature and are controlled by the ability of the liquid to penetrate into the bed against the
upwards flow of steam generated within the bed.

The coolability of a debris bed is a strong function of the characteristic size of the debris
particles. The coolability of debris beds is generally characterized by the dryout heat flux which
is the maximum upward heat flux the bed can maintain without dryout inside the bed. Figure 4.5-
10 shows the results of debris bed experiments and model predictions for the dryout heat flux
as a function of the debris diameter [Ref. 4.9-39].

Generally, for debris particles sizes in excess of several millimeters the dryout heat flux is greater
than 900 kW/m'. As discussed previously the debris size for the debris beds formed either by
a steam explosion or by hydrodynamic fragmentation of the debris stream as it enters the water
pool in the Ginna reactor cavity are such that the characteristic debris size would be expected to
be greater than 1 mm and the minimum upward heat flux capability for a debris bed
configuration is expected to be in excess of 900 kW/m'. The maximum heat flux capability for
a debris bed configuration is assumed to be twice the minimum value (1800 kw/m'). This value
is approximately the dryout heat flux for a debris bed with 1 cm debris particles.
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CONTINUOUS DEBRIS LAYER (POOL)

If the debris stream from the reactor vessel spreads out in a continuous pool under the water
layer and the debris is not fragmented and water does not ingress into the debris pool then the
limitingcondition for solidification of the debris pool is by conduction through an overlying solid
debris crust. For complete coolability the debris pool would need to freeze completely through
and have an interfacial temperature with the underlying concrete less than the concrete melting
temperature. Calculations which were performed for the Ginna PRA project indicate a limiting
upward heat flux due to conduction of about 100 kW/m for a solid crust with internal heat
generation and with the boundary condition that the concrete surface temperature remain below
the concrete melting temperature. Thus, if the debris pool has a heat generation rate less than
100 kW/m'hen it can be considered to always be eoolable with an overlying water layer.

Pool configurations with heat generation rates in excess of 100 kW/m'ay also be eoolable if
the interfacial heat transfer area between the debris and the pool is enhanced by formation of
irregularities in the upper crust surfa'ce or by cracking of the upper debris crust (by the freezing
process - upon freezing there is about a 10% reduction in debris density, or by gas generation
from the initial debris concrete reaction) and debris eruption into the water layer or water
ingression into the debris pool. Consequently, the limiting heat flux capability for a pool type
configuration is assumed to lie between 100 and 500 kW/m'.

Experiments such as the MACE series being conducted at Argonne National Laboratory suggest
that the upward heat transfer may be significantly enhanced above conduction through a solid
debris crust. The overall results from the MACE tests [Refs. 4.9-40, 4.9-41] appear to generally
fall into mid-to-upper end of the heat flux ranges defined above for a pool.

SUMMARY

In summary the upward heat flux capabilities of each of the debris configurations considered are:

Debris Bed
Continuous Layer (Pool)

900 - 1800 kW/m~
100- 500 kW/m

In order to determine the debris coolability for each branch in the tree the following procedure
was adopted. The heat tluxes required to cool the debris as shown on the tree (Event
HT FLUX I) were compared with the range of possible heat fluxes (shown above) for the debris
configurations shown on the tree. Since both the required heat flux to cool the debris and the
possible upward heat fluxes for each configuration span a range of values, uniform probability
distributions within the indicated ranges were assumed and the two probability distributions were
combined to assess the overall coolability of the debris in its initial and final state. The
following discussion provides an example of this process.
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Example:

For the pathway through the DET leading to endpoint number 3 the initial debris configuration
was a debris bed in the cavity sump. The initial debris heat flux that must be removed is
between 0.33 and 1.3 MW/m'. The range of heat fluxes that can be removed for a pool
configuration is between 0.9 and 1.8 MW/m'. Combining the probability distributions for the
range of heat fluxes that must be removed with the range of heat fluxes capable of being
removed in a debris bed configuration results in a probability of cooling the debris initially
released of 0.91. This probability is assigned to the "NO CCI" branch under event heading
"TYPE CCI".

COOLABILITYOF LATE DEBRIS POURS

After the initial debris pour following vessel failure, the remaining debris will heat up and
gradually flow out of the reactor vessel. An upper bound estimate of the flow rate from the
vessel at longer times after vessel failure can be made assuming:

All residual debris in the vessel is at it solidus temperature

All decay heat goes into melting of the residual debris

Debris flows out of the vessel as it melts

With these assumptions the debris flow rates can be estimated and the debris stream
characteristics upon entry into the reactor cavity water pool can be determined. The water pool
depth to debris stream diameter (L/D) ratios are such that complete fragmentation of the late
debris pours can be expected. Ifcomplete fragmentation and quenching of the late pour occurs,
a debris bed configuration for the residual debris will result.

Due to the depth of water in the reactor cavity, all or nearly all of the residual debris which
enters the reactor cavity after vessel failure willbe fragmented by hydrodynamic forces and will
form a debris bed in the cylindrical portion of the reactor cavity. The maximum depth of the
debris in the cylindrical portion of the cavity and the corresponding heat flux from the debris are
approximately 54 cm and 900 kW/m', respectively (assuming 90% of the total core debris mass
is in the cylindrical portion of the cavity). Since the minimum heat flux from a debris bed is
assumed to be 900 kw/m't is concluded that the coolability of the residual debris which
gradually drains out of the reactor vessel following vessel failure is not limiting.
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4.5.2.6 Mode of Late Containment Failure

The DET for Mode of Late Containment Failure is shown in Figure 4.5-7. The mechanisms
considered for late containment failure include gradual overpressurization resulting from failure
of containment heat removal, late hydrogen combustion and basemat meltthrough.

The events considered in the DET are discussed below.

Event 1 Power Available Prior to Reactor Vessel Failure (POW VF)
EVNTRE Event 42

With electric power available from the time period prior to reactor vessel failure onwards it is
highly unlikely that a sufficiently high concentration of hydrogen would accumulate in the
containment atmosphere (prior to a hydrogen burn occurring) that the containment integrity would
be threatened by a hydrogen burn. It could be expected that with the numerous ignition sources
that are available when electric power is available that hydrogen concentrations would not greatly
exceed the global flammability concentration (approximately 8%) prior to ignition of a burn.
Furthermore, the containment pressure would likely be at a relatively low level at the time the
burn is ignited since if the containment pressure were elevated (such as would be the case when
containment heat removal is unavailable) the steam concentration would be sufficiently high to
render the containment atmosphere inert.

The major threat from a hydrogen burn would occur under the conditions where the containment
has been inert for a lotig period of time and is rapidly deinerted. This situation might arise under
station blackout conditions with late recovery of power (and actuation of the containment spray
system or possibly fan coolers).

This event is dependent on EVENTRE PDS events 5 - Station Blackout and 6 - Power Recovery.

Event 2 Power Recovery Late (POW REC L)
EVNTRE Event 43

This event assesses the possibility of late recovery of AC power for sequences where AC power
was not available prior to reactor vessel failure.

This event is dependent on EVENTRE PDS event 6 - Power Recovery.
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Event 3 Type of Ex-Vessel CCI (TYPE CCI)
EVNTRE Event 39

The type of ex-vessel CCI is important to assessing whether a late hydrogen burn can fail
containment. The peak containment pressures resulting from burns of the hydrogen produced by
in-vessel metal-water reactions are not sufficiently large to threaten containment integrity without
the additional hydrogen (and carbon monoxide) produced during ex-vessel CCI. This event has
been discussed previously in section 4.5.2.5.

Event 4 Containment Heat Removal (CNHEATREM)
EVNTRE Event 44

Failure of long term containment heat removal (fan coolers and sprays) will result in gradual
overpressure failure of containment.

This event is dependent on EVENTRE PDS events 9 - Containment Fan Coolers and 10-
Containment Spray Status.

Event 5 Late H, Burn Fails Containment (LATEH2)
EVNTRE Event 46

This event assesses whether a late hydrogen burn occurs upon rapid deinerting of the containment
(of sufficient magnitude to fail containment). This event is only considered for SBO sequences
with power recovery after vessel failure and with ex-vessel CCI occurring.

Prolonged debris concrete interactions can produce very high flammable gas concentrations in
the containment atmosphere. Upon deinterting, combustion of these gases can produce pressures
that threaten containment integrity if the burn is complete. Under rapid deinterting conditions the
MAAPcode willgenerally predict efficien global combustion with peak pressures that approach
that of an adiabatic complete burn.

On the other hand the NUREG/CR-4551 [Ref. 4.9-19] analysts judged that following the
restoration of electric power (and the initiation of containment sprays) that hydrogen combustion
would be initiated soon after the containment atmosphere transitioned from an inert state tn a

flammable state and while the steam concentration were still elevated. They concluded that under
these conditions large deflagrations were possible but detonations were not possible. The
NUREG/CR-4551 experts estimated that under these conditions the burn efficiency would be
relatively high with a mean scale factor of .72 (the scale factor is defined as the actual pressure
rise divided by the adiabatic pressure rise).

The MAAPcode calculations and the NUREG/CR-4551 results suggest that hydrogen combustion
during rapid deinerting events late in the accident following a substantial period ot'ebris
concrete interaction could pose a serious challenge to containment integrity. Consequently, a
value of 0.5 is assigned t'or the probability ot'ontainment failure under these conditions.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-79



Event 6 Mode of Late Containment Failure (CF LATE)
EVNTRE Event 47

This event assesses whether late containment failure occurs and the mode of late containment
failure. For sequences with failure of containment heat removal, gradual containment
overpressure failure is expected. Two overpressure failure modes have been identified for the
Ginna containment; global containment failure and liner tearing. Figure 4.4-3 shows the fragility
curves for these two failure modes. In order to assess the probability of each mode given that
containment failure is certain the conditional probabilities shown on Figure 4.4-4 were used.

This evaluation resulted in the following probabilities for liner leakage and global containment
structural failure under gradual overpressurization conditions:

Global
Liner Leakage

Probability
0.3
0.7

Note that this analysis is different than the containment failure modes analysis previously
described for early containment failure. The failure mechanism for containment failure at the
time of reactor vessel failure was a rapid containment pressurization event resulting from DCH
related phenomena. Under rapid pressurization conditions the limited leakage resulting from liner
tearing would not be expected to influence the peak containment pressure and consequently,
global failure could follow liner tearing. However, for slow overpressurization conditions limited
liner tearing would be exp'ected to terminate the pressure rise and preclude global failure.

For sequences where containment heat removal has been successful in preventing late
overpressure failure then the remaining threat to containment integrity is from basemat
meltthrough if the debris is not cooled in the cavity. As discussed previously, the design feature
which is expected to control debris coolability is the sump in the reactor cavity. Consequently,
the analysis of debris coolability focused on coolability of the debris transported into the cavity
sump. In addition to being the limiting design feature for cavity debris coolability, the basemat
thickness under the cavity sump is very thin (1.5 ft). Consequently, if long term CCI does occur
in the region of the cavity sump then basemat penetration can be expected with a high
probability. In this analysis it is assumed that if ex-vessel CCI is predicted (either with an
overlying water layer or dry) then basemat failure is certain.

Finally, ifcontainment failure was predicted (in'he previous event) due to a large hydrogen burn
it is conservatively assumed that the containment failure mode is global (i.e. a large failure area).
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4.6 Accident Progression Analysis

4.6.1 Summary of Sequences Analyzed

This section contains a description of the deterministic containment accident progression analyses.
To support the development and quantification of the containment event tree an assessment of
the physical progression of a spectrum of accident sequences was performed. This effort
provided critical information and insights into:

timing of key events

containment loads
pressure
temperature
pressure rise rates

debris relocation and cooling

mitigation effectiveness of ESFs

generation, and combustion of hydrogen

Plant-specific analysis of accident progression with the deterministic code MAAP (Section 4.2)
were closely coupled to development of the CET. Accident progression analyses were also
utilized in the quantification of the CETs. Results from prior studies, sensitivity studies with
deterministic models (MAAP), and separate effects analysis and judgment are all used in
assessing the relative probabilities of the various possible accident progression pathways modeled
in the CET discussed in Section 4.5.

A number of MAAP calculations were performed to determine the range and variation in
containment response to be expected for a variety of accident scenarios. A brief description

ot'ach

of these accident progression cases is given in Table 4.6-1. Subsets of the accident
progression studies were utilized for various specific aspects of the CET development and
quantification. These are discussed in Section 4.6.2. The other calculations were performed
primarily to gain general insights and are not discussed further here beyond their inclusion in the
tables. (It should be noted that these runs were generally terminated when the item of interest
had been determined. Also. in some cases. arbitrary modeling assumptions were imposed to
achieve specific sequence circumstances. These factors should be kept in mind when interpreting
the results.).

MAAP calculations were also performed to derive release fractions for various source term
categories (Section 4.7). These source term cases were run well past containment failure and as
such represent the entire accident progression from initiating event to release completion. The
source term MAAP cases are summarized in Tables 4.7-1, 4.7-2, and 4.7-3. Three of these cars
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were selected, based upon their expected importance to the source term and/or the contribution
of the initiating event to core damage, for detailed discussion of the accident progression. The
cases selected are a medium break LOCA with no injection and late containment failure, an
interfacing systems LOCA with no injection available, and a steam generator tube rupture
scenarios with and without a stuck open secondary side relief valve. The discussion for these
sequences is given in Section 4.6.3.

4.6.2 Accident Progression Analysis Results

As noted previously (above and Section 4.5.1), MAAP runs were performed to gain further
understanding of the accident processes as they relate to the Ginna plant. Three specific topics
are discussed below, based on selected sets of the cases of Table 4.6-1.

4.6.2.1 Containment Isolation Failure

Several MAAP cases were run to investigate the fission product releases associated with various
loss of isolation failure areas. This was done to support the choice of the cutoff criterion for
containment isolation failures. The results from these analyses helped to support the conclusion
that Ii/~" diameter isolation failures represent an appropriate choice for the loss of isolation cutoff
criterion at Ginna as is described below.

The full set of MAAP cases for this issue considered variations of the sequence initiator, the
assumptions for the availability of fan coolers, and on the size of the isolation failures. The
availability of containment sprays was not considered since it would provide for smaller releases
to the environment compared to cases with fan coolers only available or with no containment
heat removal at all. In addition, for these analyses, the nominal leak area representing the
isolation failure area was multiplied by 0.6 from the full area based on diameter alone. This is
justifiable by accounting for a minimum of loss coefficients. From reference 4.9-46, the entrance
and exit effects will lead to K values of 0.5 and 1.0, respectively. Additionally, for example,
assuming a nominal friction coefficient of 0.02 for a li/~" I.D. pipe, only 10 feet of pipe would
lead to an additional K value of

IC = f—= 0.02 = 1.6
10'

(11/2/12)'ince

the flow rate through a hole will be proportional to A~crU~„/(ZK)'", one can compute an
effective flow area for the MAAP calculations as follows:

Ai:.,~cr,ve = A„ciU„i./(ZK)"
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So taking only minimal credit for the length of pipe (10'), and without accounting for the myriad
~ of bends and other valves which will normally exist in the isolation line, the actual area can be

reduced by

I/(0.5 + 1.0 + 1.6)'Q = 0.57

This was rounded to 0.6 ecru~„ for all of the cases summarized in Table 4.6-2.

CsI was chosen as the species of interest for these analyses since this species is a dominant
contributor to early whole-body population dose. Allof the cesium is assumed to combine with
iodine (CsI) or to form hydroxide (CsOH) in the MAAP fission product models. However, CsI
is used as a measure of the source term magnitude since the fractional CsOH release is typically
very similar.

The wide range of uncertainties in the evaluation of public risk makes it difficult to draw rigid
conclusions. However, the most significant finding in a review of consequence analysis is that
once the CsI release fraction falls below about 0.05, there would be a low likelihood of early
fatalities. As the Csl release fraction falls to below 0.02, early injuries are less probable, and
latent health effects and land contamination become the dominant consequences. Therefore, CsI
releases below the 10'o 10'ange should not significantly contribute to the overall early health
effects consequences (Ref. 4.9-47].

All but one of the 1'/z" isolation failure cases resulted in CsI release fractions in the range of
0.002 to 0.003 at the end of the run. The only li/~" case with a slightly higher release was
LLOCA13 (0.0086) which represents the unlikely scenario of a large break LOCA with no
containment heat removal available or recovered. Case LLOCA12 is the only I/~" case where
a loss of isolation did not preclude containment structural failure due to containment
overpressurization. The vast majority of the CsI release in this case occurred subsequent to
containment structural failure so this case does not contradict the criterion. Smaller isolation
failures will also not preclude containment failure (LLOCA09, for example). Larger isolation
failures will allow for the possibility of CsI releases greater than 0.01 (LLOCA10). The ().002
to 0.003 CsI releases reported here for the I'/~" cases do not account for any fission product
retention within the pipe itself nor do they account for any substantial line losses represented by
bends or valves in the line. These would both tend to diminish the releases even further.
Consequently, I/~" diameter isolation failures appear to be an appropriate choice for the cutoff
criterion.
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4.6.2.2 Induced Ruptures of the RCS

Another issue that was partially addressed using MAAP analysis for Ginna was the likelihood
of induced hot leg or steam generator tube ruptures in high pressure scenarios. Section 4.5.2.1
describes the use of the NUREG/CR-4551 results for the Surry plant to estimate induced RCS
failures for Ginna. These results were supported by the Larson-Miller Parameter (LMP)
methodology described below which also indicated that induced hot leg ruptures would likely be
similar to the Surry analysis.

Creep rupture of ductile materials is a function of time, temperature, and stress. An empirical
formula relating the expected time to rupture with temperature and stress was developed by
Larson and Miller IRef. 4.9-48]. The form of this relationship and curve fits developed for
different material types is described in Reference 4.9-49. With the curve fits available and a
stress-temperature history for a given component, the time to creep rupture, t„may be estimated
from

t,(T,a)

where T is the temperature and a is the hoop stress associated with the component of interest.
This formula assumes that the fraction of the total time to fail at a given stress-temperature
condition is additive. Consequently, the pressure and temperature histories can be used to
estimate when creep rupture may occur. The cumulative damage, 5, as expressed below can be
used to estimate when rupture might occur. When 5 reaches 1.0, creep rupture is likely. As 5
becomes larger, creep rupture can be considered even more likely. The cumulative damage. 5,
as given by the summation,

was implemented into a stand-alone FORTRAN program which incorporated the MAAP
temperature and stress histories for various scenarios. The results from the implementation of
the LMP program on the selected MAAP cases are summarized in Table 4.6-3 [Ref. 4.9-2l ).
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It is worth noting that simplifications in the MAAP core melt progression model are believed to
reduce the calculated hot leg temperatures and thus under-predict the likelihood of induced hot
leg failure. In MAAP3.0B, all core constituents (i.e. zirconium, uranium, dioxide, and zirconium
dioxide) are assumed to melt at a single "eutectic" melting temperature. This has the effect of
causing rapid gross melting of the core once the eutectic temperature has been reached, and the
disruption of core-upper plenum natural circulation follows, immediately thereafter. Such a
treatment is not considered particularly realistic. Based on small scale experiments, it is expected
instead that the zirconium, along with some dissolved uranium, will relocate first, leaving behind
the oxidic materials in a relatively rod-like geometry. This would lead to an extended but slower
rate of heatup of the hot legs, which should lead to higher hot leg temperatures than MAAP
normally predicts. This is. the motivation for cases SBO05 and SBO11 which increased the
assumed eutectic melting temperature in an attempt to somewhat mimic the behavior described
above. The larger creep summation values reported in Table 4.6-3 in these cases compared to
the comparable base case (SBO03) results show an even higher likelihood of induced hot leg
rupture occurring prior to vessel failure.

The full set of results indicate that induced hot leg ruptures can be considered likely prior to
vessel failure for cases above the PORV setpoint pressure. Cases with two 3/4" or larger LOCAs
(as in SBO07 with 3/4" seal LOCAs) are highly unlikely to induce other ruptures. Secondary
depressurization must occur for induced tube ruptures to be of concern. SBO18 and SBO19
indicate almost equally likely probabilities for tube ruptures to occur as hot leg ruptures if50%
wall thinning is assumed in the tubes. Ifmore than 50% wall thinning is assumed in these cases,
then tube ruptures are much more likely to occur than hot leg ruptures. If secondary
depressurization does not occur (all cases but SBO18 and SBO19), then induced steam generator
tube ruptures are not predicted even if 75% tube wall thinning is assumed. These conclusions
are consistent with the results from NUREG/CR-4551 for Surry. Thus, the probabilities of
induced ruptures for Ginna are taken directly from the Surry analysis as described in Section
4.5.2.1.

4.6.2.3 Direct Containment Heating

MAAPanalyses were conducted with variations in several parameters to mimic the DCH-specific
headings in the Early Containment Failure Decomposition Event Tree (ECF DET) shown in
Figure 4.5-4. These included variations in 1) the mass of debris expelled early (M DEBRIS),
2) the fraction of debris involved in DCH (DCH FRACT), 3) the fraction of debris dispersed
outside of the lower compartment (DIS FRACT), and 4) the mode of hydrogen burns after vessel
failure (H2 BURN). The mass of debris expelled early was controlled with input deck changes
after vessel failure to limit the entrained mass to the desired amount. The fraction of debris
involved in DCH was controlled by MAAP input parameter FCMDCH. The fraction of debris
dispersed outside of the lower compartment was controlled by MAAP input parameter FCMDA.
Either the standard burn model was employed (STD) or all hydrogen was forced to burn
coincident with the DCH event (UCHB). Variations also considered the entrainment time
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constant (TIENTR) and whether or not the RWST inventory had been injected prior to vessel
failure (i.e. yes in SLOCA cases, no in SBO sequence designator cases). The SLOCA cases also
had primary system pressures of less than 500 psia at the time of vessel failure compared to
greater than 2350 psia in the SBO cases.

The result of interest is the peak containment pressure following vessel failure for each run.
These peak pressure results were then compared with the containment fragilitycurve [Ref. 4.9-9]
to assess the probability of early containment failure for each sequence pathway through the
Decomposition Event Tree. Table 4.6-4 summarizes the DCH parametric cases.

4.6.3 Discussion of Selected Accident Sequence Progressions

The sequences discussed below were analyzed for the purpose of determining representative sets
of radionuclide release fractions for specific source term categories (those results are presented
in Section 4.7.3). A discussion of the containment accident progression is presented here to
provide insight into the phenomena and mechanisms that are occurring for representative severe
accident sequences. The plant modeling utilized for MAAP has been presented in Section 4.2
and the plant damage state and containment event modeling have been discussed in Sections 4.4
and 4.5.

4.6.3.1 Medium Break LOCA with No Injection and Late Containment Failure

This case was run for Source Term Category (STC) 12 which represents a late containment
failure by basemat meltthrough representing 14.2% of'the total core damage frequency for Ginna.
The unique configuration of only 1.5 ft of concrete below the cavity sump at Ginna make this
mode of containment failure more prevalent than at most other plants. The representative case
was chosen as a medium break LOCA without injection or containment spray available, but with
AFW, the accumulators, and fan coolers available. Key MAAP results from this case are
described below.

A 5.5" diameter break in the cold leg is assumed to initiate the accident. The system rapidly
depressurizes to below the accumulator pressure setpoint so that the core is initially prevented
from uncovering. However, the accumulators are depleted by about 15 minutes, and a gradual
boil-off of the remaining RCS inventory begins. Initial core uncovery is predicted prior to 45
minutes upon which heatup and core degradation ensue. Vessel failure is predicted to occur at
about 1.55 hours. Shortly after vessel failure, approximately 60% of the volatile fission products
have been released to containment with most of the remainder deposited on RCS structures.

With vessel failure at low pressure. all of the molten core material stays in the cavity. The debris
is not eoolable in the cavity and core-concrete interactions initiate. Between the time nf vessel
failure (-1.6 hrs) and the time of basemat meltthrough (-13.6 hrs), an additional 10% of volatile
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fission products revaporize from the RCS structures and enter containment. However, over this
same time period, natural fission product removal mechanisms (i.e. gravitational sedimentation,
thermophoresis, etc.) and that afforded by condensation in the fan coolers result in the large
majority of airborne fission products being deposited on heat sinks by the time containment
failure is assumed to occur.

A small containment failure area of 0.025 ft'as chosen in an attempt to represent the torturous
release pathway through the failed basemat and underlying soil, which would enhance the
retention of fission products, which is not explicitly modelled in MAAP. With continued
operation of fan coolers assumed in the sequence, the amount of revaporization that occurs is
minimal. Concrete attack is assumed to continue in the cavity which provides a source of non-
volatile fission products to containment. In any event, by 48 hours the majority of the noble
gases are released from containment, but less than 1% of the volatiles and non-volatiles are
calculated to be released. These source term results have been included in characteristic fission
product releases for STC12 presented in Section 4.7.3.

4.6.3.2 Interfacing System LOCA

This source term category comprises 9.7% of the total core damage frequency. The
representative sequence for this category (STC 016) was chosen to be very similar to the previous
case except the LOCA is assumed to occur outside of containment rather than inside of
containment. Thus, the scenario is given by a LOCA outside of containment with no injection
available, but with accumulators, AFW, and containment fan coolers available. In the MAAP
analysis, the conservative assumption was made to not take credit for any fission product
retention which may occur in the auxiliary building. The reported releases are simply given as
the releases from containment.

The early sequence of events in this case are fairly similar to the previous case up to the time
of core uncovery. Upon core degradation, the subsequent fission product releases are now sent
directly outside of containment rather than to containment.'herefore, the 60-70% release of
volatiles which had previously gone to containment shortly after vessel failure is now a direct
release from containment. Fallowing vessel failure, core debris enters the cavity and core-
concrete interactions contribute to the release of non-volatiles for this scenario.

Since there is a large uncertainty associated with exactly where the ISLOCA break may occur
for these types of scenarios. it is difficult to accurately characterize the type of fission product
retention which may occur in the auxiliary building. The reported releases given here and in
Section 4.7.3 for this STC represent the upper bound of potential releases. Naturally occurring
fission product removal mechanisms in the auxiliary building could substantially reduce the
radionuclides released to the environment, and whether or not the ISLOCA break becomes
submerged with water could hive a dramatic influence on the actual releases which occur to the
environment. This is a notable conservatism in the reported source terms in this analysis.
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4.6.3.3 Steam Generator Tube Rupture

Steam generator tube ruptures comprise about 32.7% of the core damage frequency at Ginna:
17.1% of the core damage frequency is from isolated steam generator tube ruptures (i.e.
secondary relief valve does not stick open - STC 018) and 15.6% is from not-isolated'SGTRs
(STC 820). Reestablishing AFW to the affected steam generator is not considered for either
STC. Key results from the MAAP analyses are described below.

The representative scenario was chosen as a double-ended single tube rupture with an effective
area of 0.0049 ft'ith no high pressure injection available. In both cases, AFW is terminated
to the affected steam generator within one half hour. In the unisolated case, a secondary relief
valve is assumed to stick open at about 20 minutes (the time during a similar MAAP run when
flow through the valve became liquid). This allows for depressurization below the accumulator
setpoint so that accumulator injection occurs. In the isolated case (STC 018), secondary
depressurization is not considered, the primary and secondary pressures remain near the SG relief
valve setpoint and accumulator injection does not occur. Thus, vessel failure is calculated to
occur earlier (-5.3 hrs) in the isolated case compared to the unisolated case (-7.3 hrs).

The majority of the fission product releases occur between the onset of core damage and vessel
failure in both cases. However, in the isolated case, the releases are limited to the cycles of the
relief valve opening. The unisolated case with a relief valve stuck open leads to a continuous
release of fission products. Thus, the CsI release fraction is much higher (0.276) in the
unisolated case compared to the isolated case (0.067).

After vessel failure in. the isolated case, the broken loop steam generator pressure equalizes with
the containment pressure below the relief valve setpoint and the steam generator relief valve
remains closed thereafter. Fission product releases are then limited to leakage as containment
heat removal systems prevent a later containment failure. The fission product releases may be
accompanied by another release at a later time if radionuclides are released through some other
containment failure mechanism. This possibility was ignored in the source term characterization
because the severity of the earlier releases would dominate any subsequent releases. The full set
of the calculated release fractions for all 12 of the MAAP fission product groups for these cases
and all of the other representative source term cases are presented in Section 4.7.3 and
summarized on Table 4.7-2.
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4.7 Source Term Characterization

The end points of the containment event tree (CET) represent the outcomes of possible
containment accident progression sequences. These endpoints represent complete severe accident
sequences from initiating event to release of radionuclides to the environment. An atmospheric
radionuclide source term may be associated with each of these containment sequences. Because
of the large number of CET sequences and because of similarities in the sequence characteristics,
it is neither necessary nor practical to develop a source term estimate for each containment
sequence. Sequences with similar characteristics are therefore grouped into release categories
to reduce the required source term assessment effort.

4.7.1 Release Category Grouping Parameters

The first step in the source term assessment effort is to identify the sequence characteristics
which are most important to definition of the source term. These characteristics are identifiable
from the Plant Damage State (PDS) characteristics and from the containment event tree headings
since one of the primary objectives in the PDS grouping and CET evaluation has been to detune
those events and conditions most important to source term assessment. This selected set of
sequence characteristics important to source term assessment are used as grouping criteria to
define the release categories and the associated source term magnitude, composition and timing.

The containment sequence characteristics selected for use in definition of the Ginna source term
release categories are:

Containment Bypass (ISLOCA, SGTR)
Debris Cooled In-Vessel
Alpha Mode Containment Failure
Status of Containment Isolation
Time of Containment Failure (relative to core melt)
Availability of Containment Heat Removal
Mode of Containment Failure
Type of Ex-Vessel Core Concrete Interactions
Steam Generator Isolation (for SGTR Sequences)
Steam Generator Break Covered (for SGTR Sequences)

The reasons for selection of these parameters for use in defining the different release categories
are discussed below.
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4.7.1.1 Containment Bypass

Containment natural and engineered mitigation features are ineffective in reducing fission product
releases if the accident causes the opening of a release path directly from the reactor coolant
system to a point outside of the containment boundary which bypasses the main containment gas
volumes.

The two ways that this can occur are if a steam generator tube rupture occurs or an interfacing
system LOCA (ISLOCA) occurs. These are both defined by the plant damage state attribute
"Containment Bypass".

For the dominant interfacing system LOCAs the failure occurs into the auxiliary building because
of failure of the check valves and motor operated valves between the RCS and the low pressure
residual heat removal (RHR) system, and subsequent failure of the RHR piping outside of the
containment. Because of the size of the bypass, subsequent events in containment do not have
a material impact on the atmospheric source term.

The ISLOCA and SGTR classes are explicitly treated in the release category logic because they
represent the two major ways that tission products can be directly released outside of containment
relatively early in time without any significant containment mitigation of the source term.

4.7.1.2 Debris Cooled In-Vessel

This characteristic is important since there is a significant probability of arresting the core-melt
process in-vessel, thus preventing vessel failure, ex-vessel radionuclide releases (from core-
concrete interactions) and containment failure. If the debris is cooled in-vessel then containment
integrity is not challenged and only minor releases of radionuclides to the atmosphere would be
expected.

4.7.1.3 Alpha Mode Containment Failure

The in-vessel steam explosion induced (alpha mode) containment failure is important because it
allows the direct release ot'issinn products to the atmosphere at the time of vessel failure. This
is because of the assumption that an in-vessel steam explosion which causes failure of the top
closure head of the vessel also generates a missile from a portion of the reactor vessel head
which impacts upon. and t'ails the containment. The debris particles resulting from the steam
explosion are assumed to be dispersed from the reactor vessel and to oxidize in the containment
atmosphere resulting in the release of additional radionuclides.

Rochester Gas & Electric Corporation R. E. Ginna PRA Project

4-90



Alpha mode failures are included as a source term characteristic and a CET heading because the
uncertainties regarding this phenomena are large and, at the upper end of the uncertainty range,
the contribution of alpha mode failures to the probability of early containment failure may not
be negligible.

4.7.1.4 Containment Isolation Status

This attribute is considered important because any fission products in the containment atmosphere
are released to the environment early (i.e. near the time of core melt) and continuously, if the
containment is not isolated.

With failure to isolate containment, the available effective time for fission product deposition and
mitigation by containment engineered safeguards (fan coolers and sprays) is reduced. The size
of the most likely isolation failure path (2 in') is large enough so that even if a later larger area
containment failure were to occur it should not significantly increase radionuclide release
magnitudes.

4.7.1.5 Time of Containment Failure

This release category attribute is considered important because it affects the time available for
fission product mitigation by natural removal processes and containment engineered safeguards.

r

The time periods considered significant for overpressure containment failure are Early and Late.
Early containment failure is at, or near, the time of reactor vessel failure. Late containment
failures occurs many hours after vessel failure. Basemat meltthrough cases are assigned to a

separate category labeled Very Late.

The possibility of no containment failure exists and is assigned to its own unique source term
category.

4.7.1.6 Containment Heat Removal Available

This attribute is considered significant because it determines whether or not late gradual
overpressure failure of containment can occur and whether fission product mitigation by the fan
coolers or sprays is present.
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4.7.1.7 Mode of Containment Failure

This attribute is important because it governs the rate at which fission products are released to
the atmosphere. It also affects the magnitude of the release by governing the time available for
effective fission product attenuation in containment.

The two attributes considered significant for overpressure failure of containment are local liner
failure or global rupture of the containment structure.

Other possible failure modes which are treated include liner thermal failure due to direct debris
contact with the liner and basemat meltthrough.

4.7.1.8 Type of Ex-vessel Core Concrete Interactions (CCI)

This grouping criteria is considered significant since ex-vessel CCI results in the release of
additional radionuclides following vessel failure and the production ofadditional flammable gases
(hydrogen and carbon monoxide).

The three categories of ex-vessel CCI which are considered are:

No Ex-vessel CCI - The debris was eoolable in the reactor cavity and little or no concrete erosion
occurred.

Wet CCI - The debris in the reactor cavity was covered by a water pool. However, the debris
was not eoolable and debris concrete attack occurs in the presence of an overlying water pool.
The presence of the water pool would provide mitigation of the radionuclides released from the
CCI and would provide enhanced heat transfer from the debris surface reducing the rate and
extent of concrete attack.

Dry CCI - The debris was not covered by a water pool and CCI occurs in a dry cavity.

4.7.1.9 Steam Generator Isolated

If the containment bypass is a SGTR sequence, then the most important questions are whether
the tube break is submerged and whether the steam generator is isolated. If the steam generator
is isolated then steam (and radionuclide) discharges from the steam generator occur through
cycling relief valves. lt'he steam generator is not isolated (or isolation fails) then the secondary
side of the steam generator will depressurize and radionuclide holdup times in the steam
generator will be reduced.
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4.7.1.10 Steam Generator Break Covered

Radionuclides released from the primary coolant system through the break into a flooded steam
generator will be scrubbed if the break location is submerged. MAAP results indicate that the
broken steam generator boils essentially dry by the time radionuclide release occurs unless
auxiliary feedwater flow is maintained into the affected steam generator.

4.7.2 Release Category Grouping Logic

The approach to the definition of release categories is similar to that discussed in Section 4.3 for
definition of plant damage states. It consisted of construction of a logic diagram with the
grouping criteria defined above as headings. The end points on the logic diagram represent
unique release (source term) categories with their individual characteristics defined by the
pathway through the logic diagram.

The goal of the grouping process is to develop the minimum number of release categories
necessary to distinguish the important combinations of sequence characteristics that can result in
distinctly different atmospheric source terms. The Release Category Grouping logic diagram
developed for Ginna is shown in Figure 4.7-1. It defines 20 release categories. Specifi branch
assignment decisions used in the logic diagram under each decision heading are discussed below.

4.7.2.1 Containment Bypass

Containment bypass is the first heading in the source term grouping logic diagram. This question
is asked directly for all CET sequences.

ISLOCAs are assigned to a unique release category. Steam generator tube rupture sequences are
subdivided into four possible release categories as described below.

4.7.2.2 Debris Cooled In-Vessel

This characteristic is only considered ifcontainment is not bypassed. Interfacing system LOCAs
and SGTRs generally preclude long-term cooling as RCS and RWST inventory is lost from
containment.

The logic contained in the CET precludes in-vessel debris cooling if the containment ha» failed
to isolate. Hence. sequences with both loss of isolation and in-vessel debris cooling are not
possible. Furthermore. there is a requirement that containment heat removal be available in order
for in-vessel cooling to be considered successful.
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If the debris is cooled in-vessel then there are no credible mechanisms which will threaten
containment integrity. Consequently, sequences which are successfully cooled in-vessel are
assigned to a unique release category without further subdivision.

4.7.2.3 Alpha Mode Containment Failure

This attribute is considered only for non-bypass CET sequences where the core melt process has
not been terminated in-vessel. For bypass sequences the radionuclide source term will be
relatively large and the additional releases due to an alpha mode failure would not significantly
increase the source term (particularly for volatile radionuclide species). For sequences where the
debris is cooled in-vessel, core support plate failure and a large coherent pour of debris into the
lower reactor vessel head would not be expected. Hence, large in-vessel steam explosions are not
considered credible for these sequences.

4.7.2.4 Containment Isolation Status

For sequences assigned the attribute of Not Isolated, the remaining important question is whether
or not the containment fan coolers or the containment sprays are operating. With one of these
modes of containment heat removal available the leakage rate from containment will be reduced
and the radionuclides in containment will attenuated. The results of the systems analysis
indicates that the containment fan coolers will be available for all sequences with the exception
of SBOs without power recovery. Consequently, at the plant damage state grouping level. it was
determined that for all loss of isolation sequences the containment fan coolers were available.
Consequently, there is no further subdivision of loss of isolation sequences and they are all
assigned to a single release category.

4.7.2.5 Time of Containment Failure

The attribute, time of containment failure, is used to classify all sequences (with the debris not
cooled in-vessel) where containment integrity is still intact. That is. for non-bypass sequences
where the containment is isolated and an alpha mode failure has not occurred.
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4.7.2.6 Containment Heat Removal Available

Classification of sequences under this heading is done only for sequences with early or late
containment failure. For sequences with no containment failure or with basemat meltthrough
overpressure containment failure did not occur because containment heat removal was available.

As discussed above, for loss of isolation sequences the containment fan coolers were determined
to be available in all cases. For sequences with the debris cooled in-vessel containment heat
removal was a requirement in the CET. For all other sequences the availability of containment
heat removal is considered irrelevant to the determination of the source term.

4.7.2.7 Mode of Containment Failure

This attribute is only considered to classify those sequences with an early or late containment
failure. "Mode of Containment Failure" is clearly not a discriminant for sequences with no
containment failure,'nd alpha mode sequences (for which it is classically assumed that the
containment failure is very large) and is not relevant, (or at least not significant) for containment
bypass sequences, as most of the fission products escape through the bypass pathway.
Containment failure is also considered not relevant for sequences that have an isolation failure
since the fission products willescape through the isolation path defect and containment structural
failure is less likely because of the existing pressure relief path. It is not considered relevant for
sequences with the core melt arrested in-vessel as containment failure is not considered credible.

For sequences with early containment failure and CHR failed the only failure mode resulting
from the CET analysis was liner meltthough. For sequences with late containment failure and
CHR available the only failure mode resulting from the CET analysis was global failure. The
remainder of the sequences with either early or late contain'ment failures had either liner failure
or global failure modes. Very late containment failure sequences are all the result of basemat
meltthrough.

4.7.2.8 Type of Ex-Vessel Core Concrete Interactions

This grouping criterion was applied only to sequences with early or late containment failure. For
all other sequences it was either not applicable. or not considered significant for definition of the
source term.

All late containment failure sequences have dry CCI. This occurs because all late containment
failures are a result of station blackout sequences with either no power recovery (LATE-NO
CHR) or with power recovery atter vessel failure (LATE-CHR). For these sequences dry CCI
willbe predicted by the CET model since either the contents of the RWST are never injected into
containment or the RWST is injected well after vessel failure.
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All early containment failure sequences with liner meltthrough have dry CCI. This occurs
because liner meltthrough will be prevented if the RWST is injected. For sequences without the
RWST injected dry CCI will be predicted by the CET model.

4.7.2.9 Steam Generator Isolated

This criterion is applied to all SGTR sequences.

4.7.2.10 Steam Generator Break Covered

This criterion is applied to all SGTR sequences.

4.7.3 Release Category Source Term Characteristics

Once the CET endstates have been grouped into a minimum number of release categories, fission
product releases can be readily quantified. For the purposes of this discussion, the source term
characteristics are defined as a release of radionuclides from the containment of a specific
magnitude and distribution. MAAP3.0B-PWR, Revision 19.0 with the minor modifications as
described in Reference 4.9-2 was used to develop the source term characteristics for the
representative accident progressions described below.

Specific accident progression sequences were chosen to best approximate the representative
source term results for each relevant Source Term Category (STC) end state. Based on
'consideration of the dominant sequence for each end state and based on other factors which
influence the source term results, representative sequence descriptions were developed to perform
MAAPcalculations to quantify the source terms. The magnitudes of the fission product releases
were taken directly from the MAAP calculations. Typically, the MAAP. calculations were
continued for 48 hours from sequence initiation. Thus, most of the fission product releases were
essentially complete at the time at which the calculation was ended. In a few cases. notably
those with late revaporization or with continuing core-concrete„interactions, the t'issioh product
releases were still increasing at the time the calculation was terminated. Explicit consideration
of recovery (or severe accident management) actions to terminate these slow, continuing releases
is beyond the scope of this analysis.

i « i'«i '* 'I I' i d p id*~!*
term results. Uncertainties in the MAAP modelling of fission product behavior and variations
in the specific sequence definition could lead to somewhat different results. Because of this
inherent uncertainty. the point estimate results are further subdivided to provide general
characteristic results for discussion purposes. The discussion which follows willelaborate on the
selection of the representative sequences. provide key insights on the sequence results. and then
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summarize the overall source term results with further grouping techniques. The results willalso
be presented with respect to the percent contribution to core damage frequency (CDF). Table
4.7-1 summarizes the selected representative sequences.

4.7.3.1 Discussion

STC ¹1 34.9%

This STC end state describes a scenario with vessel failure, but without containment failure due
to the long term availability of containment heat removal. Plant Damage State (PDS) 12, as
described in section 4.3, comprises the majority of this source term category. The representative
sequence was chosen as a medium break LOCA without the recirculation mode of injection
available. Vessel failure occurs at low pressure with all molten material entering the cavity at
that time. About 15% of the original core material is left behind in the vessel. With fan coolers
available and with the RWST inventory in containment, water is available to cover the core
debris in the cavity. The debris is assumed to be in a eoolable configuration with only 0.05 ft
of concrete attack calculated to occur before the debris mixture is quenched. Containment failure
is not predicted and the fission product releases are limited to that which occurs due to leakage.
The radionuclide release fraction results are presented for this and the other representative
sequences in Table 4.7-2.

STC ¹2 (0.1%

This STC end state describes a scenario with vessel failure and an early containment failure. A
leak-before-break type of failure occurs (assumed to be 0.025 ft'or Ginna). With containment
heat removal available, no appreciable core-concrete interactions occur. PDS 15 and PDS 17

represent the majority of this source term category. The'epresentative sequence was again
chosen as a medium break LOCA without the recirculation mode of injection available, but with
containment failure assumed to occur two seconds after vessel failure. The majority of the
fission product releases occur in the few hours immediately following the assumed containment
failure. The calculated radionuclide release fractions at 48 hours for this case are presented in
Table 4.7-2.

STC ¹3 (0.1%

This low likelihood STC end state describes a scenario similar to STC ¹2, but with core-concrete
interactions occurring in the cavity even in the presence of water. This was achieved in MAAP
by reducing the critical heat tlux multiplier model parameter (FCHF) by a factor of five from its
default value to 0.02. The resulting generation of non-condensible gases acts as a pressurization
source to containment even with fan coolers available, and the fission product releases through
the early containment failure are larger compared to the STC ¹2 results. The noble gases and
volatile releases increase sli< htly because of the aforementioned 'source'o containment.
Additionally, due to the core-concrete interactions in this case, the non-volatile releases increase
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more dramatically compared to STC ¹2 results which had only a small amount of non-volatile
releases. The calculated radionuclide release fractions at 48 hours for this case are also shown
in Table 4.7-2.

STC ¹4 <0.1%

For this low likelihood STC end state, core-concrete interactions are assumed to occur under dry
conditions since the RWST is not injected. However, c'ontainment fan coolers are operating. The
representative MAAP case was chosen as a medium break LOCA to allow the majority of the
core debris to enter the cavity and maximize the potential for concrete attack. Input parameters
were set to prevent water from entering the cavity even with fan coolers operational. Two
seconds after vessel failure, the leak-before-break containment failure is assumed to occur due
to the end state definition. In this case, about 5 ft of concrete attack occurs by 48 hours
(compared to -2 ft in the wet CCI case represented by STC ¹3). The resulting larger production
of non-condensible gases and inert aerosols leads to larger noble gas, volatile, and non-volatile
releases compared to the STC ¹3 results as can be seen in Table 4.7-2.

STC ¹5 <0.1%

This STC end state is identical to STC ¹2 except for the assumed size of containment failure.
In this case, a global failure area of 1.0 ft'as forced to occur two seconds after vessel failure
instead of the leak-before-break area'f 0.025 ft'. This led to more rapid containment
depressurization, and since the majority of the releases occur during this depressurization period.
the releases are larger than those exhibited in STC ¹2 as can be seen in Table 4.7-2.

\

STC ¹7 <0.1%

Similarly, STC ¹7 is identical to STC ¹4 except for the assumed size of containment failure. In
this case, a global failure area of 1.0 ft'as forced to occur two seconds after vessel failure
instead of the previous assumption of 0.025 ft'. Again. the resulting more rapid depressurization
leads to, in general, larger releases compared to those from the representative STC ¹4 case
results. The calculated radionuclide release fractions at 48 hours for this case are also presented
in Table 4.7-2.

~SC 8 0.

This STC end state describes a scenario with vessel failure and early containment failure assumed
to occur by liner melt-through as debris expelled from the vessel comes into contact with the
steel liner. This low likelihood STC end state detinition assumes that containment heat removal
is unavailable and core-concrete interactions occur in containment without water present. The
representative scenario was chosen as a station blackout with an induced hot leg rupture.,This
led to a low pressure vessel failure with all molten core debris expelled to the cavity. This is
inconsistent with the assumption of an early liner melt-through containment failure, but was done
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to get dry core-concrete interactions consistent with the end state definition. Since liner melt-
through is not explicitly modeled in MAAP, containment failure was simply forced to occur with
an area of 1.0 ft~ two seconds after vessel failure. This was deemed adequate to provide
conservative representative source term results for this end state category. The calculated
radionuclide release fractions at 48 hours for this case without accounting for any retention of
fission products in the liner gap are given in Table 4.7-2.

STC ¹9 0.3%

This STC end state describes a scenario with vessel failure and a late global containment failure
assumed to occur with containment heat removal available, but with dry core-concrete
interactions also occurring. PDS 7 comprises the majority of this STC end state. The
representative scenario was chosen as a station blackout with an induced hot leg rupture. This
allows for all molten core debris to stay in the cavity following vessel failure and dry core-
concrete interactions ensue in earnest. At 10 hours, however, it is assumed that fan coolers
become available and are restored. This reduces the steam concentration in containment below
the inert flammability limits and the hydrogen burn which occurs at 11.7 hours is assumed to fail
containment. The restoration of the fan coolers also puts water in the cavity, cools the debris,
and terminates core-concrete attack. However, the source term results afforded by the assumed
containment failure in this case are deemed adequate to represent STC ¹9. The calculated
releases for this case are again given in Table 4.7-2.

STC ¹10 0.1%

This STC end state describes a vessel failure scenario with a late leak-before-break containment
failure assumed to occur without containment heat removal available and with dry core-concrete
interactions also presumed to occur. The major contributor for this STC end state is PDS 8.
Thus, a station blackout scenario with induced hot leg rupture and no power recovery was chosen
as the representative sequence. All core debris enters the cavity following vessel failure and
concrete attack quickly ensues. At 19.2 hours, the containment is calculated to reach its assumed
failure pressure of approximately 144 psia. The leak-before-break assumed failure area of ().()25
ft leads to a gradual containment depressurization down to below 40 psia by the end ot'he run
at 48 hours. Without containment heat removal, concrete attack continues over this entire time
period. The calculated radionuclide release fractions at 48 hours for this case are shown in Table
4.7-2.

STC ¹11 (0.1%

This STC end state is identical to STC ¹I() except for the assumed size of containment failure.
In this case, a global failure area of 1.0 tt'as assumed to occur at the-time of containment
failure instead of the leak-before-break area of 0.025 ft'. This leads to much more rapid
containment depressurization. and since the depressurization rate dictates the airborne tission
product release rate. the releases are larger than those exhibited for STC ¹10 as can be seen in
Table 4.7-2.
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STC ¹12 14.2%

This STC end state is for a very late containment failure case assumed to occur due to basemat
meltthrough. The representative MAAP case was chosen as a medium break LOCA with core
debris in the cavity, and only fan coolers operational. Input parameters were set to prevent water
from entering the cavity. A late containment failure was assumed to occur after more than 1.5
ft of concrete attack had occured (at approx. 13.6 hours) to simulate basemat meltthrough failure.
A small failure area of 0.025 ft'as chosen to provide representative source term results since
no credit is taken in the MAAP model for retention of fission products in the liner gap or through
the soil after the basemat meltthrough occurs. The calculated radionuclide release fractions at
48 hours for this case are also presented in Table 4.7-2.

STC ¹13 3.0%

This STC end state describes a vessel failure scenario with a containment isolation failure. PDS
1 is the dominant contributor to this end state with containment fan coolers operational, but with
no injection or containment sprays available. The source term results for this case are
represented by the STC ¹7 results. This is a large early containment failure case with fan coolers
available and core-concrete interactions in the cavity. Thus, it is similar enough to provide
representative source term information.

STC ¹14 (0.1%

This low frequency STC end state is for an alpha-mode early containment failure. Since this
cannot be explicitly modeled in MAAP, the characteristic source terms are taken to be similar
to those for STC ¹8. That case was an early containment failure case (by liner melt-through)
which included no containment heat removal and prolonged core-concrete interactions in the
cavity. This should conservatively approximate the characteristic source terms from this
containment failure mode.

STC ¹15 5.1%

This describes an end state with no containment bypass (as do all of the previous cases as well).
with no containment isolation failure, with debris cooled in-vessel, and with no subsequent
containment failure. Although slight differences may occur in the relative noble, volatile. and
non-volatile releases in this case compared to the STC ¹1 releases, since neither end state leads
to containment failure. the releases for this end state are judged to be adequately represented by
the calculated STC ¹I releases.
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STC ¹16 9.7%

This end state represents a containment bypass scenario via an interfacing system LOCA
(ISLOCA) outside of containment. The representative ISLOCA was chosen as a medium break
LOCA with no injection or containment heat removal available. AFW and accumulators are
assumed to be available. In this case, core damage is indicated within one hour and vessel
failure is predicted in about an hour and a half. The fission product releases occur early through
the bypass of containment. With no credit taken for retention in the auxiliary building, the
releases are rather large. The calculated releases at 48 hours for this case are also reported in
Table 4.7-2.

STC ¹18 17.1%

This STC end state is for an isolated steam generator tube rupture scenario without feedwater
being supplied to the affected steam generator. The representative case assumes no injection is
available, and feedwater to the faulted steam generator is terminated at 30 minutes.,The majority
of the fission product releases reported in Table 4.7-2 occur as the broken loop steam generator
PORV cycles during core damage. After vessel failure, the broken loop steam generator pressure
equalizes with the containment pressure below the PORV opening setpoint and doesn't open
anymore. Fission product releases are then limited to leakage as containment heat removal
systems are assumed to prevent a later containment failure.

STC ¹20 15.6%

This STC end state is for an unisolated steam generator tube rupture scenario without feedwater
being applied to the affected unit. The representative case is a steam generator tube rupture
initiator with no high pressure injection and with the affected unit PORV assumed to stick open
at 20 minutes. With no injection or AFW to the broken loop, the primary and broken loop
secondary inventory eventually boils away. The majority of the fission product releases as
reported in Table 4.7-2 occur through the tube rupture out through the stuck steam generator
relief valve during core degradation prior to vessel failure at about 7.3 hours. Note this STC end
state may be accompanied by another release at a later time if radionuclides are released through
some other containment failure mechanism. This possibility is ignored here, because the severity
of the earlier releases would dominate any subsequent release.

4.7.3.2 Results

The results from the MAAP analysis for each of the relevant STC end states are shown in Table
4.7-2. The table shows the representative MAAP case identification designator, the radionuclide
release fractions for each ot'he twelve MAAP fission product groups, and the sequence time at
which the results are presented.
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4.7.3.3 Summary

The representative source term results shown in Table 4.7-2 can be binned to provide for more
general conclusions about the results. Due to the rather large uncertainties associated with any
source term analysis, previous studies have typically grouped the magnitude of the releases based
on the following scheme.

Low-Low
Low
Medium
High

(LL) Release Fraction <0.1%
(L) 0.1% < Release Fraction <1.0%
(M) 1.0% < Release Fraction <10%
(H) Release Fraction ) 10%

This scheme is adopted here and this categorization is applied to noble gases, volatile releases
(typically characterized by Csl or CsOH releases), and non-volatile releases (as characterized by
the largest of the tellurium, strontium, or barium release). This is motivated by the fact that
sequences with large volatile releases may well have small non-volatile releases or vice-versa.
Thus calling the aggregate of all releases "High" or "Low" as is sometimes done can be
confusing. The results after this grouping scheme was applied along with an indication of the
timing (early (E) or late (L)) and the contribution to core damage frequency (% CDF) for each
relevant STC and state are given in Table 4.7-3.

Examining the results in Table 4.7-3, the source terms can be even further subdivided into Type
I, II, III, IV, V, or VI releases based on the combination of the noble, volatile, and non-volatile
releases magnitudes. These categories have been developed specifically to better characterize the
overall results. Type I releases are those limited to leakage with no containment failure or
bypass. Type II releases consist of high noble gas releases, but with low or low-low volatile and
non-volatile releases. Type III releases are represented by high noble gas releases, medium
volatile releases, and low or low-low non-volatile releases. Type IV releases consist of high
noble gas, medium volatile releases, and medium non-volatile releases. Type V releases
characterize the sequences with high noble gas and volatile releases, but with medium or lower
non-volatile releases. Finally, type Vl releases are considered for sequences with high noble,
volatile, and non-volatile releases from containment. Other combinations of results based on the
high, medium, and low or low-low release categorization were not prevalent for Ginna. Table
4.7-4 summarizes the results based on this final categorization scheme.

In summary, the representative releases are limited to leakage (Type I) in 40.0% of all core
damage sequences. Type ll releases with high noble gas, but with low or low-low volatile and
non-volatile releases comprise 14.5% of the core damage sequences mostly comprised of late
basemat melt-thru scenarios. (STC ¹12). The next category (Type III) with medium volatile
releases represents 17.1% i)f the sequences. This is made up of the STC end states for early
containment failures with containment heat removal and no core-concrete interactions (STC ¹5),
and isolated SGTR scenarios (STC ¹18). Type IV releases with high noble gas, and medium
volatile and non-volatile releases represent 3.1% of the total core damage frequency comprised
mostly of containment isolation failure cases with containment heat removal available (STC ¹13).
The more serious Type V releases with high noble gas and volatile releases, but medium non-
volatile releases represents 25.3% of the total CDF. This is mostly representative of interfacing
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system LOCA, and unisolated steam generator tube rupture scenarios. Type VI releases with
high noble gas, volatile, and non-volatile releases represents less than 0.1% of the total CDF.
This is representative of alpha mode containment failure or liner melt-thru scenarios with
sustained core-concrete interactions.

'.7.4

Release Category Frequencies and Dominant Sequences

Table 4.7-5 presents the source term release categories sorted by frequency. It should be noted
that the release category point estimate frequencies shown in table 4.7-5 are the plant damage
state point estimate frequencies multiplied by the conditional probability that a sequence in a
particular plant damage state will have a containment response outcome (as modeled by the
containment event tree) that results in its assignment to a particular source term release category
(summed over all plant damage states).

Release category 1 which represents 34.9% of the total core damage frequency (CDF) ranks first
in frequency. This release category contains sequences with the reactor vessel failed but with
the containment intact. This release category has a very low (volatile radionuclide species)
source term due to preservation of containment integrity. The high reliabilityof containment heat
removal (particularly the fan cooler system) contributes to the dominance of this release category.

Release categories 18 and 20, which rank 2nd and 3rd, are steam generator tube rupture (SGTR)
sequences. These release categories represent 17.1 and 15.6% of the total CDF, respectively.
Release category 18 contains SGTR sequences with the steam generator isolated and release
category 20 contains SGTR sequences with failure to isolate the impacted steam generator. For
both of these release categories the secondary side of the steam generator is dry during the time
period of core damage and fission product release from the core. Medium to large early
radionuclide source terms are expected for these release categories. These SGTR release
categories along with the interfacing system LOCA release category (RC 16) can be expected to
dominate severe accident risks for Ginna.

Release category 12 (14.2% of total CDF) is ranked 4th. This release category contains
sequences where containment integrity is lost by meltthrough of the basemat. Since the Ginna
containment is founded on bedrock the pathway for the airborne release of radionuclides would
be expected to be long and tortuous through the underlying strata. Consequently. the airborne
radionuclide source term would be expected to be low. In addition, basemat meltthrough would
not be expected to occur until many hours after reactor vessel failure, allowing substantial time
for deposition of the volatile radionuclide species in containment. Note that for sequences in this
release category the containment fan coolers and/or the containment sprays were available.
Operation of either the fan coolers or sprays would significantly reduce the release of volatile
radionuclides. A major factor affecting the relatively high frequency of this release category is
the estimated impact ot'he reactor cavity sump on debris coolability in the cavity and the
relatively thin basemat beneath the sump.

Release category 16 (9.7% ot'otal CDF) contains interfacing system LOCA containment bypass
sequences. High early source terms are expected for sequences in this release category.
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For. sequences in release category 15 (5.1% of total CDF) the damaged core is cooled in-vessel
and reactor vessel and containment integrity are maintained. Consequently, the source term for
sequences in this release category are expected to be very low.

Release category 13 (3.0% of total CDF) contains all sequences where containment isolation has
failed. For these sequences containment heat removal is generally available and the radionuclide
source term is expected to be medium as a result.

The seven release categories summarized above represent 99.6% of the total CDF. Release
categories containing sequences with early containment failure (RCs 2,3,4,5,6,7,8 and 14) together
represent approximately .05% of the total CDF. These release categories include sequences with
containment failure resulting from in-vessel steam explosions; overpressurization at the time of
reactor vessel failure due to direct containment heating, hydrogen combustion and related
phenomena; and containment liner thermal failure following vessel failure.

The release categories containing sequences with late overpressure containment failure (RCs 9,10
and 11) represent approximately 0.4% of the total CDF. The high reliability of containment heat
removal is a major reason these release category frequencies are so small.

The overall containment accident progression results are compared with the those presented in
NUREG-1150 for the Surry plant in Table 4.7-6.

4.8 Sensitivity Calculations

4.8.1 Containment Event Tree Sensitivity Analysis

An important element of the Level 2 containment analyses is addressing the question: "To which
aspects of the containment modeling are the overall results most sensitive?" The sensitivity
analysis presented here aids in the identification of possible weaknesses in the analysis or areas
which may require further effort or further support.

A sensitivity analysis can be represented by the equation.

where M is the change in an important result (for example the change in the conditional
probability of a source term release category)

is the change in value of an input to the model (for example, a change in an event
split fraction probability)

and f is the functional relationship between the two defined by the overall backend
containment event analysis.
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Important sensitivities can be considered as those where a "reasonable" change in a basic CET
(or DET) event probability results in a significant change in the overall results. For example, a
change may produce a significant increase (decrease) in the probability of a high source term
release category and a corresponding decrease (increase) in a low source term release category.
A "reasonable" change in a basic event probability refers to a change that is within the assessed
uncertainty range for the event probability.

For phenomenological events the range of reasonable values to use in a sensitivity analyses is
not always evident. These event probabilities can be interpreted as being degrees-of-belief in the
outcome of an uncertain event where only one outcome is physically possible but we are not
completely certain which is the correct one. Two approaches can be taken for these type events.
The first approach acknowledges that either event may be possible and that our probability
estimates merely state our belief as to which is most likely to be the correct outcome. For this
approach we would set the value of one event branch equal to 1 (and the other branches equal
0) and assess the impact on release category probabilities. This type of approach addresses the
question of what the impact on the final results are if this event branch is the correct one for the

'henomenological process. We then systematically assign a value of I to the other event branch
probabilities and repeat the analyses. A second approach to sensitivity analyses for
phenomenological events is to investigate the impact of variations in the degree-of-belief
probability estimates on the overall results for each of the phenomenological events - i.e., change
the assessed probabilities from the baseline values but not necessarily to (1,0), (0,1) combinations
discussed above. This approach is analogous to assuming what other experts might select.

The type of sensitivity calculations performed for the Ginna PRA involved varying the
probability of an event in the CET/DETs and assessing the impact of these variations on
important Level 2 outcomes such as the frequency of high-magnitude source term categories.

The CET and DETs were reviewed and the phenomenological events which were judged to either
have large uncertainties or were expected to have a substantial influence on important outcomes
were identified. Sensitivity calculations were performed for most of these phenomenological
events. The parameters which were varied in the Level 2 sensitivity study are discussed below
along with the parameter variations investigated in each case. For most parameters the sensitivity
calculation involved changing one branch probability to one (with all other branch probabilities
set to zero) and requantifying the CETs.

The principal observations made for the sensitivity studies are presented below. The sensitivity
calculations were based on an earlier quantification than has been presented in this analysis.
Minor changes were made in the loss of isolation sequences which caused minor changes in the
final results. The minor changes do not affect the overall results of the sensitivity analysis.
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Induced Hot Leg Failure Sensitivities

Sensitivity calculations were performed to assess the impact of assumptions regarding the
probability of induced RCS failure on important level 2 results. For this sensitivity calculation
the probability for induced RCS failure for "High" and "Hi Hi" pressure sequences was set equal
to zero for case 1A and to one (for all cases without an induced tube rupture) for case IB. For
both cases the probability of induced SGTR remained the same as in the base calculation.

Only minor changes in the relative frequency for individual release categories was observed for
this sensitivity calculation. Allchanges in release category frequency were less than one-half of
1% of the total CDF. For Case 1A (no induced RCS failures), there was a marginal decrease in
the frequency of debris cooled in-vessel sequences (Release category 15 changed from 5.0 to
4.3% of the total core damage sequence frequency). For case 1B (hot leg failure for all "High"
and "Hi Hi" pressure sequences) there was a similar small increase in the frequency of debris
cooled in-vessel sequences from 5.0% to 5.3%.

The lack of sensitivity to changes in the probability of induced hot leg failures results from the
relatively small fraction of all core damage sequences which are at High (0% of total CDF) or
Hi Hi pressure (4% of total CDF) during core damage (see Section 4.3.4). Table 4.8-1 shows the
results for sensitivity cases 1A and 1B.

4.8.1.2 Direct Containment Heating Sensitivities

The importance of DCH and related phenomenon to early containment failure was investigated
by performing a bounding sensitivity calculation. For sensitivity calculation 2A the probability
of the most severe branch in each of the four events in the DET for Early Containment Failure
(Figure 4.5-4) related to DCH pressurization were all simultaneously set to one. In this
calculation the probability of the following event branches were set to l.

Event Branch

Mass Debris Expelled Early
Fraction Debris Involved in DCH
Fraction Debris Dispersed Outside Lower Comp.
Hydrogen Burn

40-60%
HI (100'7o)
HIGH (25%)
UCHB

The results from this calculation are shown on Table 4.8-2. Even with this very conservative
representation of DCH pressurization effects the relative frequency of early containment
overpressure failures is relatively low (sum of RCs 2 through 7 equals approximately 44~le

ot'otal

CDF).
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4.8.1.3 Containment Failure Pressure Sensitivities

A containment failure pressure sensitivity calculation was run assuming that the (actual)
containment failure pressure was the pressure at the fifth percentile on the containment fragility
curve (133 psia). This sensitivity calculation was performed by assigning a probability of
containment failure of 1.0 for all sequence pathways (in the DET for Early Containment Failure)
where the pressure was above 133 psia and a probability of 0. for sequence pathways with a peak
pressure of 133 psia or less.

There was no change in the overall results with the containment failure pressure set to the 5th
percentile value on the fragility curve as shown on Table 4.8-3.

4.8.1.4 Debris Depth in Sump Sensitivities

In the decomposition event tree for Type of Ex-vessel CCI (Figure 4.5-6) the amount of debris
that is transported into the cavity sump is judged to be a critical parameter. Consequently, the
event "Depth of Debris in Sump" was selected for sensitivity analysis. Two sensitivity
calculations have been performed. In Case 4A the debris depth in the sump has been minimized
and in Case 4B the depth has been maximized.

For Case 4A the probability of the "Nominal" branch has been set equal to 1.0 for all sequence
pathways. This sensitivity calculation represents the case of no preferential debris transport into
the sump. In case 4B the probability of the branch representing the maximum depth of debris
in the sump has been set equal to 1.0.

The results from these sensitivity cases are shown on Table 4.8-4. The only release categories
impacted by these changes are RC 1 which contains sequences without containment failure and
RC 12 which represents containment basemat meltthrough. The relative frequencies for these two
release categories are fairly sensitive to assumptions regarding the amount of debris in the sump.
The relative frequency of basemat meltthrough (RC 12) is decreased by 1.6% and increased by
16.9% from the base calculation for sensitivity cases 4A and 4B, respectively. There is also a

corresponding change in the no containment failure release category (RC 1).

4.8.1.5 Steam Explosion Disperses Debris in Cavity Sensitivities

Ifwater is present in the reactor cavity at the time of vessel failure steam explosions may occur
and disperse and fragment the debris. This process is modelled in event "Steam Explosion
Disperses Debris" in the DET for Type of Ex-vessel CCI (Figure 4.5-6). In the base case
calculation the probability ot' significant ex-vessel steam explosion which disperses the debris
throughout the reactor cavity was nominally 0.43. Sensitivity calculations 5A and 5B assess the
sensitivity to variations in this probability. In'case 5A the probability of a dispersive steam
explosion is set equal to I.0 and in Case 5B the probability is set to 0.0.
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The results from these sensitivity cases are shown on Table 4.8-5. Similar to sensitivity cases
4A and 4B discussed above, the only release categories impacted by these changes are RC I
which contains sequences without containment failure and RC 12 which represents containment
basemat meltthrough. Similar to 4A and 4B, the relative frequencies for RCs 1 and 12 are fairly
sensitive to assumptions regarding the probability of a dispersive steam explosion. The relative
frequency of basemat meltthrough (RC 12) is decreased by 7.9% and increased by 5.9% from
the base calculation for sensitivity cases 5A and 5B, respectively. There is also a corresponding
change in the no containment failure release category (RC I).

4.8.2 MAAP Code Sensitivity Analysis

As part of the containment evaluation, there are phenomenological issues that may have a large
impact on the course of the events in the Level 2 evaluation of the radionuclide release
magnitude and timing. To ensure that a broad range of phenomena was considered in the Ginna
PRA, several deterministic sensitivity analyses were performed using the MAAP code. These
analyses were performed in accordance with: (I) the recommendations made in the EPRI
Guidance Document for performing sensitivity studies with MAAP 3.0B [Ref. 4.9-4], (2) the
augmentations to these recommendations provided in the NRC sponsored MAAP 3.0B code
evaluation [Ref. 4.9-42], and (3) other specihc areas deemed important for Ginna.

In the MAAPcode, model parameters generally represent inputs to phenomenological models in
which significant uncertainties exist. Variations in the values of these parameters can be made
to assess the impact of uncertainties in important physical models. The best estimate values
provided in the Ginna MAAP parameter file are also based on the recommendations provided in
the EPRI Guidance Document [Ref. 4.9-4]. The base MAAP analyses used these default values
in their calculations. In this section, the results from cases where variations in these (and other)
parameters were made to explore uncertainties in various phenomena will be reported.

For purposes of discussion, the relevant MAAP sensitivity cases have been divided into five
categories.

Core melt progression and in-vessel hydrogen generation
Natural circulation, induced ruptures of the primary system, and RCS pressure at
vessel failure
Fission product release and revaporization
Ex-vessel debris coolability
Energetic events in containment (i.e. H, burns and DCH)

The results from the MAAP analyses for each of these categories are described in the sections
which follow.
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4.8.2.1 Core Melt Progression and In-Vessel Hydrogen Generation

One critical parameter in MAAP for core melt progression is the choice of the core blockage
model parameter (FCRBLK). The base MAAP calculations in the Ginna PRA were performed
with the "blockage" model turned off as recommended in Ref. 4.9-4. In practice, this means that
little credit is taken for the effects of geometry degradation or zirconium relocation on the
cessation of hydrogen production, and the results obtained have historically corresponded fairly
well to results from more detailed NRC codes such as MELCOR and MELPROG. The
calculations performed with MAAP for Ginna generally support this conclusion as Table 4.8-6
indicates. The NUREG-1 l50 results reported in this table are based on the median hydrogen
source terms quoted in the Surry expert ellicitations with all of the results expressed in terms of
the fraction of the total in-core Zircalloy mass that is oxidized.

In addition, an SBO calculation was made in which induced rupture did not occur and the MAAP
blockage model was activated (FCRBLK=l: Case SBO22). A separate SBO case used an
increased value for the eutectic latent heat of fusion (LHEU&00 KJ/Kg: Case SBO23). The
activation of the blockage model resulted in 35% clad reacted, and the increased latent heat of
fusion case resulted in 521o clad reacted. As can be seen in Table 4.8-6, however. the MAAP
calculations without the blockage model employed are reasonably consistent with those estimated
in NUREG-1150.

4.8.2.2 Natural Circulation, Induced Ruptures of the Primary System, and RCS Pressure
at Vessel Failure

Code calculations and scale model experiments support the conclusion that the hot legs and surge
line will be substantially heated by natural circulation of hot gases from the core to the upper
plenum and from there into the hot legs [Ref. 4.9-43]. Calculations by both MAAP and the
SCDAP/RELAP code indicate that the steam generator tubes willnot see a great increase in their
temperature due to the same effects [Ref. 4.9-44]. Higher hot leg than surge line temperatures
are predicted in MAAP for the simple reason that flow into the surge line is reduced dramatically
once the water level nears the bottom of the core and steaming diminishes. Typical SCDAP
results predict the opposite for reasons that are not currently understood. Consistent with the
SCDAP results, however. steam generator tube temperatures are much lower than either the hot
leg or surge line temperatures. In any event. it is of great interest to assess whether the hot legs
or surge line are heated enough to cause failure and depressurization of the RCS prior to RPV
melt-through; since this would prevent phenomena which depend on an energetic blowdown of
the RCS.

MAAPuncertainty analyses on the predicted hot leg and steam generator tube temperatures have
been considered as was described in Section 4.6.2 to assist with the determination of the
likelihood of induced ruptures at Ginna. Another aspect deemed worthy of consideration in the
EPRI MAAPGuidance Document [Ref. 4.9-4] for this issue is whether or not pump suction loop
seals are assumed to clear. Thus. case SBO24 was run in which both loop seals are assumed to
clear in an SBO scenario. The fina sensitivity case on this issue considered the choice of
FNCBP which is used to select whether natural circulation from the upper plenum passes down
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the outer part of the core (FNCBP=O) or down the'core barreVcore baffle annulus (FNCBP=I).
The EPRI MAAP Guidance Document states that this parameter should be set to zero for
Westinghouse plants. BNLJNRC [Ref. 4.9-42] recommends that this parameter be set to one in
a high pressure station blackout sequence. This was done for Ginna in MAAP case SBO25.

Table 4.8-7 summarizes the predicted hot leg temperatures at vessel failure for each of the
relevant cases. In all but the pump suction loop seal clearing case (SBO24), the predicted
temperatures are high enough that creep rupture of the hot leg can be considered likely. The fact
that the pump suction loop seal clearing case predicted lower temperatures should be expected.
In this case, with both of the loop seals clear, global circulation of hot gases can occur from the
core to the upper plenum to the hot leg to the steam generator tubes to the intermediate leg to
the cold leg into the downcomer and through the other loop circuit in the reverse direction. This
affords much more opportunity to distribute the hot gases and reduce the peak temperatures
achieved by the hot legs compared to the other cases. The key point, however, is that both
intermediate leg loop seals need to clear to establish this path. Ifonly one loop seal clears, then
that loop would only become continuous once the downcomer water lever dropped below the core
barrel such that gas in the downcomer could flow into the core closing the loop for that
circulation path. Until that time, natural circulation from the upper plenum into the hot legs with
a separate path into and out of the steam generator tubes would persist in the same fashion as
if the loop seals had not cleared. Flow in the other loop would also be sustained in the same
fashion as in the base analyses. Thus, the peak hot leg temperature would be about the same as

the other cases if only one loop seal were to clear. If loop seal clearing were to occur, it is
considered to be much more likely that one loop seal clears rather than both loop seals. This is
because the pressure differential across the loop seals required to clear them would be gone as

soon as one of the loop seals were to clear. Any asymmetries whatsoever in the loops would
allow one loop to clear before the other. Thus, it is judged that the higher predicted hot leg
temperatures exhibited in all but the double loop seal clearing case represent the more likely
outcome.

To investigate the uncertainty associated with the primary system pressure at vessel failure. as

recommended in the Guidance Document. additional LOCA cases were run in which the time to
fail the RPV head (TTRX) was increased to 30 minutes from its default value of 1 minute. This
was done for 2" diameter cold leg LOCAs with and without injection and secondary
depressurization for Ginna as summarized in Table 4.8-8. The resulting higher primary system
pressures are due to steaming of the remaining water pool as core debris slumps into the lower
plenum. Although vessel failure. if it occurs, is most likely to occur early after debris slump
(before steaming of water in lower plenum quenches the debris) or late (after the remaining water
in the lower plenum boils away and the debris heats up again), this uncertainty analysis indicates
the potential for increased pressures at vessel failure.
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4.8.2.3 Fission Product Release and Revaporization

One of the potential long term sources of fission products in severe accidents results from
previously settled aerosols which revaporize from overheated primary system structures. The
temperatures of the primary system heat sinks depend on the total heat load in the RCS. This
will be strongly affected by the presence of core material in the vessel after vessel failure. The
default assumption in the MAAP analyses was to allow all remaining core material to drop from
the vessel after 90% of the original core material had melted. Since it is questionable whether
portions of a severely damaged core could actually stay intact, and since the default assumption
could lead to overestimating the amount of revaporization, the MAAPGuidance Document [Ref.
4.9-4] recommends that at least one sensitivity case be run which allows all of the core material
to leave the vessel following RPV failure (FCRDR=0.8). BNL/NRC [Ref. 4.9-42] extended this
recommendation to consider all representative sequences which predict vessel failure prior to
containment failure.

For Ginna, the large majority of the long-term cases that lead to containment failure resulted in
all core material eventually being discharged from the vessel. Since the concerns addressed
above would not be an issue for cases with all material discharged from the vessel. sensitivity
analyses were not deemed necessary for Ginna. However, one case (SBO07) did predict core
material retained in-vessel. Therefore, that case was rerun with the core drop fraction set to 0.8
to force all of the debris from the vessel following vessel failure. Key results from this analysis
are shown in Table 4.8-9. With all material discharged from the vessel, the decay heat that goes
to boiling water in the cavity is greater. This leads to a slightly earlier time to containment
failure compared to the base case. Since more energy goes to the containment, the primary
system temperature is lower in the sensitivity case at the time of containment failure. With lower
primary system temperatures, the amount of revaporization is smaller, and lesser amounts of
fission products are released from containment.

A separate issue related to revaporization involves chemical reactions between deposited tission
products and heat sink surfaces which are ignored in MAAP. It has been hypothesized that such
reactions (chiefly from cesium iodide and cesium hydroxide) could suppress revaporization so
that materials were more concentrated in one location and consequently were vaporizing in
quantity at a later time. Therefore, it was recommended [Ref. 4.9-4] that in at least one
calculation (e.g. in a high pressure blackout scenario), a sensitivity calculation be run with the
revaporization vapor pressure multiplier reduced (FVPREV). This could be done to mimic the
suppression of revaporization that could occur if the chemical reactions had been modeled. This
was done for Ginna in cases SBO06 and SBO21, and key results from this sensitivity analysis
are presented in Table 4.8-1(). As can be seen. these cases did not lead to significant diff'erences
in the results compared to the base case analyses with the anticipated effect of increasing
revaporization at the time ot'ontainment failure not occurring, and with the actual releases
reduced in both sensitivity cases.
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One additional MAAP sensitivity case was performed related to this issue, and that was for the
assumed equipment mass in containment. The default values in the Ginna MAAPparameter file
were 2.4E5 lb and 1.4E4 lb in the upper and lower compartments, respectively. This may have
been too conservatively estimated, so the station blackout base case was rerun with these values
increased by a factor of ten based on a review of other plant MAAP parameters. Key results
from this uncertainty analysis are given in Table 4.8-11. Due to the increased heat capacity of
containment, containment failure is delayed by more than 3.5 hours in the sensitivity case.
However, the suppression of revaporization that occurs in this case due to the overall lower
temperature conditions. allows slightly more CsI releases to occur later in the sensitivity case
compared to the base case. Future accident management developments will need to take into
account the types of uncertainties associated with fission product revaporization that were
explored in the sensitivity cases discussed here.

4.8.2.4 Ex-Vessel Debris Coolability

Sequences that lead to vessel failure in which a containment heat removal system is operational
must consider if the expelled core debris can be cooled sufficiently to avoid concrete attack and
thus prevent containment pressurization. In low pressure vessel failure cases at Ginna, the core
debris willbe confined to the cavity region. On the other hand, high pressure vessel failure cases.

are assumed to result in the debris being spread over a wide area in the lower compartment and
in the refueling pool. For reference.'if one assumes that all of the core debris is spread uniformly
over the cavity floor (-29m'), at 1% decay power of which 80% is still in the debris (the
remainder having been released in the form of volatile fission products and noble gases), the
required heat flux for steady state is about 420 kw/m', this neglects any heat load from chemical
reactions which would eventually cease.

The IPE generic letter states that the possibility that the debris may not be eoolable should be
considered for debris layers deeper than 25 cm. At Ginna, 100% of the core material (-64,000
kg) at a theoretical density of 8,000 kg/m'ould result in a debris bed thickness of over 25 cm
ifall of the debris is in the cavity. Much smaller debris depths can then be expected for debris
expelled out of the cavity. Additionally, experiments performed at Sandia National Laboratory
and Fauske and Associates have produced asymptotic heat fluxes of about 800 kw/m', (more than
the'420 kw/m'equired to cool debris in the cavity). These analyses assume uniform debris
distribution in the cavity. Debris retention in the cavity sump was considered separately in the
containment event tree calculation (section 4.5). In any event, sensitivity cases were run for Iow
pressure vessel failure scenarios with a reduced heat flux multiplier model parameter and a

uniform distribution of debris on the cavity floor.
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In the sensitivity cases, the core debris to overlying water pool heat flux multiplier (FCHF) was
reduced by a factor, of five from its default value of 0.10 to 0.02. As recommended in the
MAAP Guidance Document [Ref. 4.9-4], this is about the value which can be sustained by
conduction alone. Thus, with this minimum choice of FCHF, concrete attack ensues in the cavity
following vessel failure even with water in the cavity. Key results for these cases are presented
in Table 4.8-12. The first case with fan coolers available and no containment failures sees only
a gradual increase in releases due to the cavity concrete attack. It is interesting to note, however,
that the sensitivity case does predict burns to occur later in the sequence as hydrogen builds up
from the concrete attack. The second sensitivity case, with early containment failure assumed,
shows a more dramatic increase in the releases especially for the non-volatile releases represented
by tellurium. In the second sensitivity case (STC03), cavity concrete attack does not cease until
about 40 hours.

4.8.2.5 Energetic Events in Containment

Direct containment heating (DCH) is the first issue that needs to be explored in the category of
energetic events in containment. The major uncertainty in the MAAP model for this phenomena
is considered to be the fraction of the debris leaving the reactor cavity (FCMDCH) which is
fragmented finely by gas. For Ginna, several MAAPsensitivity cases were performed to explore
this issue and they are described in Section 4.6.2. These included variations of FCMDCH, the
assumed entrainment time constant (TTENTR), the fraction of debris dispersed to the upper
versus the lower compartment (FCMDA), and whether or not unconditional hydrogen burns
occurred coincident with the DCH event.

Hydrogen burning is the other issue which needs to be explored for this category. The situation
of interest here is the case where core-concrete attack occurs which increases the amount nf
hydrogen in containment. In the base case (SLOCA02), fan coolers were operational but core-
concrete attack was still allowed to occur in the cavity. Jet burning in the cavity occurred
following vessel failure. and global burns were predicted to occur at 6.2 and 13.0 hours. A peak
containment pressure of 105.2 psia was reached after the last burn was initiated. This is still well
below the median failure pressure for Ginna of 144 psia.

In the sensitivity case (SLOCA06), burns were totally disabled for 24 hours. This resulted in
about 820 Ib of hydrogen distributed throughout containment with an average H, mole tra«tion
slightly greater than 10~le by the end of the run. The second sensitivity case (SLOCA07) allowed
burns to occur at 24 hours. In this case, the peak containment pressure of 144.9 psia resulting
from a global burn of more than 10'ydrogen was very close to the median failure pressure of
the Ginna containment. Consequently. the possibility of late hydrogen burns leading to
containment failure must not be discounted when severe accident management recovery actions
are considered.
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Table 4.1-1
Ginna Design Information

Type of Reactor
Manufacturer
Date of Commercial Operation

Pressurized Water Reactor
Westinghouse
1970

Reactor Core
Nominal Power
Number of fuel assemblies
Number of fuel rods
Core weight

Uranium dioxide
Zircaloy

Equilibrium Enrichment
Number of control rods
Control rod material

Silver 80 %
Indium 15 %
Cadmium

1520 MWt
121

21,659

105,500 lb
25,927 lb
3.6 wt %
528

5%

Reactor Vessel
Inside diameter
Overall internal height
Tltickness at beltline (min)
Lower Head thickness (min)
Water capacity with core and
internals in place

132 in.
39.1 ft.
6.5 in.
4.125 in.

2525 ft3

Reactor Coolant System (nominal)
Volume (including PZR)
Water in system
Operating temperature
Operating pressure
Number of RCPs
Number of Steam Generators
Type of Steam Generators
Total flowratc

6616 ft3

392,000 Ib
573.5'F
2250 psia
2
2
U-tube (W Model 44)
6.8E7 lb/hr
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Table 4.1-1 (Continued)
Ginna Design Information

Pzr Safety valves
Number
Capacity
Setpoint

2
288,000 ibnu
2485 psig

Pzr PORVs
Number
Capacity
Setpoint

2
179,000 Ib/hr
2335 psig

Containment
Inside diameter
Maximum inside height
Free volume
Maximum allowed leak rate
Design pressure
Operating pressure
Operating temperature
Concrete type
Construction

Wall thickness
Dome thickness
Basemat thickness
Floor thickness above liner

105 ft,

164.5 ft
972,000

ft'.20

wt % per day
60 psig
14.7 psia
100'F

Limestone/common sand
Reinforced concrete
3.5 ft
2.5 ft
2.0 ft
2.0 ft

Containment Liner
Liner thickness, walls
Liner thickness, dome
Liner thickness, base
Liner thickness. cavity

Welded steel liner
0.375 in.
0.375 in.
0.250 in.
0.250 in.

Reactor Cavity
Floor area
Water capacity

312
ft'053

ft'ochester

Gas & Electric Corporation R. E Ginna PRA Project
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Table 4.1-1 (Continued)
Ginna Design Information

Refueling Water Storage Tank
Volume
Temperature

300,000 gal
80'F

Accumulators
Number
Pressure
Water capacity (total min)

Charging Pumps
Number
Capacity
Design pressure
Max shutoff head

2

760 psig
2216 fl

3

60 gpm
3000 psig
6931 ft

Safety Injection Pumps
Number
Design flow
Design head
Design pressure
Max shutoff head
Max flow

3

300 gpm
2700 ft
1750 psig
3400 ft
625 gpm

Residual Heat Removal Pumps
Number
Design flow
Design head
Design pressure
Max shutoff head
Max flow

2
1560 gpm
280 ft
600 psig
340 ft,
2500 gpm

RHR Heat Exchangers
Number
Design capacity

2
24.15E6 BTU/hr

Rochester Gas & Electric Corporation R. E Ginna PRA Pleat
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Table 4.1-1 (continued)
Ginna Design Information

Containment Spray Pumps
Number
Design flow
Shutoff head

Spray initiation setpoint

2
1200 gpm
576 ft
28 psig

Fan Coolers
Number
Heat removal capacity (max)
Service Water flow (min)
Initiation setpoint

4
61.7 MBtu/hr
900 gpm
4 psig

Motor Driven Auxiliary Feedwater Pumps
Number
Design flow
Design pressure
Max shutoff head
Max flow

2

200 gpm
1085 psig
2575 ft
240 gpm

Turbine Driven Auxiliary Feedwater Pump
Number
Design flow
Design pressure
Max shutoff head
Max flow

1

400 gpm
1085 psig
2380 ft
475 gpm

Source for Table 4.1-1 Information

l.
2.
3.

Ginna UFSAR
Ginna MAAP Parameter File Development calculation note
Rochester Gas and Electric Corporation Documents
a. Drawing 33013-2131
b. Drawing 33013-2132
c. Design Analysis "Sump A and B Volumes"

Rochester Gas % Electric Corporation R. E Ginna PRA Project
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Table 4.3-1
Systems and Plant States Important to the Containment Analysis

In-vessel Cooling Systems

Low Pressure Injection
Low Pressure Recirculation
High Pressure Injection
High Pressure Recirculation

Containment Heat Removal

Containment Spray Injection
Containment Spray Recirculation
Containment Fan Coolers
RHR Heat Exchangers

Electric Power
Station Blackout
Offsite Power Recovery

Prior Reactor Vessel Failure
Prior Containment Overpressure Failure

Containment Bypass
Steam Generator Tube Rupture
Interfacing Systems LOCA

Containment Isolation

Sequence Type

LOCA
Small
Medium
Large

Transient

Rochester Gas & Electric Corporation R. E Ginna PRA Pent
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Table 4.3-1 (continued)
Systems and Plant States Important to the Containment Analysis

Reactor Coolant System Pressure

During Core Damage
At RV Failure
RCS Depressurization Using Pressurizer PORVs

Secondary Heat Removal
Auxiliary Feedwater

Reactor Scram

Rochester Gas & Electric Corporation
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Table 4.3-2
Split Fractions for Power Recovery

Non-Recovery Split Fraction

Vessel Failure Containment Failure

Case
Time

hr Prob.
Time

hr
Prob.

PRV PRC

AFW fails due to
loss of ventilation

12 .0444 21 0.0566 0.622 0.127

Rochester Gas & Electric Corporation R. E Ginna PRA Ph)jea
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Table 4.3-3
CSET Quantification Results

Core Damage
Sequence

TB1L1P1

TB1L1UH1

TB1L1XL

CSET
Sequence
Number

25

26

33

34

47

48

55

63

71

72

75

79

87

93

101

33

Probability

1.08x10'~

8.56x10'"

9.12x10'N

1.22x10"

1.35x10'.70x10'"

1.44x10 "

2.89x10'"

2.42x10'Ã

2.26x10"

6.34x10'."

1.96x10'

3.24x10"

1.95x10"

2.6lx10 ~

8.12x10"

4.52x10'

2.44x10"

6.61x10'"

2.48xlo"

1.84x10'"

Rochester Gas &, Electric Corporation
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Table 4.3-3 - continued
CSET Quantification Results

Core Damage
Sequence

TQ2UH2

TQ2XL

AUL

AXL

CSET
Sequence
Number

17

18

29

30

39

41

42

25

26

33

34

33

34

39

41

42

25

26

29

30

Probability

2.69x10 M

2 26x10-M

2.73x10

'.28x10~

2.40xlo"

3.50x10 Ã

3.33x10'~

7.40x10

1.49x10

9.22x10 ~

9 08xlOM

1.42x10

1.36x 1
0'"

3.10x10

4.16x10"

1.02x10"

1.45x 10

1.99x10'Ã

3.18x10'.10x10'"

Rochester Gas & Electric Corporation
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Table 4.3-3 - continued
CSET Quantification Results

Core Damage
Sequence

MUH

MXL

SUH

SXH

CSET
Sequence
Number

17

18

29

30

39

41

25

26

33

34

17

18

29

30

39

41

10

25

26

33

Probability

7.54x10'

6.35x10'N

5.09x10"

8.41x10 "

7.00x10'~

1.02x10"

9.39x10 "

1.62x10'.26x10'Ã

2.75x10'"

2.73x10"

6.98x10 Ã

5.88x10~

4.71x10'"

7.79x10'.70x10'.44x10'"

8.68x10'0

2.29x10'.92x

I O'

1.60x 10 ~

1.63x 10"

1.81x10'"

1.42x10'M

Rochester Gas & Electric Corporation
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Table 4.3-3 - continued
CSET Quantification Results

Core Damage
Sequence

SSXH

SSU10

SSU11

CSET
Sequence
Number

10

25

26

33

34

17

18

29

30

39

41

41

42

Probability

4.89x10 ~

4.14xlo"

4.07x10

4 08xlOM

3.48x10"

2.43x10"

5 15x10-M

3.99x10 "

3.59x10

5.75x10"

4.48x10 "

1.44x10"

1.86x10'"

1.77x 1

0'ochester

Gas & Electric Corporation
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Table 4.3-4
Percentage Ranking of Plant Damage States

Rank PDS No. Frequency Percent of
Total

1

2
3
4
5

6

7
8

9
10

11

12

13

14

15

16

17

18

19

20
21

22
.23
24

12

22
24
20
15

17

11

1

9
7

14

2
19

10

8

16

13

3

18

4
5

6
21

23

2.44E-05
1.41E-05
1.28E-05
7.96E-06
7.93E-06
6.20E-06
3.44E-06
2.47E-06
1.17E-06
4.52E-07
4.52E-07
2.92E-07
2.80E-07
1.99E-07
6.61E-08
5.07E-08
3.41E-08
2.22E-08
6.15E-09
8:12E-11
0.00E-00
0.00E-00
0.00E-00
0.00E-00

29.67
17.12
15.54
9.66
9.63
7.53
4.18
3.00
1.42
0.55
0.55
0.35
0.34
0.24
0.08
0.06
0.04
0.03
0.01

<0.01
<0.01
<0.01
<0.01
<0.01

Rochester Gas & Electric Corporation
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Table 4.3-5
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 1 TOTAL FREQUENCY = 0.247127E-05

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

TQ2XL
MXL
AXL
TQ2ZL
SSZH
SSXH
MXL
SSXH
TQ2UH2
SXH
TBIL1XL
SZH
AUL
TBIL1P1
MUH
SUH
TQ2UH2
TQ2UH2
TB1LlUH1
TBlL1UH1
SSUll
SXH
TBILlpl
MUH
SUH
MUH
SUH
AXL
SSU10
TB1L1UH1
TBILlpl
SSU10
AUL

26
26
26
34
10
26
34
34
18
10
34
26
34

2
18
18
42
30
94
48
42
34
26
42
42
30
30
30
18
72
34
30
42

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

0.15E-05
0.43E-06
0.20E-06
0.91E-07

.0.41E-07
0.41E-07
0.27E-07
0.24E-07
0.23E-07
0.19E-07
0.18E-07
0.16E-07
0.14E-07
0.86E-OS
0.64E-OS
0.59E-OS
0.33E-OS
0.33E-OS
0.24E-OS
0.24E-OS
0.18E-OS
0.14E-OS
0.14E-OS
0.94E-09
0.87E-09
0.84E-09
0.78E-09
0.41E-09
0.40E-09
0.32E-09
0.14E-09
0.58E-10
0.10E-10

60.29
17.24
8.05
3.67
1.68
1.65
1.10
0.98
0.91
0.78
0.74
0.66
0.55
0.35
0.26
0.24
0.13
0.13
0.10
0.10
0.07
0.06
0.05
0.04
0.04
0.03
0.03
0.02
0.02
0.01
0.01
0.00
0.00

Rochester Gas & Electric Corporation
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Table 4.3-5 (continued)
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 2 TOTAL FREQUENCY = 0.291894E-06

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

TB1L1UH1
TB1L1UH1
TB1L1UH1

47
55
63

1 0.29E-06 99.01
2 0.23E-08 0.77

.3 0.63E-09 0.22

PLANT DAMAGE STATE 3 TOTAL FREQUENCY = 0.222295E-07

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

TB1L1UHl
TB1L1UH1
TB1L1UHl

71
79
71

0.20E-07
0.26E-08
0.20E-10

88.17
11.74
0.09

PLANT DAMAGE STATE 4 TOTAL FREQUENCY = 0.812000E-10

Level 1
Sequence

TB1L1UHl

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

.87 100.00

PLANT DAMAGE STATE 5 TOTAL FREQUENCY = 0.000000

PLANT DAMAGE STATE 6 TOTAL FREQUENCY = 0.000000

Rochester Gas 8c Electric Corporation R. E Ginna PRA Project
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Table 4.3-5 (continued)
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 7 TOTAL FREQUENCY = 0.452000E-06

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

TB1L1UH1 93 1 0.45E-06 100.00

PLANT DAMAGE STATE 8 TOTAL FREQUENCY = 0.661000E-07

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

TBljlUH1 101 0.66E-07 100.00

PLANT DAMAGE STATE 9 TOTAL FREQUENCY = 0.117120E-05

Level 1
Sequence

TBILlpl
TBIL1Pl

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

1 1 0.11E-05 92.21
9 2 0.91E-07 7.79

PLANT DAMAGE STATE 10 TOTAL FREQUENCY = 0.981000E-07

Level 1
Sequence

TBILlpl
TBIL1P1

CSET
Endpoint Rank

25
33

Percent
Sequence of Total
Frequency PDS Frequency

0.12E-06 61.31
0.77E-07 38.69

Rochester Gas 2 Electric Corporation
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Table 4.3-5 (continued)
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 11 TOTAL FREQUENCY = 0.344400E-05

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

TQ2UH2 17
17

1 0.27E-05 78.11
2 0.75E-06 21.89

PLANT DAMAGE STATE 12 TOTAL FREQUENCY = 0.244351E-04

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

TQ2XL
TQ2XL
MXL
MXL
AXL
AUL
TQ2UH2
TB1L1UH1
MUH
AXL

33
25
33
25
25
33
29
33
29
29

1
2
3
4
5
6
7
8
9

10

0.92E-05
0.74E-05
0.28E-05
0.16E-05
0.15E-05
0.14E-05
0.27E-06
0.25E-06
0.51E-07
0.32E-08

37.73
30.28
11.25

6.63
5.93
5.81
1.12
1.01
0.21
0.01

PLANT DAMAGE STATE 13 TOTAL FREQUENCY = 0.341000E-07
I

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

TQ2UH2

AUL

39
39
39

0.24E-07
0.70E-08
0.31E-08

70. 38
20. 53

9.09

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 4.3-5 (continued)
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 14 TOTAL FREQUENCY = 0.452416E-06

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

TQ2UH2

AUL

41
41
41

0.35E-06
0.10E-06
0.42E-09

77.36
22.55

0.09

PLANT DAMAGE STATE 15 TOTAL FREQUENCY = 0.792950E-05

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

SSXH
SXH
SUH
SSU10

9
9

17
17

0.49E-05
0.23E-05
0.70E-06
0.51E-07

61.67
28.88

8.80
0.65

PLANT DAMAGE STATE 16 TOTAL FREQUENCY = 0.506900E-07

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

SUH
SSU10

29
29

1 0.47E-07 92.92
2 0.36E-08 7.08

PLANT DAMAGE STATE 17 TOTAL FREQUENCY = 0.619900E-05

Level 1
Sequence

CSET
Endpoint Rank

Percent
Sequence of Total
Frequency PDS Frequency

SSXH
SXH
SSXH
SXH

25
25
33
33

0.41E-05
0.16E-05
0.35E-06
0.18E-06

65.66
25.81

5.61
2.92

Rochester Gas & Electric Corporation R. E Ginna PRA Prujea
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Table 4.3-5 (continued)
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 18 TOTAL FREQUENCY = 0.614800E-08

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frecpxency

SUH
SSU10

39
39

0.57E-08 92.71
0.45E-09 7.29

PLANT DAMAGE STATE 19 TOTAL FREQUENCY = 0.280414E-06

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

SSU11
SUH
SSU10

41
41
41

1 0.19E-06 66.33
2 0.94E-07 33.66
3 0.14E-10 0.01

PLANT DAMAGE STATE 20 TOTAL FREQUENCY = 0.796000E-05

Level 1
Sequence

ZSLOCA

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

NA 1 0.80E-05 100.00

PLANT DAMAGE STATE 21 TOTAL FREQUENCY = 0.000000

PLANT DAMAGE STATE 22 TOTAL FREQUENCY = 0.141000E-04

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

RD
RBlD

NA
NA

0.14E-04
0.13E-06

99.1
0.9

PLANT DAMAGE STATE 23 TOTAL FREQUENCY = 0.000000

Rochester Gas & Electri«Corporation R. E Ginna PRA Pmject
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Table 4.3-5 (continued)
Sequence Contribution To Plant Damage State Frequency

PLANT DAMAGE STATE 24 TOTAL FREQUENCY = 0.128000E-04

Level 1
Sequence

Percent
CSET Sequence of Total
Endpoint Rank Frequency PDS Frequency

RI1P3TR1 NA
RI1SC NA

1 0. 12E-04 93 . 8
2 0.80E-06 6.2

Rochester Gas & Electric Corporation R. E Ginna PRA Reject
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Table 4.5-1
Potentially Important Containment Event Topics

Item Phenomenoloeical Events Time Phase

P-1
P-2
P-3
P-4
P-5
P-6
P-7
P-8
P-9
P-10
P-11
P-12

P-13
P-14

Debris Cooled In-Vessel
In-vessel Steam Explosion
Mode/Time Vessel Failure
Direct containment Heating
Early H2 Burn/Detonation
Debris Dispersal Out of Cavity
Ex-vessel Steam Explosion/Spikes
Liner Melt-through
Mode Early Containment Failure
Debris Cooled Ex-Vessel
Late H2 Burn/Detonation
Late containment Over Pressure
Failure
Mode Late Containment Failure
Safeguards/Auxiliary Building
Source Term Attenuation
Effectiveness

Before RV Failure

At/Near RV Failure

Longer Term

0 erator. Recover . Miti ation Actions

0-1
0-2
0-3
0-4
0-5

In-vessel Injection Restored
RCS Depressurized
Power Recovery
Containment Spray Recovered
Containment Heat Removal
Recovered

Before/After RV Failure
Before RV Failure
Before/After RV Failure
After RV Failure
After RV Failure

Conse uential S stems Failures

F-1
F-2

Late Spray Failure
Late containment Heat Removal Failure

After RV Failure
After RV Failure

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 4.5-2
Summary of MAAP DCH Parametric Cases for Ginna PRA

MAAP
Case

SBO08

SBO09

SBOIO

SBOI2

SBO13

SBOI4

SBOI7

Mass of
Debris

Expelled
Early

-50%

-50%

-30%

-50%

-50%

-50%

-50%

DCH Fraction

(FCMDCH)

1.00

1.00

.50

Fraction Debris
Dispersed Outside

Lower
Compartment

(FCMDA)

Mode of li,
Burns.

Standard or
Unconditional

UCHB

UCHB

UCHB

UCIIB

UCHB

UCElB

Entrainment Time
Constant

(TTEiITR)

0.5

0.5

0.5

0.5

0.5

2.0

2.0

Peak Containment
Pressure Following

Vessel Failure

(psia)

135

122

120

115

118

133

143

Rochester Gas & Electri«Corporation
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Table 4.5-3
Parameters for Assessing Debris Depth Near Liner

itiass Debris
Expe)led Early

Fraction Debris
Involved In

DCH

Volume Debris
on Lower

Compartment
Floor (It'/m')

Spread Area
(It1/m!)

Debris Depth
(ft/cm)

Upward Heat
Flux to Cool

Debris (kw/m')

50%

50%

50%

50%

30%

30%

30%

30%

10%

10%

10%

10%

100%

100%

50t
50'8

100%

100%

50%

50%

100%

100%

50%

50%

132./3.8
132./3.8
66./1.9
66./1.9
79./2.3
79. /2.3
40./1.1
40./1.1
26./.8
26./.8
13./.4
13./.4

1455/135 . 091/2. 8

728/67.6 .18/5.5
1455/135 .046/1.4
728/67.6 .091/2 8

1455/135 .055/1.7
728/67.6 .109/3.3
1455/135 .027/0.8
728/67.6 .055/1.7
1455/135 .018/0.6
728/67.6 .036/1.1
1455/135 .009/0.3
728/67.6 .018/0.6

48.

97.

24.

48.

30.

58.

15.

30.

19.

Rochester Gas & Electric Corporation R. E Ginna PRA Pujea



Table 4.5-4
Core Debris Mass, Volume and Thermal Conductivity

Material Mass

(ibm)

Density

ibm/ft-"(kg/m')

Volume

(m')

Volume

Fraction

Conductivity

(W/m-'K)

UO, 105,500 629.2(10100) 4.75 0.63 3.3

ZI'r0,
12,963

17,510

404.9(6500)

348.8(5600)

.91

1.42

0.12

0.19

18.

3.0

Steel 4,459 498 4(8000) .25 0.03 50.

Ag

In

Cd

Totals

Average

2,028

380

357

143,197

435.5(6990)

499.(8010)

571.2(9170)

540.6(8678)

.13

.02

.02

7.5

0.02

<.01

<.01

7.8

Rochester Gas & Electric Corporation R. E Gtnna PRA Plat
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Table 4.5-5
Allowable Debris Upper Surface Temperature

Debris Depth
(cm)

5.5

3.3

2.8

1.7

Heat Flux at Upper
Surface (q)
(KW/m')

30

Lower Surface
Temp. (T,)

('K)

1586

1586

1586

1586

Upper
Surface
Temp.
(T,)('K)

(K = 7.8)

1463

1500

1553

Upper
Surface
Temp.

(T,)('K)
(K = 3.9)

902

1340

1414

1521

Rochester Gas 8c Electric Corporation
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Table 4.5-6
Ginna Debris Spread Area (M2) - (Greene)

Mass of Total Core Debris Released At Vessel Failure

10%
5.1

30%
12.7

50%
19.5

Rochester Gas Ec Electric Corporation
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Table 4.5-7
Ginna Debris Spread Radius (M) - (Moody)

Mass of Total Core Debris Released At Vessel Failure
and Average Debris Pour Rate

10% 30% 50%
(220 kg/s) (564 kg/s) (880 kg/s)

2.0 m 3.3 m 4.1 m

Rochester Gas Sc Electric Corporation

4-145
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Table 4.5-8
Ginna Debris Spread Radius (M) - (Moody)

High Pressure Conditions (16.2 MPA)

Mass of Total Core Debris Released At Vessel Failure
and Average Debris Pour Rate

10% 30% 50%
(5430 kg/s) (10800 kg/s) (14800 kg/s)

10.1 m 14.3 m 16.8 m

Rochester Gas & Electric Corporation

4-146
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Table 4.5-9
Water Depth To Debris Pour Steam

Diameter Ratio (LlD) - 3 M Water Depth

Fraction of Total Core Debris
Released At Vessel Failure

10% 30% 50%

21 14 12

Rochester Gas & Electric Corporation
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0
Table 4.6-1

Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Debris Distribution (mass in each area - Ib)

Vessel Cavity B compt A compt

RWST
in
cnmt?

Cnmt
failure
time

Fraction released to
environment:

Nobles Csl

End time

9FB12A, 9FB12D, 9FB I2G, 9FB12H - Level I Feed and Bleed runs

9SOABCDE. 9S I I BCDE. 9S I I BCDE 2, 9S2 I BCD2, 9S21BC2E, 9S2A2C2E, 9S31BCDE, 9S3AB12E, 9S41BC2E, 9S4AB12E, 9SSAB12E, 9S51BC2E,
9S6AB12E. 9SXAB12E.- Level I LOCA success criteria runs

FB13E - Level I Feed and Bleed runs

LLOCA()1 - 27.5 ID CL
break, I RHR w/ Ilx. no

spray, no FC

LLOCA02 - 27.5 ID CL
break, I RHR no Hx, no

spray, I FC

LLOCA04 - 27.5 ID CL
break, RWST in, no

sprays or FC, I/2"
isolation failure

LLOCA05 - LLOCA04
w/ I" isolation failure

LLOCA06 - LLOCA04
w/ 2" isolation failure

1().6 sec N/A

1().6 sec N/A

1().6 sec 3.82 hr

10.6 sec 3.81 hr

10.6 sec 3.81 hr

N/A

N/A

N/A

N/A

14.4E4

14.3E4

14.4E4

N/A

N/A

N/A

N/A

Yes

Yes

Yes

Yes

N/A

N/A

21.3 hr

25.8 hr

N/A

0.0

0.0

0.999

0.999

0.881

0.0

0.0

O. I IOE- I

0.621 E-2

0.399 E-2

12.0 hr

12.0 hr

29.3 hr

33.8 hr

48.0 hr

LLOCA07 - LLOCA(W
w/4" isolation failure

10.6 sec 3.76 hr 14.4E4 0 Yes N/A 0.997 0.208E- I 48.0 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles CsI

Fraction released to
environment:

End time

LLOCA09 - 27.5 ID CL
break, no RWST. no

sprays or FC. I"
isolation I'ailurc

LLOCAI() - LLOCA()9
w/ 2" isolation I'allure

10.6 sec 1.42 hr 0

I() 6 scc 1.38 hr 1463E4

62.3E4

58.6E4

No

No

31.2 hr

N/A

0.980

0.893

0.456E-2 39.2 hr

0.289E- I 48.0 hr

LLOCAI I - LLOCA09
w/4" isolation failure

1().6 scc 140 hr 1.418E4 No N/A 0.999 0.122 48.0 hr

LLOCA12 - LLOCA04
w/ 1.5" isol failure

I ().6 scc 3.88 hr 1.669E4 12.5E4 Yes 39.7 hr 1.000 0.208E-I 47.7 hr

LLOCA13 - LLOCA09
w/ 1.5" isol I%lure

10.6 scc 1.39 hr 1.414E4 62.5E4 No N/A 0.716 0.861E-2 48.0 hr

LLOCA14 - LLOCA12
w/ fan coolers avail

LLOCA15 - LLOCA13
w/ fan coolers avail

10.6 sec 3.69 hr 0

10.6 scc 1.28 hr 0

14.6E4

14.5E4

Yes

No

N/A

N/A

0.172

0.239

0 292E-2 48 0 hr

0.333E-2 48.0 hr

LLOCA16 - I CL break,
no SI, Accum, Sprays
or FC

12.0 sec N/A N/A N/A N/A N/A Yes N/A 0.837E-7 0.340E-7 0.1 hr
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Table 4.6-'1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - lb) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

LLOCA17 - LLOCA16
w/.5 RHR to
downcomer

12.0 sec N/A N/A N/A N/A N/A N/A 0.133E-6 0.714E-7 0.1 hr

LLOCA18 - LLOCA17
w/ I Accun>ulator

I ().6 scc N/A N/A N/A N/A N/A Yes N/A 0.0 0.1 1>r

MLOCA()I - 1.5" LOCA
w/ AFW, no Sl. no
recirc.

().865 hr N/A 13.7E4 Yes N/A 0.567E-3 0.909E-S 24.0 hr

MLOCA()2 - 3.5" LOCA
w/ AFW, no Sl, no
recirc.

1.10 hr 19.3 hr 1.33E4 12.8E4 Yes N/A 0.217E-3 0.681E-S 24.0 hr

MLOCA03 - 5.5" LOCA
w/ AFW, no Sl, no
recirc.

4.27 hr 5.96 hr 1.94E4 12.3E4 Yes N/A 0.701 E-3 0.792E-S 24.0 hr

MLOCA04 - 1.5" LOCA
w/ AFW, w/ Sl, no
recirc.

9.56 hr I 1.1 hr 0 14.2E4 Yes N/A 0.576 E-3 0.455E-S 24.0 hr

MLOCAOS - 3.5" LOCA
w/AFW, w/Sl, no
recirc.

4.48 hr 6.10 hr 2.25E4 11.7E4 Yes N/A 0.305 E-4 0.526E-S 6.11 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

MLOCA06 - 5.5" LOCA
w/ AFW, w/ Sl, no
recirc.

MLOCA()7 - 1.5" LOCA
no AFW. no Sl. no
recirc.

MLOCA()8 - 3.5" LOCA
no AFW, no S I, no

recirc.

MLOCA09 - 5.5" LOCA
no AFW, no Sl. no
recirc.

3.7S hr

().8() 1 hr

1.17 hr

4.75 hr

5.40 hr 1.50E4 12.8E4

3.85 hr 3.74E4 10.4E4

21.9 hr 1.5 I E4 12.6E4

6 46 hr 1.42E4 12.8E4

Yes

Yes

Yes

Yes

N/A

N/A

N/A

N/A

0.726 E-3

0.813E-3

0.121E-3

0.683E-3

0.797E-5 24.0 hr

0.304E-4 24.0 hr

0.626E-5 24.0 hr

0.777E-5 24.0 hr

MLOCA10 - 1.5" LOCA
no AFW, w/ Sl, no
recirc.

9.45 hr 11.2 hr 0 14.3E4 Yes N/A 0.589E-3 0.468E-5 24.0 hr

MLOCA11 - 3.5" LOCA
no AFW, w/ Sl, no
recirc.

MLOCA12 - 5.5" LOCA
no AFW, w/ Sl, no
recirc.

4.89 hr

4.00 lu

6.44 hr 1.42E4 12.7E4

5.65 hr 1.94E4 12.3E4 Yes

N/A

N/A

0.775 E-3

0.716 E-3

0.774E-5 24.0 hr

0.803E-5 24.0 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
unco very
time

Vessel
failure
time

Debris Distribution (mass in each area - lb)

Vessel Cavity B compt A compt

RWST
in
cnmt?

Cnmt
failure
time

Fraction released to
environment:

Nobles Csl

End time

RUH2A, RUH2B, RUH2C, RUH2D, RUH2E, RUH2F, RUH2G, RUH2H, RUH21 - Level I SGTR runs with steam generator depressurization

SBO(X) - hase SBO. no
AFW. no seal LOCA.
no recovery

2.28 hr 3.71 ltr () 3.15E4 8.08E4 3.20E4 No 12.6 hr 0.971 0.247E-2 20.6 hr

SBO(X)R - SBO(X) (or
48 hours

SBO01 - hase w/
induced HL rupture 8
1,000'K

2.28 hr

2.28 hr

771 hr 0

5.27 hr 0

3.15E4 8.08E4

39.6E4 0

3.20E4 No

No

12.6 hr 0.994

17.8 hr 0.987

0.322E-2 4S.O hr

0.237E-2 25.S hr

SBO02 - late SBO,
AFW for 4 hrs

7.45 hr 9.49 hr 0 4.06E4 7.41E4 2.94E4 No 18.6 hr 0.973 0.983E-3 26.6 111

SBO03 - base w/ PORV
in auto

2.23 hr 3.70 lir 0 3.19E4 8.04E4 3.19E4 No 13.0 hr 0.971 0.241E-2 21.0 hr

SBO04 - SB001 w/ no
burn til 10 hr, FC & CS
avail I 10 hr

2.28 hr 5.27 hr 0 21.5E4 0 Yes N/A 0.751 E-3 0.310EP 20.0 hr

SBO05 - SB003 w/
TEU = 2700'K

2.23 hr 3.80 hr 0 2.25E4 S.73E4 3.42E4 No N/A 0.239 E-3 0.417E-5 8.0 hr

SBO06 - base w/
FVPREV = 0.2

2.28 hr 3.71 hr 0 3.25E4 7.97E4 3.16E4 11.9 lu'.968 0.178E-2 19.9 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

SBO07 - SB003 w/ seal

LOCA at 45 min
1.89 hr 3.80 hr 1.554E4 0.464E4 8.64E4 3.43E4 No 12.2 hr 0.944 0.457E-2 20.2 hr

SBOO8 - hase w/
FCMDCII= I.
FCM DA=O.25 50~fr

debris, UCHB

2.28 hr 3.71 hr 2.54OFA 4.7 I E4 5.31E4 1.77E4 No N/A 0.241E-4 0.110E-5 4.0 hr

SBOO9 - hase w/
FCMDCH=I,
FCMDA=O.O9 50%
debris, UCHB

2.28 hr 3.71 hr 2.546E4 4.75E4 6.40E4 0.633 E4 No N/A 0.278E-4 0.119E-5 4.0 hr

SBOIO- hase w/
FCMDCH= I,
FCMDA=0.25 30%
debris, UCHB

2.28 hr 3.71 hr 2.529E4 7.29FA 3.30E4 I. IOFA No N/A 0.206E-4 0.963E-6 4.0 hr

SBOI I- SB003 w/ TEU
= 3000'K

2.23 hr 4.02 hr 3.833E4 12.6 7.60E4 2.95E4 No N/A 0.122E-3 0.271E-5 6.0 hr

SBO12 - base w/
FCMDCH= I,
FCMDA=0.25 50%
debris, std burn

2.28 hr 3.71 hr 2.544E4 4.74E4 5.28E4 1.76E4 No N/A 0.183E-4 0.821E-6 4.0 hr
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Table 4.Ei-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

SBO13 - hase w/
FCMDCH=.S.
FCMDA=.25 5()'7i

debris, UCHB

2.28 hr 3.71 hr 2.543 E4 4.57E4 5.30E4 1.77E4 No N/A 0.202 E-4 0.939E-6 4.0

lu'BO14

- SBO()9 6/
1TENTR = 2.() sec

SBOI5 - hase w/
alternate S/G insul

SBO16 - SBO(X) w/ 1.5"

isolation failure

2.2N hr

2.27 hr

2.27 hr

3.71 hr

3.71 hr

3.73 lu

2.537E4

1.609E4

4.77E4 6.39E4 0.632 E4

3.32E4 7.92E4 3.14E4

3.32E4 7.95E4 3.15E4

No

No

No

N/A 0.234 E-4

12.0 hr 0.969

N/A 0.699

0.107E-5 4.0 hr

0.240E-2 20.0 hr

0.250E-2 48.0 hr

SBOI7 - SB008 w/
TIENTR = 2.0 sec

2.28 hr 3.71 hr 2.540E4 4.77E4 5.27E4 1.76E4 No N/A 0.206 E-4 0.100E-5 4.0 hr

SBO18 - base w/ stuck
open S/G PORV

SBO19 - SB003 w/
stuck open S/G PORV

2.19 hr

2.14 hr

3.49 hr

3.55 hr 1.835 E4

3.43E4 7.83E5 3.10E4

1.43E4 7.73E4 3.06E4

No

No

N/A 0.836E-4

N/A 0.806E-4

0.334E-5 5.0 hr

0 246E 5 5 0 hr

SBO20 - SBO00 w/
ACMPLB = 822 Fr *2

2.28 lu 3.74 hr 2.94E4 8.19E4 3.25E4 No 11.6 hr 0.969 0.288E-2 19.6 hr

SBO21 - SBO07 w/
FVPREV = 0.2

1.89 hr 3.78 hr 1.553 E4 0.464E4 8.63E4 3.42E4 No 12.2 lu 0.944 0209E-2 202 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

SB022 - SBOOO w/
FCRBLK = 1.0

2.2S hr 3.84 hr 1.993E4 0.598 5.93E4 0 No 12.8 hr 0.977 0.428E-2 48.0 hr

SBO23 - SBO(X) w/
LHEU = 4(X) IQ/KG

2.28 hr 3.81 hr 1.938E4 I 45E4 7.63E4 3.02E4 No 12.8 hr 0.973 0.111E- I 48.0 hr

SBO24 - SBO(X) w/
loop seals clcarcd

SBO25 - SBO(X) w/
FNCBP = 1.0

2.35 hr

2.28 hr

5.55 hr 4.297E4

3.69 hr 1.953E4

2.63E4

1.08E4

5.31E4 2.10E4

7.99E4 3.17E4

No

No

15.0 hr

12.9 hr

0.967

0.988

0.259E- I 48.0 hr

0.115E- I 48.0 hr

SBO26 - SB007 w/
FCRDR = 0.8

1.89 hr 3.73 hr 0 2.82E4 8.24E4 3.27E4 No 10.9 hr 0.995 0.770E-2 48.0 hr

SBO27 - SBOOO w/
increased equip mass

2.28 hr 3.75 hr 0 2.52E4 8.50E4 3.37E4 No 16.3 hr 0.994 0.443E-2 4S.O

lu'BO28

- SBOOS w/
FCMDCH = 0.0

SLOCAOO - 2 ID CL
break, no injection,
sprays & FC avail

2.28 hr 3.71 hr 2.527E4

0.487 hr 4.70 lu 0

4.46E4

14.3E4

5.29E4 1.76E4 No

No

N/A

N/A

0.182E-4 0.832E-6 4.0 hr

0.502E-3 0.545E-5 16.1 hr

SLOCAOI - base w/
spray only, no recirc

0.487 hr 4.75 hr 0 14.2E4 Yes 27.8 hr 0.999 0 158E-4 35 8 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Fraction released to
environment:

End time

Vessel Cavity B compt A compt Nobles Csl

SLOCA02 - hase w/
FENTR = 1000, FCHF
= ().02

SLOCA()3 - hase w/
TIRX = ().5 hr

0.487 IK

() 487 hr

4.70 hr 0

5.45 hr ()

25.7E4

14.2E4 No

N/A

N/A

0.745 E-3

0.818 E-3

0.647E-5

0.629E-5

24.0 hr

24.0

lu'LOCA()4

- hase w/
FCMDCH= I.
FCMDA=0.25 5()%

debris, UCHB. FCs
avail, Sprays in inj only

SLOCA05 - hase w/
FCMDCH= I,
FCMDA=0.25 50%
debris, std burn, FCs
avail, Sprays in inj only

22.9 hr

22.9 hr

27.6 hr 1.542E4 5.82E4

27.6 hr 1.534E4 5.78E4

5.26E4

5.30E4

1.75E4

1.77E4

Yes

Yes

N/A

N/A

0.498 E-4

0.515 E-4

0.175 E-4

0.176E-5

28.1 hr

28.1 hr

SLOCA06 - base w/
FCHF = 0.02, no burns

SLOCA07 - base w/
FCHF = 0.02, burns
after 24 hr

0.487 hr

0.487 hr

4.70 hr 0

4.70 hr 0

24.4E4

25.1E4

No

Yes

N/A

N/A

0.877E-3

0.108E-2

0.843E-5

0.843E-5

24.0 hr

30.0 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
unco very
time

Vessel
failure
time

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Fraction released to
environment:

End time

SLOCA08 - SBLOCA,
HPI avail, SG depress.
Tl'RX = ().5 hr

9.19 hr

Vessel Cavity

12.9 hr 2.225E4 11.6E4

B compt A compt

Yes N/A

Nobles

0.560E-3

Csl

0.785E-5 24.0 hr

SLOCA(8 - SLOCA(N
w/o SG deprcs». 1 I'RX
= ().5 hr

9.16 hr 12.1 hr 2.218E4 11.6E4 Ycs N/A ().573E-3 ().844E-5 24.0 hr

SLOCA I() - hase w/ FCs
avail, sprays in inj, 1.5"

isol lail

9.15 hr 10.7 hr 1.660E4 12.2E4 Ycs N/A 0.668 E- I 0.203E-2 48.0 hr

SLOCAI I - hase w/ FCs
avail, no sprays, 1.5"

isol fail

SLOCA12 - base w/ no
FCs', no sprays, 1.5" isol
fail

29.2 min

29.2 min

4.72 hr 0

4.97 hr 0

14.3E4

61.8E4

No

No

N/A

N/A

0.124

0.691

0.236E-2 48.0 hr

0.259E-2 48.0 hr

SLOCA13 - 1.5" CL
LOCA, I RHR, I Sl, no
FC, no sprays

SLOCA14 - SLOCA13
w/3" LOCA

N/A

0.263 hr

N/A N/A

N/A N/A

N/A

N/A

N/A

N/A

N/A

N/A

Yes N/A

N/A

N/A

0.0

N/A

0.0

30.0 hr

30.0 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - lb) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

SLOCA15 - 0.5" LOCA
w/ FC & CS. no inj; no
AFW

1.64 hr 2.97 hr 0 12.4 No N/A 0.258E-S 0.178E-6 3.0 hr

SLOCA16 - t).5" LOCA
w/ FC & CS. no inj.
AFW avail

SLOCA17 - SLOCA15
w/ 1" LOCA

SLOCA18 - SLOCA16
w/ 1" LOCA

SLOCA19 - SLOCA 1 5
w/ 1.5" LOCA

SLOCA20 - SLOCA16
w/ 1.5" LOCA

7.26 hr

1.48 hr

1.87 hr

0.804 hr

0.864 hr

1().7 hr 1.416E4

2.50 hr 0

4.17 hr 4.116E4

3.93 hr 3.910E4

7.99 hr 2.237E4

12.3

9.52

2.55E4

10.3E4

11.8E6

1.28ES

7.32E4

No

No

No

No

No

N/A

N/A

N/A

N/A

N/A

0.557E-3

0.974 E-3

0.815 E-3

0.911 E-3

0.746E-3

0.302E-S 24.0 hr

0.723E-6 2.50 hr

0.487E-S 24.0 hr

0.133E-4 24.0 hr

0.112E-4 24.0 hr

SLOCA21, SLOCA22, SLOCA23, SLOCA24, SLOCA25, SLOCA26, SLOCA26B, SLOCA27 - Level 1 small LOCAs with steam generator
depressurization

SLOCA28 - 0.5" LOCA
no AFW, w/ Sl, no

recirc.

1.40 hr 2.68 hr 7.3 0E4 12.4 No N/A 0.292 E-S 0.214E-6 2.68 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - Ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles CsI

Fraction released to
environment:

End time

SLOCA29 - 0.5" LOCA
w/ AFW. w/ Sl. no
rccirc.

65.0 hr 71.2 hr 13.1E4 8.08 0 N/A 0.76 8E-4 0.223E-5 71.2 hr

SLOCA3() - I.()" L'OCA
no AFW, w/ Sl. no
recirc.

SLOCA31 - 1.()" LOCA
w/ AFW. w/ Sl, no
recirc.

13.6 hr

12.5 hr

16.8 hr

15.2

lu'.1
I E4

1.74E4

7.24

6.99 0

Yes

Yes

N/A ().732 E-4

N/A 0.500EP

0.292E-5 16.8 hr

0.223E-5 15.2 hr

SLOCA32 - Level I LOCA success. criteria run

STCOI - MLOCA03 for
48 hours

4.27 hr 5.96 hr 1.942 E4 12.3E4 0 Yes N/A 0.152E-2 0.152E-4 . 48.0 hr

STC02 - 5.5" LOCA w/
AFW, FC, RHR, no
recirc, early forced CF

STC03 - 2.0" LOCA w/
AFW, FC, no inj, no
recirc, early forced CF,
FCHF = 0.02

4.27 hr 5.96 hr

0.547 hr 4.86 hr 2.230E4

12.4E4 0

25.7E4 0 No

5.96 hr 0.204

4.86 hr 0.330

0.196E-2 48.0 hr

0.551E-2 48.0 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
unco very
time

Vessel
f'ailure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - ib) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

STC04 - 5.5" LOCA w/
AFW, FC, no inj or CS.
early Iorccd CF

0.700 hr 1.55 hr 2.503E4 62.6E4 No 1.55 hr 0.721 0.157E-1 48.0 hr

STCO5 - STC()2 w/
ACFPR = 1.()

It'.27 hr 5.96 hr 1.411E4 12.9E4 Yes 5.96 hr 0.575 0.178E-1 48.0 hr

STC07 - STCO4 w/
ACFPR = 1.0

It'.7(X)hr 1.55 hr 2.502E4 70.9E4 No 1.55 hr 0.883 0.607E-1 48.0 IK

STCO8 - SBO w/
induced HL rupture,
early LMTCF

2.28 h! 5.36 hr 0 60.9E4 No 5.36 hr 0.236 48.0 hr

STCO9 - SBO, FC
recovered I 10 hr, large
CF due to burn

STC10 - SBO w/
induced HL rupture, late
CF - leak

2.28 hr 5.28 hr 0

2.28 hr 5.36 hr 0

20.7E4

61.1E4

No

No

11.7 hr

19.2 hr

0.667

0.883

0.353E-2 48.0 hi

0.686E-2 48.0 hr

STC11 - SBO w/
induced HL rupture, late
CF - large

2.28 hr 5.36 hr 0 69.9E4 No 19.2 hr 0.999 0.106 48.0 hr
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Table 4.6-1 (continued)
Summary of Timing of Key Events for MAAP Runs

Sequence ID and
Description

Core
uncovery
time

Vessel
failure
time

Vessel Cavity B compt A compt

Debris Distribution (mass in each area - lb) RWST
in
cnmt?

Cnmt
failure
time

Nobles Csl

Fraction released to
environment:

End time

STC12 - STC04 w/
forced late CF

0.700 hr 1.55 hr 2.503E4 70.4E4 No 41.6 hr 0.631 0.131E-2 64.0 hr

STC12A - STCI2 w/
Iorced CF at 12 lir al'ter

VF

t).7()t) 1.55 lir 2.5()3E4 60.8E4 ~ 0 No 13.6 hr 0.671 0992E-2 48 0 hr

STC16- 5.5" ISLOCA
w/ AFW. FC. no inj or
CS

0.727 hr 1.57 hr 2.638E4 21.0E4 No N/A 0.993 0.687 48.0 hr

STC18 - SGTR, no inj,
isolate faulted SG at 30
min

2.71 hr 5.27 hr 0 1.51E4 13.5E4 0 No N/A 0.442 0.673E-2 48.0 hr

STC20 - SGTR, no Sl,
w/ RHR, at 20 min SG
PORV open, AFW isol
to faulted SG

5.56 hr 7.28 hr 2.217E4 11.6E4 Yes N/A 0.949 0.276 48.0 hr

Rochester Gas & Electric Corporation
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Table 4.6-2
Summary of Containment Isolation

Failure MAAP Results

Case
Loss of Iso.

Size
Containment

Heat Removal
RWST

In? CF Time
Csl Rel at

CF
End of

Run Time

CsI Rel at
End of

Run

SBO16 I 5
II None No N/A N/A 48.0 lus::i:'.:':.:'::::2:'50P'.";3~i:;s

SLOCA10

SLOCA11

SLOCA12

5
II

I 5
II

5
II

Fan Coolers

Fan Coolers

None

Yes

No

No

N/A

N/A

N/A

N/A

N/A

N/A

48.0 hrs

48.0 hrs

48.0 hrs

.'-'.,!3!2"09Ej3Pi~gg"

i.''.'"''2".868-.',3."„':j
'„::;,<:>j?+ggjG:)aug'c;.'jg~g

LLOCA04

LLOCA05

0 5tl None

None

Yes

Yes

21.3 hrs

25.8 hrs

:,;,"::;:.:<2'36K'A.",::!jan~ 29.3 hrs

33.8 hrs

1.10E-2

6.21E-3

LLOCA06

LLOCA07

LLOCA09

2ll

4 I\

None

None

None

, Yes

Yes

No

N/A

N/A

31.2 hrs

N/A

N/A

48.0 hrs

48.0 hrs

39.2 hrs

:;:$2:OSB'.2P)

4.56E-3

LOCA10

.LOCA11

LLOCA12

LLOCA13

41l

5
I I

1.5"

None

None

None

None

No

No

Yes

No

N/A

N/A

39.7 hrs

N/A

N/A

N/A

:;.:.,:,,:;;;:l:.99K'g.':„."":,i„':;: 47.7 hrs

N/A 48.0 hrs

2.08E-2

'-'":<'8':6'18-"3':":::(

''.? Q

48.0 hrs ',="',-2:;:898-;3:i.;.';;~

48.0 hrs:,'::::,';.:::;:::;:I'";RgB-;:;:i:::,:;:::::::,:~~

LLOCA14

LLOCA15

5
II

1.5"

Fan Coolers

Fan Coolers

Yes

No

N/A

N/A

N/A

N/A

48.0 hrs

48.0 hrs

Rochester Gas & Electric Corporation R. E Ginna PRA Pw~c
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Table 4.6-3
Summary of LMP Post-Processed MAAP Results

..:5:fndim'diHL"';::Riijfiire.-.,'.

::,;":;-:-':8tlieNttaa''at::,:::VF,::",:',".'.''::::

SB000

SB003

SB005

SB007

SB011

Base SBO; no
AFW, no PORV, no
seal LOCA

Base Total LOFW; no
seal LOCA, but PORV
in auto

Total LOFW; no seal
LOCA, PORV in auto,
TEV=2700K

Total LOFW; 3/4" seal
LOCAs at 45 minutes,
PORV in auto

Total LOFW; no seal
LOCA, PORV in auto,
TEU=3000K

2480

2360

2360

592

2350

No

No

No

No

No

3.71

3.70

3.80

3.80

4.02

3.43/3.18

3.56 / 4.49

3.35 / 78.47

(NIA)I 1.74 E-4

3.34 / 67.30

(N/A) / 5.36E-3

(N/A) I 2.17E-3

(N/A) I 6.33E-3

(N/A) / -0.0

(N/A) / 8.62E-3

(N/A) I 0.665

(N/A) I 0.276

(N/A) I 0.746

(N/A) /-0.0

(N/A) I 0.977

Rochester Gas &, Electric Corporation R. E Gnna PRA Project



Table 4.6-3
Summary of LMP Post-Processed MAAP Results

SB018

SB019

SLOCA00

SBO; no AFW, no
PORV, no seal LOCA,
but stuck SG PORV

Total LOFW; no seal

LOCA, PORV in auto,
but stuck SG PORV

Base 2" CL LOCA; No

Injection

2450

2330

78

Yes

Yes

No

3.49

3.55

4.70

3.45 /1.11

3.44 /1.29

(N/A) /-0.0

(N/A) / 0.975

(N/A) / 0.705

(N/A) /-0.0

3.03 /103.64

3.02 / 76.73

(N/A) /-0.0

Rochester Gas & Electric Corporation
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Table 4.6-4
Summary of DCH Parametric

Cases for Ginna

'.;':.„".::'.!)MA'AP,,:,',)l!

.;:.j:'Nfass::::.'of:::,",:,':

::~(i'.'.",.98brf$ ":

,;':,':.:';:;":,Ex'p'elfedI;,:

"":: 'Barfy.;...';.',,:,;:

.;:::: OCH::Fractfori.
j~:,(FCMDCH)

",'.,':,',':;::;:Fr'a'ctfoiI,':.,"',;:

;.I".';'",.,Dls'pe'rsed';.:~",",''„:,Outside'':Lowe'j:„'',::,

: "'Comp'artriieiit::'.
'(FC MD'A):;:,'.'-':;:

:';,;: Midi'::of:,:.H,"::Burns:.:,"::::,'::,":,",,:I.,::,t,'TIme':,''":,,:,:

,:.,.:,j::,::::::,'.(Stiridard "o':,::.,:::::::,:''.:::,''..Can'sta'nt; ',

.:-,:::~i'Uii'oo'n'ditIonaI)',',".:;:::<:.:,.:,.'.'(TTENTR)'.".l

'„:".,Coi'italnIIt'e'nt"."i';

:,'Peak';:Pressur'e",,:
:,.":,':-':':,FolloIIIIlII'j:,;:,":
=,:; Vess'ef,::FaIfu're::,:
'",'.:'':

'(PSN).'::':;.",.'.:::!:,'BOOO

SBO03

SBO07

SBO08

SBO09

SBO10

SBO12

SBO13

BO14

8BO17

SLOCA04

SLOCA05

-78%

-78%

-88%

-50%

-50%

30%

-50%

-50%

-50%

-50%

-50%

-50%

0.03

0.03

0.03

1.00

1.00

1.00

1.00

0.50

1.00

1.00

1.00

1.00

0.284

0.284

0.284

0.250

0.090

0.250

0.250

0.250

0.090

0.250

0.250

0.250

STD

STD

STD

UCHB

UCHB

UCHB

STD

UCHB

UCHB

UCHB

UCHB

STD

0.5 s

0.5 s

0.5 s

0.5 s

0.5 s

0.5 s

0.5 s

0.5 s

2.0 s

2.0 s

0.5 s

0.5 s

80

80

88

135

122

120

115

118

133

143

107

80

'tandard burn designated with STD and unconditional hydrogen burn designated with UCHB.

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 4.7-1
Representative Sequence Selection for

the Development of Source Term Characteristics

STC CDF Sequence Description

'2

10

12

13

14

15

16

17

18

19

20

34.9%

<0.1%

<0.1%

<0.1%

<0.1%

<0.1%

<0.1%

0.3%

0.1 7o

<0.1%

14.2%

3.0 7o

<0.1 "7o

5.1 7o

9.7%

17.1%

15.6%

Medium brcak LOCA; No SI, No RHR recirc; AFW & FCUs OK; Containment
failure does not occur

Medium brcak LOCA; No Sl, No RHR recirc; AFW & FCUs OK; Early
containment failure (leak) after vessel failure

Medium break LOCA; No injection or recirc; AFW & FCUs OK; CCI occurs
despite water in cavity,
Early containment failure (leak) after vessel failure

Medium break LOCA; No injection or recirc; AFW & CHR OK; Water does not
enter cavity such that dry CCI occurs,
Early containment failure (leak) after vessel failure

S;unc as STC ¹2 with global containment failure area

None

Same as STC ¹4 with global containment failure area

SBO; dry CCI occurs in cavity;
Early LMTcontainmcnt failure assumed after vessel failure

SBO: FCUs recovered e 10 hrs. which induces a burn which is assumed to fail
contmnmcnt; CCI occurs in cavity prior to recovery of FCUs

SBO with induced hot leg rupture; CCI occurs in dry cavity; Late containment
failure (leak) on overpressurc

S;unc as STC ¹10 with global containment failure area

Medium brcak LOCA; no injection or recirc; AFW & FCUs OK; water does not
enter cavity such that CCI occurs; very late containment failure by basemat mclt-
thfu

Source term characterized by STC ¹7 results

Source term characterized by STC ¹8 results

Source term characterized by STC ¹1 results

Interfacing system LOCA: No injection or recirc; AFW and FCUs OK

None

SGTR: No injection; faulted SG isolated at 30 minutes; CHR available

Nunc

SGTR: No Sl: Faulted SG PORV sticks open; CHR available

Rochester Gas & Electric Corporation
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Tab'2
Representative 5. arm Results

Calculated Source Terms from MAAP 3.0B-PWR, Rev. 19.0+

STC
End
State

MAAP
Case Noble

Gases

Csl TCO2 MoO~ CsOH BaO Lanthanides

Radionuclide Release Fractions

CeO~ Sb UO~

End
Tllnc

(hrs)

STCOI

STC02-

STC03

-0.20t

tt. 130

1.96E-3

S.S I E-3

1.52E-3 1.52E-S <IE-5

<I E-5

<IE-5

<IE-5

<I F.-S

I 46E-4

<IE-5

<IF.-S

1.13E-5

1.72E-S

1.96E-3

5.56E-3

<IE-5 <IE-5

8.75E-S 2.02E-S

1.01 E-5 1.40E-3

<IE-5

1.40E3

<IE-5

3.11F.-4

1.78F.-4 2.06F.-3

<IE-5

<IE-5

2.62F.-3

<IE-5

<IE-5

<IE-5

48.0

48.0

48.0

STC(A t),721 O.t)16 0.019 1.63E-3 1.17E-S 0.015 8.12E-4 1.48E-3 3.05E-3 0.023 6 48E-3 <IE-5 48.0

STCOS

STC07

STC08

0.575

1.000

0.018

0.061

0.236

<I E-5 1.45E-S

0.157 9 44E-3

1.95E-S 4.25E-3

4.64E-S 0.018

1.28E-4 0.060

3.78E-4 0.236

1.34F.-4 0.019

2.24E-3 0.015

4.74E-3 0.011

0.019 2.34E-3

0.021 0.150

0.019 0.046

1.58E-S

0,073

0.023

<IF.-S

1.75E-S

4.59E-S

48.0

48.0

48.0

STC09 0.667 3.531 -3 1.93E-4 1.93E-S <I E-5 3.74E-3 <I E-5 4.51E-5 8.97E-S 1.72E-3 5.17E-3 2.42E-7 48.0

10

12

STC I 0

STCI I

STC12

0.999

0.600

6.86E-3

0.106

9.64E-3

8.18E-4

0.028

2.26E-S

4.43F.-S

7.2 I E-4 2.73E-S

<I E-5

<I E-5

<I E-5

0.015

0.122

8.90E-3

1.61F.-S 2.02E-S

6.19F.-S 3.86E-S

8.28E-S < I E-5

7.86E-5 7.71F.-3

1.53E-4 0.037

4.33E-S 4.94E-3

0.020

0.024

<IE-5

<IE-5

2.73E-S < I E-5

48.0

48.0

48.0

13

14

15

(Represented by STC ¹7 Results)

(Represented by STC ¹8 Results)

(Represented by STC ¹ I Results)

16 STC16 0.993 0.678 4.21E-S 5.16E-3 1.40E-3 0.688 4.68E-3 5.55F.-4 5.92E-3 0.127 0.080 1.73E-S 48.0

18 STC18 0.442 0.067 <IE-5 <IE-5 <IE-5 6.58E-3 <IE-5 <IF.-S <IE-5 2.87EA < I E-5 <IE-5 48.0

20 STC20 0.949 0.276 <I E-5 8.08E-S 1.09EA 0.269 5.71E-4 <I F.-S <IE-5 0.045 <I E-5 <IE-5 48.0

+ hlinor modiftcations to revision 19.0 are deseriberl in Reference 4.9.2

Rochester Gas 8'. Electric Corporation R. E. Ginna PRA PKIject
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Table 4.7-3
Source Term Magnitude and Timing Characteristics

STC End
State

10

12

1 3(1)

14(2)

16

18

20

CDF

34.9%

<0.1%

<0.1%

<0.1%

<0.1%

<0.1%

<0.1%

0.3%

0.1%

<0.1%

14.2%

3.0%

<0.1%

5.1%

9.7%

17.1%

15.6%

Timing

E

E

E

L

L

L

Noble

L

H

H

L

H

H

Volatiles

LL

L

L

H

L

H

L

LL

Non-
Volatiles

LL

LL

L

LL

H

L

L

H

LL

LL

LL

"Inferred from STC 87 results
"'Inferred from STC 88 results
"'Inferred from STC 81 results

Rochester Gas k Electric Corporation
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Table 4.7-4
Summary Source Term Categorization

Category

IV

V

VI

Description

Release limited to leakage

High noble gas, low or low-low
volatile and non-volatile
releases

High noble gas, medium
volatile, and low or low-low
non-volatile releases

High noble gas release, medium
volatile release, and medium
non-volatile release

High noble gas, high volatile,
and medium or lower non-
volatile releases

High noble gas, volatile, and
non-volatile releases

Relevant STC End
States

STCI, STC15

STC2, STC3, STC9,
STC 12

STC5, STC18

STC4, STC7, STC10,
STC13

STC11, STC16,
STC20

STC8, STC14

Total % of
CDF

40.0 lo

14.5 lo

17.1%

3.1%

25.3 lo

(0.1%

Rochester Gas & Electric Corporation R. E Ginna PRA Project
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Table 4.7-5
Ginna Release Categories Ranked By Frequency

Rank

1

2
3
4
5

6

7
8

9
10
11

12

13

14
15

17

18
19

20

Release
Category

1

18

20
12

16

15

13

9
10

14

11

2
8

5

4
3
7
6

17

19

Frequency

2.86E-05
1.40E-05
1.28E-05
1.16E-05
7.92E-06
4.21E-06
2.46E-06
2.17E-07
4.44E-08
2.68E-08
1.90E-08
8.76E-09
7.58E-09
6.92E-10
1.68E-10
5.42E-11
1.05E-12
0
0
0

Percent
Total CDF

34.9
17.1

15.6
14.2

9.7
5.1

3.0
0.3
0.1

<0.1
<0.1
<0. 1

<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

8.20E-05

Rochester Gas & Electric Corporation
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Table 4.7-6
Comparison Of Containment Accident Progression Results

Ginna PRA And Surry NUREG-1150
(% of Total CDF)

No VB

VB, No CF

VB, BMT, late CF

VB, early

CF'ypass

Ginna

5.1

34.9

14.6

3.0

42.4

Surry

46.0

34.0

5.9

0.7

12.0

Key: BMT = Basemat Meltthrough
CF = Containment Failure
VB = Vessel Breach

' Includes loss of isolation sequences for Ginna

Rochester Gas & Electric Corporation R. E Ginna PRA Fh)jen
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Base Calculation

Table 4.8-1
Sensitivity Cases IA and 1B

Induced Hot Leg Failure Probability

Sensitivity Calculation
1A 1B

Rank Release
Category

Percent
Total CDF

Percent Percent
Total CDF Total CDF

1

2
3
4
5

6

7
8'

10

11

F12
14

15

16

17

18

19

20

1

18

20
12

16

13

15

9

10

14

11

2
8

5

4
3
7

6

17

19

32.4
17.2

15.6
13.4

9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

32.84
17.18
15.64
13.7
9.7
6.3
43
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0. 1

0.0
0.0
0.0

32.24
17.18
15.64
13.3

9.7
6.3
5.3
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

Rochester Gas & Electric Corporation
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Base Calculation

Table 4.8-2
Sensitivity Case 2A

DCH Probability Maximized

Sensitivity Calculation
2A

Rank

1

2
3
4
5

6
7

8

9
10

11

12

14

15

16

17

18

19

20

Release
Category

1

18

20
12
16

13

15

9
10

14

11

2
8

5
4
3
7
6

17

19

Percent
Total CDF

32.4
17.2

15.6
134
9.7
6.3
5.0
0.3
0.1

<O. l

<0.1
<0.1
<0.1

~ <0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

Percent
Total CDF

29.7
17.2

15.6
1 1.7

9.7
6.3
5.0
0.2
0.1

<0.1
<0.1
3.8

<0.1
0.5
0.1

<0.1
<0.1
0.0
0.0
0.0

Rochester Gas 8c Electric C~irporation
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Table 4.8-3
Sensitivity Case 3A

Containment Failure Pressure at 5th Percentile

Base Calculation Sensitivity Calculation
3A

Rank Release Percent
Category Total CDF

Percent
Total CDF

1

2
3
4
5
6
7

8

9
10

11

12

'„'5

16

17

18

19

20

1

18

20
12

16

13

15

9
10

14

11

2
8

5
4
3

7

6

17

19

32 4
17.2

15.6

13.4

9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<O. 1

<0.1
<0.1
0.0
0.0
0.0

32.4
17.2

15.6
13.4
9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

Rochester Gas & Electric Corporation
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Base Calculation

Table 4.8-4
Sensitivity Cases 4A and 4B
Debris Depth in Cavity Sump

Sensitivity Calculation
4A 4B

Rank Release
Category

Percent
Total CDF

Percent Percent
Total CDF Total CDF

l
2
3
4
5
6

7
8

9
10

11

~12
14

15

16

17

18

19
20

1

18

20
12

16

13

15

9
10

14

11

2
8

5
4
3

7
6

17

19

32.4
17.2

15.6
13.4

9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

34.0
17.2

15.6
1 1.8

9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0. I

<0.1
<0.1
0.0
0.0
0.0

15.5
17.2

15.6
30.3
9.7
6.3
5.0
0.3
0.1

<0.1
<0. 1

<0.1
<0.1
<0.1
<0.1
<0.1
<0. 1

0.0
0.0
0.0

Rochester Gas & Electric Corporation
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Base Calculation

Table 4.8-5
Sensitivity Cases 5A and 5B

Steam Explosion Disperses Debris in Cavity

Sensitivity Calculation
5A 5B

Rank Release Percent
Category Total CDF

Percent Percent
Total CDF Total CDF

1

2
3
4
5
6

7

8

9

10

11

~12
14

15

16

17

18

19

20

1

18

20
12

16

13

15

9

10

14

11

2
8

5
4
3

7
6

17

19

32.4
17.2

I5.6
13.4
9.7
6.3
5.0
0.3
O.l

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

0.0
0.0
0.0

40.3
17.2

15.6
5.5
9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

26.5
17.2

15.6
19.3
9.7
6.3
5.0
0.3
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.0
0.0
0.0

Rochester Gas &, Electric Corporation

4-176

R. E Ginna PRA Reject



Table 4.8-6
In-Core Oxidation: Base MAAP Results for
Ginna and Surry Results from NUREG-1150

Case Description

Base case station blackout
'SBO)

SBO with a large induced
rupture of the hot leg

Small LOCA with failure of
injection

MAAP Case

SBO00

SBOOI

SLOCA15

Ginna
(MAAP)

49%

40%

41%

Percent Clad Reacted

Surry (NUREG-1150)

50%

48%

Rochester Gas & Electric Corporation

4-177
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Table 4.8-7
Summary of Predicted Hot Leg Temperatures

in High Pressure Sensitivity Cases

Case Description

Base Case station
blackout (SBO); no AFW,
no PORV, no seal LOCA

Total LOFW; no seal
LOCA, but PORV in auto

Total LOFW; no seal
LOCA, PORV in auto
increased eutectic melting
temperature (TEU=2700

'K)

SBO; pump bowl loop
seals clear

SBO; FNCBP=1.0

Ginna MAAP
Case

SBO00

SBO03

SBO05

SBO24

SBO25

Time of Vessel
Failure

3.71 hrs

3.70 hrs

3.90 hrs

5.55 hrs

3.69 hrs

Peak Hot Leg
Temperature, Prior to
Vessel Failure

1640'F

1620'F

1842'F

1041'F

1578'F

Rochester Gas & Ele«tri«Corporation R. E Ginna PRA Bujen



Table 4.8-8
Summary of Sensitivity Analyses with

Increased Time to Vessel Failure

Case Description Ginna
MAAP Case

Time from Core
Plate Failure to
Vessel Failure
(TI'RX)

Time of
Vessel
Failure

Peak Pressure
between Time of
Core Plate Failure
and Vessel Failure

2" DIA LOCA; no injection
available; no secondary
depressurization

2" DIA LOCA; no injection
available; no secondary
depressurization

2" DIA LOCA; SI available,
but no recirc; steam
generators depressurized

2" DIA LOCA; SI available.
but no recirc; steam generator
not manually depressurized

SLOCA00

SLOCA03

SLOCA08

SLOCA09

1 minute

30 minutes

30 minutes

30 minutes

4.70 hrs

5.45 hrs

12.9 hrs

12.1 hrs

-80 psia

-650 psia

-200 psia

-500 psia

Rochester Gas & Electric Co'rpnration
t

4-179
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Table 4.8-9
Key Results for Core Drop Fraction Sensitivity Case

Case
Description

Ginna
MAAP
Case Core Debris

Retained in
Vessel

Primary
System Gas
Temperature

Containment
Pressure

, Time

Containment Failure Conditions
Csl Release
8 Hrs After
Containment
Failure

TLOFW; no
injection, seal
LOCA at 45
minutes, no
recovery
(FCRDR=0.1)

TLOFW; no
injection, seal
LOCA at 45
minutes, no
recovery
(FCRDR&.8)

SBO07

SBO26

1.554E4 Lb

0.0EO Lb

840'F

742'F

145 psia

145 psia

12.2 hrs

10.9 hrs

4.57E-3

3.75E-3

Rochester Gas & Electric Corporation R. E Ginna PRA Pw~t

4-180



Tabl~ . 0
Key Results for Vapor Pressure MultiplierSensitivity Analyses

Case Description

Base SBO; no AFW,
no lnjcctlon, no sc;d

LOCA. no rccovcry
(FVPREV=1.())

Ginna MAAP
Case

SBO00

Vessel
Failure
Time

3.71 hrs

Containment
Failure Time

12.6 hrs

Time

20.6 hrs

Primary
Systeln Gas

Temperature

850'F

Containment
Temperature

464'F

Conditions at End of Run

Release Fractions

Nobles Csl

0.971 2.47E-3

SBO: ml ARV. no
in]ection. no ~d
LOCA, no rccovcry
(FVPREY=0.2)

SBO06 3.71 hrs 11.9 hrs 19.9 hrs 830"F 455"F 0.968 1.78E-3

TLORV; no
injection, se;d LOCA
it 45 minutes, no

recovery
(FVPREV=1.0)

SBO07 3.80 lus 12.2 hrs 20.2 hrs 994'F 470'F 0.944 4.57E-3

TLOFIV; no

injection, seal LOCA
at 45 minutes, no
recovery
(FVPREV=0.2)

SBO21 3.78 lus 12.2 llrs 20.2 hrs 997'F 469'F 0.944 2.09E-3

Rochester Gas & Electric Corporation R. E Ginna PRA Pmject



Table 4.S-11

Key Results for the Containment Equipment Mass Uncertainty Analysis

Case Description Ginna MAAP
Case

Vcsscl
Ftulurc
Time

Containment
Failure Time

Time Pfllnafy
System Gas

Temperature

Containment
Temperature

Conditions at End of Run

Rcleasc Fractions

Nobles Csl

Base SBO: no ABV.
no inject ton. no seal

LOCA. no recovery
- (default cquiptncnt

mass)

SBO; no AfW, no
injection, no se;tl

LOCA, no rccovcry
(10X default
cquipmcnt mass)

SBOOOR

SBO27

3.7) hrs

3.75 hrs

12.6 hrs

16.3 hrs

48.0 hrs 1030'F

48.0 hrs 978"F

591'F

562'F

0.994 3.22E-3

0.994 4.43E-3

Rocllcstcr Gas 2 Electric Corporation R. E. Ginna PRA Project
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Table 4.8-12
Key Results for the Core Debris to Overlying

Water Pool Heat Flux Multiplier Sensitivity Analyses

Case Description
Ginna
MAAP Case

Cavity
Concrete
Attack

Containment
Failure Time

End of
Run

Nobles Csl

Fission Product Release Fractions

2" DIALOCA; no
injection, fan coolers
available (FCHF&.10)

2" DIA LOCA; no
injection, fan coolers
available (FCHF&.02)

5.5" DIA LOCA;
injection but no
recirculation,
containment failure
early after vessel
failure, fan coolers
available (FCHF&.10)

SLOCA00

SLOCA02

STC02

0.01 ft

1.74 ft

0.05 ft

N/A

N/A

5.96 hrs

16.1 hrs

24.0 hrs

48.0 hrs

5.02E4

7.45EP

0.204

5.45E-6

6.47E-6

1.96E-3

8.5E-8

1.6E-6

I.8E-6

5.5" DIALOCA;
injection but no
recirculation,
containment failure
early after vessel
failure, fan coolers
available (FCHF&.02)

STC03 2.06 ft 5.96 hrs 48.0 hrs 0.330 5.51E-3 2.7E-3

Rochester Gas &, Electric Corp)rat ton

4-183

R. E.-Ginna PRA Project



Figure 4.1-1
Containment Section
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Figure 4.1-2
Reactor Cavity Tltree Dimensional View
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Figure 4.1-3
Reactor Cavity Section
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Figure 4.3-1
Containment System Event Tree Diagram
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Figure 4.3-2
Plant Damage State Logic Diagram
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Figure 4.4-1
Containment General Arrangement Sketch
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Figure 4.4-2 Normal Density Function Figure 4.4-3 Cumulative Distribution Function
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Figure 4.5-1
Contamment Event Tree

Laaaa aaaa
aLaaf Saaaat

sfaft
I'IXCIO aataaaa

I~ Srta
a ~ ILLI4

taait
SIXSO

;a't S St I
XR IF
IaaLa

C Oaf ~ t aaeaI
~ at LLF4

Oaa ~ I aR af
L"EaAI IaaOFaa

:adat I
'4XI0

(a'atty.
aXR IF
, ~ It

Ja I~ I+ a I
a ~ taaaat

ta ~

EVEHSA

~Ltaata
RCSFAIL ;IIVCOOL

;a taaL ~

CF ELSE Y LRS

~ ~ ~ LRCL

EXYCOQ
% ~ at

CF CASE

~aO at F

OCLEO C LL

la0 I I F

IL Eat

RO «I
aa0 at F

CL SLL CF

"OLE

I aa

C"

a «E

2 FX,COLL CF

aaOI C 0

lo

aa0 RCS I ~ t 4

'Ltaa
COOLEO

Wt C

l2

l3

a Faa ~ (F
COCLEO

l5
C"OLEO

I6
af F

F ls
aa

aaf
~aO I. a IE CF

ELRLY

aaOI C

Oa CF

aa

2l

22

23

aII

aaOI CCOLEO

2E

25

~aaO t
CLCSLL CF

O.EO 21

wr L 0 fat
LELR

aaOI C

28

COLE 0

LLFaaa CF

COCLE0

«Of CCO.fO 3!

Of4
33

AOOCSTEA GAS G ELEC A C CGA'
GINNA NUCLEAA POIEA STATICS INOIVIOUAL PLANT EXANINATION

CONTAI~NT EVENT TAEE

Rochester Gas & Electric Corporation
4-191

R. E. Ginna PRA Project



Figure 4.5-2
Mode of Induced Primary System Failure Decomposition Event Tree
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Figure 4.5-3
Debris Cooled In-Vessel Decomposition Event Tree
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Figure4.5-4
Early Containment Failure Decomposition Event Tree
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Figure 4.5-5
Containment Liner Meltthrough Decomposition Event Tree
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Figure 4.5-6
Type ot'x-vessel CCI Decomposition Event Tree
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Figure 4.5-7
Mode ot'ate Containment Failure Decomposition Event Tree
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Figure 4.5-8
Core Fraction Ejected,
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Figure 4.5-9
Experimental Model of Ringhals 2 Vault
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Figure 4.5-10

Comparison of Dryout Heat Flux Predictions With Data
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Figure 4.7-1
Source Term Category Grouping Diagram
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5.0 UtilityParticipation and RG&E Review

5.1 R. E. Ginna PRA Project Team

The R. E. Ginna PRA Project was competed by a joint team of RG&E personnel and contractors
over a four year period. The project was initiallyorganized into the 14 tasks shown in Table 5.1-
1. As this table shows, several of the original tasks were either dropped, deffered or restructured
due to leasons learned, limited resources, shifting industry direction and constraints of time and
budget.

In January of 1989, anticipating the release of USNRC's Generic Letter 88-20, RG&E began
assembling an internal team to conduct a PRA for Ginna. This core team eventually included
two new hires with extensive previous utilityPRA experience, another new hire with no previous
PRA experience, and an RG&E employee previously trained as a Ginna Auxiliary Operator.

The RG&E project manager has 14 years of experience in accident and systems analysis; 11 of
these years have been spent in PRA, starting with participation in the NSAC-60 project. RG&E's
lead data analyst had previously conducted data analysis and other Level 1 analysis for another
PWR. The Ginna-specific MAAPmodel was assembled and implemented in-house by an RG&E
employee who has, during the course of this project, received extensive training in severe
accident analysis from acknowledged industry experts.

Many other experienced RG&E personnel were also called upon to assist the core team as
required. In the end, RG&E personnel contributed over 20,000 hours of labor to this project; this
represents over one-half of the total hours spent completing the project.

Collection of the raw, plant-specific data was completed by contractor personnel under the direct
supervision of the RG&E lead data analyst, who then processed this data for use in the analyses.
RG&E personnel were:

Initially responsible for five of the 14 systems work packages (Safety Injection,
Containment Spray. Containment Isolation, AuxiliaryFeedwater and Service Water). and
later assumed responsiblity for major rework on two others (Electric Power and ESFAS);

Responsible for all walkdowns;

Responsible for initiating events analysis;

Major contributor» to event tree definition and analysis;

Responsible for the interfacing systems loss of coolant accidents (ISLOCAs) analysis;
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~ Major contributors to sequence quantification and recovery analysis;

~ Responsible for flood zones and flood sources analysis;

Responsible for compiling and analyzing the component and subcomponent location
database for the internal flooding analysis;

Major contributors to the screening and detailed flooding analyses;

Responsible for construction and maintenance of the Ginna-specific MAAP model;

~ Responsible for planning and execution of all MAAP runs for both Level 1 and Level 2
support;

Major contributors to containment event tree quantification efforts;

~ Major contributors to source term analysis;

~ Major contributors to the uncertainty, sensitivity and modifications analyses;

~ Responsible for overall project management and integration; and,

Responsible for the preparation and review of this document.

In 1989, RG&E contracted with the former Advanced Technology for Engineering Systems,
Incorporated (ATESI) to collect the raw data needed for the plant-specific data analysis. ATESI
had just completed a joint RG&E / Electric Power Research Institute (EPRI) Reliability Centered
Maintenance (RCM) study for Ginna, and was very familiar with the required maintenance
records.

RG&E contracted with Science Applications International Corporation's (SAIC) Clearwater.
Florida office in 1990 to provide Level 1 / Level 2 PRA consulting services. SAIC personnel
served as Task Leaders for all of the tasks shown in Table 5.1-1 as dictated by a SAIC quality
assurance program designed joinlty by SAIC and RG&E. Initially, a SAIC Project Manager.
reporting to the RG&E Project Manager, provided the majority of the day-to-day direction to the
contract analysts. The last twelve months of the project were under the direct control ot'he
RG&E Project Manager.
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SAIC sub-contracted EBASCO Services to perform a containment structural analysis; this
analysis provided input to the Level 2 analyses.

In 1993, RG&E brought in Gabor, Kenton and Associates (GKA) to provide Level 2 consulting
services. GKA personnel reviewed RG&E's work on the MAAP model and provided guidance
and manpower to complete the Level 2 analyses.

As a result of this project, RG&E has developed both the tools and the internal organization
needed to support the PRA-related needs of Ginna operations, maintenance and licensing.

5.2 RG&E Review

Under the Ginna PRA quality assurance program, all analyses and documentation were performed
and reviewed under a quality assurance program designed to meet the requirements of 10 CFR
Appendix B. RG&E personnel involved with the project provided review and comments on all
work products under this program. In addition, RG&E personnel not directly involved with the
project were periodically tasked to review work products that fell into their areas of expertise (for
example, RG&E accident analysis experts reviewed the accident sequence analyses. etc.). All
systems work packages were reviewed by Ginna licensed operators.

5.3 Areas of Review

All comments generated within the Ginna PRA Project have been documented per the
requirements of the project quality assurance program, This documentation is stored per the
requirements of 10 CFR 50 Appendix B.

In early 1993, RG&E Ginna PRA Project personnel instituted a complete review of previously
generated systems models. This review resulted in major changes in most of the system models:
most of these changes involved AC and DC electric power interfaces.

Also in 1993, RG&E had recognized industry experts from Gabor, Kenton and Associates (GKA)
review completed Level 2 analyses. As a result of the reviews, extensive revisions to the
analyses were completeld by RG&E and GKA personnel.

5.4 Resolution of Review Comments

Resolution of all comment» generated within the Ginna PRA Project have been documented per
the requirements of the project quality assurance program. This documentation is stored per the
requirement's of 10 CFR 50 Appendix B.
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6.0 Unique Safety Features and Plant Improvements

6.1 Unique Safety Features

One of the unique Ginna safety features that contributes to a relatively low risk for a plant built
in the late 1960s is the Standby AuxiliaryFeedwater System. The existence of this system means
that there are four complete trains of motor driven auxiliary feedwater available in addition to
the turbine driven train. Probability of a complete loss of secondary heat removal is, therefore,
very remote. This probability is further lowered by the diversity of water sources available to
the AFW and SAFW Systems, including condensate, service water (i.e., Lake Ontario), fire
service water, and domestic water.

Internal plant flooding did not prove to be a significant contributor to the total calculated core
damage frequency; at first inspection, this seems somewhat odd, due to the fact that the Refueling
Water Storage Tank (TSI01) is located inside the Auxiliary Building. Offsetting this potential
vulnerability, however, is the relatively open nature of the Ginna Auxiliary Building design.
Pumps, switchgear, panels and other vital pieces of equipment are not located in separate rooms
or cubicles where water could pool. In addition, considerable effort was spent during the
Systematic Evaluation Program (SEP) to identify equipment that could be vulnerable to spray and
/ or dripping effects during potential pipe breaks and cracks. This equipment was given attention
(i.e., spray shields, etc. were installed) as a result of the SEP analyses, and was found not to be
vulnerable during the Ginna PRA analyses.

6.2 Plant Improvements

Two areas have been identified through evaluation of the importance of human failure events in
Section 3.4 that will be further acted on:

Failure to cooldown and depressurize following a steam generator tube rupture event was
identified as the key operator action in the Ginna PRA. The Ginna Operations and
Training Departments will review the appropriate SGTR procedures: if potential
improvements are identifie, these improvements will be forwarded to the Westinghouse
Owners Group Operations Subcommittee for possible additions / modifications to the
Westinghouse emergency response guidelines; and,

Failure to manually isolate containment isolation air operated valve 371 or valve 204A
following a failure of 371 to automatically close was significant to both the Level 1 and
Level 2 results. This situation will also be reviewed by the Ginna Operations and
Training Departments for emphasis during licensed operator training classes.
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Several plant improvements that were identified during the course of the Ginna PRA have already
been either carried out or are planned for implementation during the 1994 refueling outage:

When the Ginna PRA was started in 1989, the safety injection pumps were required to
be aligned to the boric acid storage tanks while in standby. The USNRC has approved
a Technical Specifications change that will change the safety injection pumps initial
alignment to the refueling water storage tank at all times. This change has been reflected
in the as-quantified Ginna PRA models; it resulted in a substantial reduction in calculated
core damage frequency;

Preliminary results of the Ginna PRA indicated that long-term cooling of the turbine
driven auxiliary feedwater pump (PAF03) under station blackout conditions was critical.
Based on this finding, procedures have been modified to provide for alternate cooling of
PAF03 via the Fire Service Water System through a temporary hose connection. The
procedural modification and the hose and its associated fittings are already in place, and
have been reflected in the as-quantified Ginna PRA models.

The RG&E Electrical Engineering group identified a potential AC power dependency in
the 480 VAC Vital Buses Undervoltage auxiliary relays during the course of the Ginna
PRA. This dependency is included in the as-quantified Ginna PRA models; it does not,
however, contribute significantly to the total calculated core damage frequency. This
potential dependency willbe corrected through a modification planned for implementation
during the 1994 refueling outage.
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7.0 Results, Conclusions and Summary

7.1 Level 1 Results

The total calculated core damage frequency from internal initiating events was 8.23E-05 / year.
The dominant contributors to this frequency were a tube rupture in steam generator B (EMS01B)
at about 23.5% of the total core damage frequency; loss of instrument air at about 27% of the
total core damage frequency; small-small break LOCAs at about 12.1% of the total core damage
frequency; and, a tube rupture in steam generator A (EMS01A) at about 10.4% of the total core
damage frequency. Other initiating events contributing to the total calculated core damage
frequency were interfacing systems LOCAs (9.6%); medium break LOCAs (7.2%); small break
LOCAs (6.2%); and, large break LOCAs (3.9%).

Table 7-1 contains a complete listing of Level 1 results. Figure 7-1 shows a breakdown of
calculated core damage frequency by sequence; Figure 7-2 shows a breakdown of calculated core
damage frequency by initiating event.

7.2 Level 1 Conclusions

As can be seen from the Level 1 results, steam generator tube rupture events dominate the
calculated core damage frequency at Ginna. This is a conservative observation; several factors
should be considered in judging whether this result represents a true, Ginna-specific vulnerability.

The SGTR initiating event frequency is a conservative number, based on industry-wide
experience. It should be noted that the SGTR event at Ginna in 1982 was traced to foreign
object-induced damage, and not to chemistry or other operational problems. A metal impact
monitoring system was also installed, and has been in use since that time. It should also be
noted that RG&E is currently engineering the replacement of the Ginna steam generators. These
new steam generators will be constructed of superior materials, and will benetit from the
accumulated industry experience. Thus, one could reasonably expect that the SGTR initiating
event frequency for Ginna should be reduced after the installation o the new steam generators.

Other dominant contributors to the total calculated core damage frequency for internal initiating
events include:

~ Operator response to steam generator tube ruptures;

~ PORV and / or sat'ety valve LOCAs;

~ Failures of the recirculation function;

~ Isolation of the ruptured steam generator during a SGTR event;
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Failures of Safety (high pressure) Injection;. and,

Restoration of off-site power.

Several interesting inter-system dependencies were discovered during the course of the Ginna
PRA project. While these dependencies are not dominant contributors to calculated risk, they
should be noted:

Reliance of major safety functions on the B Station Battery (BTRYB) — Several
important safety functions require 125 VDC power from the B Station Battery. These
functions include automatic opening of Reactor Coolant System (RCS) PORVs 430 and
431C, and operation of Turbine Driven AFW Pump DC Lube Oil Pump PLO11. Because
of these dependencies, loss of BTRYB is more risk significant than loss of BTRYA.

Single-point failure of switch to off-site power —Normally, power generated on-site is
used for loads such as Reactor Coolant Pumps PRC01A and PRC01B; Main Feedwater
Pumps PFW01A and PFW01B; Circulating Water Pumps PCW01A and PCW01B;
Instrument AirCompressors CIA02A, CIA02B and CIA02C and Service AirCompressor
CSA02; and other large, 4160 VAC loads and 480 VAC non-vital loads. Following a
turbine trip, Turbine Lube Oil Pressure Switches 63-3/AST, 63-4/AST and 63-5/AST
energize Turbine Trip Auxiliary Relays 63/X3, 63/X4 and 63/X5 (powered from Main
Control Board 125 VDC Distribution Panel A [DCPDPCB04A]). These relays, in
conjunction with Station 13A 115 kVAC Circuit Breakers Auxiliary Relay 52Z, energize
Turbine Auto Stop Timer Relay 62AST, which willenergize Generator Primary Lockout
Relay 86P/1G. Either 86P/IG or Ge'nerator Backup Lockout Relay 86BU/1G (powered
from Main Control Board 125 VDC Distribution Panel A [DCPDPCB04A]) must energize
and signal Generator Auxiliary Lockout Relay 86X/1G (powered from Main Control
Board 125 VDC Distribution Panel B [ DCPDPCB04B]) to energize in order for the
circuit breakers feeding 4160 VAC buses 11A and 11B to automatically switch over to
being fed from Auxiliary Transformers 12A (PXYD012A) and 12B (PXYD012B),
respectively. Thus, failure of 125 VDC from either DCPDPCB04A or DCPDPCB04B
following a turbine trip would result in failure to automatically switch to the off-site
sources.
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7.3 Internal Plant Flooding Analysis Results and Conclusions

The total calculated core damage frequency for internal plant flooding sequences is 5.05E-06 per
year of operation. This conservative estimate is dominated by feedwater line break initiating
events on the turbine building mezzanine level (4.01E-06 / year, about 79% of the total). In
these sequences, the bulk of the serious damage comes from the high energy line break's initial
destructive force; the effects of high energy line breaks (destruction of block walls between the
Turbine Building and the Intermediate Building, etc.) are conservatively included in the internal
initiating events models. Additional failures assumed to be caused from the flooding nature of
these sequences include a loss of the 4160 VAC / 480 VAC electrical buses that are located at
the east end of the floor. In reality, loss of this equipment during a feedwater line break would
not be a certainty; the buses and the main feedwater lines are located at opposite ends of the
building, with the main condenser and much other heavy equipment located in between.

7.4 Level 2 Results

Table 7-2 shows the absolute frequency assigned to each source term category (STC) from each
plant damage state (PDS) resulting from the containment event tree (CET) analysis. Table 7-3
shows the percentage of the total frequency of each source term category resulting from each
plant damages state.

The following discussion summarizes the PDS contribution to each STC containing more than
1% of the total core damage frequency.

Source Term Cate o 1 (34.9% of Total CDF)

This STC contains sequences with reactor vessel lower head failure but where the containment
integrity remains intact. Sequences in PDSs 12, 17 and 15 are the dominant contributors to this
STC (contributing 61%, 21% and 16% of the frequency of this STC, respectively). PDSs 12. 17
and 15 are the dominant non-bypass PDSs. These PDSs contain LOCA sequences with
containment heat removal (containment fan coolers) available throughout the accident.

Source Term Cateeories 18 and 20 (17.1% and 15.6% of Total CDF)

These STCs contains sequences with containment bypass due to steam generator tube ruptures.
These STCs are dominated by core damage sequences initiated by a tube rupture (as opposed to
the tube rupture being induced following core damage for other sequence initiators). PDS 22
contributes approximately I()0% of the frequency of STC 18 and PDS 24 contributes 99.7%

ot'he

frequency of STC 20.
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Source Term Cate o 12 (14.2% of Total CDF)

This STC contains sequences with reactor vessel lower head failure and with late containment
failure as a result of basemat meltthrough (above ground containment failure due to
overpressurization and other mechanisms has been avoided for sequences in this STC). Sequences
in PDSs 12 and 15 are the dominant contributors to this STC (contributing 59% and 28% of the
frequency of this STC, respectively). PDSs 12 and 15 are dominant non-bypass PDSs which
contain LOCA sequences with containment heat removal (containment fan coolers) available
throughout the accident.

Source Term Cate o 16 (9.7% of Total CDF)

This STC contains sequences with containment bypass due to an interfacing systems LOCA. All
sequences in this STC are from PDS 20.

Source Term Cate o 15 (5.1% of Total CDF)

This STC contains sequences with successful in-vessel cooling of the core debris and no reactor
vessel lower head failure nor loss of containment integrity. Sequences in PDSs 11, 9 and 2 are
the dominant contributors to this STC (contributing 77%, 18% and 5% of the frequency of this
STC, respectively). PDS 1 1 contains large and intermediate break LOCA sequences where in-
vessel injection (either high or low pressure safety injection system) is provided throughout the
accident (both injection and recirculation modes of injection are available). PDS 9 contains non-
station blackout transient sequences where the in-vessel injection systems are available but the
reactor vessel pressure at the inception of core damage is elevated above the shutoff head of the
available system(s). Following core damage initiation an induced hot leg rupture of the hot leg
or surge line results in reactor vessel depressurization and the initiation of in-vessel injection.
PDS 2 contains station blackout sequences with power recovery after core damage initiation but
prior to reactor vessel failure. For sequences in this PDS the in-vessel injection systems are also
recovered following AC power recovery.

Source Term Cateeo 13 (3.0% of Total CDF)

This STC contains all sequences with failure to isolate containment. All sequences in this STC
are from PDS 1.

7.5 Level 2 Conclusions

The Level 2 analysis clearly shows that the dominant contributors to the calculated release
frequency are the containment bypass sequences. Steam generator tube ruptures and interfacing
systems LOCAs (ISLOCAs) account for approximately 42% of the total core damage frequency.
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The second most important set of core damage sequences impacting the Level 2 results are
basemat meltthrough sequences. Specific design details of the Ginna containment reactor cavity
appear to play a major role in the assessment of ex-vessel debris cooling, extent or core concrete
attack and basemat meltthrough failure. On the positive side is the location of the cavity below
the elevation ofthe main containment floor. This design arrangement ensures that ifthe refueling
water storage tank inventory is injected into containment, the cavity willbe flooded.

The presence of the sump in the reactor cavity seems to have a negative impact on ex-vessel
debris coolability and basemat meltthrough failure. The five foot deep sump is a preferential
location for debris to accumulate. Ifdebris is preferentially transported into this sump, coolability
willbe adversely impacted. Furthermore, the thickness of the basemat concrete under the cavity
sump is only 1.5 feet, compared to four feet elsewhere. Sensitivity studies indicate that ex-vessel
debris cooling and basemat meltthrough are highly sensitive to assumptions which impact the
amount of debris transported into the sump.

Also important are loss of containment isolation sequences. These sequences would result in
early radionuclide releases. This class of sequences represents about 3% of the total core damage

frequency.

The Level 2 analysis indicates that the structural integrity of the Ginna containment is very
unlikely to be significantly challenged by the physical processes and loading mechanisms that
occur at or before containment failure. The conditional probability of early containment failure
due to in-vessel steam explosions, direct containment heating, hydrogen combustion and related
phenomena is calculated to be approximately 0.05%.

As a result of the high reliability of containment heat removal systems (principally the
containment recirculating fan coolers) the threat of long-term containment overpressure failure
is negligible. The Ginna systems analysis for core damage and containment systems indicates
that, for all significant core damage sequences with AC power available or recovered,
containment heat removal would also be available. Hence, long-term overpressurization of
containment resulting from steam production is negligible.

7.6 Summary of the R.E. Ginna PRA Project

The logic models and databases constructed for the R,E. Ginna PRA project are already being
put to use by RG&E personnel to support such diverse areas and programs as outage planning
and risk assessment; training; response to USNRC Generic Letter 89-10 (motor operated valve
testing); implementation of the USNRC's maintenance rule; and, the future industry initiative on
severe accident management.

Perhaps more important than any of the tools constructed during the Ginna PRA is the additional,
unique insights that RG&E personnel have gained into the operation of the Ginna plant. The
Ginna PRA project has already impacted drawing upgrade programs, procedures, and other areas
not specifically involved in the construction and maintenance of the PRA models through the
walkdowns and general insights into systems operations and dependencies.
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Sequence

Table 7-1

Final Results of the R. E. Ginna PRA Project Level 1 Analyses

Number of Number of
Quantified Quantified Recovered Recovered % of
Cut Sets Frequency Cut Sets Frequency Total CDF

T/Q2/XL
R/D
R/l1/P3TR1
SSNH
ISLOCA LI000111
M/XL
S/XH
T/Q2/UH2
Flood: TBM/TBB/FW/T/81/L1/XL
A/XL
A/UL
ISLOCA LI000140
Flood: TBM/TBB/FW/T/Q2/XL
T/81/L1/P1
M/UH2
S/UH2
T/81/L1/UH1
R/l1/SC
Flood: TBM/G/T/Q2NL
T/81/L1/XL
ISLOCA LI000101
ISLOCA LI000113
SS/UH2/UL

'/81/D
IE/KM/PL/MF/LT
Flood: ABO/G/T/Q1/XH
Flood: ABO/SWA/T/Q1/XH
Flood: ABO/CCW/T/Q1/XH
Flood: BR1A/G/T/81/L1/P1
Flood: BR18/G/T/81/L1/P1
Flood: ABB/CCW/T/Q1/UH2/P3SS
Flood: IBS/CCW/T/81/L1/XL
SS/UH2/UA
IE/KM/LT
T/Q1/81/L1/XL
SS/81NH
SS/UH2/P3SS
SS/UH2/XL
R/13S/SC
R/UH2/SC
R/UH2/P3TR2
R/l1/81/SC
R/11/81/P3TR1

220 3.14E-04
127 3.40E-03
129 6.30E-04

44 8.23E-05

17 6.76E-05
25 4.11E-05,
12 3.37E-06

9 2.91E-05
4 1.44E-06

25 3.02E-06
4 9.22E-07
4 8.53E-07

169 4.69E-05
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Table 7.3
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Figure 7-1

Total Calculated Core Damage Frequency for Internal Initiating Events by Sequence

Tube Ruptures 32 8%

PORV / SV LOCAs 26.3%

Transients 3.0%

Large LOCAs 3.8%

Small LOCAs 6.0%

Small-Small LOCAs 11.7%
Medium LOCAs 7.0%

ISLOCAs 9.4%

Rochester Gas & Electric Corporation

7-9

R. E. Ginna PRA Project
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Figure 7-2
Total Calculated Core Damage Frequency for Internal Initiating Events by Initiating Event

Lo'ss of inst. Air 27.0%
Tube Rupture in SG 8 23.5%

Large LOCA 3.9%

Small-Small LOCA 12.1%
Small LOCA 6.2%

Tube Rupture in SG A 10.4%
Medium LOCA 7.2%

I SLOCA 9.6%

Rochester Gas & Electric Corporation R. E. Ginna PRA Project
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