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Application for Fire Protection Regulation based on
Risk-Informed and Performance-Based Analysis
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ABSTRACT

From the beginning of the construction stage, the fire protection regulation for the nuclear power
plants conforms to the design requirements for the acquisition of the license permit. This regulation
is based on the plant status of the normal operation, but it is not enough to be used as an application
standard for fire protection at the transient mode of the plant and the outage time for refueling as well
as for the plant decommissioning. While the advanced fire protection requirement that has been devel-
oped in America recently suggests the performance-based requirement and management rule applica-
ble to the overall life time of the plant, it simply represents the conceptual application. It means that
it can not be treated as appropriate standards because it does not deal with the qualitative and quan-
titative approach in specific ways. By the way, with the use of the performance-based fire risk anal-
ysis, the dynamic behavior of the heat and smoke at the fire compartment of the nuclear power plants
can be analyzed and the thermal effect to the safety-related equipment and cables can be evaluated
as well. At this paper, it suggests the ways to change the applicable fire protection regulations and
the required evaluation items for the fire risk resulted from the plant configuration change with an
intent to introduce the state-of-the-art quantitative fire risk analysis technology at the domestic nuclear
power plants.
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Defense—in—Depth for Fire Protection
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Fig. 1. Defense-in-Depth Concept at NPPs.
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Table 1. Prescriptive fire protection regulations

57k Bl 9

Date | AHJ | Standard/Rule Title (or Contents)

"71.02 | NRC [10CFR50.App.A |General Design Criteria

"76.02 | NRC [NUREG-0050  |Brows Ferry Accident

'80.11 | NRC [10CFR50.App.R |Advanced GDC

'80.11 | NRC [10CFR50.48 Fire Protection Rules

'76.05 | NRC |APCSB 9.5-1 SRP for Fire Protection

'81.07 | NRC [CMEB 9.5-1 SRP for Fire Protection

'82.03 | NRC |GL 81-12 Fire Protection Guideline

'86.04 | NRC |GL 86-10 Fire Protection Guideline

'88.07 | NRC |GL 88-12 Fire Protection Guideline

'03.10 | NRC [SPLB 9.5-1 SRP for Fire Protection

'04.11 | NRC |NUREG-1805

Deterministic Approach

Table 2. Performance-based fire protection standards and
rules

Date | AHJ | Standard/Rule
'01.03| NFPA |[NFPA-805
'01.04| NRC [R.G 1.189
'02.05| NEI [NEI 02-02
'02.07| NRC [R.G. 1.174 Regulation Guide
'04.06| NRC [10CFR50.48 (c) |Change of CFR
'04.10| EPRI [NUREG/CR-6850 |Fire-PSA Approach
'05.05| NEI [NEI 04-02

Title (or Contents)

Performance-based Rule

Regulation Guide

Implementation Direction

Implementation Guide
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(Chapter 3)
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(Chapter 4)
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Risk-Informed Change Evaluation
Evaluate risk impact of changes 1o
the approved design bass

Fig. 2. Process for Performance_Based Approach (Referenced
to the Fig. 2.2 of NFPA-805).
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Characteristic Review for Exiting Fire
Protection Facilites
(Passive/Active/Compliances)

[No]
Application of performance-based
fire protection approach

Quantitative analysis with risk-
informed approach (when required)

Design change or
refurbishment
(with FHA and CDF)

[No] Ceptable for regulalc

relief rsaues(7
Normal surveillance and
monitoring process
Documen!anon for exemption
and snDIIcallon

Communication
with AHJ

Chanue of p[an( procedures
and practices

Request for license
amendment or change

Fig. 3. Suggested process for change of fire protection rule
at domestic NPPs.
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Table 3. Evaluation for plant change and sequence
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L. Qualitative Plant Change Evaluation

No Evaluation Item

Evaluation Reference

1 [Minor Changes

NFPA-805, NEI 04-02, etc

2 | Requirement Violation

10CFR50 App. A and R, 10CFR50.48, NFPA codes

Change of License Permit

GDC, FHA, SSA

4 | Violation of Safety Performance Requirement

Reactivity Control, Residual Heat Removal,
Pressure and Inventory Control

5 | Violation of Radioactive Release Criteria

10CFR20 Requirements

II. Qualitative/Quantitative Plant Change Evaluation

No Evaluation Item

Evaluation Reference

Initial Screening Process for Fire Risk Analysis

Preliminary Screening Process

Quantitative Fire Risk Evaluation

Fire-PSA, R.G.-1.174

Fire Modeling, DID, Risk Balance

1

2

3 Fire Defence-in-Depth
4 Fire Safety Margin

Fire Modeling, R.G.-1.174

III. Sequence of Application for Performance-Based Fire Protection Approach

No Evaluation Sequence

Detail Evaluation

- Investigation of Data
- General Analysis

- Fire Scenario Setting
- Fire Scenario Review

- Verification for Data
- Fire Scenario Evaluation
- Re-evaluation for needs

2 |- Fire Risk Analysis by use of Fire Modeling

- Fire-PSA analysis
- CDF/LERF calculation

3 |- Analysis & Assessment for fire modeling result

- DID, Safety Margin
- Quantitative Analysis

- Design Changes
- Status Improvement

- Performance Monitoring
- Procedure Change

- Final Confirmation for Fire Risk and Safety

4 .
- Rearrangement - Design Change
- Configuration Control - Other Replacements
s |° Re-Modeling - Administrative Actions

- QA Documents
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