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ABSTRACT

The comprehensive industrial safety standards and codes that
exist today have e\olved from lessons learned through past
experience, research results, and improvements in technologi-
cal capabilities. The current requirements for fire safety
features of commercial nuclear power stations operated in the
U.S. are a notable example of this practice. Although fire
protection has always been an important design requirement,
from the aftermath of a serious fire that occurred in 1975 at
the Browns Ferry plant, it was learned that the life safety and
property protection concerns of the major fire insurance
underwriters may not sufficiently encompass nuclear safety
issues, particularly with regard to the potential for fire
damage to result in the common mode failure of redundant
trains of systems, and components important to the safe
shutdown of the reactor.

Following its investigations into the Browns Ferry fire,
the Nuclear Regulatory Commission (NRC) promulgated
guidance documents, which ultimately developed into manda-
tory regulations, necessary to assure the implementation of a
fire protection program that would address nuclear safety
concerns. The new criteria that evolved, contain prescriptive
design features, as well as personnel and administrative
requirements the Commission determined to be necessary to
provide a defense-in-depth level of protection against the
hazards of fire and its associated effects on safety related
equipment. These criteria are primarily contained in Appen-
dix R of Title 10 to the Code of Federal Regulations (10
CFR 50).

Since 1983 various members of the Department of
Nuclear Energy (DNE) at Brookhaven National Laboratory
(BNL) have provided technical assistance to the Nuclear
Regulatory Commission (NRC) in support of its evaluations
of fire protection features implemented at commercial nuclear
power stations operated in the U.S.. This paper presents a
discussion of the insights gained by the author during his
active participation in this area.

HISTORICAL BACKGROUND OF FIRE PROTECTION

When the Nuclear Regulatory Commission was
established in January 1975, fire protection requirements for
nuclear power plants were contained in General Design
Criterion 3 (GDC 3) of Appendix A to Part 50 of Title 10 of
the Code of Federal Regulations. This rule, which still serves
as the regulatory basis for fire protection program require-
ments for commercial nuclear power plants operating in the
U.S., requires that structures, systems and components
important to safety be designed and located to minimize the
probability and adverse effects of fires and explosions, that
noncombustible and heat resistant be used wherever practical,
and that fire detection and suppression systems be provided
to minimize the effect of fire on structures, systems, and
components important to safety. In general, fire protection
safety evaluations based on GDC 3 were the basis for NRC
acceptance of fire protection programs. However, since little
implementation guidance existed in the form of industry-wide
standards or specific NRC criteria, these evaluations did not
focus on the plant's ability to achieve safe shutdown condi-
tions in the event of fire. At that time the level of fire
protection provided by a plant was typically deemed adequate
if the plant complied with the codes and industry consensus
standards imposed by its fire insurance underwriter.

During the design, construction and initial operation of
the majority of commercial nuclear power plants currently
operating in the U.S., fire safety requirements were similar to
those of the non-nuclear industry. Since these requirements
were primarily developed to satisfy concerns of the major
insurance underwriters, their central focus was to provide for
the life safety of operating personnel and to limit the extent
of fire damage to capital equipment. As would be learned
from investigations into the Browns Ferry fire, however, the
fire protection criteria for nuclear facilities must be expanded
to include an additional objective of ensuring nuclear safety.

1975 BROWNS FERRY FIRE

On March 22,1975, the most severe fire in the history
of the U.S. commercial nuclear industry occurred at Unit 1 of
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TVA's Browns Ferry nuclear power station, located near
Decatur, Alabama. Subsequent investigations attributed the
cause to a penetration seal inspection process which relied on
the ventilation-induced differential pressure between areas on
either side of the penetration to draw off smoke from a
candle. In this manner, a defective penetration seal could be
detected by the movement of smoke toward and through the
seal. During the implementation of this process at Browns
Ferry, a crack in a penetration seal located in a wall separat-
ing the cable spreading room from the reactor building,
caused the flame of the candle to be drawn into the penetra-
tion, ignit, 'ig its polyurethane foam material. The pressure
differential, initially relied on to detect defective seals now
served to fan the fire causing it to spread more rapidly and
damaging a large number of cables located on either side of
the wall. Damage to the affected cables would ultimately
result in the loss of all normal methods of providing cooling
water to the reactor.

Due to the large amount of combustible cable insula-
tion involved, and operator reluctance to extinguish the fire
through the use of water out of fear of shorting out electrical
safety systems, the fire burned uncontrolled for several hours.
It is important to note, however, that once a decision was
made to apply water, the fire was quickly brought under
control. In the cable spreading room, which was protected by
a CO2 extinguishing system, damage was limited to a 5-foot
area adjacent to the penetration where the fire started. The
major amount of fire damage occurred on the opposite side
of the penetration in an area of the Reactor Building approxi-
mately 40 feet by 20 feet.

Although the fire damage was limited to a relatively
small area of the plant, more than 1600 cables routed in 117
conduits and 26 cable trays were affected. Of those, 628
cables were safety reiated and their damage resulted in a loss
of a significant number of plant safety systems. While a
sufficient quantity of plant equipmen; remained operational
throughout the event to enable operators to shutdown the
reactor and maintain it in a safe shutdown condition, thereby
preventing the fire from having any adverse impact on public
safety, this objective was not easily achieved. The extensive
damage experienced by electrical power and control systems
impeded the functioning of normal and standby reactor
cooling systems and degraded the operators capability to
monitor the status of the plant. Due to the loss of multiple
safety systems operators were required to initiate emergency
repair actions to restore required systems so that the reactor
could be brought to a safe shutdown condition.

DEVELOPMENT OF SPECIFIC FIRE PROTECTION
CRITERIA

In the aftermath of the Browns Ferry Fire, on March
26, 1975, the NRC established a Special Review Group to
investigate the fire and recommend changes to current NRC
fire protection policies and procedures. In its report, "Rec-
ommendations Related to the Browns Ferry Fire" (NUREG
0050, February 1976), the Special Review Group noted that
reasonable improvements in existing fire protection programs
could be achieved and concluded that the NRC should

develop specific guidance for implementing the existing fire
protection regulations (GDC 3 to 10 CFR 50).

In recognition of the potential consequences of the
Browns Ferry fire and to provide assurance that an adequate
level of fire safety is incorporated into the overall design and
operation of all nuclear power plants operating in the U.S.,
the Special Review Group recommended that fire protection
program requirements be based on the application of a
"defense-in-depth" philosophy. With regard to fire protection,
this concept would achieve a high degree of safety through
the use of multiple echelons of safety systems that is aimed
at achieving an adequate balance in the following principles:

• Fire Prevention - The prevention of fire
through the adoption of administrative controls
(i.e., good housekeeping practices, control of
combustible materials, control of ignition
sources, etc.);

• Fire Detection and Suppression - The ability to
rapidly detect fires in their incipient stages
through the application of early warning
fire/smoke detection systems and to rapidly
suppress fires through the application of fixed
fire suppression systems and manual fire fight-
ing means;

• Assuring safe shutdown capability - Designing,
modifying and protecting existing plant safety
systems so that the continued operation of
essential safety functions would be assured in
those instances where a fire may develop and
propagate in spite of established fire preven-
tion and suppression measures;

In response to the recommendations of the Special
Review Group, the NRC staff developed specific technical
guidance describing methods for achieving an acceptable level
of compliance with GDC 3 and subsequently issued Branch
Technical Position Auxiliary and Powe/ Conversion Systems
Branch 9.5-1 (BTP APCSB 9.5-1) "Guidelines for Fire
Protection for Nuclear Power Plants" and Appendix A to BTP
9.5-1 "Guidelines for Fire Protection for Nuclear Plants
Docketed Prior to July 1, 1976." Tne basic intent of this
Appendix was to modify the guidelines in the original BTP so
as to provide an acceptable level of fire protection at the
older, operating plants without having a significant impact on
plant design, construction or operation.

In September of 1976, the NRC requested each
licensee to provide a Fire Hazard Analysis (FHA) that
divided the plant into distinct fire areas and demonstrate that
redundant trains of equipment required to achieve and
maintain cold shutdown conditions of the reactor are ade-
quately protected from fire damage. Additionally, the NRC
informed each plant that the guidance in Appendix A to BTP
9.5-1 would be used to analyze the consequences of a postu-
lated fire within each area of the plant. The NRC then
reviewed the FHA's submitted by each operating plant against
the guidance contained in Appendix A to BTP 9.5-1 and



conducted plant visits to examine the relationship of struc-
tures, systems and components important to safety with fire
hazards, the potential consequences of fire and the associated
fire protection features.

By the late 1970s, the majority of operating plants had
completed their analyses and had implemented most of the
fire protection program requirements of Appendix A to the
BTP. In most cases, the modifications proposed by licensee's
as a result of these analyses were found to be acceptable by
the NRC. In certain cases, however, technical disagreements
between the licensee's and the NRC staff ensued and a
number of plants refused to adopt several specific recommen-
dations contained in the BTP including the need for develop-
ing an alternative shutdown capability in the event of fire
requiring control room evacuation.

In May of 1980, the NRC decided to resolve the areas
of disagreement through rulemaking and issued a proposed
fire protection rule "Fire Protection Program for Operating
Nuclear Power Plants" (45 Fed. Reg. 36082, May 29, 1980).
This proposed rule addressed the protection of safe shutdown
capability generically, through a plant specific analysis of the
effects of fire in accordance with the BTP 9.5-1 Appendix A
philosophy. However, since it is not considered possible to
fully analyze the course of fire initiation or propagation, the
NRC determined that the proposed rule did not provide
sufficient assurance with regard to the potential effect of fire
on equipment and systems required to achieve and maintain
cold shutdown of the reactor. As a result, the proposed
analytical approach was modified to provide specific fire
safety design criteria. The fire protection requirements that
ultimately evolved are currently contained in 10 CFR 50.48,
"Fire Protection" and Appendix R to 10 CFR 50, "Fire
Protection Program for Nuclear Power Facilities Operating
Prior to January 1,1979" of the Code of Federal Regulations
which became effective in February 1981. It should be noted
that although Appendix R is specifically applicable to plants
licensed to operate before January 1,1979, newer plants are
subject to essentially the same technical requirements which
are specified in the conditions of their operating license. In
July 1981, the NRC issued Section 9.5.1 of the Standard
Review Plan which describes fire safety provisions applicable
to all plants licensed after January 1, 1979. In general, this
document closely reflects the technical requirements of
Appendix R.

It is important to recognize that by the time Appendix
R became effective, the majority of U.S. plants were well
beyond the design phase. In fact, most had already initiated
power operations and the rest were under construction.
Consequently, certain design features which may be desirable
in an ideal design, such as the total separation of redundant
trains of safety related systems, could not be implemented.
Additionally, the new rule also provided plants with an
exemption process which could be used if it can be demon-
strated that a required protection feature would not enhance
the existing level of fire protection, or if required modifica-
tions would be detrimental to overall safety of the plant.

FIRE PROTECTION OF SAFE SHUTDOWN
CAPABILITY

The overall objective of fire protection program
requirements for commercial nuclear power stations operated
in the U.S. is to provide assurance, through a defense-in-
depth design, that a fire will not prevent the performance of
required plant shutdown functions and will not significantly
increase the risk of radioactive releases to the environment.
With regard to the achievement of this objective, Appendix R
establishes general and specific features of an acceptable fire
protection program. The general requirements of this rule
address the overall attributes of an acceptable fire protection
program such as fire prevention administrative controls and
procedures, and the performance of a comprehensive Fire
Hazards Analysis. Additionally, Appendix K contains 15
specific criteria which define the required tire protection
features. Of these, Section III.G, "Fire Protection of Safe
Shutdown Capability," which establishes specific design-basis
protective features as criteria for the protection of the plant's
safe shutdown capability, has had the greatest impact in terms
of required plant modifications. Specifically, this section of
the rule requires:

1. The separation of redundant trains of equip-
ment required to achieve safe shutdown by
either 3-hour rated barriers, 1-hour rated
barriers plus automatic suppression and detec-
tion, or 20 feet of horizontal separation free of
intervening combustibles plus automatic sup-
pression and detection.

2. An alternate of dedicated shutdown capability
for areas, such as the control room or cable
spreading room, where compliance with the
separation and protection requirements de-
scribed above can not be achieved.

In addition to the general and specific requirements of
Appendix R, the NRC has issued several Generic Letters (GL
81-12, GL 83-33 and GL 86-10) which provide additional
clarification information related to the implementation of the
rule. The following is a summary of these documents:

Generic
Letter

81-12:

83-33:

86-10:

Provided clarification of information required
by the NRC to evaluate the alternative shut-
down capability and the definition of associated
circuits.

Provided additional information related to
plant fire protection features.

Provided additional information with regard to
the interpretation of specific requirements of
Appendix R and notified licensee's that Para-
graph 50 .48 (c) (6) of 10 CFR 50 which



addressed schedule exemptions for Appendix R
implementation was no longer valid and that
fire protection programs approved by the NRC
were to be incorporated into the FSAR.

FIRE HAZARD ANALYSIS

The overall intent of Section III.G and the subsequent
clarification and interpretive documents that have been issued
by NRC is to provide assurance that fire protection features
are capable of limiting fire damage so that the operability of
one train of systems necessary to achieve and maintain the
reactor in a safe shutdown condition is assured. To demon-
strate that the ability to achieve and maintain safe shutdown
conditions would not be compromised as a result of an
unmitigated fire, Appendix R requires each plant to perform
a comprehensive Fire Hazard Analysis (FHA). This analysis,
which provides the technical justification of the plant's fire
protection program, typically includes: (1) a comprehensive
review of existing features of plant construction and system
configurations so that fire areas may be established, (2) a
determination of the hazards and associated fire protection
capability provided for each area, and (3) the identification of
equipment and cabling that must remain free of fire damage
to assure the achievement of cold shutdown conditions of the
reactor. The specific systems, equipment, and cabling requir-
ing protection are defined by Appendix R as those necessary
to support the achievement of each the following safe
shutdown functions:

• Reactivity Control - capable of inserting sufficient
negative reactivity into the reactor to achieve and
maintain cold shutdown conditions.

• Reactor Coolant Makeup - capable of maintaining the
reactor vessel water level above the top of the active
fuel (BWRs) or within the level indication of the
pressurizer (PWRs).

• Decay Heat Removal - capable of removing decay heat
to cold shutdown conditions.

• Process Monitoring - capable of providing direct
readings of process variables necessary to perform and
control the above functions.

• Support Functions - capable of providing the process
cooling, lubrication, etc., necessary to permit the
proper functioning of required equipment.

Typically, a number of plant systems may be available,
alone or in combination with other systems, to achieve the
safe shutdown functions outlined above. However, an
extensive effort would be required to identify the effects of
postulated fires in each area on all plant systems that may be
available to support safe shutdown. For this reason, a
common approach taken in many FHAs is to identify a
minimum set of plant systems and components that are
capable of achieving and maintaining safe shutdown and then
demonstrating that this equipment and its associated cables
and circuits is provided with an adequate level of protection.

ALTERNATIVE SHUTDOWN CAPABILITY

During the performance of the FHA certain fire areas
may be found to contain a large number of redundant trains
of required equipment and cables that are located in close
proximity. Typical examples of these areas are the control
room, cable spreading room, cable tunnels and switchgear
rooms. In such cases, Appendi?: R requires an alternative or
dedicated shutdown capability that is both physically and
electrically independent of the affected fire area. An alter-
nate shutdown system is defined as a system that is created by
relocation or modification of existing safe shutdown system
controls outside the affected fire area whereas a dedicated
shutdown capability consists new structures, equipment or
systems that are specifically dedicated for use in accomplish-
ing a safe shutdown function(s) in the event of fire.

The majority of operating plants have opted to an
install an alternative shutdown system. This capability
typically consists of one or more remote panels which provide
the controls necessary to electrically isolate required equip-
ment from the affected area, establish control, and monitor
the performance of required systems. In the majority of
cases, the alternate shutdown capability will also rely on the
performance of manual operator actions in various areas of
the plant. Examples of such activities include the verification
of required electrical system line-ups, manual positioning of
valves, and establishing local control of equipment. All
operator actions are governed by emergency operating
procedures and the capability of performing all required
actions within the time restraints established for achieving
each safe shutdown function be demonstrated.

ASSOCIATED CIRCUITS

In addition to the protection of cables and equipment
that are directly related to the operability of required systems,
Appendix R also recognizes the need to provide protection
for associated circuits whose failure due to fire damage could
prevent operation or cause maloperation of the systems
needed for safe shutdown. To resolve confusion over what
constituted an associated circuit of concern, the NRC issued
Internal Memorandum, R. Mattson to D. Eisenhut, March 22,
1982, to provide additional clarification of information
provided in Generic Letter 81-12. This document defines
associated circuits for Appendix R consideration and estab-
lishes guidelines for protecting the safe shutdown capability
from fire-induced failures of associated circuits.

In general, Associated Circuits of concern have been
categorized into three distinct types:

• Circuits associated by Common Power Supply.

• Circuits associated by Common Enclosure.

• Circuits whose Spurious Operation may adversely
impact the achievement of safe shutdown.

Common Power Supply associated circuits include all
unprotected circuits that share a power supply {Switchgear,



MCC, Panel, etc.) with equipment required to achieve post-
fire safe shutdown. In the absence of adequate fire protective
features (i.e., rated barriers or wrap) or electrical coordina-
tion, fire initiated faults on unprotected branch/load circuits
may not be rapidly isolated by the protective device located
nearest the fault and may propagate to a loss of the entire
power supply due trip of the upstream feeder breaker to the
supply.

Common Enclosure associated circuits include all non-
essential circuits which share a common enclosure (raceway,
junction box, cable tray, etc.) with circuits required to achieve
and maintain safe shutdown and are not electrically protected
by circuit breakers, fuses or similar devices, or will allow the
propagation of fire into the common enclosure due to
inadequate fire barriers or seals.

The Spurious Operation or malfunction of plant
components could affect the safe shutdown capability by
leading to an unrecoverable plant condition or the loss of a
safe shutdown function. The effects of spurious component
operations include:

1. The maloperation of required equipment due
to fire-induced damage to associated cabling or
control system interlocks. Examples include
false motor, control, and instrument readings
which may be initiated as a result of fire in-
duced grounds, shorts or open circuits.

2. The spurious operation of safety-reiated or
non-safety-related components that could
prevent the accomplishment of a safe shutdown
function. Examples include the spurious clo-
sure of a valve in a required flow path or the
spurious opening of a valve which would cause
flow to be diverted from the desired flow path.

The implementation of the complex fire protection
features outlined above has not been easily achieved. Utilities
and regulators alike have expended a large amount of their
available resources in assuring the establishment of a fire
protection program that would adequately address the fire
safety concerns identified as a result of the Browns Ferry fire.
To date, the NRC has completed at least one inspection for
compliance with Appendix R related issues at all operating
plants. For over ten years, engineers from Brookhaven
National Laboratory have provided technical support to the
NRC during its evaluations of the post-fire safe shutdown
capability of commercial nuclear power plants. During this
time, the majority of plants have been found to adopt a
serious attitude with regard to the potential effect of fire on

plant safety, and have developed a fire protection program
that fully implements the fire prevention and protection
aspects of the defence-in-depth philosophy.
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