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ABSTRACT

The U.S. Nuclear Regulatory Commission (NRC) Office of Nuclear Regulatory Research (RES)
and the Electric Power Research Institute (EPRI) working under a memorandum of
understanding (MOU) jointly conducted two sessions of the NRC— RES/EPRI Fire Probabilistic
Risk Assessment (PRA) Workshop on July 16-20, 2012, and September 24-28, 2012, at the
Bethesda Marriott in Bethesda, MD. The purpose of the workshop was to provide detailed,
hands-on training on the fire PRA methodology described in the technical document,
NUREG/CR-6850 (EPRI 1011989) entitled “EPRI/NRC-RES Fire PRA Methodology for
Nuclear Power Facilities.” This fire PRA methodology document supports implementation of
the risk-informed, performance-based rule in Title 10 of the Code of Federal Regulations

(10 CFR) 50.48(c) endorsing National Fire Protection Association (NFPA) Standard 805, as
well as other applications such as exemptions or deviations to the agency’s current regulations
and fire protection significance determination process (SDP) phase 3 applications.

RES and EPRI provided training in five subject areas related to fire PRA, namely: fire PRA,
electrical analysis, fire analysis, fire human reliability analysis (HRA), and advanced fire
modeling. Participants selected one of these subject areas and spent the duration of the
course in that module. The HRA module reviewed guidance provided in NUREG-1921 (EPRI
1023001), “EPRI/NRC-RES Fire Human Reliability Analysis Guidelines,” while the fire
modeling module reviewed the fire modeling guidance provided in NUREG-1934 (EPRI
1019195), “Nuclear Power Plant Fire Modeling Application Guide.” For each technical area,
the workshop also included a 1-day module introducing the fundamentals of the subject. The
purpose of the fundamentals modules was to assist students without an extensive background
in the technical area in understanding the in-depth training modules that followed. Attendance
in the fundamentals modules was optional. The workshop’s format allowed for in-depth
presentations and practical examples directed toward the participant’s area of interest.

This NUREG/CP documents both of the two sessions of the NRC-RES/EPRI Fire PRA
Workshop delivered in 2012 and includes the slides and handout materials delivered in each
module of the course as well as video recordings of the training that was delivered. This
NUREG/CP can be used 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 could also be useful preparatory material for
those planning to attend future sessions.

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’s conclusions or regulatory positions,
and they should not be interpreted as such.
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1

INTRODUCTION AND BACKGROUND

The U.S. Nuclear Regulatory Commission (NRC) approved the risk-informed and

performance- based alternative regulation in Title 10 of the Code of Federal Regulations

(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’ use of that option, the
NRC'’s Office of Nuclear Regulatory Research (RES) 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 state-of-the art methods, tools,
and data for conducting a fire probabilistic risk assessment (PRA) in a commercial nuclear
power plant (NPP) application. This report is intended to serve the needs of a fire risk analysis
team by providing a general framework for conducting 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 (IPEEE), 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 the NRC’s participation in
the study neither constitutes nor implies regulatory approval of applications based on the
analysis contained in that document. The analyses and methods documented in that 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. However, the results from that 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.

However, it is not sufficient to merely develop a potentially useful method, such as

NUREG/CR- 6850, and announce its availability. It is also necessary to teach potential users
how to properly use the method. To meet this need RES and EPRI have collaboratively
conducted the NRC-RES/EPRI Fire PRA Workshops to train interested parties in the application
of this methodology since 2005. The course is provided in five parallel modules covering tasks
from NUREG/CR-6850.

These five training modules are:

o Module 1: PRA/Systems Analysis — This module covers the technical tasks for
development of the system response to a fire including human failure events.

1-1



) Specifically, this module covers Tasks/Sections 2, 4, 5, 7, 14, and 15 of Reference [1].

o Module 2: Electrical Analysis — This module covers the technical tasks for analysis of
electrical failures as the result of a fire. Specifically, this module covers
Tasks/Sections 3, 9, and 10 of Reference [1].

o Module 3: Fire Analysis — This module covers technical tasks involved in development of
fire scenarios from initiation to target (e.g., cable) impact. Specifically, this module
covers Tasks/Sections 1, 6, 8, 11, and 13 of Reference [1].

. Module 4: Fire Human Reliability Analysis — This module covers the technical tasks
associated with identifying and analyzing operator actions and performance during a
postulated fire scenario. Specifically, this module covers Task 12 as outlined in
Reference [1] based on the application of the approaches documented in Reference [2].

. Module 5: Advanced Fire Modeling — This module was added to the training in 2011. It
covers the fundamentals of fire science and provides practical implementation guidance
for the application of fire modeling in support of a fire PRA. Module 5 covers fire
modeling applications for Tasks 8 and 11 as outlined in Reference [1] based on the
material presented in Reference [3].

The first three modules are based directly on the “EPRI/NRC-RES Fire PRA Methodology for
Nuclear Power Facilities,” EPRI 1011989, and NUREG/CR-6850 [1]. However, that document
did not cover fire human reliability analysis (HRA) methods in detail. In 2010, the training
materials were enhanced to include a fourth module based on a more recent EPRI/RES
collaboration and the then draft guidance document, EPRI 1019196, NUREG-1921 [2] published
in late 2009. The training materials are based on this draft document including the
consideration of public comments received on the draft report and the team’s responses to
those comments. In 2011 a fifth training module on Advanced Fire Modeling techniques and
concepts was added to the course. This module is based on another joint RES/EPRI
collaboration and a draft guidance published in January 2010, NUREG-1934 EPRI 1019195 [3].

In 2012 an additional first day of training was included in the NRC-RES/EPRI Fire PRA
Workshop to cover principal elements of each technical area covered in the Fire PRA course,
i.e., PRA, HRA, Electrical Analysis, and Fire Analysis. This introductory module was intended to
assist in preparing the students to understand the in-depth fire PRA training modules that
followed. The introductory modules were not intended to be a substitute for education and/or
training in the subject matter. The intent was that they would serve as a primer for those
individuals who lacked such training or those who were cross-training in an area other than their
primary area of expertise.

The four introductory modules listed below (referred to as Module 0) were offered in parallel on
the first day of the workshop.

Module 0a: Principles of PRA
Module 0b: Principles of Electrical Analysis
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Module Oc: Principles of Fire Science and Modeling
Module 0d: Principles of HRA

These sub-modules are included in the text and on the accompanying DVDs as a part of their
related module.

1.1 About this text

“Methods for Applying Risk Analysis to Fire Scenarios (MARIAFIRES) — 20127, is a collection of
the materials that were presented at the two sessions of the NRC-RES/EPRI Fire PRA
conducted July 16-20, 2012, and September 24-28, 2012.

The 2012 workshop was video recorded and adapted as an alternative training method for those
who were unable to physically attend the training sessions. This NUREG/CP is comprised of the
materials supporting those videos and includes the five volumes below (the videos are enclosed
on DVD in the published paper copies of this NUREG/CP). This material can also serve as a
refresher for those who attended one or more of the training sessions, and would be useful
preparatory material for those planning to attend a session.

MARIAFIRES is comprised of 5 volumes.

Volume 1 — Module Oa Principles of PRA and Module 1: PRA/Systems Analysis

Volume 2 — Module 0b Principles of Electrical Analysis and Module 2: Electrical Analysis
Volume 3 — Module Oc Principles of Fire Science and Modeling and Module 3: Fire Analysis
Volume 4 — Module 0d Principles of HRA and Module 4: Fire Human Reliability Analysis
Volume 5 — Module 5: Advanced Fire Modeling

Integral to Modules 1, 2 and 3 is a set of hands-on problems based on a conceptual generic
nuclear power plant (NPP) developed for training purposes. This generic plant is referred to in
this text and in classroom examples as SNPP (Simplified Nuclear Power Plant). The same
generic NPP is used in all three modules. Chapter 2 of this document provides the background
information for the problem sets of each module, including a general description of the sample
power plant and the internal events PRA needed as input to the fire PRA. The generic NPP
defined for this training is an extremely simplified one that in many cases does not meet any
regulatory requirements or good engineering practices. For training purposes, the design
features presented highlight the various aspects of the fire PRA methodology.

For Module 4 and 5, independent sets of examples are used to illustrate key points of the
analysis procedures. The examples for these two modules are not tied to the simplified plant.
Module 4 uses examples that were derived largely from pilot applications of the proposed fire
HRA methods and on independent work of the EPRI and RES HRA teams. The examples for
Module 5 were taken directly from Reference [3] and represent a range of typical NPP fire
scenarios across a range of complexity and that highlight some of the computation challenges
associated with the NPP fire PRA fire modeling applications.
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A short description of the Fire PRA technical tasks is provided below. For further details, refer to
the individual task descriptions in EPRI 1011989, NUREG/CR-6850, Volume 2. The figure
presented at the end of this chapter provides a simplified flow chart for the analysis process and
indicates which training module covers each of the analysis tasks.

Plant Boundary Definition and Partitioning (Task 1). The first step in applying the fire PRA
methodology is to define the physical boundary of the analysis and to divide the area within that
boundary into analysis compartments.

Fire PRA Component Selection (Task 2). The selection of components that are to be credited
for plant shutdown following a fire is a critical step in any fire PRA. Components selected would
generally include many, but not necessarily all, components credited in the 10 CFR Part 50,
“‘Domestic Licensing of Production and Utilization Facilities,” Appendix R, “Fire Protection
Program for Nuclear Power Facilities Operating prior to January 1, 1979,” post-fire safe
shutdown (SSD) analysis. Additional components will likely be selected, potentially including
most, but not all, components credited in the plant's internal events PRA. Also, the proposed
methodology would likely introduce components beyond either the 10 CFR 50 Appendix R list or
the internal events PRA model. Such components are often of interest because of concern for
multiple spurious actuations that may threaten the credited functions and components, as well
as from concerns about fire effects on instrumentation used by the plant crew to respond to the
event.

Fire PRA Cable Selection (Task 3). This task provides instructions and technical
considerations associated with identifying cables supporting those components selected in
Task 2 above. In previous fire PRA methods (such as EPRI Fire-Induced Vulnerability
Evaluation (FIVE) and Fire PRA Implementation Guide), this task was relegated to the

SSD analysis and its associated databases. NUREG/CR-6850 (EPRI 1011989) offers a more
structured set of rules for selection of cables.

Qualitative Screening (Task 4). This task identifies fire analysis compartments that can be
shown, without quantitative analysis, to have little or no risk significance. Fire compartments
may be screened out if they contain no components or cables identified in Tasks 2 and 3 and if
they cannot lead to a plant trip because of either plant procedures, an automatic trip signal, or
technical specification requirements.

Plant Fire-Induced Risk Model (Task 5). This task discusses steps for the development of a
logic model that reflects plant response following a fire. Specific instructions have been provided
for treatment of fire-specific procedures or plans. These procedures may impact availability of
functions and components or include fire-specific operator actions (e.g., self- induced station
blackout).

Fire Ignition Frequency (Task 6). This task describes the approach to develop frequency
estimates for fire compartments and scenarios. Significant changes from the EPRI FIVE method
have been made in this task. The changes generally relate to the use of challenging events,
considerations associated with data quality, and increased use of a fully component-based
ignition frequency model (as opposed to the location/component-based model used, for
example, in FIVE).
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Quantitative Screening (Task 7). A fire PRA allows the screening of fire compartments and
scenarios based on their contribution to fire risk. This approach considers the cumulative risk
associated with the screened compartments (i.e., the ones not retained for detailed analysis) to
ensure that a true estimate of fire risk profile (as opposed to vulnerability) is obtained.

Scoping Fire Modeling (Task 8). This step provides simple rules to define and screen fire
ignition sources (and therefore fire scenarios) in an unscreened fire compartment.

Detailed Circuit Failure Analysis (Task 9). This task provides an approach and technical
considerations for identifying how the failure of specific cables will impact the components
included in the fire PRA SSD plant response model.

Circuit Failure Mode Likelihood Analysis (Task 10). This task considers the relative
likelihood of various circuit failure modes. This added level of resolution may be a desired option
for those fire scenarios that are significant contributors to the risk. The methodology provided in
NUREG/CR-6850 (EPRI 1011989) benefits from the knowledge gained from the tests performed
in response to the circuit failure issue.

Detailed Fire Modeling (Task 11). This task describes the method to examine the
consequences of a fire. This includes consideration of scenarios involving single compartments,
multiple fire compartments, and the main control room. Factors considered include initial fire
characteristics; fire growth in a fire compartment or across fire compartments; detection and
suppression; electrical raceway fire barrier systems, and damage from heat and smoke. Special
consideration is given to turbine generator (T/G) fires, hydrogen fires, high-energy arcing faults
(HEAF), cable fires, and main control board (MCB) fires. Considerable improvements can be
found in the method for this task over the EPRI FIVE and Fire PRA Implementation Guide in
nearly all technical areas.

Post-Fire Human Reliability Analysis (Task 12). This task considers operator actions for
manipulation of plant components. The analysis task procedure provides structured instructions
for identification and inclusion of these actions in the fire PRA. The procedure also provides
instructions for estimating screening human error probabilities (HEPs) before detailed fire
modeling results (e.g., fire growth and damage behaviors) have necessarily been developed or
detailed circuit analyses (e.g., can the circuit spuriously actuate as opposed to simply assuming
it can actuate) have been completed. In a fire PRA, the estimation of HEP values with high
confidence is critical to the effectiveness of screening. This report does not develop a detailed
fire HRA methodology. A number of HRA methods can be adopted for fire with appropriate
additional instructions that superimpose fire effects on any of the existing HRA methods such as
the Technique for Human Error Rate Prediction (THERP), Causal Based Decision Tree (CBDT),
A Technique for Human Event Analysis (ATHEANA), etc. This would improve consistency
across analyses (i.e., fire and internal events PRA).

Seismic Fire Interactions (Task 13). This task is a qualitative approach to help identify the risk
from any potential interactions between an earthquake and a fire.

Fire Risk Quantification (Task 14). The task summarizes what is to be done for quantification
of the fire risk results.
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Uncertainty and Sensitivity Analyses (Task 15). This task describes the approach to follow
for identifying and treating uncertainties throughout the fire PRA process. The treatment may
vary from quantitative estimation and propagation of uncertainties where possible (e.g., in fire
frequency and non-suppression probability) to identification of sources without quantitative
estimation. The treatment may also include one-at-a-time variation of individual parameter
values or modeling approaches to determine the effect on the overall fire risk (i.e., sensitivity
analysis).

Fire PRA Documentation (Task 16). This task describes the approach to follow for

documenting the Fire PRA process and its results. Figure 1 shows the relationship between the
above 16 technical tasks from EPRI 1011989, NUREG/CR-6850, Volume 2.
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2

EXAMPLE CASE PLANT-GENERAL INFORMATION

2.1 Overall Plant Description

This chapter provides background information about the generic plant used in the hands-on
problem sets of Modules 1, 2 and 3. Note that the examples used in Module 4 (HRA) are not
based on the example case plant. The following notes generally describe the example case
plant, including its layout:

1.  The plant is a pressurized water reactor (PWR) consisting of one primary coolant loop,
which consists of one steam generator, one reactor coolant pump and the pressurizer. A
chemical volume control system and multiple train High Pressure Injection system, as well
as a single train residual heat removal system interface with the primary system

2. The secondary side of the plant contains a main steam and feedwater loop associated
with the single steam generator, and a multiple train auxiliary feedwater system to provide
decay heat removal.

3. The operating conditions and parameters of this plant are similar to that of a typical PWR.
For example, the primary side runs at about 2,200 psi pressure. The steam generator can
reject the decay heat after a reactor trip. There is a possibility for feed and bleed.

4. Itis assumed that the reactor is initially at 100% power.

5. The plant is laid out in accordance with Figures 1 through 9. The plant consists of a

containment building, auxiliary building, turbine building, diesel generator building and the
yard. All other buildings and plant areas are shown but no details are provided.

2.2 Systems Description

This section provides a more detailed description of the various systems within the plant and
addressed in the case studies. Each system is described separately.

2.2.1 Primary Coolant System
The following notes and Figure 10 define the primary coolant system:

1. The primary coolant loop consists of the reactor vessel, one reactor coolant pump, and one
steam generator and the pressurizer, along with associated piping.
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The pressurizer is equipped with a normally closed power operated relief valve (PORV),
which is an air operated valve (AOV-1) with its pilot solenoid operated valve (SOV-1).
There is also a normally open motor operated block valve (MOV-13) upstream of the
PORV.

The pressure transmitter (PT-1) on the pressurizer provides the pressure indication for the
primary coolant system and is used to signal a switch from chemical volume control
system (CVCS) to high pressure injection (HPI) configuration. That is, PT-1 provides the
automatic signal for high pressure injection on low RCS pressure. It also provides the
automatic signal to open the PORV on high RCS pressure.

A nitrogen bottle provides the necessary pressurized gas to operate the PORV in case of
loss of plant air but does not have sufficient capacity to support long-term operation.

2.2.2 Chemical Volume Control and High Pressure Injection Systems

The following notes and Figure 10 define the shared CVCS and HPI System:

1.

2.

The CVCS normally operates during power generation.

Valve type and position information include:

Table 2-1 Chemical volume control and high pressure injection systems valve type and

position information

Valve Type Status on Loss of Power | Position During Motor Power (hp)
(Or Air as applicable) Normal Operation
AOV-2 Air Operated Valve Fail Closed Open N/A
AOV-3 Air Operated Valve Fail Open Open N/A
MOV-1 Motor Operated Valve Fail As Is Closed >5
MOV-2 Motor Operated Valve Fail As Is Open <5
MOV-3 Motor Operated Valve Fail As Is Closed <5
MOV-4 Motor Operated Valve Fail As Is Closed <5
MOV-5 Motor Operated Valve Fail As Is Closed <5
MOV-6 Motor Operated Valve Fail As Is Closed >5
MOV-9 Motor Operated Valve Fail As Is Closed >5
3.  One of the two HPI pumps runs when the CVCS is operating.
4.  One of the two HPI pumps is sufficient to provide all injection needs after a reactor trip and
all postulated accident conditions.
5. HPIl and CVCS use the same set of pumps.
6. On a need for safety injection, the following lineup takes place automatically:
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10.

11.

. AOQOV-3 closes.

. MOV-5 and MOV-6 open.
. MOV-2 closes.
. Both HPI pumps receive start signal, the stand-by pump starts and the operating

pump continues operating.

. MOQOV-1 and MOV-9 open.

HPI supports feed and bleed cooling when all secondary heat removal is unavailable. When
there is a low level indication on the steam generator, the operator will initiate feed and bleed
cooling by starting the HPI pumps and opening the PORV.

HPI is used for re-circulating sump water after successful injection in response to a
loss-of-coolant accident (LOCA) or successful initiation of feed and bleed cooling. For
recirculation, upon proper indication of low refueling water storage tank (RWST) level and
sufficient sump level, the operator manually opens MOV-3 and MOV-4, closes MOV-5 and
MOV-6, starts the RHR pump, and aligns component cooling water (CCW) to the RHR heat
exchanger.

RWST provides the necessary cooling water for the HPI pumps during injection. During the
recirculation mode, HPI pump cooling is provided by the recirculation water.

There are level indications of the RWST and containment sump levels that are used by the
operator to know when to switch from high pressure injection to recirculation cooling mode.

The air compressor provides the motive power for the air-operated valves but the detailed
connections to the various valves are not shown.

2.2.3 Residual Heat Removal System

The following notes and Figure 10 define the residual heat removal (RHR) system:

1.

The design pressure of the RHR system downstream of MOV-8 is low.

2. Valve type and position information include the following:
Table 2-2 Residual heat removal system valve type and position information
Valve Type Status on Loss Position During Motor Power (hp)
of Power Normal
Operation
MOV-7 Motor Operated Valve Fail As Is Closed (breaker >5
racked out)
MOV-8 Motor Operated Valve Fail As Is Closed >5
MOV-20 Motor Operated Valve Fail As Is Closed >5
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3. Operators have to align the system for shutdown cooling, after reactor vessel
depressurization from the control room by opening MOV-7 and MOV-8, turn the RHR pump
on and establish cooling in the RHR heat exchanger.

2.2.4 Auxiliary Feedwater System
The following notes and Figure 11 define the Auxiliary Feedwater (AFW) System:

1. One of three pumps of the AFW system can provide the necessary secondary side cooling
for reactor heat removal after a reactor trip.

2.  Pump AFW-A is motor-driven, AFW-B is steam turbine-driven, and AFW-C is diesel-driven.
3. Valve type and position information include the following:

Table 2-3 Auxiliary feedwater system valve type and position information

Valve Type Status on Loss | Position During | Motor Power
of Power Normal (hp)
Operation

MOV-10 Motor Operated | Fail As Is Closed >5
Valve

MOV-11 Motor Operated | Fail As Is Closed >5
Valve

MOV-14 Motor Operated | Fail As Is Closed <5
Valve

MOV-15 Motor Operated | Fail As Is Closed <5
Valve

MOV-16 Motor Operated | Fail As Is Closed <5
Valve

MOV-17 Motor Operated | Fail As Is Closed <5
Valve

MOV-18 Motor Operated | Fail As Is Closed >5
Valve

MOV-19 Motor Operated | Fail As Is Closed <5
Valve

4. Upon a plant trip, main feedwater isolates and AFW automatically initiates by starting AFW-A
and AFW-C pumps, opening the steam valves MOV-14 and MOV-15 to operate the AFW-B
steam-driven pump, and opening valves MOV-10, MOV-11, and MOV-18.

5. The condensate storage tank (CST) has sufficient capacity to provide core cooling until cold
shutdown is achieved.

6. The test return paths through MOVs-16, 17, and 19 are low-flow lines and do not represent
significant diversions of AFW flow even if the valves are open.
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7. There is a high motor-temperature alarm on AFW pump A. Upon indication in the control
room, the operator is to stop the pump immediately and have the condition subsequently
checked by dispatching a local operator.

8. The atmospheric relief valve opens, as needed, automatically to remove decay heat if the
main condenser path should be unavailable.

9. The connections to the main turbine and main feedwater are shown in terms of one main
steam isolation valve (MSIV) and a check valve. Portions of the plant beyond these
interfacing components will not be addressed in the course.

10. Atmospheric dump valve AOV-4 is used to depressurize the steam generator in case of a
tube rupture.

2.2.5 Electrical System

Figure 12 is a one-line diagram of the Electrical Distribution System (EDS). Safety-related
buses are identified by the use of alphabetic letters (e.g., SWGR-A, MCC-B1, etc.) while the
non-safety buses use numbers as part of their designations (e.g., SWGR-1 and MCC-2).

The safety-related portions of the EDS include 4,160-volt (V) switchgear buses SWGR-A and
SWGR-B, which are normally powered from the startup transformer SUT-1. In the event that
offsite power is lost, these switchgear buses receive power from emergency diesel generators
EDG-A and EDG-B. The 480-V safety-related load centers (LC-A and LC-B) receive power
from the switchgear buses via station service transformers SST-A and SST-B. The motor
control centers (MCC-A1 and MCC-B1) are powered directly from the load centers. The MCCs
provide motive power to several safety-related motor-operated valves (MOVs) and to dc buses
DC BUS-A and DC BUS-B via battery chargers BC-A and BC-B. The two 125-V dc batteries,
BAT-A and BAT-B, supply power to the dc buses in the event that all ac power is lost. DC
control power for the 4,160-V, safety-related switchgear is provided through distribution panels
PNL-A and PNLB. The 120 V ac vital loads are powered from buses VITAL-A and VITAL-B,
which in turn receive their power from the dc buses through inverters INV-A and INV-B.

The non-safety portions of the EDS reflect a similar hierarchy of power flow. There are
important differences, however. For example, 4,160-V SWGR-1 and SWGR-2 are normally
energized from the unit auxiliary transformer (UAT-1) with backup power available from SUT-1.
A cross-tie breaker allows one non-safety switchgear bus to provide power to the other. Non-
safety load centers LC-1 and LC-2 are powered at 480 V from the 4,160-V switchgear via SST-
1 and SST-2. These load centers provide power directly to the non-safety MCCs. The non-vital
dc bus (DC BUS-1) can be powered from either MCC via an automatic transfer switch (ATS-1)
and battery charger BC-1 or directly from the 125-V dc battery, BAT-1.
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2.2.6 Other Systems

The following systems and equipment are mentioned in the plant description but not explicitly
included in the fire PRA:

e Component Cooling Water (CCW) — provides cooling to letdown heat exchanger and the
RHR heat exchanger— assumed to be available at all times.

e Itis assumed that the control rods can successfully insert and shutdown the reactor
under all conditions.

e Itis assumed that the emergency core cooling system (ECCS) and other AFW related
instrumentation and control circuits (other than those specifically noted in the diagrams)
exist and are perfect such that in all cases, they would sense the presence of a LOCA or
other need to trip the plant and provide safety injection and auxiliary feedwater by
sending the proper signals to the affected components (i.e., close valves and start
pumps, insert control rods, etc.).

¢ Instrument air is required for operation of AOV-1, AOV-2, AOV-3, and AOV-4.

2.3 Plant Layout

The following notes augment the information provided in Figures 1 through 9 (Drawings A-01
through A09):

¢ The main structures of the plant are as follows:
- containment
- auxiliary building
- turbine building
- diesel generator building
- intake structure
- security building

e In Figure 1 (Drawing A-01), the dashed lines represent the fence that separates two
major parts: the yard and switchyard.

e Switchyard is located outside the yard with a separate security access.
e CST, RWST, UAT, main transformer and SUT are located in the open in the yard.

e All walls shown in Figures 1 through 8 (Drawings A-01 through A-08) should be
assumed to be fire rated.
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2.4

All doors shown in Figures 1 through 8 (Drawings A-01 through A-08) should be
assumed as fire rated and normally closed.

Battery rooms A and B are located inside the respective switchgear rooms with 1-hour
rated walls, ceilings and doors.

All cable trays are open type. Vertical cable trays are designated as VCBT and
horizontal cable trays as HCBT. For horizontal cable trays, the number following the
letters indicates the elevation of the cable tray. For example, HCBT+35A denotes a
horizontal cable tray at elevation +35 ft (11 meters).

The stairwell in the auxiliary building provides access to all the floors of the building. The
doors and walls are fire rated and doors are normally closed.

SNPP Drawings

The following 12 pages provide schematic drawings of the generic NPP, SNPP. Drawings A-01
through A-09 are general physical layout drawings providing plan and elevation views of the
plant. These drawings also identify the location of important plant equipment. Drawing A-10
provides a piping and instrumentation diagram (P&ID) for the primary coolant system, and
drawing A-11 provides a P&ID for the secondary systems. Drawing A-12 is a simplified one-line
diagram of the plant power distribution system.
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3

FUNDAMENTALS OF FIRE ANALYSIS

The slides that follow were presented on the first day of the NRC-RES/EPRI Fire PRA
Workshop during the extra day of training dedicated to presenting the fundamentals of the
various subject areas to be covered during the remainder of the week.



3.1 Fire Fundamentals Definitions

USNRC EPIS] | eseace msmmo

Protecting People and the Environmen c

Sandia ‘5—'*..1-’5.5.5 : "
@ National ol i
Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Fire Fundamentals:
Definitions

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I What is a Fire?

* Fire:
— destructive burning as manifested by any or all of the following:
light, flame, heat, smoke (ASTM E176)

— the rapid oxidation of a material in the chemical process of
combustion, releasing heat, light, and various reaction products.
(National Wildfire Coordinating Group)

— the phenomenon of combustion manifested in light, flame, and
heat (Merriam-Webster)

— Combustionis an exothermic, self-sustaining reaction involving a
solid, liquid, and/or gas-phase fuel (NFPA FP Handbook)

Fire PRA Workshop, 2012, Washington DC "Qlide? | AColiaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions s o N Research (RES) & Electric Power Research Institute (EPRI)
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I What is a Fire?

 Fire Triangle — hasn’t change
much...

* Fire requires presence of:
— Material that can burn (fuel)
— Oxygen (generally from air)
— Energy (initial ignition source and
sustaining thermal feedback)

* Ignition source can be a
spark, shortin an electrical
device, welder’s torch, cutting
slag, hot pipe, hot manifold,
cigarette, ...

Fire PRA Workshop, 2012, Washington DC "Qlide3 |  AColiaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions T e Lo A Research (RES) & Electric Power Research Institute (EPRI)

I Materials that May Burn

* Materials that can burn are generally categorized by:

— Ease of ignition (ignition temperature or flash point)

« Flammable materials are relatively easy to ignite, lower flash point
(e.g., gasoline)

» Combustible materials burn but are more difficult to ignite, higher
flash point, more energy needed(e.g., wood, diesel fuel)

» Non-Combustible materials will not burn under normal conditions
(e.g., granite, silica...)
— State of the fuel
« Solid (wood, electrical cable insulation)
+ Liquid (diesel fuel)
» (Gaseous (hydrogen)

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC d :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions




I Combustion Process

* Combustion process involves . . .

— An ignition source comes into contact and heats up the
material

— Material vaporizes and mixes up with the oxygen in the air and
ignites

— Exothermic reaction generates additional energy that heats
the material, that vaporizes more, that reacts with the air, etc.

— Flame is the zone where chemical reaction is taking place
* Flame - A flame is the visible (light-emitting) part of a
fire. It is caused by an exothermic reaction taking

place in a thin zone where fuel vapors and oxygen in
the air meet.

Fire PRA Workshop, 2012, Washington DC Cslides | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions il SN Research (RES) & Eleciric Power Research Institute (EPRI)

I What is Fire?

Spark

fFIammabIe
| . mixture
; z -Oxygen in [>
W e @GN
Heat
T Fuel gas

Solid

I fue

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Definitions

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)




I Flame Characteristics

* Flame characteristics
— Flame color depends on the material burning and how it burns
» The nature of the combustion products
* How hot material burns
+ How “cleanly” the material burns
— How efficient the burningis, oxygen availability
— Most flames are visible to the naked eye
« What you actually see is glowing particulate (e.g. soot)
+ Fuels that burn cleanly (less soot), have less visible flames
— e.g., Hydrogen produces a nearly invisible flame
— Flame temperature can range from 1,500°F to 3,500°F

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions

I Definitions

Three “modes” of heat transfer are in play during a fire:

« Conduction — Heat transfer through a solid material or between two
adjacent stationary solids directly through the contact interface between
them

— Example: Cooling your hand by putting it on a cold surface

« Convection — Heat transfer between a moving fluid and the surface of a
solid or liquid material

— Example: Blowing across a spoonful of hot soup to cool it

» Radiation — Heat transfer between two objects separated by open space
via the transfer of electromagnetic energy. Requires that the objects be
within line of sight of each other and separated by a relatively transparent
medium (e.g., air or vacuum).

— Example: Warming your hands by the camp fire

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions
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I Effects of a Fire

Whatdoes a fire do to its surroundings?
« A fire generates heat, smoke and various combustion products

— Heat is the main adverse effect of concern in a nuclear power plant

« Heat generated by the fire is transferred to nearby targets mainly
by radiation and convection

— Conduction plays a role in fuel heating and heat absorption into a
target but, for most cases, not in direct transfer of heat from the fire
to targets

* Products of combustion also include carbonaceous soot and
other species such as HCI, HCN, water vapor, CO, CO,, ...

— Smoke and soot can adversely affect equipment

— Smoke can hinder plant operators and fire response
— HCI and HCN can be irritants for plant personnel

— COfKills...

Fire PRA Workshop, 2012, Washington DC Slide 9 A Collaboration of U.5. NRC Utfice of Nuclear Regulatory

Fire Fundamentals - Definitions

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

Fire Plume

« Fire plume: the buoyant stream of heated air and
combustion products rising above a fire

» The fire plume forms quickly over the fire...

The fire produces very high temperature combustion
products which rise from the fuel surface due to
huoyancy
Rising combustion products draw in and mix with fresh
air from the surroundings (entrainment)

+ Some ofthe available oxygen is consumed in the

combustion process

Entrained air is heated as it absorbs energy from the /‘% \\
fire
The mixture of hot gases rises forming the fire plume
The plume can envelope items above the fire with very
hot gases
The energy carried away by the fire plume generally
accounts for over half of the energy generated by a fire

Fire PRA Workshop, 2012, Washington DC Slide 10 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire Fundamentals - Definitions

Research (RES) & Electric Power Research Institute (EPRI)
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The fire plume continued

* The fire plume typically carries away ~40%-70% of total heat production
from the fire

« The Convective fraction (X,) is the fraction of the net energy produced by
the fire and emitted into the surroundings via heated gasses in the plume

* X.~0.6 is a typical assumption for most fires

* The fire plume is very important to fire PRA. We often analyze fires
where important plant cables are located in the fire plume.

— Temperatures are higher in the fire plume than anywhere other than the
flame zone itself

Fire PRA Workshop, 2012, Washington DC Colide 11 | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions ki3 N Research (RES) & Eleciric Power Research Institute (EPRI)

Definitions

So what happens when the plume hits the ceiling?

« Ceiling Jet — When the fire plume hits the ceiling, the flowing
gasses turn 90° and form a relatively thin layer of flowing gas just
below the ceiling

— Important to the activation of sprinklers and fire detectors (more
later...)

...and when the ceiling jet hits the walls?

« Wall plume — if/when the ceiling jets reaches a wall, the gasses
will turn downward flowing down the wall

— The wall absorbs energy from the gasses cooling them

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions




Definitions

I

In the longer term, the compartment will fill with hot gasses. ..

* Hot Gas Layer — As a fire progresses within an enclosure, the heated air
and combustion products tend to collect as a heated layer between the
ceiling and somewhere above the floor (sometimes called the smoke
layer or upper layer as well)

VS, ...

* Lower or Cold Gas Layer — The gasses that remain between the bottom
of the HGL and the floor and that generally remain at near ambient
temperatures

* The depth of the HGL (distance from the ceiling to the bottom of the
HGL) will be determined largely by ventilation conditions (e.g., an open
door, open window...)

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions

I Radiative Heating from a Fire

* Radiative heat is produced by the luminous
flames and emitted in all directions

— Some radiative energy points back towards the
fuel and acts to evaporate more fuel to continue I T I
the combustion process (thermal feedback) T

— The rest points away from the fire into the

surroundings —
—

— The radiative fraction (X)) is the fraction of the «————
net energy produced by the fire and emitted into //
the surroundings via radiation: s

- X,=1.0=-X,
(if it's heat from the fire and it’'s not convection, it
must be radiation...)

+ X, ~ 0.4 is typical

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions
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I Flame Spread and Fire Propagation

» Flame spread is the propagation of combustion across a fuel surface,
to an adjacent fuel material, or to nearby items
— Radiation, convection, and conduction can all act to heat fuels near the
existing burn region
— Ignition can occur when temperatures ahead of the existing flame reach
the point of ignition, and the flame spreads

» Flame spread usually refers to

spread across or within a single
object or fuel package

* Fire propagation usually refers to 5
fire spread from one object to D
another

 Neither is universal so be careful. .. \'§'

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions

I Definitions

+ Pyrolisis — the breakdown of the molecules of a solid material
frotrﬂ eﬁ(posure to heat into gaseous molecules that may combust
in the flame.

« Smoldering — A slow combustion process without visible flames
that occurs in a porous solid fuel

— e.g., charcoal briquettes in the barbeque or wood in a fire pit as the
fire burns down

— Generally occurs because of limited oxygen access to the burning
surfaces. It can generate large quantity of carbon monoxide which is
lethal if inhaled.

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions
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Definitions

* Piloted ignition — Ignition of a combustible or flammable material in the
presence of a pre-existing flame (the “pilot” flame)

VS. ..

» Non-piloted (or spontaneous) ignition — Ignition of a combustible or
flammable material without an ignition source, which is generally caused
by raising material temperature above its auto-ignition temperature.

» Piloted ignition generally occurs at a lower temperature than
spontaneous ignition
— the pilot flame provides that extra “oomph” to achieve ignition

* Spontaneous combustion is a little different — the initiation of combustion
due to self heating of a fuel without an external heating source or pilot
flame (e.g., a pile of oily rags...)

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Definitions

Definitions

+ Diffusion Flame — The flame of a burning material (liquid or solid)
where the combustion process occurs at the interface where
vaporized fuel comes into contact with the oxygen in the air (e.g.,
flame on top of a candle or the wood in a fireplace.)

VS, ...

* Pre-mixed Flame —The flame of burning gaseous material that is
mixed with air upstream of the flame (e.g., the flame of a gas
range or gas fired furnace)

* Most of the fires we are concerned with involve diffusion flames

Fire PRA Workshop, 2012, Washington DC U olide18 | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions il Sl Research (RES) & Elecinic Power Research Institute (EPRI)
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Definitions

* Laminar Flame — a flame with smooth, regular and very uniform flow of
gases

* In a laminar flame the mixing of air and fuel vapors is not very efficient
and the flame zone is very narrow

» Laminar flames ~3,500 °F (~1925 °C) e.g., a candle flame
VS. ...
 Turbulent Flame — a flame with a more irregular and chaotic flow of
gases including the formation of large vortices
« Turbulentflames are more efficient because mixing entrained air with fuel
vapors/products creates a larger region where combustion can ocurr
+ Turbulent flames ~1,500 °F (~815 °C), e.g., most real fires

* Most flames greater than a few inches tall demonstrate turbulent (non-
laminar) behavior because of increased gas velocities caused by
increased heat.

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Definitions

Definitions

Some key fire characteristics. ..

« Mass Loss Rate (Burning Rate) — The rate of mass loss of a
burning material in a fire

— May be expressed as either mass released per unit time (g/s) or
mass released per unit area per unit time (g/cm?-s).

« Heat Release Rate (HRR) — The energy released from a fire per
unit time (kW)
— HRR is generally expressed as net energy release which accounts for thermal

feedback to the fuel and combustion efficiency —i.e., the net rate of energy
released by the fire

« Heat Flux — the rate of heat transfer expressed as energy
delivered per unit time per unit area (kWW/m?2). Heat flux is a good
measure of fire hazard.

Fire PRA Workshop, 2012, Washington DC U slide 20 | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions Bk lon | Research (RES) & Eleciric Power Research Institute (EPRI)
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I Definitions

» Heat Release Rate

. . 148
Profile — The fire’s HRE C ~
i r L ST #1-4 QUALIFIED CABLE
expressed as a functior 12ef / Nt ? T ST 36 UNOURLIFIED CABLE
of time a0l _ \ ey
— Example: NRC/SNL N )/ ol
electrical cabinet fire e 4% \ ey /
tests . .. 2 ool // “ \ X
— A complete HRR oy . [f"_;j';,\m ¥ \ -\‘H
profile may involve 5 & *°L 5\“ g
stages: - f i =
+ Incipient WAALE R s T ]
+ Growth S IR L I A D o A SR S
- Steady state or peak 8 ie 2e 3e 48
burning TIME (MIN)
* Decay . : "l
« Burnout Figure 8. I:;izaql:‘elsease Rate Plots for Scoping Tests

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Definitions

Definitions

* Fire in the Open — A fire occurring in a large or unconfined space such
that there is no feedback between the fire and the ambient environment

VS. ..

« Compartment Fire (Enclosure Fire) — A fire occurring in an enclosed
space such that the fire impact its surroundings creating a feedback
effect; e.g.

— The walls get hot and feed radiant energy back to the fire
— A HGL forms and feeds radiant energy back to the fire
— The HGL descends to the floor and reduces the oxygen available to the fire

» We deal mainly with compartment fires

Fire PRA Workshop, 2012, Washington DC U Slide 22 | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions L Research (RES) & Electric Power Research Institute (EPRI)
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I Definitions

« Fuel Limited Fire — A fire where the fuel burning rate is limited
only by the surface burning rate of the material.

— Plenty of oxygen...
Vs. ...

« Oxygen Limited Fire — A fire (typically inside a compartment or
enclosure) where the fuel burning rate is limited by oxygen
availability

— Not enough air for fire to grow beyond a certain point

« We tend to deal primarily with fuel limited fires, but cabinet fires,
for example, may be oxygen limited

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Definitions

I Definitions

« Lower flammability limit — the minimum concentration of fuel
vapor in air in a pre-mixed flame that can sustain combustion

— A mixture that is too lean (not enough fuel) will not burn

« Upper flammability limit — the maximum concentration of fuel
vapor in air that can sustain combustion

— A mixture that is too rich (too much fuel) will not burn

« Stoichiometric ratio - the optimum theoretical mix of fuel and air
to achieve complete combustion of that fuel

— Fuel burns completely and consumes all available oxygen

« Fuels will burn in air only if the concentration is between the lower
and upper flammability limits

Fire PRA Workshop, 2012, Washington DC U Slide 24 | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals - Definitions Beadiielon N Research (RES) & Elecinic Power Research Institute (EPRI)
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I Definitions

« Zone-of-Influence (ZOI) — The area around a fire where radiative
and convective heat transfer is sufficiently strong to damage
equipment or cables and/or heat other materials to the point of
ignition.

« Fire Modeling vs. Fire Analysis Tasks — Fire modeling is the
analytical process of estimating the behavior of a fire eventin
terms of the heat flux impinging material near the fire and
behavior of those materials as a result of that.

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions

Definitions

We classify cable insulation materials based on two major categories:

* Thermoplastic (TP): capable of softening or fusing when heated and of
hardening again when cooled (Marriam-Webster)

— TP materials melt when heated and solidify when cooled

* Thermoset (TS): capable of becoming permanently rigid when heated or
cured (Marriam-Webster)

— On heating TS materials may soften, swell, blister, crack, smolder and/or
burn but they won't melt

» Both types are used in U.S. NPPs
* Much more on cables to come.

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Definitions
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I Questions...

... before we move on?

* Up next:
— Fundamental concepts of fire behavior, modeling and analysis

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Definitions
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3.2 Fires in the Open and Fully Ventilated Fires

USNRC EPRI| s,

Protecting People und the Environment

Sandia ‘E—';.'._E-;E'.-E‘.-’ ) '
@ National _ ool il e
Laboratories

EPRI/NRC-RES FIRE
PRA METHODOLOGY

Fires in the Open and Fully
Ventilated Fires

NG

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

I Recall: Fuel limited fires

« A fire where the fuel burning rate is limited only by the
surface burning rate of the material.

« Sufficient air is always available for the fire (plenty of oxygen
to support burning)

» Fire generates hot gases (convective fraction) and emits
radiative heat (radiative fraction)

*» Generally applies to fires in the open or fires in large
compartments

— A nuclear power plant has lots of large compartments...

Fire PRA Warkshop, 2012, Washington DC | Slide 2 i A Coliaboration of U8 NRC Office of Nuclear Regulatory
Fire Fundamentals - Fires in the Open H Research (RES) & Elecine Power Research Institufe (EPRI)

3-16



I Heat Release Rate (HRR)

* For a simple fire, the HRR can be estimated using the following

equation:

Q=m"-A-AH

— 7" isthe burning mass flux (kg/s-m?)
— AH_is the net” heat of combustion (kJ/kg)
— Ais the burning area (m?2)

So HRR ends up as kJ/s or kW

* “net" heat of combustion implies that a burn

efficiency has been included — fuels don’t burn I

at 100% efficiency in real fires

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Fires in the Open

I Heat Release Rate

* HRR can be estimated
experimentally using
oxygen consumption
calorimetry
O =1y, -AH (k] kg,)

where:
AH ,~13.1 kJ/Kggs
for many common fuels

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Fires in the Open

Slide3 A Gollaboration of U.S. NRG Office of Nuclear Regulatory
Rttt Research (RES) & Electric Power Research Institute (EPRI)
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A

Slided A Gollaboration of U.S. NRG Office of Nuclear Regulatory
Bt 2 S Research (RES) & Electric Power Research Institute (EPRI)
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I Flames

* Laminar — very small fires
* Turbulent — most real fires

Fuel C Oxygen
B —
Reaction Zone
Fire PRA Workshop, 2012, Washington DC Slide 5 A Collaboration of U'.S NRG Office of Nuclear Regulatory
Fire Funclamentals - Fires in the Open : . Research (RES) & Electric Power Research Institute (EPRI)

I Ignition of Gases

* With a spark or small flame (pilot) present, ignition is based on
whether the gaseous fuel concentration is between the upper (rich)
and lower (lean) flammability limits.

— The fuel-air (oxidizer) mixture is said to be flammable if a flame will
propagate in this mixture.

» With no pilot present, a gaseous fuel in air can still ignite if the
mixture is at or above the auto-ignition temperature.

— The auto-ignition temperature is usually measured for a stoichiometric
mixture — just the right mix so that no fuel or oxygen remains after the

reaction.
Fire PRA Workshop, 2012, Washington DC " Slide 6 A Collaboration of U'.S NRG Office of Nuclear Regulatory
Fire Funclamentals - Fires in the Open : . Research (RES) & Electric Power Research Institute (EPRI)

3-18



I Ignition of Liquids

» For a liquid to ignite, it must first evaporate
sufficiently to form a flammable mixture of gaseous
fuel and oxygen

— This occurs at a liguid temperature called a flash-point
temperature.

— In general, this temperature can be called the piloted
ignition temperature and the same term carries over to
solids.

— The flash-point is the temperature at which the amount

of liquid evaporated from the surface achieves the
lower flammable limit.

« If no pilot is present, the mixture must be heated to

the auto-ignition temperature in order to ignite.

» The auto-ignition temperature of a gas will be higher

than the boiling point of the liquid.

Evaporating
fuel

Liquids

Spark

Fire PRA Workshop, 2012, Washington DC Slide7 A Collaboration of U.8. NRC Office of Nuclear Regulatory

Fire Fundamentals - Fires in the Open

Ignition of Solids

Solids do not evaporate like liquids when heated. Solids
form gaseous decomposition compounds, generally
leaving behind char, in a process called pyrolysis.

At some point, the gases reach the lower flammability
limit and may ignite by piloted ignition or, if hot enough,
auto-ignition.

Typically, piloted ignition temperatures for solids range
from 250°C (~480°F) to 450°C(~840°F).

Auto-ignition temperatures can exceed 500°C (~930°F).
— For a given material, these temperatures are not
constants and can change with the nature of heating.
— For practical purposes, a (piloted) ignition
temperature (T;;) may be treated as a property of a
combustible solid.

We shall consider thin (less than ~1 mm) and thick solids

to have different time responses to ignition when exposed

to impinging heat flux

Hot
Surface

Pyrolysis
products

*Spark

Solids

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

—
‘—
—

‘—
Radiant

Heat

Fire PRA Workshop, 2012, Washington DC ‘Slideg A Collaboration of U.8. NRC Office of Nuclear Regulatory

Fire Fundamentals - Fires in the Open

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



I Flame Spread

« Motion of vaporization front at the
ignition temperature for solids and
liquids

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Fires in the Open

The surface is heated by the
existing flames

More material pyrolyzes (or
evaporates) ahead of the flame
front

The existing flame acts as the
pilot
The flame (fire) spreads...

Cable tray

U Slideg A Coliaboration of U.S. NRG Office of Nuclear Regulatory

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

I Typical Flame Spread Rates

* It is very difficult to compute flame spread rates because formulas are not
completely available, rates may not be steady, and fundamental fuel
properties are not generally available.

* Nevertheless, we can estimate approximate magnitudes for spread rates
for various cases.

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals - Fires in the Open

Spread case
Smoldering solids

Lateral or downward spread on
thick solids

Upward spread on thick solids
Horizontal spread on liquids

Premixed flames (gaseous)

Spread Rate (cm/s)
0.001 to 0.01

0.1

1.0 to 100. (0.022 to 2.2 mph)
1.0 to 100.

10. to 100.(laminar)

~10° (detonations)

: Shde ‘II'O. ] A Gollaboration of U.5. NRC Office of Nuclear Regulatory

Research (RES) & Electric Power Research Institute (EPRI)
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I Zone of Influence

* Regions near the fire where
damage or fire propagation is
expected.

» For fires in the open we consider:

— Flame Radiation _.D
q — || Target
|
- Convection, especially inside the ! \X |

fire plume

Fire PRA Waorkshap, 2012, Washington DC Slide 11 A Gollaboration of U.S. NRG Office of Nuclear Regulatory
e Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Fires in the Open

I Buoyant Flow

* Temperature rise causes a decrease in gas density

* Potential energy converted into Kinetic energy — gasses
flow upwards

Buoyant plume

Unit volume at plume gas at
density p and temperature T

Unit volume of air at density p;
and temperature T,

Fire PRA Waorkshap, 2012, Washington DC Slide12 A Gollaboration of U.S. NRG Office of Nuclear Regulatory
] ety Research (RES) & Electric Power Research Institute (EPRI)

Fire Fundamentals - Fires in the Open
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I Turbulent Entrainment

« Entrainment is air drawn into the fire plume by upward
movement of the buoyant plume

— Engulfing air from the surroundings into the fire plume

* Eddies: fluctuating and rotating balls of fluid, large scale
rolling fluid motion on the edge of the plume.

Buoyant
force
Eddies
Flame
Fire PRA Workshop, 2012, Washington DC Slide 13 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire Funclamentals - Fires in the Open Research (RES) & Electric Power Research Institute (EPRI)

I Turbulent Fire Plume

* Very low initial fuel velocity
* Entrainment and flame height controlled by buoyancy

2
5]
1-X) 0 =
5 2
: s
Lplammmam z=1L -
2 2 g
Ay
% e
I L X
300 €00
FIRE PLUME ENERCY % =C
Fire PRA Workshop, 2012, Washington DC Slide 14 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire Funclamentals - Fires in the Open Research (RES) & Electric Power Research Institute (EPRI)
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I Fire Plume Temperature Along the Centerline

Al= -rq - _ﬂm.
00
800}
100
600

500

400
00
(3)
2. 00
I~
<
100
80
60
50
| L1 11 1 1 | | L]
0.008 0.01 0.02 0.03 0.04 0.050.06 0.08 0.1 0.2 03 04 05
2/ Am kW)
Fire PRA Workshop, 2012, Washington DC U Slide 15 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire Funclamentals - Fires in the Open Research (RES) & Electric Power Research Institute (EPRI)

Example Case - Zone-of-Influence Calculation
Flame Height and Plume Temperature

I = 255 333
(kaf (1 — X1 ))J

TpF = Z:m'a +25
HprFg ifzg )

L=02350,7 ~1.02D where:

Heskdestad's Flame Height Correlation % =080, 102D

Heskestad's Plume Temperature

Input Correlation

D - Fire diameter [m] 0.6 Input

Q; - HRR [kW] 250 Tamo - Ambient temp. [C] 20
Q; - HRR [kW] 250

Result F. - Fire elevation [m] 0

L - Flame height [m] 1.5 H, - Target Elevation [m] 3.7
D - Fire Diameter [m] 1
k;— Location factor 1(...20r4)
X: — Radiative Fraction 0.4
Result
Ty - Plume Temp [C] 328

Fire PRA Workshop, 2012, Washington DC Slide 16 A Collaboration of U.8. NRC Office of Nuclear Regulatory

Fire Funclamentals - Fires in the Open Research (RES) & Electric Power Research Institute (EPRI)
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I Example Case - Zone-of-Influence Calculation
Radiation Heat Flux

* Flame Radiation: Point Source Model

A QfZ?'
" 4nR?
Input Parameters:
=Q;: Fire heat release rate (kW)

=R: Distance from flames (m)
=X,: Radiative fraction (FIVE recommends 0.4)

=D: Fire diameter (m)

Fire PRA Workshop, 2012, Washington DC Slide 17 A Gollaboration of U.S. NRC Office of NucFea:' Regulatory
Fire Fundamentals - Fires in the Open e Research (RES) & Electric Power Research Institute (EPRI)

I Example Case - Zone-of-Influence Calculation
Radiation Heat Flux

3 A ;
Qv =7 3

Point Source Flame Radiation Model
Inputs
Fire heat release rate [kW] 317
Radiation fraction 0.40
Distance from flames [m] 1.5
Results
Heat flux [kW/m2] 4.5
Fire PRA Workshop, 2012, Washington DC SHde ‘.1'8. ] A Gollaboration of U.5. NRC Office of Nuclear Regulatory

Fire Funclamentals - Fires in the Open Research (RES) & Electric Power Research Institute (EPRI)
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3.3 Analysis Tools

P USNRC ERPR [ e wsmr

Protecting People und the Environment

.

s

Sandia #'-i" o :
@ National _ : — 2
Laboratories

EPRI/NRC-RES
FIRE PRA
METHODOLOGY

Analysis Tools

N

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

I Analysis Tools: Outline

* Fire Modeling in a Fire P

» How fire develops in a scenario

» What damage is generated

* When damage is generated

» Timing of detection and suppression activities

Fire PRA Warkshop, 2012, Washington DC | Slide 2 i A Coliaboration of U8 NRC Office of Nuclear Regulatory
Fire Fundamentals— Analysis Tools H Research (RES) & Elecine Power Research Institufe (EPRI)
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I Five Steps of Fire Modeling

Define modeling objectives

Select and describe fire scenarios
Select the appropriate model(s)
Run/apply the model

O B N &

Interpret modeling results

Fire PRA Warkshop, 2012, Washington DC | Slide 3 A Collaboration of U.:S‘ NRC Office of Nucfearr Regulatory
Fire Fundamentals — Analysis Tools i Research (RES) & Elecinic Power Research Insfitufe (EPRI)

I Fire Modeling

*Fire modeling: an approach for predicting various
aspects of fire generated conditions

« Compartment fire modeling: modeling fires inside
a compartment

*Requires an idealization and/or simplification of the
physical processes involved in fire events

* Any departure of the fire system from this
idealization can seriously affect the accuracy and
validity of the approach

Fire PRA Warkshop, 2012, Washington DC | Slide 4 A Goliaboration of U.:S‘ NRC Office of Nucfearr Regulatory
Fire Fundamentals — Analysis Tools i Research (RES) & Elecine Power Research Institufe (EPRI)
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I Capabilities

* Areas of applicatio}l

» Thermal effects of plumes, + Special models or areas for
ceiling jets and flame future research
radiation + Cablefires

* Room heat up, and hot gas » Fire growth inside the main
layer control board

» Elevated fires and oxygen + Fire propagation between
depletion control panels

+ Multiple fires « High energy fires

* Multi-compartments: » Fire suppression
corridors and multi-levels + Hydrogen or liquid spray fires

* Smoke generation and
migration

* Partial barriers and shields
+ Fire detection

Fire PRA Workshop, 2012, Washington DC  Slide 5 A Gotisbartion ot 1.5, NRG Gffio of Muckear Regulsiory
Fire Fundamentals — Analysis Tools it Research (RES) & Electric Power Research Institute (EPRI)

I Fire Models

» Hand calculations: Mathematical expressions that can be solved by hand
with a relatively small computational effort

— Quasi steady conditions

— Usually semi-empirical correlations developed with data from experiments

+ Zone models: Algorithms that solve conservation equations for energy and
mass in usually two control volumes with uniform properties

» Field models: Algorithms that solve simplified versions of the Navier-Stokes
equations. The room is divided into large number of cells and conservation
equations are solved in each of them.

» Special models: There are fire scenarios critical to NPP applications that are
beyond capability of existing computational fire models

— Fire experiments,
— Operating experience, actual fire events
— Engineering judgment

Fire PRA Workshop, 2012, Washington DC  Slide 6 A Gotisbartion ot 1.5, NRG Gffio of Muckear Regulsiory
Fire Fundamentals — Analysis Tools Wit LS Research (RES) & Electric Power Research Institute (EPRI)
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I Example of Hand Calcs: FDT'’s

« FDTs are a series of Microsoft Excel® spreadsheets issued with
NUREG-1805, “Quantitative Fire Hazard Analysis Methods for the
U.S. Nuclear Regulatory Commission Fire Protection Inspection
Program.”

« The primary goal of FDTs was to be a training tool to teach NRC Fire
Protection Inspectors.

« The secondary goal of FDTs was to be used in plant inspections and
support other programs that required Fire Dynamics knowledge such
as, SDP and NFPA 805.

Fire PRA Workshap, 2012 Washington DC | Slide 8 A Collaboration of U. 8. NRC Office of Nucfearr Regulatory
Fire Fundamentals — Analysis Tools i Research (RES) & Elecine Power Research Institufe (EPRI)

I Hand Calculations

* Heat release rate, flame height and flame radiation

* Fire plume velocity, temperature heat flux, and
entrainment

« Ceilling jet velocity, temperature, and heat flux
* Qverall room temperature
» Target temperature, and time to target damage

Fire PRA Workshop, 2012, Washington DC Slide7 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Fire Fundamentals — Analysis Tools i S N Research (RES) & Electric Power Research Institute (EPRI)
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I Zone Models

 Usually two zones
— Upper hot gas layer
— Lower layer with clear and
colder air
* Mass and energy balance in
the zones
— Entrainment
— Natural flows in and out
— Forcedflows in and out
* Fire is treated as a point of
heat release

Fire PRA Workshop, 2012, Washington DC Slide9 |

Fire Fundamentals — Analysis Tools

A Collaboration of U. 5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

I Example of a Zone Model: MAGIC

Duct |

Sprnkler system

Fl

Fan Honzontal opening

Ven C/ 7

Cab\e%
Upper layer
] ‘ \ P}ﬁme Lower layer
Targ /
F\am‘% :/
Obstacle Vertical opening

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals — Analysis Tools

. Slide 10 |

Gaseous phase combustion, governed by
pyrolysis rate and oxygen availability

— Heattransfer betweenflame, gases and
smoke, walls and surrounding air, thermal
conductionin multi-layer walls, obstacles to
radiation

— Mass flow transfer: Fire-plumes, ceiling-jet,
openings and vents

— Themal behavior of targets and cables

— Secondary sourceignition,unburmed gas
management

— Multi-compartment, multi-fire, etc.

A Collaboration of U. 5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)
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I Field Models

« Solve a simplified form of
the Navier Stokes
equations for low velocity
flows

+ Calculation time in the
order of hours, days or
weeks

« May help in modeling
complex geometries

Frame: 141
mime: 35.3 (NI )

Fire PRA Workshop, 2012, Washington DC CSlide 11| A Goliaboration of U.S, NRG Office of Nuclear Regulatory
Fire Fundamentals — Analysis Tools it M Research (RES) & Electric Power Research Institute (EPRI)

I Example of Field Model: FDS

* Fire Dynamics
Simulator

* Developed and
maintained by NIST

Fire PRA Workshop, 2012, Washington DC
Fire Fundamentals — Analysis Tools

A Collaboration of U. 5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)
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I Special Models

+ Cable fires

» High energy arcing faults and fires

» Fire growth inside the main control board
» Fire propagation between control panels

» The method described here is documented in the, EPRI
1011989 & NUREG/CR-6850, “EPRI/NRC-RES Fire PRA
Methodology for Nuclear Power Facilities.”

Fire PRA Workshop, 2012, Washington DC Slide 13 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Fire Fundamentals — Analysis Tools Wit ol Research (RES) & Electric Power Research Institute (EPRI)

I Which Model to Choose

* Hand calculations available
— Combustion - Heat release rates, flame heights
— Fire generated conditions
* Plume temperatures and velocities
+ Ceiling jet temperatures and velocities
* Flow through vents
* Enclosure temperature
« Time and temperature to flashover
« Target temperature and time to target damage
— Heat transfer: irradiation from flames, plume and ceiling jet
convective flux
» Analysts may need to go back and find additional
parameters required

Fire PRA Workshop, 2012, Washington DC Slide 14 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Fire Fundamentals — Analysis Tools Wttt Research (RES) & Electric Power Research Institute (EPRI)
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I Verification and Validation

« Verification: the process of determining that the implementation of a
calculation method accurately represents the developer’'s conceptual
description of the calculation method and the solution to the
calculation method. /s the Math right?

« Validation: the process of determining the degree to which a
calculation method is an accurate representation of the real world
from the perspective of the intended uses of the calculation method.
Is the Physics right?

+ See NUREG-1824

Fire PRA Workshop, 2012, Washington DC | Slide 15 A Gotisbartion ot 1.5, NRG Gffio of Muckear Regulsiory
Fire Fundamentals — Analysis Tools it Research (RES) & Electric Power Research Institute (EPRI)
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I Verification and Validation
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A Collaboration of U. 5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ ‘
Research (RES) & Electric Power Research Institute (EPRI)
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34 Fire Scenarios
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METHODOLOGY

Fire Scenarios

car

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Let’s talk about fire scenarios in a risk analysis...

* Infire PRA we look for and analyze fires that may:

— Cause an initiating event — an upset to normal at-power plant operations
such that reactor shutdown is required

— Damage mitigating equipment— that set of plant equipment that operators
would rely on to achieve safe shutdown
* To do this we:
— Identify fire sources,
— Analyze the potential impact of fires on the surroundings,
— Assess fire protection systems and features,
— Assess the plant and operator's response to fire-induced damage

* The final resultis expressed as a fire-induced core damage frequency
(CDF) - an estimate of the frequency of fires leading to core damage

Fire PRA Workshop, 2012, Washington DC U Slide? | A Collaboration of U.S. NRC Office of Nuclear Rgguiefory
Fire Fundamentals - Fire Scenarios {momee | Research (RES) & Eleciric Power Research Institute (EPRI)
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. So what is a Fire Scenario?

« A set of elements representing a fire event:
— The ignition source, e.g., electrical cabinets, pumps

— Intervening combustibles, e.g., cables

— Targets (e.g., power, instrumentation or control cables) whose
fire-induced failure may cause an initiating event and/or
complicate post-fire safe shutdown

— Fire protection features, e.g., automatic sprinklers
— The compartment where the fire is located

— Atime line

Fire PRA Workshop, 2012, Washington DC . Slide3 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire Fundamentals — Fire Scenarios { e | Research (RES) & Eleciric Power Research Institute (EPRI)

Fire Scenario Time Line

Timeline includes the following elements (not necessarily in this order):
Scenario starts with ignition of a fire in a specific fire source

Fire growth involving the affected fuel,

Heat transfer from the fire to other items within the zone of influence,
Propagation of the fire to other materials,

Damage to identified PRA targets (e.g., cables and equipment),
Detection of the fire

— Detection can actually occur before ignition given an incipient detection system...

o L N

7. Automatic initiation of suppression systems if present,
8. Manual fire fighting and fire brigade response,
9. Successful fire extinguishment ends the scenario.

Fire PRA Workshop, 2012, Washington DC . Slided A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire Fundamentals — Fire Scenarios Lol Research (RES) & Eleciric Power Research Institute (EPRI)
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. Fire Scenario - Level of Detall

« In practice, varying levels of detail are used to define the fire
scenarios in a typical Fire PRA.

— Level of detail may depend on initial stages of screening, anticipated risk
significance of the scenario

« In principle, at any level of detail, a fire scenario represents a
collection of more detailed scenarios.

2
Screening X e
l L
Detailed [ 1]
411
Fire PRA Workshop, 2012, Washington DC " Slides A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire Fundamentals - Fire Scenarios

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

Fire Scenario Initial Screening Stage

* In the initial stages of screening, fire scenarios are defined

in terms of compartments and loss of all items within each
compartment.

— Assumes all items fail in the worst failure mode

— Detection and suppression occur after the worst damage takes
place

— Fire does not propagate to adjacent compartments

» In multi-compartment fire propagation analysis, a similar
definition is used in the initial screening steps for
combinations of adjacent compartments.

Fire PRA Workshop, 2012, Washington DC " Slide 6 A Collaboration of U.5. NRC Office of Nuclear Regulatory
Fire Fundamentals - Fire Scenarios Ui Research (RES) & Eleciric Power Research Institute (EPRI)
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I Detailed Scenario Identification Process

* In the detailed analysis tasks, the analyst takes those fire
scenarios that did not screen out in the initial stage and
breaks them down into scenarios using greater level of
detail.

— Level of detail depends on the risk significance of the unscreened
scenario
— Details may be introduced in terms of . . .
+ Sub-groups of cables and equipment within the compartment
« Specific ignition sources and fuels
» Fire detection and suppression possibilities

Fire PRA Workshop, 2012, Washington DC " Slide 7 A Collaboratio: of U.S. NRG Office of Nuclear Regulatory
Fire Fundamentals — Fire Scenarios Lo Research (RES) & Eleciric Power Research Institute (EPRI)
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. Example — Detailed Analysis

+ At the detailed level, a fire in

this compartment fails a
specific sub-group of |
components in this room. M| Kmovs % %
l MOV MODV-3
* The fire may still be confined /' [ R Al
. / i L :
to this room -
%k
,/ o
| | M M
ol IV wore 2) ‘ Jfb-
s 4
=|_£[NOTE 2)
Fire PRA Worlkshop, 2012, Washington DC Slide 9 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire Fundamentals — Fire Scenarios Research (RES) & Elecinc Power Research Insfitufe (EPRI)

Select and Describe Fire Scenarios

. Selecting scenarios is dependent on the objectives of the fire risk
quantification
- How many fire scenarios are enough to demonstrate the objective?
- Which scenarios are the appropriate ones given objectives?
- What fire conditions are actually modeled?

- Analysis should represent a complete set of fire sources and conditions as relevant
to the analysis objectives

- A full-scope fire PRA tries to capture all fire scenarios that may represent
contributors to plant core damage risk

. Selection of scenarios is dependenton the hazard characteristics of the area
- Combustibles, layouts, fire protection

. The fire scenario should challenge the conditions being considered

Can the fire cause damage? vs. Which fire can cause damage?
Fires that don’t propagate or cause damage are generally not risk contributors

Fire PRA Workshop, 2012, Washington DG H SHdE} f{‘?‘ A Collaboration of U S f_VF\'C Office of Nuclear Eegu-‘a!ﬂry
Fire Fundamentals - Fire Scenarios 1, idoenn Bor | Research (RES) & Electric Power Research Institute (EPRI)
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Select and Describe Fire Scenarios

1. Scenarios begin with an ignition source — what/where does the fire
start and what are the fire characteristics

2. Considerintervening combustibles — fire propagation beyond the
fire source needs to be considered

3. There should be at least one damage target identified. Often itis a
set of damage targets rather than justone (e.g., a group of
important cables).

4. Include fire protection system and features (active or passive) that
may influence the outcome of the event (there is a pain/gain
decision point here)

Fire PRA Workshop, 2012, Washington DC " Slide 11 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire Fundamentals — Fire Scenarios ¢ . Research (RES) & Eleciric Power Research Institute (EPRI)

Select and Describe Fire Scenarios

5.  Sometimes, multiple ignition sources or targets can be combined
into one scenario (e.g., a bank of cabinets all with the same cables
overhead)

6. Sketchthe scenario on a compartment layout drawing and try to
qualitatively describe the conditions that a fire might generate. After

the analysis, compare this qualitative prediction with the modeling
results.

7. Do not neglect the importance of details such as ceiling
obstructions, soffits, open or closed doors, ventilation conditions,
spatial details (e.g., target position relative to fire source), etc.

Fire PRA Workshop, 2012, Washington DC . Slide 12 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire Fundamentals — Fire Scenarios £ . Research (RES) & Eleciric Power Research Institute (EPRI)
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B
General quantification of CDF is based on a five-part formula:

Scenario Quantification

CDF =A-W-.SF-P_-CCDP

scenario 1s

+ A = Ignition frequency for the postulated ignition source group (e.g., pumps)

+ W = A weighting factor for the likelihood that the fire occurs in a specific
ignition source (this pump...) or plant location (this room...)

« SF = A severity factor reflecting percentage of fires large enough to generate
the postulated damage if left unsuppressed

* P,s = Non suppression probability — the probability that given the fire, it goes
unsuppressed long enough that the target set is damaged

+ CCDP = The conditional core damage probability — probability that given loss

of the target set, operators fail to achieve safe shutdown and the core is
damaged.

Fire PRA Workshop, 2012, Washington DC " Slide 13 A Collaboration of U.5. NRC Office of Nuclear Regulatory
Fire Fundamentals - Fire Scenarios Nk S Research (RES) & Eleciric Power Research Institute (EPRI)

I In practice, we often quantify scenarios in a
progression of more detailed steps:

+ Afire in a specific plant location CDF;S & ;Lg WH o [ I |

+ ...Thatis severe enough tothreaten CpDF ~ 1 W -SF-1-1
targets & & R

» ...That goes unsuppressed long CDF. ~A -W.-SF-P -1
enough to cause damage i B R ns

+ _._That prevents safe shutdown CDF, ~ ﬁg W, .SF-P_-CCDP

ns

Fire PRA Workshaop, 2012, Washington DC | Slide 14 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire Fundamentals — Fire Scenarios H Research (RES) & Elecinc Power Research Insfitufe (EPRI)

3-42



4

FIRE ANALYSIS

The following is a short description of each of the Fire PRA technical tasks covered in
Module 3. For further details, refer to the individual task descriptions in Volume 2 of EPRI
1011989, NUREG/CR-6850.

» Plant Boundary Definition and Partitioning (Task 1). The first step in a Fire PRA is
to define the physical boundary of the analysis, and to divide the area within that
boundary into analysis compartments.

= Fire Ignition Frequency (Task 6). This task describes the approach to developing
frequency estimates for fire compartments and scenarios. Ignition frequencies are
provided for 37 item types that are categorized by ignition source type and location within
the plant. For example, ignition frequencies are provided for transient fires in the Turbine
Buildings and in the Auxiliary Buildings. A method is provided on how to specialize these
frequencies to the specific cases and conditions.

» Scoping Fire Modeling (Task 8). Scoping fire modeling is the first task in the Fire PRA
framework, in which fire modeling tools are used to identify ignition sources that may
impact the fire risk of the plant. Screening some of the ignition sources, along with the
applications of severity factors to the unscreened ones, may reduce the compartment fire
frequency previously calculated in Task 6.

« Detailed Fire Modeling (Task 11). This task describes the method to examine the
consequences of a fire. This includes consideration of scenarios involving single
compartments, multiple fire compartments, and the main control room. Factors
considered include initial fire characteristics; fire growth in a fire compartment, or across
fire compartments; detection and suppression; electrical raceway fire barrier systems; and
damage from heat and smoke. Special consideration is given to turbine generator (T/G)
fires, hydrogen fires, high-energy arcing faults, cable fires, and main control board (MCB)
fires.

- Seismic Fire Interactions (Task 13). This task is a qualitative approach for
identifying potential interactions between an earthquake and fire.
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4.1 Introduction and Overview: The Scope and Structure of
Fire Analysis Module

USNRC EPIS] | eseace msmmo
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Protecting People and the Environment

@ F}Eﬁ%ﬁnes -ﬁawmw,ﬁamm
5 EPRINRC-RES FIRE PRA

METHODOLOGY
Introduction and Overview: the Scope
and Structure of Fire Analysis Module

Francisco Joglar-Biloch - Science Applications International Corp.
. Dave Stroup—U.S. NCR Office of Nuclear Regulatory Research

A " Joint RES/EPRI Fire PRA Training Workshop
e W Washington DC, July 16-20 and September 24-28, 2012

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I What we’ll cover in the next four days
An overview...

+ The purpose of this presentation is to provide an
Overview of the Module 3 — Fire Analysis
—  Scope of this module relative to the overall methodology
. Which tasks fall under the scope of this module
—  General structure of the each technical task in the documentation
— Quick introduction to each task covered by this module:
. Objectives of each task
. Task input/output
. Task interfaces

Fire PRA Training, 2012, Washington DC " Slide 2 i A Gollaboration of U.8. NRC Office of Nuclear Regulatory
Module 3 Cverview and Structure : Research (RES) & Electric Power Research Institute (EPRI)



Training Objectives

* Qur intent:
— To deliver practical implementation training
— Toillustrate and demonstrate key aspects of the procedures

* We expect and want significant participant interaction
Class size should allow for questions and discussion

We will take questions about the methodology

We cannot answer questions about a specific application

We will moderate discussions, and we will judge when the course
must move on

Fire PRA Training, 2012, Washington DC : SHdQS A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Modufe 3 Overview and Structure | e Research (RES) & Electric Power Research Institute (EPRI)

I Recall the overall fire PRA structure
Module 3 covers tasks in white and white/orange

TASK 1: Plant Boundary & TASK 2- Fire PRA Companent 1
Partitioning Selection

l—l

TASK 3: Fire PRA Cabie
Selection

SUPPORT TASK A: Plant
Walk Downs

TASK 4 Qualitative Screening TASK 5 Fire-Induced Risk
Mode!

TASK & Fire Ignition
Freguencies
SUPPORT TASK B: Fire PRA
Database P TASK 124° Post-Fire HRA:
TASK TA:
- Screening

Screening -1

1
1
:
1
1
1

RS e s |

Fire Analysis Moduls
Fire Analysis and Fire
Madeling Modules

TASK 7B: Quantitative
Screening- il
i PRA/System Module

Circuits Module

OO0 mO

HRA Module
Fire PRA Training, 2012, Washington DC : Shdefi A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure s b A Ressarch (RES) & Electric Power Research Institute (EPRI)
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I Recall the overall fire PRA structure (2)
Module 3 covers tasks in white and white/orange

-

1 1
1 Detailed Fire Scenario Analysis 1
1 |
1 v 1
TASK 9 Detailed Circuit Failure
1 1
Analysis TASK 11: Detailed Fire Modeling
| A Single Compartment 1
| l B. Wf_ff—Conmamvent '
| TASK 10: Gircuit Failure Mode & G MomCCIRE S 1
Likelihood Analysis
1 1
1 l 1
1 1
1 1
1 l msm%d ?szﬁmm 1
] TASK 13" Seismic-Fire | TASK 14° Fire Risk Quantification / Detailed & recovery 1
interactions
1 1
| l I:‘ Fire Analysis Module 1
1 T I:‘ Fire Analysis and Fire 1
». Unceriain i
I e nsEi Aralyses Modeling Modules |
| l l:‘ PRA/System Madule ]
! TASK 16: Firs PRA 1
1. - Fire. 4
1 e l:l Circuits Module 1
| []  HrRAModuis |
{EREEETRE pe  S S T, SE  Ee p U, SE  SS E  Kgers E E D S S 4
Fire PRA Training, 2012, Washington DC : SHdQS A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | omed Ressarch (RES) & Electric Power Research Institute (EPRI)

I Each technical task has a common structure as
presented in the guidance document

1. Purpose
2. Scope

3. Background information: General approach and
assumptions

4. Interfaces: Input/output to other tasks, plant and other
information needed, walk-downs

5. Procedure: Step-by-step instructions for conduct of the
technical task

6. References

Appendices: Technical bases, data, examples, special models
or instructions, tools or databases

Fire PRA Training, 2012, Washington DC : Shdeﬁ A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure s, B Ressarch (RES) & Electric Power Research Institute (EPRI)



Scope of Module 3: Fire Analysis

» This module covers those parts of the method specifically
related to the identification and analysis of fires, fire damage,
and fire protection systems and features

» Tasks covered are:

— Task 1: Plant Partitioning
Task 6: Fire Ignition Frequency
Task 8: Scoping Fire Modeling
Task 11: Detailed Fire Scenario Analysis
Task 13: Seismic/Fire Interactions (briefly)
Support Task A: Plant Walkdowns

Fire PRA Training, 2012, Washington DC : Shde7 ’ A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure s AN Ressarch (RES) & Electric Power Research Institute (EPRI)

Task 1: Plant Partitioning (1 of 3) Module 3

* Objectives:
— Define the global analysis boundary of the FPRA
— Divide the areas within the global analysis boundary into fire
compartments
* The fire compartments become the “basic units” of analysis
— Generally we screen based on fire compartments
— Risk results are often rolled up to a fire compartment level

* A note on terminology:

— The PRA standard uses “physical analysis units” rather than “fire
compartments”

— Definitions are quite similar, overall role in analysis is identical
» Don't let the terminology difference trip you up - intent is the same

Fire PRA Training, 2012, Washington DC : Shdeﬁ ’ A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | O Ressarch (RES) & Electric Power Research Institute (EPRI)

4-5



I Task 1: Plant Partitioning (2 of 3) Module 3

» The global analysis boundary is intended to be a liberal
definition of the region potential interest
— Itwill likely encompass areas of essentially no risk, but that is OK,
screening steps will identify these

» The fire compartments are a matter of analysis convenience
— Fire compartments may equal fire areas if you so choose
— You can also subdivide fire areas into multiple compartments
— The sum of the fire compartments must equal the global analysis

boundary
* No omissions, no overlap between compartments

A Collaboration of U. 5. NRC Office of Nuclear Regulatory

Fire PRA Training, 2012, Washington DG ; SHdeQ o
Bt S Research (RES) & Electric Power Research Institute (EPRI)

Modute 3 Overview and Structure

I Task 1: Plant Partitioning (3 of 3) Module 3

+ Ultimately, the FPRA is expected to provide some resolution
to each defined fire compartment and to all locations within

the global analysis boundary

* Module will cover:
— Guidance and criteria for defining the global analysis boundary

— Guidance and criteria for defining fire compartments

» Ultimately, there is not a lot of new guidance in this task
— Aot like what was done in the IPEEE days

A Collaboration of U. 5. NRC Office of Nuclear Regulatory

Fire PRA Training, 2012, Washington DG ; Shde ‘II'O. i
f EEUSET Research (RES) & Electric Power Research Institute (EPRI)

Modute 3 Overview and Structure
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Task 6: Fire Ignition Frequency (1 of 3) Module3

* Objective: To define fire frequencies suitable to the analysis
of fire scenarios at various stages of the FPRA

» Fire frequencies will be needed at various resolutions:

An entire fire area

A fire compartment (or physical analysis unit)

A group of fire ignition sources (e.g., a bank of electrical cabinets)
A single ignition source (e.g., one electrical panel)

Fire PRA Training, 2012, Washington DC : Shde ,'”' ' A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | o Ressarch (RES) & Electric Power Research Institute (EPRI)

Task 6: Fire Ignition Frequency (2 of 3) Module3

» Task begins with generic industry-average statistics on fire
— EPRI fire event database
— Events filtered for applicability and sorted into ignition source bins
— Plant-wide fire frequency is provided for each bin

» The real “trick” is to convert the generic values into values
specific to your plant and to a given fire scenario

— Approach is based on ignition source counting and apportionment of
the plant-wide frequency based on local population

Fire PRA Training, 2012, Washington DC : Shde ,'3‘2' ' A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | SR Ressarch (RES) & Electric Power Research Institute (EPRI)
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Task 6: Fire Ignition Frequency (3 of 3) Module3

* Quite a bit is new relative to fire frequency:

— The fire event data have been re-analyzed entirely to suit the new
method

« That means older IPEEE-vintage frequencies are obsolete

— There has been a switch towards component-based fire frequencies
and away from generic room-based fire frequencies

— Some areas have received special treatment

* e.g., main control room

Fire PRA Training, 2012, Washington DC : SHde ,'13' ' A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | SR Ressarch (RES) & Electric Power Research Institute (EPRI)

Task 8: Scoping Fire Modeling (1 of 2)  Module3

+ Objective: To identify (and screen out) fire ignition sources
that are non-threatening and need not be considered in
detailed fire modeling

* Non-threatening means they cannot:

— Spread fire to other combustibles, or
— Damage any FPRA equipment item or cable

Fire PRA Training, 2012, Washington DC : SHde ‘.1'4. ' A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure o Ressarch (RES) & Electric Power Research Institute (EPRI)
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I Task 8: Scoping Fire Modeling (2 of 2)  Module 3

* Scoping fire modeling introduces a number of key concepts
associated with the treatment of fire sources and damage
targets

— The Fire Severity Profile approach
— Damage criteria for cables and equipment

— Assumptions associated with specific fire sources

Fire PRA Training, 2012, Washington DC : SHde ,'15' ' A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | o Ressarch (RES) & Electric Power Research Institute (EPRI)

I Task 11: Detailed Fire Modeling (1 of 3) Module 3

+ Objective: To identify and analyze specific fire scenarios

» Divided into three sub-tasks:
— 11a: General fire compartments (as individual risk contributors)
— 11b: Main Control Room analysis
— 11c¢: Multi-Compartmentfire scenarios

Fire PRA Training, 2012, Washington DC : SHde ‘.1'6. ] A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | o Ressarch (RES) & Electric Power Research Institute (EPRI)
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I Task 11: Detailed Fire Modeling (2 of 3) Module3

» Task 11 involves many key elements

Selection of specific fire scenarios

+ Combinations of fire sources and damage targets

Analysis of fire growth/spread

» Application of fire models

Analysis of fire damage

+ Time to failure

Analysis of fire detection and suppression

Fire PRA Training, 2012, Washington DC : SHde ,'17' ' A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | oy Ressarch (RES) & Electric Power Research Institute (EPRI)

I Task 11: Detailed Fire Modeling (3 of 3) Module3

» Task 11 comes with a wide range of supporting appendices
including:
— Specific fire sources such as high energy arc faults, turbine generator
fires, and hydrogen fires
— Treatment of fire severity and severity factors
— Treatment of manual fire suppression
— Treatment for main control board fires

* Module will cover key appendices

Fire PRA Training, 2012, Washington DC : SHde ‘.1'8. ] A Gollaboration of U.5. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | o Ressarch (RES) & Electric Power Research Institute (EPRI)
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I Task 13: Seismic/Fire Interactions Module 3

* Objective: A qualitative assessment of potential fire/seismic
interactions

* Module will cover this task briefly

— No significant changes from IPEEE guidance (e.g., the Fire PRA
Implementation Guide)

Fire PRA Training, 2012, Washington DC oy S.lrde 1 9 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure | o Ressarch (RES) & Electric Power Research Institute (EPRI)

Any questions before we move on?

Fire PRA Training, 2012, Washington DC oy S.lrde 20 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 3 Overview and Struclure e Ressarch (RES) & Electric Power Research Institute (EPRI)



4.2 Task 1: Plant Partitioning
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METHODOLOGY

Module Il
Task 1: Plant Partitioning

Joint RES/EPRI Fire PRA Workshop
July and September 2012
Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Plant Partitioning
Scope (per 6850/1011989)

The following topics are covered:

» Task 1: Plant Partitioning Analysis
— Define Global Analysis Boundary
— Partition into physical analysis units or Compartments

— Problem sets from the Sample Problem

Fire PRA Workshop, 2012, Washington DC o A Collaboration of ULS. NRC Office of Nuclear Regulafory
bl | Slide 2 Research (RES) & Electric Power Research Institute (EPRI)

Task 1: Plant Partitioning
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Corresponding PRA Standard Element

* Task 1 maps to element PP — Plant Partitioning
— PP Objectives (per the PRA Standard):
« To define the global analysis boundary
« To define physical analysis units

Fire PRA Workshop, 2012, Washington DC AR i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 3 Research (RES) & Electric Power Research Institute (EPRI)

I PP HLRs (per the PRA Standard)

* HLR- PP-A: The Fire PRA shall define global boundaries
of the analysis so as to include all plant locations relevant
to the plant-wide Fire PRA (1 SR)

* HLR-PP-B: The Fire PRA shall perform a plant
partitioning analysis to identify and define the physical
analysis units to be considered in the Fire PRA (7 SRs)

* HLR-PP-C: The Fire PRA shall document the results of
the plant partitioning analysis in a manner that facilitates
Fire PRA applications, upgrades, and peer review (4 SRs)

Fire PRA Workshop, 2012, Washington DC (R i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 4 Research (RES) & Electric Power Research Institute (EPRI)



I Support Task A: Plant Walkdowns
Just a Quick Note....

EEE
* You cannot complete a Fire PRA without walkdowns
* Expect to conduct a number of walkdowns, especially for key
areas (e.g., those analyzed in detail)
» Walkdowns can have many objectives and support many tasks:

— Partitioning features, equipment/cable mapping, fire ignition
source counting, fire scenario definitions, fire modeling, detection
and suppression features, operator actions HRA

» Walkdowns are generally a team activity so coordinate them to
optimize personnel time and resources

* Corresponding PRA Standard SR: PP-B7

Fire PRA Workshop, 2012, Washington DC S A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1 Plant Paniffoniné : Slide 5 Research (RES) & Electric Power Research Institute (EPRI)

I Plant Partitioning
General Comment/Observation

EEE
* The recommended practice for Task 1 has changed little
from prior methods.

— That means you can likely benefit from a previous analysis
+ e.g., your IPEEE fire analysis

» However: watch out for new equipment/cables, new initiators when
screening

* May need to work closely with the cable routing experts to
ensure coordination among the plant partitioning schemes.

Fire PRA Workshop, 2012, Washington DC S A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1 Plant Paniffoniné : Slide 6 Research (RES) & Electric Power Research Institute (EPRI)
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I Task 1: Plant Partitioning
Key Definitions: Compartment vs. Fire Area/Zone

» We talk mainly about Fire Compartments which are defined
in the context of the Fire PRA only
— Defining Fire Compartments is necessary for analysis management

» Fire Areas are defined in the context of your regulatory
compliance fire protection program

* Fire Zones are generally defined in the context of fire
protection features (e.g., detection, suppression, hazards)

— Fire zones have no direct meaning to the Fire PRA context and we
avoid using this term

* Physical Analysis Unit is the term used in the PRA
standard
— Meaning is essentially the same

Fire PRA Workshop, 2012, Washington DC E LR i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 7 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Task Objectives and Output

* There are two main objectives to Task 1:
1. Define the Global Analysis Boundary

+ The maximum physical extent of the plantthat will be considered in the
Fire PRA

2. Divide the areas within the Global Analysis Boundary into analysis
Compartments (Physical Analysis Units)

« The basic physical units that will be analyzed and for which risk results
will be reported

« Task output is the definition of these two aspects of the
analysis

Fire PRA Workshop, 2012, Washington DC AR i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 8 Research (RES) & Electric Power Research Institute (EPRI)
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I Internal vs. external in PRA space and the implications
of the Global Analysis Boundary

« The language here is changing!
« Historically we talked about “internal events” and “external events”

— Terms used to mean that the failures setting off an accident sequence
either occurred infernal or external to plant systems/components

— Fire attacks equipment from the outside versus random failures that occur
within the system/component
— Historically, fire was referred to as an external event
« The PRA standard used a different split:
— Internal Hazards
— External Hazards
+ Under the standard internal fires are an internal hazard; external fires
are an external hazard
« Key notion: The global analysis boundary defines the split between
internal and external fires
—6850/1011989 deals with internal fires which are an internal hazard. ..

Fire PRA Workshop, 2012, Washington DC SR A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 9 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Task Input

* No real input from any other task is required (it is, after all,
Task 1)

— You may also find yourself iterating back to this task later in the
analysis — that is fine, just be careful to track any changes

— A word of Caution: Many things will be traced and assigned based on
the fire compartments. If you change partitioning decisions later, there
are consequences relative to information tracking

* What do you need to support this Task?
— Layout drawings that identify major structures, walls, openings
+ Drawings that identify Fire Areas are especially helpful
— Plan and elevation drawings are helpful
— You will need to do a walkdown to support/verify decisions

Fire PRA Workshop, 2012, Washington DC R A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning  Slide 10 | Research (RES) & Electric Power Research institute (EPRI)



I Task 1: Plant Partitioning
Task Breakdown in Steps

* Task 1 has four steps:
Step 1: Selection of Global Plant Analysis Boundary
Step 2: Plant Partitioning
Step 3: Compartment Information Gathering and Characterization

Step 4: Documentation

Fire PRA Workshop, 2012, Washington DC N A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1 Plant Paniffoniné : Slide 11 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Step 1:Selection of Global Plant Analysis Boundary

* We generally recommend a Liberal definition of the global analysis
boundary

— It's OK toinclude obviously unimportant areas, we’'ll drop them quickly, but
better to do this formally

— Alternative is to explain choices/exclusions in documentation

* Encompass all areas of the plant associated with both normal and

emergency reactor operating including support systems and power
production

+ Sister Units should be included unless they are physically and
functionally separated

— Separated means: no shared areas, no shared systems, no shared
components and associated cables, no conjoined areas (e.g., shared walls)

Fire PRA Workshop, 2012, Washington DC N A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1 Plant Paniffoniné : Slide 12 Research (RES) & Electric Power Research Institute (EPRI)



I Task 1: Plant Partitioning
Selection of Global Plant Analysis Boundary

* Begin with your protected area: everything within the

protected area should be included in the Global Analysis
Boundary

— In most cases that will capture all risk-importantlocations

« If necessary, expand the boundary to include any other

locations that house equipment or cables identified in
Tasks 2 or 3

— This is the Task 2/3 link mentioned before!

— Example: If your offsite power related equipment is outside the

protected area, you need to expand the Global Analysis Boundary
to capture it

* Corresponding PRA Standard SR: PP-A1

Fire PRA Workshop, 2012, Washington DC H z A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1 Plant Parriffoniné : Slide 13 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Selection of Global Plant Analysis Boundary

* Problem Set 01-01 (file: 05_01_01...)

* By the end of the analysis, you need to provide a fire risk
disposition for all locations within the global analysis
boundary

— That may be anything from screened out qualitatively to a detailed
risk quantification result

Fire PRA Workshop, 2012, Washington DC

H Slide )"4 A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning :

Research (RES) & Electric Power Research Institute (EFRI)
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I Task 1: Plant Partitioning
Step 2: Plant Partitioning (into Fire Compartments)

I

* We divide the Global Analysis Boundary into smaller
pieces (compartments) for the purpose of tracking and
reporting risk results

» A compartment can be many things, but when it comes
down to it, a compartment is:

A well-defined volume within the plant ... that is
expected to substantially contain the adverse effects of
fires within the compartment.

Fire PRA Workshop, 2012, Washington DC N i A Collaboration of U 8. NRC Office of Nuclear Reguiatory
Task 1: Plant Partitioning . Slide 15 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Plant Partitioning into Fire Compartments

» This task is often subjective — judgment is required

* Ideally: Compartments = Rooms

— Locations that are fully defined by physical partitioning features
such as walls, floors, and ceilings

+ But the ideal is not the only solution - other features and
elements may be credited in partitioning
— That's where judgment comes into play!
— Whatwill you credit as a Partitioning Feature?

Fire PRA Workshop, 2012, Washington DC N i A Collaboration of U 8. NRC Office of Nuclear Reguiatory
Task 1: Plant Partitioning | Slide 16 Research (RES) & Electric Power Research Institute (EPRI)
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I Task 1: Plant Partitioning
Plant Partitioning into Fire Compartments

* A good starting point is your Fire Areas, but you are by no
means limited to equating Fire Compartments to Fire Areas
— A Fire Area may be partitioned to two or more Compartments

— You may combine two or more Fire Areas into a single
Compartment

*In the end: { > Compartments } = { Global Analysis Bnd. }
— No omissions
— No overlap!

* Corresponding PRA Standard SR: PP-B6

Fire PRA Workshop, 2012, Washington DC R i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning | Slide 17 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Plant Partitioning into Fire Compartments

» So what can you credit as a partitioning feature:
— Bottom line: anything you can justify — see text for examples

» You do need to justify your decisions with the exception of structural
elements maintained as rated fire barriers

— Inthe end, your partitioning decisions should not affect the risk
results, but . .

— Dont go crazy — there are disadvantages to over-partitioning

— General guideline: try to minimize the need to develop and analyze
multi-compartment scenarios

» Corresponding PRA Standard SR: PP-B1

Fire PRA Workshop, 2012, Washington DC R i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 18 Research (RES) & Electric Power Research Institute (EPRI)

4-20



I Task 1: Plant Partitioning
Plant Partitioning into Fire Compartments

* It is not recommended to partition based on:

Radiant energy shields

Beam pockets

Equipment obstructions (e.g., pipes)

(per Fire PRA Standard: Raceway or other localized fire barriers

cannot be credited in partitioning)

» Spatial separation credited as partitioning scheme requires
justification.

 Corresponding PRA Standard SRs: PP-B2, B3, B4 and B5

* Problem Set 01-02 (file: 05_01_01...)

Fire PRA Workshop, 2012, Washington DC R i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 19 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Plant Partitioning into Fire Compartments

* Final Point: You need a system to identify/name your Fire
Compartments

— Something both consistent and logical — but whatever works for
your application and plant

— Often makes sense to use Fire Area designations in naming
schemes

« Example: Fire Area 42 might become Fire Compartments 42A, 42B...

— Use your naming scheme consistently throughout the Fire PRA

« Documentation, equipment/cable routing database, etc.

Fire PRA Workshop, 2012, Washington DC SR i A Collaboration of U.8. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning . Slide 20 Research (RES) & Electric Power Research Institute (EPRI)
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I Task 1: Plant Partitioning
Step 3: Compartment Information Gathering

* Later tasks need certain information about each
compartment. They include, but are not limited to the
following:

Compartment boundary characteristics

Ventilation features, and connections

Fire protection features

|dentification of all adjacent compartments

Access routes to the fire compartment

Fire PRA Workshop, 2012, Washington DC AR A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning - Slide 21 Research (RES) & Electric Power Research Institute (EPRI)

I Task 1: Plant Partitioning
Compartment Information Gathering

* A thorough plant walkdown is needed to confirm and
gather information about each fire compartment

« It is unlikely that all information will be collected and
documented during the first pass

* As work on fire PRA progresses, additional information, as
needed, is collected and documented

« This task, similar to other later tasks, is expected to be

revisited and compartment definitions modified as
additional information is obtained

Fire PRA Workshop, 2012, Washington DC AR A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1: Plant Partitioning  Slide 22 | pesearch (RES) & Electric Power Research institute (EPRI)

4-22



I Task 1: Plant Partitioning
Summary

* Plant Partitioning is the first step of fire PRA.

* Done in three steps
1. Define global plant analysis boundaries to include all those area
that will be addressed by the fire PRA

2. Define fire compartmentsin such a way that all the areas
identified in the preceding step are covered, there are no overlaps
and there is a balance between size and number of compartments
selected

3. Confirm the selected compartments through a walkdown and
record important information that will be used later.

Fire PRA Workshop, 2012, Washington DC H ' A Collaboration of U.S. NRC Office of Nuclear Regulafory
Task 1: Plant Parrifioniné : Slide 23 Research (RES) & Electric Power Research Institute (EPRI)

I Mapping HLRs & SRs for the PP Technical
Element to NUREG/CR-6850, EPRI TR 1011989

TEe|°h"'°a' HLR | SR 6850 Sections | Comments
ement
PP A | The Fire PRA shall define global boundaries of the analysis so as to include
all plar|1t locations relevant to|the plant-wide Fire PRA
1 1.5:1
B | The Fire PRA shall perform a plant partitioning analysis to identify and define
the physical analysis units to be considered in the Fire PRA
1 1.56.2
2 1.3.2and 1.5.2
3 1.3.2and 1.5.2
4 1.3.2and1.5.2 Cable raceway fire barriers are not explicitly
addressed in 6850
5 1.3.2and 1.5.2
6 152
7 1.4.3, 1.5.2 and
1.5.3
C | The fire PRA shall document the results of the plant partitioning analysisin a
manner that facilitates Fire PRA applications, upgrades, and peer review
1 nfa The requirements within these SRs are not
2 n/a specifically addressed in Section 1.5.4 of 6850.
3 1.5.4
4 152
Fire PRA Workshop, 2012, Washington DC H Slide 24 A Collaboration of U.S. NRC Office of Nuclear Regulafory

Task 1: Plant Partitioning Research (RES) & Electric Power Research Institute (EFRI)
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4.3 Task 6: Fire Ignition Frequency
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EPRI/NRC-RES FIRE PRA
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Module lli

Task 6: Fire Ignition Frequency

Joint RES/EPRI Fire PRA Workshop
o July and September, 2012

| ¥ s - Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Purpose of Task 6 (per 6850/1011989)

In Task 6, the ignition frequencies associated with fire ignition
sources are established.

— Generic frequencies
— Plant specific experience
— Uncertainties

To be presented in two parts:

» 1. How to estimate location specific frequencies
+ 2. How generic frequencies were put together

Fire PRA Workshop, 2012, Washington DG Fiit . ACollaboration of U.S. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 2 Research (RES) & Electric Power Research Institute (EPRI)
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I Corresponding PRA Standard Element

» Task 6 maps to element IGN — Ignition Frequency
— IGN Objectives (per the PRA Standard):
« Establish the plant wide frequency of fires of various typeson a
generic basis for NPPs
 Tailor the generic fire frequency values to reflect a particular plant
+ Apportion fire frequencies to specific physical analysis units,
and/or fire scenarios

A Collaboration of U.S. NRC Office of Nuctear Regulatory

Fire PRA Workshop, 2012, Washington DC [l
| Slide 3 Research (RES) & Electric Power Research Institute (EPRI)

Task 6: Fire ignition Frequency

I IGN HLRs (per the PRA Standard)

* HLR- IGN-A: The Fire PRA shall develop fire ignition
frequencies for every physical analysis unit that has not
been qualitatively screened (10 SRs)

* HLR-IGN-B: The fire PRA shall document the fire frequency
estimation in a manner that facilitates Fire PRA applications,
upgrades, and peer review (5 SRs)

A Collaboration of U.S. NRC Office of Nuctear Regulatory

Fire PRA Workshop, 2012, Washington DC [l
| Slide 4 Research (RES) & Electric Power Research Institute (EPRI)

Task 6: Fire ignition Frequency
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I Fire Ignition Frequencies
A note on terminology

» As we have explained (see Task 1 presentation) different documents use
different terms
— 6850/1011989 refers to “fire compartments”
— The standard refers to “physical analysis units” or PAUs
» This makes no difference to the Task 6 fire frequency analysis

— You are developing fire ignition frequencies for whatever set of fire locations
you have defined

— Whetheryou call it a fire area, fire compartment or PAU does not really
matter — it is what is in that location that counts

+ The total frequency for any location is simply the sum of the frequencies for the
ignition sources present in that location

— Once you get to the scenario level (individual fire sources or fire source
groups) the differences are totally irrelevant
* You are estimating fire frequency for a very specific ignition source

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 5 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Assumptions

The model developed for estimating fire ignition frequencies
is based on the following assumptions:
Frequencies remain constant over time
Ignition source types are grouped into Ignition Source Bins
+ See Table 6-1, Bins 1-37 (e.g., electrical cabinets, motors, pumps...)

Total plant-wide ignition frequency for each ignition source type is
the same for all units in the U.S. fleet
+ Unit A at Plant X has the same plant-wide frequency of electrical cabinet
fires as Unit B at PlantY
Within each plant, ignition frequency is the same for all individual
items or equipment of the same type

+ e.g., At Unit A of Plant X, the fire frequency for electrical cabinet A is the
same as the fire frequency for electrical cabinet B

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 6 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
General Approach

To establish the fire frequency of a fire compartment or PAU,
the ignition frequencies associated with each ignition
source present in the location are simply added together.

ANL=ZAsW W1

summed over all ignition sources

Where:
A, : Fire frequency associated with PAU J at location L
Asg:  Plant level fire ignition frequency associated with ignition source 1S
W, : Location weighting factor
Wis .- Ignition source weighting factor
= Corresponding PRA Standard SR: IGN-A7

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 7 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Plant Level Frequency (A;)

* Plant level fire ignition frequencies are given for each
ignition source bin, for example*:

* Bin 21 gives 1.42E-02/ry as the frequency of fires within a unit that
involve general pumps greater than 5hp

» Bin 37 gives 3.4E-03/ry as the frequency of transient fuel fires (not
associated with hot work) within the turbine building of a unit
* These values are then distributed to the individual members
of each ignition frequency bin or to those locations covered
by the bin

*Reference: These example values are taken from EPRI 1019259,
NUREG/CR-6850 Supplement 1

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 8 Research (RES) & Electric Power Research Institute (EPRI)
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FIRE IGNITION FREQUENCIES
Plant Level Frequencies (A;g)

Table6 1
Fire Frequency Bins and Generic Frequencies
— % Generic Split Fractions for Fire Type
gnition Source Er
2l Locston {Equipment Type) Mads wperiqyr' Electrical| Oil Transient|Hotwork|Hydrogen|HE AF’
1 | Battery Room Batteries Al T.5E-04 1.0 1] 1] 0 0 0
2 | Containment (PWR) Reactor C oolant Pump Power| 61E-03 014 035 o 0 0 0
[ 4 | Control Room Main Control Board Al 25E-03 10 o 0 0 0 0 ]
2 | DieselGenerator ﬁelsenerﬂmrs Al [ 21E-02 018 084 ] ] ] ]
Room l
4
11 | Plant-Wide , Cable fires caused by Power| 2.0E-03 0 0 0 1.0 0 0
B2y s Jting
| Ignition Frequency Bin |
] Al 4B8E-02 1.0 0 0 0 0 0
Components
15 | Plant-Wide Electrical C abinets Al 4.5E-02 1.0 0 0 0 ] 0
Components
20 | Plant-Wide O ffgas/H2 Recombiner Power| 44E-02 0 0 1] a 1.0 a
Components (BWR}
27 | Transformer Yard Transformer — Catastrophic™ |Power| 6.0E-03 1.0 0 0 0 0
Turbine Building Powver| 1.3E-02 o1 VR3] 0 0 ] 0

Note that these slides use the original 6850/1011989frequency table, not the updated table
fromthe supplement.

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 9 Research (RES) & Electric Power Research Institute (EPRI)

FIRE IGNITION FREQUENCIES
Plant Level Frequencies (A;g)

ire Frequency Bins and GeMsgic Frequencies

i " Generic Split Fractions for Fire Type
. gnition Source F
i Lcaton quipment Type} Mods lpsrr;qyr. Electrical| Oil |Transient|Hotwork|Hydrogen|HE AF'
\ BatteryRuunL_/"E':ﬂenes All 7.5E-04 1.0 0 0 0 0 0
2 Enn(alnmentLP\R} Reactor Coolant Pump Power| 6.1E-03 014 0.85 0 1] o 1]
L ¥
4 | Control R oom ! Main Control Board Al 25E-03 1.0 0 0 0 0 0
8 | Dj 16 084 0 i} 0 0
R
11 [Pl 0 0 0 1.0 0 0
L -
1D Location
14 | PI 1.0 0 0 [} 0 [}
c
15 | el 1 | Battery Room o | o 0 0 [ 0
c
2 |Containment (PWR)
20 | P o 0 0 0 1.0 0
c
%7 4 |Control Room o a1 3 5 i
32|T . B 0.2 0 0 0 0
8 |Diesel Generator Room

Note that these slides use the original 6850/1011989frequency table, not the updated table
fromthe supplement.

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 10 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Plant Level Frequencies (A;g)

Table§ 4
Fire Frequency Binsand

eric Frequencies

Nigrtiiain Sairce Generic Split Fractions for Fire Type

i Locaton {Equipment Type} Moge lpsFrrquyr. Electrical| Oil |Transient|Hotwork|Hydrogen|HE AF'
1 | Battery Room \% /’N\ T.5E-04 1.0 0 0 0 0 0
2 | Containment (PWR) Reactor Dcn\anﬁump Power| 6.1E-03 014 0.85 0 1] o 1]
4 | Control Rggm Lian gmrnlEna* 2l 2560 10 2 2 0 1] 0
8 | DieselGq

Room

. Ignition Source

11 | Plant-wi 1D Location 9 .

Compong (Equipment Type)
14 | Plant-Wi. i

Compong 1 Ballery Room Batteries
15 | Plant-Wi -

Compond 2 |Containment (PWR) Reactor Coolant Pumps
20 | Plant-Wi. B

Compong 4 | Control Room Main Control Boards
27 | Transforn| - -
—+— 8 |Diesel Generator Room Diesel Generators
3 Turbine

Zz o5 v for 3 defnition
Note that these slides use the original 6850/1011989frequency table, not the updated table

fromthe supplement.

Fire PRA Workshop, 2012, Washington DC

Task 6: Fire ignition Frequency

' Slide 11

Plant Level Frequencies (A;g)

A Collaboration of U.S. NRC Office of Nuctear Regulatory
Research (RES] & Elecinic Power Research Institute (EPRI)

FIRE IGNITION FREQUENCIES

Table§ 4
Fire Frequency Bins and Genggh uencies
Nigrtiiain Sairrce Generic Split Fractions for Fire Type
i Locaton {Equipment Type} Mods lpsFrrquyr. Electrical| Oil |Transient|Hotwork|Hydrogen|HE AF'
1 | Battery Room Battere All 7.5E-04 1.0 0 0 0 [y
2 | Containment (PWR) Reactor Coolant Pump Power 51E-02‘Q1: 0.85 0 1] o 1]
2 1 ContmiBoom Liain Control Board 2l 2ol ‘ ] ] 0 it} 0
= Generic Split Fractions for Fire Type
Ignition Source Mode Freq
(Equipment Type) (per rx vr) Electrical| Oil | Transient [Hotwork|Hydrogen|HEAF'
Batteries All 7504 1.0 0 0 0 0
Reactor Coolant Pump Power | 6.1E-03 0.14 0.86 0 0 0
Transients and Hotwork Power| 20E-03 0 0 0.44 0.56 0
Main Control Board All 25E03 1.0 0 0 0 0
| [55] | Tt ‘ U ‘ U | U ‘ U

urbine Building

—
I ain Feedwater Pumps

m

Fult [HEA

|Duwer| T.3E-0

t

Note that these slides use the original 6850/1011989frequency table, not the updated table

fromthe supplement.

Fire PRA Workshop, 2012, Washington DC

Task 6: Fire ignition Frequency

' Slide 12

A Collaboration of U.S. NRC Office of Nuctear Regulatory
Research (RES] & Elecinic Power Research Institute (EPRI)
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I Fire Ignition Frequency Quantification

Single Unit Plant

' Count 1A 1B Total
Elec. Cab. 2 2
' PMP 2 2
Room 1A Room 1B
A A !
pmp—i: g'pVis'WL: gEl
)L’roomle = }l’pmpfi ) Npmp = A’pmpfz' ) 2

Fire PRA Workshop, 2012, Washington DC e A Coliaboration of U.S. NRG Office of Nuciear Regqulatory
Task 6: Fire ignition Frequency . Slide 13 Research (RES) & Electric Power Research Institute (EPRI)

I Fire Ignition Frequency Quantification

Two Units, Two Units in Scope

' A 3

Room 1A Room 1B Room 2B Room 2A
Count 1A 1B 2A 2B Total
Elec. Cab. 2 2 4
Pump 2 2 4
A =AW _ W =4 ; 2 A =/ -N = A .
‘pmp—i g eyt — g Z : room—1B — L'pmpﬂ' pmp-1B l’pmpff

Fire PRA Workshop, 2012, Washington DC e A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Task 6: Fire ignition Frequency . Slide 14 Research (RES) & Electric Power Research Institute (EPRI)
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I Fire Ignition Frequency Quantification

Two Units, Two Units in Scope, Shared Room

Room 1C Room 1A Room B Room 2A Room 2C
Count 1A 1C 2A 2C B Total
Elec. Cab. 2 2 4
Pump 3 3 4 10
7 7 1 ) = /? N = . 4
)t’pmp—i = )L'g T L 4 7 = )L,g ¥ E -2 “room—B “pmp—i 4" pmp—B pmp—t

Fire PRA Workshop, 2012, Washington DC
Task 6: Fire ignition Frequency

. Slide 15

-+ A Collaboration of U.S. NRC Office of Nuciear Regulatory

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

I Fire Ignition Frequency Quantification

Two Units, Two Units in Scope, Shared Room, Swing Pump

1

Room 1C Room 1A Room B Room 2A Room 2C
Count 1A 1C 2A 2C B Total
Elec. Cab. 2 2 4
Pump 2 2 3 7
Ay =AW, W, =4 -t2 A = - = :
omp—i — g i L T e ? room—B ‘pmp—i pmp—B ‘pmp—i

Fire PRA Workshop, 2012, Washington DC
Task 6: Fire ignition Frequency

. Slide 16

-+ A Collaboration of U.S. NRC Office of Nuciear Regulatory

Research (RES] & Electric Power Research Institute (EPRI)
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I Fire Ignition Frequency Quantification

2 Units, One Unit in Scope, Shared Room

Room 1C Room 1A Room B Room 2A Room 2C
Count 1A 1C 2A 2C B Total
Elec. Cab. 2 2
Pump 2 2 4
1 — 7 —
Apmp—i = ;!'g : H:S : I'VL = /lg : Z -1 /?’room—B - /?"pmp—i -N pmp-B j’pmp—f -3

Fire PRA Workshop, 2012, Washington DC e A Coligboration of U S, NRG Office of Nuciear Regqulatory
Task 6: Fire ignition Frequency . Slide 17 Research (RES) & Electric Power Research Institute (EPRI)

I Fire Ignition Frequency Quantification

2 Units, One Unit in Scope, Shared Room, Swing Pump

[ =
e

Room 1C Room 1A Room B Room 2A Room 2C
Count 1A 1C 2A 2C B Total
Elec. Cab. 2 2
Pump 2 1.5 ST
1 = .N - :
;L- L= )L- . ”7 * ”7 = ;L, R— 1 j"rucu:rzﬂ?i' j"’pnftpfi ‘Z\' pmp—B j‘]’pmp—f

pmp—1 4 is L g 3 5
Fire PRA Workshop, 2012, Washington DC s A Gollaboration of U 8. NRG Office of Nuclear Regulatory
Task 6: Fire lgnition Frequency  Slide 18 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Procedure

Task 6 develops location and item specific fire frequency
values for each fire frequency bin using an 8-step process:

« Step 1. Mapping plant ignition sources to generic sources,

+ Step 2. Plant fire event data collection and review,

» Step 3. Plant specific updates of generic ignition frequencies,

« Step4. Mapping plant-specific locations to generic locations,

+ Step 5. Location weighting factors,

» Step 6. Fixed fire ignition source counts,

« Step 7. Ignition source weighting factors, and

+ Step 8. Ignition source and compartment (PAU) fire frequency

evaluation.
Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 19 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 1. Mapping Plant Ignition Sources

» Every plant equipment item should be mapped to one of the
ignition frequency bins.

— Must be capable of initiating a fire

— Must be within the global analysis boundary

+ Exclude items in locations that will be screened out qualitatively (e.g., the office
building, the guard shack...)
» If no matching bin can be found for an ignition source, then the
following approach may be used:

— Consider the characteristics of the source and try to match to an existing
ignition source bin and provide explanation

— Consider past fire histories within the plant — if there is a history of fires, that
may be enough to establish frequency

— Consider relevant past fire histories for similar items at other plants
— Consider fire history in other industries — with caution...

» Problem Set 06-01 (file: 05_01_02...)

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 20 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 2. Plant Fire Event Data Collection

« Common practice is to perform a Bayesian update of the generic fire frequencies
to reflect plant-specific fire experience

* You need to gather plant-specific fire event data to establish plant-specific fire
ignition frequencies
— Gather and review plant reports relating to fire events over some reasonable time
period
+ 10-15vyearsif possible

+ Lookat the “potentially challenging” screening criteria from 6850/1011989 and think about your
events in the same context — are they risk-relevant or not?

— First question to ask is “are plant specific fire ignition frequencies warranted?”
+ [fthe plant has experienced arepeated set of similar events
+ Events that cannot be mappedto a bin

— Unusual fire occurrence patterns

— May be selective in which plant specific frequencies are updated

» Corresponding PRA Standard SR: IGN-A4

Fire PRA Workshop, 2012, Washington DC pr A Coliaboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 21 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 2. Plant Fire Event . .. (2)

Example:

The following events have taken place at the unit under analysis over the
past 10 years of plant operation:

+ Event 1: Fire in MCC-A because breakers were not properly engaging the bus
bars.

« Event 2: Fire in 125VAC-A panel. The fire was extinguished when 4kV bus-A was
de-energized from the control room. Fire resulted from arcing of supply lead to
one of the fittings connecting to a controller to the bus.

Both fires can be includedin the frequency analysis.

Both events would map to “Electrical Cabinets — non HEAF”
« Per NUREG/CR 6850/1011989 this is bin 15
« EPRI 1019259 (Supplement 1 to NUREG/CR-6850) calls this bin 15.1

A Bayesian update given 2 fires in 10 years will increase mean fire
frequency from 0.024/ry to 0.084/ry

» Problem Sets 06-02 and 06-03 (Examples) (file: 05_01_02...)

Fire PRA Workshop, 2012, Washington DC pr A Coliaboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 22 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 3. Plant Specific Frequencies (A;g)

» Again, Bayesian update approach is the accepted method used to
estimate plant-specific fire ignition frequencies
— PRA Standard endorses/requires Bayesian methods in the SR's related to
formal data analysis

* You'll find this in the Internal Events Section (Part 2) rather than the fire section
(Part 4)

+ Look for the “DA” technical element
— Uncertainty distributions of generic frequencies are used as the prior

— Update does raise possible double-counting issue since same events
identified in update may already be in the FEDB

+ Generally not considered a significant issue, but be aware...

» Corresponding PRA Standard SRs: IGN-A5, IGN-AB, and IGN-A10

A Collaboration of U.S. NRC Office of Nuctear Regulatory

Fire PRA Workshop, 2012, Washington DC P
| Slide 23 Research (RES) & Electric Power Research Institute (EPRI)

Task 6: Fire ignition Frequency

I FIRE IGNITION FREQUENCIES
Steps 4/5. Plant-Specific Locations and W,

Plant specific locations should be mapped to the bin definition locations.

Example:
Piaid Sp_ec:fic Bin Location '
Location

Emergency Battery | Battery Room Number of site units that

Enclosure share common set of
batteries.

Main Control Room | Control Room Number of site units that
share the same control
room.

Control Building Control / Auxiliary / | Number of site units that

Primary Auxiliary Reactor Building tshare the same building

Building YPE:

» Corresponding PRA Standard SR: IGN-A7
* Problem Sets 06-04 and 06-05 (file: 05_01_02...)

A Collaboration of U.S. NRC Office of Nuctear Regulatory

Fire PRA Workshop, 2012, Washington DC P
| Slide 24 Research (RES) & Electric Power Research Institute (EPRI)

Task 6: Fire ignition Frequency
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I FIRE IGNITION FREQUENCIES
Step 6. Fixed Fire Ignition Source Counts

* To establish ignition source weighting factor, Wis 4, for each
PAU, itis necessary to obtain the total number of
relevant items per bin.

— For shared locations, entire site should be considered

+ i.e., At a multi-unit site with some shared equipment or locations it may actually be
easier to count all of the units at once rather than individually

Visual examination is the recommended approach

+ Walk it down, look for ignition sources fitting each frequency bin

Document your efforts

+ Consider using walk-down forms, photos, drawings, record item tags/labels...
Strongly recommend a computerized database
Counting method varies for each bin

* Corresponding PRA Standard SR: IGN-A7

Fire PRA Workshop, 2012, Washington DC e A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 25 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 6. (cont'd)

Examples:

* Bin I- Batteries: Each bank of interconnected sets of batteries located in one
place should be counted as one battery set. Don’t count the individual cells
individually.

* Bin5— Cable Fires Caused by Welding and Cutting: . . . Assume that all exposed
cables (i.e., cables that are notin conduits or wrapped by noncombustible
materials) have an equal likelihood of experiencing a fire caused by welding and
cutting across the entire location. . . .

» Bin 15— Electric Cabinets: Electrical cabinets represent . . switchgears, motor
control centers, DC distribution panels, relay cabinets. . . . Free standing
electrical cabinets should be counted by their vertical segments, . . .

Fire PRA Workshop, 2012, Washington DC pr A Coliaboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 26 Research (RES) & Electric Power Research Institute (EPRI)

4-36



I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs

There is one overarching FAQ related to fire frequencies:

« FAQ 08-0048 Fire Frequency Trends
— Reference: ML092190457, EPRI1019259, NUREG/CR-6850 Supplement 1
— lIssue:

+ 6850/1011989 fire frequencies did not consider potential industry trends (i.e.,
towards reduced fire frequencies)

+ EPRIl/Industry proposed that some ignition source bin fire frequencies have
decreased based on analysis of post-1990 data

Resolution

+ A new set of generic frequencies has been calculated that weighs recent data
(1991 forward) heavily

When selecting frequency values, be sure you know which set you are
working from — pre- or post-FAQ 48

Also watch for updated frequencies within the next year...

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 27 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

A word of caution for FAQ 08-0048:

* Review the NRC staff position on FAQ 08-0048 (ML092190457)!

— The NRC accepts use Fire PRAs conducted for NFPA 805 transition with
one provision

— The fire PRA and plant change evaluations must evaluate sensitivity of the
risk and delta-risk results to change in fire frequency values (i.e., difference
in results using original versus revised values)

— ldentify cases where the results sensitivity evaluation indicates a change in
risk significance based on values used

+ e.g., what is acceptable with the new frequencies might not be acceptable with the
original frequencies

— For these cases the licensee must consider measures to provide additional
defense-in-depth

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 28 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

FAQ 06-0016 - Ignition source counting guidance for electrical
cabinets
» Reference: MLO72700475

* FAQ clarifies guidance on counting electrical cabinets and for treating “outlier”
cabinets

— Counting guidance gets applied to a wide range of panel sizes

— lIgnition frequency is more a function cabinet contents than cabinet size
— A basis is needed to address outlier conditions

» Each user should establish criteria for identifying outliers and a basis for counting
them

» Examples of possible rule-set approaches:
— Establish a nominal ‘standard’ or reference cabinet size
— Consider cabinet internals relative to a defined ‘standard’ or reference configuration

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 29 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 6. FAQ06-0016 Example

* A user defines a ‘standard’ cabinetas nominally 4’ long x 3’ deep and an
outlier is any cabinet with any horizontal dimension more than 8

How to use this rule set in counting:

6-ft long cabinet, Cabinet is not an outlier —
i Comi=1
no partitions
4'long cabinet, Cabinet is sane as standard —
Camt=1

no internal partitions

Larger cabinet with I Internal dividers arendt sdid—
- - e Comi =6
non-solid internal partitions R A
P
Larger cabinet with Tnternal dividers are salid—
- " Comt =6
solid internal partitions
Fire PRA Workshop, 2012, Washington DC Hheniieig A Coliaboratien of U.S. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 30 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 6. FAQO06-0016 Example (cont.)

How to count using example rule set. ..

Three independent cabinets —
Count=3

Panel is an outlier, using a 4’
12 ft wide, 3 ft deep standard cabinet —
Count=3

Cabinet is an outlier, no evaluation of
9 ft wide, 6 ft deep contents, based on reference cabinet —
Count = 3 due to variation from the
standard length and depth

The counts should depend on the

9 ft wide, 6 ft deep cable termination load and devices
walk through cabinet in the panel by comparing it with a
reference cabinet.

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 31 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

FAQ 06-0017 - Ignition source counting guidance for high energy arcing
faults in electrical switching equipment

* Reference: ML072500300, EPRI1019259, Supplement to NUREG/CR-
6850

* Issue: Originally, all HEAF events were lumped in one ignition source
bin (16) and was applied across all voltages (440V and up)

— Resolution: Split Bin # 16 into 2 parts:
+ Bin 16a — Low-voltage panels (440 to 1,000 V) - 4.8E-04/ry (mean)
+ Bin 16b — medium-voltage panels (> 1,000V) — 1.4E-03/ry (mean)

— Counting method remains unchanged (i.e., vertical sections)
— Self consistent within each new bin

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 32 Research (RES) & Electric Power Research Institute (EPRI)
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Supp. 1" refers to NUREG/CR-6850 Supplement 1, EPRI TR 1019259

FIRE IGNITION FREQUENCIES

Step 6. Related FAQs (cont'd)

* A caution: Fire ignition source Bin numbers and frequency basis (pre- and post-

FAQ 48) for panel fire HEAFs vary among documents

Mapping of electrical panel HEAF frequency sets by source document

Frequency calculation basis:

Fire source binning
basis:

Frequency based on full event
set (1965-2000)

Frequenciesupdated using
FAQ 48 approach

One Bin for all panel
HEAF

NUREG/CR-6850
EPRI1011989

- FAQ 48
- EPRI 1016735
- Supp. 1%, Ch. 10

[see Bin 16) (see Bin 15.2)
Split Bins for panel - FAQ17
HEAF based on voltage - Supp.1*, Ch. 4 Not currently available
level (see Bins 16a and 16b)

* “Supp. 1" refersto NUREG/CR-6850 Supplement 1, EPRI TR 1019258.

- Slide 33

A Collaboration of U.S. NRC Office of Nuctear Regulatory

Fire PRA Workshop, 2012, Washington DC
Research (RES] & Elecinic Power Research Institute (EPRI)

Task 6: Fire ignition Frequency

I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

FAQ 06-0018 - Ignition source counting guidance clarification
for Main Control Board (MCB)

» Reference: ML072500273, EPRI1019259, Supplementto NUREG/CR-
6850

* There is a one-to-one correspondence between App. L and Bin 4
» Main Control Board is just the horseshoe (or equivalent)

» All other electrical cabinets in the Main Control Room should be counted
with other cabinets in the plant

A Collaboration of U.S. NRC Office of Nuctear Regulatory
Research (RES] & Elecinic Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC e
ire: ‘orkshap, ‘ashington " Slide 34

Task 6: Fire ignition Frequency
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I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

FAQ 06-0031: Ignition source counting guidance clarifications

and extensions

» Reference: ML072840658, EPRI1019259, Supplement to NUREG/CR-
6850

» Clarifies and modifies counting guidance for certain ignition source bins:

— Bin 14 - Electric motors: clarifies guidance, provides for excluding small
motors of 5 hp or less and totally enclosed motors.

— Bin 21 — Pumps: provides for excluding small sampling pumps, and other
pumps of 5 hp or less

— Bin 23 - Transformers: provides for excluding dry transformers of 45 KVA
or less

— Bin 26 - Ventilation subsystems: clarifies that intentis to exclude small
subsystems powered by motors of 5 hp or less (consistent with electric
motors Bin 14)

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 35 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)
FAQ 07-0035: High energy arc faults in bus ducts
» Reference: ML091620572, EPRI11019259, NUREG/CR-6850
Supplement 1
* Issue:
— NUREG/CR-6850/EPRI 1011989 was silent on this topic
» Resolution:
— Acknowledge the potential for such events (e.g., Diablo Canyon 5/2000)
Provides plant wide frequency and counting/partitioning guidance
Provides zone of influence and scenario development guidance

Two categories of bus duct are defined:
+ Segmented Bus Duct
* |so-Phase Bus Duct
Bins 16.1 and 16.2 in EPRI 1019259, and in Chapter 10 of Supplement 1

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 36 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

» A caution: There are two sets of frequency values for bus ducts (i.e., pre-
and post-FAQ 48)

Mapping of electrical bus duct HEAF frequency sets by source document

Frequency calculation basis:

Frequency based on full Frequencies updated using
event set (1965-2000) FAQ 48 approach
- FAQ 35 - FAQ 48
= - EPRI 1016735
Source documents - Supp. 17, Ch. 7 .
(No bin numbers given) - Supp. 1% Ch, 10
¢ (see Bins 16.1 and 16.2)

* “Supp. 1" refers to NUREG/CR-6850 Supplement 1, EPRI TR 1019259,

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 37 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 6. Related FAQs (cont'd)

FAQ 08-0042: Cabinet Fire Propagation

» Reference: ML092110537, EPRI1019259, Supplement to NUREG/CR-
6850

+ |ssue:

— NUREG/CR-6850/EPRI1011989 provides conflicting language regarding
propagation of fire from cabinets (Chapter 6 versus Appendix G) and
definition of “well-sealed cabinets”)

— Implication for Step 6: you exclude well-sealed cabinets from cabinet count if
contents are below 440V (see Vol. 2, Page 6-17)

* Resolution:

— FAQ clarifies and expands definition of “well-sealed and robustly secured
cabinets” (which will not propagate fires)

Fire PRA Workshop, 2012, Washington DC B A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 38 Research (RES) & Electric Power Research Institute (EPRI)

4-42



I FIRE IGNITION FREQUENCIES
Exercises

» Problem Sets 06-06 and 06-07 (file: 05_01_02...)

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 39 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 7. Ignition Source Weighting Factor (W ;)

« Ignition source weighting factors are evaluated for all the
PAUs identified in Task 1 and for all ignition sources
identified in Step 1 of this Task.

— Countable items

« Example: 2 pumps in compartment/PAU J of 50 pumps in the unit
W|5_J_|_ =2/50 =0.04

— Transients — apportioned based on maintenance, occupancy and storage

— Large systems — ad-hoc method based on specific characteristics of the
system

+ Examples: hydrogen gas distribution system, turbine/generator oil system

« Corresponding PRA Standard SRs: IGN-A7, A9
* Problem Sets 06-08, 06-09 and 06-10 (file: 05_01_02...)

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency : Slide 40 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 7. W\g ;| — Transients

« Transient fire frequencies are apportioned based on qualitatively
estimated rating levels for:
— (1) maintenance activities,
— (2) occupancy level and traffic density and
— (3) storage (temporary and permanent) of combustible and flammable materials.

« Currently five rating levels are used:

+« No (0) - Can he used only for those PAUs where transients are precluded by
design (administrative restrictions do not apply).

— Corresponding PRA Standard SR: IGN-A9
« Low (1)-Reflects minimal level of the factor.

+ Medium (3)-Reflects average level of the factor.
« High (10)—-Reflects the higher-than-average level of the factor.

« Very high (50)-Reflects the significantly higher-than-average level of the factor
(only for “maintenance” influencing factor).

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 41 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 7. Wg ;| — Transients (2)

Some notes regarding the weighting factor method
« It's all relative within each of the applicable ignition source bins - DO NOT weigh
across bins; for example:

— For transients in the turbine building (Bin 37), weigh locations in the turbine building
against each other

— For transients in the Aux/Control/Reactor building complex (Bin 7), weigh locations in
that complex against each other

— Do NOT compare the turbine building to the control building. That comparison is built
into the base frequencies

* A ranking of 3 is considered Normal/Average!

* The method is designed to reflect real differences in the likelihood of these kinds
of fires in different locations

— You need to exercise the full range of ranking values to take full advantage of the
method

— Otherwise, frequency for each bin will be distributed evenly to each compartment

Fire PRA Workshop, 2012, Washington DC e A Coliaboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 42 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Step 7. Wg ;| — Transients (3)

» Based on feedback from applications, an effort is ongoing that may lead
to modified transient (and hot work) fire frequency weighting factors

— This effortis NOT YET FINISHED — no method has yet been endorsed

— The original method allows for roughly a factor of 70 between highest and
lowest frequency rooms ( a 50-10-10 room versus 1-0-0 room)

— That range may increase if a revised method gains acceptance
» Under the proposed revision, the overall process remains largely the
same

— The ranking values may allow for fractional assignments (e.g., 0.1 or 0.5) but
only to those rooms with very strict administrative controls

— Maintenance may be splitin two — hot work and other general maintenance
— The formula for transients caused by hot work may be revised

» For now, the 6850/1011989 method is the method to use, but stay tuned
for updates within the next year

Fire PRA Workshop, 2012, Washington DC
Task 6: Fire ignition Frequency

A Collaboration of U.S. NRC Office of Nuctear Regulatory

- Slide 43 Research (RES) & Electric Power Research Institute (EPRI)

FIRE IGNITION FREQUENCIES
Step 7. W\g ;| — Transients (4)

Table 6-3
Description of Transient Fire Influencing Factors
Influencing i
Eactor No (0) Low (1) Medium (3)

Maintenance |Maintenance | Small number | Average
activities of PM/CM number of
during power | work orders PM/CM work
operation are | compared to | orders.
precluded by | the average
design. number of

work orders
for a typical
compartment.

Occupancy Entrance to Compartment | Compartment
the with low foot | not
compartment | traffic or cut of | continuously
is not possible | general traffic | occupied, but
during plant path. with regular
operation. foot traffic.

A Collaboration of U.S. NRC Office of Nuctear Regulatory
Research (RES] & Elecinic Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC

Task 6: Fire ignition Frequency : _Sf”d_e_ ‘_14_ -
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I FIRE IGNITION FREQUENCIES
Step 7. W\g , | — Transients (5)

The following normalization equations are used:
— For General Transients:
Warir = (o sr + Moy T 05 )/Nogp
Norp =2+, T0,1)
(summed over i, all compartments or PAUs of location L)
— For Transient Fires Caused by Welding and Cutting:
Wiear = M/ Niwe
Nye=2n,,;1
(summed over i, all compartments or PAUs of location L)
— For Cable Fires Caused by Welding and Cutting:
Wers = oy Weastes Ner
Nep= 21,1 Weapter
(summed over i, all compartments or PAUs of location L)

« Problem Set 06-11 (file: 05_01_02...)

Fire PRA Workshop, 2012, Washington DC pre A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 45 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Step 8. Fire Frequency Evaluation

The fire frequency (generic or plant-specific) for each ignition
source, As 4, can now be calculated using the data quantified
in the preceding steps.

A= As W, W,

summed over all \gni!i%hJsllI)'urces
Where:
A, : Fire frequency associated with PAU J at location L
Mg Plant level fire ignition frequency associated with ignition source IS
W, : Location weighting factor

Wis - Ignition source weighting factor

* Corresponding PRA Standard SR: IGN-A7

Fire PRA Workshop, 2012, Washington DC e A Coliaboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 46 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Determination of Generic Fire Frequencies

» The generic fire frequencies are based on the collective experience of U.S.
nuclear power industry.

— Uncertainties
+ Consistency among plants reporting practices,
+ Completeness of event descriptions
o Efe:
— Two stage Bayesian approach
— EPRI Fire Event Database (FEDB) up to December 31, 2000
— Analysis of each event

« Corresponding PRA Standard SRs: IGN-A1, A5, A10
« Also review FAQ 08-0048 - Fire Ignition Frequency

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 47 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Fire Event Data

EPRI's Fire Event Data Base (FEDB) was used to establish
the historical fire events for generic fire frequency estimation.

Licensee event reports

Industry sources (e.g., NEIL and ANI)

Various studies

Specific plant data

Individual event follow-up

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 48 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Event Data Analysis

For each event, information was reviewed and the following were
established:

Event Report Contents Event Analysis and Assignments

— Occurrence date — Challenging?

— Planttype (i.e., PWR vs. BWR) — Location

— Plant status (operating mode) — Ignition source

— Fire Location — Operating mode

— Fire Cause — High energy arcing (electrical cab.)

— Initiating equipment and — Suppression data
combustibles « Prompt?

— Detection and suppression * Supp. Curve Category (e.g.
information electrical)

— Severity related information * Duration

— Event description (narrative)

Fire PRA Workshop, 2012, Washington DC pr A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 49 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Number of Events

For each plant and bin combination, the number of events
were estimated using the following eight possible event
classifications:

Table C-1
Fire Event Classifications and Frequency Estimation Action

Information Deficiencies Frequen:y .Estlmatlnn
Claxs f Known Op. | Challengi monm thod of
own Op. allenging - ethod o
Known Plant Mode Fire Multiplier inclusion
1 Yes Yes Yes 1 Asis
2 Yes Yes Undetermined q Asis
3 Yes No Yes p Asis
4 Yes No Undetermined qp Asis
Distribute
] No Yes Yes 1 among units
3] No Yes Undetermined q D\Slnbute_:
among units
74 No No Yes p aaﬁnbme'
g units
Distribute
8 No No Undetermined qp among units
Fire PRA Workshop, 2012, Washington DC P A Collaboration of U.S. NRC Office of Nuctear Regulatory
Task 6: Fire ignition Frequency . Slide 50 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Reactor Years

« For each plant, two time periods were established:
— Power production mode and
— Low power or shutdown mode
« In analysis of data:
Assumed 62% capacity factor prior to 1994
NUREG-1350 data for post 1994 capacity factors
Total reactor years since initial commercial operation
Added the reactor years of the units for multi-unit sites

« Corresponding PRA Standard SR: IGN-A5

Fire PRA Workshop, 2012, Washington DC s A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 51 Research (RES) & Electric Power Research Institute (EPRI)

I FIRE IGNITION FREQUENCIES
Generic Fire Ignition Frequencies

Fire Ignition Bin Adjusted Counts and Associated Reactor Years
1968-1990 1991-2000
Bin # Counts Rx Yrs Counts Rx Yrs
1 1 1376.2 0 1075.3
2 5.5 641.2 1 585.6
= 2 641.2 4 585.6
4 4.5 1376.2 0.5 1075.3
5 0 994.9 1.8 861.5
6 10.5 994.9 157 861.5
7 2.2 994.9 45 861.5
8 43 1376.2 5 1075.3
9 0.5 1376.2 4.5 1075.3
10 3 1376.2 1 1075.3
11 2 994.9 0.5 861.5
12 10.5 1376.2 1} 1075.3
13 5 1376.2 0] 1075.3

Note: The industry generic plant-wide fire frequency values presented in Appendix C
of NUREG/CR-6850/1011989 and in Chapter 10 of EPRI 1019259 were developed
using a method consistent with PRA Standard requirements IGN-A1, A5, and A10.

Fire PRA Workshop, 2012, Washington DC e A Coligboration of U.S. NRC Office of Nuclear Requlatory
Task 6: Fire ignition Frequency . Slide 52 Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE IGNITION FREQUENCIES
Concluding Remarks

Fire ignition frequency evaluation (Task 6) uses a mix of plant

specific and generic information to establish the ignition

frequencies for specific fire compartments or PAUs and from
that for specific fire scenarios.

Generic fire ignition frequencies based on industry experience

Elaborate data analysis method

Frequencies binned by equipment type

Methodology to apportion frequencies according to relative
characteristics of each fire compartment or PAU

Fire PRA Workshop, 2012, Washington DC s A Collaboration of U.8. NRC Office of Nuclear Regulatory
Task 6: Fire ignition Frequency . Slide 53 Research (RES) & Electric Power Research Institute (EPRI)
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44 Appendix G: Heat Release Rates

USNRC ERPR [ e wsmr

Protecting People and the Environmen ¢

Sandia s )
@ National i . Scienc Applications

HI\

Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module llI
Appendix G: Heat Release Rates

Joint RES/EPRI Fire PRA Course
July and September, 2012

-{.’W Washington, DC

gr %, _

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

I HEAT RELEASE RATES
Objectives

The objectives of this module are:
1. Define heat release rate and heat release rate profile

2. Review the recommended peak heat release rate values
for typical ignition sources in NPPs

3. Describe the method provided for developing heat release
rate profiles for fixed and transient ignition sources in
NPPs

NOTE: Appendix G recommends values for ignition sources
only. Heat release rates associated with fires propagating
outside of the ignition source have to be evaluated
accordingly.

A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Workshap, 2012, Washington, DC Bl
H Slide 2 Research (RES) & Electric Power Research [nstitute (EPRI} 1

Module li: Appendix G - Heat Release Rates
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I HEAT RELEASE RATES
Definition

Definition: Heat generated by a burning object per unit time.

« Q=m"-AH_-A BTUlsec or KW

» m” is burning rate [kg/s-m?], AH, is heat of comb [kJ/kg], A is
area [m?]

* Equivalent terms: energy release rate, fire intensity, fire power

* HRR profile describes fire intensity as a function of time

4
4]
[i}]
o
5 =}
o = S
£ 3 o 7
[0 o - © o
=3 ™ = > 0]
= > @ =)
€ Lo
Time
Fire PRA Workshop, 2012, Washington, DC i SHD‘QS “1 A Collaboration of U.8. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPRI} 1
Module li: Appendix G - Heat Release Rates i researd (RES] et R sl (ashule | )

I HEAT RELEASE RATES
Fire Growth in Electrical Cabinets

The t2 function is recommended for modeling the growth phase of

the fire )
Q(I) = ‘}L{i”{Q—pm}c Qpeak i (ij }
T

HeatRelease Rate
Peak HRR s
ES
=
T =time to
peak
T T T
0 5 10 15 20
Time [min]
Fire PRA Workshop, 2012, Washington, DC i Shdefi “1 A Collaboration of U.8. NRG Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPRI} 1
Module li: Appendix G - Heat Release Rates eseareh (REH et R sl (ashule | )

4-53



I HEAT RELEASE RATES
HRR Profile

The HRR profile can be expressed as a constant or as a
function of time

* Incipient stage: Not recommended to be modeled
— Duration and intensity are uncertain
» Growth: Depends on the fuel and geometry of the scenario
— Based on engineering judgment and/or experimental observations
* Fully developed: Usually after the fire reaches its peak
intensity
— Also known as steady burning
— Starts at ignition if the growth period is not considered
— A constant fire intensity should be the peak heat release rate of the
profile
* Decay: In general, less hazardous conditions than the growth
and fully developed stage

Fire PRA Workshop, 2012, Washington, DC i SHD‘QS A Collaborafion of U.S. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPRI} 1
Module li: Appendix G - Heat Release Rates SRR RES) BnEE e )

FAQ 08-0052: Transient Fires

— This FAQ asked two questions:

» Clarify which manual suppression curve applies to transient fires
in the MCR

» Clarify and update guidance provided for treatment of transient
fires growth times

— Reference:
« EPRI 1019259, NUREG/CR-6850 Supplement 1

Fire PRA Workshop, 2012, Washington, DC i Shdeﬁ A Collaborafion of U.S. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPRI} 1
Module li: Appendix G - Heat Release Rates SRR RES) BnEE e )
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FAQ 08-00_52: Solution

» Answer to the first question:

— Use the MCR non-suppression probability curve for ALL fires in the
main control room
+ e.g., electrical fires, transient fires, ...

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

EEEE A Goliaborafion of U8 NRG Office of Nuclear Regulatory
. Slide 7 Research (RES) & Electric Power Research Institute (EPRI)11

I FAQ 08-0052: Solution

» Answer to the second question covers three types of
transient fires:

— Common trash can (refuse in a trash receptacle):
= Can be associated with a t2 fire growth that grows from zero to peak in
approximately 8 minutes.
— Common trash bag (refuse in plastic bags not in a recepticle):

= Can be associated with a t2 fire growth that grows from zero to peak in
approximately 2 minutes.

— Flammable or combustible liquid spills:
+ Negligible growth time (near infinite growth rate)

« Assume peak heat release rate for the spill through the entire duration
of the fire (ignition through burnout)

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

LS A Goliaborafion of U8 NRG Office of Nuclear Regulatory
. Slide 8 Research (RES) & Electric Power Research Institute (EPRI)11
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I FAQ 08-0044: MFW pump fires

« FAQ questioned application of pump fire guidance to MFW pumps
— Spill of very large oil volume led to unrealistic (high) frequency for very large oil
fires
« Solution provides a new approach for MFW pumps:

— Determine the amount of oil available in the system for the large and very large oil
spill fires. The MFW pump oil fire plant-wide fire frequency remains unchanged.

— Assign a severity factor of 0.0034 (0.34%) to very large fires: scenarios involving
100% of the total oil inventory spilled and ignited.

— Assign a severity factor of 0.0306 (3.06%) to /arge fires: scenarios invelving 10%
of the total oil inventory spilled and ignited.

— Assign a severity factor of 0.966 (96.6%) for small fires: scenarios involving a leak
that leads to a fire that only impacts the MFW pump.

— Reference:
« EPRI 1019259, Supplement to NUREG/CR-6850.

Fire PRA Workshop, 2012, Washington, DC ;oo A Collaborafion of U.S. NRG Office of Nuclear Regulatory

 Slide 9 R h (RES) & Electric Power R h Institute (EPRI)11
Module li: Appendix G - Heat Release Rates L f PSR (RES] et R sl (ashule | )

I HEAT RELEASE RATES
Fixed Ignition Sources

The methodology recommends heat release rate values for
various fixed ignition sources

+ Vertical cabinets
— Open/closed
— Qualified/unqualified cables

* Pumps (electrical fires)
» Electric motors

* HRR for flammable liquid fires should be calculated
using the equation &5 _ ;i Af7 . 4

» Separate guidance for cables, pressurized oil and hydrogen fires

Fire PRA Workshop, 2012, Washington, DC ;oo A Collaborafion of U.S. NRG Office of Nuclear Regulatory

 Slide 10 R h (RES) & Electric Power R h [nstitute (EPRI)11
Module lii: Appendix G - Heat Release Rates ) ] eeftc Fouer Research instiute (EPR)
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I HEAT RELEASE RATES
Recommended Peak HRR Values

Recommended peak HRR values were developed based on expert
judgment

» Expert panel included the EPRI/NRC-RES Fire Risk Re-quantification
Study research team with expertise in fire behavior/phenomena.

» Values are expressed as probability distributions. The panel identified
the 75 and 98t percentiles of the distribution for peak HRR.

» Primary sources of information included NUREG/CR-4527 and VTT
publications

» Gamma distribution selected:
— Only positive values starting at 0 kW
— Values in the same order of magnitude
* Corresponding PRA Standard SR: FSS-D5, E3

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

LS A Goliaborafion of U8 NRG Office of Nuclear Regulatory
. Slide 11 Research (RES) & Electric Power Research Institute (EPRI)11

I HEAT RELEASE RATES
Recommended Peak HRR Values

Example distribution developed
by the expert panel

Peak HRR Distribution
» 75t = 232 KW |
» 98 = 464 KW
=206
- B=678 ]
0 500 1000
HRR

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

L e A Goliaborafion of U8 NRG Office of Nuclear Regulatory
- Slide 12 Research (RES) & Electric Power Research [nstitute (EPRI)11
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I HEAT RELEASE RATES
Assigning HRR Values to Electrical Cabinets

A visual examination of the interior of the cabinet is
recommended

* Identify openings in the cabinet walls
* Identify type of cable: qualified/unqualified
* |dentify cable bundles

* Qualitatively determine if a fire can propagate from one
bundle to another

+ Select the appropriate peak HRR probability distribution

Fire PRA Workshop, 2012, Washington, DC Uslide 15 | A Gollgboration of U.5. NRC Office of Nuclear Regulatory
1 R h (RES) & Electric P Research Institute (EPRI)T1
Module li: Appendix G - Heat Release Rates 3 esearch (RES) i Frier dessardishute 4

I HEAT RELEASE RATES
Examples

By visual examination:
» More than one cable bundle
» Assuming qualified cable, select distribution with percentiles:

— 750 =211kW
— 98th=702 kW

A Collaboration of U.5. NRG Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington, DC TSI
~ Slide 16 Research (RES) & Electric Power Research Institute (EPRI)11

Module li: Appendix G - Heat Release Rates
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HEAT RELEASE RATES
Examples

By visual examination:
» Only one cable bundle

» Assuming qualified cable, select distribution with percentiles:
— 750= 69 kW

— 98ih=211 kW

Fire PRA Workshop, 2012, Washington, DC

g A Collaboration of U.S. NRC Office of Nuclear Regulatory
Slide 17 Research (RES) & Eleciric Power Research Institute (EPRI)11

Module li: Appendix G - Heat Release Rates

FAQ 08-0042: “Fire Propagation From
Electrical Cabinets”

» Purpose & Scope

— Provide clarification on conflicting language in NUREG/CR-6850 related to

the description of fire propagation from unvented cabinets

Guidance in Appendix G is in conflictwith the guidance in chapters 6 and 11 of NUREG/CR-
6850

— The scope of this FAQ is limited to the clarification of the conflicting guidance

provided in NUREG/CR-6850 related to fire propagation outside unvented
cabinets.

— Reference:

« EPRI 1019259, Supplementto NUREG/CR-6850.

Fire PRA Workshop, 2012, Washington, DC S 9 18 A Collaborafion of U.8. NRC Office of Nuclear Regulatory

i R rch (RES) & Electric P Research Institute (EPRI} 11
Module li: Appendix G - Heat Release Rates i e (RES] eaine rower it shle 4
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FAQ 08-0042: Solution

» Chapter 11 of NUREG/CR-6850 provides the consensus
position on fire propagation outside of unvented cabinets

— The following, from the second paragraph on section G.3.3 should
be disregarded:

Electrical cabine re not vented do not propagate a fire. . ssumed that in the
absence of other ventilation (oTfrestlian those listed.i e (.3), penetrations will not
allow sufficient air exchange to replace o3 nsumed by the fire, and an incipient
fire will self-extinguish wi e 1s no longer enouglrosszgen to support combustion.
[Italics added for /

Fire PRA Workshop, 2012, Washington, DC

LS A Goliaborafion of U8 NRG Office of Nuclear Regulatory
- Slide 19 Research (RES) & Electric Power Research [nstitute (EPRI)11

Module li: Appendix G - Heat Release Rates

I FAQ 08-0042: Solution

» Modified language includes description of electrical
cabinet features that should be present to prevent fire
propagation outside the cabinet.

— Fire sealed (not fire rated) at cable entry points
— No vents
— Robustly secured

Fire PRA Workshop, 2012, Washington, DC A Collaborafion of U.S. NRG Office of Nuclear Regulatory

E.éﬁ.d“e.éo. R h (RES) & Electric P R h Institute (EPRIJ11
Module lii: Appendix G - Heat Release Rates R o B el S eeftc Fouer Research instiute (EPR)
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I FAQ 08-0043: “Location of Fires Within
Electrical Cabinets”

* Purpose & Scope

— This FAQ provides clarification on the location of fires within an
electrical cabinet.

— The scope of this FAQ is limited to describing the location of a fire
postulated in an electrical cabinetin a Fire PRA.

» Reference:
— EPRI 1019259, Supplement to NUREG/CR-6850.

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

E A Goliaborafion of U8 NRG Office of Nuclear Regulatory
. Slide 21 Research (RES) & Electric Power Research Institute (EPRI)11

. FAQ 08-0043: Solution

« For cabinets with no vents, the fire should be postulated
approximately 1’ below the top of the cabinet

» Analysts should inspect cabinets to determine vent
location or the possibility of door openings.

— Forvented cabinets, fires should be postulated at the location of
the vents

— Fire should be postulated at the top of open doors

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

[ A Goliaborafion of U8 NRG Office of Nuclear Regulatory
- Slide 22 Research (RES) & Electric Power Research [nstitute (EPRI)11
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I HEAT RELEASE RATES
Transient Ignition Sources

The peak HRR for transient fires is also characterized with a
gamma probability distribution

* Gamma distribution percentiles:
— 75" =135BTU/s, 98" = 300 BTU/s (142 & 317 kW respectively)
— a=19,p=537

* Applicable only to localized transient combustibles (trash
cans, etc.)

* Not applicable to flammable liquid transient fires

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

grosee s A Gollaboration of U8 NRG Office of Nuclear Regulatory
- Slide 23 Research (RES) & Electric Power Research [nstitute (EPRI)11

I HEAT RELEASE RATES
Concluding Remarks

Peak HRR values are recommended for some typical fixed
and transient ignition sources in NPP fire scenarios

* Values are for localized ignition source (not for fires
propagating outside the ignition source)

* HRR for flammable liquid fires can be calculated from
fundamental equations

* HRR for “solid” ignition sources are generally expressed as
probability distributions based on experimental data and
expert judgment

Fire PRA Workshop, 2012, Washington, DC
Module li: Appendix G - Heat Release Rates

grosee e A Gollaboration of U8 NRG Office of Nuclear Regulatory
. Slide 24 Research (RES) & Electric Power Research Institute (EPRI)11
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45 Appendix E: Fire Severity

USNRC EPIS] | eseace msmmo

Pratecting People and the Environmen 1
Sandia = == )
; 5k . Science Applications
@ National s saten: Inteimations) G
Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module il
Appendix E: Fire Severity

Joint RES/EPRI Fire PRA Course
July and September, 2012

"ﬁ'@' Washington, DC

£y

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I FIRE SEVERITY
Purpose

* A uniform methodology has been developed to define the
severity of a fire.

— Severity factor concept
— Based on heat release rate

— Standardized cases

* Applicable SRs: FSS-C2, C3, C4,

Fire PRA Workshap, 2012, Washington, DC ] S.lrde 2 """ ACollaboration of U.S. NRC Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity L. Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE SEVERITY
Severity Factor Concept

* Severity Factor is . .

— A simplified, one parameter representation of a very complex
phenomenon (i.e., fire) influenced by a large number of factors.

— Defined as the conditional probability that, given a fire has occurred,
it is of certain severity (it is defined here through heat release rate).

— Quantified in combination with Non-Suppression Probability.

Fire PRA Workshop, 2012, Washington, DC | Slide 3 A Collaboration of U.8. NRC Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity . Research (RES) & Electric Power Research Institute (EPRI)

I FIRE SEVERITY
Severity Factor Concept

i(-ILsVR; Probability P;?clzaezlcliitx;f Damage?
11 0.445 1.000 No
36 0.219 0.555 No
61 0.129 0.336 No
87 0.078 0.207 No
112 0.048 0.129 Yes
137 0.030 0.081 Yes
162 0.019 0.051 Yes Adamage = Arire X 0.129
187 0.012 0.032 Yes
212 0.007 0.020 Yes
237 0.005 0.013 Yes
262 0.003 0.008 Yes
287 0.002 0.005 Yes
312 0.001 0.003 Yes
337 0.001 0.002 Yes
405 0.001 0.001 Yes
Total 1.000
Fire PRA Workshop, 2012, Washington, DC " Slide 4 A Gollaboration of U.8. NRG Office of Nuclear Regulatory

. " 5 . R h (RES) & Electric P R h Institute (EPRI)
Module ll: Appendix E: Fire Severity esearciy (R i ower flesearch institule (EPR
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FIRE SEVERITY
Severity Factor Concept

:IKF\:S Pmbpa‘b'“'y Pg‘:{ﬁgi'{;‘::g"f Damage| t (min) B BB
11 0.445 1.000 No No Damage 0.0 0.0E+00
36 0.219 0555 No No Damage 0.0 0.0E+00
61 0.129 0.336 No No Damage 0.0 0.0E+00
87 0.078 0207 No No Damage 0.0 0.0E+00
112 0.048 0129 Yes 28 0.03 1.7E-03
137 0.030 0.081 Yes 24 0.06 1.7E-03
162 0019 0.051 Yes 20 0.09 1 7E-03
187 0012 0.032 Yes 16 0.15 1.8E-03
212 0 007 0.020 Yes 13 021 1 5E-03
237 0005 0013 Yes 11 027 1 3E-03
262 0003 0.008 Yes 9 0.34 1.0E-03
287 0 002 0.005 Yes T 043 8 6E-04
312 0.001 0.003 Yes 5 0.55 5.5E-04
337 0.001 0.002 Yes 3 0.70 7.0E-04
405 0.001 0.001 Yes 1 0.89 8.9E-04

Total 1.000 0014

"t Time available for suppression ts = time do damage — time to detection

** Pys = Prob. of non-suppression = exp(- At )
)\dama = Asiro X 0.014
ge Fire *

Fire PRA Workshop, 2012, Washington, DC | Slide 5 A Collaboration of U.8. NRC Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity . Research (RES) & Electric Power Research Institute (EPRI)

FIRE SEVERITY
Probability of Damage Estimation

« Probability of damage before time t is estimated using
complex fire spread and propagation models.
— Heat release rate is a key parameter of the analysis
— Assuming a known heat release rate, specific features of the

compartment, ignition source, and target set configuration, time to
damage can be calculated.

— Since heat release rate is expressed with a probability distribution,
the time to damage can be expressed with a probability distribution

Probability Density
Probability Density

Time to Damage (t}

Peak Heat Release Rate

Fire PRA Workshop, 2012, Washington, DC | Slide 6 A Collaboration of U.8. NRC Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity . Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE SEVERITY
Heat Release Rate Distributions

The heat release rate of the following equipment classes
have been defined:

.- HRR (Btu/s)
Case Ignition Source 75th 98th
1 Vertical cabinets with qualified cable, fire limited to 65 200
one cable bundle
2 Vertical cabinets with qualified cable, fire in more 200 665
than one cable bundle
3 Vertical cabinets with unqualified cable, fire limited 85 200
to one cable bundle
4 Vertical cabinets with unqualified cable, fire in more 220 440
than one cable bundle closed doors
5 Vertical cabinets with unqualified cable, fire in more 220 950
than one cable bundle open doors
6 Pumps (electrical fires) 85 200
7 Motors 30 65
8 Transient Combustibles 135 300
Fire PRA Workshop, 2012, Washington, DC i SHD‘Q? A Collaboration of U.8. NRC Office of Nuclear Regulatory

. " 5 R h (RES) & Electric P R h Institute (EPRI)
Module ll: Appendix E: Fire Severity esearciy (R i ower flesearch institule (EPR

I FIRE SEVERITY
Heat Release Rate Distribution - Example

Table E-1
HRR Distribution for Vertical Cabinets with Qualified Cables, Fire
Limited to One Cable Bundle

s Heat Release Rate (Btu/s) Severity Factor
Lower Upper Point Value ")
1 0] 25 10.5 0.446
2 25 50 36 0219
3 50 75 61 0129
4 75 100 a7 0.078
5 100 125 112 0.048
6 125 150 137 0.030
T 180 175 162 0.019
8 175 200 187 0.012
g 200 225 212 0.007
10 225 250 237 0.005
11 250 275 282 0.003
12 275 300 287 0.002
13 300 325 Iz 0.001
14 325 350 337 0.001
15 380 Infinity 405 0.001
Fire PRA Workshop, 2012, Washington, DC i SHD‘QB A Collaboration of U.8. NRC Office of Nuclear Regulatory

. " 5 R h (RES) & Electric P R h Institute (EPRI)
Module ll: Appendix E: Fire Severity esearciy (R i ower flesearch institule (EPR
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I FIRE SEVERITY
Severity Factor for Oil Spill Fires

» The severity factors for oil spills are recommended to be
established from the following steps:
1. Determine the amount of oil that can be spilled in the room.

2. Assign a severity factor of 0.02 to a scenario consisting of 98% or
more of the amount of oil spilled and ignited.

3. Assign a severity factor of 0.98 to a scenario consisting of 10% of
the amount of oil spilled and ignited.

* Note that a modified approach for the MFW pump oil fire
was developed via FAQ 07-0044

— See presentation on Appendix G for details

Fire PRA Workshop, 2012, Washington, DC | Slide 9 A Collaboration of U.8. NRC Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity . Research (RES) & Electric Power Research Institute (EPRI)

I FIRE SEVERITY
Severity Factor for Other Ignition Sources

* The following notes address ignition sources not covered in

the preceding discussions:
— Cablefires:
« Heat release rate is established using fire propagation modeling
« Severity factor = 1.0 may be used where target damage can be
ascertained
High-energy arcing faults:
» Severity factor = 1.0 within zone of influence
Catastrophic transformerfires in the transformer yard:
» Severity factor = 1.0 within zone of influence
Non-catastrophic transformer fires in the transformer yard:
» Generally not modeled, otherwise use severity factor = 1.0 within zone of
influence
Otherfires in the transformer yard:
+ Depending on the item burning, the heat release rate of similar devices
may be used.

Fire PRA Workshop, 2012, Washington, DC | Slide 10 A Collaboration of U.8. NRC Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity . Research (RES) & Electric Power Research Institute (EPRI)
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I FIRE SEVERITY
Frequency Bins and HRR Distributions

Table 11-1
Recommended Severity Factors . .. for Ignition Sources in the Frequency
Model
ID | Location Ignition Source HRR Distribution Category
1 Battery Room Batteries Electric motors
2 Containment Reactor coolant Pump | Pumps (Electrical)/Qil spills
(PWR)
4a | Control Room Electrical cabinets Applicable electrical cabinet
4b | Control Room Main control board See Appendix L

5 Control/Auxiliary/ | Cable fires caused by | Assume 1.0
Reactor Building welding and cutting

8 Control/Auxiliary/ | Transient fires caused | Transients
Reactor Building by welding and cutting

21 Plant-Wide Pumps Pump (Electrical)/Oil spills
Components
Fire PRA Workshop, 2012, Washington, DC i S.Ude .‘HI "\ A Gollaboration of U.8. NRG Office of Nuclear Regulatory

. " 5 . R h (RES) & Electric P R h Institute (EPRI)
Module ll: Appendix E: Fire Severity esearciy (R i ower flesearch institule (EPR

I FIRE SEVERITY
Concluding Remarks

» Severity Factor provides an adjustment to ignition frequency
to account for the severity of the fire.

— ltis tied to the heat release rate
— ltis estimated in concert with probability of non-suppression
— Specific cases have been developed

— Guidance is provided for other cases

Fire PRA Workshop, 2012, Washington, DC i S.Ude ..3'2. "\ A Gollaboration of U.8. NRG Office of Nuclear Regulatory
Module Il: Appendix E: Fire Severity . Research (RES) & Electric Power Research Institute (EPRI)
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46 Appendix H: Damage Criteria
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Appendix H: Damage Criteria

Joint RES/EPRI Fire PRA Course
July and September, 2012

-{;"w Washington, DC

£y

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Damage Criteria
Damage Thresholds

* Damage (or Failure) Threshold: the minimum value of an
exposure environment parameter that can lead to the
failure of the damage target of interest within the time
scale of the fire

— Can be a temperature — exposure to high temperatures such as in
a hot gas layer or fire plume

— Can be a radiant heat flux — generally due to direct radiant heating
from the luminous flame zone of a fire

— Intheory, it could be a minimum smoke density, but we aren’t that
smart (more on smoke shortly)

* Corresponding PRA Standard SRs: FSS-C5, C6 and D9

Fire PRA Worleshop, 2012, Washington, DC i SHdQ 2 " A Collaberation of U.S. NRC Office of Nuclear Regulaiory
B AR : Research (RES) & Electric Power Research Institute (EPRI)
Module lli: Appendix H: Damage Criteria e
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I Damage Criteria
Damage Thresholds

* Damage thresholds are of primary interest to Task 8 —
Scoping Fire Modeling

— We use damage thresholds mainly when screening out specific
fire ignition sources

« If a fire source cannot damage any target, or ignite any secondary
combustible, then we screen that source out of the analysis as non-
threatening (more on Task 8 later)

— Also Note: If an electrical cable is damaged, we assume that it
will also be ignited

« Arcing when a cable short circuits will ignite the cable based on
testing experience

Fire PRA Worleshop, 2012, Washington, DC : SHD‘QS """ A Collaberation of U S. NRC Office of Nuclear Regulaiory

R h (RES) & Electric P R h Institute (EPR
Module lli: Appendix H: Damage Criteria cclfiesearch: (HES) e el )

I Damage Criteria
Damage Thresholds

» Damage Threshold is specific to the damage target and
procedure deals mainly with the following:
— Electrical Cables
* Thermoset
+ Thermoplastic

— Electronics and integrated circuit devices

* For other devices (e.g., motors, switchgear, etc.) look at
the cables and supporting controls or electronics

— Example: A pump is fed by power cables, and those cables are
generally more vulnerable to fire damage than the pump itself

Fire PRA Worleshop, 2012, Washington, DC : Shdefi """ A Collaberation of U S. NRC Office of Nuclear Regulaiory

R h (RES) & Electric P R h Institute (EPR
Module lli: Appendix H: Damage Criteria . flesearslzy ) i oweriReseniinstie] )
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I Damage Criteria
Damage Thresholds

EEE——
« Some items are considered invulnerable to fire-induced damage:
— Ferrous metal pipes and tanks
— Passive components such as flow check valves

— Concrete structural or partitioning elements except when
considering random failure likelihood in multi-compartment
scenarios

« i.e., we do not consider fire-induced structural failure of concrete

« Things you still need to watch for:
— Soldered piping (e.g., air/gas lines that are soldered copper)

— Flexible boots/joints/sleeves on piping (e.g., the Vandellos
scenario)

— Exposed structural steel given a very large fire source (e.g.,
catastrophic loss of the main TG set — more later)

Fire PRA Worleshaop, 2012, Washington, DC (g, A Collaboration of U.S. NRC Office of Nuclear Reguiatory

. Slide 5
: Research (RES) & Electric P R h Institute (EPR|
Module lli: Appendix H: Damage Criteria TR lflesenrci (RE ) e

I Damage Criteria
Damage Thresholds

EEE—
* The following are defined as generic damage thresholds
for the most common damage targets — cables:
Table H-1 Damage Criteria for Electrical Cables — Generic

Screening Criteria for the Assessment of the Ignition and Damage
Potential of Electrical Cables [See Ref 8-1]

Radiant Heating Criteria Temperature Criteria
Cable Type
Thermoplastic 8 kW/m? (0.5 BTU/ft2s) 205°C (400°F)
Thermoset 11 kW/im? (1.0 BTU/t2s) 330°C (625°F)

» And electronics:
— 3 kW/m2(0.25 BTU/ft2) and 65°C (150°F)

— If needed, assume ignition properties same as thermoplastic

cables:
6 kW/m2 (0.5 BTU/ft2) and 205°C (400°F).
Fire PRA Worleshop, 2012, Washington, DC (g A Collaboration of U.S. NRC Office of Nuclear Reguiatory

. Slide 6
i Research (RES) & Electric P R h Institute (EPR
Module lll: Appendix H: Damage Criteria T Researl REY) sl et L (5
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I Damage Criteria
Damage Thresholds
EEE
+ For additional rules related to damage criteria, see H.1.1;
e.g.:

— Cablesin conduit: potential damage targets, but will not
contribute to fire growth and spread — no credit to conduit for
delaying the onset of thermal damage.

— Cables coated by a fire-retardant coating: treat as exposed cables
for damage purposes — coating may slow the subsequent spread
of fire, but we are NOT specific here.

Fire PRA Worleshop, 2012, Washington, DC

i SHde? """ A Collaborafion of U 8. NRC Office of Nuclear Regulatory
Module ili: Appendix H: Damage Criteria Lo

... Research (RES) & Electric Power Research Institute (EPRI)
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I Damage Criteria
Damage Time

* It is both appropriate and desirable to consider damage
time during Task 11 — Detailed Fire Modeling

— At the threshold exposure condition, damage times may be
prolonged (e.g., 30 minutes or more)

— As exposure conditions increase in severity, time to damage
decreases (e.g., to as little as a few seconds)

— Consideration of time to damage allows for a more realistic
assessment of the non-suppression probability

+ How long do you have to put the fire out before damage occurs?

Fire PRA Workshop, 2012, Washington, DC | Slide 9 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Research (RES) & Electric P R h Institute (EPRI
Modulelli: Appendix H: Damage Criteria sl D) e o e )

I Damage Criteria
Damage Time

* Two general approaches to damage time analysis:

— Direct modeling of target thermal response
« Use a fire model to predict the temperature response of the target

+ When the predicted temperature of the target reaches the damage
threshold, assume target failure

« Catch: need fire model that does target response calculation

— Empirical approach (e.g., SDP)
+ Predict the peak exposure condition (temperature or heat flux)
+ Use a look-up table to estimate time to damage

« Catch: look-up tables currently only available for generic thermoset
and thermoplastic cables

Fire PRA Workshop, 2012, Washington, DC | Slide 10

Module lli: Appendix H: Damage Criteria

A Collaboration of U.5. NRC Office of Nuclear Regulatory
. Research (RES) & Electnc Power Research Instifute (EPRI)
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I Damage Criteria
Damage Time

* Exam ple of the Table H-5: Failure Time-Temperature Relationship for

Time to Thermoset cables (Table A.7.1 from reference H.6).
Dam age look- Exposure Temperature Time to Failure
o oF (minutes)
up tables:
330 625 28
350 660 13
370 700 9
390 735 7
410 770 5
430 805 4
450 840 3
470 880 2
490 (or greater) 915 (or greater) 1
Fire PRA Worleshop, 2012, Washington, DC : SH d.e. 1 1' " A Collaberation of U S. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPR
Module lli: Appendix H: Damage Criteria . flesearslzy ) i oweriReseniinstie] )

I Damage Criteria
Smoke Damage

* Appendix T provides an extended discussion of current
knowledge regarding smoke damage
— This is about smoke and the failure of equipment
— Itis not about the impact of smoke on people

* We are interested in short-term damage
— Within the time scale of the fire scenario including plant shutdown

— Wedo not consider longer term issues such as corrosion leading
to failure some days or weeks after a fire

 Corresponding PRA Standard SR: FSS-D9

Fire PRA Worleshop, 2012, Washington, DC : SHD‘Q ,'1,2' " A Collaberation of U S. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPR
Module lli: Appendix H: Damage Criteria cclfiesearch: (HES) e el )

4-77



I Damage Criteria
Smoke Damage

» Bottom Line: Some components are known to be
vulnerable to smoke damage, but it takes a dense
exposure to cause short term damage

* So what are the vulnerable components?
High voltage switching equipment (arcing)
High voltage transmission lines (arcing)

Devices such as strip chart recorders that are dependent on fine
mechanical motion (binding)

Un-protected printed circuit cards (deposition and shorting)

+ e.g., exposed within a panel and not provided with a protective
coating

Fire PRA Worleshop, 2012, Washington, DC : SHD‘Q ,'3,3' " A Collaberation of U S. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPR
Module lli: Appendix H: Damage Criteria . flesearslzy ) i oweriReseniinstie] )

I Damage Criteria
Smoke Damage

« Smoke damage is assessed on an empirical basis:
— Wedon't set quantitative thresholds
— Wedon'ttry to use fire models

— You should consider the potential failure of vulnerable
components due to smoke as a part of your damage target set

Fire PRA Worleshop, 2012, Washington, DC : SHD‘Q ‘.3'4. " A Collaberation of U S. NRC Office of Nuclear Regulatory

R h (RES) & Electric P R h Institute (EPR
Module lli: Appendix H: Damage Criteria . flesearslzy ) i oweriReseniinstie] )
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I Damage Criteria
Smoke Damage

» Assume that vulnerable components adjacent to or
connected to the fire source will be damaged by smoke:

— Within the same electrical cabinet or housing as a fire source

+ e.g. given a panel fire, the whole panel is lost due to smoke and/or
heat

— In an adjacent cabinetif the cabinet-to-cabinet partitions are not
well-sealed

— In a common stack of electrical cubicles

— In a nearby cabinet with a direct connection to the fire source
* e.g.,a shared or common bus-duct

Fire PRA Worleshop, 2012, Washington, DC

Slide 15 A Collaborafion of U.S. NRC Office of Nuclear Regulatory
Module ili: Appendix H: Damage Criteria ST

... Research (RES) & Electric Power Research Institute (EPRI)
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4.7 Task 8: Scoping Fire Modeling & Appendix F

USNRC EPIS] | eseace msmmo

Protecting People and the Environmen, 1

Sandia FEe :

! -5k . Science Applicatio

@ National bl ional Gorpors
Laboratories

Il
iy

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module lll:
Task 8: Scoping Fire Modeling &
Appendix F

Joint RES/EPRI Fire PRA Course
July and September, 2012

AT
!“;w - Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I SCOPING FIRE MODELING

Objectives

The objectives of this module are:

 Describe the process of screening ignition sources
* Describe the concept of zone of influence (ZOI)

* Describe the recommended walkdown

* Review the walkdown forms

* Describe how to update the fire ignition frequencies
calculated in Task 6 with the screening results

Fire PRA Workshop 2012, Washington, DC v Slide 2 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
i E i H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8

4-80



I SCOPING FIRE MODELING
Interfaces

* Inputs for this task
— PRA equipment list, Task 2
— List of ignition sources in each compartment, Task 6
— Room geometry
— Types of ignition sources and targets

* Output from this task
— Revised compartment fire ignition frequencies
— List of potential fire scenarios to be analyzed in Task 11

Fire PRA Workshop 2012, Washington, DC | Slide 3 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
, 3 , H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8

I SCOPING FIRE MODELING
Screening Ignition Sources

Any ignition source can be screened if a postulated fire will

not damage or ignite equipment in the compartment.

* By screening the ignition source, its frequency contribution
is eliminated, reducing the compartment frequency.

* Itis recommended to use the 98™ percentile of the
probability distributions for peak HRR.

« A walkdown is strongly recommended.
— Related SRs: FSS-D10, D11

Fire PRA Workshop 2012, Washington, DC | Slide 4 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
, 3 , H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8
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I SCOPING FIRE MODELING
The Zone of Influence (ZOI)

The zone of influence is the region in the compartment where a
target will be damaged if exposed to fire conditions generated by
a specific ignition source.

* The ZOI has 5 distinct regions:
— Flames b

The fire plume

The ceiling jet

The hot gas layer

Flame radiation region

Fire PRA Workshop 2012, Washington, DC i Slide 5 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
i E i H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8

I SCOPING FIRE MODELING
Task 8: Recommended Steps

5 steps for conducting Task 8

1. Preparation for walkdown

2. Plant walkdown and screen ignition sources
3. Verification of screened ignition sources

4. Calculation of severity factors

5. Calculation of revised fire frequency

Fire PRA Workshop 2012, Washington, DC v Slide 6 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
i E i H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8
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SCOPING FIRE MODELING
Step 1: Preparation for Walkdown

It is recommended that walkdown forms be prepared for each

compartment to be visited

* Create a list of ignition sources in each compartment.

— Equipmentcounted in Task 6

— Flag equipmentin the PRA equipment list created in Task 2

— Assigned a HRR to each ignition source (98" percentile of the pdf)
Workshop Problem 08-01 (file: 05_01_03... part 1)

Collect damage criteria information for the equipment in the
room
— Qualified/Unqualified cables, solid state equipment etc.
*  Workshop Problem 08-02 (file: 05_01_03... part 2
* Develop and document zone of influences in each
compartment

+ Corresponding PRA Standard SRs: FSS-D10 and D11

Fire PRA Workshop 2012, Washington, DC v Slide 7 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
i E i H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8

SCOPING FIRE MODELING
Step 1: Alternative Models for Zone of Influence

Input Parameters:

« Smoke or hot gas layer: MQH model

*T.mp- Ambient temperature (°C)

=0); Fire heat release rate (kW)

=A, Opening area (or sum of opening areas) (m?)
=H,: Height of opening [m]

=A; Internal surface area of the room (not including opening area) (m?)
=k: Thermal conductivity of wall material (kW/m-°C)

=d,- Density of wall material (kg/m?)

=c;’ Specific heat of wall material (kJ/kg-°C)

sth: Wall thickness (m)

si. Time value (sec)

S ol
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Fire PRA Workshop 2012, Washington, DC i Slide 8 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
i E i H (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8
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SCOPING FIRE MODELING

Step 1: Example Calculation for Room Temperature

MQH Temperature Correlation

Inputs
Ambient temperature [C]

Q3 e Duration [sec]
r=7,, +6.85: N Opening area [m2]
A, JH h. A Height of opening [m]
Room length [m]
k-d,-c, iz e Room width [m]

Room height [m]

Thermal conductivity [k\VW/mK]
Density [kg/m3]

Specific heat [kJ/kg]

Wall thickness [m]

HRR [kW]

Results
Room Temp [C]

20
1200

37

37
0.0014
2000
0.88

9500

327

Fire PRA Workshop 2012, Washington, DC
Module lil: Scoping Fire Modeling, Task 8

 Slide 9

I SCOPING FIRE MODELING

Step 1: Alternative Models for Zone of Influence

* Flame height and fire plume: Heskestad’s models

L=02350,5-1.02D

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

Input Parameters:
=Qy. Fire heat release rate (kW)
sD): Fire diameter (m)

25\38

(kaf(l_Z;- ))
-F

r £

Bp=il 25(

=z

a

2, =0.0830,7% ~1.02D

Input Parameters:

=T, Ambient temperature (°C)

=k;. Fire location factor

=Q); Fire heat release rate (kW)

=F_° Fire elevation (m)

=H: Target height measured from the floor (m)
=X Irradiated fraction of the heat release rate (FIVE recommends 0.4)
=D: Plume diameter (m)

Fire PRA Workshop 2012, Washington, DC
Module lil: Scoping Fire Modeling, Task 8

 Siide 10
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I SCOPING FIRE MODELING
Step 1: Example Calcs for Flame Height and Plume Temp

5\

. (kaO---'f(]'_2{:‘))2
L=02350,7 ~1.02D Lo =Tao* 2 7. —F)-2)
P e o

z, =0.0830,% ~1.02D

Heskestad's Plume Temperature Correlati,

Inputs
Heskdestad's Flame Height Correlation Ambient temperature [C] 20

Fire location factor 1
Inputs HRR [kW] 1375
Fire diameter [m] 0.6 Fire elevation [m] 0
HRR [kW] 250 Target Elevation [m] g
Results ] Radiation Fraction 0.40

m 2 5

Fire Di t 1
Flame height [m] 15 irs: Riameter ]

Results

Plume Temp [C] 328

Fire PRA Workshop 2012, Washington, DC Slide 11 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research

i E i (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8

I SCOPING FIRE MODELING

Step 1: Alternative Models for Zone of Influence

* Flame Radiation: Point Source Model

q.” :Qer
T 4aR?

Fertiutiet et

;

Input Parameters:

=Qy. Fire heat release rate (kW)
=R: Distance from flames (m)
=X Irradiated fraction of the heat release rate (FIVE recommends 0.4)
=D: Fire diameter {(m)

Fire PRA Workshop 2012, Washington, DC i Slide 12 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
i E i (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8
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I SCOPING FIRE MODELING
Step 1: Example calculation for flame radiation

q-” _ Qf).-/r
irr 2

47R
Point Source Flame Radiation Model
Inputs
Fire heat release rate [kW] 317
Radiation fraction 0.40
Distance from flames [m] 1.5
Results
Heat flux [kW/m2] 4.5

* Workshop problem 08-03 (file: 05_01_03... part 3)

Fire PRA Workshop 2012, Washington, DC
Module lil: Scoping Fire Modeling, Task 8

. Slide 13

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

I SCOPING FIRE MODELING
Step 2: Walkdown (Screen Ignition Sources)

During the walkdown, equipment in the room is subjected to
fire conditions from each ignition source using the ZOI.

Take the opportunity to verify & improve Task 6 counting

Document location of ignition sources and reasons for screen/no-

screen decisions

If ignition sources are not screened, document location of affected
equipment and which fire-generated condition affected it.

Do not screen:
— Qil fires
— Cables

— Interconnected cabinets
Workshop problem 08-04 (file: 05_01_03... part4)

Fire PRA Workshop 2012, Washington, DC
Module lil: Scoping Fire Modeling, Task 8

. Slide 14

A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
(RES) & Electric Power Research Institute (EPRI)
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I SCOPING FIRE MODELING
Step 3: Verify Screened Ignition Sources

It is important to verify that fire damage to the ignition source
itself is not risk significant

1. Do not screen equipment in the PRA equipment list

2. Ifloss of the ignition source results in a trip (automatic or manual), but
no equipment contributing to the CCDP is lost, compare the ignition
source fire frequency with the random frequency of the trip it causes.

3. Ifloss of the ignition source results in both a trip (automatic or manual)
and loss of one or more components contributing to the CCDP, add a
fire-induced sequence using the ignition source fire frequency and the
corresponding CCDP model with the damaged components set to fail
(failure probability = 1.0).

Fire PRA Workshop 2012, Washington, DC | Slide 15 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
, 3 , : (RES) & Electric Power Research [nstitufe (EPRI)
Module lil: Scoping Fire Modeling, Task 8

I SCOPING FIRE MODELING
Task 8: Calculation of Severity Factors

For each unscreened ignition source, calculate the severity
factor using the appropriate probability distribution for peak
HRR.

+ Determine the heat release rate required for damaging
equipment

« This require information gathered during the
walkdowns!

Fire PRA Woarkshop 2012, Washington, DC £ Sﬂde .16. " A Collaboration of U.S. NRC Office of Nuclear Regulatory Research
; £ ) H ... (RES) & Electric Power Research [nstitute (EPRI)
Module lli: Scoping Fire Modeling, Task 8
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I SCOPING FIRE MODELING
Concluding Remarks

Task 8 is intended for screening fixed ignition sources. As a
result of the screening, the compartment frequencies may be
reduced, and a preliminary list of potential fire scenarios for
detailed evaluation in Task 11 is developed.

* A detailed walkdown is recommended

* Analysts should take the opportunity to review the
equipment count made for Task 6 and/or improve it.

Fire PRA Workshop 2012, Washington, DC | Slide 19 A Collaboration of U.S. NRC Office of Nuclear Regulatory Research

i E i (RES) & Electric Power Research Institute (EPRI)
Module lil: Scoping Fire Modeling, Task 8
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4.8 Task 11: Special Fire Models Part 1
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Module llI
Task 11, Special Fire Models Part 1

. Joint RES/EPRI Fire PRA Course
"?."“v" July and September 2012

. ) 4 -, — Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

FIRE MODELS

» Generally computational fire models are developed to
estimate extent and timing of fire growth

» There are fire scenarios critical to NPP applications that
are beyond capability of existing computational fire
models

— Special models are developed for prediction of consequences of
such scenarios, based on a combination of;

+ Fire experiments,
« Operating experience, actual fire events
+ Engineering judgment

Joint Fire PRA Course, 2012, Washington, DC "Slide? | AGoiaboration of U.S. NRG Office of Nuclear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 s Research (RES) & Electric Power Research Insfitute (EPRI)
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I SPECIAL MODELS

« Cable fires (modified from IPEEE approaches)
— Cable tray stack and fire spread models

* High energy arcing faults (new)
— Switchgear room

» Fire propagation to adjacent cabinets (consolidation)
— Relay room

» Passive fire protection features (consolidation)

Joint Fire PRA Course, 2012, Washington, DG Slide3 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Thi Research (RES) & Electric Power Research Insfitute (EPRI)

I SPECIAL MODELS (Part 2)

« Main control board (new)
» Hydrogen fires (new)

* Turbine generator fires (new)

Joint Fire PRA Course, 2012, Washington, DG Slided A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Tmie Research (RES) & Electric Power Research Insfitute (EPRI)
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CABLE FIRES

* No generalized analytical theory is available to accurately
model cable fires in all possible configurations in
commercial nuclear plants.

* Most of the information compiled for this appendix is in the
form of flammability parameters derived from experiments or
correlations also developed from experimental data.

* The amount of experimental evidence and analytical tools
available to model cable tray fires is relatively small when
compared to the vast number of possible fire scenarios that
can be postulated for NPPs

» Simplification of these scenarios will be needed

Joint Fire PRA Course, 2012, Washington, DC | Slide 5 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 I L Research (RES) & Electric Power Research Insfitute (EPRI)

CABLE FIRES

Scenarios involving cable fires may start as:

+ Self-ignited cable fires
— Postulate self ignited cable fires in unqualified cables only

— Selfignited cable fires should be characterized by a cable mass ratio
(mass of cables in the room / mass of cables in the plant)
representative of the scenario.

— Cable mass ratio is equivalent to the severity factor

* Or as secondary fires caused by fixed or transient fire
sources

— Cable fires caused by welding & cutting should be postulated in both
qualified and unqualified cables.

Joint Fire PRA Course, 2012, Washington, DC | Slide 6 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTl Research (RES) & Electric Power Research Insfitute (EPRI)
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Heat Release Rate (kW)

CABLE FIRES

Cable tray ignition: Simplified cases

| l
| A |
| | ] ]
L [ ]
Joint Fire PRA Course, 2012, Washington, DG USlide7 A Collaboration of U.S. NRC Office of Nuciear Regulatory

Medule lll: Task 11, Special Fire Models Part 1 Research (RES) & Electric Power Research [nsfitufe (EPRI)

Thermoplastic Cable

CHRISTIFIRE Report, NUREG/CR-7010

1000

I ‘ Bumerki Muliiple Tray Test 8
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Joint Fire PRA Course, 2012, Washington, DG Slidesg A Collaboration of U.S. NRC Office of Nuciear Regulatory

Medule lll: Task 11, Special Fire Models Part 1 Research (RES) & Electric Power Research [nsfitufe (EPRI)
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Thermoset Cable
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‘ | Burmer | Multiple Tray Test 12
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Joint Fire PRA Course, 2012, Washington, DC H SHdQQ . A Coliaboration of U.S. NRG Office of Nuciear Regulatory

Medule lll: Task 11, Special Fire Models Part 1 Research (RES) & Electric Power Research [nsfifufe (EPRI)

Example: Thermoset VS Thermoplastic

Comparison of Thermoset and Thermoplastic Cable HRR
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Modeling

The Easy Way

Multiple Tray Test 17
Time 45:00

Joint Fire PRA Course, 2012, Washington, DC Slide 11
Medule lll: Task 11, Special Fire Models Part 1 L -

Multiple Tray Test 17
Time 15:00

|
l

Multiple Tray Tost 17

Time 30:00

Multiple Tray Test 17
Time 4500

Multiple Tray Test 17
Time 60:00

Multiple Tray Test 17
Time 75:00

Multiple Tray Test 17
‘Time 80:00

The Hard Way

A Collaboration of U.S. NRC Office of Nuciear Regulatory
Research (RES) & Electric Power Research [nsfitufe (EPRI)

FLASH-CAT

Flame Spread over
Horizontal Cable
Trays
Required Data
Cable mass/length
Non-metal mass fraction
Ignition
5-4-3-2-1 minute rule
Upward Spread
35° spread angle
Burning Rate
250 kW/m? thermoplastics
150 kW/m? thermosets
Lateral Spread
3.2 m/h thermoplastics
1.1 m/h thermosets
Heat of Combustion
16 MJ/kg for all

Joint Fire PRA Course, 2012, Washington, DC F SHdQ 1 2. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mia e Research (RES) & Electric Power Research Insfitute (EPRI)
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Multiple Tray Test 2 ——— Model Multiple Tray Test 17 ——— Model
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I CABLE FIRES

Modeling cable fires- Appendix R of NUREG/CR-6850

» Cable tray heat release rate using bench scale data

— Replaced with the modeling approach in CHRISTIFIRE Report

* Horizontal Flame spread rates
— Similar to the ones observed in the CHRISTIFIRE fire test series

» Fire propagation in cable trays

— Similar to the ones observed in the CHRISTIFIRE fire test series

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q .‘MI . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTt Research (RES) & Electric Power Research Insfitute (EPRI)
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I CABLE FIRES

Flame spread

Cable tray
* k; is a constant with a value
of 0.01 m?/kW %
zpesaty (0" 1) "
Joint Fire PRA Course, 2012, Washington, DC SHdQ .‘1'5. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
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I CABLE FIRES

Flame spread model B 47 )s,
]T(kpcxrg o Tamb )2

* Horizontal trays
— 3disassumedtobe 2 mm Cable tray

— q”is assumed as 70 kWW/m?2
* Vertical trays 7
— & isassumed to be z;
— q’isassumedas 25 kW/m2 = s
Xp
Joint Fire PRA Course, 2012, Washington, DC SHdQ ‘.1'5. i A Coliaboration of U.S. NRG Office of Nuciear Regulatory
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I FIRE PROPAGATION IN CABLE TRAY STACKS
WITH RG 1.75 SEPARATION (1 of 2)

\\ )

\ Cable tray stack
" |

O IJ

Ignition Source

L_ =L, +2(h_Tan(35°))

Characteristic length

Joint Fire PRA Course, 2012, Washington, DG U Slide 17 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Ll Research (RES) & Electric Power Research Insfitute (EPRI)

I FIRE PROPAGATION IN CABLE TRAY STACKS
WITH RG 1.75 SEPARATION (2 OF 2)

* First tray to second tray: 4 minutes after ignition of first tray

* Second tray to third tray: 3 minutes after ignition of second
first tray

* Third tray to fourth tray: 2 minutes after ignition of third tray
* Fourth tray to fifth tray: 1 minute after ignition of fourth tray

» Balance of trays in stack: 1 minute after ignition of fifth tray

Joint Fire PRA Course, 2012, Washington, DG Slide 18 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L e Research (RES) & Electric Power Research Insfitute (EPRI)
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I FIRE PROPAGATION IN CABLE TRAY STACKS
WITH RG 1.75 SEPARATION (2 OF 2) (contq)

« If there is a second stack of cable trays next to the first
stack, spread to the first (lowest) tray in the second stack will
be assumed to occur concurrent with spread of fire to the
third tray in the original stack .

» Subsequent spread of fire in the second stack will mimic the
continued growth of fire in the first stack (e.g., the second
tray in the second stack will ignite within 2 minutes of the
first tray in the second stack - at the same time as the fourth
tray in the first stack.)

» Fire spread will occur at the same rate to stacks on either or
both sides of the original stack

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q ..3'9. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTl Research (RES) & Electric Power Research Insfitute (EPRI)

FAQ 08-0049: “Cable Tray Fire Propagation”

* Purpose & Scope

— Clarify use of the empirical model for fire propagation
within a cable tra g stack as presented in Appendix R of
NUREG/CR-6850 — EPRI TR 1011989.

— The clarifications in the FAQ are limited to the use of the
empirical model for fire propagation in a cable tray stack

* Reference:
— EPRI 1019259, Supplement 1 to NUREG/CR-6850.

Joint Fire PRA Course, 2012, Washington, DC U Slide 20 A Goilaboration of U/.S. NRC Office of Nuclear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mi e Research (RES) & Electric Power Res arch [nstitute (EPRI)
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I FAQ 08-0049:Solution

» The FAQ clarifies that the model for fire propagation among
cable trays should be used only for the configurations
described in Appendix R of NUREG/CR-6850

— Angle of propagation
— Rate of propagation
— Cable tray stacks within the zone of influence

* DO NOT extend the model beyond, at most, three cable tray
stacks

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q .27'. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 s e Research (RES) & Electric Power Research Insfitute (EPRI)

I FAQ 08-0049: Ongoing and Future Work

* NRC has been doing research program to assess cable tray fire
behavior (NIST)

Full scale testing of fire propagation in cable trays
Test for different cable types
Measuring both heat release rate and flame propagation rates

Intent is to develop better models and guidance for predicting cable fire
behavior

* First phase complete
- See CHRISTI-Fire NUREG/CR-7010

* Second phase in progress
— See CHRISTI-Fire NUREG/CR-7010

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q .22. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L ia e Research (RES) & Electric Power Research Insfitute (EPRI)
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CHRISTIFIRE 2, Corridor Cable Fires

Joint Fire PRA Course, 2012, Washington, DG Slide 23 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 B Research (RES) & Electric Power Research Insfitute (EPRI)

CHRISTIFIRE 2
Vertical Cable Fires

A Collaboration of U.S. NRC Office of Nuciear Regulatory
Research (RES) & Electric Power Research [nsfitufe (EPRI)
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I HIGH ENERGY ARCING FAULTS (1 of 15)

Definition

 Rapid release of electrical energy in the form of heat,
vaporized copper, and mechanical force.

* An arc is a very intense discharge of electrons between two
electrodes that are carrying an electric current. The arc is
created by the flow of electrons through charged particles of
gas ions that exist as a result of vaporization of the
conductive material.

Joint Fire PRA Course, 2012, Washington, DG U Slide 25 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 B o Research (RES) & Electric Power Research Insfitute (EPRI)

I HIGH ENERGY ARCING FAULTS (2 of 15)

Scope
» Switchgears —
» Load centers

>— Greater than or equal to 440V
* Bus bars

« Qil filled outdoor transformers are addressed separately

» Bus ducts are addressed separately (via FAQ 07-0035)

Joint Fire PRA Course, 2012, Washington, DG " Slide 26 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 s Research (RES) & Electric Power Research Insfitute (EPRI)
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HIGH ENERGY ARCING FAULTS (3 of 15)

General characteristics of switchgear based HEAF events (from FEDB)

+ Indications of heavy smoke in the area, which may delay identification
of the fire origin and whether the fire is still burning.

» In nearly all of these events, the HEAF initiates in the feed breaker
cubicle because this is where most of the electrical energy in a high-
energy cabinetresides.

» HEAFs occurring in 480V switchgears did not report damage beyond
the switchgear itself, but some resulted in the cabinet opening.

Joint Fire PRA Course, 2012, Washington, DC . Slide 27 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 B e Research (RES) & Electric Power Research Insfitute (EPRI)

HIGH ENERGY ARCING FAULTS (4 of 15)

General characteristics of HEAF events (from FEDB)

« Initial use of fire extinguishers may be ineffective in severe HEAF
events regardless of the extinguishing agent (CO2, Halon, or dry
chemical). The fires were eventually suppressed with water by the fire
brigade.

» No conclusions can be made regarding the effectiveness of fixed fire
suppression systems for the ensuing fire. Only one event was
successfully suppressed, with an automatic Halon system.

» Durations of the fires involving HEAF range from minutes to over an
hour. The short durations generally reflect events that do not result in
large ensuingfire(s), either in the device itself or external fires.

Joint Fire PRA Course, 2012, Washington, DC . Slide 28 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 B Research (RES) & Electric Power Research Insfitute (EPRI)
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HIGH ENERGY ARCING FAULTS (5 of 15)

General characteristics of HEAF events (from FEDB)

» Sustained fires after the initial HEAF involve combustible materials
(cable insulation, for the most part) near the cabinet.

« Damage may extend to cables and cabinets in the vicinity of the high-
energy electrical cabinet.

« Damage to cabinet internals and nearby equipment (if observed)
appears to occur relatively early in the event.

Joint Fire PRA Course, 2012, Washington, DC

{ Shde .29. . A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Lo m o

Research (RES) & Electric Power Research [nsfitufe (EPRI)

HIGH ENERGY ARCING FAULTS (6 of 15)

The arcing or energetic fault scenario in these electrical
devices consists of two distinct phases, each with its own
damage characteristics and detection/suppression response
and effectiveness.

* The first phase is a short, rapid release of electrical energy
followed by ensuing fire(s) that may involve the electrical
device itself, as well as any external exposed combustibles,
such as overhead exposed cable trays or nearby panels,
that may be ignited during the energetic phase.

Joint Fire PRA Course, 2012, Washington, DC

{ Shde 50. i A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Lol

Research (RES) & Electric Power Research [nsfifufe {Eﬁ'ﬁ'ﬂ,l
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I HIGH ENERGY ARCING FAULTS (6 of 15) (contq)

» The second phase, i.e., the ensuing fire(s), is treated similar
to electrical cabinet fires described elsewhere in this
procedure, with one distinction. Any closed electrical cabinet
subject to a HEAF is opened to a fully ventilated fire. In
dealing with postulated switchgear and load center fires,
both phases should be considered.

Joint Fire PRA Course, 2012, Washington, DC F SHdQ .37'. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 B Research (RES) & Electric Power Research Insfitute (EPRI)

I HIGH ENERGY ARCING FAULTS (7 of 15)

The zone of influence

deilla
| AL

Joint Fire PRA Course, 2012, Washington, DC F SHdQ .32. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mia ot Research (RES) & Electric Power Research Insfitute (EPRI)

Trars

Cable Tray
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HIGH ENERGY ARCING FAULTS (8 of 15)

High-Energy Phase: The zone of influence

» The initial arcing fault will cause destructive and unrecoverable failure of
the faulting device, e.g., the feeder breaker cubicle, including the control
and bus-bar sections.

* The next upstream over-current protection device in the power feed
circuit leading to the initially faulting device will trip open, causing the
loss of all components fed by that electrical bus. This fault may be
recoverable if the initial faulting device can be isolated from the feeder
circuit.

* The release of copper plasma and/or mechanical shock will cause the
next directly adjoining/adjacent switchgear or load center cubicles within
the same cabinet bank and in all directions (above, below, to the sides)
to trip open.

Joint Fire PRA Course, 2012, Washington, DC . Slide 33 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mim e Research (RES) & Electric Power Research Insfitute (EPRI)

HIGH ENERGY ARCING FAULTS (9 of 15)

High-Energy Phase: The zone of influence

* Any unprotected cables that drop into the top of the panel in an open air-
drop configuration will ignite.

— Cables in conduit or in a fire wrap are considered protected in this context. In
other words, if cables are protected (i.e., not exposed) by conduit or fire
wrap, they are assumed damaged, but not ignited, and they do not
contribute to the fire load.

— Armored cables with an exposed plastic covering are considered
unprotected in this context.
* Exposed cables, or other exposed flammable or combustible materials
or transient fuel materials located within this same region (0.9 m (3)
horizontally) will be ignited.

Joint Fire PRA Course, 2012, Washington, DC | Slide 34 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Ll Research (RES) & Electric Power Research Insfitute (EPRI)
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HIGH ENERGY ARCING FAULTS (10 of 15)

High-Energy Phase: The zone of influence
» Any unprotected cables in the first overhead cable tray will be ignited
concurrent with the initial arcing fault provided that this first tray is within
1.5 m (57) vertical distance of the top of the cabinet. The cable tray fire
will propagate to additional trays consistent with the approach provided
for the treatment of cable tray fires elsewhere in this document,
assuming that the time to ignition of the first tray is zero rather than the
normal 5 minutes.
— This applies to any cable tray located directly above the panel.
— This applies to any cable tray above the aisle way directly in front of, or

behind, the faulting cabinet, provided some part of that tray is within 0.3 m
(12") horizontally of the cabinet's front or rear face panel.
— Cables in conduit or in a fire wrap are considered protected in this context.
— Armored cables with an exposed plastic covering are considered
unprotectedin this context

Joint Fire PRA Course, 2012, Washington, DC . Slide 35 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 i . Research (RES) & Electric Power Research [nsfitufe (EPRI)

High-Energy Phase: The zone of influence
* Any vulnerable component or movable/operable structural element located
within 0.9 m (3") horizontally of either the front or rear panels/doors, and
at or below the top of the faulting cabinet section, will suffer physical
damage and functional failure.
— This will include mobile/operable structural elements like fire dampers and fire
doors.
— This will include potentially vulnerable electrical or electromechanical
components such as cables, transformers, ventilation fans, other cabinets, etc.
— This will exclude fixed structural elements such as walls, floors, ceilings, and
intact penetration seals.
— This will exclude large components and purely mechanical components such
as large pumps, valves, major piping, fire sprinkler piping, or other large piping
(1" diameter or greater).
— This may include small oil feed lines, instrument air piping, or other small
piping (less than 1" diameter).

HIGH ENERGY ARCING FAULTS (11 of 15)

Joint Fire PRA Course, 2012, Washington, DC . Slide 36 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 i . Research (RES) & Electric Power Research [nsfitufe (EPRI)
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HIGH ENERGY ARCING FAULTS (12 of 15)

Detection and Suppression

* The amount of smoke from any damaging HEAF event is
expected to activate any smoke detection system in the
area.

* Manual suppression by plant personnel and the fire brigade
may be credited to control and prevent damage outside the
initial ZOI from ensuing fires.

» Separate suppression curves are developed for these fires
documented in Appendix P to the Fire Modeling procedure.

Joint Fire PRA Course, 2012, Washington, DC H Shde 57. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mim e Research (RES) & Electric Power Research Insfitute (EPRI)

HIGH ENERGY ARCING FAULTS (13 of 15)

Modeling HEAF in the Fire PRA

* Identify the equipment in the room where a HEAF can be
generated. As indicated earlier, this equipment includes, for
the most part, 4160 V to 440 V switchgear cabinets, load
centers, and bus bars.

* Two types of initiating events should be postulated for each
identified equipment:
— A HEAF event with an ensuing fire, and
— Aregular equipment fire (no HEAF).

Joint Fire PRA Course, 2012, Washington, DC H Shde 58. i A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Tieae Research (RES) & Electric Power Research Insfitute (EPRI)
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HIGH ENERGY ARCING FAULTS (14 of 15)

EEE—
Non-Suppression Probability and Severity Factors

» Assign a generic frequency for HEAFs listed in Task 6, and apportion it
with the location and ignition source weighting factors to the equipment
under analysis.

» Assume targets in the ZOl are damaged at time zero.

» The probability of no manual suppression for the targets in the ZOl is
1.0.

» The severity factor for a scenario consisting of targets in the ZOl only is
1.0.

* Probability of no automatic suppression for targets in the ZOl is 1.0

» The probability of no manual suppression for targets outside the ZOI
can be calculated using the detection suppression event tree described
in Appendix P, with the HEAF manual suppression curve.

Joint Fire PRA Course, 2012, Washington, DC . Slide 39 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mim e Research (RES) & Electric Power Research Insfitute (EPRI)

HIGH ENERGY ARCING FAULTS (15 of 15)

EEE——

Example

« Consider a HEAF scenario consisting of a switchgear cabinet affecting
two targets. A stack of three cable trays is above the cabinet. The first
tray in the stackis 0.9 m (3’) above the cabinet. It has been determined
that one of the targets is in the first tray. The other targetis in the third
tray.

« According to the approach provided in Section M.3, the first target is
assumed ignited at the time of the HEAF . The second target is damaged
at time 7 minutes (4 minutes for fire propagation from the first to the
second tray, and 3 minutes for fire propagation from the second to the
third tray).

— A scenario involving target in the first tray CDF, = A_ W, -W,_-CCDP,
— A scenario involving the two targets CDF, =4, ‘W, -W, P, -CCDF,

Joint Fire PRA Course, 2012, Washington, DC . Slide 40 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTl Research (RES) & Electric Power Research Insfitute (EPRI)
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I FAQ 07-0035 — Bus Duct HEAF

* Issue:
— The guidance was silent on bus duct fires
* Resolution:
— This was an unintended oversight
— Evidence for bus duct HEAF exists
+ Diablo Canyon, May 2000
+ Columbia, August 2009
— A method for bus duct HEAF was developed
* Reference:
— EPRI 1019259, Supplement 1 to NUREG/CR-6850.

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q ,_.ﬁ. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Thim e Research (RES) & Electric Power Research Insfitute (EPRI)

I BUS DUCT HEAF (1 of 4)

» Bus duct physical configurations can influence the HEAF
event.
* Four basic types:
— Cable ducts
— Nonsegmented or continuous bus ducts
— Segmented bus ducts
— Iso-phase bus ducts

* HEAF only associated with segmented and iso-phase

— Separate approaches developed for segmented and iso-phase
ducts

— No HEAF for cable ducts or non-segmented ducts

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q ,_.12. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Tieet Research (RES) & Electric Power Research Insfitute (EPRI)
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I BUS DUCT HEAF (2 of 4)

General characteristics of bus duct HEAF events

Rapid release of energy

Potential for physical and thermal damage

Potential for secondary fires

Potential for release of molten metals

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q 43. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTl Research (RES) & Electric Power Research Insfitute (EPRI)

I BUS DUCT HEAF (3 of 4)

Zone of influence of HEAF events for segqmented bus ducts.

» Assume HEAF event at transition points of segmented bus
ducts

» Molten metal to be ejected from bottom of the bus duct in
right conical form at 15° angle

— Not on your slides: Cone will expand to a maximum diameter of
20 feet (37 feet below origin) then fall vertically from there

* Molten metal to be ejected outward up to 1.5 feet spherical
zone of influence

» Subsequent fires depend on cables and other combustible
materials within the zone of influence

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q ‘.14. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mia e Research (RES) & Electric Power Research Insfitute (EPRI)

4-112



I BUS DUCT HEAF (4 of 4)

Analyzing HEAF events for iso-phase bus ducts.

* Assume a 5 foot spherical damage zone centered at the
fault point

« Covers initial fault and hydrogen gas explosion and fire

» Subsequent fires depend on cables and other combustible
materials within the zone of influence

« If fault is assumed at main transformer termination point,
oil fire may need to be considered

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q ,_.15. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Ll ot Research (RES) & Electric Power Research Insfitute (EPRI)

I FIRE PROPAGATION TO ADJACENT
ELECTRICAL CABINETS (1 of 3)

Analytical fire models may be used in all types of fire
propagation and damage scenarios.

* This appendix discusses empirical approaches for
determining:
— Fire propagation to adjacent cabinets

— Fire induced damage in adjacent cabinets

* Empirical approach based on SNL and VTT experiments

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q f‘iﬁ. i A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Tia e Research (RES) & Electric Power Research Insfitute (EPRI)
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I FIRE PROPAGATION TO ADJACENT
ELECTRICAL CABINETS (2 of 3)

The empirical model for fire propagation consists of the
following rules:

» Assume no fire spread if either:
— Cabinets are separated by a double wall with an air gap, or

— Either the exposed or exposing cabinet has an open top, and there is an
internal wall, possibly with some openings, and there is no diagonal cable
run between the exposing and exposed cabinet.

» If fire spread cannot be ruled out, or cabinets are separated by a single
metal wall, assume that no significant heat release occurs from the
adjacent cabinet for 10 minutes if cables in the adjacent cabinet are in
direct contact with the separating wall, and 15 minutes if cables are not
in contact with the wall.

Joint Fire PRA Course, 2012, Washington, DC . Slide 47 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTl e Research (RES) & Electric Power Research Insfitute (EPRI)

I FIRE PROPAGATION TO ADJACENT
ELECTRICAL CABINETS (3 of 3)

The empirical model for fire damage consists of the following rules:

» Assume loss of function in an adjacent cabinet if there is not a double wall with an
air gap.

+ Assume no damage in the second adjacent cabinet occurs until after the fire
propagates to the adjacent cabinet. Assume damage can occur earlier if there are

large openings in a wall and plenum areas in which a hot gas layer is likely to
form.

+ Assume no damage to an adjacent cabinet if:
— There is a double wall with an air gap, and
— There are no sensitive electronics in the adjacent cahinet (or the sensitive electronics
have been “qualified” above 82°C).
+ Assume damage to sensitive electronics occurs at 10 minutes if there is a double
wall with an air gap.
+ Assume damage to sensitive electronics can be prevented before 10 minutes if
the fire is extinguished and the cabinet is cooled, e.g., by CO, extinguishers.

Joint Fire PRA Course, 2012, Washington, DC . Slide 48 A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 LTl ot Research (RES) & Electric Power Research Insfitute (EPRI)
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I PASSIVE FIRE PROTECTION FEATURES
(1 of 7)

Most of the fire protection capabilities of passive fire
protection features cannot be evaluated using analytical fire
modeling tools.

* Empirical approaches
« Limited analytical approaches

* Probabilistic approaches

Joint Fire PRA Course, 2012, Washington, DG Slide 49 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Ll Research (RES) & Electric Power Research Insfitute (EPRI)

I PASSIVE FIRE PROTECTION FEATURES
(2 of 7)

Passive fire protection refers to fixed features put in place for
reducing or preventing fire propagation. Some examples are:

» Coatings
» Cable tray barriers Empirical approach
* Fire stops
* Dampers

. Probabilistic approach
* Penetration seals
* Doors

Limited analytical approach

- Walls

Joint Fire PRA Course, 2012, Washington, DG U Slide50 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L Tmi Research (RES) & Electric Power Research Insfitute (EPRI)
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B FASSIVE FIRE PROTECTION FEATURES
(3 of 7)

The analytical approach for modeling the response of passive
fire protection features to fire generated conditions consists of
a heat transfer analysis.

« The boundary conditions are the fire generated conditions. Ingeneral,
these consist of the heat flux exchanges at the surface of the passive
feature.

— Thermo-physical properties of the material are necessary. These properties
are readily available for some materials like concrete or steel.

« Models can be used for estimating the temperature profile throughout the
thickness of the barrier

« Effects of cracks and gaps in doors or walls should be evaluated only with
the objective of analyzing smoke migration.

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q .5.1'. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mim o Research (RES) & Electric Power Research Insfitute (EPRI)

B FASSIVE FIRE PROTECTION FEATURES
(4 of 7)

« Empirical approaches are possible if you can match your conditions to the
fire tests that have been performed

« SNL tests performed in the 1970's on several coatings
Cable tray configurations included single cable tray and a two-tray stack
Exposure fires included gas burner or diesel fuel pool fire

Tests results:
+ coated nonqualified cables did not ignite for at least 12 minutes
= coated, nonqualified cables did not fail forat least 3 minutes and in some cases 10 minutes or
mare.

Tests are very difficult to extrapolate — high plant-to-plant variability
« A basis needs to be established for any credit given to coatings

Coating Time to Ignition (min) Time to Damage (min)

Lower Tray Response

FlameMaster 71A 44 i
FlameMaster 77 13 &
Vimasco #14 2 3
Carbaline Intumastic 285 No 10
Quelcar 7038 12 11
Upper Tray Response

FlameMaster 714 No 1
FlameMaster 77 No 11
Vimasco #1A 12 7
Carboling Intumastic 285 No 19
Quelcar 7038 12 11

Joint Fire PRA Course, 2012, Washington, DC . Slide 52 A Coliaboration of U.S. NRG Office of Nuciear Regulatory

Medule lll: Task 11, Special Fire Models Part 1 Research (RES) & Electric Power Research [nsfitufe (EPRI)
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B FASSIVE FIRE PROTECTION FEATURES
(5 of 7)

* The empirical approaches consist of replicating the thermal
response of fire protection features observed in fire tests in the
postulated fire scenarios.

Cable tray barriers and fire stops: SNL tests 1975-1978
— Same configuration as coating tests
The following systems were tested:

« Ceramic wool blanket wrap, solid tray bottom covers, solid tray top cover with no
vents, solid tray bottom cover with vented top cover, one-inch insulating barrier
between cable trays, and fire stops.

— Propagation of the fire to the second tray was prevented in each case.
» Again, a basis needs to be established for any credit taken
— Tests are not definitive for all cases

Joint Fire PRA Course, 2012, Washington, DC H SHD‘Q .53. . A Coliaboration of U.S. NRG Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 L mia Research (RES) & Electric Power Research Insfitute (EPRI)

B FASSIVE FIRE PROTECTION FEATURES
(6 of 7)

+ Barriers seem to substantially delay cable damage for qualified cable.
The barriers did not delay cable damage for nonqualified cable.

* Results considered most appropriate to exposure fires with smaller HRR
and to cable trays in a stack threatened by fires in lower trays.

— Each barrier prevents cable tray ignition until well after the fire brigade
reaches the scene (i.e., greater than 20 minutes),

— Each barrier prevents damage in gualified cable with solid tray bottom covers
until well after the fire brigade reaches the scene.

» Again: use the test data, but establish a basis for your
application!

Joint Fire PRA Course, 2012, Washington, DC

H SHD‘Q .54. . A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Ll

Research (RES) & Electric Power Research [nsfitufe (EPRI)
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I PASSIVE FIRE PROTECTION FEATURES
(7 of 7)

Probabilistic modeling of passive fire suppression systems

» Dampers: Equipment unavailability obtained from inspection results

» Penetration seals: Equipment unavailability obtained from inspection
results

Joint Fire PRA Course, 2012, Washington, DG U Slide55 A Collaboration of U.S. NRC Office of Nuciear Regulatory
Medule lll: Task 11, Special Fire Models Part 1 Ll Research (RES) & Electric Power Research Insfitute (EPRI)
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USNRC EPIS] | eseace msmmo

Protecting People and the Environmen, 1

Sandia =i = )

! iU S Science Applicatio

@ National + : fonbi Corporz
Laboratories

: N METHODOLOGY
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. Joint RES/EPRI Fire PRA Workshop
.@1& July and September 2012

I 4 -3 - Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Module llI-11, Pt. 2: Special Models Part 2
Scope of this Module

* Module IlI-11, Pt. 2 covers the three remaining “Special
Models”

— Main Control Board Fires (Appendix L)
— Turbine Generator (TG) Set Fires (Appendix O)

— Hydrogen Fires (Appendix N)

Fire PRA Workshop, 2012, Washington, DC 3 SHG‘B 2 T A Collaborafion of U S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 sl Fa Research (RES) & Electric Power Research Institute (EPRI)
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I Module llI-11, Pt. 2: Special Models Part 2
Main Control Board Damage Likelihood Model

» The main control board (MCB) presents many analysis challenges
— Design practices vary widely
+ Configuration of the boards themselves
* Relay rack room versus main control room
+ Separation and partitioning within MCB
— MCB may be important to risk, but IPEEE vintage approaches were
identified as a weakness of those studies
— Fire models cannot currently predict in-panel fire behavior so an alternative
approach is needed
* A method is provided to assess the likelihood that a fire in the MCB will
grow large enough to damage a specific target set as defined by a
specific physical region of the board

Fire PRA Workshap, 2012, Washington, DC Slide3 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 Lot Research (RES) & Electric Power Research Institute (EPRI)

I Module lll-11, Pt. 2: Special Models Part 2
Main Control Board Damage Likelihood Model

» The MCB model is built on several assumptions that are specific to the
MCB and the MCR

MCB fire frequency partitioning approach

Suppression times for MCR fires

Fire characteristics of a MCR type control panel (peak HRR and growth
profile)

Damage limits for control components

 This model applies ONLY to the MCB itself
— Not intended for other electrical cabinets/panels
— Not intended for MCR “back-panels”
— Not intended for the relay room or other similar areas

Fire PRA Workshop, 2012, Washington, DC | Slide 4 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 H Research (RES) & Electnc Power Research Inshifute (EPRI)
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I Module II-11, Pt. 2: Special Models Part 2
Main Control Board Damage Likelihood Model

* To use the model you must first identify your target set
— Example: two control switches on the MCB

» Determine the separation distance between the most remote members
of the damage set (those furthest apart)

— Consider cable routing within the panel!

* Using this distance, go to the probability curve and estimate the
conditional probability that given a fire somewhere in the MCB, the
specific zone encompassing the target set will be damaged

* The resulting number includes BOTH the severity factor AND the
probability of non-suppression

— It does not include fire frequency!

Fire PRA Workshop, 2012, Washington, DC | Slide 5 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 kit S Research (RES) & Electric Power Research Institute (EPRI)
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I Module llI-11, Pt. 2: Special Models Part 2
Main Control Board Damage Likelihood Model

* Example:

— Target set is two switches

located 0.5 m apart from each 0.0 05

other

— Inspection shows that the cables
leading to each switch are routed | 00802
in opposite directions such that
0.5 m is the minimum separation 1.00E-03
distance between the switches
The MCB contains only IEEE-
383 certified low-flame-spread

cables

— The conditional probability that a
fire occurring somewhere in the

1.00E-01

10 15

Probability of Target Damage: [SF.P_]](d]

20 25

—o— Qualified

—a— Unqualified

—_-h“‘—-ql—i___k

i o

D=4 2%

1.00E-05

Damage Dis tance [m]

MCB will damage the target set
is approximately 3.0E-3

Fire PRA Workshop, 2012, Washington, DC | Slide 6 A Collaboration of U.S. NRC Office of Nuclear Regulafory

Module il Pt. 2: Special Fire Models Part 2

I Main Control Room Fire Analysis
Step 8: Fire Growth ... (contd)

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

A probabilistic model of fire spread in the main control board estimates the
likelihood that a set of targets separated by a predetermined distance
would be affected by a fire.

« Difficult to model fire spread within a cabinet using current state-of-the-art

analytical tools.

* Probabilistic model based on EPRI’s Fire Events Database and cabinet
fire experiments reported in NUREG/CR-4527.

« The likelihood is a combination of severity factors and non-suppression

probabilities

Ad) =Apcp [SF - Pys )(d)

Fire PRA Workshap, 2012, Washingfon, DC | Slide 7 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Module il Pt. 2: Special Fire Models Part 2
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I Main Control Room Fire Analysis
Step 8: Fire Growth ... (contd)

The likelihood is a combination of severity factors and non-suppression

probabilities integrated over all possible fire events inside the panel that
may damage the postulated target set.

« All possible fire origin locations

Oq—,.";uo

e Do

1 HW
[SF | R?S :I(d) B ﬁ '{[ -(I; SF(d’ W, h). ‘Pm (d; w, h)dl‘lz‘dh

Fire PRA Workshap, 2012, Washington, DC Slides A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 Lot e Research (RES) & Electric Power Research Institute (EPRI)

I Module 1I-11, Pt. 2: Special Models Part 2
Turbine Generator Set Fires

 Four types of fires can occur involving the turbine generator set, and
each is treated differently:

— Electrical fires in the exciter
— Hydrogen fires

— General oil fires

— Catastrophic failure (e.g., blade gjection)

Fire PRA Workshop, 2012, Washington, DC | Slide 9 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 H Research (RES) & Electnc Power Research Inshifute (EPRI)
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I Module llI-11, Pt. 2: Special Models Part 2
Turbine Generator Set Fires: Exciter Fires

* Exciter fires do occur, but all evidence indicates fires remain small and
non-threatening

— No evidence of any exciter fire that led to damage to anything other than the
exciter itself

— No attempt was made to estimate likelihood of a severe exciter fire (one that
challenges external targets)

+ Recommended Practice:
— Assume exciter fires remain confined to the exciter

— Verify for your application, but should not represent a significant risk
contributor

Fire PRA Workshop, 2012, Washington, DC

: Shde ‘i' O. i A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 L -

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

I Module llI-11, Pt. 2: Special Models Part 2
Turbine Generator Set Fires: Hydrogen Fires

» Database shows 13 T/G set hydrogen fires, two categorized as severe,
with the rest being fires due to small leaks (generally associated with
seals) with limited damage range

* For small fires:
— Assume damage will be limited to within a few feet of the point of release

— Secondary ignitions should be considered and treated if there are nearby
combustibles

— See more in Hydrogen Fires discussion (Appendix N)

Fire PRA Workshop, 2012, Washingfon, DC

| Slide 11 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 L

Research (RES) & Electnc Power Research Inshifute (EPRI)
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I Module llI-11, Pt. 2: Special Models Part 2
Turbine Generator Set Fires: Hydrogen Fires

* For severe fires, widespread damage may occur due to an
explosion or detonation of the hydrogen gas.

— Assume fire may damage all Fire PRA cables and equipment within
the line of site of the generator and its bearings (including above and
below)

— Hydrogen explosion could cause some structural damage as well

— Forfurther discussion — see Hydrogen Fires

Fire PRA Workshop, 2012, Washington, DC | Slide 12 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 LT e Research (RES) & Electric Power Research Institute (EPRI)

I Module llI-11, Pt. 2: Special Models Part 2
Turbine Generator Set Fires: Catastrophic Failure

* International experience includes a few fires initiated by catastrophic
turbine failure that resulted in widespread damage including structural
damage

— Examples: Vandellos (1989), Narora (1993), Chernobyl Unit 2 (1991)

— Events involved a combination of turbine blade ejection, hydrogen release,
and large oil fires.

* Domestically, only one event came close to involving all of these
elements (Salem, 1991)

— Event involved minor damage due to existence of an automatic suppression
system and prompt fire brigade response

— Indicates that both automatic fire suppression systems and fire brigade
should be credited to prevent catastrophic consequences

Fire PRA Workshop, 2012, Washingfon, DC | Slide 13 A Collaboration of LS. NRC Office of Nuclear Regulatory
Module it Pt. 2: Special Fire Models Part 2 H Research (RES) & Electnc Power Research Inshifute (EPRI)
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I Module llI-11, Pt. 2: Special Models Part 2
Turbine Generator Set Fires: Catastrophic Failure

+ Screening approach: assume the conditional probability that,
given a T/G set fire, the event will involve catastrophic
failure (e.g., blade ejection), hydrogen, and oil fires is:

1 over 38 events or 0.025

— With successful suppression, damage would be limited to the T/G
system, as was the case at Salem

— In case of failure of all suppression, automatic and manual, assume
loss of all Fire PRA cables and equipment in the Turbine Building

+ Possible failure of exposed structural steel as well
» Related SRs: FSS-F1, F2, F3
— Estimate screening CDF contribution, refine as appropriate

Fire PRA Workshap, 2012, Washington, DG Slide 14 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 Lomi e Research (RES) & Electric Power Research Institute (EPRI)

Not in your slide set — How to use Table O-2

» Table O-2 (page O-5)contains the following:

T N S

T/G fires Catastrophic 0.025 |Widespread damage inside the building, potential

involving H,, oil, |\damage to the adjoining buildings, and to the

and possibly |structural integrity of the building.

blade ejection (5E-4/yr)  |Suppression can prevent these consequences.
(1E-5/yr)

» To use this table (we'll use the 6850/1011989 frequencies):

— You start with total TG fire frequency (sum hins 33,34,35): 2.0E-2
— Assume 1 in 38 is a catastrophic event (split fraction): x 0.025
— For a raw frequency of catastrophic events: 5.0E-4 events/yr

— Given automatic sprinklers/deluge apply system un-reliability: x 0.02

For a total net frequency of unsuppressed catastrophic events: 1.0E-5 events/yr
Fire PRA Workshop, 2012, Washington, DC | Slide 15 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module it Pt. 2: Special Fire Models Part 2 H Research (RES) & Electnc Power Research Inshifute (EPRI)
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I Module llI-11, Pt. 2: Special Models Part 2
Hydrogen Fires

* This discussion (Appendix N) applies to general hydrogen fires

— Including T/G set fires

— Also fires from other sources of hydrogen leaks and releases (e.g.,
recombiners, storage tanks, piping, etc.)

* The intent was to provide general discussion of hydrogen fires and their
potential effects

» The discussion stops short of recommending modeling approaches, but
does provide references to various information resources

Fire PRA Workshap, 2012, Washington, DC Slide 16 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module il Pt. 2: Special Fire Models Part 2 fomit e Research (RES) & Electric Power Research Institute (EPRI)

I Module llI-11, Pt. 2: Special Models Part 2
Hydrogen Fires

» Two general types of fires:

— Jet fires originating at point of a H, leak
+ Critical question will be flame length

— Explosions

« If there is a mechanism for the release of large quantities of H, (e.g., a
large leak, a prolonged leak that might not be ignited early), then
likelihood of a hydrogen explosion is high

* References provide additional resources for assessing damage potential
for an explosion scenario

» Critical question will be the severity of the overpressure

Fire PRA Workshop, 2012, Washington, DC | Slide 17 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module it Pt. 2: Special Fire Models Part 2 H Research (RES) & Electnc Power Research Inshifute (EPRI)
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A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I DETECTION & SUPPRESSION
Objectives

The objectives of this module are:

* Describe the process for calculating the non-suppression
probability

* Describe the assumptions underlying the recommended
approach for determining the non-suppression probability.

* Related SR: FSS-C7

Joint Fire PRA Course, 2012, Washington DC
Module lll: Detection and Suppression Appendix P

A Collaborafion of U.5. NRC Office of Nuclear Regulatory

 Slide2  pesearch (RES) & Electric Power Research Instifute (EPR))

4-128



I DETECTION & SUPPRESSION
Generalities
* Time to target damage and non suppression probabilities are
independent calculations
— It’s like a probabilistic horse race — will damage win or will suppression win?
— We calculate time to damage through fire modeling and use that as an input
to detection/suppression analysis
— We then ask what's the probability that suppression succeeds before
damage occurs?
* Fire models cannot model the effects of all the different fire detection and
suppression strategies available in NPP fire scenarios.
— We do pretty well with simple things like smoke detection time, sprinkler
head activation time

— We currently don't do things like water droplets interfering with fire physics
(although there are folks working on those kinds of problems...)

Joint Fire PRA Course, 2012, Washington DC : SH d.e”3 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! ) Research (RES) & Electnc Power Research Instifute (EPRI)

I DETECTION & SUPPRESSION
Crediting a Fire Det or Supp System

Detection and suppression systems can and should be
credited in the fire PRA if they are effective and available

« Effectiveness — Will the system detect/control the fire?

— Designed, installed and maintained according to the code of record
and fire protection engineering judgment

— Based on the specific characteristics of the postulated fire scenario

* Availability — Probability of the system actually operating as
designed upon demand

Joint Fire PRA Course, 2012, Washington DC | Slide 4 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ill: Detection and Suppression Appendix P H Research (RES) & Electric Powsr Research Instifute (EPRI)
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I DETECTION & SUPPRESSION

Fire Detection and Suppression Systems

The following fire detection and suppression systems are
considered in the recommended approach:

* Fire Detection
— Prompt detection
— Automatic detection
— Delayed detection (by plant personnel)

* Fire Suppression
— Prompt suppression
— Automatic suppression
— Manual suppression

Joint Fire PRA Course, 2012, Washington DC : SJ : d. y 5 o A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! . _J 9 2o Research (RES) & Electnc Power Research Instifute (EPRI)

I DETECTION & SUPPRESSION
FAQ-50 Updated Approach

* |n the original 6850/1011989 method, manual fire fighting was not
assumed to begin until two things happened:

— The fire had to be detected
— The fire brigade had to respond to the scene

* In practice, this approach gave no credit to early suppression by plant
personnel unless the space was continuously manned or given a fire
watch and was not consistent with the actual fire experience

A revised method was developed under FAQ-50

Joint Fire PRA Course, 2012, Washington DC | Slide 6 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lli: Detection énd Suppression Appendix P : olge Research (RES) & Electric Powsr Research Instifute (EPRI)
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I DETECTION & SUPPRESSION
Event Tree Changes if Applying FAQ-50 Solution

* FAQ 50 changes the detection/suppression event tree:

* Collapses “manual/fixed” and “fire brigade” into one top event — “manual
suppression”

+ “Manual suppression” top event credits any plant personnel suppressingfire,
not just the fire brigade (all actors)

* For plant specific cases: Top event “manual suppression” can include manual
actuation of fixed suppression, but timing may be different (i.e., the generic PNS
curves may not apply) and dependencies must be addressed

+ FAQ 50 solution assumes no delay in initiating manual fire fighting once
fire has been detected
» Per NRC closure memo — if manual actuation of fixed suppression is
credited, plant specific analysis must be performed and must address:
+ procedures and training for manually actuating a fixed suppression system, and

+ explain how dependencies between manual actuation of a fixed suppression
system and other manual suppression activities.(e.g., manual suppression by
portable extinguishers and hose stream) are addressed.

Joint Fire PRA Course, 2012, Washington DC : SJ : d. 7 o A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! . _J 9 i Research (RES) & Electnc Power Research Instifute (EPRI)
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I DETECTION & SUPPRESSION

Prompt Detection and Suppression

* Prompt detection

— Assume 1.0 if a continuous fire watch is credited or in-cabinet
detection is available for fires postulated inside cabinets

— Justify the use of 1.0 if an incipient fire detection system s available
— Assume 0 if automatic or delayed detection only are credited

» Prompt suppression
— Credit prompt suppressionin hot work fire scenarios
— Probability is obtained from the welding suppression curve

Joint Fire PRA Course, 2012, Washington DC : SJ : d. 9 o A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! . _J 9 i Research (RES) & Electnc Power Research Instifute (EPRI)

I DETECTION & SUPPRESSION
Automatic Detection and Suppression

» Automatic detection

— Assume a probability of failure no larger than 0.05. This the
unreliability for halon systems reported in NSAC 179L.

— Check for availability!

» Automatic suppression (from NSAC 179L)
— Halon systems =0.05

CO, systems =0.04

Wet pipe sprinklers = 0.02

Deluge or pre-action=0.05

Check for availability!

Joint Fire PRA Course, 2012, Washington DC " Slide 10 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ill: Detection and Suppression Appendix P H Research (RES) & Electric Powsr Research Instifute (EPRI)
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I DETECTION & SUPPRESSION

Delayed Detection and Suppression
EEE—
* Delayed detection
— Assume 1.0 — All fires will eventually be detected

— Compare time to target damage Vs time to detection and
suppression

* Delayed suppression

— Probability of fire brigade suppression is obtained from the
suppression curves

— Manual actuation of fixed fire suppression systems should include
human reliability analysis.

Joint Fire PRA Course, 2012, Washington DC : SH d.e. ‘i' 1' ' A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! i 8 Research (RES) & Electnc Power Research Instifute (EPRI)

FAQ 08-0046: Incipient Fire Detection

* Issue
— The guidance is silent on the topic of incipient detection systems

* Resolution
— Provide guidance on the treatment of incipient fire detection systems

— An incipientfire detection systemis considered one that provides
very early warning.

« Systems design to detect faulting electrical equipment or other
overheating materials before an actual fire breaks out

+ Example: aspirated smoke or ionization particle detection type systems
— FAQ largely based on knowledge about the use of incipient fire
detection systemsin the telecommunications industry.
* Reference:
— EPRI 1019259, Supplement 1 to NUREG/CR-68350.

Joint Fire PRA Course, 2012, Washington DC " Slide 12 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lll: Detection and Suppression Appendix P Research (RES) & Electric Power Research Institute (EPRI)
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I FAQ 08-0046: Solution

« Credit systems for electrical/electronic component fires:
— Less than 250vdc or 480vac
— Excluding HEAF

— Excluding cabinets with certain fast-acting failure components such as
electrical/electronic circuit boards that contain electrolytic capacitors, chart
recorder drives, cooling fan motors, mechanical timers driven by electric motors,
etc.

« Need to assess system availability and reliability

* Need to assess human response to alarm

« See NRC closure memo for additional cautions and guidance
« Credit acts as, in effect, large reductionin PNS given:

— early detection

— presence of a trained operator who acts to limit size and growth rate of fire such
that damage outside cabinet is not expected

Joint Fire PRA Course, 2012, Washington DC i SJ d y ‘i' 3' ’ A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! . _{ 9 Ll Research (RES) & Electnc Power Research Instifute (EPRI)

I FAQ 08-0046: Solution

Detector Systam Successful Operator
Fire Initiating Event Availability and Fire Suppressed End Point
e Response to Alert
Reliability
1-£1
L No Fire
-y
£1 No Fire Damage to Targets
(1 -6) Outside Cabinet
|1 - £2 No Fire Damage to Targets
Outside Cabinet
A X
—
£2
Fire D. g
B 51 -522 No Fire Damage to Targets
Outside Cabinet
_:2 Fire D. g
Joint Fire PRA Course, 2012, Washington DC " Slide 14 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Module lil: Detection and Suppression Appendix P Research (RES) & Electric Power Research Institute (EPRI)
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I FAQ 08-0046: Solution

* Fault tree branch probability values

— Variable p: can be determined using the process provided by
EPRI in report 1016735 or set equal to 1E-02.

— Variable v: calculate using detailed HRA analysis, 1E-02 if the
systemis addressable to multiple cabinets or 5E-03 if the system
is addressable to an individual cabinet.

— Variable ¢,: may be setto 1E-3
— Variable ¢,: use manual suppression probability curve

Joint Fire PRA Course, 2012, Washington DC H SHde "1,5' ’ A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! oot S Research (RES) & Electnc Power Research Instifute (EPRI)

I FAQ 08-0046: References

— EPRI 1019259, Supplement 1 to NUREG/CR-6850.

Joint Fire PRA Course, 2012, Washington DC " Slide 16 A Collaboration of U.S. NRC Office of Muclear Reguiatory
Module ill: Detection and Suppression Appendix P H Research (RES) & Electric Powsr Research Instifute (EPRI)
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I DETECTION & SUPPRESSION
Suppression Curves

The suppression curves were developed using FEDB data after
1/1/81

* Developed with the “suppression time” field. If the suppression
time was not available, the “duration” field was used.

* Data do not include supervised burn-outs, fires suppressed with
automatic systems, or self-extinguished fires.

* Do not include time to detection or fire brigade response.

Joint Fire PRA Course, 2012, Washington DC : SH d.e. ,'3,7' ' A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! et 8 Research (RES) & Electnc Power Research Instifute (EPRI)

I FAQ 08-0050: “Manual Non-Suppression
Probability”

* |ssue:

— NUREG/CR-6850/1011989 gives too little credit to manual fire
suppression before the fire brigade arrives on the scene compared to
experience

* Resolution

— Updated guidance for treatment of manual suppression and the fire
brigade response

— Includes a process to adjust the non-suppression analysis for
scenario-specific fire brigade responses.

* Reference
— PRI 1019259, Supplement 1 to NUREG/CR-6850.

Joint Fire PRA Course, 2012, Washington DC " Slide 18 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ill: Detection and Suppression Appendix P H Research (RES) & Electric Powsr Research Instifute (EPRI)
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I FAQ 08-0050: Solution

How the P, curves are calculated

» Original NUREG/CR-6850/1011989 analysis used suppression time if available
— If no suppression time was given, fire duration was used (many such cases)

» FAQ uses the fire duration field for all events
— Fire duration is either the same (zero detection time) or longer than suppression time
— Result: the base P, curves are slightly more conservative, but...

» FAQ also assumes fire control and suppression activities start at the time of
detection

— Credits suppression by plant personnel other than fire brigade
— Time delay for brigade arrival is no longer applied
— More than makes up for shift in curves

» New non-suppression (Ps) curves for all bins

*» Includes method to adjust for above or below average fire brigade response time

Joint Fire PRA Course, 2012, Washington DC : SJ : d. y ‘i' 9' ’ A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! . _J 9 = Research (RES) & Electnc Power Research Instifute (EPRI)
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DETECTION & SUPPRESSION
FAQ 50 changes the calculation of P,

Original 6850/1011989 approach:
7;‘[tdama e 7(tdetecﬁon +tbn‘ ade —response )]
Pns =€ ‘ g 4

Revised FAQ 50 approach:

*"j“[tdama e *tderecﬁon
Pns=€ ?

Joint Fire PRA Course, 2012, Washington DC

: S.lrde 21, i A Collaborafion of U.5. NRC Office of Nuclear Regulatory
Module ili: Detection and Suppression Appendix P s o N

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

I FAQ 08-0050: Solution
Electrical fires example for comparison

* Revised suppression rates 1 i
are fower so base curve says 09 |
you are /ess likely to put out fire \ "5
in a given time 08 \ ",I

*Revised blue curve vs, 2 07 \ | —FAQS0 Results

original pink curve =08 \\ a

*Not much difference... % 05 \\ "\\ == bE30 Fees
= You more than make up for o 04 \\ "\\ —— 6850 + 10min
that by not subtracting fire 03 -
brigade response time from 02 \\ \
time available before damage ' \\\

. 0.1

* Revised blue curve vs.

original orange curve that 0 U S S TR SR

includes a 10 minute 0 10 20 30 40 50 60 70 80 90

brigade response time T ( . )

Ime (min

Joint Fire PRA Course, 2012, Washington DC

" Slide 22 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module li: Detection and Suppression Appendix P

Research (RES) & Electric Power Research Instifute (EPRI)
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DETECTION & SUPPRESSION
Revised Suppression Curves (1 of 2)

—— Turbine Generator
= — Electrical
o]
]
DE. High Energy
Arcing Faults
~— outdoor
transformers
| 7 —Qil
0 10 20 30 40 &0 60 70 80 90
Time (min)
ol - o A e = o7
DETECTION & SUPPRESSION
Revised Suppression Curves (2 of 2)
10K PWR containment
09 | —_ containmen
0.8 —— control room
0.7
E 0.6 transient
% 0.5
= —— welding
S 04
03 —— flammable gas
0.2
0.1 —allfires
0.0
0O 10 20 30 40 50 60 70 80 90
Time (min)
MF”.mmﬁ”’ Washington DC . gm% m&)ﬁ%ﬁﬁwﬁwmm}
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I DETECTION & SUPPRESSION
Selection of Suppression Curves

The suppression curve should be selected based on the type of
postulated fire.

» For prompt suppression by a welding fire watch, use the
welding suppression curve

« If the fire watch is not successful, an appropriate suppression
curve should be selected depending on the combustibles
ignited due to hot work activities.

Joint Fire PRA Course, 2012, Washington DC : SH d.e. 2 5' ' A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! it Research (RES) & Electnc Power Research Instifute (EPRI)

I DETECTION & SUPPRESSION

Dependencies

The following dependencies in suppression analysis could
be important:

* Between automatic detection and suppression
— Example: control panel for a gaseous suppression system

- Between actuated barriers and fire suppression systems

» Between safe shutdown capabilities and automatic
suppression

— Example: crediting fire fighting water for core injection, heat removal
or secondary heat removal

* Between manual and automatic suppression

Joint Fire PRA Course, 2012, Washington DC

" Slide 26 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module li: Detection and Suppression Appendix P

Research (RES) & Electric Powsr Research Instifute (EPRI)
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I DETECTION & SUPPRESSION

Conceptual Example

The scenario consists of an MCC fire affecting a target in the
hot gas layer.

* The room is equipped with a smoke detection system and automatqic
sprinklers
» Using fire modeling
— Time to smoke detection = 1 min
— Time to sprinkler activation = 8 min
— Time to target damage = 15 min
» From fire drill records and/or plant procedures
— Time to delayed detection is assumed to be 15 min

Joint Fire PRA Course, 2012, Washington DC : SJ : d. 27 ’ A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Detection and Suppression Appendix P ! . _J 9 20 Research (RES) & Electnc Power Research Instifute (EPRI)
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I DETECTION & SUPPRESSION
Concluding Remarks

The non-suppression probability is credited in Task 11,
detailed fire modeling

» Target damage is evaluated assuming no
detection/suppression capabilities in the room

» The time to target damage is an input to the detection and
suppression analysis.

» The recommended approach includes an event tree
capturing prompt, automatic, and delayed detection and
suppression capabilities

* The event tree may need to be modified depending on the
scenario

Joint Fire PRA Course, 2012, Washington DC
Module lli: Detection and Suppression Appendix P

A Collaborafion of U.5. NRC Office of Nuclear Regulatory

H S'”de _29_ . Research (RES) & Electnc Power Research Instifute (EPRI)
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411 Task 11: Detailed Fire Modeling, and the PRA Standard’s Fire
Scenario Selection and Analysis (FSS) Technical Element

USNRC EPIS] | eseace msmmo

Protecting People and the Environmen, 1

Sandia
National
Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module Il

Task 11, Detailed Fire Modeling, and the
PRA Standard’s Fire Scenario Selection
and Analysis (FSS) Technical Element

Joint RES/EPRI Fire PRA Course
July and September, 2012
Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Corresponding Technical Element
...and a note on structure

» Task 11 maps to FSS - Fire Scenario Selection and
Analysis
— FSShas 8 HLRs and a total of 50 SRs
— FSS has more SRs than any other fire technical element

» We are going to quickly go over structure of FSS
technical element, and then we will get into the various
elements of Task 11 in more detail.

Joint Fire PRA Course, 2012, Washington, DC ; A Collaboration of U.S. NRC Office of Nuelear Regulatory
Module ill: Task 11, Detailed Fire Modeling, & the PRA = Slide 2 Research (RES) & Electric Power Research Insfitute (EPRI)
Standard Technical Element FSS i
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I Corresponding Technical Element
...and a note on structure (cont.)

» Task 11 has 3 subtasks and there are presentations for each:
— 11a - Single compartment analysis
— 11b - Main control room analysis
— 11c - Multi-compartment analysis
» We will cover the FSS HLRs just once (here)
» SRs specific to a subtask will be cited as appropriate, but. ..
— While there are SRs that are subtask specific:

+ e.g., FSS-B for MCR abandonment, FSS-G for multi-compartment
scenarios...

— Some SRs will apply to all subtasks:
+ e.g., define targets, characterize source, provide basis...

Joint Fire PRA Course, 2012, Washingfon, DC PR e A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lll: Task 11, Detailed Fire Modeling, & the PRA' Slide 3 Research (RES) & Electric Power Research Insfitute (EPRI)
Standard Technical Element FSS G

I Corresponding Technical Element
...and a note on structure (cont.)

* This training also covers several 6850/1011989 “special models”
— Detailed analysis tools for specific problems (methodology)

» Recall that the standard sets high-level scope and quality metrics, but
does not prescribe methodology

» The special model presentations map to SRs where a directlink does
exist:

— e.g., define failure thresholds, characterize ignition source. ..
* SRs other than those we cite will likely apply:
— e.g.: basis, validation, defining input variables, uncertainty. ..
» Note that 6850/1011989 provides a basis for the modeling tools it

presents
Joint Fire PRA Course, 2012, Washingfon, DC PR e A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lll: Task 11, Detailed Fire Modeling, & the PRA' Slide 4 Research (RES) & Electric Power Research Insfitute (EPRI)

Standard Technical Element FSS
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Technical Element FSS

— FSS Objectives (per the PRA Standard):
* To select the fire scenarios to be analyzed
* To characterize the selected fire scenarios

» To determine the likelihood and extent of risk-relevant fire damage
for each selected fire scenario including

— An evaluation of the fire generated conditions at the target
location including fire spread to secondary combustibles

— An evaluation of the thermal response of damage targets to
such exposure

— An evaluation of fire detection and suppression activities
* To examine multi-compartmentfire scenarios

Joint Fire PRA Course, 2012, Washingfon, DC PR e A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lll: Task 11, Detailed Fire Modeling, & the PRA' Slide 5 Research (RES) & Electric Power Research Insfitute (EPRI)
Standard Technical Element FSS

FSS HLRs (per the PRA Standard)

« HLR- FSS-A: The Fire PRA shall select one or more combinations of
an ignition source and damage target sets to represent the fire
scenarios for each unscreened physical analysis unit upon which
estimation of the risk contribution (CDF and LERF) of the physical
analysis unit will be based. (6 SRs)

+« HLR-FSS-B: The Fire PRA shall include an analysis of potential fire
scenarios leading to the MCR abandonment. (2 SRs)

+ HLR-FSS-C: The Fire PRA shall characterize the factors that will
influence the timing and extent of fire damage for each combination
of an ignition source and damage target sets selected per HLR-FSS-

A (8 SRs)
Joint Fire PRA Course, 2012, Washingfon, DC PR e A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lll: Task 11, Detailed Fire Modeling, & the PRA' Slide 6 Research (RES) & Electric Power Research Insfitute (EPRI)

Standard Technical Element FSS
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IGN HLRs (per the PRA Standard)

« HLR- FSS-D: The Fire PRA shall quantify the likelihood of risk-
relevant consequences for each combination of an ignition source
and damage target sets selected per HLR-FSS-A. (11 SRs)

+« HLR-FSS-E: The parameter estimates used in fire modeling shall be
based on relevant generic industry and plant-specific information.
Where feasible, generic and plant-specific evidence shall be
integrated using acceptable methods to obtain plant-specific
parameter estimates. Each parameter estimate shall be
accompanied by a characterization of the uncertainty. (4 SRs)

Joint Fire PRA Course, 2012, Washington, DC ; A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Task 11, Detailed Fire Modeling, & the PRA  Slide 7 Research (RES) & Electric Power Research Institute (EPRI)
Standard Technical Element FSS i

IGN HLRs (per the PRA Standard)

« HLR- FSS-F: The Fire PRA shall search for and analyze risk-relevant
scenarios with the potential for causing fire-induced failure of
exposed structural steel. (3 SRs)

« HLR-FSS-G: The Fire PRA shall evaluate the risk contribution of
multi-compartment fire scenarios. (6 SRs)

« HLR-FSS-H: The Fire PRA shall document the results of the fire
scenario and fire modeling analyses including supporting information
for scenario selection, underlying assumptions, scenario
descriptions, and the conclusions of the quantitative analysis, in a
manner that facilitates Fire PRA applications, upgrades, and peer
review. (10 SRs)

Joint Fire PRA Course, 2012, Washingfon, DC PR e A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lll: Task 11, Detailed Fire Modeling, & the PRA' Slide 8 Research (RES) & Electric Power Research Insfitute (EPRI)
Standard Technical Element FSS

4-149



I Mapping HLRs & SRs for the FSS Technical
Element to NUREG/CR-6850, EPRI TR 1011989

Technical
Element
FSS

HLR | SR 8850 Sections ‘Comments

The Fire PRA shall select one or more combinations of an ignition source and
damage target sets to represent the fire scenarios for each unscreened
physical analysis unit upon which estimation of the risk contribution (CDF and
LERF) of the physical analysss unit will be based

1 11:3:3;91.51.3
115286
2 11:32, 11:5.1:5
11,525
3 11515 These sections of 6850/1011989 imply the
4 132, 9151.5 requirements of these SRs
5 11516,11527
) 1527

The Fire PRA shall include an analysis of potential fire scenarnios leading to
the MCR abandonment

1 [115211

2 [115211,1153 |

Joint Fire PRA Course, 2012, Washingfon, DC
Module lii: Task 11, Detailed Fire Modeling, & the PRA Shde 9
Standard Technical Element FSS

Mapping HLRs & SRs (continued)

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

Toehoieal. | m | om 6850 Sections ‘ Comments
Element
FSS C The Fire PRA shall characternize the factors that wil influence the timing and
extent of fire damage for each combination of an ignition source and damage
target sets selected per HLR-FS5-A
1 851, 1133, Section 8 of 6850/1011989 partly address the
11.34,115.13 requirements of this SR
2 851, 11.3:3,
1134, 11513
3 11.3.3,11.3.4, These sections of 6850/1011989 imply the
53 requirements of this SR
4 11519 Section 11.3 of 6850/1011989 directs the
Appendices E and reader to these Appendices where discussions
G relevant to the requirements of this SR are
provided.
5 8512 Appendix H
6 115176
Appendix H
7 n/a Appendix P of 6850/1011989 implies the
requirements of this SR but does not explicitly
address it
g ThAr g8 Referenced section and appendices of
Appendices M and 6850/1011989 do not fully address the
Q requirements of this SR

Joint Fire PRA Course, 2012, Washingfon, DC
Module lii: Task 11, Detailed Fire Modeling, & the PRA Shde 10
Standard Technical Element FSS

A Collaboration of U.S. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Insfitute (EPRI)
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Mapping HLRs & SRs (continued)

Technical | 0 | SR ‘ 6850 Sections ‘ Comments
Element
FSS D | The Fire PRA shall quantify the likelihood of risk-relevant conseguences for
each combination of an ignition source and damage target sets selected per
HLR-FSS-A.
1 1151471
2 11.5.1.7.1
3 PR ) Several other sections and appendices of
6850/1011989 collectively address the
requirements of this SR.
4 115401,
Appendices E, F
G.HMNORS
5 Appendices E, G, P
6 115174,
Appendices H, M,
N.O, P
7 11.5.1.8, Appendix
P
8 11.5.1.8, Appendix
P
9 11.5.1.5;
11.5.1.7.1;
Appendix T
10 [ 852 1143 Referenced sections of 6850/1011989 imply the
11 852 1143 requirements of this SR
Joint Fire PRA Course, 2012, Washington, DC i A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ill: Task 11, Detailed Fire Modeling, & the PRA Shde 11 Research (RES) & Electric Power Research Institute (EPRI)

Standard Technical Element FSS

Mapping HLRs & SRs (continued)

T;;m;?' HLR | SR ‘ 6850 Sections ‘ Comments

FES E The parameter estimates used in fire modeling shall be based on relevant
generic industry and plant-specific information. Where feasible, generic and
plant-specific evidence shall be integrated using acceptable methods to obtain
plant-specific parameter estimates. Each parameter estimate shall be
accompanied by a characterization of the uncertainty.

1 11.3, 11.5.1, 6850/10119289 does not discuss plant-specific

2 Appendices G, H, fire modeling parameters. However, the
L.N,O, R, and 8 discussions in the referenced sections and
appendices imply the requirements of this SR,

3 11.3, 11.6.1,
Appendices E, G
and P
4 n/a The requirement in this SR is not explicitly

addressed in 6850/1011989
F The Fire PRA shall search for and analyze risk-relevant scenarios with the
potential for causing fire-induced failure of exposed structural steel.

1 n/a Failure of exposed structural steel from fire
2 /a impactis not explicitly discussed in
3 n/a 6850/1011989. Appendix Q addresses passive

fire protection features but does not address
exposed structural steel.

Joint Fire PRA Course, 2012, Washington, DC i A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module lii: Task 11, Detailed Fire Modeling, & the PRA S.Ude 1‘2 Research (RES) & Electric Power Research Insfitute (EPRI)
Standard Technical Element FSS :
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Mapping HLRs & SRs (continued)

Technical

Bleimerit HLR | SR ‘ 6850 Sections ‘ Comments
FSS G The Fire PRA shall evaluate the risk contribution of multicompartment fire
scenarios.

1 11546

2 11.54

3 11.54

4 11.54.4

5 11544

6 11.54.5,11.5.46

H The Fire PRA shall document the results of the fire scenario and fire modeling

analyses including supporting information far scenario selection, underlying
assumptions, scenario descriptions, and the conclusions of the quantiative
analysis, in a manner that facilitates Fire PRA applications, upgrades, and

peer review.
1 n/a Documenting the analysis and the results is
2 n/a discussed in Chapter 16 and in several parts of
3 nla Chapter 11 of 6850/1011989. The specific
4 n/a reguirements of these SRs is generally not
5 n/a explicitly addressed.
6 n/a
7 n/a
8 n/a
9 n/a
10 | n/a

Joint Fire PRA Course, 2012, Washingfon, DC ;
Module ill: Task 11, Detailed Fire Modeling, & the PRA = Slide 13 Research (RES) & Electric Power Research Institute (EPRI)
Standard Technical Element FSS

..... A Collaboration of U.S. NRC Office of Nuclear Regulatory
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412 Special Topic in Detection and Suppression Analysis — General
Approach for Treatment of Progressive Damage States

US.NRC EPIS] | eseace msmmo

an ugPeopJ ud Il E npirenment

=
§ . Science Appﬂcaﬂans
-

- ie!Ei!.

Sandia
National
Laboratories

EPRI/NRC-RES FIRE
PRA METHODOLOGY

Special topic in Detection and
Suppression Analysis -
General Approach for
Treatment of Progressive

Damage States

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Common challenge: multiple fire PRA damage
targets with some degree of spatial separation

Three fire PRA
targets of interest:
first tray,
fourth tray,
hot gas layer.

. Fire source

Fire PRA Warkshop, 2012, Washington DC Slide 2 A Goliaboration of U.8. NRC Office of Nuclear Regulatory
Special topies - progressive damage states i i Research (RES) & Eleciric Power Research Insfitute (EPRI)
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Damage state progresses in time

Fire will damage closest tray first.

@,

| I

4

Fire source

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Special topics - progressive damage states

Damage state progresses in time

As fire grows and spreads, it will progress through
tray stack eventually reaching fourth tray:

Fire source

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Special topics - progressive damage states
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Damage state progresses in time
[

If fire is large enough, hot gas layer may
form damaging final tray

Fire source

Fire PRA Workshop, 2012, Washington DC Sh'de 5 & A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Special topics - progressive damage states i Research (RES) & Electric Power Research Institute (EPRI)

I You can build an event tree to reflect a
progressive damage state increasing with time
[

* The key is that the fire must burn long enough to cause the
postulated damage, and the more extensive damage states
take additional time
— Damage to first tray may be short time,

— Tray at top of stack takes longer
— Hot gas layer takes even longer (generally...)

*» The likelihood of successful fire suppression gets better and
better with longer times

— Said another way — the probability of non-suppression gets smaller
and smaller with longer time available before damage

* We can reflect this credit through a modified suppression
event tree

Fire PRA Workshop, 2012, Washington DC U elideg | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
Special topics - progressive damage states s e ) Research (RES) & Electric Power Research Institute (EPRI)
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I A modified suppression event tree for a three-
stage set of fire PRA targets

Ignition Damage State 1 Damage State 2 Damage State 3 End State
No damage
tswppresslcln < 11
Only the ignition source is lost
t=0

tsuppression = t1

Lossof T1

Fire PRA Workshop, 2012, Washington DC

Special topics - progressive damage states

tsuppressinn £ t2
T2 is protected

tP,Llppressicln =t
Loss of T2

teiuppr\assinn = t3
T3 is protected

ts ppression = fy

Lossof T3

Loss of T1 only

Loss of T1+T2

Loss of all targets
(T1+T2+T3)

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

I The key is to properly calculate the branch
point split fractions

* Branch point values depend on time to damage and the applicable non-
suppression probability curve, but. ..

* The events are dependent

— You can't just pick numbers off suppression curve for each branch

» For example - the second split fraction, for damage to T2, is:
— the conditional probability that given the fire was not suppressed before time

t=t,, the fire will remain unsuppressed through time t=t,

— Same goes for final split fraction

» The formal approach to calculate these conditional split fractions lies
beyond the scope of our course
— You need to integrate the density function across time intervals...

» We can, however, illustrate the concept with an even simpler example
that we can solve by inspection

Fire PRA Workshop, 2012, Washington DC

Special topics - progressive damage states

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

4-156



I Reduce our problem to a two-stage damage
state

Step 1: build a simplified event tree and see what we know about answers
Suppression by Suppression by
time =t1 time =2

Fire

NoDamage  What is the final answer for this branch?

_Target setl

e T £ 521 2

Fire PRA Workshop, 2012, Washington DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Special topics - progressive damage states

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

Two-stage example (cont.)

Step 2: What else do we know about answer?

Suppression by Suppression by
time =11 time =12

Fire

Prabability of suppression within time t1:
Pr=Py(t]) =1- Pygltl)

No Damage

—Target setl

e Torget st 2 What is the final answer for this branch?

Fire PRA Workshop, 2012, Washington DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Special topics - progressive damage states

Research (RES) & Electric Power Research Institute (EPRI)
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Two-stage example (cont.)

Step 3: Last branch has to be probability of non-suppression within time t2;
Suppression by Suppression by

Fire
time=tl time =12

NoDamage  Pr=1-Pyltl)

e Target set 1 S0 what does that leave for here?

— 00 5012 Pr=Py(12)

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Special topics - progressive damage states

Two-stage example (cont.)

Step 4: Middle branch has to be the residual left over from a total of 1for all branches:
Suppression by Suppression by

Fire . y
time=tl time =t2
NoDamage  Pr=1-Py(tl)
1
Targetsetl  Pr=1-[1-Pys(tl)]- Prsltd) = Pusltl) - Pyslt2)
Targetset?  Pr=Py(td)
Fire PRA Workshop, 2012, Washington DC | Senid | AUlhaswed s Mg Oess s Ry

Special topics - progressive damage states Research (RES) & Electric Power Research Institute (EPRI)
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I Two-stage example (cont.)

Step 5: What are branch point values that yeild the known end state probabilities? Fill in known branch points:

Suppression by Suppression by

Fire . :
time =t1 time =12
No Damage
1-Psltl)
1

pre— 3001 50T 1

Prsftl)

e Target set 2

Fire PRA Workshop, 2012, Washington DC
Special topics - progressive damage states

I Two-stage example (cont.)

Pr=1- PNj{tl)

Pr=Pys(t1) - Pyslt2)

Pr= PNb{tZ}

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Next step is to fill in sencond branch point so end state probability matches when multiplied:

Suppression by Suppression by

A
= time =tl time =12
No Damage
1-Pyt) :
1
Targetsetl
1 [Pus{i2)/Pus(tL)]
Prsttl)
Pus(t2)/Pusltl)
Fire PRA Workshop, 2012, Washington DC Uslide 14 |

Special topics - progressive damage states

Pr=1-Pytl)

Pr=Pyftl)- Pis{t2)

Pr=Pylt2)

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)
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I Two-stage example (conclusion)

One final simplification is passible given the behavior of expanentials:

Preft)=e™

50

Prclt2)/Prsltl) = E'm[E'Mé E—lItZ—l’,}

=Pl 2-t1)
Suppression by Suppression by

Fire
time=t1 time =t2

No Damage Pr=1- Pysftl
1-Pyelt) g slt)

Targetsetl  Pr=Py(tl) -Pys(t2)

1- [Prlt2-t1)]

Prs(t1)
Targetset2  Pr=Py(t2)

Ps(t-tl)

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

Special topics - progressive damage states

I Summary — multi-stage damage states

* The multi-stage damage state approach is a powerful tool
— Any scenario with multiple targets threatened by the same fire source with
discrete damage times
— The key is some degree of spatial separation between targets

+ Tray stacks
+ Above the fire versus away from the fire

» The more damage stages you develop the more complicated it gets
— You may need to seek the help of a good statistics person
» Two-to-three discrete states is relatively easy and works for many
scenarios
* The event tree approach help
— Individual end states must be properly weighed
— Very easy to double count overlapping damage states

Fire PRA Workshop, 2012, Washington DC U elide 16 | A Gollaboration of U.S. NRG Office of Nuclear Regulatory
Special topics - progressive damage states M il Research (RES) & Electric Power Research Institute (EPRI)
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413 Task 11a: Detailed Fire Modeling and Single Compartment Scenarios

USNRC EPIS] | eseace msmmo

Protecting People and the Environmen, 1

il

@ lﬁggﬁgﬂnes -ﬁ;:wmw,ﬁamm
EPRINRC-RES FIRE PRA
METHODOLOGY
Module I

Task 11a: Detailed Fire Modeling and
Single Compartment Fire Scenarios

Joint RES/EPRI Fire PRA Course
July and September, 2012

AT
I‘;r%': - Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I Module lll: TOPICS

The objectives of this module are:

* Describe the process of fire modeling for a single fire
compartment

» The outcome of this activity is the extent and timing of fire
damage within the compartment

Joint Fire PRA Course, 2012, Washington DC Calides 1 AColaboration of ULS. NRC Office of Nuclsar Regulatory
Module ll: Task 11a - Detailed Fire Modeling & Single = >'108 2 Research (RES) & Electric Power Research Institute (EPRI)

Compartment Fire Scenarios
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I Module lll: FIRE MODELING
Role and Scope
« Fire modeling: An approach for predicting various aspects of fire
generated conditions
— Requires idealization and/or simplifications of the physical processes involved
— Departure of the fire system from this idealization can affect the accuracy and
validity
« Fire scenario: A set of elements representing a fire event
— Fire source/initiation
— Fire growth
— Fire propagation (room heating, HEAF, intervening combustibles, etc.)
— Active fire protection features, e.g., detection/suppression
— Passive fire protection features, e.g., fire stops
— Target sets (cables), habitability, etc.

Joint Fire PRA Course, 2012, Washington DC : SJ - d. - 3 : A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Task 11a - Detailed Fire Modeling & Single = >'0¢ Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios e
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I Module lll: PROCESS

Characterize Fire Compartment

« Information on compartment geometry that can impact fire growth
— Size and shape, e.g., ceiling soffit or beam pocket
— Boundary construction and material
— Ventilation

« Fire protection systems and features
— Fixed detection systems
— Fixed fire suppression systems, water or gaseous
— Manual detection
— Fire brigade
— Internal fire barriers and stops, e.g., ERFBS

* Problem 11a-01, 11a-02 (file: 05_01_04_..)

Joint Fire PRA Course, 2012, Washington DC A Collaboration of [} S. NRC Office of Nuclear Regulatory

Module lI: Task 11a - Detailed Fire Modeling & Single = Slide 5 Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios

I Module lll: PROCESS

Identify/Characterize Ignition Sources

« Location within the compartment, type, size, initial intensity, growth
behavior, severity/likelihood relationship, etc.
« Estimate frequency of ignition for the ignition source.
« Example of fire events involving typical ignition sources
— Qil or liguid spill fires (Characterization described in Appendix G)
— Qil or flammable liquid spray fires (Characterization described in Appendix G)
— General fires involving electrical panels (Characterization described in
Appendices G, L & S)
High energy arcing faults events (Characterization described in Appendix M)
Cable fires (Characterization described in Appendix R)
Hydrogen fires (Characterization described in Appendix N)
Transient fuel materials (Characterization described in Appendices G & S)
+ Problem 11a-03 (file: 05_01_04...)
» Corresponding PRA Standard SR: FSS-A1, FSS-C1 through C4

Joint Fire PRA Course, 2012, Washington DC CSided A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Task 11a - Detailed Fire Modeling & Single | ©"980  pesearch (RES) & Electric Powsr Research Institute (EPRI)
Compartment Fire Scenarios
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I Module lll: PROCESS

Identify/Characterize Secondary (intervening) Combustibles

* May include,

— Overhead raceways,
Cable air-drops,
Stored materials,
Electrical panels,
Construction materials, etc.

» The information provided should describe
— Relative proximity of the secondary combustibles to the fire ignition source
— Configuration of the secondary combustible.

* Example problem on step 4

Joint Fire PRA Course, 2012, Washington DC : SJ : d. 7 o A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Task 11a - Detailed Fire Modeling & Single = >'0¢ Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios I

I Module lll: PROCESS
Identify/Characterize Target Sets

» Each target set should be a subset of the fire PRA components and
circuits (I.e., cables) present in the compartment.

— Target sets associated to PRA components can be identified by examining the
associated CCDP, once damaged component failure probabilities are setto 1.0.

— Those subgroups with very small CCDP may be ignored as insignificant contributors
to fire risk.

— Check for possibility of spurious actuations due to cable fires inside the compartment
under analysis. Spurious actuations may generate the need of evaluating important
scenarios.

* Fire modelin% should have information on target location within the
compartment available.

— If complete routing information is not available, the analyst must justify target
selection process and the corresponding impacts in the Fire PRA model.

— Routing by exclusion OK (from a compartment, from a set of raceways...)

* |dentify failure modes of equipment due to fire damage to the equipment
or associated circuits.

* Example problem on Step 5
» Corresponding PRA Standard SR: FSS-A2 through A4

Joint Fire PRA Course, 2012, Washington DC Caiied” A Collaboration of U.S. NRC Office of Nuclsar Regulatory
Module lll: Task 11a - Detailed Fire Modeling & Single = ©'0¢ Research (RES) & Electnc Power Research Inshitute (ECRI)
Compartment Fire Scenarios e
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I Module lll: PROCESS
Select Fire Scenarios

» Fire scenarios should take the following into consideration:

Selected scenarios should reflect the objective of fire modeling, in this case
impacting the components and circuits of interest to safety (targets)

Selected scenarios should represent a complete set of fire conditions that are
important to the objective

Selected scenarios should challenge the conditions being estimated, e.g.,
scenarios that challenge habitability if manual action is of interest

The list of postulated fire scenarios should include those involving fixed and
transient ignition sources

» Corresponding PRA Standard SR: FSS-A5

Joint Fire PRA Course, 2012, Washington DC

A Collaboration of U.S. NRC Office of Nuclear Regulatory

Module ll: Task 11a - Detailed Fire Modeling & Single = S/ide 9 Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios e

I Module lll: PROCESS
Select Fire Scenarios (cont'd)

» Approach to selection of fire scenarios is highly dependent on fire compartment
hazard profile, i.e., location and amount of fire sources and combustibles and the
location and number of potential targets. In general,

In compartments with few fire sources and many target sets (e.g., a switchgear room),
start with an ignition source, postulate potential growth and propagation to other
combustibles and then postulate damage to the closest target set that may be exposed
to the specific fire
In compartments with many fire sources and few potential targets (e.g., a PWR turbine
building), start with potential target sets
In compartments with many fire sources and many potential targets (e.g., a PWR
auxiliary building),

* Nearby source/target combinations, and

+ Always include that fire scenaric most likely (all factors considered)to cause wide-spread
damage (may be driven by fire source characteristics, fire spread potential, or by fire protection
systems and features)

« Workshop problem 11a-04 (file: 05_01_04...)

Joint Fire PRA Course, 2012, Washington DC

A Collaboration of U.S. NRC Office of Nuclear Regulatory

Module ll: Task 11a - Detailed Fire Modeling & Single = Slide 10 Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios e
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I Module lll: PROCESS

Conduct Fire Growth and Propagation

 Select fire modeling tool depending on the characteristics of each

scenario

Empirical rule sets
Hand calculations
Zone models
Field models

* Analyze fire growth and spread to secondary combustibles
+ Estimate resulting environmental conditions

» Estimate time to target set damage

* Workshop problem 11a-05to 11a-08 (file: 05_01_04...)

» Corresponding PRA Standard SRs: FSS-C6, D1 through D6

Joint Fire PRA Course, 2012, Washington DC
Module ll: Task 11a - Detailed Fire Modeling & Single
Compartment Fire Scenarios

I Module lll: PROCESS

i SJ d | 1, 1' i A Collaboration of U.S. NRC Office of Nuclear Reguiatory
H _{_ 9 - Research (RES) & Elecfric Power Research Instiute (EPRI)

Hand Calcs — NUREG 1805

02.1_Temperature_NV xls
02.2_Temperature_FV xls
02.3_Temperature_CC xls

03_HRR_Flame_Height_Burning_Duration_Calculation.xls

04_Flame_Height_Calculations xls
05.1_Heat_Flux_Calculations_Wind_Free xls
05.2_Heat_Flux_Calculations_Wind.xIs

05.3_Thermal_Radiation_From_Hydrocarbon_Fireballs xls

06_lgnition_Time_Calculations xls
07_Cable_HRR_Calculations xls
08_Burning_Duration_Soild xls
09_Plume_Temperature_Calculations. xls

Joint Fire PRA Course, 2012, Washington DC
Module ll: Task 11a - Detailed Fire Modeling & Single
Compartment Fire Scenarios

09_Plume_Temperature_Calculations.xls
10_Detector_Activation_Time xls

13_Compartment_ Flashover_Calculations xls
14_Compartment_Over_Pressure_Calculations. xls
15_Explosion_Claculations xls
16_Battery_Room_Flammable_Gas_Conc.xls
17.1_FR_Beams_Columns_Substitution_Correlation. xls
17.2_FR_Beams_Columns_Quasi_Steady_State_Spray_Insulated.xls
17.3_FR_Beams_Columns_Quasi_Steady_State_Board_Insulated.xls
17.4_FR_Beams_Columns_Quasi_Steady_State_Uninsulated.xls
18_Visibility_Through_Smoke xls

i SJ d | 1, 2' i A Collaboration of U.S. NRC Office of Nuclear Reguiatory
H _{_ 9 it Research (RES) & Elecfric Power Research Instiute (EPRI)
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I Module lll: PROCESS
Hand Calcs — FIVE-Rev1

* More than ten years after FIVE, most of the equations are still
considered “State-of-the-Art”

* A revision of the quantitative fire hazard techniques in FIVE

» Most of the hand calculations in the original EPRI publication and some
other models available in the fire protection engineering literature

Joint Fire PRA Course, 2012, Washington DC

4 stage heat release rate profile based on t2 growth
Heskestad's flame height model

A radiation model from a cylindrical flame to targets
Models for velocity of plume and ceiling jet flows
Model for plume diameter as a function of height
MQH model for room temperature

Model for visibility through smoke

A Collaboration of U.S. NRC Office of Nuclear Regulatory

Module ll: Task 11a - Detailed Fire Modeling & Single = S'ide 14 Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios e

4-169



(i3] spmpysuy yosesssy samog oujas(3 ¥ (STy) yosesssy
Aiopembay sesion 089G DYN S 11 40 UOREIBgENOD

= 3

S 5 PUR URGRLN SI4) U0 G 50 L3 Ol @lg) Ss00u)) E
&
8
| £ |
9]
19 ]
¥
L€
&
e

4 | 3 | a | 2 v

« ol - v

__. ¥ BVERFF uogaun] EFERPT R m R

.g_.ﬂ.ﬂu_m,vﬂﬂ RSO, _@mhﬂ_
dpf mopur eeq spol iewdy wsuj wel w3 od [F)

SOLIPURDS a4l4 Jualupreduwion

 gpepyg °IBuis ® Buiiepoyy aaid pajiesaq - BLL Ysel S AINPON

2Q uojbuysep ZLOZ B9SIN0D Wi d auid Juior

S|X'000Z UOISIBA [99X3 |AaY-JAL - [99%3 1§0s0Ia (3

|
P sase sy gy U] o] _]r BT FNTf LA PEISh LORRIBLIND,
» o or | 2loesy peuy ] s 94
LR ’
gen | e g ] e aad ]
1

L n_-i.li-o__..t_..__rlcw By T L amesedue) seke) saddy -

UG W01 LOTRPRI PUR SRR SGISY |
SEPOUSR0 ) T WY pUe SMeiedueL o MDD S SORATIOR 0) SAS L7 B 957

LA9Y-TAI4 — S9[eD pueH
SS3D0¥d :lil INPON -

4-170



(3] spmpsuy yaseassy Jamod Hujos|3 ¥ (S3y) yasessay

Hioyembay Jeonp Jo OO DHN SN 4O UOREIOGEIOD Y |

SoLBUSIS a4l Jusupedwo)

. 9LepiS 2)buls ' Bulopopy 2414 pajieraQ - eLL ysel i dnpop
et DQ uolBuySeM| ZLOZ 9SIN00) Wi a4 Juror

4-171



c1coc
9161
LLUSEE
L1716E
g1°29C
6LE8E
GZ66C
(Fa=iT)
LZIck
i Lve
£2°¢o%
vZELY |
GZ S6¥
GZ'11S
9Z'LES
LZ'E¥S

EEEEEEEEDR

n
=t

A

-l sreez o

CICeZ
S6 662
vL 90
¥GLIE
£L0ZC
E1LZe
P AR
L0080
FATA Y
LEPSE
LI1ege
06498
OLbLE g
05°18¢ o

4-172



(14a3) simysy) yosessay semod 2u3093 ¥ (S3y) yosesssy
diopembay sespny Jo 820 DHN 'S 40 vojeIOgENOD)

. BLepIS

SOLIEUSIS adl4 Juswipediuos
ajbuig p Buifopoyy a4 papiezoq - BLL YSBL i 2[NPOp
2 uoiBuyseA) ZLOZ 95IN07) Yo d 241 jwor

uap
jsneyyg

Sa4d

4-173



I Module lll: PROCESS

Fire Detection/Suppression Analysis

» Assess fire detection timing

» Assess timing, reliability, and effectiveness of fixed fire suppression
systems

» Assess manual fire brigade response
» Estimate probability of fire suppression as a function of time
» Workshop problem 11a-09 (file: 05_01_04...)

» Corresponding PRA Standard SRs: FSS-D6, D7, D8

Joint Fire PRA Course, 2012, Washington DC Caiega” A Collaboration of U.S. NRC Office of Nuclsar Regulatory
Module lll: Task 11a - Detailed Fire Modeling & Single = ©'0¢ Research (RES) & Electnc Power Research Inshitute (ECRI)
Compartment Fire Scenarios e

I Module lll: PROCESS

Calculate Severity Factor

* The time to target damage, and as a result the non-suppression
probability. is a function of the postulated heat release rate

* The severity factor should be calculated in combination with the
non-suppression probability

* Workshop problem 11a-10, 11a-11 (file: 05_01_04...)

+ Corresponding PRA Standard SRs: FSS-C4, D5

Joint Fire PRA Course, 2012, Washington DC Caienn” A Collaboration of U.S. NRC Office of Nuclsar Regulatory
Module lll: Task 11a - Detailed Fire Modeling & Single = ©10¢ Research (RES) & Electnc Power Research Inshitute (ECRI)
Compartment Fire Scenarios e
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I Module lll: PROCESS
Calculate Fire Scenario Frequency

Severity factor for
scenariok

|

A = Ay J‘ Sty By
\

Integrated over all

HRRs
Ignition frequency for Non-suppression

scenario k probability for scenario k

Joint Fire PRA Course, 2012, Washington DC : SJ : d. : 2 7,' : A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module ll: Task 11a - Detailed Fire Modeling & Single = >'0¢ Research (RES) & Electric Power Research Institute (EPRI)
Compartment Fire Scenarios e

I Module lll: PROCESS
Document Analysis Results

» The first tier documentation should be sufficient in detail to allow for an
independent reader to understand
— Scenarios postulated, the basis for their selection and analysis,
— The tools utilized in the analysis and basis for selection,
— The final results of the analysis
» The second tier documentation should provide the details of each
individual analysis performed including:
— Details of scenario selection process,
— The fire modeling analyses performed
» All specific considerations and assumptions should be recorded clearly.

Joint Fire PRA Course, 2012, Washington DC Csiide s A Collaboration of U.S. NRC Office of Nuclsar Regulatory
Module lll: Task 11a - Detailed Fire Modeling & Single = ©10¢ Research (RES) & Electnc Power Research Inshitute (ECRI)
Compartment Fire Scenarios e
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414 Task 11b: Main Control Room Fire Analysis and Appendix L

——
I My,

(3
ot

*
5 - g CPE' ELECTRIC POWER
B -3 RESEARCH INSTITUTE
L ASUNS £
B, WSS
e
Sandia = . Science Applications
National From Sesence ta Soutions~ International Corporation
Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module Il
Task 11b: Main Control Room Fire
Analysis and Appendix L

Joint RES/EPRI Fire PRA Workshop
July and September 2012
Washington, DC

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

Main Control Room Fire Analysis
Objectives

The objective of this module is:

* Describe the recommended approach for detailed fire
modeling in the main control room. Specifically:

— Differences between the main control room and other
compartments
— Criteria for abandonment due to fire generated environmental
conditions
— Description of how to analyze:
+ Conditional probability of damage to a target set
+ Forced control room abandonment time

Fire PRA Workshop, 2012, Washington, DC CSlide? A Collaborafion of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis § SRR Research (RES) & Electric Power Research Instifute (EPRY)
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I Main Control Room Fire Analysis
What is Different in the MCR?

« The control and instrumentation circuits of all redundant trains for almost
all plant systems are presentin the control room.
— Redundanttrain controls can be within a short distance of each other
— Small fires within control panels could be risk-significant
— Related SR: FSS-A6
« The room is continuously occupied, which provides the capability for
“prompt detection and suppression.”
« Evaluating control room abandonment conditions is necessary

— Abandonment refers to situations in which control room operators are forced
to leave due to untenable fire generated conditions (temperature, toxicity,
and visibility).

— Related SRs: FSS-B and its two SRs

Fire PRA Workshop, 2012, Washington, DC  Slide 3 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis oo Research (RES) & Electric Power Research Instifute (EPRI)

I Main Control Room Fire Analysis
Recommended Steps

« Step 1: Identify and characterize main control room features

+ Step 2. Estimate control room fire frequency

* Step 3: Identify and characterize fire detection and suppression
features and systems

» Step4: Characterize alternate shutdown features

» Step 5: Identify and characterize target sets

» Step 6: Identify and characterize ignition sources

» Step 7: Define fire scenarios

» Step 8: Conductfire growth and propagation analysis

* Step 9: Fire detection and suppression analysis and severity factor

» Step 10: Estimate failure probability of using alternate shutdown features

» Step 11: Estimate probability of control room abandonment

» Step 12: Calculate scenario frequencies

» Step 13: Document analysis results

Fire PRA Workshop, 2012, Washington, DC  Slide 4 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis oo Research (RES) & Electric Power Research Instifute (EPRI)
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I Main Control Room Fire Analysis
Step 1: Identify and Characterize MCR Features

The specific features of the control room and the control board are
identified.

+ Control room dimensions
« Other adjacent compartments included in the MCR proper

« Location, shape, dimensions and special features of the control panels
and other electrical panels

« Main control board layout and location of various controls and displays
« Cable penetration into the control room and into the control panels

« Ventilation system characteristics

« False ceiling features and the ceiling above it

« Problem Set 11b-01 (Example) (file: 05_01_05...)

Fire PRA Workshop, 2012, Washington, DC  Slide 5 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis Rt N Research (RES) & Electric Power Research Instifute (EPRI)

I Main Control Room Fire Analysis
Step 4: Characterize Alternate Shutdown Features

EEE——

The features of alternate shutdown capability vary widely among

NPPs

* In general, a control panel is installed at a location away from the
control room where the operators can control and monitor key core
cooling functions and parameters independent of the MCR.

* In other plants, alternate shutdown capability is achieved through a set
of control points and control panels located at various points of the plant
requiring coordinated actions of several operators.

 Itis necessaryfor the fire risk analysts to understand the alternate
shutdown capability of the plant.

— For example, the analyst may select safety-related target sets on the panel

that are not backed up by an alternate shutdown control or instrumentation
circuit.

» Problem Set 11b-04 (Example) (file: 05_01_05..))

Fire PRA Workshop, 2012, Washington, DC  Slide 6 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis [ et Research (RES) & Electric Power Research Instifute (EPRI)
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I Main Control Room Fire Analysis
Step 5: Identify and Characterize Target Sets

The target sets can be identified by systematically examining
combinations of control and instrumentation items found on the
control panels, electrical cabinets, wireways, and cable raceways
inside the MCR.

* Examine the control panels from one end to the other

» Groups of adjacent controls and instrumentation

» Cursory and conservative estimation of the CCDP/CLERP as the basis
* Elements of a set are located within the reach of a potential fire

* Exposure fire affecting multiple cabinets

* Problem Set 11.b-05 (file: 05_01_05...)

» Corresponding PRA Standard SRs: FSS-A2 through A4

Fire PRA Workshop, 2012, Washington, DC  Slide 7 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis [ e Research (RES) & Electric Power Research Instifute (EPRI)

I Main Control Room Fire Analysis
Step 6: Identify and Characterize Ignition Sources
EEE——
The final product of this step is a list of ignition sources, their

relevant characteristics, and fire ignition frequencies
associated with each source

» Similar to Step 3.a of single compartment analysis

» Type, quantity, dimensions and heat release rate profile of each source
» Main control board as ignition source

» Assume fire might occur at any point on a control panel

» Other control panels, electrical cabinets, wireways, and cable raceways
+ Kitchen appliances and other electrical devices?

» Transient combustible fires

» Problem Set 11.b-06 (file: 05_01_05...)

Fire PRA Workshop, 2012, Washington, DC  Slide 8 A Collaboration of U.S. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis e Research (RES) & Electric Power Research Instifute (EPRI)
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I Main Control Room Fire Analysis
Step 7: Define Fire Scenarios

Four types of fire scenarios are specifically recommended for
evaluation

* Fire inside the main control board and stand-alone electrical cabinets
that open into each other,

* Fires affecting two adjacent electrical cabinets that do not open into
each other,

» Fires affecting two non-adjacent electrical cabinets, and
* Transientfires

» Corresponding PRA Standard SR: FSS-A6

Fire PRA Workshop, 2012, Washington, DG Slided A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis it Research (RES) & Electric Power Research Instifute (EPRY)

I Main Control Room Fire Analysis
Steps 8 and 9: Non-Supp Prob & Severity Factor

The non-suppressibn probability and severity factors are
calculated as recommended in the approach for single
compartment fires

* For fires inside a control panel, use the method described
in Appendix L

Probability of Target Damage: [SF.P, . ](d)
00 0s 1.0 15 20 25 30

R — = — - - - |

I | 1 1 {—— aualified
1.00E-02 —e— Unqualified
H —— i i
I — i

e

E I i I = i 1
[ 1 | | T e |

w 1EDY J&

. F ¥ T 1 T T |

W [ T I I I 1 1

s I | | 1 |

Or—ev T

Damage Distance [m]

Fire PRA Workshop, 2012, Washington, DG Slide 10 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis § SRR Research (RES) & Electric Power Research Instifute (EPRY)
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I Main Control Room Fire Analysis
Step 10: Estimate Failure Prob Using ASP

Two approaches may be followed:

* An overall failure probability is estimated representing the
failure of successful usage of alternate shutdown means.

* The alternate shutdown procedure is integrated in the plant
response model (i.e., the fault trees and event trees). The
core damage sequences are adjusted to include failures
associated with alternate shutdown means, and the human
error probabilities are reevaluated based on the alternate
shutdown procedures.

Fire PRA Workshop, 2012, Washington, DG Slide 11 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis Wit Research (RES) & Electric Power Research Instifute (EPRI)

I Main Control Room Fire Analysis
Step 11: Estimate Prob of Control Room Abandonment

The final decision to abandon the control room is assumed
to depend on habitability conditions.

» The analyst may postulate that the alternate shutdown
procedure would be activated

* The time to activate the alternate shutdown procedure is
suggested to be established based on plant operating
procedures rather than control room habitability conditions

» Abandonment possibility should be examined for all
postulated target damage scenarios

Fire PRA Workshop, 2012, Washington, DG Slide 12 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis § SRS Research (RES) & Electric Power Research Instifute (EPRI)
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I Main Control Room Fire Analysis
Step 11: Estimate Prob of Control Room Abandonment

Abandonment criteria based on habitability conditions
« Temperature, or heat flux
— The heat flux at &' above the floor exceeds 1 kW/m-. This can be considered

as the minimum heat flux for pain to skin. A smoke layer of approximately
95°C (200°F) could generate such heat flux.

§'=c-T)~10 kW/m
« The smoke or hot gas layer descends below 6’ from the floor
+ Visibility
— Optical density of the smoke is less than 3.0 m-'. With such optical density, a

light-reflecting object would not be seen if it is more than 0.4 m away. A light-
emitting object will not be seen if it is more than 1 m away.

« A panel fire affects two targetitems 2.13 m (7') apart.

Fire PRA Workshop, 2012, Washington, DG Slide 13 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis § ST Research (RES) & Electric Power Research Instifute (EPRI)

I Main Control Room Fire Analysis
Step 11: Estimate Prob of Control Room Abandonment

The conditional probability of abandonment can be estimated
based on the calculated evacuation time.

* Determine the heat release rate generating abandonment conditions
» Calculate the severity factor for fires of this size
* Determine the time for abandonment

— Time to reach untenable conditions such as 200°F hot gas layer or smoke
density conditions of 3.0 m!

+» Calculate non-suppression probability

» Multiply the severity factor and non-suppression probability to determine
conditional abandonment probability .

» Corresponding PRA Standard SRs: FSS-B1 and FSS-B2

* Note that this is typical HRR distribution discretization approach. ..

Fire PRA Workshop, 2012, Washington, DG Slide 14 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis § SO Research (RES) & Electric Power Research Instifute (EPRI)
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I Main Control Room Fire Analysis

Example

* Credit prompt detection
« Suppression by fire brigade s

— P, from CR suppression curve — Ambient temperature [C] =
Duration [sec]

. ili Qpeni [m2] 4
SF fram profiabllity e :
distribution for vertical Room langth [m] 20
cabinets with unqualified LN =
cable and fire propagating to  Themal conductiviy fkwimk] 0.0014

Density [kg/m3 2000
more than one bundle. e Rt b 088
Wall thickness [m] 015
Temperature for abandonment [C] 93

* Problem Set 11.b-08 (Example)
(file: 05_01_05...)

Fire PRA Workshop, 2012, Washington, DG Slide 15 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis it Research (RES) & Electric Power Research Instifute (EPRY)

I Main Control Room Fire Analysis

Example — (alternate discretization approach based on abd. time)

2 5E-01 900
2.0E-01 ot s
-UE- =+ 700
1.5E.01 ‘\ \\\ T
o 1.0E-01 \_/-/./l"‘"kl/_r 1 200
50E-02 4 200
'/\ 1 100
0.0E+00 . 4 & & 4 + 0
0 10 20 30 40 50 60 70
Time for a 200 F HGL
—a—SF ——Pns ——HRR [kW]
Duration [Min]  Required HRR [kW] SF Pns SF*Pns
5 794 3.2E-02 1.9E-01 6.1E-03
10 668 4 8E-02 3.7E-02 1.8E-03
15 603 6.0E-02 7.1E-03 4.2E-04
20 561 6.9E-02 1.4E-03 9.4E-05
25 531 7.7E-02 26E-04 2.0E-05
Fire PRA Workshop, 2012, Washington, DG : SHde ‘.1'6. i A Collaboration of U.S. NRC Office of Nuclear Regulatory

Task 11b - Main Control Room Fire Analysis Research (RES) & Electric Power Research Instifute (EPRY)
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I Main Control Room Fire Analysis
Concluding Remarks

The main control room has unique characteristics that are
addressed in detail in Task 11b.

* Recommended fire scenarios for the MCR

* Evaluation of MCR abandonment due to fire generated
conditions

Fire PRA Workshop, 2012, Washington, DG Slide 17 A Collaborafion of U.8. NRC Office of Nuclear Regulatory
Task 11b - Main Control Room Fire Analysis it Research (RES) & Electric Power Research Instifute (EPRI)
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4.15 EPRI/NRC-RES Fire PRA Methodoloqgy and Its Relationship
to NRC’s Regulatory Structure

US.NRC EPIS] | eseace msmmo

an ugPeopJ ud Il E npirenment

Sandia
National
Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY AND ITS
RELATIONSHIP TO NRC’s
REGULATORY STRUCTURE

Mary Drouin
U.S. Nuclear Regulatory Commission

Fire PRA Workshop 2012
Bethesda

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I How Does NUREG/CR-6850 Fit into the NRC
Regulatory Structure?

» The objective here is to provide an understanding,
from a regulatory perspective, the need for a fire
probabilistic risk assessment (PRA) methodology
document, and therefore, its role in the regulatory
structure.

» A major aspect of this objective is understanding
what is meant by regulatory structure.

Fire PRA Workshop 2012, Bethesda, Maryland A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Methodology andits Relationship to NRC'S Regulatory : S"’de 2 i Research (RES) & Electric Power Research Institute (EPRI)
Structure
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NRC Regulatory Structure

» Congressional Mandate

— Atomic Energy Actindicates that the mission of the NRC is to
ensure that commercial nuclear power plants are operated in a
manner that provides adequate protection of public health and
safety and is consistent with the common defense and security.

* NRC provides for public health and safety via a licensing,
oversight and enforcement process.

* Licensing, oversight and enforcement all involve
establishing regulations and developing the necessary
supporting structure (e.g., regulatory guides).

Fire PRA Workshop 2012, Bethesda, Maryland ; SHdeS o A Coliaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Methodology andits Relationship to MRC'S Regulatory Research (RES) & Electric Power Research Institute (EPRI)
Structure

I What is the Relationship Between a Regulation
and a Methodology Document?

Defines technical requirements for

REGULATIONS the design and operation of the
3
(e.g., 10 CFR Part 50) nuclear power plant

L <

REGULATORY PrO\._rldes onetechnical approach
GUIDES e | that is acceptable for meeting the
regulation

1 iy

Technical documents provide

SUPPORTING detailed guidance on issues
TECHNICAL e associated with meeting the
GUIDANCE approach established in the

regulatory guide (or regulation)

Fire PRA Workshop 2012, Bethesda, Maryland ; Sndeti o A Coliaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Methodology andits Relationship to MRC'S Regulatory Research (RES) & Electric Power Research Institute (EPRI)
Structure
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I What is the Relationship in the Context of a
Fire PRA?

« Example relevant regulations:
— 10 CFR §50.48(c), Fire Protection, National Fire Protection Association
Standard NFPA 805

— 10 CFR §50.69, Risk-informed categorization and treatment of structures,
systems and components for nuclear power reactors

— 10 CFR §50.90, Application for amendment of license, construction
permit, or early site permit

— 10 CFR §50.36, Technical Specifications

* What is the common element among these regulations?

— The use of risk information, and therefore, the need to have confidence
in the risk analyses (or PRAs) being used to generate the information

— Risk contributors to be addressed include internal fires.

Fire PRA Workshop 2012, Bethesda, Maryland i S.l d . 5 o A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire PRA Methodology andits Relationship to NRC'S Regulatory | oS Research (RES) & Electric Power Research Institute (EPRI)
S

I How is This Confidence Achieved?

REGULATIONS
10CFR§50.48(c) 10CFR§50.69 10CFR§50.90 10CFR §50.36 etc.

) ] v
RG 1.205 RG1.201 RG1.174 RG1.177

¢ Guidance/staff positionincludes use of risk/PRA information

+ Referenceto RG 1.200 for guidance on determining PRAtechnical
acceptability for both internal and external hazards (e.g., internal fire)

RG 1.200

‘Describes one acceptable approach for determining whether the technical adequacy of the
PRA, in total orthe parts that are usedto supportan application, is sufficient to provide
confidence in the results, suchthat the PRA can be used in regulatory decision-making for light-

water reactors.”
Fire PRA Workshop 2012, Bethesda, Maryland i S.l d 6 o A Collaboration of U.S. NRC Office of Nuclear Regulatory
Fire PRA Methodology andits Relationship to NRC'S Regulatory ! 8 _’_ 9 w Research (RES) & Electric Power Research Institute (EPRI)

Structure
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How is This Confidence Achieved (cont’d)?

» The approach provided in RG 1.200 defines the
attributes and characteristics of a technically
acceptable PRA.

— The defined attributes and characteristics are very high level.

* For example, characteristics and attributes provided in
RG 1.200 for Fire Ignition Frequencies:

— Frequencies are established for ignition sources and
consequently for physical analysis units.

— Transient fires should be postulated for all physical analysis units
regardless of administrative controls.

— Appropriate justification must be provided to use nonnuclear
experience to determine fire ignition frequency.

Fire PRA Workshop 2012, Bethesda, Maryland A Coliaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Methodalogy andits Relationship to NRC'S Regulatory . Slide 7 R
Structure S SR

How is This Confidence Achieved (cont’d)?

* RG 1.200 allows the use of a consensus standard (as
endorsed by the NRC) with a peer review to demonstrate
conformance with the defined attributes and characteristics.

— RG 1.200 endorses and provides a position on the ASME/ANS PRA
Standard (ASME/ANS RA-Sa-2009).

— Part 4 of the ASME/ANS standard provides the requirements for
fires at-power PRA.
+ The PRA Standard, however, only defines what is required
for a technically acceptable PRA and an acceptable peer
review.

Fire PRA Workshop 2012, Bethesda, Maryland A Coliaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Methodalogy andits Relationship to NRC'S Regulatory . Slide 8 R
Structure o e
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I How is This Confidence Achieved (cont’d)?

+ Guidance is needed for how to accomplish the
requirements in the standard and guidance is
needed for the peer review in determining whether
the intent of requirement is met.

» This guidance is particularly needed for those

aspects in the PRA where the model is not well

known.

* One major objective of NUREG/CR-6850 is to
provide the detailed guidance for how to
accomplish meeting the requirements for Fire PRA.

— As such, NUREG/CR-6850 supports both the PRA
standard and the PRA peer review guidance

Fire PRA Workshop 2012, Bethesda, Maryland
Fire PRA Methodology and its Relationship to NRC'S Regulatory
Structure

Overall Relationship

 Slide9

A Collaboration of U. 5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

REGULATIONS | | §5048(c) §50.69  §50.90

§50.36

etc. |

(e.g., 10 CFR Part 50)

T

.r" ‘ -

_»| RG1205 RG1.201 RG1174 RG1177 etc. |

REGULATORY e
GUIDES e

“WHAT TO” SUPPORTING
TECHNICALGUIDANCE

DETAILED “HOW TO”

M s

RG1.200

|

g

PRA Standard and Peer Review
et (ASME/ANS RA-Sa-2009 and NEI-07-12)

SUPPORTING TECHNICAL
GUIDANCE

Fire PRA Workshop 2012, Bethesda, Maryland
Fire PRA Methodology and its Relationship to NRC'S Regulatory
Structure

NUREG/CR-6850
NUREG-1855
NUREG-1842
NUREG/CR-6823
etc.

L

_J

. Slide 10

PRA

> Technical

Acceptability

A Collaboration of U. 5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)
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Hazard Type
Hazard groups

A 4

| Technical Elements |

Structure of PRA Standard

Two different hazard types are defined in the Standard
which include both internal and external hazards.

For each hazard type, the various groups of hazards are
defined, for example for internal hazards: internal
events, internal flood and internal fires.

For each hazard group, the technical elements are

J defined for developing the hazard-specific PRA model.
* The objective of each technical element is defined.
High Level . !—|igh level requiremeqts are defi.ned wh.ich §pecify what
Requirements is needed to accomplish the defined objective of the
(HLRs) technical element.
‘l’ - +  Supporting requirements are defined which, in turn,
R::Eﬁ:ﬁ!‘ris specify what is needed to accomplish the defined high
(SRs) level requirement.
Fire PRA Workshop 2012, Bethesda, Maryland : S” d.e. '11 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Fire PRA Methodology and its Relationship to NRC'S Regulatory

Structure

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

Structure of PRA Standard (cont’d)

» At the supporting requirement level, it was recognized that the
extent or to which the level of detail, the level of plant specificity
and the level of realism of the PRA model can vary

» Consequently, the minimum defined by the requirement can also

vary

+ Consequently, three “categories of capability” were defined for the
supporting requirements.

+ Capability Category I: the very basic needed.

+  Capability Category II: the minimum to support majority of applications

+  Capability Category lil: the minimum to support application with high reliance
on the fidelity of the PRA results.

Fire PRA Methodology and its Relationship to NRC'S Regulatory

Fire PRA Workshop 2012, Bethesda, Maryland : S” d.e. 1 2 A Collaboration of U.S. NRC Office of Nuclear Regulatory

Structure

Research (RES) & Electric Power Research Institute (EPRI)
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I Standard Capability Categories

Capability Category | e Level of
minimum addressed by the detail of
\% technical requirement plant model

Supporting Requirement

Capability Category Il * Plant design

Specifies the minimum with == 3 and
: minimum to achieve .
regard to level of detail, " - operational
- current good practice” for o
plant design and specificity

the technical requirement

Capability Category Il
minimum to achieve the

operational specificity,
and realism of plant e Realism of
! /ﬁ% plant

response

response

state-of-the-art for the
technical requirement

Fire PRA Workshop 2012, Bethesda, Maryland
Fire PRA Methodology and its Relationship to NRC'S Regulatory
Structure

A Collaboration of U. 5. NRC Office of Nuclear Regulatory

| Sl 1] | Research (RES) & Electric Power Research Institute (EPRI)

I Standard Capability Categories (cont’d)

PRA - - -
Attribute Capability Category | Capability Category Il Capability Category lll
Scopeand | Sufficientto identify relative |  Sufficientto identify relative Sufflc_lentto eyt
: : otk importance of all
Level of importance at the system impertance of significant
. - : componentlevel
Detail or train level componentlevel contributors ;
contributors
Plant- exf:n?fr:r S:;‘.aijrgc;deeslis = Plant-specific data/modelsfor | Plant-specific data/models
Specificity P iniq g the significant contributors for all contributors
and operational features
= Departures fromrealism Departures from realism will Departures for realism will
Realism . - . . . . .
will have moderate impact have small impact have negligible impact

*Differentiation from moderate, to small, to negligible is determined by
the degree that the conclusions and risk insights could affect a
decision under consideration.

*+ Moderate: likely that a decision could be affected

+ Small: unlikely a decision could be affected

+ Negligible: a decision would not be affected.

Fire PRA Workshop 2012, Bethesda, Maryland
Fire PRA Methodology and its Relationship to NRC'S Regulatory

Structure

. Slide 14
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Overall Process

When implementing RG 1.200,
PRAtechnical acceptability
involves:

Technical reguirements
in the PRA Standard
Developing a PRA describe what needs to

in accordance to beinthe PRA, but do
the technical ‘ ASME/ANS - not describe how to
requirements of RA-Sa-2009 build the PRA model

the Standard (as
endorsed by NRC)

Provides guidance for

RG one acceptable —
thodol that

1:200 [NUREG/cRrG850 e ot bscr (| PRA

: develop PRA and meet

the PRA Standard

Performmg a peer

review (as endorsed Apeer review is required to
by NRC) to assess NEI 07-12 evaluate howthe PRA
whether the technical model was built to determine

requirements were whether it meets the intent of
actually met the technical requirements in
the PRA Standard

Fire PRA Workshop 2012, Bethesda, Maryland | Slide 17 A Coliaboration of U.S. NRC Office of Nuclear Regulatory
g;re;RA Methodology andits Relationship to MRC'S Regulatory H Research (RES) & Elecinc Power Research Institufe (EPRI)
ructure

Summary/Conclusion

* NUREG/CR-6850 is a methodology
document and, while not required to be
met, plays a major role in defining a
technically acceptable Fire PRA to support
NRC activities where a Fire PRA model is
needed and the results of the Fire PRA
model are used to meet a regulation.

Fire PRA Workshop 2012, Bethesda, Maryland i Sﬂ d . _'18 A Collaboration of U 8. NRC Office of Nuclear Regulatory
Fira PRA Wethodology andis Relatonstipta NRC'S Regultory i Sledd Research (RES) & Electric Power Research Institute (EPRI)
ructure
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416 Example: Pump Room Fire

PUSNRC EPIS] | eseace msmmo

Protecting People and the Environment

National 5 - jonal C
Laboratories

@ S A2 Sclence Appliations

EPRI/NRC-RES FIRE
PRA METHODOLOGY

Example: Pump Room Fire

RES/EPRI Fire PRA Training Course
Classroom Exercise
July and September, 2012

L

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

The scenario: an electric motor driven pump
fire with three fire PRA damage targets (cables)

Y /

i L 4

@ Target cable

Fire PRA Workshop, 2012, Washington DC " Slide? | A Goliaboration of U.S. NRC Office of Nuclear Regulatory
An example problem for pump fires i i Research (RES) & Eleciric Power Research Insfitute (EPRI)
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Scenario Assumptions

+ A fire is postulated in an electrical motor-driven pump
located in a typical pump room.

» The room is protected by automatic sprinklers.

* There are four cable trays in the room and three of them
contain target cables that are within the scope of the Fire
PRA.

— The first tray of interest is CT-B which is located 6-feet above the
pump and does contain a PRA target cable.

— The other target cables are in CT-C and CT-D which will fail only
given a damaging hot gas layer.

* The cable types are unknown — Implications???

» Damage threshold is 205°C

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires

I We will use the multi-stage damage state
approach

» Through inspection of the ignition source and cable tray
layout during walk-downs and using plant drawings, the
following damage sets are evaluated:

— Target Set 1: Pump only (Ignition source)
— Target Set 2: Pump + CT-B (Damage in the fire plume)

— Target Set 3: Pump + CT-B + CT-C + CT-D (Damage in the hot gas
layer)

* What about Target Set 17

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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Loss of the ignition source

* In most cases loss of the ignition source alone is not
significant to fire risk

— Foracomponent like a pump, a failure of the pump with no other
damage is part of the internal events reliability estimates (just another
loss of function failure)

» Be careful to verify, but for this case we will dismiss fire risk
implications for loss of just the pump

Fire PRA Workshop, 2012, Washington DC U elide5 | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
An example problem for pump fires L Research (RES) & Electric Power Research Institute (EPRI)

We need an ignition frequency

* Where do we start?
+ Base frequency tables (Table 6-1)*
* we’'ll use the original 6850/1011989 values for this example
* Bin 21: Ayymps = 2.1E-2/ry
* What else do we need?

» Weighting factor / plant population
— Lets say 50 total Bin 21 pumps
— Frequency per pump: Agne pump = Apumps / 90 = 4.2E-4/ry

Fire PRA Workshop, 2012, Washington DC Slides A Collaboration of U.S. NRC Office of Nuclear Regulatory

An example problem for pump fires Research (RES) & Electric Power Research Institute (EPRI)
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Fire Characterization

* What kind of fire are we dealing with?
* Two, actually
— Electric motor fire (54% of pump fires)
— Qil fires (46% of pump fires)
» We can use these to get individual fire frequencies:
— Aoumpimotor = 4.2E-4 * 0.54 = 2.27E-4/ry
— Aoumpioit = 4.2E-4* 0.46 = 1.93E-4/ry
* Now about those ail fires...

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

Fire PRA Workshop, 2012, Washington DC
An example problem for pump fires

I General pump oil fires (ML12171A583)

+ 6850/1011989 originally said:
— 98% of oil fires involve a release of 10% of the oil inventory
— 2% of oil fires involve a release of 100% of the oil inventory

* A new approach has been developed that uses three spill
levels instead of two:
— Very small leaks (non-pooling spills)
— Medium oil spills — 10% of inventory
— Large oil spills — 100% of inventory

» And the new numbers (based on NRC staff position):
— Very small — 88% of oil fires
— Medium - 7% of oil fires
— Large — 5% of oil fires

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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What is impact of new approach?

* In most cases the very small oil fires will be non-damaging / non-
spreading (but you need to verify)

— Most of these involve oil-soaked insulation which creates a low intensity and
highly localized fire

— Ifit's not oil soaked insulation, then it's a non-pooling oil fire
+ e.g., oil on pipe surface, oil at a hearing surface... not enough oil to form a pool fire

— Need to verify that no PRA targets or other combustibles located very near
source of leak (e.g., close to piping where oil might leak)

— If you can show very small leak fires are non-damaging, implies a severity
factor of SF=0.12 (1.0-0.88) minimum.

» Medium spill fires are down substantially compared to old numbers
« On the other side, large spills are up by a factorof 2.5

Fire PRA Workshop, 2012, Washington DC T olide | A Goliaboration of U.S. NRG Office of Nuclear Regulatory
An example problem for pump fires i N Research (RES) & Elecinic Power Research Institute (EPRI)

So now we have four fires

* Electrical motor fire: Ayymomotor = 2.27E-4 Iry
* Very small oil spill: Ayympvsoi = 1.70E-04 /ry
* Medium ail spill: Ajympmon = 1.35E-05 /ry

» Large il spill: Ayymp0i = 9.66E-06 /ry

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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Fire analysis tasks

I
* We are left with four fire sub-scenarios:
— Motor, very small oil spill, medium oil spill, large oil spill
* What steps will we need to go through, what questions will
we need answers to?

* We'll need to...
— Establish fire characteristics for each
— Screen each sub-scenario (for damage states 2 and 3)
— Develop severity factors for each damage state were possible
— Estimate detection time
— Determine if we can credit sprinklers — yes/no and when
— Time to damage for each case where damage is possible
— Pys for each case where damage is possible

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires

Let’s start with analysis of the motor fire:

S
* Weneed HRR. ..
» Use Case 6 Table E-1
= Screen using the 98t percentile (211 kW):
— Can fire spread or cause damage to first target?
— Definitely big enough to cause damage to first tray (T me = 300°C)
— Remember - our damage thresholdis 205°C
* Find severity factor - minimum damaging fire:
— Plume correlations says: 130kW is minimum fire where T=205°C @ 6'
— HRRe4 distribution says: 130kW is 92" percentile in profile

« S0: SFpptr = 0.08

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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Continuing the motor fire

* Next step: screen for damage state 3 - HGL damage

— Can it cause a damaging hot gas layer?

+ Assume we did analysis and found answer is no (room is too big to get to 205°C
even with both motor and two trays burning

« Can we credit sprinklers for motor fire?

— We look at fire geometry, do temperature calc. for nearest sprinkler head
(plume/ceiling jet calculations)

— Assume we did analysis and found ceiling jet is not hot enough to set of
sprinklers
* So at this point we have our motor fire down to:
- SF=008
— Only Damage State 2 in play (pump + CT-B)

* Next we do the horse race...

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires

I Crediting fire detection and suppression for the
motor fire

+ At this point is it all about timing — damage versus
suppression

« Start with time to damage
— For now lets work with 98% percentile fire (211 kW)

— Recall that we calculated a plume temperature of just under 300°C
during screening step

— How can we use that information?
* Go to Table H-6

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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I Damage time table...

+ A TP cable exposed to 290-300°C has an estimated time to

damage of 7 min.

Table H-6

Failure Time-Temperature Relationship for Thermoplastic Cables
(Table A.7.2 from Reference H.6)

DcExpnsure Temperaiur?F Time to Failure (min)
205 <T <220 400<T <425 30
220 < T <230 425 < T < 450 25
240 <T <245 450 < T < 475 20
245 < T < 260 475 < T < 500 15
260<T <275 500 <T <525 10
275<T < 290 525 < T < 550 8
ey 200 < T < 300 550 <T <575 T, ——
300<T <315 575 < T < 600 6
315< T < 330 600 < T < 625 5
330<T <345 625 <T < 650 4
345 < T < 355 650 < T < 675 3
355<T <370 675<T < 700 2
T>370 T >700 1

Fire PRA Workshop, 2012, Washington DC
An example problem for pump fires

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

I On to fire detection and suppression...

* We need detection time:
— We do the analysis and get <1 min for detection
— Assume 1 minute detection time

» Time available for manual suppression:
- teai= 1‘-damage — tystect = 6 MiN

* Which suppression curve?

« A: Electrical fires

— Table 11-1 in 6850/1011989 says for Bin 21 use Electrical/Qil suppression

curves

— We are in motor fire part so that means electrical fires curve
— see FAQ 50, Table 2: electrical fires - mean suppression rate = 0.102

— Pyg =e{0102x6)= 0 54

Fire PRA Workshop, 2012, Washington DC
An example problem for pump fires

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)
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Detection suppression continued

* We also want to know if we can credit sprinklers:

Need to see if sprinklers go off and if so when

We do temperature calc. for closest sprinkler head (ceiling jet)

If temperature exceeds link melt temperature, then we may be able to credit

Look at sprinkler response time to estimate activation time
+ CFAST will do this calculation for you...

If activation time < damage time, credit the system

* For our example, assume we get:
— Motor fire — sprinklers do not activate, won’t be credited

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires

Motor fire summary

* Frequency = 2.27E-4 / ry
« 98" percentile fire is 211 kW
* SF = 0.08 (130 kW fire minimum damaging fire)

* Damage state is loss of pump plus CT-B only (no hot gas
layer)

» Time to detection = 1 min

» Time to damage = 7 minutes

* Pys = 0.54 (manual suppression)
* No credit for sprinkler system

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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That leaves us with analysis of the oil fires

+ Start with the very small oil spill fires. ..
By inspection, there is nothing within less than 6ft of our pump
We want to dismiss oil-soaked insulation fires as non-threatening

In practice, you'll need to justify this conclusion but no specific guidance for
this in the new methodology
Potential arguments to consider:
* Qil-soaked insulation fires can last a long time, but they are low intensity
— Qil smoldering/burning within the porous insulation, lots of smoke, not much
heat

— Occasional flare-ups especially as fire fighters tear away insulation during
suppression efforts

— Long duration is associated with managed suppression efforts

* In our case we already found that it takes a 130kW fire to reach a conservative
damage threshold for first tray above fire

+ Clearly that exceeds intensity of a very small spill fire or oil-soaked insulation fire
+ We will not consider further in our example

A Collaboration of U.5. NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC ¥ :
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires

On to the other oil spills (medium and large)

» For the larger oil fires follow the same pattern as for the motor fire:
— Qil fire severity factor is largely built into the fire frequencies (spill size split fractions)

— You have to characterize spill
+  Quantity of oil, oil properties, spill size
+ Use pool fire correlation to get HRR
— Note there is a balance between spill size and fire duration
+ Larger spill means maore intense fire but shorter burn - have to balance using judgment

+ Check the containment berm — recognize that 10% spill will likely not cover the whole surface
of a berm designedto contain a 100% spill

+ Lockfora low spot(there is always a low spot...)
— Screening for no damage, no spread
+ Larger spills will generally be in play unless targets are pretty far away or oil velume is very
small
+ Compare oil fire HRR to minimum fire required to cause damage (plume and HGL)
+ Considerre-balancing size versus duration to ensure the case is covered
— In our example first target is 6" above fire so medium and large oil spill fires won't
screen out for plume damage, medium fire assumed to screen out for HGL
+ see handout for details

Fire PRA Workshop, 2012, Washington DC
An example problem for pump fires

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

4-204



Medium and large spill oil fires (cont)

» Analysis pattern (cont):

Calculate exposure temperatures and convert to damage time

+ e.g., back to Appendix H

* In our case we find medium fire is too small to create damaging HGL...

Calculate time to detection (likely <1 min)
Calculate time available for suppression (damage-detection)
Go to suppression curve for oil fires to get PNS
Check the sprinklers

» |n our example we will assume sprinklers will activate for oil fires
» Estimate time to activation and compare to damage time

» If sprinklers activate before damage, we'll credit sprinklers

Fire PRA Workshop, 2012, Washington DC
An example problem for pump fires

Putting it all together

A Collaboration of U.5. NRC Office of Nuclear Regulatory
Research (RES) & Electric Power Research Institute (EPRI)

* These are the event timing factors we got for our case
example (details in the handout)

Event Time / Damage Times (Min)

Event: Electrical fire QOil/Small Oil/Medium Oil/Large
Ignition 0 0 0 0
Smoke Detection 1 1 1 1
Sprinkler activation No Activation* | No Activation® 5 2
Damage Target Set 2 7 No Damage* 6 3
thomage = Tdetecion 6 - 5 2
Damage Target Set 3 No Damage* No Damage* No Damage* 8
Tdamaze — Ldetection - - - 7

* For these cases, the fire is simply not large enough to activate the sprinklers and/or to
create a damaging hot gas layer.

Fire PRA Workshop, 2012, Washington DC
An example problem for pump fires

S;;de 22 s
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And now for the final results...

» Our final damage state frequencies for each of our two
target sets are:

Suhb-

7 A Severity Px Pxs Pxs Ps (net) Scenario i .
Scenario ID scenario # & _| Scenario damage end state®
Frequency Factor (Manual) (Fixed) (net) (1-Pys) | Frequency
Pump-Electrical-2 227E-04 008 034 1 3.6E-01 64E-01 37E-04 Target Set 2
Pump-Oil-Medium-2 1.35E-05 1 0.68 0.02 14E-02 S9E01 1.88E-07 | Target Set2
Pump-Oil-Large-2 9.66E-06 1 08 0.02 397E-03 99E01 3.83E-08 | Target Set2
Pump-Oil-Large-3 9.66E-06 1 054 0.02 122E-02 99E01 1.17E-07 | Target Set 3
Total frequency for loss of 17E.04 CCDP would be calculated
target set 2 (per —rv) o based on loss of target set 2
Total frequency for loss of 12E.07 CCDP would be caloulated
target set 3 (per —rv) =07 | based onloss of target set 3
Fire PRA Workshop, 2012, Washington DC Slide 27 A Goliaboration of U.8. NRC Office of Nuclear Regulatory

An example problem for pump fires Research (RES) & Eleciric Power Research Insfitute (EPRI)

I What more might you do to refine analysis if
desired?

*» Refine assumptions on motor fire
— Don't use 98t percentile fire for all damaging fires
— Discretize the HRR distribution above 92" percentile into 2-5 bins
— Infact, Standard would say use at least a 2-point representation for

damaging fires in order to meet Cat I1...

* You could apply THIEF model to refine damage time
estimate

* You could run a compartment fire model to characterize hot
gas layer over time for large oil fire

* You could find out what kind of cables these are
— This one is generally a “high bang for the buck” option

A Collaboration of U8, NRC Office of Nuclear Regulatory

Fire PRA Workshop, 2012, Washington DC d 8
Research (RES) & Electric Power Research Institute (EPRI)

An example problem for pump fires
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Summary

* Example intended to illustrate process
— How you define the sub-scenarios when there is more than one fire
type
Dealing with multiple damage states
Screening
Detailed analysis
Putting together the fire event tree
Combining the sub-scenarios into a final set of quantification results

* Questions???

Fire PRA Warkshop, 2012, Washington DC Slide 29 A Collaboration of U. 8. NRC Office of Nuclear Regulatory
An example problem for pump fires i Research (RES) & Eleciric Power Research Insfitute (EPRI)
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417 Task 11c: Multi Compartment Fire Analysis

USNRC EPIS] | eseace msmmo

Protecting People and the Environmen, 1

Sandia =i = )

! -5k . Science Applicatio

@ National + : fonbi Corporz
Laboratories

EPRI/NRC-RES FIRE PRA
METHODOLOGY

Module IlI

Task 11¢ - Multi-Compartment Fire
Analysis

"~ Joint RES/EPRI Fire PRA Workshop
-w""w July and September2012

A Collaboration of U.5. NRC Office of Nuclear Regulatory Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Objective

Fire scenarios involving multiple, interconnected or adjacent
fire compartments are analyzed in this part of Task 11.

» Fire propagation
» Smoke propagation
* A rare event in U.S. NPP fire experience

» Screening process

Fire PRA Workshop, 2012, Washington, DC CSlide? | A Gollaboration of U.S. NRG Office of Nuclear Regulatory
Task 11c - Multi-Compartment Fire Analysis § SRR Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Overall Approach

Multi-compartment analysis is focused on screening of
potential scenarios before any detailed analysis is attempted.

Single compartment analysis to be conducted before this step

Reduce number of multi-compartment combinations

Same analytical approach as in Detailed Fire Modeling

Corresponding PRA Standard SRs: FSS-G1 through FSS-G6

Fire PRA Workshop, 2012, Washington, DG Slide3 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis TR ] Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Definitions

The following two terms are specifically defined for this part of
the analysis:

— Exposing Compartment. The compartment where fire ignition occurs

— Exposed Compartments: The compartments to which fire from the
exposing compartment propagates

Fire PRA Workshop, 2012, Washington, DG Slided A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis Wit IR S Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Analysis Steps

The following steps define one possible approach for multi-
compartment fire risk analysis:

Step 1.¢: Exposing and Exposed Compartments Matrix

Step 2.c: First Screening—Qualitative

Step 3.c: Second Screening—Low Fire Load Exposing Compartments

Step 4.c: Third Screening—Frequency of Occurrence

Step 5.¢: Fourth Screening—CDF Based

Step 6.¢: Detailed Analysis

Step 7.c: Document the Analysis

Fire PRA Workshop, 2012, Washington, DG Slide5 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis it Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Step 1.c: Exposing and Exposed Compartments Matrix

Develop a matrix to identify all potential multi-compartment
fire scenarios that start with an exposing compartment and
propagate into a set of exposed compartments.

— Well defined pathways
— Means of propagation (i.e., hot gas, smoke, etc.)

— Special characteristics to be noted (e.g., self closing doors, fire
dampers and vents near the ceiling)

— More than one exposed compartment

— Supported by a walk-down

Fire PRA Workshop, 2012, Washington, DG Slide6 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis Wit LS Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Step 1.c: Exposing and Exposed Matrix (cont’d)

The following rules are suggested to identify multi-
compartment scenarios:

— Postulate only one barrier failure (e.g., door left open)

« Unless there is a clear reason to assume common cause failure of
multiple barriers

— Assume minimal smoke damage

— Hot gas can travel to all physically possible exposed compartments

+ For a large number of compartments open into each other, detailed
analysis may be warranted

Fire PRA Workshop, 2012, Washington, DG Slide7 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis i S N Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Step 1.c: Exposing and Exposed Matrix (cont'd)

Example:
2 Exposing Compartment " Exposed Compartment 2 |path Catnimants
D |Mame ID_|Mame
1 9 |SWG Access Room 1:1 10 |Swtich Gear Room A 1.1.1|Door The door is 3-hr rated and normally closed
1.1.2 |Opening entilation opening between rooms with
fusible link activated fire dampers
2 11 |Swtich Gear Room B 1.2.1 |Door The dooris 3-hr rated and normally closed
1.2.2 |Opening entilation opening between rooms with
fusible link activated fire dampers
1.3 -~ |Stairway 1.3.1 |Door The dooris 3-hr rated and normally closed
2 4A |RHR Room 21 | 4B [AFW Pump Room 2.1.1 |Doar The door is 3-hr rated and normally closed
2.1.2 |HVAC Duct |There are two HVAC ducts with opening in
both compartments providing intake and
discharge
2 — |Stairway 2.2.1|Door The door is 3-hr rated and normally closed
3 4B |AFW Pump Room 3.1 | 4A |RHR Room 3.1.1 |Door The dooris 3-hr rated and normally closed
3.1.2 |HVAC Duct |There are two HVAC ducts with opening in
both compartments providing intake and
discharge
Fire PRA Workshop, 2012, Washington, DG Slides A Collaboration of U.8. NRC Office of Nuclear Regulatory

Task 11¢ - Multi-Compartment Fire Analysis Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Step 2.c: First Screening — Qualitative

The first screening of the scenarios can be based on the
contents of the exposed compartments.

The following criteria may be used:

— The exposed compartment(s) do not contain any Fire PRA
components or cables, or

— The Fire PRA components and cables of the exposed
compartment(s) are identical to or less than those in the exposing
compartment.

= Corresponding PRA Standard SRs: FSS-G2 and FSS-G3

Fire PRA Workshop, 2012, Washington, DG Slide9 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis it Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Step 3.c: Second Screening-Low Fire Load

Exposing compartments that do not include combustible
loading sufficient for generating a hot gas layer in any of the
exposed compartments can be screened out.

— Conservative HRR values
« Ignition sources with highest 98% HRR
+ Add HRR of intervening combustibles
— Determine damaging HRR values
* Hand calculations
+ Hot gas layer damage in exposed compartment
— Compare HRRs
= Corresponding PRA Standard SRs: FSS-G2 and FSS-G3

Fire PRA Workshop, 2012, Washington, DG Slide 10 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis § SRR Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Step 4.c: Third Screening—Occurrence Frequency

Scenario likelihood is established from the following three
parameters:

Ignition frequency

Combined severity factor and non-suppression probability
+« HRR comparison (preceding step) can give the severity factor
+ May assume Pys=1.0

Barrier failure probability

= Corresponding PRA Standard SRs: FSS-G2 through FSS-G5

Fire PRA Workshop, 2012, Washington, DG Slide 11 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis Wit Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Step 4.c: Third Screening / Barrier Failure

Generally, data on barrier failure probability is sparse, and
what is available is subject to many limitations.

— Initial attempt may be based on a screening value
+ May use Pr(barrier failure) = 0.1 for screening

— For scenarios that do not screen out, may use the following:
+ For water curtain, use detection and suppression approach
+ Verify that there are no plant-specific barrier failure problems
+ Use the following generic barrier failure probabilities
— Type 1 —fire, security, and water tight doors — 7.4E-03
— Type 2 - fire and ventilation dampers — 2.7E-03
— Type 3 - penetration seals, fire walls — 1.2E-03

Fire PRA Workshop, 2012, Washington, DG Slide 12 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis § SRS Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Step 5.c: Fourth Screening—CDF Based

Those scenarios that survive the preceding screening steps
may be screened based on their CDF.

Assume all PRA components and cables of exposing and exposed
compartments are failed

Estimate CCDP

Use scenario frequency of preceding step

Corresponding PRA Standard SR: FSS-G6

Fire PRA Workshop, 2012, Washington, DG Slide 13 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis Wit ol Research (RES) & Electric Power Research Institute (EPRI)

I MULTI-COMPARTMENT FIRES
Step 6.c: Detailed Analysis

Those scenarios that do not screen out in the preceding
steps may be analyzed using the same methods as for single
compartments.

— Same set of steps as in single compartment analysis
— Include target sets from exposed compartment(s)

= Corresponding PRA Standard SR: FSS-G1

Fire PRA Workshop, 2012, Washington, DG Slide 14 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis Wttt Research (RES) & Electric Power Research Institute (EPRI)
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I MULTI-COMPARTMENT FIRES
Concluding Remarks

Multi-compartment fire analysis should be performed to
ensure completeness of the Fire PRA.

— Compartment partitioning process (Task 1) has a directimpact on
this task

— Develop a matrix of exposing and exposed compartments to ensure
completeness

— Screening analysis is necessary to limit the level of effort
— Barrier failure probabilities should be treated conservatively

— May have to revisit some of the partitioning definitions

Fire PRA Workshop, 2012, Washington, DG Slide 15 A Gollaboration of U.S. NRG Office of NucFearr Regulatory
Task 11¢ - Multi-Compartment Fire Analysis it Research (RES) & Electric Power Research Institute (EPRI)
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418 Task 13: Seismic Fire Interactions
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EPRI/NRC-RES FIRE PRA
METHODOLOGY
Module 3

Fire Fundamentals
Task 13: Seismic Fire Interactions

Joint RES/EPRI Fire PRA Workshop
July and October 2013
Charlotte, NC

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

l Task 13 - Seismic Fire Interactions
Scope of this Task

e Task 13 covers the Seismic Fire Interactions review

— Little has changed compared to the guidance available in the IPEEE
days

— The review remains a qualitative, walk-down based approach to
identify and address potential vulnerabilities or weaknesses

— The procedure does not recommend any quantitative work in this
area

The main goal of the outlined methodology is to verify that the
the risk associated with seismically induced fires is low.

Fire PRA Workshop, 2013, Charlotte, NC i Slide 2 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)
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Corresponding PRA Standard Element

* Task 13 maps to element SF — Seismic Fire
— SF Objective (per the PRA Standard):

» To qualitatively assess the potential risk implications of
seismic/fire interaction issues

Fire PRA Workshop, 2013, Charlotte, NC i Slide 3 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)

SF HLRs (per the PRA Standard)

* HLR- SF-A: The Fire PRA shall include a qualitative
assessment of potential seismic/fire interaction issues in the
Fire PRA (5 SRs)

* HLR-SF-B: The Fire PRA shall document the results of the
seismic/fire interaction assessment in a manner that
facilitates Fire PRA applications, upgrades, and peer review
(1 SR)

Fire PRA Workshop, 2013, Charlotte, NC i Slide 4 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)
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l Task 13: Seismic Fire Interactions
Seismically Induced Fires

A severe seismic event may cause fires inside or outside an
NPP by damaging . . .

— Pipes and storage tanks containing flammable liquids or gases

— Electrical equipment

An EPRI study and NPPs experiencing earthquakes have
demonstrated that these events are rare.

Fire PRA Workshop, 2013, Charlotte, NC i Slide 5 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
| i R h (RES) & Electric Power Research Institute (EPRI)

Module 3: Fire Fundamentals

l Task 13: Seismic Fire Interactions
Background

+ Seismic Fire Interactions originated with the Fire Risk
Scoping Study (NUREG/CR-5088, 1989)

* The conclusion of that study was:

‘It would appear that this is an issue which is more
easily corrected than quantified. A series of simple
steps was outlined which if implemented on a plant
specific basis would significantly reduce the potential
impact of such considerations.”

This conclusion remains valid today.

Fire PRA Workshop, 2013, Charlotte, NC i Slide 6 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
| i R h (RES) & Electric Power Research Institute (EPRI)

Module 3: Fire Fundamentals
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l Task 13: Seismic Fire Interactions
Key Compartments

* The review should focus on those compartments that house
equipment and cables needed to support post-seismic safe
shutdown

— Review your seismic-related procedures and identify key equipment
(components and cables) and any required manual actions

— To the extent possible, map equipment to compartments

— ldentify the associated compartments and focus efforts on these
compartments

* Areas/compartments housing the key equipment (components and
cables)

= Areas where a manual action takes place
= Access paths for manual actions

Fire PRA Workshop, 2013, Charlotte, NC i Slide 7 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)

l Task 13: Seismic Fire Interactions
Seismically-Induced Fires

* Potential sources:

Unanchored electrical equipment such as that where motion during
seismic event might cause a fire

Unanchored gas cylinders
Flammable gas piping
Flammable liquid piping or storage tanks

« If any significant sources are identified, consider potential
plant modifications to minimize potential hazard.

* Corresponding PRA Standard SR: SF-A1

Fire PRA Workshop, 2013, Charlotte, NC i Slide 8 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)
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Task 13: Seismic Fire Interactions
Degradation of FP Systems and Features

* Review:

— General plant practice related to seismic restraints for fire
protection systems and features

— Installed systems and features; assess potential for seismic-
induced failure

+ Assess potential significance of system or feature failure to
post-seismic event operations.

* If any potential vulnerabilities are identified, consider fixes
to reduce likelihood of failure.

* Corresponding PRA Standard SR: SF-A2

Fire PRA Workshop, 2013, Charlotte, NC i Slide 9 _1| A Collaboration of U.S. NRC Office of Nuciear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)

Task 13: Seismic Fire Interactions
Spurious Detection Signals

* A seismic event will likely trigger activation of various fire
detection systems — especially smoke detectors

+ Consider how the operators will respond to multiple fire
detection signals
— You can’t ignore them even though many may be false
— Have you identified the issue in your response procedures?

— Have you (can you) prioritize your response based on the important
compartments?

* Consider potential procedural enhancements to recognize
and deal with this issue

* Corresponding PRA Standard SRs: SF-A2 and SF-A3

..................... -
I
i

Fire PRA Workshop, 2013, Charlotte, NC ; Slide 10
Module 3: Fire Fundamentals :

A Collaboration of U.S. NRC Office of Nuclear Regulatory
R h (RES) & Electric Power Research Institute (EPRI)
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l Task 13: Seismic Fire Interactions
Spurious Suppression Actuation/Release

* Review the fixed fire protection systems in key areas for the
potential that they might spuriously operate
— Got any of those mercury switches left?
— How about a non-seismic deluge valve?
— What happens if a sprinkler head is damaged or a pipe breaks?
— Are storage tanks for gaseous suppressants seismically robust?

* If any potential vulnerabilities are identified, consider fixes to
reduce likelihood of spurious suppressant release.

* Corresponding PRA Standard SR: SF-A4

Fire PRA Workshop, 2013, Charlotte, NC i Slide 11 _1| A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 3: Fire Fundamentals | i R h (RES) & Electric Power Research Institute (EPRI)

l Task 13: Seismic Fire Interactions
Manual Fire Fighting

* Access pathways to key areas — could something block the
path and are there alternative paths?

* Required fire fighting assets — will assets remain available
after an earthquake?
— Especially fire water system and fire hoses

* Do post-seismic response procedures allow for manual fire
fighting needs and responsibilities?

* If any potential vulnerabilities are identified, consider fixes

* Corresponding PRA Standard SR: SF-A5

..................... -
I
i

Fire PRA Workshop, 2013, Charlotte, NC ; Slide 12
Module 3: Fire Fundamentals :

A Collaboration of U.S. NRC Office of Nuclear Regulatory
R h (RES) & Electric Power Research Institute (EPRI)
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l Task 13: Seismic Fire Interactions
Summary

» Seismic fire interaction is considered a low risk
phenomenon

* NPP and other industry experiences partly verify this
premise

* A qualitative approach is suggested for verifying that plant
specific conditions confirm low risk notion

» Systemic or procedural upgrades are recommended for
identified potential vulnerabilities

Fire PRA Workshop, 2013, Charlotte, NC ] Slide 13 _‘| A Collaboration of U.S. NRC Office of Nuclear Regulatory
Module 3: Fire Fundamentals | 1 1 (RES) & Electric Power Research Institute (EPRI)

l Mapping HLRs & SRs for the PP Technical
Element to NUREG/CR-6850, EPRI TR 1011989

Technical. | o | 5w 6850 Sections | Comments
Element
SF A The Fire PRA shall include a qualitative assessment of potential seismic/fire
interaction issues in the Fire PRA

1 13.3.1 and 13.6.2

2 13.3.2,13.3.3,
13.6.3,13.6.4, and
13.65

3 13.3.2,

4 13.3.1,13.3.2, Although 6850/1011989 does not explicitly
13.3.3,13.6.3, reference seismic response procedures, the
13.6.4,and 13.65 suggested guidance implies review of such

procedures.

5 13.3.4and 13.6.6

B The Fire PRA shall document the results of the seismic/fire interaction
assessment in a manner that facilitates Fire PRA applications, upgrades, and
peer review

1 13.6.7 6850/1011989 provides minimal discussions on

documenting SF
Fire PRA Workshop, 2013, Charlotte, NC :’S‘I‘Id;;‘l’ﬂ: A Collaboration of U.S. NRC Office of Nuclear Regulatory

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

Module 3: Fire Fundamentals
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