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ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) approved the risk-informed and
performance-based alternative regulation 10 CFR 50.48(c) in July 2004, which allows licensees
the option of using fire protection requirements contained in the National Fire Protection
Association (NFPA) Standard 805, “Performance Based Standard for Fire Protection for Light-
Water Reactor Electric Generating Plants, 2001 Edition,” with certain exceptions. To support
licensees’s use of that option, NRC and the Electric Power Research Institute (EPRI) jointly
issued NUREG/CR-6850 (EPRI 1011989) “Fire PRA Methodology for Nuclear Power
Facilities” in September 2005. That report documents the state-of-the art methods, tools, and
data for conducting a fire probabilistic risk assessment (PRA) in a commercial nuclear power
plant (NPP) application. The report is intended to serve the needs of a fire risk analysis team by
providing a general framework for conduct of the overall analysis as well as specific
recommended practices to address each key aspect of the analysis. Participants from the U.S.
nuclear power industry supported demonstration analyses and provided peer review of the
program. Methodological issues raised in past fire risk analyses, including the Individual Plant
Examination of External Events fire analyses, are addressed to the extent allowed by the current
state-of-the-art and the overall project scope. Although the primary objective of the report is to
consolidate existing state-of-the-art methods, in many areas, the newly documented methods
represent a significant advance over previous methods.

NUREG/CR-6850 does not constitute regulatory requirements, and NRC participation in
this study neither constitutes nor implies regulatory approval of applications based on the
analysis contained in this document. The analyses/methods documented in this report represent
the combined efforts of individuals from RES and EPRI. Both organizations provided specialists
in the use of fire PRA to support this work. The results from this combined effort do not
constitute either a regulatory position or regulatory guidance.

In addition, NUREG/CR-6850 can be used for risk-informed, performance-based
approaches and insights to support fire protection regulatory decision-making in general.

On 14-16 June 2005, NRC’s Office of Nuclear Regulatory Research (RES) and EPRI
conducted a joint public workshop for about 80 attendees at the EPRI NDE Center in Charlotte,
NC. A second workshop was held the following year, on 24-26 May 2006, in NRC’s Two White
Flint North Auditorium in Rockville, MD. About 130 people attended the second workshop.
Based on the positive public response to these two workshops, a more detailed training class was
developed by the authors of NUREG/CR-6850. Two detailed training workshops were
conducted in 2007: on 23-27 July, and again on 27-30 August, both at EPRI in Palo Alto, CA.
About 100 people attended each of these workshops. In 2008, two more workshops were held
from 29 September through 2 October, and again from 17-20 November, in Bethesda, MD near
NRC Headquarters. The two workshops attracted about 170 participants including domestic
representatives from NRC Headquarters and all four regional offices, U.S. Department of
Energy, National Aeronautics and Space Administration, EPRI, NPP licensees/utilities, Nuclear
Steam Supply System vendors, consulting engineering firms, and universities. Also in
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attendance were international representatives from Belgium, Canada, France, Japan, South
Korea, Spain, and Sweden.

The material in this NUREG/CP was recorded at the workshops in 2008, and adapted by
RES Fire Research Branch members for use as an alternative training method for those who were
unable to physically attend the training sessions. This report can also serve as a refresher for
those who attended one or more training sessions and would be useful preparatory material for
those planning to attend a session. '

NRC Disclaimer: This document’s text and video content are intended solely for use as training
tools. No portions of their content are intended to represent NRC conclusions or Regulatory
Positions, and they should not be interpreted as such.
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1 INTRODUCTION - ELECTRICAL ANALYSIS OVERVIEW

The components that constitute the fire probabilistic risk assessment (PRA) model each have
cables associated with them. These cables must be identified, traced, and analyzed. An
electrical analysis is performed to determine the positions that a component could take given
fire-induced cable failures. Because positions of components are critical to fire PRA to credit a
train to mitigate core damage, the electrical analysis is critical to the PRA evaluation. These
elements of the fire PRA are the topic of the Electrical Analysis module.

The first task of the Electrical Analysis module is to identify all cables associated with the
components selected in fire PRA task 2. A PRA analyst can always assume the worst-case
failure mode but must also consider the Appendix R failure mode for those components
addressed by Appendix R. The worst-case failure mode may be dependent on the risk sequence
entered, and care must be taken to ensure that the component failure modes are treated
accordingly. Should a more realistic analysis be beneficial to the PRA sequence in question,
then more detailed failure analysis can be done.

The Electrical Analysis module is divided into five sessions. Session 1 presents an overview of
. circuits relevant to nuclear power plants (NPPs) and a discussion of the importance of the
electrical analysis within a fire PRA. Relevant technical specifications and requirements are
discussed as well as an overall strategy for implementation of the electrical analysis within the
fire PRA. Session 2 covers task 3 that addresses cable selection. This provides a method for
choosing electrical cables and a guide for using the location of cables determined in plant
walkdowns to generate reasonable outcomes of postulated fire scenarios. This deterministic
process produces a list of basic events or electrical components and their associated functions
and failure modes within a fire scenario.

Sessions 3 and 4 concern the failure modes of the electrical components as developed in Task 3.
The first part of the failure mode analysis is a deterministic screening process to identify those
cables with no critical effect on system elements. Only those cables that directly affect the
ability of the system elements selected for PRA are further considered in the fourth session,
which quantitatively establishes the likelihood of certain failure modes, including spurious
actuations.

Session 5 of the Electrical Analysis module is actually not unique to the electrical segment of
this course. The generation of a fire PRA database is a complex task that involves the
compilation of all of the data and results collected in a fire PRA. Distinct from the rest of the
electrical tasks, this is actually a database management task that occurs as a supporting function
throughout the process of the assessment. Although elements from all three training modules are
included, the fire PRA database tool is not repeated in either the Fire Analysis or the Systems
"Analysis modules, and so trainees in those modules may benefit from this section of the
Electrical Analysis module.

1.1 EPRI Perspective

“Methods for Applying Risk Analysis to Fire Scenarios (MARIAFIRES)” is a collection of the
materials that are presented at the Fire PRA course provided by EPRI and the U.S. Nuclear
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Regulatory Commission’s (NRC’s) Office of Nuclear Regulatory Research (RES). The training
and resulting presentation material is detailed and represents in excess of 60 hours of classroom
instruction. The training focuses on the Fire PRA methods documented in the joint Electric
Power Research Institute (EPRI)/RES publication 1011989 and NUREG/CR-6850 along with
clarifications, enhancements, and additions provided via the Frequently Asked Question (FAQ)
process for NFPA 805.

The intent of the publication is to provide to the public the training material used at the Fire PRA
training. This material is not intended to be a substitute for direct interaction that is provided in
the periodically offered fire PRA courses; rather, it is meant to augment that training and serve as
a reference. Enthusiastic future students can use the material to become familiar with the general
principles of fire PRA prior to arrival at the course. Students who have already taken the course
can use the material for reference. The material consists of a series of reports that document the
presentations including some speakers’ notes and text. In addition, an edited version of a
recorded training session is also available via a separate product number. This video version can
be used in a similar manner to the documentation (e.g., for reference or in preparation for the
course) and includes the actual recorded and edited course.

In providing this material, it is hoped that those who plan to attend the course can arrive more
informed, those who have already attended can have a reference, and those who have been
unable to attend have a resource to gain a more complete understanding of the intent and goals of
EPRI 1011989 and NUREG/CR-6850.



2 ELECTRICAL ANALYSIS SLIDES

‘SESSION 1: Fire PRA Circuit Analysis Overview
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Module 2: Fire PRA Circuit Analysis
Overview

D. Funk - Edan Engineering Corp.
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Slide 2

CIRCUIT ANALYSIS

Presentation Road Map

« Circuit Analysis “Big Picture” 6verview

» Circuit Analysis Strategy & Implementation

« Introduction to Key Considerations & Factors
* Review and Discussion of Tasks

» Relationship to Appendix R & NFPA 805

* Discussion of Relevant FAQs

» Examples
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CIRCUIT ANALYSIS
Circuit Analysis Tasks

» Task 3 — Fire PRA Cable Selection
» Task 9 — Detailed Circuit Analysis
« Task 10 — Circuit Failure Mode Likelihood Analysis

» Support Task B — Fire PRA Database
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CIRCUIT ANALYSIS
Circuit Analysis Overview

» Substantial Technical and Process-Related Advances

— Implication of these Advances: Circuit analysis is more complex and
difficult than analyses performed under Appendix R

+ Collective Awareness of Circuit Failure Implications Greatly Improved

+ Knowledge Base Improvements
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Slide 5 Notes:

CIRCUIT ANALYSIS

"1 Circuit Analysis Overview

« Circuit Analysis is Now an Integral and Formal Part of the
Fire PRA Process i

— Rigorous and formal process for correlating cables-to-equipment-

to-affected locations
- Definitive data and criteria has replaced estimations and judgment

- Essential that Fire PRA and NFPA-805 data be fully integrated

Note: The subtieties of aligning Fire PRA and traditional Appendix
R/NFPA-805 data is more complex than originally anticipated. This
primarily shows up in Component Selection (Task 2), but has major

ramifications to the circuit analysis
— Further Refinements to “State-of-the-Art” Techniques Realistic

- Practical aspects of dealing with an integrated data set

— Practical approach for dealing with MSOs
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Notes:

| CIRCUIT ANALYSIS
Overall Strategy & Implementation
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* Each Electrical Analysis Task Represents a Refined Level of
Detail, i.e., Graded Approach
» Level-of-Effort for the Electrical Work is a Key Driver for
Project Scope, Schedule, and Resources
— High Programmatic Risk if Not Carefully Controlled

~ Analysis and Routing of all Cables can be a Large Resource Sink with
Minimal Overall Benefit

— Concerns Validated by Numerous Projects

» Detailed Analysis Driven by Quantitative Screening Results
— Intelligence-Based Circuit Analysis
- lterative Process
— Important to screen out obvious “Not Required” cables during the
initial cable selection process, with refinement driven by quantitative
screening

Joint Fire PRA Course, Sept. & Nov. 2008 A Colisboration of U.S. NRC Office of Nuciesr Reguiatary
Module 2: Fire PRA Circult Analysis Overview Research (RES) & Etectric Powsr Research Institute (EPRI}

Slide 9

Notes:

CIRCUIT ANALYSIS
Overall Strategy & Implementation, cont...

"« Recommended Methods are Consistent with Industry Best Practices
« Use Risk Perspectives to Streamline and Focus Analysis

« Remains a Technically and Logistically Challenging Area

« Limitations to the State-of-the-Art:
— Number of Multiple Hot Shorts/Spurious Actuations
— Spurious Actuation Probabilities
— Timing Considerations (being addressed by FAQ process)
« Existing Appendix R Circuit Analysis is NOT as Useful as Originally
Envisioned

Joint Fire PRA Course, Sept. & Nov. 2008 Slide 9 A Cottaboration of U S. NRC Office of Nuclear Ragulatory
Module 2: Fire PRA Circuit Analysls Overview Research (RES) & Electric Power Research institufe (EPRI)

2-7




Slide 10

Notes:

CIRCUIT ANALYSIS
Overall Strategy — Related FAQ

« FAQ 08-0051 Hot Short Duration (Status: Open)

— lIssue:

+ The guidance does not provide a method for estimating the duration
of a hot short once formed

« This could be a significant factor for certain types of plant equipment
that will return to a “fail safe” position if the hot short is removed

— General approach to resolution:

» Analyze the existing cable failure modes and effects test data to
determine if an adequate basis exists to establish hot short duration
distributions .o

— Status:

« Initial data analysis has been completed and resuits are under team
review

* NRC staff and industry review pending

Joint Fire PRA Course, Sept. & Nov. 2008 Siide 10 A Coltaboration of U.5. NRC Office of Nuclear Rogutatory
Module 2: Fire PRA Circuit Analysis Overview Research (RES) & Blectric Power Ressarch institute (EPRY

Slide 11

CIRCUIT ANALYSIS
Overall Strategy & Implementation, cont...

« Circuit Analysis (including cable tracing) Can Consume
40%-70% of Overall Budget

« Circuit Analysis Scope MUST be a Primary Consideration
During Project Scoping

+ Qualified and Experienced Electrical Analysts Must be
Integral Member of PRA Team

» Coordination and Integration with Appendix R Must Occur
Early and Must be Rigorous

» Coordination with Task 2 (Component Section) is
Essential - MUST Understand the EXACT Functionality
Credited for Each Component

Joint Fire PRA Courss, Sep!. & Nov. 2008 Stide 11 A Collaboration of U.S. NRC Office of Nuctear Reguiatory
Madule 2: Fire PRA Clrcuit Anatysis Overview Research (RES) & Efectric Power Research insttute (EPRI}
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| CIRCUIT ANALYSIS
Key Considerations

« Relationship with Appendix R/NFPA 805 Analysis
= Long-Term Strategy for Data Configuration Control — Especially if Shared
Data with Appendix R/NFPA-805
« Availability, Quality, and Format of Cable Data
« Usability of Appendix R Circuit Analysis Data
— Not as useful as originally envisioned
— Automated tools are essential

— Functional state analysis is critical — overly conservative cable selection will not work for
Fire PRA

— Many plants are finding that circuit analysis re-baseline is necessary to support
upgraded Fire PRA and NFPA-805 projects
» User-Friendliness of Electrical Drawings
« Availability of Electrical Engineering Support
— Circuit analysis is a developed expertise
— Do not expect to be a proficient analyst based on a simple introductory course

¢ Fi 1. & Nov. 2008 A Coltaboratian of LS. NRG Office of Nuclear Regulatory
Jl:o”;u:‘z:P m%‘méﬁ :n..a;.l. Overview Research (RES) & Electric Power Research Instiide (EPRY)

Notes:

Slide 13

Notes:

CIRCUIT ANALYSIS
Summary

» Do Not Underestimate Scope

* Ensure Proper Resources are Committed to Project
» Doable but MUST Work Smart

* Do Not “Broad Brush” Interface with Appendix R — Have a
Detailed Plan Before Starting

« Constant Interaction with Systems Analysts is Critical
» Develop Project Procedures — But Don’'t Get Carried Away
» Compilation and Management of Large Volume of Data

— Automated Tools Imperative for Efficient Process

— Be Mindful of Long-Term Configuration Management

Joint Fire PRA Course, Sep!, & Nov. 2008 [ Siide 13 A Coflabarstion of U.S. NRC Office of Nuclear Regulatory
Module 2: Fire PRA Circuit Analysia Overview Research (RES) & Electric Power Rasearch Institute (EPRI}
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SESSION 2: Task 3, Fire PRA Cable Selection
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S|ide 1 Notes:

EPIR| e

EPRI/NRC-RES FIRE PRA

H METHODOLOGY

Module 2: Task 3 - Fire PRA Cable

Selection

D. Funk - Edan Engineering Corp
F. Wyant - Sandia National Laboratories

Joint RES/EPR! Fire PRA Course
September and November 2008

Bethesda, MD

A Collaboration of U.S. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI}

Slide 2 Notes:

FIRE PRA CABLE SELECTION

Purpose & Scope

- Identify Circuits/Cables Associated with Fire PRA
Components

* Determine Routing/Location of the Identified Cables

» Use Component-to-Cable-to-Location Relationships to

Determine What Components Could be Affected for
Postulated Fire Scenarios

Note: Scenario can be Fire Area, Room, Raceway, or Other

Specific Location

« Identify Fire PRA Power Supplies

Joint Fire PRA Caurse, Sept, & Nov. 2008 [ Side 2 A Callaboration of U.S. NRC Offce of Nuclear Regulstory
Moduie 2: Task 3 - Fira PRA Cable Selection Research (RES) & Electric Power Research institute (EPRI)
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Notes:

FIRE PRA CABLE SELECTION

Introduction

» Conducted for all Fire PRA Components
Note: Exceptions do exist
* Deterministic Process
» Cables Associated to Components Based on Specified
Functionality

— Basic circuit analysis (Task 9) incorporated into Task 3 work to
prevent overwhelming the PRA mode! with inconsequential cable
failures

— Final product is a listing of defined Basic Events (component and
credited function) that could be impacted by a fire for a given
location (Fire Area, Fire Compartment, Fire Scenario)

» Procedure subdivided into six (6) distinct steps

Joint Fire PRA Course. Sepl. & Nav. 2008 Siide 3 A Coltaboration of U.S, NRC Office of Nuclear Reguistory
Module 2: Task 3« Fire PRA Cable Selection Ressearch (RES) & Heciric Power Research institute (EPRI)
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Slide 4

FIRE PRA CABLE SELECTION
Flowchart

Task 3 Interfaces Step 1: Compile and Evaluate

- Inputs from other tasks (1, 2 & support Prerequisite Information
task B) and Data

- Additional plant information needed for - Plant Partitioning Boundary Designations
cable selection

- Confirm Fire PRA Equipment List
- Cable and Raceway System (CRS)

(Section 3.5.1)

Step 2: Select Fire PRA Circuits/Cables]
- Develop strategy for cable selection
- Plant-specific rules for cable selection
- Select Fire PRA cables

v

Step 3: Identify and Select Fire PRA
Power Supplies
- Select Fire PRA power supplies
- Add power supplies to equipment list
(Section 3.5.3)

Step 4: Perform Associated Circuits
Review
- Confirm satisfactory electrical coordination for
Fire PRA power supplies
- Confirm satisfactory electrical overcurrent
protection for common enclosures
- Add Associated Circuits to Fire PRA cable list

Section 3.5.4

- Information from plant walkdowns
Sections 3.4.1,3.4.2,3.4.3

(Section 3.5.2)

Joint Fire PRA Course, Sept. & Nov. 2008
Module 2: Task 3 - Fire PRA Cable Selection

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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FIRE PRA CABLE SELECTION
Flowchart

v

Step 5: Determine Cable Routing and
Plant Locations
- Determine cable routing and end points
- Determine raceway and end point locations
- Determine raceway fire protection features

(Section 3.5.5)

Step 6: Fire PRA Cable List and Target
Equipment Location Reports
- Assemble Fire PRA cable list
- Generate target equipment location reports

(Section 3.5.6)

Uncertainty
- Plant partitioning and cable location
- Plant-specific cable selection guidelines
- Cable selection process
- Cable location and routing accuracy
- Electrical coordination and protection

Task 3 Outputs

- Fire PRA Database

- Component work packages
(Input to Task 9)

(Section 3.4.4)

Joint Fire PRA Course, Sept. & Nov. 2008 {Sllde 5 | A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Task 3 - Fire PRA Cable Selecti L Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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Notes:

H FIRE PRA CABLE SELECTION

Task Interfaces - Input

+ Plant Boundary Partitions (Task 1)

« Fire PRA Component List (Task 2)

* Fire PRA Database (Support Task B)
. Appendix R Circuit Analysis

» Plant Cable & Raceway Database

* Plant Drawings

Joint Fire PRA Course, Sept. & Nov. 2008 A Coltaboration of U.S. NRC Office of Nuciear Requisicry
Module 2: Task 3 - Fire PRA Cable Sefection Rossarch (RES) & Etectric Power Rasearch institute (EPR)

Slide 7

Notes:

FIRE PRA CABLE SELECTION
| Task Interfaces - Output
Y ™

* Fire PRA Cable List

« Fire PRA Power Supply List
* Associated Circuits review
» Component Analysis Packages

*» Target Equipment Loss Reports (Potential Equipment
Functional Losses Broken Down by Location or Scenario)

Joint Fire PRA Course, Sept. & Nov. 2008 A Consboration of U.S. NRC Office of Nuciear Reguiatory
Moduls 2: Task 3 - Fire PRA Cabla Selection Research (RES) & Efectric Power Research insitite (EPR])
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Notes:

FIRE PRA CABLE SELECTION
Step 1 — Prerequisite Information
.
» Confirm Plant Partitioning is Compatible

— Do partitions align with cable location data?

— What data is available and what is missing?
« Confirm PRA Equipment List is Final

— Inputinto a formal and controlled database

— For NFPA-805 transition projects a joint “consistency” review of NSP task
and PRA component selection task is highly recommended .

~ Critical that electrical analysts understand what the Basic Events really
mean - . :

« Evaluate Database Requirements
— What currently exists?
— What is neéded to support work?
— How is data to be managed and controlled?
— This is a “Biggy”

Joint Fire PRA Course, Sept, & Nov. 2008 “Stide 8 A Colaboraon of .S, NRC Ofice o Nucear Reguitey
Module 2: Task 3 - Fire PRA Cable Selection esoarch (RES) & Electric Power Research instituts (EPR()

Slide 9

FIRE PRA CABLE SELECTION
Step 2 — Select Fire PRA Cables
L s
* Analysis Cases
— Appendix R Component with Same Functional Requirements
* Must consider which (if any) automatic features are included in the
existing analysis :
« Aligning existing analyses to Fire PRA Basic Events is not
straightforward
— Appendix R Component with Different Functional Requirements
— Non-Appendix R Component with Cable Location Data
— Non-Appendix R Component without Cable Location Data

* Analysis Sub-Steps
~ Step 2.1 - Analysis Strategy
— Step 2.2 - Plant Specific Rules
— Step 2.3 - Select Cables

Joint Fire PRA Course, Sept. & Nov. 2008 Stide § A Caliaboration of .8, NRC Office of Nucleer Reguiatory
Modulo 2: Task 3 - Fire PRA Cable Selection Ressarch (RES) & Eloctric Power Research institite (EPR/)

Notes:
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Notes:

FIRE PRA CABLE SELECTION
Step 2.1 — Analysis Strategy
« Coordinate with Systems Analysts to Establish Functional
Requirements and General Rules
— Equipment functional states, basic events, initiators

- Initial conditions and equipment lines (i.e., normal state)
— Consistent conventions for equipment functions/state/position
- Equipment-level dependencies and primary components
— Multiple function components
— Super components
« Evaluate Appendix R Component & Circuit Data
— Ensure equipment list compan‘éon conducted during Task 2
— Review in detail the comparison list — ask questions!!

— Essential that comparison includes detailed review/comparison of
“desired functional state(s)"

Joint Fire PRA Course, Sept. & Nov. 2008 . A Caltaboration of U.S. NRC Office of Nuciear Regutatory
Module 2: Task 3 - Fire PRA Cabls Sefectlon Side 10 Resgarch (RES) & Electric Powsr Research institute (EPR))

Slide 11

FIRE PRA CABLE SELECTION
Step 2.1 — Analysis Strategy (continued)

« Goal — Efficient and Accurate Process to Obtain Required
Information

* Revisit Past Assumptions, Conventions, Approach

* Potential Trouble Areas -
— How is off-site power going to be handled?
- Instrument circuits — understand exactly what is credited
— ESAFA, Load-Shed, EDG Sequencer, other automatic functions
— Medium-voltage switchgear control power

* Extent of Detailed Analysis to be Conducted Concurrently
» Determine How Analysis Will be Documented

Joint Fire PRA Course, Sept. & Nov. 2008 Siide 11 A Coliabaration of U1S. NRC Office of Nuclear Reguiatory
Module 2: Task 3 - Fire PRA Cable Selection Ressarch (RES) & Electric Power Rasaarch Instituts (EPRI)
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Notes:

FIRE PRA CABLE SELECTION
Step 2.2 - Plant Specific Cable Selection Rules

L
» Objective is Consistency

* Approach for Groups of Components

* Approach for Spurious Actuation Equipment

* Auxiliary Contacts - Critical Area for Completeness

» System-Wide Actuation Signals

* Bus or Breaker?

. Subcorriponents & Primary Components

« Identification of Permanent Damage Scenarios

* Procedure - Develop Circuit Analysis Procedure/GuideIines

Joint Fire PRA Gourse, Sept, & Nav. 2008 A Colizboration of U.S. NRC Office of Nucloar Regulalory
Modufe 2: Task 3 - Fire PRA Cable Selection Rosearch (RES) & Electric Powor Research institute (EPR))

Slide 13

FIRE PRA CABLE SELECTION
Step 2.2 — Ready to Start?
L il
* Develop Written Project Procedure/Guidelines
— Consistency, Consistency, Consistency
— Checking Process?
— Data Entry
- Problem Resolution

* Training for Analysts
— Prior circuit analysis experience is a prerequisite for key team .
members
— Familiarity with plant drawings and circuits is highly beneficial

— A junior engineer with no prior circuit analysis experience will not
be able to work independently

Jaint Fire PRA Course, Sept. & Nov. 2008 Siide 13 A Cotlaboration of U.S. NRG Office of Nuclesr Reguiatory
Module 2; Task 3 - Fire PRA Cable Sefection Resoarch (RES) & Electric Power Research institute (EPRY)

Notes:




Slide 14

Notes:

FIRE PRA CABLE SELECTION
Step 2.3 — Select Cables

« Case 1: Incorporate Existing Appendix R Analysis
- Confirm adequacy of existing analyses IAW plan
— Careful consideration of automatic functions
~ Exact alignment for credited functionality

« Cases 2 & 3: New Functional State/Component: w/ Cable
Routing Data
- Collect drawings and/or past analysis information
Identify/select cables 1AW plant specific procedure/guidelines
Conduct detailed analysis to the extent decided upon

Formally document cable selection IAW established
procedures/guidelines

Joint Fire PRA Course, Sept. & Nov. 2008 A Colisboration of .. NRC Offics of Nuclew Reguiatory
Module 2: Task 3 . Fire PRA Cable Selection Ressarch (RES) & Electric Power Rassarch instits (EPR)

Slide 15

Notes:

FIRE PRA CABLE SELECTION
Step 2.3 — Select Cables (continued)
N
+ Case 3: New Component: w/o Cable Routing Data
Available
— Same as Case 2 & 3, plus...

— Determine cable routing and associate with plant locations,
including cable end points

* Analysis Work Packages
— Retrieve from Past Appendix R Analysis
— Highly Recommended for New Components
~ Major time saver for future work

Joint Fire PRA Course, Sept. & Nov. 2008 Stide 15 A Caliaboration of U.5. NRC Office of Nucear Regulatory
Module 2: Task 3 - Fire PRA Cable Selection Ressarch (RES) & Blectric Power Ressarch institute (EPRI)
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Notes:

FIRE PRA CABLE SELECTION
"Step 3 — Select Fire PRA Power Supplies
O p

- Identify Power Supplies as Integral Part of Cable Selection

— Make sure to differentiate between “Required” and “Not Required” power
supplies

- Switchgear and Instrument power supplies can be tricky
— Useful to identify the applicable breaker/fuse

» Add Power Supplies to Fire PRA Component List

« Make sure Fire PRA model, equipment list, and electrical analysis
are consistent

« Does Fire PRA model consider spurious circuit breaker operations?

— Must understand how this is modeled to correctly select cables

Joint Fire PRA Goursa, Sept. & Nov. 2008 — A Caltaboration of 1.S. NRC Office of Nuclear Ragutatory
Modulo 2: Task 3 - Fire PRA Cable Sefection Stide 16 Research (RES) & Electric Powar Rasearch Institute (EPR)

Slide 17

Notes:

FIRE PRA CABLE SELECTION

Step 4 — Associated Circuits Review
3 B

= Objective is to Confirm Existing Studies Adequate

= View the Process as a “Gap Analysis”

* Common Power Supply Circuits - Assess Plant
Coordination Studies

» Common Enclosure Circuits - Assess Plant Electrical
Protection ’

* Roll Up Results to Circuit Analysis or Model as
Appropriate

Note: Ensure Switchgear Internal Fusing Supports Analysis

Assumptions
Joint Fire PRA Course, Sepl. & Nov. 2008 [ Stide 17 A Coltaboration of U.S. NRC Office of Nuclear Regutatory
Module 2: Task 3 - Fire PRA Cable Selection Resosrch (RES) & Elsciric Powsr Research Institte (EPR))
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FIRE PRA CABLE SELECTION
Step 5 — Determine Cable Routing and Locations

Y

« Correlate Cables-to-Raceways-to-Locations
+ Conceptually Straightforward

» Logistically Challenging
— Labor intensive
— Manual review of layout drawings
—~ Plant walkdowns often required

» Determine Cable Protective Features
- Fire wraps
— Embedded conduit

Joint Fire PRA Courss, Sepl, & Nov. 2008 Slide 18 A Collaboration of U.S. NRC Ofice of Nuclear Reguistory
Module 2: Task 3 - Fire PRA Cable Selection - Ressarch (RES) & Electnic Power Research Institite (EPR)

Slide 19

Notes:

Notes:

FIRE PRA CABLE SELECTION
Step 6 -~ Target Equipment Loss Reports

» Data Entered into Fire PRA Database

» Sorts and Queries to Generate Target Equipment Loss
Reports

Perspective....Cable selection process should be viewed as providing
“Design Input” to the Fire PRA. It does not, however, provide any
risk-based results. In its simplest form it provides a list of equipment

that could be affected by a fire at a specified location or for a specific
scenario. ’

Joint Fire PRA Course, Sept. & Nav. 2008 iide 19 A Catiaboration of U.S. NRC Office of Nuclesr Regulstory
Modute 2: Task 3 - Fire PRA Cable Setection Ressarch (RES) & Electric Power Research Instiluts (EPRY
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SESSION 3: Task 9, Detailed Circuit Failure Analysis
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Sandia . i o
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& EPRI/NRC-RES FIRE PRA
iiR] METHODOLOGY

Module 2: Task 9 - Detailed Circuit Failure

Analysis

F. Wyant - Sandia National Laboratories

D. Funk - Edan Engineering Corp.
Joint RES/EPRI Fire PRA Course

September and November 2008
Bethesda, MD

A Collaboration of U.S. NRC Office of Nuclear Regulntory Research (RES) & Electric Power Research Institute (EPRI}

Slide 2 Notes:

DETAILED CIRCUIT FAILURE ANALYSIS

Purpose & Scope
oo g

The Detailed Circuit Failure Analysis Task is intended to:

« |dentify the potential response of circuits and components

to specific cable failure modes associated with fire-
induced cable damage

« Screen out cables that do not impact the ability of a
component to complete its credited function

Joint Fire PRA Courss, Sept. & Nov, 2008 A Colleborntion of U.S. NRC Offica of Nuclear Regulatory
Module 2: Task 8 - Detalled Circult Fallure Analysis Resesrch (RES} & Blectric Powsr Research instiute (EPR)
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Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Introduction (1)
I
» Fundamentally a deterministic analysis
» Perform coincident with cable selection (Task 3) to the extent
feasible and cost effective
» Difficult cases generally reserved for situations in which
Quantitative Screening indicates a clear need and
advantage for further analysis
+ Detailed Failure Modes Analysis .
- Requires knowledge about desired functionality and component
failure modes '
— Conductor-by-conductor evaluation (Hot Probe method
recommended}
» Objective is to screen out all cables that CANNOT impact the
ability of a component to fulfill the specific function of interest

Joint Fire PRA Course, Sepl. & Nav. 2008 A Cokaborstion of U.S. NRC Office of Nutiear Reguiatory
Module 2: Task 9 - Detalled Circult Fallure Analysis Research (RES) & Electric Powsr Reseerch institute (EPRY)

Slide 4

Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Introduction (2)

* Failure Modes Considered

~ Single Shorts-to-Ground (Reference Ground)
» Grounded System
* Ungrounded System
» Resistance Grounded System

Single Hot Shorts

Compatible Polarity Multiple Hot Shorts for Ungrounded AC and
DC Circuits

Coincident Independent Hot Shorts On Separate Cables
Multiple Intra-cable Hot Shorts

Cables Associated Through Common Power Supply

Joint Fire PRA Course, Sept. & Nov. 2008 . A Cofiaboration of U.S. NRC Office of Nuciear Regulstory
Module 2: Task 9+ Datailed Circult Failure Analysis Resoarch {RES) & Electric Powse Rossarch instiuts (EPRI)
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Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Introduction (3)

» Failure Modes NOT Considered
- 3-phase proper sequence hot shorts (except high consequence
equipment with thermoplastic insulated conductor or ungrounded
configuration)

— Inter-cable hot shorts for armored cable and cable in dedicated
conduit

— Open circuit conductor failures
— Multiple high-impedance faults

Note: if conducting a combined NFPA-805 and Fire PRA circuit
analysis, NEI 00-01 suggests that open circuits be considered

Joint Fire PRA Course, Sept. & Nov. 2008 Stida 5 A Caltaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Task 9 - Detallad Circuit Fallure Analysis Raseorch (RES) & Electric Power Research institute (EPRY)

Slide 6

Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Assumptions

The Following Assumptions Form the Basis for Task 9
"+ An Appendix R analysis for the plant has been completed

and is available for identifying equipment failure
responses to specific cable failure modes

« Component Work Packages have been assembled as
part of the Task 3 activities or previous Appendix R
analyses

» Equipment is assumed to be in its normal position or
operating condition at the onset of the fire — the
equipment state might be variable

« Users of this procedure are knowledgeable on and have
experience with circuit design and analysis methods

Joint Fire PRA Course, Sept. & Nov. 2008 Stide 6 A Collaboration of U.S. NRC Office of Nutlear Regulatory
Module 2: Task 9 - Detailed Circuit Failure Analysis Research (RES) & Eleciric Power Research institute (EPRI)
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Slide 7

DETAILED CIRCUIT FAILURE ANALYSIS
Flowchart

Task 9 Interfaces: Step 1: Compile and Evaluate

- Inputs from other tasks (2, 7, 11 & / mﬂe Information

task B
bt i - Confirm Fire PRA Cable List is
. Afgrd :i?cﬂlﬁt ana!y'g's o ilable in the Fire ?;A Database
- Confirm unscreened plant

- Information from plant walkdowns _ o gl b

(Sections 9.4.1,9.4.2, 9.4.3) identified

(Section 9.5.1)

v

Analysis Work Packages

Step 2: Perform Detailed Circuit/Cable
- Input from Task 3 Failure Analysis
- Dewelop strategy for circuit analysis
(Input to Task 10) - lzﬂvalop phml-sp;cm:a;yu:s for
. forming circuit a s
S gonh o] - Perform detailed circuit failure analysis

- Document analysis results
(Section 9.5.2)

Step 3: Generate Equipment Failure
R

esponse Reports

- Enter results into Fire PRA Database

- Generate equipment failure response
reports

(Section 9.5.3)

Uncertainty
- Plant-specific circuit analysis

aidall

- arcuit analysis process

Joint Fire PRA Course, Sept. & Nov. 2008

[side7 | A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Task 9 - Detailed Circuit Failure Analysis i

Research (RES) & Electric Power Research Institute (EPRI)
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Notes:

Task Interfaces - Inputs
o

» Fire PRA Cémponents List (Task 2)

’! DETAILED CIRCUIT FAILURE ANALYSIS

* Fire PRA Cable List (Task 3)

« Fire PRA Database (Support Task B)

« Results of Quantitative Screenings (Task 7)
* Results of Detailed Fire Modeling (Task 11)>
» Appendix R Circuit Analysis

* Plant Drawings

* CRS Database

Joint Fire PRA Courss, Sept. & Nov.

2008 W A Coflaboration of U1.5. NRC Office of Nuciesr Regutatory
Module 2: Task 9 - Detalied Circuit Failurs Analysis [se | 235 {RES) & Bloctric Powsr Rexsarch insifute (EPRY)

Slide 9

Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Task Interfaces - Outputs
.

« Equipment Failure Response Reports

* Component Analysis Packages (Updated)
» Revised Cable List

* Fire PRA Database & Model Updates

Joint Fire PRA Course, Sept & Nov. 2008 Slide 9 A Coltaboration of U.S. NRC Office of Nuciear Reguiatory
Module 2: Task 9 - Detalled Clrcuit Fallure Analysis Ressarch (RES) & Elactric Power Ressarch institute (EPRI)
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Slide 10

Notes:

DETAILED CIRCUIT FAILURE ANALYSIS

Step 1 - Compile Prerequisite Information

» Ensure that prerequisite information and data is available
and usable before beginning the analyses (ideally the
necessary drawings are already in the Work Packages).

+ Step 1.1: Confirm Fire PRA Cable List is Available in the
Fire PRA Database

— Component = Cable = Raceway = Compartment

+ Step 1.2: Confirm Unscreened Plant Compartments and
Scenarios are identified
— Target Equipment Loss Reports
— Equipment ID, Normal Status, Functional Requirements, etc.

Joint Fire PRA Course, Sepl. & Nov. 2008 Side ,o:l A Coltabaration of S, NRC Office of Nuclear Regulstory
Module 2: Task 9 - Detailed Circuit Faliure Analysis Research (RES) & Electric Power Rosearch institute (EPRY)

Slide 11

Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Step 2 - Perform Circuit Failure Analysis

« Perform a Deterministic-Based detailed circuit analysis for
the Fire PRA cables of interest that are located in the
unscreened plant locations.

+ Step 2.1: Develop Strategy/Plan for Circuit Analysis

« Step 2.2: Develop Plant-Specific Rules for Performing the
Detailed Circuit Analysis

» Step 2.3: Perform Detailed Circuit Failure Analysis

* Document Analysis Results = Component Work Packages

Joint Fire PRA Caurse, Sept. & Nov. 2008 ["side 11 A Colaboration of U.S. NRC Office of Nuclear Requistory
Module 2: Task 9 - Detalled Circult Failure Anatysls o Ressarch (RES) & Eteciric Power Research institute (EPR))
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Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Step 3 - Generate Equipment Failure Response Reports
 Enter Results into Fire PRA Database

» Generate Equipment Failure Response Reports

~ A Listing by location (room, zone, area) of equipment and
associated cables affected by fire

— Provides specific equipment responses (cable failure
consequences) that affect the credited function being analyzed

- Equipment losses should be correlated to each Basic Event

Jolnt Fire PRA Course, Sept. & Nov. 2008 A Cotaboration of U.S. NRC Office of Nuckear Regulatory
Modufe 2: Task 9 - Detailed Clrcult Failure Analysis Ressarch (RES) & Blectric Powsr Research instituts (EPRI)

Slide 13

Notes:

DETAILED CIRCUIT FAILURE ANALYSIS
Caveats & Recommendations

o« .

* This Detailed Circuit Failure Analysis Methodology is a Static
Analysis (No Timing Issues are Considered)

* Be Aware of Possible Cable Logic Relationships
» Work Packages (Highly Recommended!)

» “Hot Probe” (Conductor-to-Conductor) Analysis Must be
Rolled-Up to Cable/Component Level

* Outputs Need to Be Compatible with Fire PRA Database
Format and Field Structure

* Coordinate with the Fire PRA Modelers/Analysts Early-On to
Define the Fire PRA Component Failure Modes of Concern

Joint Fire PRA Course, Sepl, & Nov. 2008 Stids 13 A Coltaboration of U.S. N_RC Office of Nuclesr Regulatory
Moduta 2: Task 9 - Detalied Clrcult Faliure Anatysis Research (RES) & Electric Pawer Research instiute (EPRI)
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SESSION 4: Task 10, Circuit Failure Likelihood Analysis
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Slide 1 Notes:

<i3)9y§ml\_{ﬁ_(_; EPIR | scsimsnioe

[ Ocy SrSriv ey e a—

B A
= j EPRINRC-RES FIRE PRA

{ METHODOLOGY

Module 2: Task 10 - Circuit Failure

Mode Likelihood Analysis

d F.Wyant - Sandia Nationa! Laboratories

D. Funk - Edan Engineering Corp.
Joint RES/EPRI Fire PRA Course

September and November 2008
Bethesda, MD

A Colfaboration of U.S. NRC Office of Nuclear Reguiatory Research (RES) & Electric Power Research Institute (EPRI)

Slide 2 Notes:

Purpose & Scope

H CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS

The Circuit Failure Mode Likelihood Analysis Task is Intended
to:

» Establish First-Order Probability Estimates for the Circuit
Failure Modes of Interest

AND
» Correlate Those Failure Mode Probabilities to Specific
Components :
Modul 2 Task 10 Gieut Fallre Mods Likelhood A Coltaion 5. NG Offcs of Mot ol

Analysis
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Slide 3

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Introduction (1)

« Probabilistic Based Analysis

» Two Methods Presented
~ Expert Panel Results (Look-Up Tables)
— Computation-Based Analysis (Formulas)

* Requires Knowledge About Circuit Design, Cable Type and
Construction, Installed Configuration, and Component
Attributes

* Generally Reserved for Only Those Cases that Cannot be
Resolved Through Other Means

Join{ Fire PRA Courss, Sepl. & Nov. 2008

. . A Colaboration of U.S. NRC Qffice of Nuclear Reguiatary
Modue 2: sk 10 - lcultFaurs Moo Likeinood [swez | 4 e )

Notes:

Slide 4

)

Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Introduction (2)

« Caveats:
— Our Knowledge is Greatly Improved but Uncertainties are Still High
» Very limited data for many issues

— For This Reason, Implementing Guidance is Conservative

— Practical Implementation is Challenging

— Further Analysis of Existing Test Data and Follow-On Tests Would be
Beneficial:

+ Reduce Uncertainties, including conservatisms as appropriate

- Solidify Key Influence Factors
Incorporate Time as a Factor (FAQ 007-051)
Incomorate “End-Device” Functional Attributes and States (e.g., latching
circuits vs. drop-out design)

— Computation-based method (formula) is an extrapolation of existing
data; validation remains to be done. Conservatism has not been
established.

» Probabilities of sufficient quality to move ahead
Joint Fire PRA Course, Sept. & Nov.

. A Coltaboration of U.S. NRC Office of Nuciear Regulal
Y - LS. foar iatory
:'::lull:. Task 10 - Circuit Faliure Mode Likelihood Re (RES) & Electri or Rossarch I 8 EPRY)
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Slide 5 Notes:

CIRCUIT FAILURE MODE LIKELLIHOOD ANALYSIS

| Introduction (3)

. N 357557
« Public and Peer Review Comments

- Several Questions Involving Interpretation of the EPRI Test Data
Lead to Extensive Discussions Regarding the Most Appropriate

Way to Tally Spurious Actuation Probabilities (Many Subtleties for

Implementation)

— Team’s Consensus is that Expert Panel Values are, in General,

somewhat Conservative

- Additional Independent Review of the Computational Method was
Solicited as a Result of Peer and Public Comments

« Review was Favorable, However the Team Acknowledges the Inevitable
Limitations of the Methodology

Jaint Fire PRA Course, Sept. & Nov. 2008

4 . - A Collaboration of U.S. NRG Offics of Nuclear Reguistory
;‘::,;:l: Task 10 Circult Failurs Mode Likelitood Research (RES) & Electric Power Research Insitute (EPRI}

Slide 6 Notes:

) CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Assumptions

The Following Assumptions Form the Basis for Task 10:

Specific Cable/Circuit Configuration Attributes are Available or Can Be
Determined

The Equipment is in Its Normal Position or Operating Condition at the
Onset of the Fire

Users of This Procedure are Knowledgeable and Have Experience with

Circuit Design and Analysis Methods and Probability Estimating
Techniques ’

This Analysis Method is Applied to Cables with No More than 15
Conductors

Joint Fira PRA Course, Sept. & Nov. 2008

) . . A Callaboration of U.S. NRC Office of Nuclear Regulalory
::zuyl;,l Task 10 - Circult Fallure Mode Likelthood Stide 6 Research (RES) & Elociric Powsr Research Instilute (EPRY)

2-33



Slide 7

Flowchart

Task 10 interfaces:
- Input from support task B
- Additional plant infor_maﬂon needed

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS

Step 1: Compile and Evaluate
Prerequisite Information
and Data
- c;:nntm completion of detailed circuit analysis

for ly
- Information from plant walkdowns

(Sections 10.4.1, 10.4.2, 10.4.3),

Analysis

Work P

r of interest
=~ Collect important cable and configuration

- Input from Tasks 3 & 9

(Output to Tasks 11, 12,
& 14)

(Sections 10.4.1 and 10.4.4)

(Section 10.5.1)

v

Step 2: Select Approach
- Failure mode probability estimate table
- Computational probability estimates

(Section 10.5.2)

Step 3: Perform Circuit Failure Mode
Probability An
- Fallure mode probability estimate table
- Computational probability estimates

(Section 10.5.3)

Step 4: Generate Circuit Failure Mode
Reports
- Assemble circuit failure mode probability list
- Generate circuit failure mode probability

(Section 10.5.4)

reports
Uncertainty
- Plant-specific probability analysis

Joint Fire PRA Course, Sept. & Nov. 2008
Module 2: Task 10 - Circuit Failure Mode Likelihood

- Circuit failure mode analysis process

Notes:

2-34
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Slide 8

Notes:

Task Interfaces - Inputs

» Fire PRA Cable List (Task 3)

q CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS

+ Fire PRA Database (Support Task B)
* Results of Detailed Circuit Failure Analysis (Task 9)

= Specific Scenarios Identifying Affected Cables (Tasks 11
& 14)

» Cable & Circuit Configuration Attributes
» Plant Drawings

Joint Fire PRA Course, Sept. & Nov. 2008

y . A Collsboration of U.S. NRC Office of Nucear Regulstory
:'oduh 2: Task 10 - Circuit Fallure Mode Likeiihood Resoerch (RES) & B A ‘Resoarch instituts (EPRI)

Slide 9

Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Task Interfaces - Outputs

» Quantification of Fire Risk (Task 14)

» Post-Fire HRA (Task 12)

+ Detailed Fire Scenario Quantification (Task 11)
« Circuit Failure Mode Probability Reports

+ Component Work Packages (Finalized)

» Fire PRA Database & Model

Joint Fire PRA Course, Sept. & Nov, 2008

: > " A Calizboration of U,S. NRC Office of Nudear Regulstory
r::’,';:l: Task 10 - Clrcult Failurs Mode Likeiihood Rassarch (RES) & Hlectric Power Research insifute (EPRI)
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Slide 10 Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS

Step 1 - Compile Prerequisite Information

. o =
Ensure that Prerequisite Information and Data is Available

and Usable before Beginning the Analyses.

« Confirm Completion of Detailed Circuit Analysis for
Components of Interest

* Collect Important Cable and Configuration Attributes

— Insulation

— Number of Conductors
- Raceway Types

— Power Source(s)
- Number of Source & Target Conductors (for Option #2 Only)

Joint Fire PRA Courss, Sept. & Nov. 2008
4 . y A Colisboration of U.S. NRC Office of Nuclear Regulatory
:'m : Task 10 - Circuit Faiiure Made Likeilhaod Stide 10 Resosrch (RES) & Rasoarch sttt (GPR)

Slide 11 Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS

Step 2 - Select Analysis Approach

Decide Which Analysis Option is Best Suited for Conducting the

Evaluation.

1. Failure Mode Probability Estimate Tables

+  Grounded Circuit Design

Non-Complex Contro! Circuit
+ Single Component Service .
« Cable Configuration Matches Table Categorie:

Principal Failure Mode of Concem is Spurious Actuation

2. Computational Probability Estimate Formulas

Ungrounded or Resistance-Grounded Circuit Design
« Complex Circuit or Component

Failure Potentially Affects Multiple Components
Cable Configuration Not Easily Categorized in Tables

Joint Fire PRA Courss, Sept. & Nov. 2008

4 . . A Collaboration of U.S. NRC Offics of Nuclser Regulatory
:1::-;:, 'z Task 10 - Circuit Faiture Mode Likelihood Stide 11 Phovmedrmstolss oo ettt (o)
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j CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Step 3 - Estimate Circuit Failure Mode Probabilities
T
Estimate Circuit Failure Mode Probabilities Employing the
Selected Method
Option #1: Failure Mode Probability Estimate Tables
*Table 10-1, Thermoset Cables with CPTs
«Table 10-2, Thermoset Cables without CPTs
«Table 10-3, Thermoplastic Cables with CPTs
«Table 10-4, Thermoplastic Cables without CPTs
*Table 10-5, Armored or Shielded Cables
Option #2: Computational Probability Estimate Formulas

Pee = (Crat— Ce) / [{Crat — Ca) + (2% Cg) + 0]
CF ={C; x[Cg + (0.5 / Cyp)1} / Crgq
Pew= CF x Peg

Joint Fire PRA Course, Sept. & Nov. 2008

Module 2: Task 10 - Circult Fallure Made Likelihaod 4 Galaboradon o NRC Offce o thcoa Rogusiory
Analysis Eectic Power

Notes:

Slide 13

Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Step 3 — Related FAQ
[ -
« FAQ 08-0047 Cable Dependenby (Status: Open
— lIssue:

« Guidance (Vol. 2, Page 10-7, Bullet 3) states that when more than one
cable can cause the same spurious actuation you combine probabilities
using “exclusive or”

» This assumes faults/effects are independent
— General approach to resolution:
» Consensus reached that “exclusive or” is not appropriate if faults are
dependent (e.g., a common power supply for both cables)
= Clarify treatment to determine and address dependency
— Status:
« Team draft has been completed
. Staff'and‘ final industry review pending

Joint Fire PRA Gourse, Sept. & Nov. 2008
Modufe 2: Task 10 - Circult Fallure Mode Likalihood Stida 13
Analysis

A Collahoration of U.S. NRC Office of Nuciear Reguiatory
Research (RES) & Electric Powor Research institste (EPRI)
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Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
| Step 4 - Generate Failure Mode Probability Reports

« Enter Results into Fire PRA Database

» Generate Circuit Failure Mode Probability Reports

— Listing the Probability Estimates for the Circuit Failure Modes of
Concern for Each Component of Interest by Plant Area
(Compartment, Fire Area, Fire Zone, etc.)

Joint Fire PRA Course, Sepl. & Nov. 2008

' - " A Collsboration of U.S. NRC Offica of Nudledr Regulatory
f::';:hl. Task 10 Circult Failure Mode Liksiihood Stids 14 Research (RES) & Electric Powsr Ressarch institute (EPRI}
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j CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
| Example - SOV Control Circuit

P00

125 VDC

u

Fuse

Fuse

A

XK-

sv2

PB
(CLOSE)

ENERGIZE
TO OPEN

’( NOO

33L;

VALVE SHOWN CLOSED

©
PNL2

PNL1
POO, NOO
M P00, NOO, ROO, ¥
. GO0, SVO, SV1/
POO, SV2) SP

QUESTION: What is the probability that damage to Cable B will
result in spurious opening of the SOV? -

Analysis

Joint Fire PRA Course, Sept. & Nov. 2008
Module 2: Task 10 - Circuit Fallure Mode Likelihood

!ﬁ

See next slide >

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Example — Step 1: Prerequisite Information

Lo N
« Detailed circuit analysis completed & documented? Yes

Cable +125 VDC Hot Probe | -125 VDC Hot Probe

A [oc Loc
£OC, El, SO - Open Loc
c [nc Loc

+ Collect important cable and configuration data:

— Cable insulation? Thermoset

— Number of conductors? Seven

— Raceway type? Tray

— Power source? Ungrounded DC bus (no CPT)

— Number of source & target conductors? 3 sources, 1 target

See next slide >

Jaint Fire PRA Course, Sept. & Nov.

2008
Y . " A Coltaboration of U.S. NRC Office of Nuciear Regulatory
:lndub 2: Task 10 - Clreult Fatiure Mode Likellhood Siide 16 & (RES) & Blactric P ‘Ressarch Instiite (EPRY)

Notes:

Slide 17

Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Example — Step 2: Select Analysis Approach
.

» Option #1: Failure Mode Probability Tables

— Grounded circuit design? No
— Control circuit cable? Yes
- Single component circuit? Yes
— Known cable configuration? Yes
— Spurious operation concem? Yes
» Option #2: Computational Probability Estimate
— Ungrounded circuit? Yes
— Complex circuit‘component? No
— Multiple component circuit? No

— Cable configuration not categorized? No

For this example, we’ll show both methods ., 0. sico

Joint Fire PRA Course, Sept. & Nav. 2008

' . ; A Collaboration of U.S. NRC Office of Nuclear Reguiatory
:1::;;1:[ lz Task 10 - Clrcult Fallure Mode Likeiihcod Siide 17 Ao ey & B oo pli o A
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CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Example — Step 3: Perform Analysis (1)

» Option #1:
— Which Table to Use? Table 10-2, Thermoset Cable without CPT
Raceway Description of Hot Short Best Estimate High Confidence
Type Range

Tray M/C Intra-cable 0.60 020-1.0
1/C Inter-cable 0.40 0.1-0.60
M/C — 1/C Inter-cable 0.20 0.1-0.40
M/C — M/C Inter-cable 0.02-0.1

Conduit M/C Intra-cable 0.15 0.05-0.25
1/C Inter-cable 0.1 0.025-0.15
M/C — 1/C Inter-cable 0.05 0.025-0.1
M/C — M/C Inter-cable 0.01-0.02

SOgpen Probability Estimate, P = 0.62 (0.60 + 0.06 — 0.60*0.06)

See next slide >

L3
Joint Fire PRA Course, Sept. & Nov. 2008

Module 2: Task 10 - Circuit Failure Mode Likelihood
Analysis

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Example — Step 3. Perform Analysis (2)

 Option #2: |
— Calculate probability of a conductor-to-conductor short:
' Pec = (Crot — Cg) / [(Cror— Co) + (2 Co)l
Pee=(T-D/17-1)+2" 1)
Pec=6/[6+2]
Pec = 075

— Determine cable configuration factor:
CFso={Cy " [Cs + (0.5 / Crol}/ Crot
CFgo={1*[3+(05/T)}/7
CFgo=3.071/7
CFqo = 0.44

— Probability of spurious operation, Pgogpeq = 0.75 * 0.44 = 0.33

Joint Fire PRA Course, Sept. & Nov. 2008 e,

B 't
. R ; ; ikeli b oy, H A Collaboration of U.S. NRC Office of Nuclear Regulatory
ﬂ::,;lselsz ¢ Task 10 - Circuit Failure Mode L’kehh‘?Od !_Sild_ejg,! Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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Notes:

CIRCUIT FAILURE MODE LIKELIHOOD ANALYSIS
Example - Step 4: Failure Mode Probability Report

Failure Code Estimated Probability Estimated Probability
(Calculated) (From Table 10-2)
SO (Open) 0.33 0.62

Joint Fire PRA Course, Sept. & Nov. 2008

Modue 2: Task 10 - Circult Fallure Mode Lixelihood — A Collabaration of U.S. NRC Office of Nuclear Regutstory
a i m Research (RES) & Electric Powor Research institute (EPR)
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e st bioh b s

&L USNRC EPRI| s,
EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module 2: Support Task B - Fire PRA
Database

D. Funk - Edan Engineering Corp.
F. Wyant - Sandia Nationa! Laboratories

Joint RES/EPRI Fire PRA Course
July and August 2007
Palo Alto, CA

A Coliaboration of U.S. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

Notes:

Slide 2

Notes:

FIRE PRA DATABASE
Purpose & Scope
9 7

* |dentify Required Database Functionality

* Assess Capability of Existing Systems

. ImpI‘ement Structured Process to Obtain the Required
Database Capability

- New Software and Data Management Tools are Finding
Their Way Into the Market

Joint Fire PRA Course, Sept. & Nov. 2008 A Coltaborstion of U.S. NRC Office of Nucfear Reguiatory
Module 2: Suppart Task B - Fire PRA Database Resesrch (RES) & Electric Pawer Research Instiute (EPRI)
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Slide 3 Notes:

FIRE PRA DATABASE

Introduction

O~
» Task is Distinctly Different from Other Tasks

» Essential Element of PRA
— Proposed Methods Require Manipulation and Correlation of Large

Amounts of Data
— Must be Efficient and User Friendly for Effective Implementation

— Manual Analysis Not Practical

Joint Fira PRA Course, Sept. & Nov. 2008 A Caltaboration of U.S. NRC Offica of Nucear Regulatory
Modute 2: Support Task B - Fire PRA Database Ressarch (RES) & Efectric Power Rasearch Institute (EPRI}
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Flowchart

FIRE PRA DATABASE

Support Task B Interfaces
- Inputs from other tasks (1, 2 & 3)
- Plant cable and raceway data
- Additional plant information needed for
cable selection

(Sections 18.4.1,18.4.2)

- Fire PRA Database

Support Task B Outputs
- Input to tasks 2, 3 & 9

Step 1: Database Structure and
Functional Requirements
- Database Functional Requirements
- Database Structure and Data Fields

(Section 18.5.1)

Step 2: Database Platform
- Review existing capabilities
- Perform cost-benefit analysis

(Section 18.5.2)

\

Step 3: Database Augmentation Plan
- Develop Database Augmentation Plan
- Identify barriers & limitations
- Revise functional requirements as necessary
(Section 18.5.3)

\

Step 4: Implement Database Upgrades
- Implement Database Augmentation Plan

(Section 18.4.4)

Joint Fire PRA Course, Sept. & Nov. 2008
Module 2: Support Task B - Fire PRA Datab.

- Conduct "test cases"
(Section 18.5.4)

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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Notes:

FIRE PRA DATABASE
Step 1.1 - Database Functional Criteria
T
+ Data Input Criteria
- In what shape and format is existing data?
— How and who wili entered and control data?

- Will data be shared by separate groups? If so, who can change
data?

» Data Output Criteria
— Define Required Output Reports
- Define Sort and Query Options

Joint Fira PRA Course, Sept. & Nov. 2008 A Caliaboration of U.S, NRC Office of Nuctsar Regulatory
Modute 2: Support Task B « Fire PRA Database Resoarch (RES) & Elactric Powsr Research institute (EPR)
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FIRE PRA DATABASE
Step 1.2 - Database Structure (Example A)

Analysis Tables
Critical Cable List
[
Critical Equipment List s ]
Equipment ID Function
Equipment Description Endpoint From
PRA Basic Event ID Endpoint To
PRA Basic Event Description Equipment Failure Code
System
Equipment Type
¢ Lot Critical Power Supply List
Normal Position-Status ety Equipment ID
Desired Position-Status —— Power Supply ID F—
Failod Electrical Position-Status  |-——4- Breaker / Fuse
Failed Air Position-Status 1
Indication and Alarm
Comments and Information
e e M s 6 5 S R
|
Equipment ID et ] Power Supply Pick List g::’: r?:m
Interlocks | Pawer Supply ID Cable Code
Permissives | Power Supply Description Cablo Size
Cable Description
| Cable Classification
Equipment ID R ! Cable Vias
PAID Drawing | Cable 1D r—
Schematic Diagram | Raceway ID —
Witing Drawing |
Location Drawing
! Racewsy Location int ion
_______________ L=l |RacewayD r-— Lp»{ Endpoint 1D
c
Source Data Tables mm;sn e Endpoint Location Reference
Raceway Fire Rating
. iipment Posilion-Status Cable Function Pick List
- L{—-| Cable Function
Equipment Position-Status Plant Compartments Cab
= Ll Compartment ID - Fimction Code
Compartment Description
E 7 Pick List Fire Area ID Fi Pi
Equipment Type e L—#- | Equipment Fallure Code
Failure Description
Systems Pick List
System Designation D
System Description
Joint Fire PRA Course, Sept. & Nov. 2008 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Support Task B - Fire PRA Database Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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FIRE PRA DATABASE
Step 1.2 - Database Structure (Example A)

Analysis Tables
::mpllo::'t“ i::‘l'iozlmaﬂ"_ ___EL_gohﬂlOn & s"[‘) ression Plant Compartment Fire Modeling
¢ " Compartment ID
Adjacent Compartments ok cisliieii ] {other plant-specific modeling
Heat parameter}
Heat Detection Info
Flame
Fire Ignition Frequencies Flame Detection Info
Compartment ID [y co2 )
5% Frequency €02 Acuation
Mean Frequency CO2 System Info
95% Frequency Halon
Halon Actuation
Halon System Info
Water Curtain
Water Curtain Actuation
Water Curtain Info
Sprinkler
Sprinkler Actuation
———————————— ] — Sprinkler System Info
| Hose
| Hose Station Info
Source Data Tables | Portable Extinguisher
| Portable Extinguisher Info
|
|
T o v e e st i o e o e o e o o i ;o O A
Plant Compartments
Compartment ID
Compartment Description
Fire Area ID
Fire Areas Fire Modeling Pick List
Fire Area ID - | {plant-specific options based on fire
Fire Area Description modeling parameters}
Joint Fire PRA Course, Sept. & Nov. 2008 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Support Task B - Fire PRA Database Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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FIRE PRA DATABASE
Step 1.2 - Database Structure (Example B)

Eagipment ID
Functional State
PRA Basic Event
PRA BE Description

|

Analysis Tables

Eqipment ID
Functional State
Critical Equipment List Catis 1
Equipmaent ID Cable Function
Equipment Description Fault Consequence
TR ST R Comments
System Designation
Equipment Type et
Compartmant D c wer Supply List
Normal Position-Status Equipment 1D
-1 e Power Supply ID
Failed Electrical Position-Status - Broaker / Fuse
Failed Alr Position-Status Ly
Indication and Alarm
‘Comments and Information
S e B i G e
I
Equipment 0 | [FowerSuoatepies Lt o
Interlocks 1 Power Supply I Cable Code
Permissivas | Power Supply Description Cable Size
Cable Description
T I Cabl Classicaion
EquipmentiD e I
PAID Drawing i
Schematic Diagram ]
Wiring Drawing H
Location Drawing |
_______________ el Lol Eﬂdpulm D
L
Source Data Tables Endpoint Location Refarance
Raceway Fire Raling
Guipmant Posiion-Status ™ tion Pick Lis
B Function
Equipment Positon-Status Plant Cabie Function Code
Compartment ID
Compartment Description
st Fios Aree 10 Fault Consequence Pick List
Equipment Type bt | Equipment Failure Code
Failure Description
Systems Plek List
System Designaton )

Systam Dascription

Joint Fire PRA Course, Sept. & Nov. 2008

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Support Task B - Fire PRA Database

Research (RES) & Electric Power Research Institute (EPRI)

Notes:
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- FIRE PRA DATABASE
Step 2 - Database Platform

L. s
* Decide on Platform for Database

- Existing System

— New Stand Alone System

— Upgrade Existing System

— Combination of Existing and New

* Vendors are Responding to the Call for New and Improved
Software Functionality

— Highly Integrated Solutions are Emerging as the Standard for NFPA
805 Plants

— Seamless Link to Fire PRA Software is in the Works But Not Yet
Available as Production Software

Joint Fire PRA Course, Sept. & Nov. 2008 Slide 9 A Coliabaration of U.S. NRC Office of Nudsar Reguiatory
Modue 2: Support Task B - Fire PRA Database Research (RES) & Eloctric Powsr Rassarch instiute (EPR)

Notes:

Slide 10

Notes:

FIRE PRA DATABASE
Step 3 - Database Augmentation Plan

» Augmentation Plan is Based on the Results of Step 2

+ Formalize Process for Upgrades/Changes

* Determine Necessary Resources
— This Effort Can Innocently Affect Many Plant Organizations

- The Cost, Resources, Schedule, Training, Procedural Changes
and Overall Impact of Major Software Changes ALWAYS Seems
to be Underestimated

* Involve IS/IT Department from the Beginning

Joint Fire PRA Course, Sept. & Nov. 2008 Slide 10 A Gollaboration of U.S. NRC Office of Nucisar Reguistory
Modula 2: Suppart Task B - Fire PRA Database Research (RES) & Blectric Powsr Research instituts (EPRI)
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FIRE PRA DATABASE
1 Step 4 - Implement Database Upgrades

» Have a Clear Plan BEFORE Beginning any Significant
Work

* Consider Long-Term Maintainability

* Plan for De-bugging and Test Runs

» Do Not Overlook Data Integrity and Configuration Control

Features

» Determine All Affected Users and Involve Then Early

* The Days of “‘Rogue” PRA Databases are Gone!

Join! Fire PRA Course, Sept. & Nov. 2008 A Coltasoration of ULS. NRC Office of Nucear Reguiaiary
Moduie 2: Support Task B - Fire PRA Datzbase Ressarch (RES) & Elactric Power Ressarch instluts (EPR)
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Notes:

"USNRC EPR |t wsme
§ s :

s s s IATERION COpOTRIDS.

D. Funk - Edan Engineering Corp.
F. Wyant - Sandia National Laboratories

Joint RES/EPR! Fire PRA Course
September and November 2008
Bethesda, MD

A Collaboration of U.S. NRC Office of Nuclear Regulatory Research (RES} & Etectric Power Research Institute (EPRI)

Slide 2

Notes:

OVERVIEW OF EXAMPLES

* Provide Hands-On Practical Experience

» Cover Many (But Not All) Typical Cases
* Exposure to Typical Problems and Decisions
» Appreciation for Challenges and Trade-Offs

» A Worn Out Expression, Yes...But for Circuit Analysis the
“Devil is in the Details”

Joint Fire PRA Course, Sept. & Nov, 2008 Slide 2 A Collaboration of U.5. NRC Office of Nuclear Requlatory
Module 2: Electrical Examples Research (RES) & Electric Power Rasearch institute (EPRI)
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SNPP ONE-LINE DIAGRAM

SWyD OFF-SITEPOWER
N @

T 1
sworz E mg g sﬂ;&e E |

g
70
[e}e)

CHHOH

P4 L2 Lk

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Joint Fire PRA Course, Sept. & Nov. 2008
Module 2: Electrical Examples

Notes:
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EXAMPLE PROBLEMS

Exazg}e Companent Description of Anal);sis NUREG/CR-6850 Comments

1 AOV-1(SOV-1) Std AC Solenoid Control Circuit No Multi-function component - analyzed for open and close

2 AOV-3 (SOV-3) Std DC Solenoid Control Circuit Yes - Figure |-2 Spurious only analysis

3 MOV-8 Typical MOV Control Circuit Yes - Figure |-4 Functional analysis - change of position required

4 MOV-15 Doug::ac:ix:le DC Motor Contral Yes - Figure -6 Functional analysis - change of position required

5 MOV-13 Unggﬁ:‘ﬁ, Inverted MOV Cantrol Yes - Figure I-8 Functional analysis - change of position required

8 MOV-10 Ungnd AC MOV Contral Circuit Yes - Figure I-10 Functional analysis - change of position required

7 MOV-8 MO\(/:gn(:;\;[sol Circuit w/ Dual Yes - Figure I1-12 compg::ayr;l ified as high

8 MOV-11 - Typical DC MOV Control Circuit No Functional analysis - change of position required

9 MOV-16 Typical MOV Contral Circuit Yes - Figure I-4 Spur!ous Only

10 P11 Instrument Circuit No Indication only

" ANN-1 Annunciator Circuit No No false indication

12 HPI-B 4,16 KV Motor No Functional analysis

13 COMP-1 480 V Motor No Functional analysis

14 " SWGR-B 4.16 kV Bus No Multiple source options

15 Lc-8 480V LC No Functional analysis

16 MCC-1B 480V MCC No Functional analysis
Joint Fire PRA Course, Sept. & Nov. 2008 I Slide 4 ‘ A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 2: Electrical Examples .. Research (RES) & Electric Power Research Institute (EPRI)
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"HANDS ON WORK

CIRCUIT ANALYSIS WORKSHEET
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CIRCUIT ANALYSIS WORKSHEET
Exercise 1 (first part)

Component ID: AOV-1 (SOV-1) Component Type: AOV

Component Description: Power-Operated Relief Valve

BE Code: AOV-1_TO (PORV AOV-1 TRANSFERS OPEN)
~ Required Position: CLOSED

Functional State ‘

Normal Position: CLOSED

Failed Electrical Position: CLOSED

Failed Air Position: CLOSED

High Consequence Component Yes [ No X

Power Supplies: : Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:
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CIRCUIT ANALYSIS WORKSHEET
Exercise 1 (second part)

Component ID: AOV-1 (SOV-1) Component Type: AOV
Component Description: Power-Operated Relief Valve

BE Code: AOV-1_FTO (PORV AOV-1 FAILS TO OPEN)
Required Position: OPEN

Functional State

Normal Position: CLOSED

Failed Electrical Position: CLOSED

Failed Air Position: CLOSED

High Consequence Component Yes [] No X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 2

Component ID: AOV-3 (SOV-3) Component Type: AOV
Component Description: Charging Pump Injection Valve

BE Code: AOV-3_FTC (AOV-3 FAILS TO CLOSE)

Required Position:
Functional State

Normal Position:
Failed Electrical Position:
Failed Air Position:

High Consequence Component

CLOSED

OPEN
CLOSED
CLOSED

Yes [] No

Power Supplies:

Breaker:

Breaker:

Cable Analysis

Cable ID | Required? | Function

Fault Consequences

Comments

Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 3
Component ID: MOV-9 Component Type: MOV
Component Description: High- Pressure Injection Valve
BE Code: MOV-9_FTO (MOV-9 FAILS TO OPEN)
Required Position: OPEN
Functional State
Normal Position: CLOSED
Failed Electrical Position: AS-IS
Failed Air Position: N/A
High Consequence Component  Yes ] No [X
Power Supplies: Breaker:
Breaker:

Cable Analysis

Cable ID | Required? | Function

Fault Consequences

Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET
Exercise 4

Component ID: MOV-15 ‘ Component Type: MOV

Component Description: AFW Steam Inlet Throttle Valve

BE Code: MOV-15_FTO (MOV-15 FAILS TO OPEN)
Required Position: THROTTLED

Functional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: ' Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 5

Compbnent ID: MOV-13 Component Type: MOV
Component Description: PORYV Block Valve ‘

BE Code: MOV-13_FTC (MOV-13 FAILS TO CLOSE)
Required Position: OPEN /CLOSED

Functional State

Normal Position: OPEN

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component

Yes [ No [X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 6

Component ID: MOV-10 Component Type: MOV
Component Description: AFW Discharge Isolation Valve

BE Code: MOV-10_FTO (MOV-10 FAILS TO OPEN)
Required Position: OPEN

Functional State

Normal Position: » CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes O No [X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 7

Component ID: MOV-8 Component Type: MOV

Component Description: RHR Outboard Suction Valve

BE Code: MOV-8_TO (MOV-8 TRANSFERS OPEN)
" Required Position: CLOSED

Funoctional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS -

Failed Air Position: N/A

High Consequence Component Yes [X No [

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 8

Component ID: MOV-11 Component Type: MOV
Component Description: AFW Discharge Isolation Valve

BE Code: MOV-11_FTO (MOV-11 FAILS TO OPEN)
Required Position: OPEN

Functional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 9
Component ID: MOV-16 Component Type: MOV
Component Description: AFW Test Line Isolation Valve
" BE Code: MOV-16_TO (MOV-16 TRANSFERS OPEN)
Required Position: CLOSED
Functional State
Normal Position: CLOSED
Failed Electrical Position: AS-IS
Failed Air Position: N/A
High Consequence Component Yes [ No [X
Power Supplies: Breaker:
Breaker:

Cable Analysis

Cable ID | Required? | Function

Fault Consequences

Comments

Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 10
Component ID: Pl-1 Component Typé: Instrument
Component Description: RCS Pressure
BE Code: PI-1_FL (RCS Pressure Indication Fails High)
Required Position: | AVAILABLE |
Functional State
Normal Position: AVAILABLE
Failed Electrical Position: LOW
Failed Air Position: N/A
High Consequence Component Yes [ No
Power Supplies: Breaker:
| Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments

Comments:




CIRCUIT ANALYSIS WORKSHEET
Exercise 11

Component ID: ANN-1 Component Type:©  Annunciator

Component Description: AFW Motor High Temperature

BE Code: ANN-1_FH (AFW Pump Motor Spurious High Ann)
Required Position: NON-SPURIOUS

Functional State

Normal Position: - AVAILABLE

Failed Electrical Position: UNAVAILABLE

Failed Air Position: N/A

High Consequence Component Yes [ No [X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 12
Component ID: HPI-B Component Type: Pump

Component Description: High-Pressure Injection Pump B

BE Code:  HPIA_FTS (HPI-A Fails to Start)

‘Required Position: ON
Functional State

Normal Position: STANDBY / ON

Failed Electrical Position: Off
Failed Air Position: N/A

High Consequence Component

Yes [ No

HPIA_FTR (HPI-A Fails to Run)

X

Power Supplies:

Breaker:

Breaker:

Cable Analysis

Cable ID | Required? | Function

Fault Consequences

Comments.

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Exercise 13

Component ID: COMP-1 Component Type: Compressor
Component Description: Instrument Air Compressor

BE Code: COMP-1_FTR (COMP-1 Fails to Run)
Required Position: CYCLE

Functional State

Normal Position: CYCLE
Failed Electrical Position: Off
Failed Air Position: N/A

~ High Consequence Component Yes [] No [X

Power Supplies: ~ Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




CIRCUIT ANALYSIS WORKSHEET

Not a numbered exercise — Exercise 14 is similar, but its BE Code is PNL-B EPS-4VBUSBF-2
(not BF-1) and its Required Position: Functional State is Energized from EDG-B (not SUT-1)

Component ID: SWGR-B

Component Type: Switchgear

Component Description: Train B 4160V Switchgear

BE Code:

Required Position:
Functional State

Normal Position:
Failed Electrical Position:
Failed Air Position:

High Consequence Component

PNL-B EPS-4VBUSBF-1 (4KV BUS B FAULT)

ENERGIZED FROM SUT-1

ENERGIZED FROM SUT-1
Off

N/A
Yes [] No [X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments

Comments:




: CIRCUIT ANALYSIS WORKSHEET
Exercise 14

Component ID: SWGR-B Component Type: Switchgear

Component Description: Train B 4160V Switchgear

BE Code: PNL-B EPS-4VBUSBF-2 (4KV BUS B FAULT)

Required Position: ENERGIZED FROM EDG-B
Functional State

Normal Position: ENERGIZED FROM SUT-1
Failed Electrical Position: Off
Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:
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CIRCUIT ANALYSIS WORKSHEET

Exercise 15

Component ID: LC-B

Component Description: Train B 480 V Load Center

Component Type: Load Center

BE Code: EPS-480VLCBF

Required Position: ENERGIZED

Functional State

Normal Position: ENERGIZED

Failed Electrical Position:  Off
Failed Air Position: N/A

High Consequence Component

Yes [] No

(480V LOAD CENTER B FAULT)

Power Supplies:

Breaker:

Breaker:

Cable Analysis

Cable ID | Required? | Function

Fault Consequences

Comments

Comments:




CIRCUIT ANALYSIS WORKSHEET

Exercise 16

Component ID: MCC-1B Component Type: MCC

Component Description: Train B 480 V Motor Control Center

BE Code: EPS-480MCCB1F (480V MCC B1 FAULT)
Regquired Position: ENERGIZED

Functional State

Normal Position: ENERGIZED

Failed Electrical Position: Off

Failed Air Position: N/A

High Consequence Component Yes [] No X

Power Supplies: Breaker:
Breaker:
Cable Analysis
Cable ID | Required? | Function | Fault Consequences Comments
Comments:




Circuit Analysis Example Summary

Example Component Descriptiqn of NUREG/CR- Comments
No. Analysis 6850

1 AOV-1 (SOV-1) gf?catc Solenoid Control No gllnu(;ti(-:{gggtion component - analyzed for open
2 AOV-3 (SOV-3)  oia DS Solenaid Contiol  yeq  pigy e 1-2 Spurious only analysis
3 MOV-9 'é)llr;::lﬁﬁl MOV Control Yes - Figure I-4 Ilfel.;nucﬁi:gal analysis - change of position
4 MOV-15 ggﬁgﬁ Z(i)rlgugc Motor Yes - Figure -6 ;Lch;:i;;val analysis - change of position
5 MOV-13 ggg;\rg IAE:(i:r,CI;\t/erted MOV Yes - Figure I-8 rFeuqnu(;:i:;al analysis - change of position
6 MOV-10 gﬂggg AC MOV Control Yes - Figure I-10 r;qnu?:ié)gal analysis - change of position
P wove  NOVSWOICKUN ey pgyeriz  Sputous o dessied oot
8 MOV-11 g/r;::nlcjﬁl DC MOV Controi No ;lanu?:iggal analysis - change of position
9 MOV-16 ?{fgﬁil MOV Control Yes - Figure I-4 Spurious only
10 PI-1 Instrument Circuit No Indication only
1 ANN-1 Annunciator Circuit No No false indication
12 HPI-B 4.16 kV Motor No Functional analysis
13 COMP-1 480 V Motor No Functional analysis
14 SWGR-B 4.16 kV Bus No Multiple source options
15 LC-B 480y LC No Functiona! analysis
16 MCC-1B 480V MCC No Functional analysis
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CIRCUIT ANALYSIS WORKSHEET

Component ID: Component Type:

Component Description:

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

High Consequence Component Yes U No [

Power Supplies: Breaker:

Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Commments
Comments:
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Component ID:

CIRCUIT ANALYSIS WORKSHEET

Continuation Sheet (___ of

Cable Analysis:

Cable ID

Required?

Function

Fault Consequence

Comments
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Appendices

Appendix A: Questions Asked in Module 2 Sessions

NRC Disclaimer: Appendix A is intended solely for use as part of a training tool. No portion
represents NRC Conclusions or Regulatory Positions, and should not be interpreted as such.

Session 1:

QUESTION

How do the probability values assigned to certain events differ between Appendix R standpoints
and probabilistic risk assessment (PRA)?

RESPONSE

If 1 had a motor-operated valve and Appendix R did an analysis in which it picked up a certain
set of cables that were related to the desired function of that valve, which would generate a
cable list. Historically, the guidelines there have been as such: if a valve was closed and an
operator could open it and he could walk over and put the valve in the desired position, that was
how we went for it. That's how the analysis was made. Of course, if there were contacts or
portions of the circuit that could prevent you from doing that, by the rules of Appendix R, those
were identified. The difference in PRA is that if a valve is normally closed and you wanted it
open, there may be three or four ways that that valve could be opened. For example, an
operator could go to a control switch or a safeguard signal could actuate, and each of these
might have a contact within the circuit that could cause the valve to open. In addition, even
regular interlocks could cause that valve to open. A PRA analysis would go in and determine
that any type of operation that could open those valves, even by way of contacts, also affects
the operation of this circuit. The failure of any of these mechanisms would not prevent the
operator from opening the valve. Now, however, all of these other circuits must be evaluated to
determine their effects on this component. The integrated nature of these circuits makes this
evaluation quite a challenge.

QUESTION

The Appendix R analysis didn’t account for necessary operator action; we were concerned
mostly with the successful operation of warning signs. Is this similar for the PRA?

RESPONSE

From a PRA point of view, though, if the SI came on and they wanted that valve to reposition,
they count on the Sl actually repositioning that valve. They don’t rely on the operator. Every
time you have to rely on an operator, they have to credit the operator with diagnosing the
problem, in the midst of all the commotion, and then going over and taking that action. A
probability number, discussed in the Human Factors Analysis portion of this presentation, must
be applied. Even though no circuit capacity has been lost, and the valve can still be opened, in
the PRA world, it's very different. On-demand, that valve needs to be opened when given the
signal by SI. So the key to this analysis is that if a valid S| signal is realized, then the valve
must be opened on demand.



QUESTION

Are the analysts for task 3 and task 9 the same people?

RESPONSE

The people who do task 3 and task 9 are the same people.

QUESTION

Could we screen out certain aspects based on our knowledge of their importance in PRA?
RESPONSE |

No. The ways tasks 3 and 9 are set up are meant to be deterministic. No screening is allowed
based on importance at that stage. When we get into how important a cable is to the PRA
model, a different group does that. What we did not want was for the electrical analysts to make
a decision on what is important in the PRA model. No screening other than what can be
screened deterministically by the actual circuit design.

Session 2:
QUESTION

Slide 3: Does fire PRA use alternate power supplies to switch power sources when analyzing
events?

RESPONSE

Yes, they do. In fact, even more so than in Appendix R. If you take your appendix R analysis
and multiply it by 5, you'll get the number of cross-ties in PRA. PRA solves the problem by
having lots of different ways to accomplish the same thing. Where they have diverse options
(like a bus that has multiple power supplies), that’s a big win for them, whereas in Appendix R it
may mean nothing. Diversity really works in their favor for reducing the core damage frequency
numbers or conditional core damage probabilities. That same windfall doesn’t exist in Appendix
R.

QUESTION

Slide 5: But what if you take too many cables for a given component? How does this affect the
conservatism of your answer?

RESPONSE

There would be no uncertainty with that. The cables you picked don’t provide an uncertainty; in
this case, the analysis would simply be too conservative for what you needed.

This is also a good question from a different angle. If | do a very conservative analysis from an
electrical perspective and | pick all these cables and | do that for every component out there, |



have this highly conservative electrical analysis. You may think, “Well, that’ll make your overall
answer conservative, right?” Wrong. This is because if by the nature that you picked cables too
conservatively and for expediency associated particular cables with equipment rather than
dispositioning them and therefore need them, it's a “required” cable. If | do that for all my
components, as | mentioned, you'll have a very conservative analysis. Keep in mind that this
circuit analysis feeds into the model. The problem is that if you're too conservative in a
systematic point of view, you could skew the results of the PRA to suggest that one particular
area is highly risk-significant in comparison to another. Being too conservative in the circuit
analysis could mislead the results of the PRA.

QUESTION
Slide 6: Is there a systematic framework for establishing the task 1 boundaries?
RESPONSE

The first task in the PRA, Task 3, is already available and done. When you do Task 1, setting
up the boundaries for the fire PRA, ensure that what you’re doing aligns with the preexisting
data in the PRA database. If the electrical analysts establish partitions that do not align with the
data in the database, it is too expensive to try to retroactively develop the database to align with
the electrical analysts.

QUESTION

Slide 8: How do you deal with PRA analysts and electrical analysts viewing the same
components different ways?

RESPONSE

This is a typical case for plants that are trying to establish a correlation up-front. Plants that fail
to do this will find out on the back end of Task 9 that they’ll have to pay for their indolence. One
thing that we’ve started doing, which has proven to be extremely effective, is to arrange a
meeting between the PRA analysts, the fire modelers, and the electrical analysts after the PRA
equipment list is done. They must sit together and process every system component and every
functional state. It sounds horribly detailed, but you would be amazed at how much comes out
in those meetings. When you try to reconcile Appendix R and PRA and you see the same valve
and both groups are trying to demonstrate that the plant runs safely and one group wants the
valve open and the other wants it closed, it begs the question: “How can you both be right
here?” The answer is that sometimes they are both right and you figure out what the reason for
_that was. In most cases, however, one group will admit that they had it wrong. One
recommendation is that when completing task 2, build into your schedule time to have face-to-
face interactions where you process every component and every functional state in great detail.

QUESTION

Slide 9: How should auxiliary components be included?

RESPONSE

Deterministically decide if the‘components can affect the desired functional state of the

component in question.
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QUESTION
Slide 10: What is a supercomponent and how is it employed in this context?
RESPONSE

Some components aren’'t actually components. Instead, they're systems of subcomponents that
are better defined as a component. A perfect example is the load sequencer. One does not
simply walk and touch the load sequencer. Instead, the sequencer is made of sundry
subcomponents. Even though it's not a component proper, everyone thinks of it as a
component.

Session 3:

QUESTION
Slide 5: what’s the difference between thermoset and thermoplastic cables?
RESPONSE

The difference is largely in the insulation that protects the conductor, not necessarily the cable
jacket.

QUESTION
Slide 5: When specifying a fire-resistant cable, does this imply a certain configuration?
RESPONSE

In a sense, it does imply the thermoset—only because those are the types of cable that are
survivable under those conditions. However, it does not a priori define them as one particular
type or another. Another very rugged material is a silicon rubber insulation. We tried several
times to fail those during the CAROLFIRE tests and were not successful until we hit it with
water.

QUESTION

Slide 5: When you talked about the cable, you spoke little about the jacket. Is that because the
jackets on most of these cables are the same materials?

RESPONSE

The jacket’s intent is not an electrical insulation. Instead, its purpose is to provide physical
protection for the electrical insulators that surround the individual conductors. When you're
pulling it through a conduit, sometimes that conduit has burrs or sticky things that will score the
jacket and hopefully protect the insulation. It's a sacrificial material. It also binds the conductors
together, making it easier to deal with a multi-conductor cable. Usually a binding tape will be
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inside the jacket, just a plastic wrap to bind the strands together. Filler is also used to help
maintain the roundness of the cable.

QUESTION
Slide 5: Is the shielding considered part of the jacket?
RESPONSE

This can be both ways. There are a few insulators where people will have a shield around the
inside of the jacket, surrounding the thing. This is rare. Most cables, especially for
instrumentation wire, shield twisted wire pairs with an aluminized mylar. This has minimal
structural strength and is actually intended to provide protection against radio frequencies and
other electromagnetic interference.

Just as an aside, if your cables are stacked in a tray, the uppermost cables will generally be the
power cables, the next lower group would be control cables, and finally near the bottom are your
instrumentation cables. The whole idea there is that the power cables tend to give off much
more heat, and would likely be more prone to spontaneous combustion if a fault occurs.

QUESTION

Slide 5: Are cables generally given any sort of systematic designation on cables to specify their
function?

RESPONSE

When doing a plant walkdown, generally your cable tray identifiers will have a letter or number
within the identifier that indicates its service function, whether it's power, control, or
instrumentation. Sometimes they use a variety of letters, not necessarily P, but maybe AB or M

for power. C generally is used to designate control. Instrumentation is designated X or | or
some other designator.

QUESTION

Slide 5: I'm told there are few spurious actuations in power cables.

RESPONSE

This is true. We will elaborate more as we cover the three-phase proper sequence hot short.
The only other possibility would be for DC-powered circuits; since they’re ungrounded, the
possibility exists for a polarity conflict that would result in a short.

QUESTION

Slide 5: When do you have to consider inter-cable shorts?

RESPONSE

It doesn’t matter what insulation type is in either cable, we don’t consider it credible that an
external short will be observed through the robust armor to interact with another protected



cable. The same is true for a cable in dedicated conduit sitting by itself. An interaction through
the conduit by an outside source is, again, not credible. However, for both cases, you must still
consider the intra-cable events.

QUESTION

But is inter-cable shorting still possible with thermoset cables?

RESPONSE

This is still credible. We did find one or two cases during CAROLFIRE where this happened.
QUESTION

But you said that thermoset cables only have issues with conductors and not with the jacket.
RESPONSE

The issue is with a cable-to-cable interaction between two thermoset cables.

QUESTION

And does it matter whether it's thermoplastic or thermoset?

RESPONSE

The existing guidelines indicate no difference between the two. However, we hope that with
additional research we will show that the probability for interaction between the two cables is
much less for thermoset than it is for thermoplastic.

QUESTION

What causes high-impedance faults?

RESPONSE

Fire damage. Again, it's somewhat of an artificial assumption that the cable will sit and short
with long arcs. The arcing tends to suppress the current. It is actually a resistance to flow
pathway.

QUESTION

Do we normally ground power cables?

RESPONSE |

Yes. Through the equipment, it does see a ground. But these aren’t normally grounded;

instead, they run with the ground. This is a grounded electrical system because the alternative
(ungrounded) cases are about the same.



Yes. | have a compressor motor here, and it needs to have the proper sequence (A-A, B-B, C-
C) in order to operate. If it's an MOV, then in order to reverse direction, you have to reverse two
of the phases.

QUESTION .

Slide 9: Earlier you talked about using tasks 3 and 9 together, thus removing a lot of cables from
the appendix R safe shutdown list. On your first pass, about how much of the cables are you
able to get rid of by looking at functional states?

RESPONSE

it depends on the failure mode of interest to the fire modelers who generated the component
list, or what functional state is important, and then the circuit design plays a major role in which
cables can be thrown out. :

QUESTION

Slide 10: What does a screened compartment look like?

RESPONSE

That's where your interaction with the fire modelers comes from. They will break down the plant
into a variety of compartments and affirm that certain ones are devoid of combustible materials
or ignition sources where others are not. A screened compartment is one where the fire
modelers have decided that there is no way a fire can occur in that compartment.

QUESTION

Slide 10: How do you define the “normal” state of the plant?

RESPONSE

One of the underlying assumptions of the whole PRA is that all events take place at-power.
QUESTION

C

Slide 11: We know that the analysis has to be done on a conductor basis. You've only identified
the cable as far as the documentation goes, though.

RESPONSE

It will take different conductor actions to cause each of these possible events within the cables.
However, for a particular cable, multiple events are listed as possible outcomes.

QUESTION

Slide 11: When looking at a particular consequence, can you work backwards to determine the
possible initiating events?

RESPONSE
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Fire damage to the cable can cause some event. For a particular cable, we want to diagnose it
by looking at the overall list of events and discerning what the cable can cause a component to
do. If it gives an erroneous indication by misleading the operator, is that important from a
human factors standpoint? Perhaps. Therefore, it must be identified as a possible failure mode
of this cable. If not, and if the operators plan to use procedures to verify the operating status of
a particular component, then you'll probably only be looking for the spurious operation case, if
that’s a possibility. This will be determined by inspecting individual cables.

QUESTION

11: If you're done with the fire analysis on a cable and know which ones cause spurious
operation, how do you make the final determination of what is risk-significant?

RESPONSE

It's not the decision of the electrical analysts, it's the systems analysts who make the
determination about what should finally be included in the PRA and decide how risky a fire can
be to their plant. They will have made a set of component selections that they believe are key
to successfully operating their plant. All the electrical engineers do is identify those cables
which could be affected by the fire in such a way as to result in unsuccessful operation of the
plant.

QUESTION

So do the PRA analysts simply disregard the Appendix R analysis and form their component
lists independently?

RESPONSE

When they form their component lists, they too go through the Appendix R components. If they
fail to include an Appendix R component, they justify why. They, too, depend on previous
analyses. However, they have a completely different rationale for their component selection.
QUESTION

How are inter-cable shorts affected by using the raceway system as the ground path?
RESPONSE

Based on experience, there may be intra-cable shorting long before one element shorts to
ground, but by the time you have cables shorting across one another, we have generally seen a

short to ground occur prior to that. So even if there isn’'t a ground conductor within the cable
itself, and you’re using your raceway as the ground path, it still applies.

Session 4:

QUESTION
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What do you mean by a 50-percent margin of safety for the CPT?
RESPONSE

If this CPT is rated for no more than 150 percent of the normal power requirements for the
circuit, including surge current, and the CPT is not overly sized, then you can credit the
reduction in the probability of a spurious actuation. You'll see that reduction when we get to the
tables. However, if you start getting a number of leakage current paths because the fire
damages the cable, you'll start drawing down on the CPT to the point where it won’t support a
spurious actuation.

QUESTION

What happens when the CPT margin is greater than 150 percent? Do we analyze it without
further consideration?

RESPONSE

Yeah, we don’t formalize that as part of our process, but that’s really the right way to do it. For
example, if your normal power requirement is on the order of 100 V-A, and you've got a 300 V-A
CPT out there, that violates the 150-percent rule. You really shouldn’t take credit for the CPT.
However, we don’t deal with that in the decisionmaking process.

QUESTION
When are you able to allow the internal event risk contribution to be zero?
RESPONSE

If you can justify it by saying that there is no possibility of an internal shorting event and there is
no way to get an intra-cable portion of that event, note it and use your external event (one only).
But it is incumbent upon you to justify why you didn’t use the primary shorting event.

QUESTION

* What source do you use for the fire scenario when you have multiple neighboring
compartments?

RESPONSE

If, in your plant, you have four neighboring compartments and only have fire concerns in two
compartments; if you have a cable in a tray running through one fire hazard compartment into
the other, but only the conduit exists in the second; then you would have had to do the Task 9
circuit analysis for that particular cable no matter where it ran, now the neighboring
compartment issue does become important. Now, in the tray compartment, you would use the
tray case. If, on the other hand, they wanted you to analyze the fire impact from the conduit
compartment on spurious operation, then you go to the conduit.

QUESTION



What if you have a cable in a tray that extends partway into the room and the rest of the cable
remains in conduit?

RESPONSE

.You must then ask the modelers about their postulated fire scenario. Is the fire scenario more
likely to affect the conduit, or is it more likely to affect the cable tray portion of it? If they say
“both,” then my suggestion would be to only investigate the one with the higher probability
value.

QUESTION
Why would you use the table method at all to get probability values if it is so inaccurate?
RESPONSE

It changes the approach so that when you use the table method, you just go with the numbers
that you have. Again, the differences in number of targets and sources and grounds play a role
in the formula there. The table method has one nice aspect in that it is quick and dirty. We
think it is overly conservative. However, it gives you a number, and you don’t spend days
working it out. You instead just go to the cable, write it down, and go to the next cable.

QUESTION
Where do you get the inputs for the PRA mode/ (probability of ignition, severity, duration)?
RESPONSE

The basic probability number is used in the PRA model as whether or not a certain component
will experience an operation and what impact that will have on the plant. There is no means
right now of determining the duration, other than what the fire modelers predict for how long it
will take to damage the cable. This turns around, then, and becomes an HRA issue, which is
something rather alien to me.

QUESTION
What type of cable should we assume for PRA applications if we can'’t get in to look at them?
RESPONSE

For Appendix R and safety-related applications, my best guess would be that the great majority
of cables are thermoset. But, because this fire PRA will also bring in balance-of-plant-type
components and systems, the ratio for the fire PRA may bring the number of thermoplastic
cables a little closer to the number of thermoset. Again, you need to consider whether or not
you're talking about an older plant, where a lot of thermoplastic cables were used (i.e., pre
Browns Ferry), or are you talking about a later version, like a Watts-Barr—something that uses
almost exclusively thermoset. In any case, it’s still a plant-specific issue.



Session 5:

QUESTION
Are the functional states of the cables in question described in the PRA database?
RESPONSE

We'd say that the answer to that is “yes” in the sense that it is clearly the intent of the database
where the functional requirements of the database are defined to include the functional
requirements of the critical cable elements that are required. It is the intent of the database to
house the information developed through the circuit analysis project. The cable raceway
information does not typically have that.

My experience to date is that some of the traditional stuff would always be in there—you know,
the worksheet stuff. If you noticed, the worksheet didn’t really cover that. | think what you'll see
is that when Frank gets into the Task 10, as far as inter-cable, intra-cable, and all the subtleties
and mechanistic things that go into Task 10, those tend to be more of a “here’s a comment field,
write down what you did” rather than one or the other. | think that part could be matured a little
bit, certainly, but to this point, my experience or exposure hasn’t been in instances where it was
as rigorous as the task-end type of data that you're discussing, that I've seen for the other circuit
analysis data. But, your point’s still very valid that when all is said and done, you want to have
some way to capture that in a fairly automated sense. We're trying to avoid going back and
having volumes and volumes of paperwork that don’t work with the database.

QUESTION

Rather than using the default position of all valves as “open, full power” because this results in
inadequate results, could you use three conditions in your PRA: open, closed, and operating?

RESPONSE

You could. You could define your operating conditions to cover all cases. That’'s where, when
you sit down to develop your strategy, you'll sit down with these guys and know how their basic
events are done. It can become amazingly complicated, based upon how basic events are
captured. At the onset, the way basic events were first presented in the model just seemed
silly. 1didn’t getit. After a while, though, when | got really familiar with what the PRA is trying to
do, it makes more sense. Let me give you an example. [f the initial state of a motor-operated
valve is closed and the desired position is open, there may be two basic events for this event. |
can’t change their model every time | don'’t like the way it works for me electrically. If they have
a basic event, called BE-1, where the valve fails to close, and BE-2, where the valve transfers
open, then they split into two events the functioning of the valve. This becomes an embedded
spurious actuation concern of a functional state. You may have to do two separate analyses for
this valve every time you see that. If BE-2 is mapped under a different gate in the model, you
may want to, because it will encompass a smaller subset of cables than BE-1. But when you
consider 400 or 500 valves, it would cost a great deal of money to do this. Is that money well
spent? It depends. If both events are mapped under the same gate in the electrical model, the
dominant basic event will dominate and the other one will become meaningless. If you didn’t
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understand that you could do circuit analysis for 300-400 valves, it would be a lot of money and
time for absolutely zero value. You really need to understand how the basic events line up. It's
okay to map BE-2 to the circuit analysis for BE-1 for one functional state because the functional
state encompasses the second one. You have case after case where it’s just necessary to
drive it down to a detailed level when doing the circuit analysis and making sure it gets mapped
into the PRA and basic events. What seems to be simple is not. If you do your database
correctly, it should be able to accommodate all the different iterations of the functional state. If
you can’'t come to terms in an 805 project on the issue of what a functlonal state means, you
just create another one, which checks 805, not PRA.
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Exercises with Reference Figures

B-2



CIRCUIT ANALYSIS WORKSHEET

Component ID: " AOV-1 (SOV-1) Component Type: AOV

Component Description: Power Operated Relief Valve

BE Code: - AOV-1_TO (PORV AOV-1 TRANSFERS OPEN)
Required Position: CLOSED

Functional State

Normal Position: CLOSED

Failed Electrical Position: CLOSED

Failed Air Position: CLOSED

High Consequence Component Yes [ ] No [X

Power Supplies: ’ Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Conseq’uénce Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: AOV-3 (SOV-3) Compbhént Type: AOV
Component Description: Charging Pump Injection Valve

BE Code: AOV-3_FTC (AOV-3 FAILS TO CLOSE)
Required Position: CLOSED

Functional State

Normal Position: OPEN

Failed Electrical Position: CLOSED

Failed Air Position: CLOSED

High Consequence Component Yes [] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: MOV-9 Component Type: MOV
Component Description: High Pressure Injection Valve

BE Code: MOV-9_FTO (MOV-9 FAILS TO OPEN)
Required Position: OPEN

Functional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [ ] No X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: MOV-15 Component Type: MOV

Component Description: AFW Steam Inlet Throttle Valve

BE Code: MOV-15_FTO (MOV-15 FAILS TO OPEN)

Required Position: . THROTTLED
Functional State

Normal Position: CLOSED
Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [ ] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-13 Component Type: MOV

Component Description:

PORV Block Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-13_FTC  (MOV-13 FAILS TO CLOSE)

OPEN / CLOSED

OPEN
AS-IS

N/A

High Consequence Component Yes [ ] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: MOV-10 Component Type: MOV

Component Description: AFW Discharge Isolation Valve

BE Code: | MOV-10_FTO  (MOV-10 FAILS TO OPEN’)
'Required Position: - OPEN

Functional State

Normal Position: | CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [ ] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-8 Component Type: MOV

Component Description:

RHR Outboard Suction Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-8_TO (MOV-8 TRANSFERS OPEN)

CLOSED

CLOSED
AS-IS

N/A

High Consequence Component Yes [X] No ]

Power Supplies:

Breaker:

Breaker:

Cable Analysis:

Cable ID

Required?

Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: MOV-11 Component Type: MoV
Component Description: AFW Discharge Isolation Valve

BE Code: MOV-11_FTO  (MOV-11 FAILS TO OPEN)
Required Position: OPEN

Functional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [ ] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Requiréd? Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-16 Component Type: MOV

Component Description:

AFW Test Line Isolation Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-16_TO (MOV-16 TRANSFERS OPEN)
CLOSED

CLOSED
AS-IS
N/A

High Consequence Component Yes [ ] No [X

Power Supplies:

Breaker:

Breaker:

Cable Analysis:

Cable ID

Required?

Function Fault Consequence Comments

Comments:

B-27
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CIRCUIT ANALYSIS WORKSHEET

Component ID: Pi-1 Component Type: Instrument
Component Description: RCS Pressure
BE Code: Pl-1_FL - (RCS Pressure Indication Fails High)
Required Position: AVAILABLE
Functional State
Normal Position: AVAILABLE
Failed Electrical Position: Low
Failed Air Position: N/A
High Consequence Component Yes [] No X
Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required?‘

Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: ANN-1 Component Type: Annunciator

Component Description: AFW Motor High Temperature

BE Code: ANN-1_FH (AFW Pump Motor Spurious High Ann)
Required Position: NON-SPURIOUS

Functional State

Normal Position: AVAILABLE

Failed Electrical Position: UNAVAILABLE

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID » Required? | Function Fault Consequence Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID:

HPI-B

Component Description:

Component Type: Pump

High Pressure Injection Pump B

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

HPIA_FTS
HPIA_FTR

ON

STANDBY / ON

Off

N/A

High Consequence Component Yes

LI No X

(HPI-A Fails to Start)
(HPI-A Fails to Run)

Power Supplies: Breaker:
- Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: COMP-1 Component Type: Compressor
Component Description: Instrument Air Compressor

BE Code: COMP-1_FTR  (COMP-1 Fails to Run)

Required Position: CYCLE

Functional State

Normal Position: CYCLE

Failed Electrical Position: Off

Failed Air Position: N/A

High Consequence Component Yes

1 No X

Power Supplies:

Breaker:

Breaker:

Cable Analysis:

Cable ID Required? | Function

Fault Consequence

Comments

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Component ID: MOV-15 Component Type: Mov

Component Description: AFW Steam Inlet Throttle Valve

BE Code: MOV-15_FTO  (MOV-15 FAILS TO OPEN)
Required Position: THROTTLED

Functional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:

Note: This page was erroneously included in the available set of exercises in the proper location

for Exercise 14, but is instead a duplicate of Exercise 4. A later section of this Volume 2 has

a solution for Exercise 4, but not for Exercise 14.
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CIRCUIT ANALYSIS WORKSHEET

Component ID:

LC-B

Component Description:

Component Type: Load Center

Train B 480 V Load Center

BE Code:

Req'uired Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

EPS-480VLCBF

ENERGIZED

ENERGIZED

Off
N/A

High Consequence Component Yes

L] No X

(480V LOAD CENTER B FAULT)

Power Supplies:

Breaker:

Breaker:

Cable Analysis:

Cable ID

Required?

Function

Fault Consequence

Comments

Comments:
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INTERLOCKED S0 THAT ONLY ONE CAN BE. CLOSED
AT ANY TIME (OWG, B-177 1725}

6. BZEAKEES $2-EDOS AMD 52-EAUS (ON GOOV,

S _IA) ARE OPERATED BY A SINGLE
couLROL SWITCH ) THE MAIN CONTROL

7 ALL BKR'S EXCEPT E2-£p02 & 52-EDI2 HAVE
30UD STATE. TRIP UNITY. WITH FQLLOWING
DESIGUATIONS (BE%AK.ER FRAME / SENEOR
RATING - AMPE

8. BREAKERS 52-£009,52-EEOG AUD MOLDED CAME BKRS.
TO BATTERY CHARGER 1 ARE KEY INTERLOCKED SO
THAT omv oua BKEAKE: AND (ORRESPONDING

MOLDED CA 8 (AN BE CLOSED AT ANY
TIME (Iwa- r.-mvs‘s)

3. UNIT | BREAKER EDOE 1S BLECTRICALLY INTERLOCKED
WITH LUNIT 2. BREAKER EDOS “10 PREVERT STMULTANEOUS
CLOSING OF BOTH BREAKERS,

0. LOLATED IN TERMINAL BLOCK COMPARTMENT
ADOVE ASSOCIATED BRREAKER,

1% THIS DRAWING SUPERSIDES DRAWING C~177010, SHT 1 UF 1
REV. 14, DATED 11~15-90, PER PCN $-93-1-86S0, REV.
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TRANS SSTB OOV LOAD. CTR IF NOTES ‘
1. ALL INTERLOCKS ARE KIRK TYPE.
2.CIRCUIT BREAKERS 32-£DOY, sz-eEo& &
MOLDED CASE BREAKERS TO BATTERY
CHARGER 1GARE KEY INTERLOCKED ®0
THAT ONLY ONE BREAKEER AND CORRESPONDA
‘ ING BATTERY CHARGER MOLDED CASE
s.-gpoz S2-Ebiz  J (SEE DWG C-1\17V133)
NV e A LEGEND
£ :
- - —— — — - - — — — — |- — 1 ED| —  INTERLOCK WITH KEY HELD.
o O L-0
. 480V Load Center LC-B —  INTERLOCK WITH KEY REMOVED.
: — g L0
- [ ] ‘ | L-0 —  (LOCKED OPENYINDICATES THAT
‘ THE KEY IS REMOVABLE WHENTHE
OPERATION SEQUEMNCE 52-E00D CIRCUIT BREAKER 15 LOCKED iNTHE
KEY 1S HELD IN CIRCUIT BREAKER S2-EDOZ  INTERLOCK } OPEN POSITION,
Y -2 . ' ' o ’ \li E —  INDICATES KEY REMOVABLE QNLY
TO ESTABRLITH SERVICE THROUGH CIRCUIT BREAKER ! WHEN BOLT EXTENDED.
52-EDi2 e l :
1« TRIP CIRCUIT BREAKER B2- 2 L-O INTERLOCK KEY TABLE
T an 82-EDO : = } [OINTERLOCK | KEY NUMBER
2:- TURN KEY Al IN LO INTERLOCK ON CIRCUIT BREAKER A RE -14204
B82-EDOZ TO LOCK .OPEN. KEY A1l IS NOW FREE. SEE Nﬁni |
3.INSERT KEY Al IN O INTERLOCK ON CIRCUIT BREAKER — . :
$2-EDI2 AND TURN TO UNLOCK . KEY Al IS NOW HELD. BATTERY CHARGER REFERENCE DWG
1c D-17700}-SINGLE LINE ELEC AUX SYSTEM

4. CLOSE CIRCUIT BREAKER 52-EDIZ.

REVERSE SEQUENCE TO RESTORE SERVICE THROUGH
_SIRCUIT 5:.‘:5\559. 57.,;_;;:”97_._ e i e . A
NOTE ! AS AN EXCEPTION FOR. MAINTENANCE WORK PER A PLANT A
FROCEDURE , TWO KEYS MAY BE USED TO OVERRIDE THE

NORMAL CIRCUAVT BREAKER INTERLOCK FEATURE. P

o o e o aniatas e — e r—
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CIRCUIT ANALYSIS WORKSHEET

Component ID: MCC-1B Component Type: MCC
Component Description: Train B 480 V Motor Control Center

BE Code: EPS-480MCCB1F  (480V MCC B1 FAULT)
Required Position: ENERGIZED

Functional State

Normal Position: ENERGIZED

Failed Electrical Position: Off

Failed Air Position: N/A

High Consequence Component Yes [ ] No [X

Power Supplies: Breaker:
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

Comments:

B-48
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INTERLOCKED SO THAT ONLY ONE CAN BE CLOSED
AT ANY TIME (DWG, B-117178)

&, BREAKERS 52-E008 AMD 92-EADY (ON GOOV.
BUS_IA) ARE OPERATED BY A SINGLE
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CLOSING OF BOTH BREFAXERS.

10, LOCATED IN TERMINAL BLOOK COMPARYTMENT

ADOVE ASSOCIATED BREAKER,

1. THIS TRAVING SUPERSEDES DRAVING T-177010, SHT t OF 1
RLV. 14, DATED {1-15-90, PER PCN $-93-1-BGIC, REV. 0.
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Table 1: Target Equipment Loss Report

. . i Equipment i Desired Position/ Target Loss
Equipment ID | Equipment Description Type Location Status Locations
High Sy TS On 1,2,3,10
HPI-A Igh pressure saiely Injection | Aux Bldg. EI. 0 Ft
pump A
On 1,2,3,10
High N On 1,2,3, 11
HPI-B I DrEREUe SaI0 1RIRGHON | Mump Aux Bldg. EI. 0 Ft
pump B
On 1.2,3; 11
RHR-B I AuxBldg. EI. 20 Ft | Off 1,2,3,4A,9, 11
AFW-A Motor driven AFW pump A Pump Aux Bldg. EL. 0 Ft On 1,3,4B,9, 10
AFW-B Steam driven AFW pump B Pump Aux Bldg. EL. 0 Ft On 1,3,4B, 9, 11
AFW-C Motor driven AFW pump C Pump Turbine Bldg. E.OFt | On 1.3 12
RCP-1 Reactor coolant pump 1 Pump Containment Off 123171 12
RCP-2 Reactor coolant pump 2 Pump Containment Off 123 1 12
COMP-1 Instrument air compressor Compressor | Turbine Bldg. EIl. 0 Ft | Cycle 12
- Closed 1,37,9
(SO\;-1) Power operated relief valve AOV Containment
Open 1,3,7,9,10
V-2 Letdown isolation valve AOV Aux Bldg. EI. 0 Ft Closed 1,2,3,9
(SOV-2) - Bl 2,3,
AOV-3 Charging pump injection
(SOV-3) valve AQV Aux Bldg. EI. 0 Ft Closed 1,2,39
MOV-1 HPI discharge valve MOV Aux Bldg. El. 0 Ft Open 1,2,3,9,10
MOV-2 VCT isolation valve MoV Aux Bldg. EI. 0 Ft Closed 1,2,3,9, 11
. Open/
MOV-3 Cont. sump recirc valve MOV Aux Bldg. El. -20 Ft Closed? 1,2,3,4A,9,10
. Open/
MOV-4 Cont. sump recirc valve MOV Aux Bldg. El. -20 Ft Closed 1,2,3,4A,9, 11
MOV-5 RWST isolation valve MOV Aux Bldg. EI. 0 Ft Open 1,2,3,12
MOV-6 RWST isolation valve MOV Aux Bldg. El. 0 Ft Open 1,2,3,12
MOV-7 RHR inboard suction valve MOV Containment Closed 4A,7,9,12
MOV-8 RHR outboard suction valve | MOV Aux Bldg. El. -20 Ft Closed 4A,9,12
MOV-9 HPI discharge valve MoV Aux Bldg. El. 0 Ft Open 1,239
MOV-10 AFW pump A discharge valve | MOV Aux Bldg. EL. 0 Ft Open 1,3,4B,9,12
MOV-11 AFW pump B discharge valve | MOV Aux Bldg. EL. 0 Ft Open 1,3,4B,9,11,12
. Open/
MOV-13 PORYV block valve MOV Containment Closed! 1,38,7,9
MOV-14 AP puimp B liblneistoam | gy Turbine Bldg. EL.OFt | Open 1,3, 4B, 12

line isolation valve
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. ¢ — Equipment . Desired Position/ Target Loss
Equipment ID | Equipment Description Type Location Status Locatione
AFW pump B steam inlet ;
MOV-15 firatflo valve MoV Turbine Bldg. EI. 0 Ft | Throttled 1,3,4B, 12
AFW pump A test line ;
MOV-16 Tealalion Valia MOV Turbine Bldg. EI. 0 Ft | Closed 2,4B,9
AFW pump B test line .
MOV-17 isolation vaive MOV Turbine Bldg. EI. 0 Ft | Closed 2,4B,9
MOV-18 ikl s MoV Turbine Bldg. EI.OFt | Open 1,3,12
AFW pump C test line :
MOV-19 ialation vaive MoV Turbine Bldg. EI. 0 Ft | Closed 1447
V-12 CST isolation valve MOV Turbine Bldg. EI. OFt | Open 12
LI-1 RWST level Instrument | Yard Available 1,3 12,13
LI-2 RWST level Instrument Yard Available 1.3 12 43
LI-3 Cont. sump level Instrument | Containment Available 1,3.7.12
LI-4 Cont. sump level Instrument Containment Available 1,31 12
Letdown heat exchanger ;
TI-1 outlet temperature Instrument Aux Bldg El. 0 Ft Available 12,39
PT-1 RCS pressure Instrument Containment Available 1,3,7
ANN-1 AFW motor high temperature | Annunciator | SWG Access Room Non spurious 1,2,3,9,4B
e e padrom 1,3,10, 12, 13
SWGR-A Train A 4160 V switchgear Switchgear | Switchgear Room A -
Energized from 1.3 8A 10 12
EDG-A w0 T
EneTzed o 1,3,9, 11,12, 13
SWGR-B Train B 4160 V switchgear Switchgear | Switchgear Room B -
Energized from 13889 11 12
EDG_A ’ ’ £} i3 ’
Non-safety 4160 V ; ; .
SWGR-1 switchgear Switchgear | Turbine Bldg. El. Oft Energized 1,3,12,13
Non-safety 4160 V : ; ;
SWGR-2 switchgear Switchgear | Turbine Bldg. El. Oft Energized 1,3,12,13
SUT-1 Startup transformer Transformer | Yard Energized 1,3,12,13
y Train A emergency diesel Diesel
EDG-A generator Sarsiatir DG Bldg. On 1,3, 8A,10, 12
Train B emergency diesel Diesel
EDG-B generator Generator DG Bldg. On 1, 3, 8B, 10, 12
LC-1 Non-safety 480 V load center | Load Center | Turbine Bldg. El. O ft Energized 1,3,12
LC-2 Non-safety 480 V load center | Load Center | Turbine Bldg. El. O ft Energized 13 12
LC-A Train A 480 V load center Load Center | Switchgear Room A Energized 1,3,10
LC-B Train B 480 V load center Load Center | Switchgear Room B Energized 1,3 11
SST-1 Non-safety station service | 1 tormer | Turbine Bldg. EI. OF | Energized 12

transformer
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. . o Equipment . Desired Position/ | Target Loss
Equipment ID | Equipment Description Type Location Status Locations
Non-safety station service .
SST-2 et Transformer | Turbine Bldg. EI. O F Energized 12
Train A station service . .
SST-A transtormier Transformer | Switchgear Room A Energized 10
Train B station service . .
SST-B transformier Transformer | Switchgear Room B Energized 11
Non-safety 480 V motor Matae
MCC-1 Control Turbine Bldg El. 0 Ft Energized 12
control center
Center
MCC-2 SRSy 400V metor Contro Turbine Bldg EI. 0 Ft | Energized 12
control center ' rg
Center
: Motor
MCC-A1 Teain A460 ¥'motor contol Control SWG Access Room Energized 9,10
center
Center
Train B 480 V motor control Molor
MCC-B1 Control SWG Access Room Energized 9,1
center
Center
ATS-1 Automatic transfer switch ATS SWG Access Room 5’?&9;"‘“ v 12
Non-safety swing battery Battery .
BC-1 charger Charger Turbine Bldg El. 0 Ft Energized 12
BC-A Train A battery charger Battery Switchgear Room A Energized 9,10
Charger '
. Battery . .
BC-B Train B battery charger Charger Switchgear Room B Energized 9,11
BAT-1 Non-safety battery Battery Turbine Bldg EI. 0 Ft Available 12.15
BAT-A Train A battery Battery Battery Room A Available 5,10
BAT-B Train B battery Battery Battery Room B Available 6, 11
DC BUS-1 Non-safety 250 VDC bus DC Bus Turbine Bldg EI. 0 Ft Energized 12
DC BUS-A Train A 125 VDC bus DC Bus Switchgear Room A Energized 10
DC BUS-B Train B 125 VDC bus DC Bus Switchgear Room B Energized 11
PNL-A Train A 125 VDC panel Panelboard | Switchgear Room A Energized 10
PNL-B Train B 125 VDC panel Panelboard | Switchgear Room B Energized 11
INV-A Train A inverter Inverter Switchgear Room A Energized 3,9,10
INV-B Train B inverter Inverter Switchgear Room B Energized 3,9 11
VITAL-A Train A 120 VAC vital bus 120VAC Bus | SWG Access Room Energized 9,10
VITAL-B Train B 120 VAC vital bus 120VAC Bus | SWG Access Room Energized 911
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Exercise 1

CIRCUIT ANALYSIS WORKSHEET

Component ID:

AOV-1 (SOV-1)

Component Description:

Power Operated Relief Valve

Component Type: AOV

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

High Consequence Component Yes

AOV-1_TO

CLOSED

CLOSED

CLOSED

CLOSED

L1 No X

(PORV AOV-1 TRANSFERS OPEN)

Power Supplies: Vital-A Breaker:
Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
VA3A No Power LOP
Hot Short between conductors GO0 and SVC
VA3B Yes Control S0O-Open can cause valve to cycle open-shut
repeatedly
VA3C Yes Control SO-Open
Comments: Table Formula

P(SO, B) = 0.60+ 0.06 — (0.6*0.06) = 0.62

P(SO, B)= 0.57*0.42= 0.24

P(SO, C) = 0.60+ 0.06 — (.6*0.06) = 0.62

P(SO, C)= 0.67*0.63= 0.42
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Exercise 2

CIRCUIT ANALYSIS WORKSHEET

Component ID:

AOV-3 (SOV-3)

Component Description:

Component Type: AOQV

Charging Pump Injection Valve

BE Code:

Required Position:
Functional State -

Normal Position:

Failed Electrical Position:

Failed Air Position:

High Consequence Component Yes

AOV-3_FTC (AOV-3 FAILS TO CLOSE)

CLOSED

OPEN

CLOSED

CLOSED

L1 No X

Power Supplies: Panel B Breaker: 3
Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
PB3A No Power LOP
PB3B Yes Control SO-Open Energize SVO (Also El, LOP, LOC)
PB3C No Control | LOP \
Comments: Table Formula
P(SO, B)= 0.60 + 0.06 — (0.60*0.06)= 0.62 Pcc= (7-1 6 _6_4s

(7-1)+@2*1) 6+2 8

CF= {1*[3+(0.5/7)]}/7= 3.07/7= 0.44

P(SO, B)=0.75" 0.44=0.33
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CIRCUIT ANALYSIS WORKSHEET

Exercise 3

Componént ID: MOV-9 Component Type: MOV
Component Description: High Pressure Injection Valve

BE Code: MOV-9_FTO (MOV-9 FAILS TO OPEN)
Regquired Position: OPEN

Functional State

Normal Position: CLOSED

Failed Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: MCC-B1 Breaker: 5
Breaker:

Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments

El, SO-C, SO-O,
MB15A Yes Control LOP, LOC 9-C, 1 ground, 1 target, 2 sources
MB15B Yes Control El, LOP, LOC
MB15P Yes Power LOP
Comments:

P Table 10-1= 0.3+0.03= 0.33

Pz O-D =

Pcalc= 0.727*0.228= 0.17

T O -+ (2% +1

CF= 1x[2+ (0.5/9)]/9= 0.228

0.727

B-61




480 v 1 | &) T - O
B ﬁ } 34, 60 Hz X0 | |
c 1- ?“ " Vv
4 8
EFU -
CCC sof @ o] g @m  dm
\ ¢— ¢—1 |
480/120 V (. s
F
§ ALl $-501 P-sc1 $-coo $—R00 - 5¢(f’ o
&— ;— 49- O .3‘7‘97‘%1 / zw woF
IS B ezs | S
42 1 __.I___L____ 42 (PB °|_ z ps °|_ ) . A o
0 T e e (OPEN),, (CLOSE), | =
==420- =42C- (G R ) i
$-s00 <$-sco o -
# —
e » ”
& 5 0 i T T o
INTLK
“T“FTZJ"T;? ﬁ) ¢
‘T\ (Yoo
1\: \/ i &

\ M / B OPEN Drawing No.:
VALVE SHOWN IN CLOSED POSITION SNPP ok
SR SCHEMATIC DIAGRAM — HIGH (53

P
VALVE DESCRIPTION SCHEME SWITCH ID MOT%ﬁnggEE/I\Nr‘é%C\-/rJ\?_\’\;ES 05/01/2007
MOV-1 HIGH PRESS INJECHON‘A MA12 MOV-1 MOV'1 & MOV‘Q Revision No.:
MOV-9 | HIGH PRESS INJECTION-B | MBI5 MOV-9 R 0




SNPP

MOV BLOCK DIAGRAM - 1

5/4/07

®

T1,T2, T3
®

Y00, S01, RO, MCC " a0, 507, Roo,

GO0, SC1, SCO, < GO0, SC1, 2SP

S00, 2SP

M MCC |CUBICLE MB SCHEME

MOV-1 MCC-A1 2 CB-5 MA12
MOV-3 MCC-A1 3 CB-5 MA13
MOV-4 MCC-B1 2 CB-5 MB12
MOV-5 MCC-A1 4 CB-5 MA14
MOV-6 MCC-B1 3 CB-5 MB13
MOV-7 MCC-A1 5 CB-5 MA15
MOV-9 MCC-B1 S CB-5 MB15
MOV-16 MCC-A1 8 CB-3 MA18
MOV-17 MCC-B1 6 CB-3 MB16




Exercise 4

CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-15

Component Description:

Component Type: MOV

AFW Steam Inlet Throttle Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-15_FTO

THROTTLED -

CLOSED

AS-IS

N/A

High Consequence Component Yes

1 No [X

(MOV-15 FAILS TO OPEN)

Power Supplies: DC Bus-B Breaker: 4
Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
‘ SO possible only with dual hot
DB4A Yes Control LOP shorts PO1-FO3 (FO2) and NO1-F02
(FO3)
DB4B Yes Control LOP
Comments:

P(SO) = 0.60+0.06-(0.60%0.06)= 0.62

PCC= 5 -0 = 1

e

(S -0)+0

CF1= (1*(1+(0.5/5)))/6= .22 CF,= (1*(1+(0.05/3)))/3= 0.39

P(SO)= Pcc*CE,*CF,= 1*.22*.39= 0.09
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CIRCUIT ANALYSIS WORKSHEET
Exercise 5

Component ID: MOV-13 , Component Type: MOV

Component Description: PORV Block Valve

BE Code: MOV-13_FTC  (MOV-13 FAILS TO CLOSE)
Required Position: OPEN / CLOSED

Functional State

Normal Position: OPEN

Faited Electrical Position: AS-IS

Failed Air Position: N/A

High Consequence Component Yes [ ] No

Power Supplies: MCC-A1 Breaker: 7
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

MA17A Yes Control LOP, LOC

MA17B Yes Control SO-C, LOP, LOC

MA17C Yes ' Control SO-C, El, LOC

MA17D Yes Control El, LOP RSP

MA17P Yes Power LOP

Comments:

Case for both B/C P(S0Q)=0.30+0.03-(.3*.03)= 0.32

B: Pcc = ©-1 =0.8 CFEF={1*[1+5/91}/9=0.12 P(SO)=0.8*0.12=0.10
(O-1+2*1)

C: Pec = ¥-3) =05 CE= {1*[3+5/9]}/9= 0.34 P(SO)= 0.5*0.34= 0.17

(9-3)+(2*3)
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Exercise 6

CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-10 Component Type: MOV

Component Description:

AFW Discharge Isolation Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-10_FTO (MOV-10 FAILS TO OPEN)

OPEN

CLOSED
AS-IS
N/A

High Consequence Component Yes [ ] No [X

Power Supplies: MCC-A1 Breaker: 6
Breaker:

Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
MA16A Yes Control SO-Close
MA16B Yes Control SO-Close 3-C, 0 ground, 1 target, 1 source
MA16C Yes Control SO-Close RSP
MA16D Yes Control SO-Close, LOC-

Open
MA16E Yes Control SO-Close, LOC-

Open
MA16P Yes Power LOP

Comments: Note- MOV-10 is an ungrounded control circuit

Ptable= 0.3+0.03= 0.33

Pcc= (3-0) =1

Pcalc= 1.0"0.39= 0.39

(3-0)+ (2*0)

CF=_1*[1+(.5/3)}/3= 0.39

Note: only cables B and E have energized conductors
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Exercise 7

CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-8 Component Type: MOV

Component Description:

RHR Outboard Suction Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-8_TO (MOV-8 TRANSFERS OPEN)
CLOSED

CLOSED
AS-IS

N/A

High Consequence Component Yes [X] No L]

Power Supplies: MCC-B1 Breaker: 4
Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
MB14A Yes Control 'SO-Open Energize S00 (Also El, LOC, LOP)
MB14B No Control El, LOC, LOP
MB14C | Yes Control S0-42 Energize LOO (Also EI, LOC)
MB14P Yes Power SO-Open 39 “smart short”
Comments:

P(SO, A)= 0.3+ 0.03= 0.33

Pec= ©-1

G-+ (2*H)+1

P(SO, A)=0.73"0.12= 0.09

=0.73 CF={1*"[1+5/91}/9= 0.12
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Exercise 8

CIRCUIT ANALYSIS WORKSHEET

Component ID:

MOV-11

Component Description:

Component Type: MOV

AFW Discharge Isolation Valve

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

MOV-11_FTO

OPEN

CLOSED

AS-IS

N/A

High Consequence Component Yes

O No X

(MOV-11 FAILS TO OPEN)

Power Supplies: DC Bus-B Breaker: 3
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

DB3A Yes Control SO-C, E|, LOC, LOP

DB3B Yes Control LOP

DB3C Yes Control El, LOP

DB3P Yes Power LOC, LOP

Comments:

P(SO, A)= 0.60+0.06 — (0.6*0.06)= 0.62.

PCC= 7 -

1 =0.75

CF= {1*[2+5/71}7= 0.30

(7 -1)+

P(SO, A)=0.75*0.30=0.23

(z*1)
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CIRCUIT ANALYSIS WORKSHEET

Exercise 9

Component ID: MOV-16

Component Description:

Component Type:

AFW Test Line Isolation Valve

MOV

BE Code: MOV-16_TO
Required Position: CLOSED
Functional State

Normal Position: CLOSED
Failed Electrical Position: AS-IS
Failed Air Position: N/A

High Consequence Component Yes

1 No X

(MOV-16 TRANSFERS OPEN)

Power Supplies: MCC-A1 Breaker: 8
~ Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
MA18A Yes Control SO-Open Energize S00 (Also EI, LOP, LOC)
MA18B No Control El, LOP
MA18P No Power LOP
Comments:

P(SO, A)= 0.30+0.03= 0.33

Pec= 9-1 =0.73

CF= {1*[2+5/91}/9= 0.23

O-D+(2*1)+1
P(SO, A=0.73*0.23=0.17
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MOV BLOCK DIAGRAM - 1

®

T1,T2, T3

5/4/07

@ |

Y00, SO1, ROO, Mec X00, SO1, ROO, M

GO0, SC1, SCo0, -~ G00, SC1, 2SP

S00, 2SP

M MCC [CUBICLE| MB | SCHEME

MOV-1__| MCC-AT 2 CB-5 | MA12
MOV-3__| MCC-A1 3 CB-5 | MAT3
MOV-4 | MCC-B1 2 CB-5 | MB12
MOV-5__ | MCC-AT 4 CB5 | MAT4
MOV-6__| MCC-B1 3 CB-5 | MB13
MOV-7 | MCC-AT 5 CB5 | MAI15
MOV-9 | MCC-B1 5 CB-5 | MBI15
MOV-16_| MCC-A1 5 CB-3_| MAI8
MOV-17 | MCC-B1 6 CB-3 | MB16




CIRCUIT ANALYSIS WORKSHEET

Exercise 10
Component ID: PI-1 Component Type: Instrument
Component Description: RCS Pressure
BE Code: Pl-1_FL (RCS Pressure Indication Fails High)
Required Position: AVAILABLE
Functional State
Normal Position: AVAILABLE
Failed Electrical Position: LOW
Failed Air Position: N/A
High Consequence Component Yes [ ] No [X
Power Supplies: Vital-B Breaker: 8
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments
VB1A Yes Indication | FH, Error-H

VB1B Yes Indication | FH, Error-H

VB1C Yes Indication | FL, Error-L

VB1D Yes Indication | FL, Error-L

VB1E Yes Indication FL, Error-L

VB1F Yes Indication FL, Error-L

VB1G Yes Indication | FL, Error-L

VA3C No Indication | None Cannot affect indication
Comments:

1. Shielded Instrument Cable- External hot shorts not considered credible.
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CIRCUIT ANALYSIS WORKSHEET

O Component ID: IF'I’.} - Continuation Sheet ( £ of Z- )
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
PBg2C N I NovrE ChmneT AFEECT TINOICATION
2R3 C N T Novg Cavnat AFFECT INDICATION
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Exercise 11

CIRCUIT ANALYSIS WORKSHEET

Component ID:

ANN-1

Component Description:

AFW Motor High Temperature

Component Type: Annunciator

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

ANN-1_FH

NON-SPURIOUS

AVAILABLE

UNAVAILABLE

N/A

High Consequence Component Yes

] No X

(AFW Pump Motor Spurious High Ann)

Power Supplies: Vital-A Breaker: 4
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

K16A Yes Indication LOI, SP-ALM

K16N Yes Indication LOI, SP-ALM

K16B-K16M No Indication LOI

Comments:
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CIRCUIT ANALYSIS WORKSHEET

Exercise 12
Component ID: HPI-B . Component Type: Pump
Component Description: High Pressure Injection Pump B
BE Code: HPIA_FTS (HPI-A Fails to Start)
HPIA_FTR (HPI-A Fails to Run)
Required Position: ON
Functional State
Normal Position: STANDBY / ON
Failed Electrical Position: Off
Failed Air Position: N/A

High Consequence Component Yes [] No X

Power Supplies: Breaker:

Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
BDGO06-P Yes Power LOP
BDGO6-N Yes Control
BDG06-D No Indication | None Isolated by I/l
BDG06-G No Control None _ Isolated by SCB/SS
BDGO06-E Yes Control
BDG06-Z Yes Control
BDGO6-L Yes DC Control Power
Comments:
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CIRCUIT ANALYSIS WORKSHEET

Exercise 13

Component ID: - COMP-1 Component Type: Compressor
Component Description: Instrument Air Compressor

BE Code: COMP-1_FTR  (COMP-1 Fails to Run)

Required Position: CYCLE

Functional State

Normal Position: CYCLE -

Failed Electrical Position: Off

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: LC-1 Breaker: LC1-15
Breaker:
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
YEGO06-P Yes Power ‘LOP
Faults could cause LOP to Air
YEGO06-A Yes Control LOP Compressor Skid
Loss of Cooling H,0,
YEQ17-A Yes Control LOC
YEQ17-B Yes Control LOC
YEQ17-E Yes Control LOC
YEQ17-I Yes Control LOC
YEQ17-H Yes Control Fail off
YEQ17-M Yes Control LOC, fail off

Comments:

1. Air Compressor Sequence Control Mounted on COMP-1 skid

2. Motor winding heater not required
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CIRCUIT ANALYSIS WORKSHEET

O Component ID: CO NP - ] Continuation Sheet (i of & )
Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
YEa1-N N IND NenE ANNINCIATIGN TN LY
NVEQV?- T | N ND NenvE ANNVNCVATIN ONLY
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CIRCUIT ANALYSIS WORKSHEET

_ O Component ID:

SWGR-B Component Type: Switchgear

Component Description:

Train B 4160V Switchgear

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

PNL-B EPS-4VBUSBF-2  (4KV BUS B FAULT)
ENERGIZED FROM EDG-B

ENERGIZED FROM SUT-1
Off
N/A

High Consequence Component Yes ] No ¥

Power Supplies: Breaker:
Breaker:
O Cable Analysis:
Cable ID Required? | Function Fault Consequence Comments
Comments:

O




CIRCUIT ANALYSIS WORKSHEET
Exercise 15 (Note: No detailed description, nor solution, of Exercise 14 on prev. pg. is available.)

Component ID: LCB Component Type: Load Center

Component Description: Train B 480 V Load Center

BE Code: EPS-480VLCBF (480V LOAD CENTER B FAULT)

Required Position: ENERGIZED
Functional State

Normal Position: . ENERGIZED
Failed Electrical Position: Off

Failed Air Position: N/A

High Consequence Component Yes [] No [X

Power Supplies: SST-B Breaker: N/A
PNL-B Breaker: 11

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

AEDO2-A Yes Control LOC, Loss-Protectiqn

AEDO02-B Yes Control LOC, Loss-Protection

AEDO02-Z Yes Control LOC, Loss-Protection

AED12-A | No Control None Kirk-Key Interlock

AED12-B No Control None Kirk-Key Interlock

AED12-P No Power None LOP from LC-1F

AED12-Q No Power None LOP from LC-1F

AED12-R No Power None LOP from LC-1F

Comments:
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CIRCUIT ANALYSIS WORKSHEET

@ Component ID;_LC~ B | Continuation Sheet ( Z_of 2 )

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments
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NORMAL CIRCUVT BREAKER INTERLOCK FEATURE. S

s

— e - B O i =

- 2000 |
SNPP i
LC-B-04
LC-B Dlate:
INCOMING BREAKER 05/20/2007
INTERLOCKS Revision No..
B-101 P




W

g | S | 2 is 1 2 i i3
ezt | cEACReTON RENARAS
. S
450V T MG ARY AR 5 0¢
SOAD CENTER AARM B ~ %
® @’“m ! e | SGeE btk et
* csan
n ’:'!" ©
— v !c
in ia 8 BE
aT i
3 i
L] i I
480 V/120V PRy
o 43
| o £ g '
e &
] L O \t_ ie a2 Te 1€ 1 x
! . Lo
| TTE i et ) e
: 1. e e gy i _‘ﬂ ? -—r" £I25 WOT ABSLY O £80
O
L

1 SEAL NCONTALT TOBE D' coNNEL™ED

]
=
S 3 CABLE ROR UL PUTEN AL LGNS, o
108D CANTER Ia 4 CASLE FOR A C. POTENTIAL LIGNTS
P N R T e

w7
Svap nl Theetg LA T UXL )
B

Lo e LC - B

LOAD CDiTER &

A

1540 coutER &

2D rees wet .nov.vou:b o
RABD FKED CANDE

Epol-?

A B
» S S WXl
MANTANED CONTACTS g o : STEY T8 —E.BCTREA. BENERA. DAL
(D cmnex B o —azion w2 Aeri A0 NETES
ot ey 3 TI000—AME.E MG BLACTRCAL Alx
] (538 WSy B-OTSR,SELL IS BOETEM NOAVAL-AIGD 3520y, |
PR TR : DeITI00 —SNBLE LME MECTRCAL Aud
SNSERVCLTARE AUk ARY REAY TAP BACTON TaBlt DETAL a"- 4. 6. POTHMTAL LTS Bt 53 "4 (BVERS -6 D0V § GO

| TRE ZOSTOL Az

oo ioues] mecsazmon wane] T BT aesicrow ena| B2E oues =
sroe ghev EoEe L3

TTU HNCAE NG PROTILTON AND
3 e
e e T e i

2 ” TERING 300V LOAD TENTER
AL N

@-a2— S €3 -
W vs s 8 e o i
g B e O BTAAL CABL 7% 1| £-YI00B-SAD.E LNE PROTEITION AND
P e L L =z R :;'ixu.'aaov Zan CANTIR

"
VBOGAY SIEILED On I D1TPS

[CR T TeITASON ANME B PROTRITION AND
5 METeR U 300V .0 CONTRR [
" e , 3
ae rgTy . S - "
VBIGAY BIATLAD 2N Dl 2= TNER . et et oo

TRRA NG 200 LOAD CENTIR
12 8MERS)

SNPP e,

LC-B-05
Date:
LOAD CENTER
UNDERVOLTAGE SCHEME | 2202007

B-102 #




o
LOCAOUT RELAY PUNCTION TABLE \\
uu% amcro: | pwane Facnon | foss ne N
ves | 35 | TRP BeR 310603 - TRP SR 31200 P’
asons | 2425 | aano Fvs 0w | L% | Auaron —— N
o ] e s 5 T o S
o — O (B T <
LBIKR 32-DA0G N
aﬂ»-&ﬂgggifgg? e | 54 | sanes —_— /Eéfz;::ij
—— | 2% avans pEE PPy s
L3 T
™ | v |Abkos | oros | eoor s 2o
% |Iv 8060 | oGO3 | seor s =
i1 [~ | X006 Dacs | Eton s ‘*{j

B-103

-/'JV-“-— -
-

NOTES:
L SFE DRAWING A-i81981 FOR FUSE
RATING { TYPE,
‘

A-177538 —ELBCTRICAL GENERAL DETALS)
AND NOTRS

B+ 1 1IDO! —SNGLE UNE ELECTRICAL Al
SPTEM (WMERG - 41GOY § BOOY)

C-iTIOO0T —SMGLE LNE PROTECTION AND |
wmm

AGOY WATCUEEAR

BUS IF (SWERS)

L-ITICOG— SHGLE LNE PROTECTION ARD
METERMG GOV SWITCHGEAR
B3 G (EMERS)

C- MO0 SMGA UNE PAOTICTION AND
METERING GOOV LOAD CENTRR
10 (WMERG ) —

C-ITION —— SNGLE NG PROTECTION AND
METERAG GOOV LOAD CENTER
1 (EMERGY

L1 TISNE ~— SNGLE UNE PROTECTION AMND
METERING GOOY LOAD CENTER

A 198 - FUSE -W“ AU AL
e FOR SAFETY ICLATED
Seoben = e

£TMIOOS — SNk LME PROTECTION AND
METERMNG

SNPP e,

STATION SERVICE e
TRANSFORMER T
DIFFERENTIAL PROTECTION :
SCHEME Fnision Do

#




Exercise 16

CIRCUIT ANALYSIS WORKSHEET

Component ID:

MCC-1B

Component Description:

Component Type: MCC

Train B 480 V Motor Control Center

BE Code:

Required Position:
Functional State

Normal Position:

Failed Electrical Position:

Failed Air Position:

EPS-480MCCB1F

ENERGIZED

ENERGIZED

Off

N/A

High Consequence Component Yes

] No X

(480V MCC B1 FAULT)

Power Supplies: LC-B Breaker: ED-10
Breaker:

Cable Analysis:

Cable ID Required? | Function Fault Consequence Comments

BEE10-P Yes Power LOP

BEE10-A Yes Control LOC, SO

BEE10-B Yes Control LOC, SO

BEE10-Z Yes Control LOC, SO

Comments:

1. Breaker control power included in analysis for LC-B.

2. MCC-1B has no main breaker. Power cables connected directly to bus.

3. Annunciation circuits not required for functionality.

B-104
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Drawing Pack 1 - Electrical Schematic Diagrams
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