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This edition of NFPA 804, Standard for FinJ Protection for Advanced Light Water Reactar Electric 
Generating Plants, was prepared by the Technical Committee on Fire Protection for Nuclear Facilities. 
It wa� issued by the Standards Council on November 4, 2019, with an effective date of November 24, 
2019, and supersedes all previous editions. 

This edition ofNFPA 804 was approved as an American National Standard on November 24, 2019. 

Origin and Development of NFPA 804 

The need f01· fire pt·otection in nuclear powet· facilities has been demonstrated in a number of 
incidents, including the Browns Ferry Fire in 1975 and other more recent incidents in the United 
States and abroad. Probabilistic risk assessments of existing plants have shown that fire represent� 
one of the largest single contributors to the possibility of t·eactor damage. This document, first 
released in 1995, represents a comprehensive consensus of baseline fire protection requirements for 
all aspects of advanced light water reactor electric generating plant�. including their design, 
consu·uction, operation, and maintenance. 

There were no technical changes made in the 2001 edition. All the changes were in the 
definitions section to comply with the NFPA Glossary of Terms. 

The 2006 edition was reorganized to conform to the Manual of Style for NFPA Technical Committee 
Documents. 

For the 2010 edition, the document scope was revised in order to coordinate with the release of 
and option to use a new t·isk-infonned option for atomic power plants under NFPA 806, Pmfonnance
Based Standard for Fi1·e Pmtection fm· Advanced Nuclear Reactor l!.1ect?"ic Genemting Plants Change PnJCess. The 
2010 edition was also harmonized with other documents in the field, and a new Annex B was added 
for best practice guidance for defense against fires and explosions. 

The 2015 edition of the document was updated to remove references to NFPA 251, which was 
withdrawn. Changes also were made to include the definition and requirements from NFPA 101 and 
NFPA 1 1 44 pertaining to combustible, noncombustible, and limited combustible materials. 

Several changes have been made to the 2020 edition to comply with the Manual of Style for NFPA 
Technical Committee Documents and align terms with NFPA 801 , 805, and 806. To ensure proper 
operation of all plant systems, a recommendation to use NFPA 4 to test integrated fit·e pmtection 
systems has been added in Annex A, Chapter 5. To ensure the proper selection of an extinguishing 
agent, additional consideration criteria that align with NFPA 801 have been included. Additional 
language from NFPA 101 has also been incorporated to more clearly identify materials that should 
be considered limited-combustible. 

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169. 
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IMPORTANT NOTE: This NFPA document is made ava.ilable for 
use subject to important rwtices and legal disclaimers. These rwtices 
and disclaimers appear in all publications containing this document 
arul may be found under the heading "Important Notices and 
Disclaimers Concerning NFPA Starulards. " They can also be viewed 
at www. n.JPa.org! disclaimers or obtained on request from NFPA. 

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of 
NFPA codes, starulards, recommended practices, and guides (i.e., 
NFPA Standards) are released on sch.eduled revision cycles. This 
edition may be superseded by a later one, or it may be amended 
outside of its scheduled revision cycle through the issuance of Tenta
tive Interim Amendments (TIAs). An official NFPA Starulard at any 
point in time consists of the current edition of the document, together 
with all TIAs arul Errata in effect. To verifY that this document is the 
current edition or to determine if it has been amended by TIAs or 
Errata, please consult the National Fire Codes® Subscription Service 
or the "List of NFPA Codes & Standards" at wwm nfpa.org/ docinfo. 
In addition to TIAs and Errata, the document information pages also 
include the option to sign up for alerts for irulividual documents and 
to be involved in the development of the next edition. 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates that explanatory material on 
the paragraph can be found in Annex A. 

A reference in brackets [ l following a section or paragmph 
indicates material that has been exu·acted from another NFPA 
document. Exu·acted text may be edited for consistency and 
style and may include the t·evision of internal paragraph refer
ences and other references as appropriate. Requests for inter
pretations or revisions of exu·acted text shall be sent to the 
technical committee responsible for the source document. 

Information on referenced and exu·acted publications can 
be found in Chapter 2 and Annex C. 

Chapter 1 Administration 

1.1 * Scope. This standard applies only to advanced light 
water reactor elecu·ic generating plants and provides minimttm 
fire protection requirements to ensure safe shutdown of the 
reactor, minimize the release of radioactive materials to the 
environment, provide safety to life of on-site personnel, limit 
property damage, and protect continuity of plant operation. 
The fire protection is based on the principle of defense-in
depth. For plants that have adopted a risk-informed, 
performance-based approach to fire protection, subsequent 
changes to the fire pmtection program shall be made in 
accordance with NFPA 806. 

1.2 Purpose. 

1.2.1 This standard is prepared for use by and guidance of 
those charged with the design, consu·uction, operation, and 
regulation of advanced light water reactor electric generating 
plants. 

2020 Edition 

1.2.2 This standard covers those requirements essential to 
ensure that the consequences of fire will have minimum impact 
on the safety of the public and on-site personnel, the physical 
integrity of plant components, and the continuity of plant 
operations. 

1.3 Equivalency. Nothing in this standard is intended to 
prevent the use of systems, methods, or devices of equivalent or 
superior quality, strength, fire resistance, effectiveness, durabil
ity, and safety over those prescribed by this standard. 

1.3.1 Technical documentation shall be submitted to the 
authority having jurisdiction to demonstrate equivalency. 

1.3.2 The system, method, or device shall be approved for the 
intended purpose by the authority havingjurisdiction. 

1.4 Units and Formulas. Metric units of measurement in this 
standard are in accordance with the modernized metric system 
known as the International System of Units (SI). The liter unit, 
which is commonly used in international fit·e protection, is not 
part of but is recognized by SI. Conversion factors for these 
units are found in Table 1.4. 

Table 1.4 Metric Units of Measure 

Name of Unit Unit Symbol Conversion Factor 

Bar bar 1 psi = 0.0689 bar 
Bar bar 1 bar= 105 Pa 
Cubic decimeter dm3 1 gal = 3.785 dm3 

Kilogram kg 1 lb = 0.4536 kg 
Kilo pascal kPa 1 psi = 6.895 kPa 
Liter L 1 gal = 3.785 L 
Liter per minute per L/min·m2 1 gpm/ft2 = 

square meter 40.746 L/min·m2 

Meter m 1 ft = 0.3048 m 
Millimeter mm 1 in. =25.4 mm 
Millimeters of mm Hg 1 psi= 51.72 mm Hg 

mercury 
Pascal Pa 1 psi= 6894.757 Pa 
Note: For additional conversions and information, see lEEE/ ASTM S l  
10, American National Slandard.for Mel1ic Practice. 

Chapter 2 Referenced Publications 

2.1 General. The documents or portions d1ereof listed in this 
chapter are referenced within this standard and shall be 
considered part of the requirements of this document. 

2.2 NFPA Publications. National Fit·e Protection Association, 
1 Batterymarch Park, Quincy, MA 02169-7471 .  

NFPA 10, Standanlfo1· Portable Fin; .1.'-xtinguishers, 2018 edition. 
NFPA 1 1 ,  Standard fo-r Low-, Medium-, and High-Expansion 

Foam, 2016 edition. 
NFPA 12, Standa1·d on C(l1·bon Dioxide .1.'-xtinguishing Systems, 

2018 edition. 

NFPA 13, Standard for the Installation of Sprinkler Systems, 2019 
edition. 

NFPA 14, Standard for the installation of Standpipe and Hose 
Systems, 2019 edition. 

NFPA 15, Standard for Wate1· Spray Fixed Systems for Fire Protec
tion, 2017 edition. 
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NFPA 16, Standard for the Installation of Foam-Water Sprinkler 
and Foam-Water Spmy Systems, 2019 edition. 

NFPA 17, Standard forD1y Chemical.Z..xtinguishing Systems, 2017 
edition. 

NFPA 20, Standard for the Installation of Stationm)' Pumps for 
Fire Protection, 2019 edition. 

NFPA 22, Standard f01· Water 7f.mks fm· Private Fire Protection, 
2018 edition. 

NFPA 24, Standani f01· the Installation of Private Fin! Semice 
Mains and Their Appurtenances, 2019 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 2018 
edition. 

NFPA 30A, Code for Mot01· Fuel Dispensing Facilities and Repair 
Gamges, 2018 edition. 

NFPA 31,  Standard f01· the Installation of Oil-Burning Equipment, 
2020 edition. 

NFPA 37, Standard f01· the Installation and Use of Stationmy 
Combustion Engines and Gas Turbines, 2018 edition. 

NFPA 51 B, Standard for Fire Prevention During Welding, Cutting, 
and Other Hot Work, 2019 edition. 

NFPA 54, National Fuel Gas Code, 2018 edition. 
NFPA 55, Compressed Gases and Cryogenic Ruids Code, 2020 

edition. 

NFPA 58, Liquefied Petroleum Gas Code, 2020 edition. 
NFPA 7r?, National Elect1ical Code®, 2020 edition. 

NFPA 7�, National Fire Alarm and Signaling Code®, 2019 
edition. 

NFPA 75, Standard f01· the Fire Protection of Information Technol
ogy Equipment, 2020 edition. 

NFPA 80, Standard f01· Fini Doors and Other Opening Pmtectives, 
2019 edition. 

NFPA 85, Boiler and Combustion Systems Hazards Code, 2019 
edition. 

NFPA 90A, Standard f01· the Installation of Air-Conditioning and 
Ventilating Systems, 2018 edition. 

NFPA 101®, Life Safety Code®, 2018 edition. 

NFPA 2 1 1 ,  Standard f01· Chimneys, Fireplaces, Vents, and Solid 
Fuel-Burning Appliances, 2019 edition. 

NFPA 214, Standani on Wate1�Cooling Towers, 2016 edition. 

NFPA 220, Standard on Types of Building Constmction, 2018 
edition. 

NFPA 232, Standm·d f01· the Protection of Reconis, 2017 edition. 

NFPA 241, Standard for Safeguarding Constmction, Alteration, 
and Demolition Operations, 2019 edition. 

NFPA 252, Standard Methods of Fim Tests of Door Assemblies, 
2017 edition. 

NFPA 253, Standard Method of Test for Otitical Radiant Flux of 
Flom· Covering Systems Using a Radiant Heat Energy Source, 2019 
edition. 

NFPA 259, Standm·d Test Method for Potential Heat of Building 
Mate1·ials, 2018 edition. 

NFPA 600, Standard on Facility Fi11J Brigades, 2020 edition. 
NFPA 601, Standm·d f01· Secwity Services in Hre Loss Prevention, 

2020 edition. 

NFPA 701, Stand ani Methods of FilrJ Tests f01· Flame Propagation 
of 1extiles and Films, 2019 edition. 

NFPA 750, Standard on Wate1· Mist Fi11J Protection Systems, 2019 
edition. 

NFPA 780, Standani f01· the Installation of Lightning Protection 
Systems, 2020 edition. 

NFPA 806, Petformance-Based Standanl for Fi11J Pmtection for 
Advanced Nuclear Reactor Elect·ric Generating Plants Change Process, 
2020 edition. 

NFPA 1 1 43, Standard for WildlandFi11J Management, 2018 
edition. 

NFPA 1500™, Standard on Fi-re Department Occupational Safety, 
Health, and Wellness Program, 2020 edition. 

NFPA 2001, Standanl on Clean Agent Fi1·e Extinguishing Systems, 
2018 edition. 

NFPA 2010, Standani for Fixed Aemsol Fir&-Extinguishing Systems, 
2020 edition. 

2.3 Other Publications. 

2.3.1 ASME Publications. American Society of Mechanical 
Engineers, Two Park Avenue, New York, NY 10016-5990. 

ASME Boiler and P1"CSSU1"C Vessel Code, Section III, 2017. 

ASME B31.1,  Powe1· Piping, 2016. 

ASME NQA-1 ,  Quality Assurance Program RequitrJments for 
Nuclear Facilities, 2017. 

2.3.2 ASTM Publications. ASTM International, 100 BatT 
Harbor Drive, P.O. Box C700, West Conshohocken, PA 
19428-2959. 

ASTM D92, Standard Test Method f01· Rash and Fire Points by 
Cleveland Open Cup, 2016. 

ASTM E84, Standa·rd Test Method for Swface Burning Chamctel·
istics of Building Material>, 2018. 

ASTM E l l9, Standanl 1"Pst Methods for Fire 1ests of Building 
Construction and Materials, 2018. 

ASTM El36, Standard Test Method f01· Behavi01· of Materials in a 
Ve1·tical Tube Furnace at 750°C, 2016. 

ASTM E814, Standani Method f 01· Fire Tests of Penetmtion FilrJstap 
Systems, 2013a (2017). 

ASTM E2652, Standard Test Method fo1· Behavior of Materials in 
a Tube Fumace with a Cone-Shaped Ai1jlow Stabilize?; at 750°C, 
2016. 

ASTM E2965, Standard Test Method for Determination of Low 
Levels of Heat Release &te for Materials and Product> Using an 
Oxygen Consumption Cal01imete1; 2016. 

2.3.3 IEEE Publications. IEEE, Three Park Avenue, 17th 
Floor, New York, NY 10016-5997. 

ANSI/IEEE C2, NationalElectrical Safety Code®, 2017. 

IEEE 383, Standard for Type 1/>st of Class IE Elect1ic Cables, Field 
Splices and Connections f01· Nuclear Power Generating Stations, 1974 
(rev. 2015). 

IEEE 1202, Standa·rd f01· Flame 1esting of Cables for Use in Cable 
Tray in lndushial and Commenial Occupancies, 2006. 

IEEE/ ASTM SI 1 0, A me1ican National Standard for Metric Prac
tice, 2017. 

2.3.4 NEI Publications. Nuclear Energy Institute, 1201 F 
Su·eet, NvV, Suite 1 100, Washington, DC 20004-1218. 

NEI 00..()1, Guidance for Post-Fi1·e Safe Shutdown Cimtit Analysis, 
prepared by NEI Circuit Failure Issues Task Force, October 
2011.  
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2.3.5 UL Publications. Undenvriters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062·2096. 

UL 586, Standm·d far Test Pmfonnance of High-il.Jficiency Particu
late Air Filte1· Unit5, 2009, revised 2014. 

UL 723, Standard Jar Iest for Surface Buming Chamcteri5tics of 
Building Materials, 2008, revised 2013. 

UL 1479, Standa1·d for Safety Fire Jests of 17zmugh-Penetmtion 
Firestops, 2015. 

UL 2196, Standard jm· Iests of Fin! Resistive Cables, 2017. 

2.3.6 Other Publications. 

Mmiam-Webste1·'s Collegiate Diction(try, 1 1th edition, Merriam
Webster, Inc., Springfield, MA, 2003. 

2.4 References for Extracts in Mandatory Sections. 

NFPA JOJ® , Life Safety Code®, 2018 edition. 
NFPA 801, Stand ant fm· Fi1·e Protection fm· Facilities Handling 

Radioactive Materials, 2020 edition. 
NFPA 805, Pmfonnance-Ba5ed Standard jm· Fire Protection far 

Light Water Reactm· Elect1ic Generating Plants, 2020 edition. 

NFPA 1 144, Standw·d fm· Reducing Structure Ignition Hazanls 
from Wildland Fire, 2018 edition. 

Chapter 3 Definitions 

3.1 General. The definitions contained in this chapter shall 
apply to the terms used in this standard. Where terms are not 
defined in this chapter or within another chaptet� they shall be 
defined using their ordinarily accepted meanings within the 
context in which they are used. Mmiam-Webster's Collegiate 
Dictionary, 1 1th edition, shall be the source for the ordinarily 
accepted meaning. 

3.2 NFPA Official Definitions. 

3.2.1 * Approved. Acceptable to the authority having jurisdic
tion. 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or individual responsible for enforcing the requirements 
of a code or standard, or for approving equipment, materials, 
an installation, or a procedure. 

3.2.3 Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifYing mark of an organ
ization that is acceptable to the authority having jurisdiction 
and concerned with product evaluation, that maintains peri
odic inspection of production of labeled equipment or materi
als, and by whose labeling the manufacturer indicates 
compliance with appropriate standards or performance in a 
specified manner. 

3.2.4':' Listed. Equipment, materials, or services included in a 
list published by an organization that is acceptable to the 
authmity having jurisdiction and concerned with evaluation of 
products or services, that maintains periodic inspection of 
production of listed equipment or materials or periodic evalua
tion of services, and whose listing states that either the equip
ment, material, or service meets appropriate designated 
standards or has been tested and found suitable for a specified 
purpose. 
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3.2.5 Shall. Indicates a mandatory requirement. 

3.2.6 Should. Indicates a recommendation or that which is 
advised but not required. 

3.2.7 Standard. An NFPA Standard, the main text of which 
contains only mandatory provisions using the wo1·d "shall" to 
indicate requirements and that is in a form generally suitable 
for mandatory reference by another standard or code or for 
adoption into law. Nonmandatory provisions a1·e not to be 
considered a part of the requirements of a standard and shall 
be located in an appendix, annex, footnote, informational 
note, 01· other means as permitted in the NFPA Manuals of 
Style. W'hen used in a generic sense, such as in the phrase 
"standards development process" or "standards development 
activities," the term "standards" includes all NFPA Standards, 
including Codes, Standards, Recommended Practices, and 
Guides. 

3.3 General Defmitions. 

3.3.1 * Advanced Light Water Reactors (ALWRs). ALWRs are 
next generation light water reactors. 

3.3.2 Altemative Shutdown Capability. The ability to safely 
shut down the reactor and maintain shutdown using equip
ment and processes outside the normal reactor shutdown proc
ess. 

3.3.3* Associated Circuits of Concem. Safety-related and 
non-safety-related circuits that are not directly required to 
perform a safe shutdown function and that do not have a 
required physical separation. 

3.3.4 Cable Tray Frre Break. A noncombustible or limited
combustible material installed in vertical 01· horizontal cable 
trays to limit fire spread. 

3.3.5 Cold Shutdown. A stable nuclear power plant condition 
in which the affected 1·eactor is subcritical and the average reac
tor coolant system temperature is less than or equal to 200°F 
(93°C). 

3.3.6 Combustible. A combustible material is any material 
that, in the form in which it is used and w1der the conditions 
anticipated, will ignite and burn or will add appreciable heat to 
an ambient fire. [1144, 2018] 

3.3.7 Combustible Liquid. A liquid that has a closed-cup flash 
point at or above 100°F (37.8°C). 

3.3.8* Defense-in-Depth. A p1·inciple aimed at providing a 
high degree of fire protection by achie,�ng a balance of 
preventing fires from starting; detecting fires quickly and 
suppressing those fires that occur, thereby limiting damage; 
and designing a nuclear power plant to Limit the loss of Life, 
property, and environment to fire and to ensure continuity of 
nuclear power plant operation and safe shutdown capability. 

3.3.9* Fire Area. An area that is physically separated from 
otl1er area� by space, barriers, walls, or other means in order to 
contain fire within that area. [805, 20201 

3.3.10* Fire Area Subdivision. A portion of a fire area that is 
separated from the remainder of the fire area by substantive 
barriers, which are not necessarily fire rated; by physical 
features, such as pipe tunnels; by spatial separation. 
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3.3.11 Fire Barrier. A continuous membrane or a membrane 
with discontinuities created by protected openings with a speci
fied fire protection rating, where such membrane is designed 
and constructed with a specified fire resistance rating to limit 
the spread of fire. (SAF-FIR) [ 101, 2018] 

3.3.12 Fire Door. A door assembly rated in accordance with 
NFPA 252 and installed in accordance with NFPA 80. 

3.3.13 Fire Hazards Analysis (FHA). An analysis to evaluate 
potential fire hazards and appropriate fire protection systems 
and features to mitigate the effects of fire in any plant location. 

3.3.14 Fire Prevention. Measures directed toward avoiding 
the inception of fire. 

3.3.15 Fire Protection. Methods of providing for fire control 
or fire extinguishment. [801, 2020] 

3.3.16 Fire Protection Manager. The person directly responsi
ble for the fire prevention and fire protection program at the 
plant. 

3.3.17* Fire Resistance Rating. The time, in minutes or 
hours, that materials or assemblies have withstood a fire expo
sw·e as established in accordance with an approved test proce
dure appropriate for the structure, building material, or 
component under consideration. [805, 2020] 

3.3.18 Fire-Rated Cables. Cables with an hourly fire resistance 
rating based on maintaining functionality when tested in 
accordance wi th UL 2196, Standard for Tests of Fire Resistive 
Cables. 

3.3.19 Fire-Rated Internal Conduit Seal. A conduit seal that is 
a tested and approved hourly rated fire seal in accordance with 
ASTM E814, Stand(trd Method for Fire Tests of Penetration Fi:restop 
Systems. 

3.3.20 Fire-Rated Penetration Seal. An assembly provided in a 
fire batTier opening for the passage of pipes, cable trays, and so 
forth, to maintain the fire resistance rating of the fire barrier. 

3.3.21 Fire-Safe Shutdown (FSSD). Actions, components, 
capabilities, and design features necessary to achieve and main
tain safe shutdown of the reactor after a fire in a specific fire 
area. 

3.3.22* Fire-Safe Shutdown Component. Component 
(nuclear safety related and non-safety related), equipment, 
instrument-sensing line, or cable, including associated circuits 
of concern, that is t·equired to safely shut down a nuclear plant 
in the event of fire. 

3.3.23* First Break. The first place in a conduit run where 
the interior of the conduit is accessible to install a seal. 

3.3.24 Flame Spread Index. A comparative measure, 
expressed as a dimensionless number, derived fi·om visual 
measurements of the spread of flame versus time for a material 
tested in accordance with ASTM E84, Standard 1"fst Method for 
Surface Burning Characteristics of Building Mater ials, or ANSI/ 
UL 723, Standani for Jest for SU?jace Burning Characteristics of 
Building Materials. (SAF-INT) [101, 2018] 

3.3.25 Flammable Liquid. A liquid that has a closed-cup flash 
point that is below l 00°F (37.SOC) and a maximum vapor pres
sure of 40 psi a (2068 mm Hg) at 1 00°F (37.8°C). 

3.3.26 Free of Fire Damage. The structure, system, or compo
nent under consideration that is capable of performing its 

intended function during and after the posntlated fire, as 
needed. 

3.3.27 High Impedance Faults. Fire-induced faults on circuits 
routed through a common fire area that are assumed to occur 
simultaneously and have a cw-rent magnitude below the trip 
point for the individual circuits and the sum of the currents 
generated by the simultaneous occurrence of such faults could 
tt·ip the main circuit breaker and cause tl1e loss of a safe shut
down power supply. 

3.3.28* High-Low Pressure Interface. A valve or set of valves 
that separates a high pressure primaty coolant system from a 
low pressure system. 

3.3.29* Industrial Fire Brigade. An organized group of 
employees within an industrial occupancy who are knowledgea
ble, trained, and skilled in at least basic fire-fighting operations, 
and whose full-time occupation might or might not be the 
provision of fire suppression and related activities for their 
employer. 

3.3.30 Limited-Combustible (Material). See 8.3.4. 

3.3.31 Noncombustible (Material). See 8.3.4. 

3.3.32 Normal Operations. All modes of nonemergency 
nuclear power plant operation, ranging from 0 percent to 
100 percent powet� which include refueling outages but do not 
include extended outages when fuel is removed from the reac
tor. 

3.3.33* Nuclear Safety Function. Any function that is neces
sary to ensure the integrity of the reactor coolant pressure 
boundary; the capability to shut down the reactor and maintain 
it in a safe shutdown condition; or the capability to prevent or 
mitigate tl1e consequences of nuclear power plant conditions 
that could result in the potential for a significant fraction of 
allowable off-site releases. 

3.3.34* Nuclear Safety Related. Structures, systems, or 
components that are required to remain functional to ensure 
the integt·ity of the reactor coolant pt·essure boundary, the 
capability to shut down the reactor and maintain it in a safe 
shutdown condition, or the capability to prevent or mitigate 
the consequences of accidents that could result in potential off
site exposures comparable to regulatoty guideline exposures. 

3.3.35 Postulated Frre. A fire that is a�sumed to occur in a 
specific area of a nuclear plant. 

3.3.36* Power Block. Suuctures that have equipment 
required for nuclear plant operations. 

3.3.37 Redundant Component, System, or Subsystem. A 
component, system, or subsystem that independently dupli
cates the essential function of another component, system, or 
subsystem. 

3.3.38 Safe Shutdown. A shutdown with the reactivity of the 
reactor kept subcritical as specified by the technical specifica
tions for the unit. 

3.3.39* Safety Division. The designation applied to a given 
system or set of nuclear safety-related components that enable 
the establishment and maintenance of physical, electrical, and 
functional independence from otl1er redundant systems or sets 
of components. 
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3.3.40�' Spurious Operation. An unwanted change in state of 
equipment due to fire-induced faults (e.g., hot shot·ts, open 
circuits, or shorts to gTound) on its power or control circuitry. 

3.3.41 Spurious Signal. A fire-induced signal that could cause 
the spurious operation of components or equipment d1at 
would adversely affect the safe shutdown capability. 

Chapter 4 Fire Protection Program 

4.1* General. 

4.1.1 All elements of the site fire protection program shall be 
reviewed every 2 years and updated as necessary. 

4.1.2 Other review fi-equencies shall be permitted where speci
fied in site adminisu·ative procedures and approved by the 
authority havingjurisdiction. 

4.2 Management Policy Direction and Responsibility. 

4.2.1 A policy document shall be prepared that defines 
management authorities and responsibilities and establishes 
the general policy for the site fire protection program. 

4.2.2 The policy document shall designate the senior manage
ment person with immediate authority and responsibility for 
the fire protection program. 

4.2.3 The policy document shall define the fire protection 
interfaces with other organizations and assign responsibilities 
for the coordination activities. 

4.2.4 The policy document shall include the authority for 
conflict resolution. 

4.3 Fire Prevention Program. A fire prevention program shall 
be established and documented to include all of the following: 

( l )  Fire safety information for all employees and contractors, 
including as a minimum familiarization with plant fue 
prevention procedures, fire reporting, and plant emer
gency alarms, including evacuation 

(2) Documented plant inspections, including provisions for 
handling of remedial actions to correct conditions that 
increase fire hazards 

(3) Procedures for the control of general housekeeping prac
tices and the control of transient combustibles 

( 4) Procedures for the control of flammable and combustible 
gases in accordance with NFPA standards 

(5) Procedures for the cono·ol of ignition sources, such as 
smoking, welding, cutting, and grinding (see NFPA 51 B) 

(6) Fire prevention surveillance plan (see NFPA 601) 
(7) Fire-reporting procedure, including investigation require

ments and corrective action requirements 

4.4* Ftre Hazards Analysis. 

4.4.1 A documented fire hazards analysis shall be made for 
each site. 

4.4.2 The analysis shall docwnent all of the following: 

( 1 )  Physical construction and layout of the buildings and 
equipment, including fire areas and the fire ratings of 
area boundaries 

(2)* Inventory of the principal combustibles within each fire 
subdivision 
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(3) Description of the fire protection equipment, including 
alarm systems and manual and automatic extinguishing 
systems 

( 4) Description and location of any equipment necessary to 
ensure a safe shutdown, including cabling and piping 
between equipment 

(5) Analysis of the postulated fire in each fire area, includ
ing its effect on safe shutdown equipment, assuming 
automatic and manual fire protection equipment do not 
function 

(6) Analysis of the potential effects of a fire on life safety, 
release of contamination, impairment of operations, and 
property loss, assuming the operation of installed fire
extinguishing equipment 

(7) Analysis of the potential effects of other hazards, such as 
earthquakes, storms, and floods, on fire protection 

(8) Analysis of the potential effects of an uncontained fire in 
causing other problems not related to safe shutdown, 
such as a release of contamination and impairment of 
operations 

(9) Analysis of the postfire recovery potential 
(10)  Analysis for the protection of nuclear safety-related 

systems and components from the inadvertent actuation 
or breaks in a fire protection system 

( 1 1 )  Analysis of the smoke cono·ol system and the impact 
smoke can have on nuclear safety and operation fix 
each fire area 

(12)  Analysis of the emergency planning and coordination 
requirements necessary for effective loss control, includ
ing any necessary measw·es to compensate for the failure 
or inoperability of any active or passive fire protection 
system or feature 

4.5 Procedures. A formal procedure system for all actions 
pertaining to the fire protection program shall be established, 
including all of the following: 

( 1 )  Inspection, testing, maintenance, and operation of fire 
protection systems and equipment, both manual and 
automatic, such as detection and suppression systems 

(2) Inspection, testing, and maintenance of passive fire 
protection features, such as fire barriers and penetration 
seals 

(3) Trend analysis requirements 
(4) Provisions for entering areas with access restrictions 
(5) Training requirements 

4.6 Quality Assurance. 

4.6.1 A quality assurance program shall be established in 
accordance with ASME NQA-1, Qualil)• Assurance Program 
Requirements fm· NuckaT Facilities, for all of the following aspects 
of the fit·e protection program related to nuclear safety: 

( l )  Design and procurement document control 
(2)* lnsULictions, procedtu·es, and drawings 
(3)* Conu·ol of purchased material, equipment, and services 
(4)* Inspection 
(5)* Test and test control 
(6)* Inspection, test, and operating status 
(7)* Nonconforming items 
(8)* Corrective action 
(9)* Records 

(I  0)* Audits 

4.6.2 The quality assmance program shall be documented in 
detail to verify its scope and adequacy. 
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4. 7 Fire Emergency Plan. 

4.7.1 A written fire emergency plan shall be established. 

4.7.2 As a minimum, this plan shall include the following: 

( 1)  Response to fire and supervisory alarms 
(2) Notification of plant and public emergency forces 
(3) Evacuation of personnel 
(4) Coot·dination with secmity, maintenance, operations, and 

public information personnel 
(5) Fire extinguishment activities 
(6) Postfire recovery and contamination control activities 
(7) Control room operations during an emergency 
(8) Pre f'ire plan 
(9) Description of interfaces with emergency response organ

izations, security, safety, and others having a role in the 
fire protection program, including agreements with 
outside assistance agencies, such as fire departments and 
rescue services 

4.8 Fire Brigade. A plant fire brigade shall be established as 
indicated in Chapter 6. 

Chapter 5 Fire Prevention and Administrative Controls 

5.1 * General. 

5.2 Plant Inspections. 

5.2.1 The owner or a designated manager shall develop, 
implement, and update as necessary a fire prevention surveil
lance plan integrated with recorded rounds to all accessible 
sections of the plant. 

5.2.2 Inspections of the plant shall be conducted in accord
ance with NFPA 601. 

5.2.3 A pt·epared checklist shall be used for the inspection. 

5.2.4 Areas of primary containment and high-radiation areas 
normally inaccessible dming plant operation shall be inspected 
as plant conditions permit but at least during each refueling 
outage. 

5.2.5 The result� of each inspection shall be documented and 
retained for 2 years. 

5.2.5.1 For those plant areas inaccessible for periods greater 
than 2 years, the most recent inspection shall be retained. 

5.3 Control of Combustible Materials. 

5.3.1 * Plant administrative procedmes shall specifY appropri
ate requirements governing the storage, use, and handling of 
flammable and combustible liquids and flammable gases. 

5.3.1.1 * An inventoty of all temporary flammable and 
combustible materials shall be made for each fire area, identifY
ing the location, type, quantity, and fmm of the materials. 

5.3.1.2* Temporary but predictable and repetitive concenu·a
tions of flammable and combustible materials shall be consid
ered. 

5.3.1.3 Combustibles other than those that are an inherent 
part of the operation shall be resu·icted to designated storage 
compat·tments or spaces. 

5.3.1.4 Consideration shall be given to reducing the fire 
hazard by limiting the amount of combustible materials. 

5.3.1.5 The storage and use of hydrogen shall be in accord
ance with NFPA 55. 

5.3.1.6 The temporary use of wood shall be minimized. 

5.3.1.7 Plant administrative procedures shall specify that if 
wood must be used in the power block, it shall be listed 
pressure-impregnated fire-retardant lumber. 

5.3.2 Housekeeping. 

5.3.2.1 Housekeeping shall be performed in such a manner as 
to minimize the probability of fire. 

5.3.2.2 Accumulations of combustible waste material, dust, 
and debris shall be removed from the plant and it5 immediate 
vicinity at the end of each work shift or more frequently as 
necessary for safe operations. 

5.3.3 Transient Combustible Loading. 

5.3.3.1 * Plant adminisu·ative procedures shall require the 
following: 

( 1 )  The total fire loads, including temporary and permanent 
combustible loading, shall not exceed those quantities 
established for extinguishment by permanently installed 
fire protection systems and equipment. 

(2) Where limits are temporarily exceeded, the plant fire 
protection manager shall ensure that appt·opriate fire 
protection measures are provided. 

5.3.3.2 The fire protection manager or a designated represen
tative shall conduct weekly walk-through inspections to ensure 
implementation of required controls. 

5.3.3.2.1 During major maintenance operations, the 
frequency of these walk-throughs shall be increased to daily. 

5.3.3.2.2 The results of these inspections shall be documented 
and the documentation retained for a minimum of2 years. 

5.3.3.3 Vlhen the work is completed, the plant fire protection 
manager shall have the area inspected to confirm that transient 
combustible loadings have been removed from the area. 

5.3.3.3.1 Exo·a equipment shall then be returned to its proper 
location. 

5.3.3.3.2 The results of this inspection shall be documented 
and t·etained fix 2 years. 

5.3.3.4* Only noncombustible panels or flame-retardant 
tarpaulins or approved materials of equivalent fire-retardant 
characteristics shall be used. 

5.3.3.5 Any fabrics or plastic films used, other than those 
complying with 5.3.3.4, shall be certified to conform to the 
large-scale fire test described in NFPA 701. 

5.3.4 Flammable and Combustible Liquids. 

5.3.4.1 Flammable and combustible liquid storage and use 
shall be in accordance with NFPA 30. 

5.3.4.2 Where oil-burning equipment, stationary combustion 
engines, or gas turbines are used, they shall be installed and 
used in accordance with NFPA 31 or NFPA 37 as appropriate. 

5.3.4.3 Flammable and combustible liquid and gas piping 
shall be in accordance with ASME B31.1,  Power Piping, or ASME 
Boiler and Pressure Uissel Code, Section III, as applicable. 
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5.3.4.4 Hydraulic systems shall use only listed fire-resistant 
hydraulic fluids, except as specified by 5.3.4.5. 

5.3.4.5 Where unlisted hydraulic fluids must be used, they 
shall be protected by a fire suppression system. 

5.3.4.6 The ignition of leaked 01- spilled liquid shall be mini
mized by the following methods: 

( 1 ) *  Keeping the liquid fi-om contact with hot pans of the 
steam system (wall temperature greater than or equal to 
ignition temperature) ,  such as steam pipes and ducts, 
entry valve, turbine casing, reheate1� and bypass valve 

(2) Using suitable electrical equipment 
(3) Sealing the insulation of hot plant components to 

prevent liquid samration 
(4) Using concenu-ic piping 
(5) Using liquid collection systems 

5.4 Control of Ignition Sources. 

5.4.1 Plant Administrative Procedures. 

5.4.1.1 Plant administrative procedures shall require an in
plant review and prior approval of all work plans to assess 
potential fire hazard situations. 

5.4.1.2 Where potential fire hazards are determined to exist, 
special precautions shall be taken to define appropriate condi
tions under which the work is authorized. 

5.4.2 Hot Work. 

5.4.2.1 The owner m- a designated manager shall develop, 
implement, and update as necessary a welding and cutting 
safety procedure using NFPA 51 B and NFPA 241 as a guide. 

5.4.2.2 Written permission from the fire protection manager 
or a designated alternate shall be obtained before starting activ
ities involving cutting, welding, grinding, or other potential 
ignition sources. 

5.4.2.3* A permit shall not be issued until all of the following 
are accomplished: 

( 1 )  An inspection has determined that hot work can be 
conducted at the desired location. 

(2) Combustibles have been moved away or covered. 
(3) The atmosphere is nonflammable. 
( 4) A trained fire watch (with equipment) is posted for the 

duration of the work and for 30 minutes thereafter, to 
protect against sparks or hot metal starting fires. 

5.4.2.4 All cracks or openings in floors shall be covered or 
closed. 

5.4.3 Smoking. 

5.4.3.1 Smoking shall be prohibited at or in the vicinity of 
hazardous ope1·ations or combustible and flammable materials. 

5.4.3.2 "No Smoking" signs shall be posted in the areas speci
fied in 5.4.3. 1 .  

5.4.3.3 Smoking shall be permitted only in designated and 
supervised safe areas of the plant. 

5.4.3.4 Where smoking is permitted, safe receptacles shall be 
provided for smoking materials. 

5.4.4 Temporary Electrical Wiring. All temporary electrical 
wiring shall comply with the following to minimize the ignition 
of flammable materials: 
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(1)  Be kept to a minimum 
(2) Be suitable fo1- the location 
(3) Be installed and maintained in accordance with NFPA 70 

or ANSI/IEEE C2, National ElectTical Safety Code, as appro
priate 

( 4) Be arranged so that energy shall be isolated by a single 
switch 

(5) Be arranged so that energy shall be isolated when not 
needed 

5.4.5 Temporary Heating Appliances. 

5.4.5.1 Only safely installed, approved heating devices shall be 
used in all locations. 

5.4.5.2 Ample clearance shall be provided around stoves, heat
ers, and all chimney and vent connectors to pi-event ignition of 
adjacent combustible materials in accordance with NFPA 2 1 1  
(connectors and solid fuel); NFPA 54 (fuel gas appliances); and 
NFPA 31 (liquid fuel appliances). 

5.4.5.3 Refueling operations of heating equipment shall be 
conducted in an approved manner. 

5.4.5.4 Heating devices shall be situated so that they are not 
likely to overmrn. 

5.4.5.5 Temporary heating equipment, when utilized, shall be 
monitored and maintained by properly trained personnel. 

5.4.6 Open-flame or combustion-generated smoke shall not 
be used for leak testing. 

5.4.7 Plant adminisu-ative procedures shall specifY appropriate 
requirements governing the control of electrical appliances in 
all plant areas. 

5.5 Temporary Structures. 

5.5.1 Exterior Buildings. 

5.5.1.1 * Temporary buildings, trailers, and sheds, whether 
individual or grouped, shall be constmcted of noncombustible 
material and shall be separated from other su-uctures. 

5.5.1.2 Temporary buildings, u-ailers, and sheds and other 
strucmres constructed of combustible or limited-combustible 
material shall be separated from other stmctures by a mini
mum distance of 30 ft (9.1 m), unless othe1wise permitted by 
5.5.1.3. 

5.5.1.3 Where all portions of the exposed building (walls, 
roof) within 30 ft (9.1 m) of the exposure constitute a rated 
fii-e barrier, the minimum separation distance shall be permit
ted to be reduced in accordance with Table 5.5.1.3. 

Table 5.5.1.3 Minimum Separation Distances 

Exposed 
Exposing Building Exposing Building 

Building Fire Without Sprinkler with Automatic 

Barrier Rating 
Protection Sprinklers 

(hr) ft m ft m 

3 5 1 .5 0 0 
2 10 3.0 5 1 .5 

20 6.1  10 3.0 
<1 30 9.1  15 4.6 
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5.5.1.4 All exterior buildings, trailers, sheds, and other struc
tures shall have the appt·opriate type and size of portable fire 
extinguishers. 

5.5.2 Exterior Temporary Coverings. vVhere coverings are 
utilized for protection of the outdoot· storage of materials or 
equipment, the following shall apply: 

( 1 )  Only approved fire-t·etardant tarpaulins o r  other accepta
ble materials shall be used. 

(2) All framing material used to support such coverings shall 
be either noncombustible ot· fire-retardant pressure
impregnated wood. 

(3) Covered storage shall not be located within 30 ft (9.1 m) 
of any building. 

5.5.3 Interior Temporary Facilities. 

5.5.3.1 All interior temporary structures shall be constructed 
of noncombustible, limited-combustible, or fire-t·etardant 
pressure-impregnated wood. 

5.5.3.1.1 Structures constructed of noncombustible or limited
combustible materials shall be pt·otected by an automatic fire 
suppression system unless the fire hazard analysis determines 
that automatic suppression is not required. 

5.5.3.1.2 The su·ucture shall be protected by an automatic fit·e 
suppression system if the su·ucture is constructed of fire
retardant pressure-impregnated wood. 

5.5.3.2 The use of interiot· temporary coverings shall comply 
with the following criteria: 

( 1 )  Be limited to special conditions where interior temporary 
coverings are necessary 

(2) Be consu·ucted of approved fire-retardant tarpaulins 

5.5.3.3 Where framing is required, it shall be constructed of 
noncombustible, limited-combustible, or fire-retardant 
pressu re-impregnatecl wood. 

5.5.3.4 All interior temporary facilities shall have the appro
priate type and size of portable fire extinguisher. 

5.6 Impairments. 

5.6.1* A written procedure shall be established to address 
impairments to fire protection systems and features and other 
plant systems that directly affect the level of fire risk (e.g., venti
lation systems, plant emergency communication systems). 

5.6.2* Impairments to fire protection systems shall be as short 
in duration as practical. 

5.6.3* Appropriate postmaintenance testing shall be 
performed on equipment that was impaired to ensure that the 
system will function properly. 

5.6.4 Any change to the design or function of the system after 
the impairment shall be considered in establishing the testing 
requirements and shall be reflected in the appropriate design 
documents and plant procedures. 

5.7 Testing and Maintenance. 

5.7.1 Upon installation, all new fire protection systems and 
passive fire protection features shall be preoperationally inspec
ted and tested in accordance witl1 applicable NFPA standards. 

5. 7.2 Where appropriate test standards do not exist, inspec
tions and test procedures described in the pm·chase and design 
specification shall be followed. 

5.7.3* Fire protection systems and passive fire protection 
features shall be inspected, tested, and maintained in accord
ance with applicable NFPA standards, manufacturers' recom
mendations, and requirements established by those responsible 
for fire protection at the plant. 

5.7.4 Inspection, testing, and maintenance shall be performed 
using established procedures with written documentation of 
results and a program of follow-up actions on discrepancies. 

5.7.5* Consideration shall be given to the inspection, testing, 
and maintenance of non-fire protection systems and equip
ment that have a direct impact on the level of fire t·isk within 
the plant. 

5.7.6* Integrated fire protection systems shaH be tested in 
their entirety from end to encl. 

Chapter 6 Manual Fire Fighting 

6.1 Prefire Plans. 

6.1.1 Detailed prefire plans shall be developed for all site 
areas. 

6.1.2* Prefire plans shall detail the fire area configurations 
and fire hazards to be encountered in the fire area along with 
any safety-related components and fire protection systems and 
features that are present. 

6.1.3 Pre fire plans shall be reviewed and, if necessary, updated 
at least every 2 years. 

6.1.4* Prefire plans shall be available in the conu·ol room and 
made available to the plant fire brigade. 

6.2* On-Site Fire-Fighting Capability. 

6.2.1 General. 

6.2.1.1 A minimum of five plant fire brigade members shall be 
available for response at all times. 

6.2.1.2 Fire brigade members shall have no other assigned 
normal plant duties that would prevent immediate response to 
a fire or other emergency as required. 

6.2.1.3 The brigade leader and at least two brigade members 
shall have training and knowledge of plant safety-related 
systems to undet·stand the effects of fit·e and fire suppt·essants 
on safe shutdown capability. 

6.2.1.4 The fire brigade shall be notified immediately upon 
verification of a fire or fire suppression system actuation. 

6.2.2 Fire Fighter Qualifications and Requirements. 

6.2.2.1 Plant fire brigade members shall be physically quali
fied to perform the duties assigned. 

6.2.2.2 Each member shall pass an annual physical examina
tion to determine that the fire brigade member can perform 
su·enuous activity. 

6.2.2.3 The physical examination shall determine each 
member's ability to use respiratory protection equipment. 
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6.2.3 Each fire brigade member shall meet u·aining qualifica
tions as specified in Section 6.3. 

6.3 Training and Drills. 

6.3.1 Plant Fire Brigade Training. 

6.3.1.1 Plant fu·e bt·igade members shall t·eceive training 
consistent with the requirements contained in NFPA 600 or 
NFPA 1500 as appropriate. 

6.3.1.2* Fire brigade membet·s shall be given quanerly u·ain
ing and practice in fire fighting. 

6.3.1.3 A written program shall detail the fire brigade training 
program. 

6.3.1.4 Written records that include but are not limited to the 
following shall be maintained for each fire brigade member: 

( 1 )  Initial fire brigade classroom and hands-on u·aining 
(2) Refresher training 
(3) Special training schools attended 
( 4) Drill attendance records 
(5) Leadership u·aining for fire brigades 

6.3.2 Drills. 

6.3.2.1 Dri.lls shall be conducted quarterly for each shift to test 
the response capability of the fire brigade. 

6.3.2.2 Fire brigade drills shall be developed to test and chal
lenge fire brigade response, including the following: 

( 1 )  Bt·igade pet·formance as a team 
(2) Proper use of equipment 
(3) Effective use ofprefire plans 
( 4) Coot·dination with other gmups 

6.3.2.3 Fire brigade driUs shall be conducted in various plant 
areas, especially in those areas identified by the fire hazards 
analysis to be critical to plant operation and to contain signifi
cant fire hazards. 

6.3.2.4 Drill records shall be maintained detailing the drill 
scenat·io, fire brigade member response, and ability of the fire 
brigade to perform the assigned duties. 

6.3.2.5 A critique shall be held after each drill. 

6.4 Fire-Fighting Equipment. 

6.4.1 * The plant fire brigade shall be provided with equip
ment that enables it� members to adequately perform their 
assigned tasks. 

6.4.2 Fire brigade equipment shall be tested and maintained. 

6.4.3 '<\Tritten records shall be retained for review. 

6.5 Off-Site Fire Department Interface. 

6.5.1 Mutual Aid Agreement. 

6.5.1.1 A mutual aid agreement shall be offered to the local 
off-site fire depat·tment. 

6.5.1.2 Where possible, the plant fu·e protection manager and 
the off-site fire authorities shall develop a plan for their inter
face. 
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6.5.1.3 The fire protection manager also shall consult with the 
off�site fire deparunent to make plans for fire fighting and 
rescue, including assistance from other organizations, and to 
maintain these plans. 

6.5.1.4 The local off-site fire deparunent shall be invited to 
participate in an annual drill. 

6.5.2 Site-Specific Training. 

6.5.2.1 Fire fighters from the off-site fire depanment who are 
expected to respond to a fire at the plant shall be familiar 'vith 
the plant layout. 

6.5.2.2 The access routes to fires in the controlled area (to 
which access doors are locked) shall be planned in advance. 

6.5.2.3* The off�site fire depanment shall be offered instruc
tion and training in radioactive materials, radiation, and 
hazardous materials that could be present. 

6.5.3 Security and Health Physics. 

6.5.3.1 * Plant management shall designate a plant position to 
act as a liaison to the off-site fire deparunent when it responds 
to a fire or other emergency at the plant. 

6.5.3.2 Plant management shall ensure that the off-site fire 
department personnel are escorted at all times and emergency 
actions are not delayed. 

6.6 Water Drainage. The fit·e brigade shall have at its disposal 
the necessary equipment to assist with routing water from d1e 
affected area. 

6. 7 Fire-Fighting Access. 

6. 7.1 All plant areas shall be accessible for fire-fighting purpo
ses. 

6. 7.2 Prefire plans shall identify those areas of the plant that 
are locked and have limited access for either security or radio
logical control reasons. 

6.7.2.1 Provisions shall be made to allow access to the locked 
areas, including having security and health physics personnel 
respond to the fire area along with the fire brigade, if neces
sary. 

6. 7.2.2 Health physics personnel shall confer with the fire 
brigade leader to determine the safest method of access to any 
radiologically conu·olled area. 

6.8 Radiation Shielding. 

6.8.1 Full advantage shall be taken of all fixed radiation 
shielding to protect personnel responding for fire suppt·ession 
purposes. 

6.8.2 Health physics personnel shall advise the fire brigade 
leader of the best method for affot·ding radiological protection. 

6.9* Smoke and Heat Removal. If fixed ventilation systems 
are not capable of removing smoke and heat, the fire brigade 
shall utilize portable ventilation equipment. (See Section 8.4.) 
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Chapter 7 Nuclear Reactor Safety Considerations 

7.1 * General. 

7.2 Fire-Safe Shutdown Analysis (FSSA). A fire-safe shutdown 
analysis (FSSA) shall be prepared and maintained for the oper
ating life of the reactor and shall include, as a minimum, all of 
the following: 

( 1 )  Fire hazards analysis (FHA) 
(2) Safe shutdown analysis (SSA) 
(3) Internal plant examination of external fire events for 

severe accident vulnerabilities 

7.2.1 Fire Hazards Analysis. The fire hazards analysis shall 
include the criteria indicated in Section 4.4. 

7.2.2 Safe Shutdown Analysis. A safe shutdown analysis of the 
effects of a fire on those essential su·uctures, systems, and 
component� required to safely shut down the plant and main
tain it in a safe shutdown condition shall be performed, includ
ing, as a minimum, the requirement� of this section. 

7.2.2.1 A safe shutdown system available/unavailable calcula
tion or table that provides the following shall be prepared and 
maintained for each fire area: 

( 1 )  The document shall identify all safe shutdown equipment 
that is operable or inoperable due to the effects of a fire 
in that fire area. 

(2) The document shall demonsu·ate compliance with the 
requirement� of Sections 7.3 and 7.4. 

7.2.2.2* A shutdown logic diagt·am shall be available that iden
tifies the conditions necessary to achieve and maintain safe 
shutdown capability in the event of a fire and the plant feantres 
necessary to realize those conditions, including auxiliary and 
support features. 

7 .2.3 Internal Plant Examination of External Frre Events for 
Severe Accident Vulnerabilities. A risk assessment that esti
mates the potential risk from a fire in relation to the plant's 
core damage frequency shall be prepared. 

7.2.3.1 * An industry-accepted examination process shall be 
used for the risk assessment. 

7.2.3.2* An acceptable risk assessment shall demonstrate that 
the probability of core damage as a t·esult of an internal fire is 
less than 1 x J0-6 per reactot· year. 

7.2.3.3 The internal plant examination of external fire events 
for severe accident vulnerabilities shall be used to evaluate the 
level of safety of the plant and shall not be used to reduce the 
overall plant fire protection design basis. 

7.3 Design Basis Events and Requirements. 

7.3.1 Fire. 

7.3.1.1 Only one fire shall be assumed to occur at a given 
time, and for the purpose of a safe shutdown analysis, damage 
shall be a�sumed to occur immediately. 

7.3.1.2* All components, including elecu·ical cables, that are 
susceptible to fire damage in a single fire area (except primary 
containment and annulus areas) shall be assumed to be disa
bled or to be spuriously actuated, whichever is the worse case. 

7.3.1.3* A fire shall not impair safe shutdown capabil.ity inside 
primary containment or annulus areas. 

7.3.1.4 The plant shall be assumed to be operating at 
100 percent power, with all components in their normal config
uration, when a postulated fire occurs; however, the analysis 
also shall consider changes in plant configurations during all 
normal modes of operation. 

7.3.1.5 A concurrent single active component failure inde
pendent of the postulated fire shall not be assumed to occur. 

7.3.1.6 Plant accidents or severe natural phenomena shall not 
be assumed to occur concurrently witl1 a postulated fire, except 
as specified in 7.3.2. 

7.3.1.7 A loss of off-site powet· shall be assumed concurrent 
with the posntlated fire only where the safe shutdown analysis 
(including alternative shutdown) indicates the fire could 
initiate the loss of off-site powet·. 

7.3.1.8* Fire-safe shutdown components shall be capable of 
performing all the following functions in the event of the 
postulated fit·e : 

( 1 )  Achieving and maintaining subcritical reactivity condi
tions in the reactor 

(2) Maintaining the reactor coolant inventory such that plant 
safety limits are not violated 

(3) Establishing t·eactot· decay heat t·emoval to prevent fuel 
damage and to achieve and maintain cold shutdown 
conditions 

(4) Providing support functions such as process cooling and 
lubrication necessary to allow operation of the FSSD 
components 

(5) Providing direct readings of the process variables neces-
sary to perform and control the FSSD functions 

7.3.1.9 Limiting Safety Conditions. During a postfire shut
down, the fission product boundary integrity shall be main
tained within acceptable limits (e.g., fuel clad damage, rupture 
of any primary coolant boundary, or rupture of the primary 
containment boundary) . 

7.3.1.10 Spurious Signals. 

7.3.1.10.1 An evaluation of spurious signals shall be 
performed based on the following: 

( 1 )  All components shall be assumed t o  be i n  their normal 
operating positions for the particular mode of operation 
being considered by the spurious signal evaluation. 

(2) The evaluation shall consider the following cable failure 
modes: 

(a) A hot short in which individual conductors within a 
cable are shorted to individual conductors of a 
different cable such that a de-energized circuit 
might become energized by shorting to an external 
source of electrical powet· 

(b) An open circuit in which the cable failure results in 
the loss of electrical continuity 

(c) A short to ground in which a cable conductor shorts 
to grounded structures 

(d) A short circuit in which individual conductors 
within multiconductor cable short to each other 

7.3.1.10.2 Functional failure or damage modes of equipment 
and components that can spuriously operate shall be consid
ered. 
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7.3.1.11 Fire-Induced Spurious Actuation. The posmlates 
specified in 7.3. 1 . 1 1 . 1  through 7.3. 1 . 1 1.5 shall be used in the 
analysis of fire-induced spurious actuation of equipment. 

7 .3.1.11.1 FSSD capability shall not be adversely affected by 
simultaneous spurious actuation of all valves in a single high-to
low pressure interface Line where the power or control circuits 
for the valves can be damaged by a posmlated fire. 

7.3.1.11.2 For other than high-to-low pt-essme boundat-ies, 
FSSD capability shall not be adversely affected by spurious 
acmation or signal. 

7.3.1.11.3 Separate conditions shall be analyzed concurrent 
with the spurious acmation (s) or signal addressed in 7.3. 1 . 1 1 . 1  
and 7.3. 1 . 1 1.2. 

7.3.1.11.4 All automatic functions (signal, logic, etc.) fmm the 
circuits that can be damaged by the postulated fire shall be 
assumed lost or assumed to function as intended, whichever is 
the worse case. 

7.3.1.11.5 Potential spurious signals shall be analyzed in 
accordance \vith NEI 00-01,  Guidance for Post-Fin: Safe Shutdown 
Ci,-cuit Analysis. 

7.3.1.12* For the purpose of analysis for ca�es involving high
to-low pressure interface, hot shorts involving three-phase ac 
circuits shall be posmlated. 

7.3.1.13 For ungrounded de circuits, if it can be shown that 
only two hot short� of the proper polarity vvithout grounding 
could cause spurious operation, no ftu·ther evaluation shall be 
necessary, except for cases involving high-to-low pressure inter
faces. 

7.3.1.14* Circuits Associated by Common Power Supply. All 
common power supply-associated circuits of concern shall be 
isolated from FSSD circuits by coordinated circuit breakers or 
fuses. 

7.3.1.15* Circuits Associated by Common Enclosure. 

7.3.1.15.1 Protection for circuits associated by common enclo
sure shall meet the following criteria: 

( 1 )  Protection shall be demonstrated by ensuring that suita
ble electrical overcurrent pt·otection devices are provided 
for all cables. 

(2) Appropriate measures to prevent the propagation of fire, 
such as rated fire stops and seals in the raceway or enclo
sure, shall be provided. 

7.3.1.15.2 The overcurrent protection devices specified in 
7 .3.1 .15.1  ( 1 )  shall be located outside the fire area containing 
the common enclosure. 

7.3.1.16 High-Impedance Faults. 

7.3.1.16.1 A high-impedance fault shall be assumed to occur 
as a result of a fire. 

7.3.1.16.2 Evaluation of the impact of high-impedance faults 
on the ability to achieve and maintain safe shutdown shall be 
performed to demonsu·ate that sufficient capacity exists in the 
electrical protective system to preclude a u-ip of the main 
source breaker to the supply. 
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7.3.2* Seismic/Fire Interaction. 

7.3.2.1 A risk assessment that demonstrates the potential risk 
from a seismically induced fire in relationship to the plant's 
core damage frequency shall be prepared and used as follows: 

( 1 )  The assessment shall be used to evaluate the level of 
safety of the plant. 

(2) The assessment shall not be used to reduce the overall 
plant fire protection design basis. 

7.3.2.2* An industry-accepted examination process shall be 
used for the risk assessment. 

7.4 Separation Criteria. 

7.4.1 One safety division of systems that is necessary to achieve 
and maintain safe shutdown from either the control mom ot
emergency control station(s) shall be maintained free of fire 
damage by a single fire, including an exposure fire. 

7.4.2 One safety division of systems that is necessary to prevent 
the initiation of a design basis accident shall be maintained 
free of fire damage from a single fire that occurs outside the 
main conu·ol room. 

7.4.3 Redundant cables, equipment, components, and associ
ated circuit� of nuclear safety-related or safe shutdown systems 
shall be located in sepat-ate fire areas, unless othenvise permit
ted by 7.4.3.1. 

7.4.3.1 '-\There redundant system separation inside contain
ment cannot be achieved, other measures shall be permitted in 
accordance with Section 7.6 to prevent a fire from causing the 
loss of function of nuclear safety-related or safe shutdown 
systems. 

7.4.3.2 The fire barrier forming the separate fire areas speci
fied in 7.4.3 shall have a 3-hour fire rating, and automatic area
wide detection shall be installed throughout the fire areas, 
tmless all the following criteria are met: 

(1)  The fire barriers forming the fire areas shall have a mini
mum fire-resistive rating of 1 hour. 

(2) Automatic area-wide detection and suppression shall be 
installed throughout the fire areas. 

(3) Structural steel forming a part of or supporting the fire 
barriers shall be protected to provide fire resistance 
equivalent to that of the batTier. 

7.4.3.3 Strucmral steel forming a part of or supporting the fire 
barriers shall be protected to provide fire resistance equivalent 
to that of the 3-hour fire-rated barrier specified in 7.4.3.2. 

7.4.4 Fire areas separated by minimum 3-hour fire-rated ban-i
ers shall be established to separate redundant safety divisions 
and safe shutdown functions from fit-e hazards in nonsafety or 
safe shutdown-related areas of the plant. 

7.4.5 In fire areas containing components of either a nuclear 
safety-related or safe shutdown system, special attention shall 
be given to detecting and suppressing fire that can adversely 
affect the system. 

7.4.6 Measures that shall be taken to reduce the effects of a 
postulated fire in a given fire area include the following: 

( 1 )  Limiting d1e amount of combustible materials (see 
Section 5.3) 
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(2) Providing fire-rated barriers bet'ween major components 
and equipment to limit fire spread within a fire area (see 
Section 8.1) 

(3) Installing fire detection (see Section 9.8) and fixed suppres-
sion systems (see Section 9.6) 

7.5 Manual Actions. 

7.5.1 Shutdown Procedures. Procedures shall be developed 
for actions necessary to achieve FSSD. 

7 .5.2 Operator Actions. 

7.5.2.1 Operator actions necessary to achieve FSSD of the 
reactor shall meet criteria acceptable to the Al'ij. 

7.5.2.2* No credit shall be taken for operator actions required 
to effect repairs to equipment to achieve FSSD of the reactor. 

7.5.2.3 Personnel necessaty to achieve and maintain the plant 
in FSSD following a fire shall be provided from the normal on
site staff� exclusive of the fire brigade. 

7.5.2.4 The operatot· u·aining pmgram shall include 
performance-based simulator u·aining on FSSD procedures. 

7.5.2.5 Walk-through of operator actions necessary to achieve 
FSSD of the reactor shall be performed to verify d1at the 
actions are feasible and shall be integrated into the operator 
training program. 

7.5.2.6 Postfire shutdown and recovery plans shall be included 
in the station emergency preparedness plan. 

7.5.2.7 Drills and operator requalification training shall 
ensure that operations personnel are fanuliar with and can 
accomplish d1e necessary actions. 

7.5.3 Operator Access and Equipment Operation. 

7.5.3.1 Operator Access. 

7.5.3.1.1* Access routes to areas containing equipment neces
saty for safe shutdown of the reactor shall be protected from 
the effects of smoke and fire. 

7.5.3.1.2 Two separate access routes shall be provided from 
the main control room to the remote shutdown location. 

7.5.3.1.3 Emergency lighting shall be provided for the access 
routes and the remote shutdown location (see Section 8. 6). 

7 .5.3.2 Equipment Operation. 

7.5.3.2.1* Operator safety shall not be threatened by fire 
conditions while FSSD of the reactor is being implemented. 

7.5.3.2.2* Operation of equipment required to effect FSSD of 
the reactor shall not require any extraordinary actions by the 
operator. 

7.5.3.2.3 Operators (e.g., handwheels of valves that require 
manual manipulation for FSSD) shall be readily accessible. 

7.5.3.2.3.1 If the handwheel is located more than 5 ft ( 1 .5 m) 
above the floor, it shall be provided with either a chain opera
tor or a permanent platform. 

7.5.3.2.3.2 The platform shall be of sufficient size to allow the 
operator to safely perform the manual action. 

7.6 Alternative Shutdown Capability. 

7.6.1 Alternative shutdown capability provided for a specific 
fire area shall include the following: 

( 1 )  Achieving and maintaining sub critical reactivity condi-
tions in the reactor 

(2) Maintaining the reactor coolant inventoty 
(3) Achieving safe shutdown 
(4) Maintaining safe shutdown following the fire event 

7.6.2 During the postfire shutdown, the reactor coolant 
system pmcess variables shall be maintained within those values 
predicted for a loss of normal ac powet� and the fission product 
boundary integrity shall not be affected. 

7.6.3 Performance goals for reactor shutdown functions shall 
be the same as those required by 7.3.1.8. 

7.6.4 The safe shutdown circuits for each fire area shall meet 
the following critet·ia: 

( 1 )  They shall be known to be isolated from associated 
circuits in the fire area so the hot shorts, shot·ts to 
ground, open circuits, or short circuits will not prevent 
the operation of the safe shutdown equipment. 

(2) Isolation of associated circuits from the safe shutdown 
equipment shall be such that a postulated fire involving 
the associated circuits will not prevent safe shutdown or 
damage the safe shutdown components. 

Chapter 8 General Plant Design 

8.1 Plant Arrangement. 

8.1.1 Building Separation. 

8.1.1.1 In multiunit plants, each unit shall be separated from 
adjacent units by either an open space of at least 50 ft (15.2 m) 
or at least a 3-hour-rated fire barrier. 

8.1.1.2 Buildings or pot·tions thereof containing nuclear 
safety-related systems shall be separated from buildings or 
portions thereof not related to nuclear safety by barriers having 
a designated fit·e resistance rating of 3 homs. 

8.1.1.3 Buildings containing nuclear safety-related systems 
shall be permitted to be separated from buildings not related 
to nuclear safety by an open space of at least 50 ft ( 15.2 m). 

8.1.2 Fire Areas. 

8.1.2.1 Advanced light water reactor (ALWR) elecu·ic generat
ing plants shall be subdivided into separate fire at·eas to mini
mize the risk of fire spread and the resultant consequential 
damage from fire gases, smoke, heat, radioactive contamina
tion, and fire-figh ring activities. 

8.1.2.2 In addition to 8.1 .2.1 ,  d1e subdivision into fire areas 
shall allow adequate access for manual fire suppression activi
ties. 

8.1.2.3 A listed fire barrier having a fire resistance rating of at 
least 3 hours and with listed 3-hour-rated peneu·ation seals shall 
be provided as follows: 

( 1 )  To separate all contiguous buildings or portions thereof 
serving diffet·ent purposes, such as reactor containment, 
auxiliary, turbine, rad waste, conu·ol, service, administra
tion, and other occupancy areas as dictated by reactor 
design 
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(2) To separate safety-related standby emergency diesel 
generators and combustion turbines fmm each othet- and 
the rest of the plant 

(3) To separate the turbine generator lube oil conditioning 
system and lube oil storage from the turbine building and 
adjacent areas 

( 4) To separate diesel fire pumps and associated equipment 
from other pumps in the same pump house 

(5) To separate all areas with heavy concentrations of cables, 
such as cable spreading rooms, cable tunnels, cable pene
tration areas, and cable shafts or chases, including those 
within the reactor containment, from adjacent areas 

(6) To separate auxiliary boiler moms from adjacent areas 
(7) Wherever so detet-mined by the fire hazards analysis 

8.1.2.4 To prevent vertical spread of fire, stairways, elevator 
shafts, trash chutes, and other vertical shafts and plenums shall 
be enclosed with barriers having a fire resistance rating of at 
least 2 hours. 

8.1.2.5 Openings in the barriers specified in 8 . 1 .2.4 shall be 
protected with listed automatic or self-closing fire doors having 
a fire protection rating of at least 1 � hours. 

8.1.3 Openings in Fire Barriers. 

8.1.3.1 All openings in fire barriers shall be provided with fire 
door assemblies, fire dampers, penetration seals (fire stops), or 
other approved means having a fire pmtection rating consis
tent with the designated fire resistance rating of the barrier, 
unless the criterion of8.1.3.2 is met. 

8.1.3.2 Assemblies used to meet the requirements of 8.1 .3.1  
that are not listed or approved due to nuclear safety or security 
requirements shall be demonstrated to be equivalent. 

8.1.3.3 Fire door assemblies, fire dampers, and fire shutters 
used in 2-hour-rated fire barriers shall be listed as not less than 
l Y2"hour rated and shall meet the requirements of NFPA 80 for 
fire door requirements and NFPA 90A for fire damper require
ment�, unless otherwise permitted by 8.1 .3.4. 

8.1.3.4 '<\'here appmved full-scale fire tests indicate that open
ing protection is not necessary, the opening protection speci
fied in 8 . 1 .3.3 shall not be required. 

8.1.3.4.1 Windows in fire barriers, such as for a control room 
or computer room, shall be provided with a Listed or approved 
fire shutter or automatic wall curtain. 

8.1.3.4.2 Cable openings, piping openings, and building joint� 
shall be provided with fire-rated penetration seals that meet the 
requirements of ASTM E814, Standard Method fur Fire Jests of 
Penetration Fi1-estop Systems, or UL 1 479, Standard fo1· Safety Fin; 
Tests of Th?'ough-Penetmtion Fmstops. 

8.1.3.4.3 Intemal Conduit Seals. All conduits shall be sealed 
at the barrier with a fire-rated seal, if accessible. 

8.1.3.4.3.1 As an alternative to 8.1 .3.4.3, internally sealing with 
a fire-rated seal at the first break in the conduit on both sides 
of the banier shall be acceptable. 

8.1.3.4.3.2 For the configuration specified in 8 . 1 .3.4.3. 1 ,  the 
fire rating of the internal conduit seal shall be equivalent to the 
t-aring of the fit-e barrier being penetrated. 

8.1.3.4.3.3 Where approved full-scale fire tests indicate that 
internal conduit seals are not necessary, internal conduit seals 
shall not be t-equired. 
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8.1.3.4.4 All fire-rated assemblies shall be tested with a positive 
pressure in the furnace. 

8.1.3.4.5 Normally closed fire doors in fire barriers shall be 
identified with a sign indicating "Fire Door - Keep Closed." 

8.1.3.5 Design features that provide for monitoring and 
conu-ol of fire doors to ensure fire door operability and fire 
barrier integrity shall be provided, unless otherwise permitted 
by 8. 1 .3.6. 

8.1.3.6 Administrative procedures shall be permitted to be 
used instead of the design features required by 8.1 .3.5. 

8.2 Life Safety. 

8.2.1 * NFPA 101 shall be the standard for Life safety from fire 
in the design and operation of the ALWR, except where modi
fied by this standard. 

8.2.2* The m.Yority of the areas involved in the transfer of 
nuclear energy to electrical energy shall be considered as 
special-purpose indusu-ial occupancies and special-structure 
windowless buildings, as defined in NFPA 101. 

8.2.3 In determining the exits for an ALWR plant, the actual 
number of personnel and occupancy hazards during mainte
nance, refueLing, and testing shall determine the exit require
ment5 and occupant load based on NFPA 101. 

8.2.4 Cafetet-ias, lunchrooms, conference rooms, and assembly 
rooms having an occupant load greater than 50 shall conform 
to the new assembly occupancy requirements in NFPA 101. 

8.2.5 General office areas, office buildings, and u·aining facili
ties shall conform to the business occupancy requirements in 
NFPA 1 01. 

8.2.6 '-'�'arehouses and storage areas shall conform to the stor
age occupancy requirements in NFPA 101. 

8.3 Building and Construction Materials. 

8.3.1 Construction materials for the ALWR plant shall be clas
sified by at least one of the following test methods appropriate 
to the end-use configuration of the material: 

(1)  NFPA 220, Standard on Types of Building Construction 
(2) ASTM E136, StandaTd Test Method fur Behavio1· of Matm'ials 

in a Vertical Tube Furnace at 750°C 
( 3) ASTM E 119,  Standm·d 1est Methods fm· Fire 1ests of Building 

Constmction and Matmials 
( 4) NFPA 253, Standm·d Method of Test fm· Critical Radiant Flux 

of Flom· Covering Systmns Using a Radiant Heat Enmgy Sowu 
(5) NFPA 259, Standard 1est Method fM Potential Heat of Build

ing MateriaLs 
(6) UL 723, Standm·d fo1· 1est fur Swface Bttming Chamcteristics 

of Building Matm'ials 

8.3.2* All walls, floors, and structural components, except 
interior finish materials, shall be of noncombustible construc
tion. 

8.3.2.1 Interior wall or ceiling finish classification shall be in 
accordance with NFPA 101 requirements for Class A material. 

8.3.2.2 Interior floor finish classification shall be in accord
ance with NFPA 101 requirements for Class I Lnterior floor 
finish. 
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8.3.3 Thermal insulation materials, radiation shielding materi
als, ventilation duct materials, soundproofing materials, and 
suspended ceilings, including light diffusers and their supports, 
shall be noncombustible or Limited combustible. 

8.3.4 Materials 

8.3.4.1 * Noncombustible Material. (101:4.6.13] 

8.3.4.1.1 A material that complies with any of the following 
shall be considet·ed a noncombustible material: 

( 1 ) *  A material that, in the form in which it is used and under 
the conditions anticipated, will not ignite, burn, suppon 
combustion, or release flammable vapors when subjected 
to fire or heat 

(2) A material that is reported as passing A.STM E136, Stand
m·d Test Method fo1· Behavior of Materials in a Vert.ical Tube 
Furnace at 750°C 

(3) A material that is reported as complying with the pass/fail 
criteria of ASTM E136 when tested in accordance with 
the test method and procedure in ASTM E2652, Standard 
Test Method for Behavior of Materials in a Tube Furnace with a 
Cone-5haped Ai1jlow Stabilizet; at 750°C 

r 101:4.6. 13. 1 1  

8.3.4.1.2 Whet·e the term limited-combustible ts used in this 
document, it shall also include the term noncombustible. 
[101:4.6.13.21 

8.3.4.2* limited-Combustible Material. A material shall be 
considered a limited-combustible material where one of the 
following is met: 

( I )  The conditions of 8.3.4.2.1 and 8.3.4.2.2, and the condi
tions of either 8.3.4.2.3 or 8.3.4.2.2, shall be met. 

(2) The conditions of8.3.4.2.5 shall be met. r 101:4.6.141 

8.3.4.2.1 The material shall not comply with the requirements 
for noncombustible material in accordance with 8.3.4. 1 .  
[101:4.6. 14. 1 ]  

8.3.4.2.2 The material, in the form in which it is used, shall 
exhibit a potential heat value not exceeding 3500 Btu/lb (8141 
kJ/kg) where tested in accordance with NFPA 259. 
[101:4.6.14.21 

8.3.4.2.3 The material shall have the su·ucntral base of a 
noncombustible material with a surfacing not exceeding a 
thickness of Ys in. (3.2 mm) where the surfacing exhibits a 
flame spread index not greater than 50 when tested in accord
ance with ASTM E84, Standard Test Method fm· Su·rface Burning 
Characteristics of Building MateriaL�. or ANSI/UL 723, Standard for 
Test for Swface Burning Characteristics of Building Materials. 
[101:4.6. 14.31 

8.3.4.2.4 The material shall be composed of materials that, in 
the form and thickness used, neither exhibit a flame spread 
index greater than 25 nor evidence of continued progressive 
combustion when tested in accordance with ASTM E84, Stand
ard Test Method fm· Surface Burning Characteristics of Building Mate
rials, or ANSI/UL 723, Standa1·d fm· Test fo·r SU?face Burning 
Charactmistics of Building Materials, and shall be of such composi
tion that all surfaces that would be exposed by cutting through 
the material on any plane would neither exhibit a flame spread 
index greater d1an 25 not· exhibit evidence of continued 
progressive combustion when tested in accordance with ASTM 
E84 or ANSI/UL 723. r 1 01:4.6. 14.4] 

8.3.4.2.5 Materials shall be considered limited-combustible 
materials where tested in accordance with ASTM E2965, Stand
ani. Test Method fm· Determination of Low Levels of Heat Release Rate 
fm· Materials and Products Using an Oxygen Consumption Calmimtr 
ter, at an incident heat flux of 75 kW /m2 for 20-minute expo
sure and both of the following conditions are met: 

( 1 )  The peak heat release rate shall not exceed 150 HV/m2 
for longer than 10 seconds. 

(2) The total heat released shall not exceed 8 fvij/m2. 
[101:4.6.14.5] 

8.3.4.2.6 Where the tenn limited-combustible is used in this 
document, it shall also include d1e term noncombustible. 
[ 1 01:4.6.14.6] 

8.3.5 Electrical. Wiring above suspended ceilings shall be 
listed for plenum use, routed in armored cable, routed in 
metallic conduits, or routed in cable trays with solid metal top 
and bottom covers. 

8.3.6 Roof coverings shall be Class A as determined by tests. 

8.3.7 Metal roof deck construction shall be Class I as listed by 
Fact01y Mutual or fit·e acceptable as listed by UnderwTiters 
Laboratories Inc. 

8.3.8 Bulk flammable gas storage, either compressed or nyo
genic, shall not be pennitted inside structures housing safety
related systems. 

8.3.8.1 Storage of flammable gas, such as hydrogen, shall be 
located outdoors or in separate detached buildings, so that a 
fire or explosion will not adversely affect any safety-related 
systems or equipment. 

8.3.8.2* Outdoor high-pressure flammable gas storage 
containers shall be located so that the long axis is not pointing 
at the building walls. 

8.3.9 The following requirements shall apply to bulk storage 
of flammable and combustible liquids: 

( 1 )  Storage shall not be permitted inside structures housing 
safety-related systems. 

(2) A.� a minimum, the storage and use shall comply with the 
requirements of NFPA 30. 

8.4* Ventilation. 

8.4.1 * The design, installation, and operation of ventilation 
systems necessaty for normal and emergency operation of the 
plant shall be in accordance vvith NFPA 90A. 

8.4.2* Automatic damper closure or shutdown of ventilation 
systems shall be consistent wid1 nuclear safety and the safety of 
on-site personnel. 

8.4.3 Smoke removal shall be provided fot· nuclear safety-rela
ted areas of the plant, and the following criteria also shall 
apply: 

( 1 )  

(2) 

Equipment shall be suitable for removing smoke without 
damage to equipment. 
The release to the environment of smoke containing radi
oactive materials shall be monitored in accordance with 
emergency plans. 

(3) For those plants provided with complete automatic sprin
kler protection, fixed ventilation systems for the removal 
of smoke shall not be required. 
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8.4.3.1 Smoke and heat removal systems shall be provided for 
other fire areas based on the fire hazards analysis, unless other
wise permitted by 8.4.3.2. 

8.4.3.2 For those plants provided with complete automatic 
spl'i.nkler protection, fixed ventilation systems for the removal 
of smoke shall not be required. 

8.4.3.3 Smoke from nonnuclear areas shall be discharged 
directly outside to an area that will not adversely affect nuclear 
safety-related areas. 

8.4.3.4* Any ventilation system designed to exhaust poten
tially radioactive smoke or heat shall be evaluated to ensure 
that inadvertent operation or single failures will not violate the 
radiologically conu·olled areas of the plant. 

8.4.4 To facilitate manual fire fighting, smoke conu·ol shall be 
provided in high-density cable-use areas, switchgear rooms, 
diesel fuel oil storage areas, turbine buildings, and other areas 
where potential exists for heavy smoke and heat conditions as 
determined by the fire hazards analysis. 

8.4.5 The power supply and controls for mechanical ventila
tion systems used for smoke removal shall be routed outside 
the fire area served by the system or protected from fire 
damage. 

8.4.6* The fresh air supply intakes to plant areas shall be loca
ted remote from the exhaust air outlets and smoke vents of 
other fire areas. 

8.4.7 vVhere natural-convection ventilation is used, a mini
mum ratio of vent area to floor area shall be at least 1 to 200, 
except in oil hazard areas, where at least a 1-to-100 ratio shall 
be provided. 

8.4.8 Duct Systems. 

8.4.8.1 Combustible ducts, including fire-retardant types, shall 
not be used for· ventilation systems. 

8.4.8.2* Fire dampers shall be installed in accordance with 
NFPA 90A. Consideration shall be given to the velocity in the 
duct. 

8.4.8.2.1 Where full-scale fire tests that are conducted by test
ing laboratories indicate that fire dampers are not necessary to 
prevent fire spr·ead through a fire-rated barrier, fire dampers 
shall be permitted to be omitted from the fire barrier. 

8.4.8.2.2 As an alternative to fire dampers, the duct system 
shall be permitted to be enclosed or consu·ucted to provide the 
required fire barrier through acljacent areas. (Reje1· to Figuu: 
A. 8. 4. 8. 2.) 

8.4.8.3 Listed fire dampers having a rating of 1 � hours shall 
be installed where ventilation ducts penetrate fire barriers 
having a requir·ed fire r·esistance rating of 2 hours. 

8.4.8.4 Approved fire dampers having a fire protection rating 
of 3 hours shall be installed where ventilation ducts penetrate 
r·equired 3-hour fire barriers. 

8.4.8.5 Fire dampers shall be equipped for automatic closure 
by thermal release elements, and one of the following criteria 
shall be met: 

( 1 )  The fire damper shall be moun ted directly into tl1e sepa
rating wall. 
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(2) The duct shall be protected between the wall and the 
damper according to the fire resistance of the separating 
wall su·ucture. 

8.4.8.6 Fire dampers shall be designed and installed so that 
the air velocity in the ducts assist5 in closing fire dampers and 
does not preclude proper damper closure. 

8.4.8.7 Ventilation ducts containing fire dampers shall be 
pmvided witl1 access ports for ease of inspection and for 
replacement of the thermal element. 

8.4.9 Filters. 

8.4.9.1 Air entry filters shall have appmved noncombustible 
filter media that produce a minimum amount of smoke (UL 
Class 1 )  when subjected to heat. 

8.4.9.2 To decrease the fire hazard of air enu·y and oil-bath
type filters, only approved fire-resistive adhesives and oils meet
ing all of the following criteria shall be used: 

(1)  They shall be in accordance with ASTM D92, Standm·d Test 
Method fm· Flash and Fire Points by Cleveland Open Cup. 

(2) Their· flash points shall be equal to or greater than 464°F 
(2400C). 

(3) They shall not produce appreciable smoke. 

8.4.9.3 High-efficiency particulate air (HEPA) filters shall 
meet the requirements of UL 586, Standard fm· TP-St Pmfonnance 
of High-Efficiency Particulate Air Filte·r Units. 

8.4.9.4 Fixed water spray systems shall be provided for char
coal adsorber beds containing more than 100 lb (45.4 kg) of 
charcoal. 

8.4.9.5 Fire suppression systems shall be installed to protect 
filters that collect combustible material. 

8.5 Drainage. 

8.5.1 * Drainage shall be provided in all areas of the plant for 
the removal of all liquids directly to safe areas or for contain
ment in the area without adverse flooding of equipment and 
without endangering other· areas. 

8.5.2 Drainage and the prevention of equipment water 
damage shall be accomplished by one or more of the following: 

( 1 )  Floor drains 
(2) Floor trenches 
(3) Open doorways or other wall openings 
(4) Curbs for containing or directing drainage 
(5) Equipment pedestals 
(6) Pits, sumps, and sump pumps 

8.5.3 Drainage and any associated drainage facilities for a 
given area shall be sized to accommodate the volume of liquid 
produced by all of the following: 

( 1 )  The spill of the largest single container of any flammable 
or combustible liquids in the area 

(2) Where automatic suppression is provided throughout, the 
credible volume of discharge (as determined by the fire 
hazards analysis) for tl1e supp1·ession system oper·ating for· 
a period of 30 minutes 

(3)* Where automatic suppression is not provided through
out, the contents of piping systems and containers that 
are subject to failure in a fire 

( 4) Where the installation is outside, the volume of credible 
environmental factor·s such as rain and snow 
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(5) V\There automatic suppression is not provided through
out, the volume based on a manual fire-fighting flow rate 
of 500 gpm (1892.5 L/min) for a duration of 30 minutes, 
unless the fire hazards analysis demonstrates a different 
flow rate and duration 

8.5.4 Floor drainage from areas containing flammable or 
combustible liquids shall be trapped to prevent the spread of 
buming liquids beyond the fire area. 

8.5.5 vVhere gaseous fire suppression systems are installed, 
floor drains shall be provided with adequate seals, or the fire 
suppression system shall be sized to compensate for the loss of 
fire suppression agent through the drains. 

8.5.6 Drainage facilities shall be provided for outdoor oil
insulated transformers, 01· the ground shall be sloped such that 
oil spills flow away from buildings, structures, and adjacent 
transformers. 

8.5.6.1 Unless drainage from oil spills is accommodated by 
sloping the ground around transformers away from structures 
or adjacent equipment, consideration shall be given to provid
ing curbed areas or pits around transformers. 

8.5.6.2 If a layer of tmiformly graded stone is provided in the 
bottom of the curbed area or pit as a means of minimizing 
ground fires, the following shall be assessed: 

( 1 )  The sizing of the pit shall allow for the volume of the 
stone. 

(2) The design shall address the possible accumulation of 
sediment or fines in the stone. 

8.5.7 For facilities consisting of more than one generating 
unit, a curb or trench drain shall be provided on solid floors 
where the potential exists for an oil spill, such that oil released 
from the incident on one unit will not expose an adjacent unit. 

8.5.8 Water drainage from areas that might contain radioactiv
ity shall be collected, sampled, and analyzed before discharge 
to the environment. 

8.5.9 Water released during fire suppression operations in 
areas containing radioactivity shall be drained to a location that 
is acceptable for the containment of radioactive materials . 

8.6 Emergency Lighting. 

8.6.1 Emergency lighting units shall provide lighting levels as 
required in 8.6.2. 

8.6.2 The lighting units shall be sized to provide a duration of 
operation that will illuminate the egress and access routes to 
areas containing safe shutdown equipment and the equipment 
operation until all required operator actions are completed or 
until normal or emergency plant lighting can be reestablished. 

8.6.3 The illumination of means of egress shall be in accord
ance with NFPA 101 and shall include emergency Lighting and 
marking of the means of egress. 

8.6.4 The floor of the means of egress and the safe shutdown 
operations shall be illuminated to values of not less d1an 1 foot
candle measured at the floor and at safe shutdown equipment 
at all points, including the following: 

( 1 )  Angles 
(2) Intersections of corridors 
( 3) Passageways 

(4) Stairways 
(5) Landings of stairways 
(6) Exit doors 
(7) Safe shutdown equipment 
(8) Access and egress routes to safe shutdown equipment 

8.6.5 The required illumination shall be so arranged that the 
failure of any single lighting unit, such as the burning out of a 
single light bulb, will not leave any area in darkness. 

8.6.6 Suitable battery-powered hand lights shall be provided 
for emergency use by the fire brigade and other operations 
personnel required to achieve safe plant shutdown. 

8. 7 Lightning Protection. The plant shall be provided with a 
lightning protection system in accordance with NFPA 780. 

8.8 Electrical Cabling. 

8.8.1 As a minimum, combustible cable insulation andjacket
ing material shall meet the fire and flame test requirements of 
IEEE 1202, Standard fm· Rame Testing of Cables fm· Use in Cable 
Tray in Industrial and Commercial Occupancies. 

8.8.2 Meeting the requirements of IEEE 383, Standard for Type 
Test of Class IE i'.£ectric Cables, Fie ld Splices and Connections for 
Nuclear Power Generating Stations, shall not eliminate the need 
for protection as specified in this standard and the fire hazards 
analysis. 

8.8.3 Fiber optic cable insulation and jacketing material shall 
meet the fire and flame test requirements of IEEE 383, Stand
ard fm· 'Type Test of Class IE Elect1ic Cables, Field Splices and Connec
tions fm· Nuclem· Powm· Generating Stations. 

8.8.4 Group cabling shall be routed away from exposure 
hazards or protected as specified in this standard. 

8.8.4.1 Group cabling shall not be routed near sources of igni
tion. 

8.8.4.2 Group cabling shall not be routed near flammable and 
combustible liquid hazards. 

8.8.5 Cable raceways shall be used only for cables. 

8.8.6 Only metal shall be used for cable trays. 

8.8.7 Only metallic tubing shall be used for conduit, unless 
otherwise permitted by 8.8. 7 .1 .  

8.8.7.1 Nonmetallic conduit shall be permitted to be used 
with concrete encasement or for direct burial runs. 

8.8.7.2 Thin-wall metallic tubing shall not be used. 

8.8.7.3 Flexible metallic tubing shall be used only in lengths 
less than 5 ft (1 .5 m) to connect components to equipment. 

8.8.7.4 Othe1- 1-aceways shall be made of noncombustible 
materials. 

8.9* Exposure Protection. Buildings shall be protected fi·om 
exposure fires by any one of the following: 

( 1 )  Listed 3-hour fire barrier with automatic or self-closing 
fire doors having a fire protection rating of 3 hours and a 
listed peneu·ation protection rating of 3 hours 

(2) Spatial separation of at least 50 ft (15.2 m) 
(3) Exterior exposure protection 
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8.10 Electrical Systems for the Plant. The electrical design 
and installation of electrical genet·ating, conu·ol, transmission, 
distribution, and metering of electrical energy shall be provi
ded in accordance with NFPA 70 or ANSI/IEEE C2, National 
Electrical Safety Code, as applicable. 

8.11 Communications. 

8.11.1 The plant-approved voice/alarm communications 
system in accordance with NFPA 72 shall be available on a 
priority basis for fire announcements, directing the plant fire 
brigade, and fire evacuation announcements. 

8.11.2* A ponable radio communications system shall be 
provided for use by the fire brigade and other operations 
personnel required to achieve safe shutdown. 

8.11.3 The radio communications system shall not interfere 
\'lith the communications capabilities of the plant security 
force. 

8.11.4 The impact of fire damage on the communications 
systems shall be considered when fixed repeaters are installed 
to permit the use of portable radios. 

8.11.5 Repeaters shall be located such that a fire-induced fail
ure of the repeater will not also cause failure of the other 
communications systems relied on for safe shutdown. 

8.11.6* Plant control equipment shall be designed so that the 
control equipment is not susceptible to radio frequency inter
ferences from portable radios. 

8.11. 7 Preoperational tests and periodic testing shall demon
su-ate that the frequencies used for portable radio communica
tions will not affect actuation of protective relays or other 
electrical components. 

Chapter 9 General Fire Protection Systems and Equipment 

9.1 General. 

9.1.1 * A fire hazards analysis shall be conducted to determine 
the fire protection requirements for the facility. 

9.1.2* All fire protection systems, equipment, and installations 
shall be dedicated to fire protection purposes unless permitted 
by the follo,'ling: 

( l )  The requirement of 9.1 .2 shall not apply to fire protec
tion systems, equipment, and installations where in 
accordance \'lith 9.4.10. 

(2) Fire protection systems shall be permitted to be used to 
provide t·edundant backup to nucleat- safety-related 
systems provided that both the follo\'ling criteria are met: 

(a) The fire protection systems shall meet the design 
ba�is requirements of the nuclear safety-related 
systems. 

(b) Fire protection systems used in 9.1.2(2) (a) shall be 
designed to handle both functions. 

9.1.3 All fire protection equipment shall be listed or approved 
for its intended service. 

9.2 Water Supply. 

9.2.1 * The fire water supply shall be calculated on the basis of 
the largest expected flow rate for a period of 2 hours but shall 
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not be less than 300,000 gal ( 1 ,135,500 L), and the following 
criteria also shall apply: 

( 1 )  The flow rate shall be based on 500 gpm ( 1892.5 L/min) 
for manual hose streams plus the largest design demand 
of any sprinkler or fixed water spray system as determined 
in accordance \'lith this standard, with NFPA 13 or \'lith 
NFPA 15. 

(2) The fire water supply shall be capable of delivering the 
design demand specified in 9.2.1 ( l )  \'lith the hydrauli
cally least demanding portion of the fire main loop out of 
service. 

9.2.2* Two 100 percent [minimum of 300,000 gal 
( 1 , 135,500 L) each] system capacity tanks shall be installed, 
and the following shall apply: 

( 1 )  The tanks shall be interconnected such that fire pumps 
can take suction from either or both. 

(2) A failure in one tank or its piping shall not cause both 
tanks to drain. 

(3) The tanks shall be designed in accordance with NFPA 22. 
(4) Refill times for filling the water tanks shall not apply. 

9.2.3* The tanks shall not be supplied by an untreated, raw 
water source. 

9.2.4 Fire Pumps. 

9.2.4.1 Fire pmnps shall meet the requirements of NFPA 20 
and shall be automatic starting. 

9.2.4.2* Fire pumps shall be provided to ensure that 
100 percent of the flow rate capacity will be available assuming 
failure of the largest pump. 

9.2.4.3 Individual fire pump connections to the yard fire main 
loop shall be separated ,.,; th sectionalizing valves benveen 
connections, and the following criteria also shall be met: 

( 1 )  Each pump and its driver and conu·ols shall be located in 
a room separated from the remaining fire pumps by a fire 
wall with a minimum rating of 3 hours. 

(2) The fuel for the diesel fire pump(s) shall be separated so 
that it does not provide a fire source exposing nuclear 
safety-related equipment. 

9.2.4.4 A method of automatic pressure maintenance of the 
fire protection system shall be provided independent of the fire 
pumps. 

9.2.4.5 Supervis01·y signals and visible indicators required by 
NFPA 20 shall be received in the conu-ol room. 

9.3* Valve Supervision. All fire protection water supply and 
system control valves shall be under a periodic inspection 
program and shall be supervised by one of the following meth
ods: 

( 1 )  Electrical supervision with audible and visual signals in 
the main conu-ol room or another constantly attended 
location and monthly valve inspections 

(2) Locking valves in their normal position and monthly valve 
inspections with keys made available only to authorized 
pet·sonnel 

(3) Sealing valves in their normal positions and weekly valve 
inspections with this option utilized only where valves are 
located within fenced areas or under the direct control of 
the property owner 
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9.4 Yard Mains, Hydrants, and Building Standpipes. 

9.4.1 * The underground yard fire main loop shall be installed 
to furnish anticipated water requirements, and the following 
criteria also shall be met: 

( 1 )  The type of pipe and water treatment shall be design 
considerations, with tuberculation as one of the parame
ters. 

(2) Means for inspecting and flushing the systems shall be 
provided. 

9.4.2 Approved visually indicating sectional conu·ol valves 
such as postindicator valves shall be provided to isolate 
portions of the main for maintenance or repair without simul
taneously shutting off the supply to both primary and backup 
fire suppression systems. 

9.4.3 Valves shall be installed to allow isolation of outside 
hydrants from the fire main for maintenance or repair without 
interrupting the water supply to automatic or manual fire 
suppression systems. 

9.4.4* Sectional control valves shall allow maintaining inde
pendence of the individual loop around each unit, and the 
following also shall apply: 

( 1 )  For such installations, common water supplies shall also 
be penni tted to be utilized. 

(2) For multiple-reactor sites with widely separated plants 
rapproaching l mi (1 .6 km) or more],  separate yard fire 
main loops shall be used. 

9.4.5 Outside manual hose installation shall provide an ef:lec
tive hose stream to any on-site location, and the following also 
shall apply: 

( 1 )  Hydrants with individual hose gate valves shall be in
stalled approximately every 250 ft (76 m) apart on the 
yard main system. 

(2) A hose house equipped with hose and combination 
nozzle and other auxiliary equipment specified in 
NFPA 24 shall be provided at intervals of not more than 
1000 ft (305 m) along the yard main system. 

(3) Mobile means of providing hose and associated equip
ment, such as hose carts or trucks, shall be permitted in 
Lieu of hose houses, and where provided, such mobile 
equipment shall be equivalent to that supplied by three 
hose houses. 

9.4.6 One of the following criteria shall be met: 

( 1)  Threads compatible with those used by local fire depart
ments shall be provided on all hydrants, hose couplings, 
and standpipe risers. 

(2) The fit·e deparunents shall be provided with adapters that 
allow interconnection between plant equipment and the 
fire department equipment. 

9.4.7 Spt·inkler systems and manual hose station standpipes 
shall have connections to the plant underground water main so 
that a single active failure or a crack in a moderate-energy Line 
can be isolated so as not to impair both the primary and the 
backup fire suppression systems unless otherwise permitted by 
the following: 

( 1 )  Alternatively, headers fed from each end shall be permit
ted inside buildings to supply both sprinkler and stand
pipe systems, provided steel piping and fittings meeting 
the requirements of ASME B31.1,  Power Piping, are used 

for the headers (up to and including the first valve) 
supplying the sprinkler systems where such headers are 
part of the seismically analyzed hose standpipe system. 

(2) Where provided, such headers shall be considered an 
extension of the yard main system. 

(3) Each sprinkler and standpipe system shall be equipped 
with an outside screw and yoke (OS&Y) gate valve or 
other approved shutoff valve. 

9.4.8 For all power block buildings, Class III standpipe and 
hose systems shall be installed in accordance with NFPA 14. 

9.4.9 For all other buildings on site, the requirements for 
standpipe and hose systems shall be appropriate for the hazard 
being protected. 

9.4.10* The proper type of hose nozzle to be supplied to each 
area shall be based on the fire hazards analysis, and the follow
ing criteria also shall apply: 

( 1 )  The usual combination spray/straight-su·eam nozzle shall 
not be used in areas where the straight stream can cause 
unacceptable damage. 

(2) Approved, electrically safe fixed fog nozzles shall be provi-
ded at locations where high-voltage shock hazards exist. 

(3) All hose nozzles shall have shutoff capability. 

9.4.1 1  Seismic Fire Suppression Capabilities. 

9.4.11.1 * Provisions shall be made to supply water at least to 
standpipes and hose stations for manual fire suppression in all 
areas containing nuclear safety-related systems and compo
nents for safe shutdown in the event of a safe shutdown earth
quake (SSE). 

9.4.11.2 The piping system serving these hose stations shall be 
analyzed for safe shutdown and earthquake loading and shall 
be pwvided with support� that ensure pressure boundary integ
rity. 

9.4.11.3 The piping and valves for the portion of hose stand
pipe system affected by the functional requirement of 9.4. 1 1 .2 
shall, as a minimum, satisfy the requirements of ASME B31.1,  
Power Piping. 

9.4.11.4 The system shall be designed to flow a minimum of 
one Class III standpipe station in accordance with NFPA 14. 

9.4.11.5 vVhere the seismic required hose stations are cross
connected to essential seismic Category I water systems, the fire 
flow shall not degrade the essential water system requirements. 

9.5 Portable Fire Extinguishers. 

9.5.1 Portable and wheeled fire extinguishers shall be in
stalled, inspected, maintained, and tested in accordance with 
NFPA 10 unless otherwise permitted by 9.5.2. 

9.5.2 '"'here placement of extinguishers would result in 
required activities that are contrary to personnel radiological 
exposure concerns or nuclear safety-related concerns, fire 
extinguishers shall be permitted to be inspected at intervals 
greater than those specified in NFPA 10 or consideration shall 
be given to locating the extinguishers outside high-radiation 
areas. 

9.6 Fire Suppression Systems. 

9.6.1 Fire suppression systems shall be provided in all areas of 
the plant as required by the fire hazards analysis. 
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9.6.2 Except as modified in this chapter, the following NFPA 
standards shall be used: 

( l )  NFPA 1 1  
(2) NFPA 12 
(3) NFPA 13 
(4) NFPA 14 
(5) NFPA 15 
(6) NFPA 16 
(7) NFPA 17 
(8) NFPA 750 
(9) NFPA 2001 

(10) NFPA 2010 

9.6.3 The extinguishing systems chosen shall be based on the 
design parameters required as a result of the fire hazards analy
sis. 

9.6.4 Selection of extin.guishin.g agent shall be based on all of 
the following: 

( 1 )  Type m- class ofhazard 
(2) Effect of agent discharge on critical equipment including: 

(a) Thennal shock 
(b) Continued operability 
(c) Water damage 
(d) Overpt-essurization 
(e) Cleanup 

(3) Health hazards 
(4) Effectiveness of agent in suppressing fire 
(5) Cost of agent, including life-cycle costs 
(6) Availability of agent 
(7) Criticality safety 
(8) Environmental impact 

9.6.5 Each fire suppression system shall be equipped with 
approved alarming devices and shall annunciate in a constantly 
attended area. 

9. 7 Fire Alarm Systems. 

9.7.1 Fire signaling systems shall be provided in all areas of 
the plant as required by the fire hazards analysis. 

9.7.2 The requirements of this chapter shall constitute the 
minimum acceptable pwtective signaling system functions 
when used in conjunction with NFPA 72. 

9.7.3* The signaling system's initiating device and signaling 
line circuits shall provide emet-gency operation for fire detec
tion, fire alarm, and water flow alarm during a single break or a 
single ground fault. 

9.7.4 The fire signaling equipment used for fixed fire suppres
sion systems shall give audible and visual alarm and system 
trouble annunciation in the plant control room for the power 
block buildings, and the following shall apply: 

( 1 )  Local alarms shall be provided. 
(2) Other fu-e alarm signals from other buildings shall be 

permitted to annunciate at the conu-ol room or other 
locations that are constantly attended. 

9.7.5* Audible signaling appliances shall meet the following 
criteria: 

( 1)  They shall produce a distinctive sound, used for no other 
purpose. 

(2) They shall be located and installed so that the alarm can 
be heat-d above ambient noise levels. 
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9. 7.6 Plant conu·ol room or plant security personnel shall be 
trained in the operation of all fit-e signaling systems used in the 
plant, including the ability to identifY any alarm zone or fire 
protection system that is operating. 

9.7.7 Fire signaling equipment and acn1ation equipment fot
the release of fixed fire suppression systems shall be connected 
to power supply sources in accordance with the requirements 
of NFPA 72 and shall be routed outside the area to be protec
ted. 

9.7.8* Manual fire alarm boxes shall be installed as required 
by the fire hazards analysis, and the following criteria also shall 
be met: 

( 1 )  Where manual release devices are installed for the 
purpose of releasing an extinguishing agent in a fixed fire 
suppression system, the manual relea�es shall be marked 
for that purpose. 

(2) The manual release device circuits shall be routed outside 
the area protected by the fixed extinguishing system. 

9.7.9 All signals shall be permanently recorded in accordance 
with NFPA 72. 

9.8 Fire Detectors. Automatic fire detectors shall be selected 
and installed in accordance with all of the following: 

( 1 )  NFPA 72 
(2) 

(3) 

Design parameters required as a result of the fu-e hazards 
analysis of the plant area 
Additional requirements of this standard 

Chapter 10 Identification of and Protection Against Hazards 

10.1* General. 

10.1.1 The identification and selection of fire protection 
systems shall be based on the fire hazards analysis. 

10.1.2 This chapter identifies fire and explosion hazards in 
advanced light water reactor plants and specifies the protection 
criteria that shall be used unless the fire hazards analysis indi
cates otl1envise. 

10.2 Primary and Secondary Containments. 

10.2.1 Normal Operation. Fire protection for the primary 
and secondary containment areas shall be provided fix hazards 
identified by the fire hazards analysis. 

10.2.1.1 Operation of the fire protection systems shall not 
compromise the integrity of the containment ot- other safety
related systems. 

10.2.1.2 Fire protection systems in the containment areas shall 
function in conjunction witl1 total containment requirements 
such as ventilation and control of containment liquid and 
gaseous release. 

10.2.1.3 Inside primary containment, fu-e detection systems 
shall be provided for each fire hazard identified in the fire 
hazards analysis. 

10.2.1.4 The type of detection used and the location of the 
detectors shall be the most suitable for the particular type of 
fire hazard identified by the fire hazards analysis. 

10.2.1.5 A general area fit·e detection capability shall be provi
ded in the primary containment as a. backup for the hazard 
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detection described in 10.2.1 .4 by the installation of smoke or 
heat detectot-s compatible with the ,-adiation envirorunent in 
accordance with NFPA 72. 

10.2.1.6 Standpipe and hose stations shall be installed inside 
containment. Standpipe and hose stations inside containment 
shall be permitted to be connected to a high-quality water 
supply of the required quantity and pressure other than the 
fire main loop if plant-specific features prevent extending the 
fire main supply inside containment. 

10.2.1.7 For inerted primary containment, standpipe and 
hose stations shall be permitted to be placed outside the 
primary containment, with hose no longer than 100 ft 
(30.5 m), to reach any location inside the primary containment 
with a 30 ft (9.1 m) effective hose stream. 

10.2.1.8 Reactor coolant pumps with an external lubrication 
system shall be provided with an oil collection system. 

10.2.1.9 The oil collection system shall be so designed, engi
neered, and installed that failme of the oil collection system 
will not lead to a fire during normal operations or off-normal 
conditions such as accident conditions or earthquakes. 

10.2.1.10* The oil collection systems shall be capable of 
collecting oil from all potential pressurized and unpressurized 
leakage sites in the reactor coolant pump oil systems, and the 
following criteria also shall apply: 

( 1 )  Leakage shall be collected and drained to a vented closed 
container that can hold d1e entire oil system inventory. 

(2) Leakage points to be protected shall include the follow
ing, where such features exist on the reactor coolant 
pumps: 

(a) Lift pump and piping 
(b) Overflow lines 
(c) Oil cooler 
(d) Oil fill 
(e) Drain lines and plugs 
(f) Flanged connections on oil lines 
(g) Oil t-eservoirs 

(3) The drain line shall be large enough to accommodate the 
largest potential oil leak. 

10.2.2 Refueling and Maintenance. 

10.2.2.1* Management procedures and controls necessary to 
ensure fire protection for fire hazards inu-oduced during main
tenance and refueling shall be provided. 

10.2.2.2 Backup fire suppression shall be provided so that 
total reliance is not placed on a single fire suppression system. 

10.2.2.3 Self-contained breathing apparatus meeting the 
following criteria shall be provided near the containment 
enu-ance for fire-fighting and damage control personnel: 

( 1 )  The units shall be independent of any breaming appara
tus or air supply systems provided for general plant activi
ties. 

(2) The units shall be marked as emergency equipment. 

10.3 Control Room Complex. 

10.3.1 The control room complex (including kitchen, office 
spaces, etc.) shall be protected against disabling fire damage 
and shall be separated from other areas of the plant by floors, 
walls, ceilings, and roofs having a minimum fit·e resistance 
rating of 3 horu-s. 

10.3.2 Peripheral rooms in the conu-ol room complex shall 
have an automatic water-based suppression system, where 
required by the fire hazards analysis, and shall be separated 
from the control room by noncombustible construction with a 
minimum fire resistance rating of 1 hour. 

10.3.3 Ventilation system openings between the control room 
and the peripheral rooms shall have automatic smoke dampers 
installed that close on operation of the fire detection and fire 
suppression systems. 

10.3.4 Manual fire-fighting capability shall be provided for 
both of the following: 

( 1 )  Fires originating within a cabinet, console, or connecting 
cables 

(2) Exposure fires involving combustibles in the general 
room area 

10.3.5 Portable Class A and Class C fire extinguishers shall be 
located in the conu-ol room, and a fire hose station shall be 
installed outside the control room. 

10.3.6 Nozzles that are compatible with the hazards and the 
equipment in the control room shall be provided for the fire 
hose stations. 

10.3.7 The choice of nozzles shall satisfy fire-fighting ,-equire
ments and electrical safety requirements and shall minimize 
physical damage to elecu-ical equipment from hose stream 
impingement. 

10.3.8 Smoke detectors shall be provided in the conu·ol room 
complex, the elecu-ical cabinets, and the consoles. 

10.3.9 If redundant safe shutdown equipment is located in the 
same conu·ol room cabinet or console, the cabinet or console 
shall be provided with internal separation (noncombustible 
barriet-s) to Limit the damage to one safety division. 

10.3.10 Breathing appararus for the conu-ol room operators 
shall be available. 

10.3.1 1  The outside air intakes for the control room ventila
tion system shall be provided with smoke detection capability to 
alarm in the control room and enable manual isolation of the 
control room ventilation system, thus preventing smoke from 
entering d1e conu-ol room. 

10.3.12 Venting of smoke produced by a fire in the control 
room by means of the normal ventilation system shall be 
permitted to be acceptable if provision is made for isolation of 
the recirculation portion of the normal ventilation system. 

10.3.13 Manually operated venting of the control room shall 
be available to the operators. 

10.3.14 All cables that enter the control room shall terminate 
in the control room, and d1e following criteria also shall apply: 

( 1 )  No cabling shall be routed through the control room 
fi·om one area to another. 

(2) Cables in spaces underfloor and in above-ceiling spaces 
shall meet the separation criteria necessary for fire 
protection. 

10.3.15 Air-handling functions shall be ducted separately from 
cable runs in such spaces (underfloor and above ceiling, such 
spaces shall not be used as air plenums for ventilation of the 
control room) .  
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10.3.16 Fully enclosed electrical raceways located in such 
underfloor and ceiling spaces, if over 1 ft2 (0.09 m2) in cross
sectional area, shall have automatic fire suppression inside. 

10.3.17 Area automatic fire suppression shall be provided for 
underfloor and ceiling spaces if used for cable runs unless all 
cable is run in 4 in. (101.6 mm) or smaller steel conduit or 
cables are in fully enclosed raceways internally protected by 
automatic fire suppression. 

10.4 Cable Concentrations. 

1 0.4.1 Cable Spreading Room. 

10.4.1.1 The cable spreading room shall have an automatic 
fixed water-based suppt·ession system, and the following criteria 
also shall be met: 

( 1)  The location of spt·inklers or spray nozzles shall protect 
cable tray arrangements to ensure water coverage for 
areas that could present exposure fire hazards to the 
cable raceways. 

(2) Automatic sprinkler systems shall be designed for a 
density of 0.30 gpm/ft2 (12.2 L/min·m2) over the most 
remote 2500 ft2 (232.2 m2). 

10.4.1.2 Suppression systems shall be zoned to limit the area 
of protection to that which the drainage system can handle 
with any two adjacent systems acntated. 

10.4.1.3 Deluge and water spray systems shall be hydraulically 
designed with each zone calculated with the largest adjacent 
zone flowing. 

10.4.1.4 Cable spreading rooms shall be provided with all of 
the following: 

( 1 )  At least two remote and separate entrances for access by 
the fire brigade personnel 

(2) Aisle separation between tray stacks at least 3 ft (0.9 m) 
wide and 8 ft (24 m) high 

(3) Hose stations and portable fire extinguishers installed 
outside the room 

(4)* Area smoke detection 

10.4.2 Cable Ttmnels. 

10.4.2.1* Detection Systems. Cable tunnels shall be provided 
\vith smoke detection. 

10.4.2.2 Suppression Systems. 

10.4.2.2.1 Cable tunnels shall be provided with automatic 
fixed suppression systems. 

10.4.2.2.2 Automatic sprinkler systems shall be designed for a 
density of 0.30 gpm/ft2 (12.2 L/tnin·m2) for the most remote 
100 linear ft (30.5 m) of cable nmnel up to the most remote 
2500 ft2 (232.2 m2). 

10.4.2.2.3 The location of sprinklers or spray nozzles shall 
protect cable tray arrangements and possible transient combus
tibles to ensure water coverage for areas that could present 
exposure fire hazards to the cable raceways. 

10.4.2.2.4 Deluge spt-inkler systems or deluge spray systems 
shall meet the follo\ving criteria: 

( 1)  They shall be zoned to limit the area of protection to that 
which the drainage system can handle with any two adja
cent systems acmated. 
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(2) They shall be hydraulically designed with each zone 
calculated \vith the largest adjacent zone flowing. 

10.4.2.3 Cables shall be designed to allow wetting of undam
aged cables with water supplied by the fire suppression system 
without electrical faulting. 

10.4.2.4 Cable tunnels over 50 ft (15.2 m) long shall be provi
ded with all of the following: 

( 1 )  At least two remote and separate entrances for access by 
the fire brigade personnel 

(2) An aisle separation beaveen tray stacks at least 3 ft 
(0.9 m) \vide and 8 ft (2.4 m) high 

(3) Hose stations and portable fire extinguishers installed 
outside the tunnel 

10.4.3 Cable Shafts and Risers. Cable u·ay fire breaks shall be 
installed every 20 ft (6.1 m) for vertical cable trays that rise over 
30 ft (9.1 m), and the follo\ving criteria also shall be met: 

( 1 )  Access to cable shafts shall be provided every 40 ft 
(12.2 m) \vith the topmost access within 20 ft (6.1 m) of 
the cable shaft ceiling. 

(2) Automatic sprinkler protection and smoke detection shall 
be provided at the ceiling of the vertical shaft. 

10.5 Plant Computer and Communications Rooms. 
Computer and communications rooms shall meet the applica
ble requirements of NFPA 75. 

10.6 Switchgear Rooms and Relay Rooms. 

10.6.1 * Smoke detection shall be provided and shall alarm in 
both the control room and locally, and the following critet·ia 
also shall apply: 

( 1 )  

(2) 

(3) 

Cables entering the safety-related switchgear rooms shall 
terminate in the S\vitchgear room. 
The safety-related switchgear rooms shall not be used for 
other purposes. 
Fire hose stations and portable fire extinguishers shall be 
readily available outside the area. 

10.6.2* Equipment shall be located to facilitate fire fighting, 
and the following criteria also shall be met: 

( 1 )  Drains shall be provided to pt·event water accumulation 
from damaging safety-related equipment. 

(2) Remote manually actuated ventilation shall be provided 
for smoke removal when manual fire suppression is 
needed. 

10.7 Battery Rooms. 

10.7.1* Battet-y rooms shall be provided with ventilation to 
limit the concenu·ation of hydrogen to 2 percent by volume, 
and loss of ventilation shall alarm in the control room. 

10.7.2 Safety-related battet-y rooms shall be protected against 
fires and explosions, and the following criteria also shall apply: 

( 1 )  Battery rooms shall be separated fi·om other areas of the 
plant by fire barriers having a 1-hour minimum rating. 

(2) Direct current S\vitchgear and inverters shall not be loca
ted in the battery rooms. 

(3) Fire detection shall be provided. 
(4) Fire hose stations and portable fire extinguishers shall be 

available out5ide the room. 
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10.8 Thrbine Building. 

10.8.1* The turbine building shall be separated from adjacent 
su·uctures containing safety-related equipment by fire-resistive 
barriers having a minimum 3-hour rating, and the following 
criteria also shall apply: 

( 1 )  The fire barriers shall be designed so  that the barrier will 
remain in place even in the event of complete collapse of 
the turbine SUI.Icture. 

(2) Openings and penetrations shall be minimized in the fire 
ba.ITier and shall not be located where turbine oil systems 
or generator hydrogen cooling systems create a direct fire 
exposure hazard to the fire barrier. 

(3) Smoke and heat t·emoval systems shall be pmvided in 
accordance with 8.4.3. 

(4) For those plants provided with complete automatic sprin
kler protection at the roof level, smoke and heat removal 
systems shall not be required. 

10.8.2 Beneath Thrbine Generator Operating Floor. 

10.8.2.1* All areas beneath the turbine genet·ator opet·ating 
floor shall be protected by an automatic sprinkler or foam
water sprinkler system meeting the following criteria: 

( 1 )  The sprinkler system beneath the mrbine generator shall 
be designed around obsu-uctions from stt-ucmral 
members and piping. 

(2) The sprinkler system shall be designed to a mmtmum 
density of 0.30 gpm/ft2 (12.2 L/min·m2) over a minimum 
application of 5000 ft2 ( 464.5 m2). 

10.8.2.2 Foam-water sprinkler systems installed in place of 
automatic sprinklers described in 10.8.2.1 shall be designed in 
accordance with NFPA 16 and the design densities specified in 
10.8.2. 1 .  

10.8.2.3 Electrical equipment in the area covered by a water 
or foam system shall be of the enclosed type or otherwise 
protected to minimize water damage in the event of system 
operation. 

10.8.3* Turbine Generator Bearings. 

10.8.3.1 Automatic fixed suppression systems shall be provi
ded for all mrbine generator and exciter bearings. 

10.8.3.2 If closed-head water spray systems utilizing directional 
nozzles in accordance with NFPA 15 are provided, bearing 
protection shall be provided for a minimum density of 
0.30 gpm/ft2 (12.2 L/min·m2) over the protected area. 

10.8.3.3 Accidental watet· discharge on bearing points and hot 
turbine parts shall be considered. If necessary, these areas shall 
be permitted to be protected by shields and encasing insulation 
'vith metal covet·s. 

10.8.4 Lubricating oil lines above the turbine operating floor 
shall be protected with an automatic sprinkler system to a mini
mum density of 0.30 gpm/ft2 (12.2 L/min·m2) that covers 
those areas subject to oil accumulation, including the area 
\vithin the turbine lagging (skirt). 

10.8.5 Lubricating oil reservoirs and handling equipment 
shall be protected in accordance \vith 10.8.2.1. 

10.8.6 If the lubricating oil reservoir specified in 10.8.5 is 
elevated, spt·inkler protection shall be extended to protect the 
area beneath the reservoir. 

10.8.7 The follmving shall apply to protection associated with 
shaft-driven ventilation systems: 

(1)  Vllhere shaft-driven ventilation systems are not used, the 
area inside a directly connected exciter housing shall be 
protected with an automatic fire suppression system. 

(2) Where shaft-driven ventilation systems are used, an auto
matic preaction sprinkler system providing a density of 
0.30 gpm/ft2 (12.2 L/min·m2) over the entire area shall 
be provided. 

10.8.8* Clean- or dirty-oil storage areas shall be protected 
based on the fire risk evaluation, and tl1e designer shall 
include, as a minimum, the installation of fixed automatic fire 
protection systems and the ventilation and drainage t·equire
ment� in Chapter 8. 

10.8.9 Hydrogen Systems. 

10.8.9.1 * General. 

10.8.9.1.1 * Bulk hydrogen systems supplying one or more 
generators shall have automatic valves located at the supply and 
operable by "dead man"-type conu·ols at the generator fill 
point(s) or operable from the conu·ol room. 

10.8.9.1.2 As an alternative to the requirement of 10.8.9 . 1 . 1 ,  
vented guard piping shall be  permitted to be  used inside the 
building to protect runs of hydrogen piping. 

10.8.9.1.3 A flanged spool piece or equivalent arrangement 
shall be provided to facilitate the separation of hydrogen 
supply when the generator is open for maintenance. 

10.8.9.1.4 Contml room alarms shall be provided to indicate 
abnormal gas pressure, temperature, and percentage of hydro
gen in the generator. 

10.8.9.1.5 The generator hydrogen dump valve and hydrogen
detraining equipment shall meet the follo\ving criteria: 

(1)  They shall be arranged to vent directly to a safe outside 
location. 

(2) The dump valve shall be remotely operable from the 
control room or from an area accessible during a 
machine fire. 

10.8.9.1.6* An excess-flow check valve shall be provided for 
the bulk supply hydrogen piping. 

10.8.9.2 Hydrogen Seal Oil Pumps. 

10.8.9.2.1 Redundant hydrogen seal oil pumps with separate 
power supplies shall be provided for reliability of seal oil 
supply. 

10.8.9.2.2 Where feasible, electrical circuits to redundant 
pumps shall be run in buried conduit or provided with fire
retardant coating if exposed in the area of the turbine genera
tor, to minimize the possibility of loss of both pumps as a result 
of a mrbine generator fire. 

10.8.9.2.3 Hydrogen seal oil units shall be protected as 
follows: 

( 1 )  In accordance 'vith 10.8.2 
(2) By an automatic, open-head water spray system providing 

a density of 0.30 gpm/ft2 (12.2 L/min·m2) over the 
hydrogen seal area 

10.8.9.2.4 Curbing or drainage or both shall be provided for 
the hydrogen seal oil unit in accordance \vith Section 8.5. 
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10.8.9.3 Hydrogen in Safety-Related Areas. 

10.8.9.3.1 Hydrogen lines in safety-related areas shall meet 
one of the following criteria: 

( 1 )  They shall be designed to  seismic Class I requirements or 
sleeved such that the outer pipe is directly vented to the 
outside. 

(2) They shall be equipped with excess-flow valves so that, in 
case of a line break, the hydrogen concentration in the 
affected areas \viii not exceed 2 percent. 

10.8.9.3.2 Hydrogen Lines or sensing Lines containing hydro
gen shall not be piped into or through the control room. 

10.8.10 Hydraulic Control Systems. TI1e hydraulic control 
system shall use a listed fire-resistant fluid. 

10.8.11 * Lubricating Oil Systems. 

10.8.11.1 Turbine lubricating oil reservoirs shall be provided 
\vith vapor exu·actors, which shall be vented to an outside loca
tion. 

10.8.11.2 Curbing or drainage or both shall be provided for 
me turbine lubricating oil reservoir in accordance \vi th 
Section 8.5. 

10.8.11.3 All oil pipe serving the turbine generator shall be 
designed and installed to minimize the possibility of an oil fue 
in the event of severe turbine vibration. 

10.8.11.4 Piping design and installation shall include all of the 
follmving measures: 

( l )  Welded construction 
(2)* Guard pipe constntction with the pressure feed line loca

ted inside the return line or in a separate shield pipe 
drained to the oil reservoir 

(3) Routing oil piping clear of or below steam piping or 
metal parts 

( 4) Insulating witl1 impervious lagging for steam ptpmg or 
hot metal parts under or near oil piping or turbine bear
ing points 

10.8.11.5 Cable for operation of the lubricating oil pumps 
shall be protected fi·om fire exposure, and the following crite
ria also shall apply: 

( 1 )  Where feasible, elecu·ical cit·cuits to redundant pumps 
shall be mn in buried conduit. 

(2) Protection shall be permitted to consist of separation of 
cables for ac and de oil pumps or 1-hom· Hre-t·esistive 
coating (derating of cable shall be considered). 

10.9 Standby Emergency Diesel Generators and Combustion 
Thrbines. 

10.9.1 The installation and operation of standby emergency 
diesel generators and combustion turbines shall be in accord
ance \vith NFPA 37 unless othenvise permitted by 10.9.2. 

10.9.2 The requirement of 10.9.1 shall not apply to automatic 
shutdown and remote shutdown feantres, which shall be 
governed by nuclear-safety t·equit·ements. 

10.9.3 Standby emergency diesel generators and combustion 
turbines located within main plant stmcntres shall be protected 
as follows: 

( l )  They shall be protected by automatic sprinkler, \vater 
spray, or foam-water sprinkler systems. 
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(2) The sprinkler and water spray protection systems shall be 
designed for a 0.25 gpm/ft2 (10.19 L/min·m2) density 
over the entire area. 

10.9.4 Fire detection shall be provided to alarm and annunci
ate in the control mom and to alarm locally, and the following 
criteria also shall be met: 

( 1 )  Fire hose stations and ponable Hre extinguishers shall be 
located outside the area. 

(2) Drainage for fire-fighting water and means for local 
manual venting of smoke shall be provided. 

10.9.5 A day tank shall be permitted in standby emergency 
diesel generator and combustion ntrbine rooms if the day tank 
is located in a diked enclosure that has sufficient capacity to 
hold 1 1 0  percent of the contents of the day tank or is drained 
to a safe location. 

10.10 Diesel Fuel Storage and Transfer Areas. 

10.10.1 * Diesel fuel oil storage tanks shall not be located 
inside buildings containing other nuclear safety-related equip
ment, and the following critel'ia also shall apply: 

( 1 )  If aboveground tanks are used, they shall be located at 
least 50 ft (15.2 m) from any building, or if \vi thin 50 ft 
(15.2 m),  they shall be separated from the building by a 
fire barrier having a minimum 3-hour rating. 

(2) Potential oil spills shall be confined or directed away from 
buildings containing safety-related equipment. 

10.10.2 Aboveground tanks shall be provided \villi automatic 
fit·e suppression systems. 

10.11 Nuclear Safety-Related Pump Rooms. Nuclear safety
related pump rooms shall be protected by fire detection 
systems, and tl1e following criteria also shall apply: 

( 1 )  Automatic fire suppression systems shall be provided 
unless the fire hazards analysis determines mat fire 
suppression is not required. 

(2) Fire hose stations and fire extinguishers shall be readily 
accessible. 

10.12 New-Fuel Area. 

10.12.1 Fire extinguishers shall be located \vithin the new-fuel 
area, and me follmving criteria also shall be met: 

( 1 )  Fire hose stations shall be located as determined by tl1e 
fire hazards analysis to facilitate access and use for fire
fighting operations. 

(2) Fire detection systems shall be provided. 
(3) Combustible material shall be limited to the mmunum 

necessaty for operation in the new-fuel area. 

10.12.2 The storage configuration of new fuel shall always be 
maintained a5 to preclude criticality for any water density that 
could occur during fire water application. 

10.13 Spent-Fuel Pool Area. 

10.13.1 Protection for the spent-fuel pool area shall be provi
ded by fire hose stations and fire extinguishers. 

10.13.2 Fire detection shall be provided in the area. 

10.14 Rad Waste and Decontan1ination Areas. 

10.14.1 Fire barriers, Hre detection, and automatic fire 
suppression shall be provided as determined by me Hre hazards 
analysis. 
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IO.I4.2 Manual ventilation control to assist in smoke removal 
shall be provided if necessary for manual fire fighting. 

I O.I5 Safety-Related Water Tanks. 

IO.I5.I Storage tanks that supply water for fire-safe shutdown 
shall be protected fmm the effects of an exposure fire. 

IO.I5.2 Combustible materials shall not be stored next to 
these tank�. 

I O.I6 Record Storage Areas. 

IO.I6.I Record storage areas shall be located and protected in 
accordance with NFPA 232. 

IO.I6.2 Record storage areas shall not be located in safety
related areas and shall be separated from safety-related areas by 
fire barriers having a minimum 3-hour rating. 

I O.I7 Cooling Towers. 

IO.I7.I Cooling towers shall be of noncombustible or limited
combustible consn·uction. 

IO.I7.2 Cooling towers shall be located such that a fire in the 
cooling tower will not adversely affect safety-related systems or 
equipment. 

IO.I7.3 The following criteria also shall be met: 

( 1 )  Cooling towers shall be of noncombustible construction 
when the basin is used as the ultimate heat sink. 

(2) H cooling towers are of combustible construction, the 
following criteria shall be met: 

(a) They shall be protected by automatic sprinklers or 
water spray systems in accordance with NFPA 214. 

(b) They shall be located so that they do not affect 
safety-related systems or equipment in the event of a 
fire. 

I O.I8 Acetylene-Oxygen Fuel Gases. Gas cylinder storage 
locations or the fire protection systems that serve those safety
related areas shall not be in areas that contain or expose safety
t·elated equipment. 

IO.I9 Storage Areas for Ion Exchange Resins. Unused ion 
exchange resins shall not be stored in areas that contain or 
expose safety-related systems or equipment. 

I0.20 Storage Areas for Hazardous Chemicals. Hazardous 
chemicals shall not be stored in areas that contain or expose 
safety-related systems or equipment. 

I0.2I Warehouses. Automatic sprinkler protection shall be 
provided for warehouses that contain high-value equipment or 
combustible materials. 

I0.22 Fire Pump Room/House. 

I0.22.I Rooms housing diesel-driven fire pumps shall be 
protected by automatic sprinkler, water spray, or foam-water 
sprinkler systems. 

I0.22.2 If sprinkler and water spray systems are provided for 
fire pump houses, they shall be designed for a minimum 
density of 0.25 gpm/ft2 (10.19 L/min·m2) over the entire fire 
area. 

I0.23 Transformers. 

I0.23.I Buildings shall be protected from exposure fires 
involving oil-filled transformers by one of the following means: 

( 1 )  Locating the transformer casing, conservator tank, and 
cooling radiators at least 50 ft (15.2 m) from buildings 

(2) Providing a minimum 2-hour fire barrier between trans
formers as required in Figure 10.23.1(a) and Figure 
10.23.1 (b) and exposed buildings 

(3) Complying with Table 10.23.1 {See Figu·re 10.23.1(a) and 
FiguTe 10.23.1(b).} 

I0.23.l.I A minimum 1-hour fire barrier or a distance of 30 ft 
(9.1 m) shall be provided between adjacent transformers. 

I0.23.1.2 Means shall be provided to contain oil spills. 

10.23.1.3 Adjacent oil-insulated transformers contammg 
500 gal ( 1890 L) or more of oil shall be separated from each 
other by a 2-hour-rated firewall 01· by spatial separation m 
accordance with Table 10.23.1. 

10.23.1.4 v\There a firewall as described in 10.23. 1 .3 is provi
ded betw·een transformers, it shall extend at least 1 ft (0.31 m) 
above the top of the transformer casing and oil conservator 
tank and at least 2 ft (0.61 m) beyond the width of the trans
former and cooling radiators ot· to the edge of the oil contain
ment, whichever is greater. 

10.23.2 Oil-filled main, station service, and starn1p transform
ers shall be protected with automatic water spray systems in 
accordance with NFPA 15 or foam-water spray systems in 
accordance with NFPA 16. 

10.23.3 Transformers installed inside fire ar·eas contammg 
safety-related systems or equipment shall be of the dry type or 
insulated and cooled with noncombustible liquid, unless other
wise specified in 10.23.4. 

I0.23.4* Transformers filled with combustible fluid that are 
located indoors shall be enclosed in a n·ansformer vault. 

10.24 Auxiliary Boilers. 

I0.24.1 Amoliary boilers, their fuel-burning systems, combus
tion product removal systems, and related control equipment 
shall be installed and operated in accordance with NFPA 85. 

10.24.2 Oil-fired boilers or boilers using oil ignition within the 
main plant shall be protected with automatic sprinkler, water 
spray, or foam-watet· sprinkler systems covering the boiler area. 

10.24.3 Sprinkler and water spray systems shall be designed 
for a minimum density of0.25 gpm/ft2 (10.19 L/min·m2) over 
the entire area. 

Table 10.23.1 Transformer Spacing Separation Distances 

Transformer Oil Capacity 

gal 

�5000 
>5000 

L 

� 18.925 
>18.925 

Minimum (Line-of-Sight) 
Separation Without Firewall 

ft 

25 
50 

m 

7.6 
15.2 
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Provide blank 2-hour-rated wall for 
buildings within a 50ft radius of any part 
of outdoor oil-filled transformer 

Both horizontal and vertical 

r; .,,,;,, 
�o,� Tmi'"�Z:. , 

i!�:::.: �,,.!�:0 " .I�·�/ 
between all outdoor oil-filled 
transformers spaced less than 30 ft apart 

For Sl units: 1 ft; 0.3048 m. 

FIGURE 10.23.1(a) Thansformer Spacing. 

Building 

10.25 Offices, Shops, and Storage Areas. Automatic sprin
klers shall be provided for storage rooms, offices, and shops 
containing combustible materials that present an exposure to 
surrounding areas that are critical to plant operation and shall 
be so located and protected that a fire or the effects of a fire, 
including smoke, will not adversely affect any safety-related 
systems or equipment. 

10.26 Simulators. 

10.26.1 Simulators shall be provided with a fixed automatic 
suppression system. 

10.26.2 Simulators and supporting equipment shall be separa
ted from other areas by a fire barrier with a minimum 1-hour 
t·ating. 
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.So / ______._,,��� Jt 
Building Transformer 

Section A-A 

10.27 Technical Support and Emergency Response Centers. 
Technical support centet·s shall be separated from all other 
areas by fire barriers or from all other buildings by at least 50ft 
(15.2 m) and be protected by an automatic fixed suppression 
system as t·equired by the fire hazards analysis. 

10.28 Intake Structures. Intake structures shall be of noncom
bustible construction and shall be provided with automatic 
sprinklet· protection. 
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FIGURE 10.23.l(b) Transformer Spacing - Minimum Separation Distance. 
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Chapter 11 Frre Protection for the Construction Site 

11 .1  * General. Consideration of fire protection shall include 
safety to life and potential for delays in construction schedules 
and plant startup, as well as protection of propeny. 

11.2 Administration. 

11.2.1 The responsibility for fire protection for the entire site 
during the construction period shall be defined. 

11.2.2 The adminisu·ative responsibilities shall be to develop, 
implement, and periodically update as necessary the measures 
outlined in this standard. 

11.2.3 The responsibility for fire protection programs among 
various organizations on-site shall be delineated. 

1 1.2.4 The fire protection program to be followed and the 
owner's right to administration and enforcement shall be estab
lished. 

11.2.5 The fire protection program shall include a fire dsk 
evaluation of the consu·uction site and construction activities. 

11.2.6 Written procedures in accordance with Chapter 5 shall 
be established for the new construction site, including major 
construction projects in existing plants. 

1 1.2. 7* Security guard service, including recorded rounds, 
shall be provided thwugh all areas of construction during 
times when consu·uction activity is not in progress. 

11.2.8 Consu-uction schedules shall be coordinated so that the 
planned permanent fire protection systems are installed and 
placed in service. 

11.2.9 Consu·uction and installation of fire barriers and fire 
doors shall be given p1·iority in the construction schedule. 

11.3 Site Clearing and Construction Equipment. 

11.3.1 Site Clearing. 

11.3.1.1 P1·ior to clearing forest and brush-covered areas, the 
following actions shall be taken: 

( 1)  The owner shall ensure that a written fire control plan is 
prepared and that fire-fighting tools and equipment are 
made available as required by NFPA 1 1 43. 

(2) Contact shall be made with local fu·e and forest agencies 
for current data on restrictions and fire potential and to 
arrange for necessary permits. 

11.3.1.2 The following shall apply to all construction vehicles 
and engine-driven portable equipment: 

( 1 )  They shall be equipped with effective spark arresters. 
(2) Vehicles equipped with catalytic converters shall be 

prohibited from wooded and heavily vegetated areas. 

11.3.1.3 Fi1·e tools and equipment shall be distinctly marked 
and used for fire emergencies only. 

11.3.1.4 Each site utility vehicle shall be equipped with at least 
one fire-fighting tool, portable fit-e extinguisher, or backpack 
pump filled with 4 gal to 5 gal (15 L to 19 L) of water. 

11.3.1.5 Cut trees, bmsh, and other combustible spoil shall be 
disposed of. 

1 1.3.1.6* Where it is necessary to dispose of combustible waste 
by on-site burning, designated burning areas shall be estab-
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lished with the approval of the owner and shall be in compli
ance with fede1·al, state, and local regulations and guidelines. 
The con tractor shall coordinate burning with the agencies 
responsible for monitoring fire danger in the area and shall 
obtain all appropriate permits prior to the stan of work. 

11 .4 Construction Warehouses, Shops, and Offices. 

1 1.4.1 All structures that are to be retained as part of the 
completed plant shall be consu·ucted of materials as indicated 
in Chapter 10 and in accordance with other applicable sections 
in this standard. 

11.4.2* Construction warehouses, offices, trailers, sheds, and 
other facilities for the storage of tools and materials shall be 
located with consideration of their exposure to m,Yor plant 
buildings o1· othe1· imponant su·uctures. 

11 .4.3* A fire risk evaluation shall be performed. 

11 .4.4 Warehouses that contain high-value equipment (as 
defined by the individual 1·esponsible for fire p1·evention and 
fire protection) or contents the loss of which or damage to 
would cause a delay in startup dates of the completed plant 
shall meet the following criteria: 

( 1 )  They shall be arranged and protected as indicated in 
1 1 .4.4.1 th1·ough 1 1 .4.4.4. 

(2) Although some of these structures are considered to be 
temporal)' and will  be removed on completion of the 
plant, the fire and loss potential shall be evaluated and 
protection provided where warranted. 

11.4.4.1 Building construction materials shall be noncombus
tible or limited-combustible. 

11.4.4.2 Automatic sprinkler systems shall be designed and 
installed in accordance with NFPA 13. 

1 1.4.4.3 Waterflow alarms shall be provided and located so as 
to be monitored at a constantly attended location as deter
mined by the individual responsible for fire protection. 

1 1.4.4.4* Air-supported su·uctures shall be used only for the 
storage of noncom bustibles. 

1 1.4.5 Temporal)' enclosures, including trailers, inside perma
nent plant buildings shall be prohibited except where permit
ted by tl1e individual responsible for fire prevention and fire 
protection. 

11.4.6 Where tl1e floor area of a combmtible enclosure 
exceeds 100 ft.2 (9.29 m2) o1· where the occupancy presents a 
fire exposure, the enclosure shall be protected with an 
approved automatic fire suppression system. 

11.4.7 StOI'age of construction materials, equipment, 01· 
supplies that are either combustible or in combustible packag
ing shall be prohibited in main plant buildings unless either of 
the following conditions exists: 

(1)  An approved automatic fire suppression system is in serv
ice in the storage area. 

(2) Loss of the materials or loss to the surrounding plant area 
would be minimal, as determined by the individual 
1·esponsible for fire prevention and fu·e protection. 

11.4.8 Construction areas that comprise mobile buildings 
arranged with the buildings adjoining each other to form one 
large fire area shall be avoided. 
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1 1.4.9 If buildings cannot be separated, fire walls shall be 
installed between units or automatic sprinklers shall be provi
ded throughout the buildings. 

11.4.10 Fire alarms shall be connected to a constantly atten
ded central location. 

11.4.11 The handling, storage, and dispensing of flammable 
Liquids and gases shall meet the requirements of NFPA 30 and 
NFPA 58. 

11.4.12 Vehicle repair facilities shall meet the requirements of 
NFPA 30A. 

11.5 Construction Site Lay-Down Areas. 

11.5.1 Fire hydrant systems with an approved water supply 
shall be provided in lay-down areas where the need is deter
mined by the individual responsible for fu·e prevention and fire 
protection. 

11.5.2 Combustible materials shall be separated by a clear 
space to allow access for manual fire-fighting equipment. 

11.5.3 Access shall be provided and maintained to all fire
fighting equipment, including fire hoses, extinguishers, and 
hydrants. 

11.6 Temporary Construction Materials. 

11.6.1* Noncombustible or fire-retardant scaffolds, formwork, 
decking, and partitions shall be used both inside and outside 
permanent buildings where a fire could cause substantial 
damage or delay construction schedules. 

1 1.6.2* The use of listed pressm·e-impregnated fire-retardant 
lumber or listed fire-retardant coatings shall be provided. 

11.6.3 Tarpaulins (fabrics) and plastic films shall be certified 
to conform to the weather-t·esistant and fire-t·etardant materials 
described in NFPA 701. 

1 1.6.4 V\ihere it is necessary to store new nuclear fuel in areas 
other than the permanent storage facilities, a written proce
dure shall be developed to address separation from the follow
ing: 

( 1 )  Combustible materials 
(2) Security 
(3) Nuclear criticality 
( 4) Packing material 
(5) Noncombustible or limited-combustible building materi-

als 
(6) Standpipe 
(7) Portable fu·e extinguishers 
(8) Hydrant protection 

11.7 Water Supplies, Supply Mains, and Hydrants. 

11.7.1* General. The permanent underground yard system, 
fit·e hydrants, and watet· supply (at least one water source) ,  as 
indicated in Chapter 10, shall be installed during the early 
stages of consu·uction. 

11.  7.1.1 V\ihere p1·ovision of all or part of the permanent 
underground system and water supply is not practical, tempo
rary systems shall be provided. 

11.7.1.2 Temporary water supplies shall be hydrostatically 
tested, flushed, and arranged to maintain a high degree of reli
ability, including protection from freezing and loss of power. 

11.7.2 Hydrants shall be installed as specified in 1 1 .7.2.1 and 
1 1 .7.2.2. 

11.7.2.1 Hydrants shall be installed in the vicinity of main 
plant buildings, important vvarehouses, office or storage trailer 
complexes, and outside structures with combustible consULic
tion or combustible concrete formwork (e.g., cooling towers). 

1 1.7.2.2 The underground main shall be arranged to mini
mize the possibility that any one break will remove from service 
any fixed water extinguishing system or leave any area without 
accessible hydrant protection. 

1 1.7.3 A fire protection water supply shall be provided on the 
construction site and shall be capable of fi.lrnishing the larger 
of the following for a minimum 2-hour duration: 

( 1 )  500 gpm ( 1892.5 L/min) 
(2) The in-service fixed water extinguishing system with the 

highest watet· demand and 500 gpm ( 1892.5 L/min) for 
hose su·eams 

1 1.7.3.1 The highest water demand shall be determined by 
the hazards present at the stage of construction, which might 
not correspond with the highest \vater demand of the comple
ted plant. 

1 1.7.3.2�' As fixed \\latet· extinguishing systems are completed, 
they shall be placed in service, even when the available 
construction phase fire protection \vater supply is not able to 
meet tl1e designed system demand, and the following o·iteria 
shall be met: 

(1)  V\Then the permanent hazard is  inu·oduced, the water 
supply shall be capable of providing the designed system 
demand. 

(2) Whet·e consu·uction water is used in permanent systems, 
adequate strainers shall be provided to prevent clogging 
of the system by foreign objects and dirt. 

1 1.7.3.3 The water supply shall provide the required pressure 
for hose connections at the highest elevation. 

11.8 Manual Fire-Fighting Equipment. 

11.8.1 * Fire-fighting equipment shall be provided in accord
ance with NFPA 600 and NFPA 241. 

11.8.2 Portable fire extinguishers of the required capacity 
shall be provided in accordance with NFPA 10 where one ot· 
more of the following conditions exist: 

( 1 )  Flammable liquids are stored or handled. 
(2) Combustible materials are stored. 
(3) Temporary oil- or gas-fired equipment is used. 
( 4) A tar or asphalt kettle is used. 
(5) Welding or open flames are in use. 

11 .8.3* A standpipe system shall be provided in any perma
nent building that has walls erected that are equivalent to two 
floors in height. 

11.8.3.1 Additional standpipe hose connections shall be 
added to each floor level as soon as sufficient landings at·e avail
able to fight fires from that level. 

11.8.3.2 Protection from freezing shall be provided. 

1 1.8.4 Hoses and nozzles shall be available at strategic loca
tions, such as inside hose cabinets or hose houses or on dedica
ted fu·e response vehicles. 
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11.8.5 If fire hose connections are not compatible with local 
fire-fighting equipment, adapters shall be made available. 

Annex A Explanatory Material 

Annex A is not a pm·t of the t·equi-rements of this NFPA document but is 
included fm· infonnational jnnposes only. This annex contains explan
atm)' mate-rial, numbered to cmTespond with the applicable text pa-ra
graphs. 

A.l.l This standard does not address water-moderated or 
water-cooled nuclear reactors used for training, testing, experi
mental purposes or the production of special nuclear materials 
as defined in the Atomic Energy Act of 1954, as amended. 
Refer to NFPA 801. 

This standard does not address light water nuclear power 
plants vvith construction permits issued prior to January 1 ,  
1979. 

An advanced nuclear reactor elecu·ic generator station that 
has opted to use a risk-informed, performance-based approach 
to fire protection will use NFPA 806 to determine the accepta
bility of that change. 

A.3.2.1 Approved. The National Fire Protection Association 
does not approve, inspect, ot· certify any installations, proce
dures, equipment, or materials; nor does it approve or evaluate 
testing laboratories. In determining the acceptability of installa
tions, procedures, equipment, or materials, the authority 
having jurisdiction may base acceptance on compliance with 
NFPA or other appropriate standards. In the absence of such 
standards, said authority may require evidence of proper instal
lation, procedure, or use. The authority having jurisdiction 
may also refer to the listings or labeling practices of an organi
zation that is concerned with pmduct evaluations and is thus in 
a position to determine compliance with appropriate standards 
for the current production oflisted items. 

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase 
"authority having jurisdiction," or its acronym AHJ, is used in 
NFPA documents in a broad manner, since jurisdictions and 
approval agencies vary, as do their responsibilities. Where 
public safety is primary, the authority having jmisdiction may 
be a federal, state, local, or other regional department or indi
vidual such as a fit·e chief; fire marshal; chief of a fire preven
tion bureau, labor department, or health department; building 
official; electrical inspector; or others having statutory author
ity. For insurance pm·poses, an insurance inspection depart
ment, rating bureau, or other insurance company 
representative may be the authority having jurisdiction. In 
many circumstances, the pt·operty owner or his or her designa
ted agent assumes the role of the authority having jurisdiction; 
at government installations, the commanding officer or depart
mental official may be the authority havingjurisdiction. 

A.3.2.4 Listed. The means for identifYing listed equipment 
may vary for each organization concerned with product evalua
tion; some organizations do not recognize equipment as listed 
unless it is also labeled. The authority having jurisdiction 
should utilize the system employed by the listing organization 
to identifY a listed product. 

A.3.3.1 Advanced Light Water Reactors (ALWRs). The two 
types of reactors follow: 

( 1 )  Evolutionary plants, which are simplet� improved versions 
of conventional designs employing active safety systems. 
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(2) Revolutionary plants, which are the result of a complete 
rethinking of the design philosophy of conventional 
plants. Revolutionary plants currently being proposed 
replace mechanical safe shutdown systems with passive 
features that rely on physical properties such as natural 
circulation, gravity flow, and heat sink capabilities. 

Principal examples of evolutionary plant design include the 
General Electric advanced boiling water reactor (ABWR), tl1e 
Westinghouse advanced pressurized water reactor (APWR), 
and the Asea Brown Boveri-Combustion Engineering System 
80+ reactor. Principal examples of revolutionary plant design 
include the General Elecu·ic simplified boiling water reactor 
(SBWR) and the Westinghouse AP-600. 

A.3.3.3 Associated Circuits of Concern. These circuits can 
have any of the following characteristics: 

(1)  Type I. A common power source with a required circuit in 
which tl1e power source is not elecu·ically protected from 
the nonrequired circuit by coordinated circuit breakers, 
fuses, ot· similar devices 

(2) Type II. A connection to equipment whose spurious opera
tion could adversely affect safe shutdown capability 

(3) Type III. A common enclosme (e.g., cable tray, conduit, 
panel, or junction box) with a required circuit and either 
of tl1e following: 

(a) Is not elecu·ically protected by circuit breakers, 
fuses, or similar devices 

(b) Could allow pwpagation of fire into the common 
enclosure 

A.3.3.8 Defense-in-Depth. None of the fire protection 
defense-in-depth elements is complete by itself. Strengthening 
any defense-in-depth element can compensate for known or 
unknown weaknesses in the other factors. 

A.3.3.9 Fire Area. The definition provided in Chapter 3 is the 
preferred NFPA definition. For t11e purposes of t11is standard, 
the following definition is more specific as to how t11is term is 
used: That portion of a building or plant sufficiently bounded 
to withstand the fire hazards associated with the area and, as 
necessary, to protect important equipment within the area 
from a fire outside tl1e area. f805, 2020] 

A.3.3.10 Fire Area Subdivision. The term fi-re zone typically has 
been used to address botl1 portions of fire areas and divisions 
of suppression and detection systems. To provide clarity, this 
standard uses two separate terms: fi-re a-rea subdivision and fit1J 
zone. It should be noted that there might be ca�es in which 
these two tenns could be describing the same location. An 
example might include a pump bay with concrete barriers (but 
without all penetrations sealed) tl1at is protected by its own 
sprinklet· system and the detection system that annunciates an 
alarm specifically for t11e pump bay. It would be acceptable to 
describe such a location as both a fire area subdivision and a 
fit·e zone. 

A.3.3.17 Fire Resistance Rating. The test method is used in 
ASTM E l 19, Standani. Test Methorl5 fm· Fit·e Tests of Building 
Constntction and Matnials. 

A.3.3.22 Fire-Safe Shutdown Component. Such components 
are not necessarily nuclear safety related. 

A.3.3.23 First Break. The first break could be a conduit, a 
pull box, a junction box, or an elecu·ical panel at tl1e equip
ment or open ended with cables exiting into a u·ay. 
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A.3.3.28 High-Low Pressure Interface. Fire-induced faults on 
the valve(s) circuitry can cause the loss of the ability to close 
the valve(s) or the spurious opening of the valve(s), thereby 
inducing a loss-of-coolant accident or overpressurization of the 
low-pressure system. 

A.3.3.29 Industrial Fire Brigade. Fire brigades can be staffed 
by shift personnel with collateral responsibilities or by person
nel whose primary responsibility is fir-e-fighting activities (a 
plant fire department). 

A.3.3.33 Nuclear Safety Function. These guidelines can be 
found in 10 CFR 100, "Reactor Site Criteria." 

A.3.3.34 Nuclear Safety Related. These guidelines can be 
found in 10 CFR 100, "Reactor Site Criteria." 

A.3.3.36 Power Block. Examples of power block su·uctures 
are containment building, auxiliary building, service building, 
control building, fuel building, rad waste, water treaunent, 
turbine building, and intake structure. 

A.3.3.39 Safety Division. The terms division, tmin, and separa
tion gnrup are interchangeable when used in the context of this 
definition. 

A.3.3.40 Spurious Operation. These operations include but 
are not limited to the following: 

( 1 )  Opening or closing of normally closed o r  open valves 
(2) Starting or stopping of pumps or motors 
(3) Actuation of logic circuits 
( 4) Inaccurate insu·ument reading 

A.4.1 This chapter establishes the criteria for an integrated 
combination of components, procedures, and personnel to 
carry out all activities involved in the fire protection program. 
It includes system and facility design, fire prevention, fire 
detection, notification, confinement, suppression, administra
tive conu·ols, fire brigade organization, inspection and mainte
nance, training, quality assurance, and testing. The intent of 
this chapter can be met by incorporating the features of this 
chapter in the safety analysis reports, operating procedmes, 
program manual, policy documents, and other verifiable 
records as plant management determines. 

A.4.4 V\There any of the analyses in Section 4.4 have been 
performed elsewhere, they need only to be referenced as part 
of the fire hazards analysis. 

A.4.4.2(2) A subdivision inventory or table should be 
prepared and maintained for each fire area. All in situ combus
tible and flammable materials and their configurations should 
be identified. V\There the in situ combustibles present an expo
sure to nuclear safety-related systems and components, they 
should be uniquely identified. Transient combustibles that are 
expected to be in place during normal plant-operating modes 
also should be identified. The combustible storage areas 
should not present a threat to nuclear safety-related systems 
and components. 

A.4.6.1(2) Inspections, tests, adminisu·ative controls, fire drills, 
and u·aining that govem the fire pmtection pr·ogr·am should be 
prescribed by documented instructions, procedures, or draw
ings and should be accomplished in accordance with those 
documents. 

A.4.6.1 (3) Measures should be established to ensure that 
purchased material, equipment, and services conform to the 
procurement documents. 
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A.4.6.1 (4) A program for independent inspection of activities 
affecting fire protection should be established and executed by 
or for the organization performing the activity to verify 
conformance with documented installation drawings and test 
procedures for accomplishing the activities. 

A.4.6.1(5) A test program should be established and imple
mented to ensure that testing is performed and verified by 
inspection and audit to demonsu·ate conformance with design 
and system readiness requirements. The tests should be 
performed in accordance with written test procedures, and test 
results should be properly evaluated and acted on. 

A.4.6.1 (6) Measures should be established to provide for the 
identification of items that have satisfactorily passed necessary 
tests and inspections. 

A.4.6.1 (7) Measmes should be established to conu·ol items 
that do not conform to specified requirements to prevent inad
vertent use or installation. 

A.4.6.1 (8) Measmes should be established to ensme that 
conditions adverse to fire protection, such as failures, malfunc
tions, deficiencies, deviations, defective components, uncon
trolled combustible material, and noncon.formances, are 
promptly identified, reported, and corrected. 

A.4.6.1(9) Records should be prepared and maintained to 
furnish evidence that the criteria enumerated in 4.6.1 are 
being met for activities affecting the fire protection program. 

A.4.6.1(10) Audits should be conducted and documented to 
verify compliance with the fire protection program, including 
design and procurement documents, instructions, procedures 
and drawings, and inspection and test activities. 

A.5.1 This chapter sets forth the minimum requirements 
necessary for adminisu·ative controls and fire prevention activi
ties. It applies to both normal operating modes and extended 
plant outages when fuel is removed fi·om the reactor. However, 
additional requirement� might be necessary during outages. 

Plant outages can o·eate conditions not specifically 
addressed by the administrative conu·ols and fire prevention 
practices established in Chapter 5. Fire protection personnel 
should participate in outage planning to determine if unusual 
challenges will be presented to the fire protection program. 
Plans should be developed to address conditions not covered 
by existing procedures. In addition, exu·a vigilance to adher
ence to adminisu·ative conu·ols is important during outages. 
The amount of work activities occurring during outages increa
ses tl1e risk of fire during tl1is time. 

A.5.3.1 Combustible materials in both large and small concen
trations wi.ll be present in nuclear power plants, as in most 
other industrial plant.�, and it should be asswned that 
outbreaks of fire occur for a variety of reasons. 

A.5.3.1.1 Typical examples of flammable and combustible 
materials found in a nuclear power plant include the following: 

( 1 )  Conventional fuels for emergency power units, auxiliary 
boilers, and so for·th 

(2) Lubricants and hydraulic oils 
(3) Insulating materials (thermal and elecu·ic) 
(4) Building materials (including PVC and other plastics) 
(5) Filtering materials (oil-bath filters, charcoal, etc.) 
(6) Cleansing materials 
(7) Paints and solvents 
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(8) Packaging materials (bitumen, etc.) 
(9) Neutmn shields (if organic materials) 

(10) Clothing 

Typical examples of flammable gases found in a nuclear 
power plant include the following: 

( 1 )  Hydrogen for generator cooling, for coolant conditioning 
of pressurized water and gas-cooled reactors, and from 
battery charging 

(2) Propane or other fuel gases 
(3) Hydrogen (H2) by radiolysis in the cot·e and addition of 

H2 for improved recombination 
( 4) Gas for cutting and welding 
(5) Oxygen (02) (not a flammable gas, but an oxidizer, 

which requires similar controls) 

Typical examples of radioactive substances external to the 
reactor include the following: 

( 1 )  Sealed radioactive materials, such as irradiated or 
plutonium-containing fuel elements, irradiated control 
rods, neutron sources, and so forth 

(2) Unsealed radioactive material, such as ion exchanger 
fillings and filter cartridges that have become loaded with 
radioactive substances, rad waste materials, and so forth 

(3) Dry low-level radioactive waste 

A.5.3.1.2 Typical examples include the following: 

( 1 )  Replacement oflubricating or hydraulic oils 
(2) Repainting equipment or stmctw·es 
(3) Replacement of combustible filter materials 
(4) Scaffolding or dunnage necessary to maintain or replace 

equipment 
(5) Spare equipment in shipping crates or boxes awaiting 

installation 

A.5.3.3.1 The control of temporary fire loads in the plant is 
essential to provide defense-in-depth protection. This includes 
controlling the use of temporary buildings, including trailers, 
shacks, or shanties within the confines of the plant; the use of 
noncombustible scaffolds, formwork, decking, and partitions 
both inside and outside permanent buildings; and the use of 
noncombustible tat·paulins. 

All combustible packing containers should be removed from 
the area immediately following unpacking. No such combusti
ble material should be left unattended dw·ing lunch breaks, 
shift changes, or other similar periods. Loose combustible 
packing material such as wood or paper excelsior, polyethylene 
sheeting, or expanded polystyrene should be placed in metal 
containers with tight-fitting, self-closing metal covers. 

A.5.3.3.4 Particular attention should be given to the conu·ol of 
halogenated pla5tics. 

A.5.3.4.6(1) Oil pipes should be located below steam lines. 

A.5.4.2.3 If welding operations have been conducted during 
the previous work period, the oncoming watchperson should 
be alerted to check the location where welding was done, as 
part of regular rounds. vVhere watch service is not provided, 
use of gas-operated welding ot· cutting equipment should be 
discontinued a minimum of 1 hour before quitting time. 
vVhere practical, work should be moved to a safe location to be 
welded. Torches should not be used to cut holes in walls, floors, 
ceilings, or roofs containing combustible insulation, framing, 
sheathing, or finished material. 
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A.5.5.1.1 Grouped noncombustible buildings, trailers, and 
sheds with separation between individual units less than that 
specified by NFPA SOA or grouped combustible or limited
combustible buildings, trailers, or sheds with separation 
between individual units less than 30 ft (9.1 m) should be 
considered as a single building. (See NFPA 80A.) 

A.5.6.1 The impairment procedure should include all of the 
following: 

( 1 )  Identification of equipment that is not available for serv
tce 

(2) List of those to be notified of impairments (e.g., opera
tions personnel, plant fire brigade personnel, insurance 
company) 

(3) Compensatory measures (e.g., increased surveillance on 
other systems, fire watch pau·ols) 

(4) Target durations for impaired equipment (e.g., escalation 
of management attention to impaired equipment to 
ensure prompt corrective action) 

(5) Consideration of plant stams (e.g., compensatot·y meas
ures that can be relaxed for impairment of certain 
systems during outage conditions) 

This list can be modified as needed to include site-specific 
actions or regulatory commitments. 

v\Thile impairments to fire protection systems protecting 
both safe shutdown areas and balance of plant areas are to be 
included in the procedure, there might be differences in vari
ous aspects of the programs (e.g., compensatory measures 
might be more stringent fot· impaired systems protecting safe 
shutdown equipment). 

A.5.6.2 '"Then impairments are planned, the necessary equip
ment and pet·sonnel for the repair or service should be staged 
in advance. \<\Then the impairment is unplanned, those respon
sible for fire protection should ensure that the repair is given 
the appmpriate priot·ity and should bt·ing delays in repair to 
management's attention. 

A.5.6.3 Postmaintenance testing of a system prior to return to 
service aftet· an impairment is critical to ensure pmper func
tioning. This is not necessary in cases where there was no acmal 
repair or modification work performed on the impaired 
system. The appropriate level of testing should be established 
by those most knowledgeable of the impaired system. 
Section 5.7 and the appropriate NFPA standard addressing the 
type of system impaired should be used in consideration of the 
type of postmaintenance testing that is necessary. 

A.5.7.3 Normally NFPA standards are used to determine the 
frequency and type of inspection, testing, and maintenance 
performed on systems installed for fire protection. Table 
A5.7.3 is provided as a reference for this purpose. However, 
thet·e are considerations and configurations at nuclear power 
plants that might make it difficult or impracticable to follow 
the exact requirements of the NFPA standard. In such situa
tions, those responsible for fire protection at the plant need to 
establish the appropriate inspection, testing, and maintenance 
frequency and type. For example, fire protection systems in
stalled in containment or high-radiation area� might be accessi
ble only during outages. Water disposal considerations might 
limit certain sprinkler system tests within radioactive controlled 
areas. 
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Table A.5.7.3 Reference Guide for Frre Equipment Inspection, 
Testing, and Maintenance 

Item 

Supervisory and fire alarm circuits 
Fire detectors 
Manual fire alarms 
Sprinkler water flow alarms 
Sprinkler and water spray systems 
Foam systems 
Halogenated agent, chemical, and 

C02 systems 
Fire pumps and booster pumps 
'"Tater tanks and alarms 
PIVs and OS&Y valves 
Fire hose and standpipes 
Portable fire extinguishers and 

hose nozzles 
Fire doors 
Smoke vents 
Emergency lighting 
Radio communication equipment 
Audible and visual signals 

NFPA Document 

72 
72 
72 

25, 72 
15, 25 
1 1 ,  16 

12, 12A, 17 

20 
22, 25, 72 

25, 72 
14, 1962 
10, 1962 

80 
204 
70 

1221 
72 

A.5.7.5 Certain plant systems and equipment, including the 
turbine generator, u·ansformet·s, large pumps, and so forth, will 
have a significant impact on the level of fire risk at a plant. 
'"Thile typically there are programs in place to perform inspec
tions, tests, and maintenance of these systems, those responsi
ble for fire protection should ensure that such inspections, 
tests, and maintenance are adequate to minimize the fire risk. 

A.5. 7.6 Fire protection systems should be tested in accot·dance 
with NFPA 4 or equivalent standard. 

A.6.1.2 Water drainage methods should be reviewed and 
included in the area's prefi.re plans. 

A.6.1.4 Consideration should be given to providing prefit·e 
plans to public fire deparunents that might respond to the site, 
to a�sist them in the development of the it· own prefit·e plans. 

A.6.2 The focus of the plant fire brigade is to respond to fires 
that could impair the ability to safely shut down the plant. 
Response by the fire bt·igade to fires and alarms on the owner
controlled property but outside the power block is acceptable. 
Consideration should be given to such factors as the following: 

( 1 )  Proximity and response capability of local fire depart-
ments 

(2) Monetary value of other on-site facilities 
(3) Potential for off-site radioactive material release (e.g., 

low-level radioactive waste facilities) 
(4) Potential for impact on plant operations due to fire loss 

(e.g., low lead time items in warehouse) 

Prefi.re plans should detail radiologically hazardous areas 
and radiation protection barriers. Methods of smoke and heat 
removal should be identified for all fire areas in the prefire 
plans. The methods can include the use of dedicated smoke 
and heat removal systems or the use of the su·ucture's HVAC 
system if it can operate in the 100 percent exhaust mode. 
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A.6.3.1.2 This training includes radioactivity and health phys
ics considerations to ensw·e that each member is thoroughly 
familiar with the steps to be taken in the event of a fire; this 
u·aining will contribute to maintaining the best possible prepar
edness for such contingencies. 

A.6.4.1 This equipment would include but not be limited to 
protective clothing, respiratory protective equipment, radiation 
monitoring equipment, pet·sona1 dosimeters, and fire suppres
sion equipment such as hoses, nozzles, fire extinguishers, and 
so forth. 

A.6.5.2.3 Training of the plant fire bdgade should be coordi
nated with the local fire department so that responsibilities and 
duties are delineated in advance. This coordination should be 
part of d1e training course and should be included in the u·ain
ing of the local fire department staff. 

Local fire departments should be provided training in opera
tional precautions when fighting fires on nuclear power plant 
sites and should be made aware of d1e need for radiological 
protection of personnel and the special hazards associated with 
a nuclear powet· plant site. 

A.6.5.3.1 Duties of the person in this position should include 
overseeing the issuance of security badges, film badges, and 
dosimeu·y to the responding public fire-fighting forces and 
ensuring that the responding off�site fire department(s) are 
escorted to the designated point of entry to the plant. 

A.6.9 Methods of manual smoke and heat removal should 
consider the use of portable ventilation equipment as well as 
the natural migration of smoke and heat due to either natural 
or mechanical air movement within the building or buildings. 

A.7.1 Ensuring the safety of the public, the environment, and 
plant personnel during and after a fire event is paramount to 
this standard. The purpose of this chapter is to define the mini
mum criteria necessary to ensttre that the reactor and any 
support facilities are capable of achieving and maintaining safe 
plant conditions in the event of a fire and minimizing the 
release of radioactive material. 

A.7.2.2.2 See Figure A.7.2.2.2. 

A.7.2.3.1 Currently available examination processes are the 
fire-induced vulnerability evaluation (FIVE) methodology and 
the fire probabilistic risk assessment (PRA). 

A.7.2.3.2 The value of 1 x 10·6 per reactor year is ba�ed on 
NRC Generic Letter 88-20, Supplement 4. 

A.7.3.1.2 These components include nuclear safety-related 
and safe shutdown components. Components outside the fire 
area that are elecu·ically or mechanically dependent on fire
damaged components within the fire area should be consid
ered in the analysis. 

A.7.3.1.3 This can be accomplished by the use of rated barri
ers, fire-rated cables, an electrical raceway fire barrier system, 
physical separation, or a combination of these methods. 
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fEmergency supply to 
auxiliaoy feedwater system 
1 .  Valves must open to 

provide suction to auxiliaoy L----.----' feed pumps 
and 

2. ERCW pump and 
controls must function 

head pump (SIS or CVCS), induding 
pump-cooling water and room cooler 

{ 1.  Maintain any one high 

�--,---� and 
2. Maintain pump suction 

or 
2. Feedwater control 

and bypass valves 

[ · �ua,:,np����r���P 

'---....:._.------' must shut
0r 

3. Feedwater isolation 
valves must shut 

FIGURE A.7.2.2.2 'I)'pical Shutdown Logic Diagram - Frre. (Source: ANS 59.4, Generic Requirements for Light Water Nuclear Power 
Plant Fire Protection.) 
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Abbreviations: 

Secondary 
side pressure 

control 

ees = component cooling system 

1 .  Open main steam 
isolation valve or 
bypass valve 

or 
2. Open steam 

dump valve 
and 

3. Provide required 
condenser circulating 
water 
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eves = chemical and volume control system 
EReW = emergency reahor cooling water 
MFP = main feed pump 

ReP = realtor cooling pump 
ReS = realtor cooling system 
RHR = residual heat removal 
SIS = safety injection system 
TB = thermal barrier Ree = reahor component cooling 

Notes: 

( 1)  Train assignment and coherence 
must be considered before 
a path can be declared successful. 

(2) Adequate lighting for operator 
action and fire fighting is required. 

(3) Habitability for operator and 
fire fighters is required. 

FIGURE A.7.2.2.2 Continued 

Reactor} tnp 
signal 

De-energize} 
tnp 
breaker 

Gravity } 
insertion 
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A. 7.3.1.8 Appropriate goals and objectives should include the 
following: 

( l )  Nuclem· Safety Goal The nuclear safety goal should be to 
provide reasonable assurance that a fit·e during any 
operational mode and plant con figuration will not 
prevent the plant from achieving and maintaining the 
reactor core in a safe and stable condition. 

(2) Radioactive Release Goal. The radioactive release goal 
should be to provide reasonable assurance that a fire will 
not result in a radiological release that adversely affects 
the public, plant personnel, or the environment. 

Appropriate performance objectives should include: 

( 1 )  Nuclear Safety Objectives. In  the event of a fire during 
any operational mode and plant configuration, the plant 
shall be as follows: 

(a) Reactivity Control. Capable of achieving and main
taining subcritical conditions. 

(b) Fuel Cooling. Capable of achieving and maintaining 
decay heat removal. 

(c) Fission Product Boundary. Capable of preventing 
fuel damage. 

(d) Heat transfer medium inventory control . Capable of 
maintaining the necessary quantity of heat transfer 
medium. 

Appropriate radioactive release objectives should include: 

The source term from sources not including fuel in the core 
is capable of being limited. 

Appropriate performance criteria should include: 

( 1)  Nuclear Safety Performance C1ite1ia. Fire protection feamres 
should be capable of providing reasonable assurance that, 
in the event of a fire, the plant is not placed in an wue
coverable condition. To clemonsu·ate tl1is, the following 
performance criteria should be met. 

(a) Reactivity Contml. Reactivity control should be capa
ble of inserting negative reactivity to achieve and 
maintain sub-critical conditions. Negative reactivity 
inserting should occur rapidly enough such that 
fuel design limits are not exceeded. 

(b) Fission Product Boundwy. The fundamental geomet
ric relationship between the fuel and the moderator 
is maintained such that reactivity control and decay 
heat removal can be accomplished. 

(c) Heat Transfe1· Medium lnventmy Conm·ol. The heat 
transfer medium utilized by the reactor should be 
maintained in sufficient quantity to ensure that 
decay heat removal can be accomplished. 

(d) Decay Heat Removal. Decay heat removal should be 
capable of removing sufficient heat from the t·eac
tor core and spent fuel such that they are main
tained in a safe and stable condition. 

(e) Vital Auxiliaries. Vital auxiliaries should be capable 
of providing the necessary auxiliary support equip
ment and systems to ensure that the systems 
required under the other five items in this sublist 
are capable of performing their required nuclear 
safety function. 

(f) Process Monitming. Process monitoring should be 
capable of providing the necessary indication to 
ensure that the criteria addressed in the first five 
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items in this sublist have been achieved and are 
being maintained. 

(2) Radioactive Release Perfonnance C1ite1ia. Radiation release to 
any unrestricted area clue to the direct effect� of fire 
suppression activities (but not involving fuel damage to 
fuel in the core dw·ing operation) should be as low as 
reasonably achievable and should not exceed applicable 
regulatory limits. 

A.7.3.1.12 For three-phase ac circuits, the probability of 
getting a hot short on all three phases in the proper sequence 
to cause spurious operation of a motor is considered suffi
ciently low, and additional evaluation, except for the case 
involving high-to-low pressure interface, is not necessary. 

A.7.3.1.14 These devices protect the function of the safety 
circuit in the event of fire damage to the associated circuits of 
concern. 

A.7.3.1.15 Associated circuits of concern not necessary to 
achieve safe shutdown might be found to share a common 
enclosure. Fire-initiated elecu·ical fault currents could be 
generated on unpt·otected nonsafe shutdown cables. If a fault 
current is of sufficient magnimde, a secondary fire might be 
initiated in the common enclosure shared with shutdown 
cable. 

A.7.3.2 Review of seismic-induced fire experience data 
performed by the Electric Power Research Institute (EPRI),  the 
Seismic Qualification Utilities Gwup (SQUG) ,  and others 
suggests tl1ere is minimal threat of seismic-induced fires in 
nuclear power plants. Review of more than 100 power plant 
and industrial sites in 18 strong ground-motion earthquakes 
revealed only 4 instances of seismic-induced fires. The causes of 
these fires were attributed to arcing of high-voltage equipment, 
chemical laboratory fire, and oil-soaked insulation on piping. 
This low incidence of approximately 4 percent represents 
installations primarily in high-seismic-hazard regions designed 
to commercial and industrial codes and standat·ds. 

A.7.3.2.2 Guidance is provided in NRC Generic Letter 88-20, 
Supplement 4, "Sandia Risk Scoping Items." 

A.7.5.2.2 Repairs such as lifting leads or pulling of fuses 
should not be necessary to achieve shutdown of the reactor. 

A.7.5.3.1.1 Stairwells in such routes should be enclosed in 
masonry or concrete towet·s with a minimum fit·e t·ating of 
2 hours and should be provided with self-closing, Class B fire 
doors. The stairwells should be designed with smoke control 
feamres. 

A.7.5.3.2.1 Operators should not be required to perform any 
unsafe physical actions. 

A.7.5.3.2.2 Operators should not be required to perform any 
physical operations that are outside their normal physical abili
ties. 

A.8.2.1 Conformance with NFPA 101 satisfies Occupational 
Safety and Healtl1 Administration (OSHA) requirements for 
means of egress. 

A.8.2.2 The operation and maintenance of an ALWR plant 
involves unique operations and materials in process. 

A.8.3.2 Many plastic materials, including flame- and fire
retardant materials, will burn with an intensity and energy 
production in the range similar to that of ordinary hydrocar-
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bons. vVhen burning, they produce heavy smoke that obscures 
visibility and can plug air filters, especially charcoal and high
efficiency particulate air (HEPA) filters. The halogenated plas
tics also release free chloride and hydrogen chloride when 
burning, which are toxic to humans and corrosive to equip
ment. 

A.8.3.4.1 The provisions of 8.3.4.1 do not require inherently 
noncombustible materials to be tested in order to be classified 
as noncombustible materials. [ 101:A.4.6.l3] 

A.8.3.4.1.1(1) Examples of such materials include steel, 
concrete, masomy, and glass. [JOJ:A.4.6.13.1 ( 1 ) ]  

A.8.3.4.2 Materials su�ect to increase in combustibility or 
flame spread index beyond the lim its herein established 
through the effects of age, moisture, ot· othet- aU110sphet-ic 
condition are considered combustible. (See NFPA 259 and 
NFPA 220.) [JOJ:A.4.6.14) 

A.8.3.8.2 This will minimize the possibility of wall penetration 
in the event of a container failure. 

A.8.4 Suitable design of the ventilation system can limit the 
consequences of a fit-e by preventing tl1e spt-ead of the products 
of combustion to other fire areas. The design of the ventilation 
system should provide a means to ventilate, exhaust, or isolate 
the fire area as necessary, and consideration should be given to 
the consequences of failure of the ventilation system due to fire 
causing loss of control for ventilating, exhausting, or isolating a 
given fire area. The capability to ventilate, exhaust, or isolate is 
particularly important to ensure the habitability of rooms and 
spaces that should be attended in the fire emergency. In the 
design, provisions should be made for personnel access to and 
escape routes from each fire area. 

A.8.4.1 For further information, see NFPA 92 and NFPA 204. 

A.8.4.2 The need for automatic dampet-s or shutdown can be 
avoided by installing separate ventilation systems for each fire 
area or by installing fire-resistive ducting enclosures. Additional 
filter protection might be necessary. 

A.8.4.3.4 This includes containment functions for protecting 
the public and maintaining habitability for operations person
nel. 

A.8.4.6 The purpose of this subsection is to minimize the 
possibility of contaminating the air intake with the products of 
combustion. 

A.8.4.8.2 Figure A8.4.8.2 shows a typical air duct fire damper 
configuration. 

A.8.5.1 Refer to Annex A of NFPA 15 for additional informa
tion on drainage. 

A.8.5.3(3) Brazed, soldered, and clamp-type fittings as well as 
nonferrous and plastic piping are susceptible to melting under 
fire conditions. Ferrous piping, where internal liquids are 
confined, is subject to bursting under fire conditions. 

A.8.9 See NFPA 80A. 

A.8.11.2 Multichannel portable radios are used for communi
cations at nuclear power plants. Subsections 8.1 1.2 and 8 . 1 1 .3 
do not prohibit sharing of radio channels by various station 
groups. The use and assignment of channels should ensure 
that the fire brigade, operations, and security all can use the 
t-adios to carry out their functions during a fire emergency. 
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Train A duct Rated Train 8 duct 

I � fire � 
damper J I' I 

Room Room 
A 8 

I �Rated _/ 
fire barrier 

Train A duct ' 

Ratod / Room Room 

fire damper 
A 8 

\ \ Train 8 duct ' A 
� Rated � 

fire barrier 

FIGURE A.8.4.8.2 Typical Air Duct Frre Damper 
Configuration. 

A.8.11.6 In unique or unusual circumstances where equip
ment cannot be designed to prevent radio frequency interfer
ence, the authority having jurisdiction can permit the area 
around the sensitive equipment where portable radios cannot 
be used to be identified and marked so that fire fighters can 
readily recognize the condition. Training in this recognition 
also should be provided. 

A.9.l.l Automatic sprinkler protection provides the best 
means for controlling fires and should be provided. Special 
hazard� might necessitate additional fixed protection systems as 
indicated by the fire hazards analysis. 

A.9.1.2 Mitig-ating severe accident events that can result in 
fuel-clad damage is a top priority. Because fires and other 
severe plant accidents are not assumed to occur simultaneously, 
fire protection systems do not need to be designed to handle 
both demands simultaneously. 

A.9.2.1 The water supply for the permanent fire protection 
water system should be based on providing a 2-hour water 
supply for both items 9.2.1 ( 1 )  and 9.2.1 (2), as follows: 

( 1 )  Either item (a) or  (b) ,  whichever is larger: 

(a) The largest fixed fire suppression system demand 
(b) Any fixed fire suppression system demand that 

could be reasonably expected to operate simultane
ously during a single event (e.g., turbine underfloor 
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protection in coruunction with other fire protection 
systems in the turbine area) 

(2) The hose su·eam demand of not less than 500 gpm 
( 1892.5 L/min) 

A.9.2.2 Due to the 100 percent redundancy feauu-e of t\vo 
tanks, refill times in excess of 8 hours are acceptable. 

A.9.2.3 The intent of this paragraph is to provide a water 
supply that will not be susceptible to biofouling, scaling, micro
biologically induced corrosion (MIG), or sedimentation. 

A.9.2.4.2 For maximum reliability, three fire pumps should be 
provided so that avo pumps meet the maximum demand plus 
hose streams. Two fire pumps could be an acceptable alterna
tive, provided either of the fire pumps can supply the maxi
mum demand plus hose streams within 120 percent of the fire 
pump's rated capacity. 

A.9.3 See Chapter 5. 

A.9.4.1 NFPA 24 gives necessary guidance for such installa
tion. It references other design codes and standards developed 
by such organizations as the American National Standards Insti
tute (ANSI) and the American Water Works Association 
(AV•lWA). 

A.9.4.4 A common yard fire main loop can serve multiunit 
nuclear power plant sites if it is cross-connected benveen units. 

A.9.4.10 Guidance on safe distances for water application to 
live electrical equipment can be found in the NFPA Fi:re Protec
tion Handbook. 

A.9.4.11.1 The water supply for this condition is permitted to 
be obtained by manual operator actuation of valves in a 
connection to the hose standpipe header fr·om a normal seis
mic Category l water system such as the essential service water 
system. 

A.9. 7.3 This is also referred to as a Class A system. 

A.9.7.5 Visual signaling appliances can be used to supplement 
audible appliances in the protected area. (See NFPA 72.) 

A.9.7.8 See NFPA 72. 

A.IO.l Examples of such hazards include lubricating oil or 
hydraulic fluid systems for the primary coolant pumps, cable 
tray arrangements and cable penetration, and char·coal filters. 
Because of the general inaccessibility of the primary contain
ment during normal plant operation, protection should be 
provided by automatic fixed suppression systems. The effects of 
postulated fires within the primary containment should be eval
uated to ensure that the integrity of the primary coolant system 
and the containment are notjeopar·dized, assuming no manual 
action is taken to fight the fire. 

A.l0.2.1.10 A flame arrester is required in the vent if the flash 
point character-istics of the oil present the hazard of fir·e flash
back. 

A.l0.2.2.1 Refueling and maintenance operations in contain
ment might introduce additional hazards such as containment 
control materials, decontamination supplies, wood planking, 
temporary wiring, welding, and flame cutting (with portable 
compressed-gas fuel supply).  Possible fir-es would not necessa
rily be in the vicinity of the installed fire detector and suppres
sion systems. 
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A.l0.4.1.4(4) It might be beneficial to provide continuous 
line-type heat detectors in the cable u·ays where the cable trays 
are stacked more than three cable trays high or over 18 in. 
(457.2 mm) wide, in addition to the area smoke detection 
systems. 

A.l0.4.2.1 It might be beneficial to provide continuous line
type heat detectors in the cable trays where the cable trays are 
stacked more than three cable u·ays high or over 18 in. 
(457.2 mm) wide, in addition to the area smoke detection 
systems. 

A.l0.6.1 Switchgear should be raised off the floor. 

A.l0.6.2 See Section 8.4. 

A.I0.7.1 For further information, refer to IEEE 484, Recommen
ded Practice joT installation Design and installation of Lmge Lead 
Batteries for Generating Stations and Substations. 

A.I0.8.1 Smoke and heat vent� or sprinkler protection at the 
roof level is necessary to protect d1e tw·bine building structure. 

A.I0.8.2.1 To avoid water application to hot parts or other 
water-sensitive areas and to provide adequate coverage, designs 
that incorporate items such as fusible element operated spray 
nozzles might be necessary. 

A.l0.8.3 Additional information concerning turbine genera
tor fire protection can be found in EPRI Research Report 
1843-2, "Turbine Generator Fire Protection by Sprinkler 
System." 

A.l0.8.8 This area generally represents the lar·gest concenu·a
ted oil storage area in the plant. 

A.I0.8.9.1 For hydrogen storage systems, see NFPA 55. For 
elecu·ical equipment in the vicinity of the hydrogen-handling 
equipment, including detraining equipment, seal oil pumps, 
valves, and so forth, see Article 500 of NFPA 70 and Section 127 
of ANSI/IEEE C2, National Elect1ical Safety Code. 

A. I 0.8.9.1.1 This minimizes the poten rial for a m;;Uor 
discharge of hydrogen in the event of a leak from piping inside 
the plant. 

A.l0.8.9.1.6 The preferable arrangement from a fire risk 
standpoint is to keep the bulk storage isolated from the genera
tor by shutting the block valve outdoor-s. Makeup should be 
done manually as necessary, logging hydrogen usage to track 
consumption. This procedure allows for an ongoing indication 
of what is being used, and it prevents the system from feeding 
hydrogen during a fire emergency if there is a faiJure at one of 
the generator shaft seals. 

A.IO.S.ll  It is desir·able to provide for remote operation, pref
erably from the control room, of the condenser vacuum break 
valve and the lubricating pumps. Breaking the condenser 
vacuum markedly r·educes the rundown time for the Ulrbine 
generator and thus limits oil discharge in the event of a leak. 

A.I0.8.11.4(2) On some U1rbine generators employing the 
guard pipe principle, the guard piping arrangement terminates 
under the machine housing where feed and return piping run 
to pairs of bearings. Such locations are vulnerable to breakage 
with attendant release of oil in the event of excessive vibration 
and should be protected. 

A.IO.IO.l Underground tanks are acceptable outside or under 
bull dings. (See NFPA 30 fo·r additional guidance.) 
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A.I0.23.4 See Article 450 of NFPA 70. 

A.ll.l Although many of the activities at nuclear power gener
ating plant construction sites are similar to those at other large 
industrial plants, an above-average level of fire protection is 
justified due to life safety consideration of the large number of 
on-site personnel, the high value of materials, and the duration 
of the consu·uction period. An example of a multimillion 
dollar fire that resulted in significant property damage, 
consu-uction delays, and other complications follows. 

In 1971, a fire occurred in the primary auxiliary building of 
a U.S. nuclear power plant under construction. The fire origi
nated in a combustible consu·uction shed. At the time of the 
fire, nuclear fuel had been loaded and the reactor vessel head 
\vas removed. The fire spr·ead to the cable system and caused 
considerable damage to three motor control centers, which 
provided power to many of the engineered safety features. The 
two-hour fire \vaS fought by the off-site fire departments fmm 
three local communities. Arson \vas suspected to have been the 
cause of this $2,100,000 fire, which delayed the startup of the 
plant. 

Major consu·uction prqjects at existing plants present many 
of the hazards associated with new construction while present
ing additional exposures to the existing nuclear power plant 
facility. The availability of the existing plant fire protection 
equipment and the reduction of fire exposure by consu·uction 
activities are par·ticulady important. 

For fire protection for plants and areas under construction, 
see NFPA 241. This chapter addresses concerns not specifically 
considered in NFPA 241. 

A.l1.2.7 The first round should be conducted one-half hour 
after the suspension of work for the day. Thereafter� rounds 
should be made every hour. \!\There par·tial constnrction activi
ties occur on second and third shifts, the guard service rounds 
can be modified to include only unattended or sparsely atten
ded areas. In areas where automatic fire detection or extin
guishing systems are in service with alarm annunciation at a 
constandy attended location or in areas of limited combustible 
loading, rounds can be omitted after the first round. (See 
NFPA 601.) 

A.l1.3.1.6 Local conditions might require the establishment 
of firebreaks by clearing or by use of selective herbicides in 
areas adjacent to property Lines and access roads. 

A.l1.4.2 For guidance in separation and protection, see 
NFPA SOA. 

A.ll.4.3 Large central office facilities can be of substantial 
value and contain high-value computer equipment, irreplacea
ble consu-uction records, or other valuable contents, the loss of 
which can result in significant construction delays. 

This evaluation might indicate a need for automatic sprin
kler systems or other protection or the desirability of subdivid
ing the complex to limit values exposed by one fire. 

A.l1.4.4.4 Air-supported structures sometimes are used to 
provide tempor-ary \Yarehousing space. Although the fabr-ic 
envelope could be a fire-retardant material, the combustibility 
of contents and their values should be considered, as with any 
od1er· type of warehouse. Because it is impractical to pmvide 
automatic sprinkler protection for them, air-supported struc
tures should be used only for noncombustible storage. An addi
tional consideration is that relatively minor fire damage to the 
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fabric envelope might leave the contents exposed to the 
elements. 

A.l1.6.1 The use of noncombustible or fire-retardant concrete 
formwork is especially important for large structures (e.g., reac
tor building and turbine generator pedestal) where large quan
tities of forms are used. 

A.ll.6.2 Pressure-impregnated fire-retardant lumber should 
be used in accor-dance with it5 listing and the manufacturers' 
instr-uctions. Where exposed to the weather or moisture (e.g., 
on concrete forms), the fire retardant used should be suitable 
for the exposure. Fire-retardant coatings are not acceptable on 
\valking surfaces or surfaces su�ect to mechanical damage. 

A.l1.7.1 The necessary reliability of consu·uction water 
supplies, including redundant pumps, ar-rangement of power· 
supplies, and use of combination service water and consu-uc
tion fire protection \vater, should be determined by the individ
ual responsible for fir·e pmtection. 

A.l1 .7.3.2 The extinguishing system should provide at least 
some degree of protection, especially where the full hazard is 
not yet present. 

A.ll.S.l Mobile fire-fighting equipment can be utilized to 
provide necessary fire-fighting equipment. 

A.l1.8.3 See NFPA 14. 

Annex B Best Practices for Protection of Fire and Explosion 
Hazards in Nuclear Reactor Power Plants 

This annex is not a part of the 171quirements of this NFPA document 
but is included fm· infmmatilmal purposes only. 

B.l General. 

B.l.l Scope. The scope of this annex is to provide guidance 
on best practices for the protection of fire and explosion 
hazards in nuclear reactor power plants. 

B.l.2 Purpose. Fire protection systems might be required by 
the fire hazards analysis to reduce the potential effects of fire 
on plant equipment. This annex provides information on the 
types of fire protection systems that experience has demonstra
ted as effective means of providing this pmtection to various 
plant areas and equipment. 

B.l.3 Application. The identification and selection of fire 
protection systems in nuclear reactor power plants should be 
based on d1e design parameters required as a result of the fire 
hazards analysis. The selection of extinguishing agent should 
be based on all of the following: 

( 1 )  Type or  class of hazard 
(2) Effect of agent discharge on critical equipment, such as 

d1ermal shock, continued operability, water damage, over
pressurization, and cleanup 

(3) Health hazards 

B.2 Prinlary and Secondary Containments. 

B.2.1 Normal Operation. Fire protection for the primary and 
secondary containment areas should be provided for hazar-ds 
identified by the fire hazards analysis. 

B.2.I.l Operation of the fire protection systems should not 
compmmise the integrity of the containment or other safety
related systems. Fire protection systems in the containment 
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areas should function in conjunction with total containment 
L-equirements such as ventilation and control of containment 
liquid and gaseous release. 

B.2.1.2 Inside primary containment, fire detection systems 
should be provided for each flt-e hazard identified in the fire 
hazards analysis. The type of detection used and the location of 
the detectors should be the most suitable for the particular 
type of fire hazard identified by the fire hazards analysis. 

B.2.1.3 A general area fire detection capability should be 
provided in the primary containment as a backup for the 
hazard detection described above. To accomplish this, suitable 
smoke or heat detectors compatible with the radiation environ
ment should be installed in accordance with NFPA 72. 

B.2.1.4 Standpipe and hose stations should be installed inside 
containment. If plant-specific features prevent extending the 
fire main supply inside containment, standpipe and hose 
stations inside containment should be permitted to be connec
ted to a high-quality water supply of sufficient quantity and 
pressure other than the fire main loop. 

B.2.1.5 For inerted pL-imary containment, standpipe and hose 
stations should be permitted to be placed outside the primary 
containment, with hose no longer than 100 ft (30.5 m), to 
L-each any location inside the primary containment with a 30 ft 
(9.1 m) effective hose stream. 

B.2.1.6 Reactor coolant pumps with an external lubrication 
system should be provided with an oil collection system. The oil 
collection system should be so designed, engineered, and 
installed that failure of the oil collection system will not lead to 
a fire during normal operations or off-normal conditions such 
as accident conditions or earthquakes. 

B.2.1.7 The oil collection systems should be capable of collect
ing oil from all potential pressurized and unpressurized leak
age sites in the reactor coolant pump oil systems. Leakage 
should be collected and drained to a vented closed container 
that can hold the entire oil system inventory. Leakage points to 
be protected should include the lift pump and piping, overflow 
lines, oil cooler, oil fill and drain lines and plugs, flanged 
connections on oil lines, and oil reservoirs where such feanu-es 
exist on the reactor coolant pumps. The drain line should be 
large enough to accommodate the largest potential oil leak. 

B.2.2 Refueling and Maintenance. Refueling and mainte
nance operations in containment can inu-oduce additional 
hazards such as containment conu-ol materials, decontamina
tion supplies, wood planking, temporary wiring, welding, and 
flame cutting (with portable compressed gas fuel supply). Possi
ble fires would not necessarily be in the vicinity of the installed 
fire detector and suppression systems. 

B.2.2.1 Management procedures and controls necessary to 
ensure adequate fire protection for fire hazards introduced 
during maintenance and refueling should be provided. 
Adequate backup fire suppression should be provided so that 
total reliance is not placed on a single fire suppression system. 

B.2.2.2 Adequate self-contained breathing apparatus should 
be provided near the containment entrance for fire-fighting 
and damage control personnel. These units should be inde
pendent of any breathing apparatus or air supply systems provi
ded for general plant activities and should be clearly marked as 
emergency equipment. 
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B.3 Control Room Complex. 

B.3.1 The conu-ol room complex (kitchen, office spaces, etc.) 
should be protected against disabling fire damage and should 
be separated from other areas of the plant by floors, walls, ceil
ings, and roofs having a minimum fire resistance rating of 
3 hours. Peripheral rooms in the conu-ol room complex should 
have an automatic water-based suppression system where 
required by the fire hazards analysis and should be separated 
from the cono-ol room by noncombustible consu-uction with a 
minimum fire resistance rating of 1 hour. Ventilation system 
openings between the conu-ol room and the peripheral rooms 
should have automatic smoke dampers installed that close on 
operation of the fire detection and fire suppression systems. 

B.3.2 Manual fiL-e-fighting capability should be provided foL
both of the following: 

( 1 )  Fires oL-iginating within a cabinet, console, or connecting 
cables 

(2) Exposure fires involving combustibles in the general 
L-oom area 

B.3.3 Portable Class A and Class C fire extinguishers should 
be located in the control room. A fire hose station should be 
installed immediately outside the control room. 

B.3.4 Nozzles that are compatible with the hazards and the 
equipment in the conu-ol room should be provided for the fire 
hose stations. The choice of nozzles should satisfY fire-fighting 
requirements and elecu-ica.l safety requirements and should 
minimize physical damage to electrical equipment from hose 
stream impingement. 

B.3.5 Smoke detectors should be provided in the conu-ol 
room complex, the electrical cabinets, and consoles. If redun
dant safe shutdown equipment is located in the same control 
room cabinet or console, the cabinet or console should be 
provided with internal separation (noncombustible barriers) to 
limit the damage to one safety division. 

B.3.6 Breathing apparatus for the control room operators 
should be readily available. 

B.3. 7 The outside air intakes for the control room ventilation 
system should be provided with smoke detection capability to 
alarm in the control room and enable manual isolation of the 
conu-ol room ventilation system, thus pL-eventing smoke from 
entering the control room. 

B.3.8 Venting of smoke produced by a fire in the control 
room by means of the normal ventilation system should be 
permitted to be acceptable; howeveL� provision should be made 
to permit isolation of the recirculation portion of the normal 
ventilation system. Manually operated venting of the control 
room should be available to the operators. 

B.3.9 All cables that enter the control room should terminate 
in the conu-ol room. No cabling should be routed thmugh the 
control room from one area to another. Cables in underfloor 
spaces and in above-ceiling spaces should meet the separation 
criteria necessary for fire protection. 

B.3.10 Air-handling functions should be ducted separately 
fi-om cable runs in such spaces (e.g., if cables are routed in 
underfloor or ceiling spaces, these spaces should not be used as 
air plenums for ventilation of the conn·ol room).  Fully 
enclosed electrical raceways located in such underfloor and 
ceiling spaces, if over 1 ft2 (0.09 m2) in cross-sectional area, 
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should have automatic fire suppression inside. Area automatic 
fire suppression should be provided for underfloor and ceiling 
spaces used for cable runs unless all cables are run in 4 in. 
(101 .6 mm) or smaller steel conduit or cables are in fully 
enclosed raceways internally protected by automatic fire 
suppression. 

B.4 Cable Concentrations. 

B.4.1 Cable Spreading Room. 

B.4.1.1 The cable spreading room should have an automatic 
water-based suppression system. The location of sprinklers or 
spray nozzles should consider cable tray arrangements to 
ensure adequate water coverage for areas that could present 
exposure fire hazards to the cable raceways. Automatic sprin
kler systems should be designed for a density of 0.30 gpm/ft2 

(12.2 L/min · m2) over the most remote 2500 ft2 (232.2 m2) .  

B.4.1.2 Suppression systems should be zoned to limit the area 
of protection to that which the drainage system can handle 
with any two adjacent systems actuated. Deluge and water spray 
systems should be hydraulically designed with each zone calcu
lated with the largest adjacent zone flowing. 

B.4.1.3 Cable spreading rooms should have all of the follow
ing: 

( 1 )  At least two remote and separate entrances for access by 
the fire brigade pet·sonnel. 

(2) An aisle separation between u·ay stacks at least 3 ft 
(0.9 m) \vide and 8 ft (2.4 m) high. 

(3) Hose stations and portable fit·e extinguishers installed 
immediately outside the room. 

( 4) Area smoke detection. It might be beneficial to provide 
continuous line-type heat detectors in the cable trays 
where the cable trays are stacked more than three cable 
trays high or over 18 in. (457.2 mm) wide, in addition to 
the area smoke detection systems. 

B.4.2 Cable 'funnels. 

B.4.2.1 Detection Systems. Cable tunnels should be provided 
\vith smoke detection. It might be beneficial to pwvide contin
uous line-type heat detectors in the cable trays where the cable 
u·ays are stacked more than three cable trays high or over 18 in. 
(457.2 nun) wide, in addition to the area smoke detection 
systems. 

B.4.2.2 Suppression Systems. 

B.4.2.2.1 Cable tunnels should be provided with automatic 
fixed suppression systems. Automatic sprinkler systems should 

be designed for a density of0.30 gpm/ft2 (12.2 L/min · m2) for 
the most remote 100 linear ft (30.5 m) of cable tunnel up to 
the most remote 2500 ft2 (232.2 m2) .  

B.4.2.2.2 The location of sprinklers or spray nozzles should 
consider cable tray arrangements and possible transient 
combustibles to ensure adequate water coverage for at·eas that 
could present exposure fire hazards to the cable raceways. 

B.4.2.2.3 Deluge sprinkler systems or deluge spray systems 
should be zoned to limit the area of protection to that which 
the drainage system can handle \vith any two adjacent systems 
actuated. The systems should be hydraulically designed, \vith 
each zone calculated with the largest adjacent zone flowing. 
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B.4.2.3 Cables should be designed to allow wetting undam
aged cables with water supplied by the fit·e suppression system 
\vithout electrical faulting. 

B.4.2.4 Cable nmnels over 50 ft (15.2 m) long should have all 
of the following: 

( 1 )  At least two remote and separate entrances for access by 
the fire bdgade personnel 

(2) An aisle separation between tray stacks at least 3 ft 
(0.9 m) wide and 8 ft (2.4 m) high 

(3) Hose stations and portable fit·e extinguishers installed 
immediately outside the nmnel 

B.4.3 Cable Shafts and Risers. Cable tray fire breaks should 
be installed every 20 ft (6.1 m) for vertical cable trays that rise 
over 30 ft (9.1 m) .  Access to cable shafts should be provided 
every 40 ft (12.2 m) with the topmost access within 20 ft 
(6.1 m) of the cable shaft ceiling. Automatic spt·inkler protec
tion and smoke detection should be provided at the ceiling of 
the vertical shaft. 

B.5 Plant Computer and Communication Rooms. Computer 
and communication rooms should meet the applicable require
ments ofNFPA 75. 

B.6 Switchgear Rooms and Relay Rooms. 

B.6.1 Smoke detection should be provided and should alarm 
in both the control room and locally. Cables entering the 
safety-related S\vitchgear rooms should tenninate in the S\vitch
gear room. The safety-related switchgear rooms should not be 
used for other purposes. Fire hose stations and portable fire 
extinguishers should be readily available outside the area. 

B.6.2 Equipment should be located to facilitate fire fighting. 
Drains should be provided to prevent water accumulation fi·om 
damaging safety-t·elated equipment. Remote manually actuated 
ventilation should be provided for smoke removal when 
manual fire suppression is needed. (See Section 6.3.) 

B. 7 Battery Rooms. 

B.7.1 Battery rooms should be provided with ventilation to 
limit the concentration of hydrogen to 2 percent by volume. 
Loss of ventilation should alarm in the control room. For 
further information, refer to IEEE 484, Recommended Practice for 
Installation Design and Installation of Lmge Lead Batteries for Gene1� 
ating Stations and Substations. 

B. 7.2 Safety-related battery rooms should be protected against 
fires and explosions. Battery rooms should be separated from 
other areas of the plant by fit·e barriers having a 1-hour mini
mum rating. Direct current switchgear and inverters should not 
be located in these battery rooms. Fire detection should be 
provided. Fit·e hose stations and portable fire extinguishers 
should be readily available outside the room. 

B.8 Thrbine Building. 

B.8.1 The turbine building should be separated from acljacent 
strucmres containing safety-related equipment by fire-resistive 
barriers having a minimum 3-hour rating. The fire barriers 
should be designed so that the barriet· \viii remain in place 
even in the event of a complete collapse of the turbine sU'Uc
ntre. 

B.8.1.1 Openings and penetrations should be minimized in 
the fire barrier and should not be located where turbine oil 
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systems or generator hydrogen cooling systems create a direct 
fire exposure hazard to the fire barrier. 

B.8.1.2 For those plants provided with complete automatic 
sprinkler protection at the roof level, smoke and heat removal 
systems are not required. 

B.8.2 Areas Beneath the Turbine Generator Operating Floor. 

B.8.2.1 All areas beneath the turbine generator operating 
floor should be protected by an automatic sprinkler or foam
water sprinkler system. The sprinkler system beneath the 
turbine generator should take into consideration obstructions 
from su-uctural members and piping and should be designed 
to a minimum density of0.30 gprn/ft2 (12.2 L/rnin · m2) ovet- a 
minimum application of 5000 ft2 (464.5 m2) .  To avoid \vater 
application to hot parts or other water-sensitive areas and to 
provide adequate coverage, designs that incorporate items such 
as fusible element-operated spray nozzles might be necessary. 

B.8.2.2 Foam-water sprinkler systems installed in place of 
automatic sprinklers described in B.8.2.1 should be designed in 
accordance with NFPA 16 and the design densities specified in 
B.8.2. 1 .  

B.8.2.3 Elecu-ical equipment in the area covered by a water or 
foam system should be of the enclosed type or othetwise 
protected to minimize water damage in the event of system 
operation. 

B.8.3 Turbine Generator Bearings. Additional information 
concerning turbine generator fire protection can be fow1d in 
EPRI Research Report 1843-2, "Turbine Generator Fire Protec
tion by Sprinkler System," July 1985. 

B.8.3.1 Automatic fixed suppression systems should be provi
ded for all ntrbine generator and exciter bearings. If closed
head \vater spray systems utilizing directional nozzles in 
accordance with NFPA 15 are provided, bearing protection 

should be provided for a minimum density of 0.30 gpm/ft2 

(12.2 L/min · m2) over the protected area. 

B.8.3.2 Accidental water discharge on bearing points and hot 
ntrbine parts should be considered. lf necessary, these areas 
should be permitted to be protected by shields and encasing 
insulation with metal covers. 

B.8.4 Lubricating oil lines above the turbine operating floor 
should be protected with an automatic sprinkler system cover
ing those areas subject to oil accumulation, including the area 
within the turbine lagging (skirt). The automatic sprinkler 
system should be designed to a mmtmum density of 
0.30 gpm/ft2 (12.2 L/min · m2).  

B.8.5 Lubricating oil reset-vou-s and handling equipment 
should be protected in accordance witl1 B.8.2.1. If the lubricat
ing oil reservoir is elevated, sprinkler protection should be 
extended to protect the area beneath the reservoir. 

B.8.6 If shaft-driven ventilation systems are not used, the area 
inside a directly connected exciter housing should be protec
ted with an automatic fire suppression system. If shaft-dt-iven 
ventilation systems are used, an automatic preaction sprinkler 

system providing a density of 0.30 gpm/ft2 (12.2 L/min · m2) 
over the entire area should be provided. 

B.8.7 Clean or dirty oil storage areas should be protected 
based on the fire risk evaluation. The designer should consider, 
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as a minimum, the installation of fixed automatic fire protec
tion systems and the ventilation and dt-ainage requirement�. 

B.8.8 Hydrogen Systems. For hydrogen storage systems, see 
NFPA 55. For elecu-ical equipment in the vicinity of the hydro
gen handling equipment, including detraining equipment, seal 
oil pumps, valves and so forth, see Article 500 of NFPA 70 and 
Section 127 of ANSI /IEEE C2, National Electrical Safety Code. 

B.8.8.1 General. The preferable at-rangement from a fire risk 
standpoint is to keep tl1e bulk storage isolated from the genera
tor by shutting the block valve outdoors. Makeup should be 
done manually as necessary, with hydrogen usage logged to 
track consumption. This procedure allows for an ongoing indi
cation of what is being used, and it prevents the system from 
feeding hydrogen during a fire emet-gency if there is a failure 
at one of the generator shaft seals. 

B.8.8.1.1 Bulk hydrogen systems supplying one or more 
generators should have automatic valves located at the supply 
and operable by "dead man"-type conu-ols at the generator fill 
point(s) or operable from the control room. This arrangement 
minimizes the potential fot- a m,Yor discharge of hydrogen in 
the event of a leak from piping inside the plant. 

B.8.8.1.2 Vented guard piping should be permitted to be used 
inside the building to protect runs of hydrogen piping. 

B.8.8.1.3 A flanged spool piece or equivalent arrangement 
should be provided to facilitate the separation of hydrogen 
supply when the generator is open for maintenance. 

B.8.8.1.4 Control room alarms should be provided to indicate 
abnormal gas pressure, temperature, and percentage of hydro
gen in the generator. 

B.8.8.1.5 The generator hydrogen dump valve and hydrogen 
deu-aining equipment should be arranged to vent directly to a 
safe outside location. The dump valve should be remotely oper
able from the control room or from an area accessible during a 
machine fire. 

B.8.8.1.6 The genet-atOI- hydrogen dump valve and hydrogen 
detraining equipment should be arranged to vent directly to a 
safe outside location. The dump valve should be remotely oper
able from the control room or from an area accessible during a 
machine fire. 

B.8.8.2 Hydrogen Seal Oil Pumps. 

B.8.8.2.1 Redundant hydrogen seal oil pumps with separate 
power supplies should be provided for adequate reliability of 
seal oil supply. 

B.8.8.2.2 Where feasible, electrical circuits to redundant 
pumps should be run in btu-ied conduit or provided with fire
retardant coating if exposed in the area of the turbine genera
tor to minimize the possibility of loss of both pumps as a result 
of a turbine generator fire. 

B.8.8.2.3 Hydrogen seal oil units should be protected by an 
automatic, open-head water spt-ay system providing a density of 
0.30 gpm ( 1 . 13 L/min) over t11e hydrogen seal area. 

B.8.8.2.4 Curbing, drainage, or both should be provided for 
the hydrogen seal oil unit. 

B.8.8.3 Hydrogen in Safety-Related Areas. 

B.8.8.3.1 Hydrogen lines in safety-related areas either should 
be designed to seismic Class I requirements or sleeved such 
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that the outer pipe is directly vented to the outside or should 
be equipped with excess-flow valves so that, in case of a line 
break, the hydrogen concentration in the affected areas will 
not exceed 2 percent. 

B.8.8.3.2 Hydrogen lines or sensing lines containing hydro
gen should not be piped into or through the conu·ol room. 

B.8.9 Hydraulic Control Systems. The hydraulic control 
system should use a listed fire-resistant fluid. 

B.8.10 Lubricating Oil Systems. It is desirable to provide for 
remote operation, preferably fi·om the control room, of the 
condenser vacuum break valve and the lubt·icating pumps. 
Breaking the condenser vacuum markedly reduces the 
rundown time for the Utrbine generator and thus limits oil 
discharge in the event of a leak. 

B.8.10.1 Turbine lubricating oil reservoirs should be provided 
with vapor extractors, which should be vented to a safe outside 
location. 

B.8.10.2 Curbing, drainage, or both should be provided for 
the turbine lubricating oil reservoir in accordance with 
Section 6.4. 

B.8.10.3 All oil pipe serving the turbine generator should be 
designed and installed to minimize the possibility of an oil fire 
in the event of severe turbine vibration. 

B.8.10.4 Piping design and installation should consider all of 
the following measures: 

( 1 )  Welded construction 
(2) Guard pipe consu·uction with the pressure feed line loca

ted inside the ren1rn line or in a separate shield pipe 
drained to the oil reservoir 

(3) Routing of oil piping clear of or below steam piping or 
metal parts 

(4) Insulation with impervious lagging for steam piping or 
hot metal part� under or near oil piping or turbine bear
ing points 

On some turbine generators employing the guard pipe prin
ciple, the guard piping arrangement terminates under the 
machine housing where feed and return piping run to pairs of 
bearings. Such locations are vulnerable to breakage with 
attendant release of oil in the event of excessive vibration and 
should be protected. 

B.8.10.5 Cable for operation of the lube oil pumps should be 
protected from fire exposure. Where feasible, electrical circuits 
to redw1dant pumps should be mn in buried conduit. Pt·otec
tion should be permitted to consist of separation of cables for 
ac and de oil pumps or 1-hour fire-resistive coating (derating of 
cable should be considered). 

B.9 Standby Emergency Diesel Generators and Combustion 
Thrbines. 

B.9.1 The installation and operation of standby emergency 
diesel generators and combustion turbines should be in 
accordance with NFPA 37. 

B.9.2 Automatic shutdown and remote shutdown features 
should be governed by nuclear safety requirements. 

B.9.3 Standby emergency diesel generators and combustion 
turbines located within main plant strucntres should be pt·otec
ted by automatic sprinkler, water spray, or foam-water sprinkler 
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systems. Sprinkler and water spray protection systems should be 
designed for a 0.25 gpm/ft2 (10.19 L/min · m2) density over 
the entire area. 

B.9.4 Fire detection should be provided to alarm and annun
ciate in the control room and to alarm locally. Fire hose 
stations and pot·table fire extinguishers should be readily availa
ble outside the area. Drainage for fire-fighting water and means 
for local manual venting of smoke should be provided. 

B.9.5 A day tank should be permitted in standby emergency 
diesel generator and combustion nu·bine rooms if the day tank 
is located in a diked enclosure that has sufficient capacity to 
hold 1 1 0  percent of the contents of the day tank or is drained 
to a safe location. 

B.IO Diesel Fuel Storage and Transfer Areas. 

B.IO.l Diesel fuel oil storage tanks should not be located 
inside buildings containing other nuclear safety-related equip
ment. If aboveground tanks are used, they should be located at 
least 50 ft (15.2 m) from any building; if within 50 ft (15.2 m), 
they should be separated from the building by a fire barrier 
having a minimum 3-hour rating. Potential oil spills should be 
confined ot· directed away from buildings containing safety
related equipment. 

B.IO.l.l Underground tanks are acceptable outside or under 
buildings. (See NFPA 30 for additional guidance.) 

B.l0.2 Aboveground tanks should be provided with automatic 
fire suppression systems. 

B.ll Nuclear Safety-Related Pump Rooms. These rooms 
should be protected by fire detection systems. Automatic fire 
suppression systems should be provided unless the fire hazards 
analysis determines that fire suppression is not required. Fire 
hose stations and fire extinguishers should be readily accessi
ble. 

B.l2 New Fuel Area. 

B.l2.1 Fire extinguishers should be located within the new 
fuel area. Fire hose stations should be located as determined by 
the fire hazards analysis to facilitate access and use for fire
fighting operations. Fire detection systems should be provided. 
Combustible material should be limited to the minimum neces
sary for operation in the new fuel at·ea. 

B.l2.2 The storage configuration of new fuel should always be 
maintained to preclude criticality for any water density that 
could occur during fit·e water application. 

B.l3 Spent-Fuel Pool Area. Protection for tlle spent-fuel pool 
area should be provided by fire hose stations and fire extin
guishet·s. Fit·e detection should be provided in the area. 

B.l4 Rad Waste and Decontanlination Areas. Fire barriers, 
fire detection, and automatic fire suppression should be provi
ded as determined by the fire hazards analysis. Manual ventila
tion control to assist in smoke removal should be provided if 
necessary for manual fire fighting. 

B.15 Safety-Related Water Tanks. Storage tanks that supply 
water for fire-safe shutdown should be protected from the 
effects of an exposure fire. Combustible materials should not 
be stored next to these tanks. 

B.l6 Record-Storage Areas. Record-storage areas should be 
located and protected in accordance with NFPA 232. Record-

2020 Edition 



804-46 FIRE PROTECTION FOR ADVANCED LIGHT WATER REACTOR ELECTRIC GENERATING PLANTS 

storage areas should not be located in safety-related areas and 
should be separated fi-om safety-t-elated areas by fire bat-riers 
having a minimum 3-hour rating. 

B.I7 Cooling Towers. 

B.l7.1 Cooling towet-s should be of noncombustible or 
limited-combustible construction and located such that a fire in 
the cooling tower will not adversely affect safety-related systems 
or equipment. Cooling towers should be of noncombustible 
construction where the basin is used as the ultimate heat sink. 

B.l7.2 Cooling towers of combustible construction should be 
protected by automatic sprinklers or water spray systems in 
accordance with NFPA 214 and should be located so that they 
do not affect safety-related systems or equipment in the event 
of a fire. 

B.l8 Acetylene-Oxygen Fuel Gases. Gas cylinder storage loca
tions or the fire protection systems that serve those safety
related areas should not be in areas that contain or expose 
safety-related equipment. 

B.l9 Storage Areas for Ion Exchange Resins. Unused ion 
exchange resins should not be stored in areas that contain or 
expose safety-related systems or equipment. 

B.20 Storage Areas for Hazardous Chemicals. Hazardous 
chemicals should not be stored in areas that contain or expose 
safety-related systems or equipment. 

B.21 Warehouses. Automatic sprinkler protection should be 
provided for warehouses that contain high-value equipment or 
combustible materials. 

B.22 Fire Pump Room/House. Rooms housing diesel-driven 
fire pumps should be pwtected by automatic sprinkler, water 

Provide blank 2-hour-rated wall for 
buildings within a 50ft radius of any part 
of outdoor oil-filled transformer 

Both horizontal and vertical 

r; """';og 

�o,� Tmi'"�� , 

L��::�;�. : .. ;.!::, . . 1�-1 / 

between all outdoor oil-filled 
transformers spaced less than 30 It apart 

For Sl units: 1 It; 0.3048 m. 

FIGURE B.23.l(a) Transformer Spacing. 
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Building 

spray, or foam-water sprinkler systems. If sprinkler and water 
spray systems are provided for fire pump houses, they should 
be designed for a minimum density of 0.25 gpm/ft2 

(10.19 L/min · m2) over the entire fire area. 

B.23 Transformers. 

B.23.1 Buildings should be protected from exposure fires 
involving oil-filled transformers by locating the transformer 
casing, conservator tank, and cooling radiators at least 50 ft 
(15.2 m) from buildings, by providing a minimum 2-hour fire 
barrier between transfot-mers and exposed buildings, as shown 
in Figure B.23.1 (a) and Figure B.23.1 (b), or by complying with 
Table B.23.1. A minimum 1-hour fire barrier or a distance of 
30 ft (9.1 m) should be provided between adjacent transform
ers. Means should be provided to contain oil spills. 

B.23.2 Oil-filled main, station service, and start-up transform
ers should be protected with automatic water spray systems in 
accordance with NFPA 15 or foam-water spray systems in 
accordance with NFPA 16. 

B.23.3 Transformers installed inside fire areas contamtng 
safety-related systems or equipment should be of the dry type 
or insulated and cooled with noncombustible liquid. 

Table B.23.1 Transformer Spacing Separation Distances 

Transformer Oil Capacity 

Less than 5000 gal ( 18,925 L) 
Over 5000 gal ( 18,925 L) 

Bushing 
.So / --·�:1li,_ 

Building Transformer 

Section A-A 

Minimum (Line-of-Sight) 
Separation Without Firewall 

25 ft (7.6 m) 
50 ft (1 5.2 m) 
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B.23.4 Transformers filled with combustible fluid that are 
located indoot-s should be enclosed in a transfonner vault (see 
A?-ticle 450 of NFPA 70). 

B.24 Auxiliary Boilers. 

B.24.1 Auxiliary boilers, their fi.tel buming systems, combus
tion product removal systems, and related control equipment 
should be installed and operated in accordance with NFPA 85. 

B.24.2 Oil-fired boilers or boilers using oil ignition within the 
main plant should be protected with automatic sprinkler, water 
spray, or foam-water sprinkler systems covering the boiler area. 
Sprinkler and water spray systems should be designed for a 
minimum density of 0.25 gpm/ft2 (10.19 L/min · m2) ovet- the 
en tire area. 

B.25 Offices, Shops, and Storage Areas. Automatic sprinklers 
should be provided for storage rooms, offices, and shops 
containing combustible materials that present an exposure to 
surrounding areas that are critical to plant operation, and 
should be so located and protected that a fire or the effects of a 
fire, including smoke, will not adversely affect any safety-related 
systems or equipment. 

B.26 Simulators. Simulators should be provided with a fixed 
automatic suppression system. Simulators and supporting 
equipment should be separated fi·om other areas by a fire 
barrier with a minimum 1-hour rating. 

B.27 Technical Support and Emergency Response Centers. 
Technical support centers should be separated from all other 
areas by fire barriers or separated from all other buildings by at 
least 50 ft ( 15.2 m), and they should be protected by an auto
matic fixed suppression system as required by the fire hazards 
analysis. 

B.28 Intake Structures. Intake structures should be of 
noncombustible construction and should be provided with 
automatic sprinkler protection. 
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