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ABSTRACT - Fires in a nuclear power plant (NPP) are a significant safety consideration.  The
associated circuits of concern are not required for post-fire safe-shutdown; however their
inadvertent operation can cause maloperation or prevent systems and equipment necessary for
fire safe shutdown (FSSD) from performing their design functions.  The U.S. Nuclear
Regulatory Commission’s (NRC’s) new Reactor Oversight Process (ROP) uses a risk-informed
approach to evaluate the safety significance of these inspection findings.  As a part of this
approach, the inspectors use a significance determination process (SDP) to evaluate the
importance of the potential finding and the risk to the safe operation of the reactor.  The NRC
Office of Nuclear Reactor Regulation (NRR) fire protection engineers  have reevaluated the
approach used in the past to inspect these associated circuits as a part of the triennial fire
protection inspections.  The NRC staff has also reviewed recent industry-sponsored fire testing
results and held public workshops to discuss the risk significance of spurious operation of
associated circuits.  Based on the outcome of these efforts, the NRC has developed inspection
criteria to help focus the regional fire protection inspectors on the most risk-significant
associated circuit configurations.  This paper discusses the process of risk-informing these fire
protection inspection activities.
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I.      Background

When I got to the control room, I saw that RCIC, HPIC, LPCI and core spray was automatically
initiated because of the cable shorting.

 - Browns Ferry Assistant Shift Engineer’s Testimony, April 7, 1975 [1]
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The second alarm was Core Spray (CS), Reactor Heat Removal (RHR) pumps running, I
checked but the pumps were not running.

 - Browns Ferry Unit Operator’s Testimony, April 13, 1975 [2]

At approximately 12:50 p.m., two annunciators showed up on 9 -7 panel indicating, 1. Steam jet
gas ejector-off gas filter Delta P high and, 2. Off-gas dilution airflow low, I felt these
annunciators had to be erroneous.

- Browns Ferry Unit Operator’s Testimony, May 2, 1975 [3]

The cables were arcing and the insulation seemed to be bubbling.

- Browns Ferry Assistant Unit Operator’s Testimony, April 11, 1975 [4]

On March 22, 1975, the Tennessee Valley Authority’s (TVA’s), Browns Ferry Nuclear Power
Plant (BFN) experienced a near-miss accident as a result of a fire in the cable spreading room
(CSR) which extended into the Unit 1 reactor building (U1RB).  The fire demonstrated that
despite the fact that the plant was designed with redundant and diverse safety systems, a
single fire could render these systems inoperable by damaging the instrument, control, and
power cables required for these system’s operation.  The fire also illustrated it could act as a
“ghost in the machine” by starting/stopping equipment at random, changing position of
equipment such as a motor-operated valve (MOV), and sending erroneous instrument readings. 
The BFN incident was only mitigated by the fast thinking and heroic actions of operators,
construction workers, and other plant personnel. [5]

II NRC Regulation Reform  

As a result of the BFN fire, the NRC initiated rule making activities to address the requirements
for fire protection, including the protection of associated circuits.  Protection of associated
circuits has invariably been a very technically challenging aspect of post-fire safe-shutdown.  In
the original proposed Fire Protection Rule (10 CFR 50.48 and Appendix R), associated circuits
had their own section, III.Q. “Associated Circuits”. [6]  Based on numerous public comments
received on the proposed rule, the NRC deleted the section III.Q and included the requirements
for associated circuits in the section III.G, “ Fire Protection of Safe Shutdown Capability.” [7] 
Appendix R, Section III.G contains the following requirement: “Except as provided for in
paragraph G.3 of this section, where cables or equipment, including associated non-safety
circuits that could prevent operation or cause malope ration due to hot shorts, open circuits, or
shorts to ground, of redundant trains of systems necessary to achieve and maintain hot
shutdown are located within the same fire area outside of containment, one of the following
means of ensuring that one of the redundant trains is free of fire damage shall be provided.” [8] 
This is the only regulatory requirement addressing the “associated circuits of concern.”

The NRC never published a detailed methodology on how to perform a circuit analysis for 
post-fire safe-shutdown, but rather left the details up to the individual licensee.  The NRC did
issue additional guidance on an as-needed basis in the form of information notices (INs) and 
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4Intracable shorting occurs when the individual conductors within a single multi-conductor cable come in
contact and short.

generic letters (GLs).  This additional information was typically issued when generic problems
were discovered during routine fire protection inspections or when multiple licensees requested
additional guidance.

III Risk-Informing Associated Circuit Investigations

The NRC, as a regulatory agency, is in the process of using risk information to supplement its
decisionmaking process.  In the program area of fire protection, the NRC’s new Reactor
Oversight Process (ROP) uses a risk-informed approach to evaluate the safety significance of
inspection findings.  As a part of this approach, the inspectors use a significance determination
process (SDP) to evaluate the importance of a potential finding and the risk to the safe
operation of the reactor. 

In the late 1990s, a number of problems were identified in the area of associated circuits.  The
NRC issued Information Notice (IN) 99-27, “Problems Associated With Post-Fire Safe-
Shutdown Circuit Analysis,” to communicate these problems to the nuclear industry. [9]  The
NRC began to meet with external stakeholders, and determined that the issue had generic
implications.  The NRC also decided to work with industry to solve this problem.  The industry,
led by the Nuclear Energy Institute (NEI),  performed a series of 18 full-scale cable fire tests to
better understand the dynamics of cable failure and the ensuing spurious actuation of
equipment.  NEI’s test program provided valuable insights into the variables that influence
failure mechanisms of associated circuits.  The test results were also critiqued by an expert
panel and issued in a Electric Power and Research Institute (EPRI) report. [10]   An essential
facilitated public meeting was held on February 19, 2003.  In this meeting representatives from
the nuclear industry, national laboratories, consulting firms, and the NRC discussed risk-
informing associated circuit inspections.  The meeting was successful in reaching a general
consensus on the most risk-significant configurations, configurations that will require additional
research, and low risk significant configurations.  The NRC compiled this data and issued a
Regulatory Information Summary (RIS) for public comment in August 2003. [11]  With the
support of Brookhaven National Laboratories (BNL), the NRC also developed a knowledge
base for performing post-fire safe-shutdown analysis and issued it as a draft NUREG for public
comment in January, 2004. [12]

IV Key Elements of the Risk-Informed Inspection

The risk-informed inspection guidance was designed to concentrate the associated circuit
inspection activities on the most safety significant elements related to post-fire safe-shutdown. 
The key safety significant elements to focus on during inspections include;

� Concentrating on associated circuits whose failure could cause flow diversion, loss of
coolant, or other scenarios that could significantly impair the ability to achieve and maintain hot
shutdown within the first hour of the event.

� Concentrating on intracable4 shorting of conductors within the same cable.  Full-scale
cable fire testing has shown this to be the most probable cause of spurious actuation of
equipment.
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5Intercable shorting occurs when individual conductors from different cables come in contact and short.

6The one exception to this guidance involves decay heat removal (DHR) system isolation valves.  Although
the failure based on three-phase shorting with proper polarity has an extremely low probability, the consequence of
the failure of these valves is unacceptable.

�Concentrating on intercable5 shorting between thermoplastic cables.
�Evaluating a maximum of two cables damaged concurrently by the fire (with the

resulting spurious operation) for each scenario investigated.
�Evaluating the fire hazards within the area and be able to develop a creditable fire

scenario that could damage the cables of concern.

The inspection guidance also discourages inspectors from concentrating on very low probability
and physically impossible configurations.  These very low probability and physically impossible
configurations guidance include;

�Avoid associated circuit spurious operations that require open circuits (i.e., physical
separation of the conductor) as the initial mode of cable failure.

�Avoid associated circuit spurious operations that require intercable shorting between
conductors within an armored cable or a cable within a metallic conduit interacting with cables
located outside the armor jacket or metallic conduit. 

�Avoid associated circuit spurious operations that require multiple high-impedance faults
on a common power supply.  Although these faults can be shown mathematically, they are very
difficult to achieve in actual fire exposure.  Further, should the fault occur, they are readily
corrected by manual operator actions.

�Avoid associated circuit spurious operations that require three-phase, proper-polarity
hot shorts on the power cable.6

�Avoid associated circuit spurious operations that require multiple proper-polarity hot
shorts causing the spurious operation of a direct current (DC) motor, or motor operated valve
(MOV) when the postulated failure involves the power cables.  Such failures are considered
unlikely because a shunt and field require five separate conductors to have the proper polarity
and sequence in order to operate.

The NRC believes that the highest caliber inspections will be achieved by following this
guidance to conduct the inspection of associated circuits.

V Remaining Activities

The NRC needs to perform a number of short and long-term items for successful completion of
this effort.  In the near term, the NRC will issue the final RIS and NUREG.  A public workshop
will also be held to explain this approach to all concerned stakeholders.  Inspections are
expected to resume by the end of 2004.  The NRC is also evaluating if new rulemaking or staff
position documents will be needed.   For long-term activities, the NRC Office of Research
(RES) will evaluate the associated circuit configurations that require additional research and
testing.  Some of the important associated circuit parameters RES will examine include;

� Intercable shorting between thermoset cables.
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� Intercable shorting between thermoset and thermoplastic cables.
� The number of cables that should be assumed to short and cause spurious actuations,

i.e., 3 or more cables.
� The effects of control power transformers (CPT) in reducing the likelihood of spurious

operations given fire induced cable damage.
� The expected duration of fire induced cable faults, i.e., given cable damage and a hot

short, how long the short remains energized.

 Based on the results of the evaluation, the staff will adjust the RIS and other generic
communication documents as warranted.

VI Conclusion

The NRC is confident that risk-informing associated circuit inspections will lead to the best use
of inspection resources and promote a safety culture in this risk-sensitive program area.
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