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A. INTRODUCTION

Appendix A, “General Design Criteria for Nuclear
Power Plants,” to 10 CFR Part 50, “Domestic Licensing
of Production and Utilization Facilities,” contains,
among other things, requirements for the design, relia-
bility, qualification, and testability of the protection
system, systems that accomplish safety functions, and
other systems (known as auxiliary supporting features)
that are essential to the operation of the protection
system and the accomplishment of the safety functions.
These systems, taken collectively, have been desig-
nated as safety systems by the Institute of Electrical
and Electronics Engineers (IEEE) and constitute the
safety systems addressed in this regulatory guide. The
following General Design Criteria are applicable to the
power, instrumentation, and control portions of safety
systems:

e Criterion 2, “Design Bases for Protection Against
Natural Phenomena,” requires systems important to
safety to be designed to withstand the effects of natural
phenomena without loss of capability to perform their
safety functions.

e Criterion 4, “Environmental and Missile Design
Bases,” requires systems important to safety to be
designed to accommodate the effects of and to be
compatible with the environmental conditions associated
with normal operation, maintenance, testing, and postu-
lated accidents.

e Criterion 10, “Reactor Design,” requires protec-
tion systems to be designed with margins to assure that
fuel design limits are not exceeded.

e Criterion 12, “Suppression of Reactor Power
Oscillations,” requires protection systems to be designed
to prevent or detect and suppress power oscillations
that can result in conditions exceeding fuel -design
limits.

e Criterion 13, “Instrumentation and Control,” re-
quires that instrumentation be provided to monitor
variables and systems over their anticipated ranges for
normal operation, anticipated operational occurrences,
and accidents to assure adequate safety and .requires
appropriate controls to maintain variables and systems
within prescribed operating ranges.

o Criterion 15, “Reactor Coolant System Design,”
requires that the reactor coolant system and associated
auxiliary, control, and protection systems be designed
with sufficient margin to assure that the design condi-
tions of the reactor coolant pressure boundary are not
exceeded during any condition of normal operation,
including anticipated operational occurrences.

e Criterion 17, “Electric Power Systems,” requires
electric power systems to be provided to permit func-
tioning of structures, systems, and components impor-
tant to safety.

e Criterion 18, “Inspection and Testing of Electric
Power Systems,” requires electric power systems impor-
tant to safety to be designed to permit periodic inspec-
tion and testing of such systems for operability and
functional performance.

e Criterion 20, “Protection System Functions,” re-
quires a protection system to sense anticipated opera-
tional occurrences and accidents and initiate operation of
appropriate systems to assure that acceptable limits are
not exceeded.

o Criterion 21, “Protection System Reliability and
Testability,” requires the protection system to be
designed with high functional reliability and inservice
testability, This criterion also requires redundancy and
independence to provide protection against single failures
and retention of redundancy (except where justified) in
the event equipment is removed for service. On-line
testing is required.
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e Criterion 22, “Protection System Independence,”
requires that the effects of natural phenomena, normal
operation, maintenance, testing, and postulated accident
conditions on redundant channels do not result in loss
of the protective function.

e Criterion 23, “Protection System Failure Modes,”
requires that the protection system be designed to fail
into a safe state or into a state demonstrated to be
acceptable on some other basis if conditions such as
disconnection of the system, loss of energy, or postu-
lated adverse environments are experienced.

e Criterion 24, ‘“Separation of Protection and Con-
trol Systems,” requires separation of protection and
control systems to the extent that failure or removal
from service of control equipment or equipment com-
mon to protection and control leaves intact a system
satisfying all reliability, redundancy, and independence
requirements of the protection system and requires that
safety not be impaired as a result of the interconnection
of protection and control systems.

e Criterion 25, “Protection System Requirements
for Reactivity Control Malfunctions,” requires that the
protection system be designed to assure that specified
acceptable fuel design limits will not be exceeded for

any single malfunction of the reactivity control
systems.
e Criterion 29, “Protection Against Anticipated

Operational Occurrences,” requires that protection sys-
tems and reactivity control systems be designed to be
highly reliable in accomplishing their safety functions in
the event of anticipated operational occurrences.

e (Criteria 34, “Residual Heat Removal,” 35, “Emer-
gency Core Cooling,” 38, “Containment Heat Removal,”
41, “Containment Atmosphere Cleanup,” and 44, “Cool-
ing Water,” require suitable redundancy, interconnec-
tions, and isolation capabilities to assure that, for onsite
and for offsite electric power system operation, the
safety function can be accomplished.

e Criteria 37, “Testing of Emergency Core Cooling
System,” 40, “Testing of Containment Heat Removal
System,” 43, “Testing of Containment Atmosphere
Cleanup Systems,” and 46, “Testing of Cooling Water
System,” require designs to permit periodic functional
testing of these systems, the operability and perfor-
mance of the active components of the system, and the
operability of each of these systems as a whole, includ-
ing the full operational sequence that brings each system
,into operation.

e Criterion 54, “Piping Systems Penetrating Contain-
ment,” requires redundancy, reliability, and performance
that reflect the importance of the isolation systems to
safety. Capability for periodic testing is also required.

In addition, § 50.55a, “Codes and Standards,” of 10
CFR Part 50 .requires in paragraph (h) that protection
systems meet the requirements set forth in IEEE Std
279-1971, “Criteria for Protection Systems for Nuclear
Power Generating Stations”* (also designated ANSI
N42.7-1972).

Section 50.49, “Environmental Qualification of Elec-
tric Equipment Important to Safety for Nuclear Power
Plants,” of 10 CFR Part 50 requires that a program be
established for qualifying safety-related electric equip-
ment and certain non-safety-related electric and post-
accident monitoring equipment.

This guide describes a method acceptable to the NRC
staff for complying with the Commission’s regulations
with respect to the design, reliability, qualification,
and testability of the power, instrumentation, and
control portions of safety-related systems. This guide
applies to all types of nuclear plants.

The Advisory Committee on Reactor Safeguards has
been consulted concerning this guide and has concurred
in the regulatory position.

Any information collection activities mentioned in
this regulatory guide are contained as requirements in
10 CFR Part 50, which provides the regulatory basis for
this guide. The information collection requirements in
10 CFR Part 50 have been cleared under OMB Clear-
ance No. 3150-0011.

B. DISCUSSION

IEEE Std 603-1980, ‘‘Criteria for Safety Systems for
Nuclear Power Generating Stations,”* was prepared by
Subcommittee 6, Safety-Related Systems, of the IEEE
Nuclear Power Engineering Committee (NPEC). IEEE Std
603-1980 was approved by NPEC on November 15, 1979,
and by the IEEE Standards Board on March 13, 1980.

The requirements and recommendations of IEEE Std
603-1980 on the power, instrumentation, and control
portions of safety systems incorporate the requirements
and recommendations contained in IEEE Std 279-1971,
which is limited to protection systems only. Compliance
with the provisions of IEEE Std 603-1980, as supple-
mented in Section C of this guide, is considered by
the NRC staff to satisfy the provisions of IEEE Std
279-1971. (The converse is not true owing to the larger
scope of IEEE Std 603-1980.)

.l

The specific equipment to be used in implementing

the requirements of JEEE Std 603-1980 is outside the
scope of the standard. However, the NRC staff encour-
ages the application of advanced technology such as
programmable digital computers in the operation of
nuclear power plants if such technology serves to en-
hance safety.

|

*Copies are available from the Institute of Electrical and Electron- ~

ics Engineers Service Center, 445 Hoes Lane, Piscataway, NJ 08854.
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With respect to Paragraph 1.2, “Application,” of
IEEE Std 603-1980, in the context of NRC classifica-
tion, the fire protection system is not classified as a
safety-related system. Additionally, in applying the
criteria of the standard, it is helpful to understand that
the following are considered to be synonymous: (1)
electric portions of the safety system, (2) Class 1E
equipment, and (3) safety-related electric equipment as
defined in § 50.49 of 10 CFR Part 50. It should also
be noted that the scope of the standard is broader than
(1), (2), and (3) above since, for example, pneumatic
instruments may be part of the safety system.

The following is a brief discussion of the basis of
each regulatory position:

1. The terms “safety system” and “safety-related sys-
tem” have evolved separately, and it is essential in apply-
ing IEEE Std 603-1980 that the relationship of the terms
(as stated in Regulatory Position 1) be understood.

2. IEEE Std 497-1977 is referenced in IEEE Std
603-1980, but some of the requirements of IEEE Std
497-1977 are at variance with current regulatory prac-
tice. Hence, in Regulatory Position 2, reference to IEEE
Std 497-1977 in IEEE Std. 603-1980 is being replaced
with reference to Regulatory Guide 1.97, “Instrumenta-
tion for Light-Water-Cooled Nuclear Power Plants To
Assess Plant and Environs Conditions During and Fol-
lowing an Accident,” which provides specific recommen-
dations for the identification, design, installation, and
maintenance of certain instrumentation considered Type
A in Regulatory Guide 1.97.

3. In Regulatory Position 3, Section 6.3.1(1) of IEEE
Std 603-1980 has been changed to correct a printing
error in the standard.

4. Figure 7 of IEEE Std 603-1980, which provides an
interpretation of Section 6.3.1, is confusing and could
be misleading in that the upper left “diamond” cannot
accommodate an event that, by -tself, results in a
condition requiring a safety function while simultaneous-
ly causing action by a non-safety system. A modified
chart is included as Figure 1 of this guide as stated in
Regulatory Position 4.

5. Additional IEEE standards that are referenced in
other sections of the standard are listed in Section 3 of
IEEE Std 603-1980. Because the NRC staff may not
have endorsed these other standards, a caution regarding
their use is provided in Regulatory Position 5.

C. REGULATORY POSITION
The requirements contained in IEEE Std 603-1980

provide a method acceptable to the NRC staff for
complying with the Commission’s regulations with regard

to the design, reliability, qualification, and testability of
the power,* instrumentation, and control portions of
safety systems as modified and supplemented by the
following:

1. The term “safety system”™ used throughout IEEE
Std 603-1980 should be understood to be synonymous
with *‘safety-related system,” in which the term “safety-
related”” has the meaning stated in § 50.49(b)(1) of 10
CFR Part 50.

2. For displays for manually controlled actions
covered in Section 5.8.1 of IEEE Std 603-1980, the
provisions for Type A instruments in Regulatory Guide
1.97, “Instrumentation for Light-Water-Cooled Nuclear
Power Plants To Assess Plant and Environs Conditions
During and Following an Accident,” should be followed
instead of IEEE Std 497-1977.

3. Instead of the first sentence in Section 6.3.1(1) of
[EEE Std 603-1980, the first sentence in Section 4.7.4.1
of IEEE Std 279 should be used: “Alternate channels,
not subject to failure resulting from the same single
event, shall be provided to limit the consequences of
this event to a value specified by the design bases.”

4. Section 6.3.1 of IEEE Std 603-1980 references
Figure 7, a decision chart for applying the requirements
of the section. Figure 1 of this guide should be- used
in lieu of Figure 7 of IEEE Std 603-1980.

5. Section 3 of IEEE Std 603-1980 lists additional
standards that are referenced in the standard. Those
referenced standards not endorsed by a regulatory guide
or incorporated into the regulations contain valuable
information; if used, they should be used in a manner
consistent with current regulatory practice.

D. IMPLEMENTATION

The purpose of this section is to provide information
to applicants and licensees regarding the NRC staff’s
plans for using this regulatory guide.

Except in those cases in which an applicant or
licensee proposes an acceptable alternative method for
complying with specified portions of the Commission’s
regulations, the method described in this guide will be
used by the NRC staff in its evaluation of the design,
reliability, qualification, and testability of the power,
instrumentation, and control portions of safety-related
systems for construction permit applications docketed
after November 1985. All other applications will be
evaluated against the provisions of this guide only to
the extent that the licensee elects to use the guide as a
basis for system modifications requiring staff approval.

*The term power includes electric, pneumatic, and hydraulic
power,
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PREVENT PROTECTIVE ACTION IN THE
PROTECTION SYSTEM CHANNEL{S) DESIGNED
S TO PROVIDE PRINCIPAL PROTECTION

POSTULATE A
CREDIBLE EVENT

DOES EVENT
CAUSE ACTION BY A
NON-SAFETY
SYSTEM?

DOES ACTION
OF NON-SAFETY
SYSTEM RESULT IN A
CONDITION REQUIRING
PROTECTIVE
ACTION?

DOES
ORIGINATING EVENT
(OR TS CONSEQUENCES) ALEO

AGAINST THE CONDITION

CAUSED BY THE NON-

SAFETY GYSTEM
CTION?

DO EITHER
6.3.1(1) OR
6.3.1(2).

FIGURE 1.

Replacement for Figure 7 of IEEE Std 603-1980
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VALUE/IMPACT STATEMENT

1. BACKGROUND

The licensee of a nuclear power plant is required by
the Commission’s regulations to provide for the design,
reliability, qualification, and testability of the protec-
tion systems, systems that perform protection functions,
and other systems that are essential to the operation of
protection systems and the accomplishment of the pro-
tection functions. IEEE Std 279-1971, “Criteria for
Protection Systems for Nuclear Power Generating
Stations,” is incorporated into the regulations and
provides requirements and recommendations for the
protection systems, IEEE Std 603-1980, “Criteria for
Safety Systems for Nuclear Power Generating Stations,”
provides the same criteria as IEBE Std 279-1971 for
protection systems, but it is expanded in scope and
provides additional guidance by including criteria for
protection system actuation functions and auxiliary
systems, This regulatory guide endorses IEEE Std
603-1980 with appropriate supplements.

2. VALUE/IMPACT ASSESSMENT
2.1 General

The guidance in IEEE Std 603-1980 for the design,
reliability, qualification, and testability of the power,
instrumentation, and control portions of safety-related
systems is endorsed by this regulatory guide.

2.1.1 Value

This action should result in more effective design,
reliability, qualification, and testability of safety-related
systems, including auxiliary supporting features. The

guide establishes the NRC position o a national consen- -

sus standard and therefore reduces uncertainty as to what
the staff considers acceptable.

2.1.2 Impact

There should be no impact. IEEE Std 603 was devel-
oped with the intent that it would eventually supersede
IEEE Std 279. Its scope includes the protection system
as covered in IEEE Std 279, and it is further expanded
to include power sources and actuation functions as well
as protection systems. No new requirements are imposed
with the expansion in scope. This expansion in scope is
essentially covered by guidance provided in existing
regulatory guides. For instance, Regulatory Guide 1.32,
“Criteria for Safety-Related Electric Power Systems for
Nuclear Power Plants,” endorses IEEE Std 308, which
provides similar guidance for power sources. Regulatory
Guide 1.53, “Application of the Single-Failure Criterion
to Nuclear Power Plant Protection Systems,” endorses
IEEE Std 379 and provides similar guidance for meeting
the single-failure criterion. Regulatory Guide 1.75, “Physi-
cal Independence of Electric Systems,” endorses IEEE Std

384 and provides similar guidance for physical independ-
ence of redundant systems and equipment,

2.2 Definitions

Regulatory Position 1 was included to show the
relationship of the term “safety system” and the term
“safety-related” as it pertains to systems, thus clarifying
the term used in the standard.

2.2.1 Value

The relationship should be clarified to eliminate the
possibility of misunderstanding,.
2.2.2 Impact

There is no impact since no new requirements are
imposed.

2.3 Information Displays

Regulatory Position 2 was included to replace the
guidance of IEEE Std 497-1977 with that of Regulatory
Guide 1.97 as it pertains to display for manually con-
trolled actions.

2.3.1 Value

Regulatory Guide 1.97 was developed to provide the
staff’s position on display for manually controiled
actions. The acceptability of all of the guidance of
IEEE Std 497-1977 has not yet been determined by the
staff—some of its provisions are at variance with staff
recommendations, i.e., some ways of meeting the single-
failure criterion. A

2.3.2 Impact

There is no impact since no new requirements are
imposed,

2.4 Interaction

Regulatory Position 3 was included to correct a prin-
ting error.

2.4.1 Value

The error should be corrected to enable proper under-
standing of the standard.
2.4.2 Impact

There is no impact since no new requirements are
imposed.
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2.5 Interaction Chart

Regulatory Position 4 was included to replace a figure
that was confusing. The figure addresses the decision
process for applying the requirements of Section 6.3.1 of
IEEE Std 603-1980.

2.5.1 Value

The new figure eliminates the confusion that was in
the original figure and will aid the decision-making
process.

2.5.2 Impact
There is no impact as the new chart was supplied by

the group who authored IEEE Std 603-1980, and it im-
poses no new requirements.

2.6 References
Regulatory Position 5 was inciuded to provide thel\l

staff position on the referenced national consensus stan-
dards in IEEE Std 603-1980.

2.6.1 Value

Regulatory Position 5 provides the user of the stan-
dard with the NRC staff position on using the standards
listed as references.

2.6.2 Impact

There is no impact since no new requirements are
imposed.
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