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Abstract: The standard provides criteria for the performance of periodic testing of nuclear power
generating station safety systems. The scope of periodic testing consists of functional tests and
checks, calibration verification, and time response measurements, as required, to verify that the
safety system performs its defined safety function. Post-maintenance and post-modification testing
are not covered by this document. This standard amplifies the periodic testing requirements of
other nuclear safety-related IEEE standards.
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its
standards through a consensus development process, approved by the American National Standards Institute,
which brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and serve without compensation. While the IEEE
administers the process and establishes rules to promote fairness in the consensus development process, the
IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained in its
standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property
or other damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory,
directly or indirectly resulting from the publication, use of, or reliance upon this, or any other IEEE Standard
document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and
expressly disclaims any express or implied warranty, including any implied warranty of merchantability or
fitness for a specific purpose, or that the use of the material contained herein is free from patent infringement.
IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure,
purchase, market, or provide other goods and services related to the scope of the IEEE Standard.
Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard.
Every IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When
a document is more than five years old and has not been reaffirmed, it is reasonable to conclude that its
contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned
to check to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or
other services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty
owed by any other person or entity to another. Any person utilizing this, and any other IEEE Standards
document, should rely upon the advice of a competent professional in determining the exercise of reasonable
care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they
relate to specific applications. When the need for interpretations is brought to the attention of IEEE, the
Institute will initiate action to prepare appropriate responses. Since IEEE Standards represent a consensus
of concerned interests, it is important to ensure that any interpretation has also received the concurrence of
a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordinating
Committees are not able to provide an instant response to interpretation requests except in those cases where
the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views
should be considered the personal views of that individual rather than the formal position, explanation, or
interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership
affiliation with IEEE. Suggestions for changes in documents should be in the form of a proposed change
of text, together with appropriate supporting comments. Comments on standards and requests for
interpretations should be addressed to:
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Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA
Authorization to photocopy portions of any individual standard for internal or personal use is granted
by the Institute of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to
Copyright Clearance Center. To arrange for payment of licensing fee, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission

to photocopy portions of any individual standard for educational classroom use can also be obtained through
the Copyright Clearance Center.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 02:19:14 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 338-2006


http://www.avadocuments.com/doc/ieee-338-2006
http://www.avadocuments.com/doc/ieee-338-2006

Introduction

This introduction is not part of IEEE Std 338-2006, IEEE Standard Criteria for Periodic Surveillance
Testing of Nuclear Power Generating Station Safety Systems.

This standard provides criteria and requirements supplementary to those in IEEE Std 603™-1998 and IEEE
Std 308™-2001" for the performance of periodic surveillance testing programs for safety systems in nuclear
power generating stations. It also recognizes the applicability of (since withdrawn) IEEE Std 279™, as
referred to in Title 10, Part 50, Section 50.55a(h), of the Code of Federal Regulations [B1].2

Development of these criteria and requirements is consistent with safety systems designed in accordance
with both IEEE Std 603-1998 and IEEE Std 308-2001, and the following:

a. Station safety systems must, during the life of the station, be appropriately tested to assess the
operational availability of the systems.

b. Development and application of testing procedures and equipment shall be consistent with safety
system criteria (IEEE Std 603-1998) and Class 1E power system criteria (IEEE Std 308-2001).

c. Procedures for testing and documentation of failures should be such that reliability confidence
levels are enhanced.

Adherence to these criteria may not suffice for assuring the public health and safety because it is the
integrated performance of the structures, the fluid systems, the instrumentation, and the electric systems
of the station that establishes protection against the consequences of accidents. On the other hand, failure
to meet these criteria may lead to a compromise of public health and safety. Each applicant has the
responsibility to assure the public that this integrated performance is adequate.

This revision of IEEE Std 338 incorporates risk-based guidance for the determination or modification of test

intervals. The guidance is provided primarily through techniques and examples in Annex B through Annex
D.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http:/
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence
or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying

1.Information on references can be found in Clause 2.
2.The numbers in brackets correspond to those in the bibliography in Annex A.
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patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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IEEE Standard Criteria for Periodic
Surveillance Testing of Nuclear Power
Generating Station Safety Systems

1. Overview

The IEEE has developed these criteria to provide guidance in the development of the procedures for, and
documentation of, periodic electrical power, instrumentation, and control surveillance testing of nuclear
power generating station safety systems. Each applicant for a construction permit or an operating license for
a nuclear facility is required to develop these items to comply with Title 10, Part 50, Section 50.55a(h), of
the Code of Federal Regulations [B1].!

Periodic surveillance testing of safety systems ensures desired system operational availability and calls
attention to performance that is not within prescribed limits by observation of equipment parameters.
Prescribed limits are minimum performance requirements, such as response time, set point accuracy, and
other specified performance requirements as stated in the design bases. This standard amplifies the periodic
surveillance testing requirements of IEEE Std 603™-1998 and IEEE Std 308™-2001.2

This standard includes Annex A through Annex D. Annex A is a bibliography. Annex B through Annex
D provide guidance and supporting information to use risk-informed techniques in the development of
test intervals. Annex B is informational and provides a general conceptual overview of risk-informed
surveillance testing. Annex C is informational and describes, in greater detail, the methodology for
determining risk-informed surveillance test intervals and provides some examples. Annex D is informational
and provides the method of developing and implementing risk-informed surveillance testing programs.

1.1 Scope

The standard provides criteria for the performance of periodic testing of nuclear power generating station
safety systems. The scope of periodic testing consists of functional tests and checks, calibration verification,
and time response measurements, as required, to verify that the safety system performs its defined safety
function. Post-maintenance and post-modification testing are not covered by this document. This standard
amplifies the periodic testing requirements of other nuclear safety-related IEEE standards.

1.2 Purpose

This standard is intended to aid the user not only in designing a periodic test capability but also in defining
and optimizing the primary elements of an effective periodic test program (including planning, performance/
acceptance criteria, procedures, test intervals, and documentation).

2. Normative references

The following referenced documents are indispensable for the application of this document. For the dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments or corrigenda) applies.

1.The numbers in brackets correspond to those in the bibliography in Annex A.
2.Information on references can be found in Clause 2.
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ANS 3.2-1994 Administrative Controls and Quality Assurance for the Operational Phase of Nuclear Power
Plants.!

IEEE Std 308™-2001 IEEE Standard Criteria for Class 1E Power Systems for Nuclear Power Generating

Stations.” 3

IEEE Std 603™-1998 IEEE Standard Criteria for Safety Systems for Nuclear Power Generating Stations.

IEEE Std 7-4.3.2™-2003 IEEE Standard Criteria for Digital Computers in Safety Systems of Nuclear
Power Generating Stations.

3. Definitions

For the purposes of this guide, the following terms and definitions apply. The Authoritative Dictionary of
IEEE Standards Terms [B9] should be referenced for terms not defined in this clause.

channel: An arrangement of components and modules as required to generate a single protective action
signal when required by a generating station condition. A channel loses its identity where single protective
action signals are combined.

channel calibration: The adjustment of channel output such that it responds, with acceptable range and
accuracy, to known values of the parameter that the channel measures, and the performance of a functional
test.

channel check: A qualitative assessment of performance carried out at designated intervals to determine
whether critical elements of the channel are operating within their designated limits.

failure: The termination of the ability of an item to perform a required function.

functional test: A test to determine the ability of a component or system to perform an intended purpose or
safety function.

go/no-go: A set of terms (in colloquial usage) referring to the condition or state of operability of a unit that
can only have two parameters: (A) go, functioning properly; or (B) no-go, not functioning properly.

limiting condition for operation (LCO): The lowest functional capability or performance level of
equipment required for safe operation of the facility.

operational availability: The measured or observed characteristic of an item expressed by the probability
that it will be operable when needed as determined by periodic test and resultant analysis.

overlap testing: Overlap testing consists of channel, train, or load group verification by performing
individual tests on the various components and subsystems of the channel, train, or load group. The
individual component and subsystem tests check common parts of adjacent subsystems, such that the entire
channel, train, or load group is verified by testing of individual components or subsystems and by repetitive
testing of common parts of adjacent subsystems.

periodic test: A test performed at scheduled intervals to detect failures and verify operability.

1.ANS publications are available from the Sales Department, American National Standards Institute, 25 West 43rd
Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/).

2.IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane,
Piscataway, NJ 08854, USA (http://standards.ieee.org/).

3.The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics
Engineers, Inc.
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safety function: One process or condition (for example, emergency negative reactivity insertion, post-
accident heat removal, emergency core cooling, post-accident radioactivity removal, and containment
isolation) essential to maintaining plant parameters within acceptable limits established for a design basis
event.

safety group: A given minimal set of interconnected components, modules, and equipment that can
accomplish a safety function.

safety system: A system that is relied on to remain functional during and following design basis events to
ensure (A) the integrity of the reactor coolant pressure boundary; (B) the capability to shutdown the reactor
and maintain it in a safe shutdown condition; or (C) the capability to prevent or mitigate the consequences
of accidents that could result in potential offsite exposures comparable with 10 CFR, Part 100 guidelines. !

surveillance: The determination of the state, or condition, of a system or subsystem.
surveillance test: Periodic test to determine the state or condition of a system or subsystem.

test bypass: A mode of testing whereby the safety group under test is designed to permit any one channel
or load group to be maintained, tested, or calibrated during power operation, without initiating a protective
action of the safety group.

test completion: The completion of active testing of the item and the return of the item to service.
test duration: The elapsed time between the test initiation and the test termination.
test initiation: The application of a test input or removal of equipment train from service to perform a test.

test input: A real or simulated, but deliberate, action that is imposed upon a sensor, channel, train, load
group, or other system or device for the purpose of testing.

unavailability: The numeric complement of availability. Unavailability occurs when an item cannot
perform its design function. It results from the item being repaired (repair unavailability) or tested (testing
unavailability). It may also occur as a result of detected or undetected malfunctions.

4. System design requirements for testing

The safety systems shall be designed to be testable during operation of the nuclear power generating station
and/or during those intervals when the station is shut down. This testability shall permit the independent
testing of redundant channels and load groups while (1) maintaining the capability of these systems to
respond to bona fide signals, (2) tripping the output of the channel being tested, if required, or (3) bypassing
the equipment consistent with safety requirements and limiting conditions for operation.

The following issues further amplify these design requirements:

a. Design shall provide the capability for periodic surveillance testing that simulates, as closely
as practicable, the required safety function performance with the exception of abnormal
environmental conditions, such as seismic events, radiation fields, extreme pressures,
temperatures, and moisture conditions that are covered by design qualification provided
unexpected degradation has not occurred. Testing of equipment for external environments is
not within the scope of periodic surveillance testing; therefore, the environments need not be
simulated. Testing provision shall be designed to demonstrate the functional capability of the items
under test during normal environmental conditions.

1.See the guidelines in 10 CFR, Part 100 [B2].
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b. Test equipment interfaces and installed test equipment shall not cause a loss of independence
between redundant channels or load groups. Equipment included in the safety system for test
purposes shall be included in the determination of system availability.

c. Safety systems should be designed with due consideration of the impact of testing on plant
availability, maintainability, operation, operational mode, and limiting conditions for operation.
Coincidence logic may be provided where necessary to fulfill this provision.

d. Testability shall be considered in the selection of all components of the safety system. Sensors
should be accessible and, where practicable, installed such that their calibration can be verified in
place. When selecting actuation devices, their status indication capability shall be considered.

e. Design shall provide for the functional testing capability of the safety system. Simultaneous testing
of the system from sensor to actuated equipment is the preferred method. However, where this is
not practical, the system design shall provide overlap testing capability. For example, testing an
instrument channel and logic circuits separate from their actuator devices is acceptable. Design
configurations in accordance with item 2) or item 3) shall have documented justification that the
probability of failure of actuated equipment not tested during plant operation is acceptably low and
that the actuated equipment can be routinely tested when the plant is shut down.

Where it is not practicable to initiate the protective action as part of the periodic surveillance
testing procedure, the system shall be designed such that:

1. All actuation devices and actuated equipment can be tested individually or in judiciously
selected groups, such as when testing the actuation device for a containment spray pump
separately from the actuation device for the containment spray system valves.

2. The operation of certain actuated equipment is prevented during a test of their actuation
devices, such as supplying alternative power to a normally energized solenoid while
testing its current interrupting device.

3. Operation of the actuated equipment requires the (coincident) operation of more than
one actuation device, such as when individually testing the two solenoid-operated valves
that act in coincidence to control compressed air to an isolation valve.

f. Interrelationship among the systems, components, and human factors in each phase of the test
activity should be considered and reflected in the system design. Test points, test devices, and
associated test equipment should be located to facilitate performance of periodic surveillance
testing.

g. A means of communication shall be provided between personnel associated with the test and
the main control room to ensure that control room operators and associated test personnel are
cognizant of the status of those systems under test. In addition, a means of communication shall be
provided so that personnel associated with the test can adequately communicate.

h. Automatic testing features should be considered when selecting the type of testing system.
However, where a programmable digital computer is included in the design, whether integrated
or portable, automatic testing features are subject to the provisions of this standard and IEEE Std
7-4.3.2-2003.

i. Design considerations for testing the electrical power, instrumentation, and controls portion of the
safety system shall be coordinated with the testing provisions of associated mechanical and fluid
systems.
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j. Provisions used for perturbing the same or a substitute process variable are preferred over using
simulated signals to verify overall tripping of each protective channel. Where perturbing the
monitored variable or substitute is not practical, the proposed alternative tests shall have
documented justification.

k. Means should be included in the design to facilitate response time testing from sensor input to, and
including, the actuated equipment if required by 5.3.4.

1. Where practical, test devices, such as test blocks, should be incorporated into the design to
eliminate the application and removal of wires in order to perform periodic surveillance testing.
These devices shall not interfere with the operability or safety function of the component or system
under test.

m. Where practical, means shall be included in the design to prevent the simultaneous application of
any bypass condition to redundant channels or load groups during testing.

n. Where redundant components are used within a single channel or load group, the design should
permit each component to be tested independently.

0. The system should be designed such that the removal of fuses or opening of breakers is only
required for the purposes of testing if such action causes the actuation of the logic for a channel
or load group. For example, the actuation of a loss of channel power supply is simulated by the
removal of its fuses.

p- Indication shall be provided in the control room if a portion of the safety system is inoperable or
bypassed. Systems that are frequently placed in a bypass or inoperative condition for the purposes
of testing should have automatic indication.

5. Testing program requirements

To address the requirements of this standard, a Surveillance Test Program shall be developed and
implemented and shall include as a minimum the following three elements: (1) identification of components
and equipment within the scope of the program; (2) acceptance criteria for determining satisfactory testing
performance; and (3) testing frequency or minimum intervals between testing.

NOTE — A technical specification testing program developed and mandated as part of a nuclear generating
station's operating license meets this requirement for a surveillance testing program. Defining criteria for
identifying components and equipment within the scope of such a surveillance testing program is outside
the scope of this standard.

5.1 General considerations

The periodic surveillance testing program for the safety system shall include, as applicable, functional tests
(including channel functional tests), instrument channel checks, channel calibration, and response time tests.
It shall also establish the extent and frequency of the testing required commensurate with plant safety
concerns. The program shall be designed and conducted to meet the following requirements:

a. The operability of each redundant portion of the safety system shall be independently verified.
Where such testing is not practical during reactor operation, the operability shall be tested when
the station is shut down.

1.Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement
the guide.

Documents

5 - Copyright ? 2011 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 07,2026 at 02:19:14 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 338-2006


http://www.avadocuments.com/doc/ieee-338-2006
http://www.avadocuments.com/doc/ieee-338-2006

IEEE Std 338™-2006 - IEEE Standard Criteria for Periodic Surveillance Testing of Nuclear Power Generating Station
Safety Systems

b. The verification of operability during reactor operation shall include as much of the channel and
load group under test as practically possible, including sensors and actuators, without jeopardizing
continued normal plant operation. Overlap tests are permitted where full functional tests are not
practicable. Tests that would interfere with normal or safe plant operation should be scheduled
during plant shutdown periods and should include a complete test of the safety system.

c. The test procedure shall have requirements for confirming that when a test is completed the
equipment tested has been restored to its normal operational mode.

d. Wherever possible, tests shall be accomplished under actual or simulated operating conditions,
including sequence of operations, for example, diesel load sequencing. This does not include
simulating environmental conditions.

e. Testing shall be conducted in accordance with approved written test procedures.

f. The test program shall be periodically reviewed to determine its overall effectiveness.

g. Results of a failed test cannot be negated by a simple successful repetition. A successful repetition
of the test shall be preceded by documented evaluation or corrective action such as maintenance,
repair, or changes to procedures, as applicable. Failures should be understood where possible.

h. Testing programs shall be conducted in a logical sequence such that the overall condition of the
system under test can immediately be assessed and the need for progressing further into the testing

of individual components can be determined.

i. The test program of each safety system shall be designed to provide for minimum interference
with related operational channels, systems, or equipment.

j. The test program for each system shall be designed to produce data necessary for objective
assessment of its performance and availability. The testing program should provide an indication

of incipient failures, trend data, and determine degradation, where objectively assessable.

k. The administrative controls and quality assurance requirements shall conform to the requirements
of ANS 3.2-1994, or the equivalent.

. Functional tests may be supplemented by, but not replaced with, continuity checks.

5.2 Program objectives

The periodic test program shall include procedures and reports that accomplish the following objectives:
a. Facilitate administration and auditing.
b. Identify high failure rates.

¢. Minimize interference with overall plant operation and any compromise of safety through proper
coordination of the testing activities.

d. Ensure nonconcurrent testing of redundant protection channels and load groups.
e. Provide a master schedule that includes a complete basic testing cycle and status of testing.

f. Identify systems, channels, and load groups to be tested.
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g. Provide tests that simulate, as much as practicable, the actual operating conditions during which
the system under test would be required to operate. In general, testing of equipment for abnormal
environmental conditions such as seismic events, radiation fields, extreme pressures, temperatures,
and moisture conditions is not within the scope of periodic surveillance testing and, therefore, need
not be simulated.

h. Provide for alteration of the test interval in accordance with the criteria given in 5.5.

i. Derive the periodic surveillance testing program from considerations such as:
1. Systems failure modes and effects
2. Component failure modes
3. Applicable risk reliability and availability analysis
4. Failure report analyses and other historical data
5. Logic configuration

6. Plant operating schedules

7. Equipment qualification documentation, such as qualified life

5.3 Types of tests
5.3.1 Channel checks

The operability of channels that have indication available shall be verified by one or more of the following:

a. Comparing readings on channels that monitor the same variable recognizing any differences in
the actual process variable between sensor locations (for example, compare power channel 1 with
redundant power channels 2 and 3).

b. Comparing readings between channels that monitor the same variable and bear a known
relationship to one another (for example, comparing intermediate range and source range neutron
monitoring channels during a startup or shutdown when both channels indicate on scale).

c. Comparing readings between channels that monitor different variables and bear a known
relationship to one another (for example, at a given power level the primary coolant outlet
temperature is a certain value or steam pressure is in a certain range).

Consideration shall be given to common mode failures when selecting channels for comparison (for
example, comparing level to an instrument sharing a common reference leg).

5.3.2 Functional tests

A functional test shall assure that the tested equipment is capable of performing its design function. The test
should neither be lengthy nor require extensive test equipment or personnel.

a. A functional test for equipment (system components) shall consist, as appropriate, of one or more
of the following:

1. Manually starting equipment (for example, motor, pump, compressor, turbine, or
engine) and observing proper operation (for example, pressure, flow, temperature,
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voltage, or speed). Test duration shall be sufficient to achieve stable operating
conditions. Where starting a pump or other equipment is not practical, test operation of
the circuit breakers (and other equipment having provision for testing without energizing
or deenergizing loads) in “test” position may be acceptable if the requirements of item
e) and item o) of Clause 4 are met.

2. Manually controlling electric operation of valves and other components, if appropriate.
In cases where fully stroking the valve is not practical, a partial stroke test (for example,
main steam stop valves, turbine stop, or control valves) or a valve control system test (for
example, the control circuit for explosive poison injection valves) may be acceptable.
Full stroke testing should be routinely accomplished during plant shutdown periods
where practicable.

3. Injecting test signals of an appropriate magnitude to give an approximate indication (for
example, a numerical output “equivalent” to tripping the output) or tripping the output,
or doing both. Alarm and trip functions, and other indications as applicable, shall be
tested.

b. Testing to verify the system or subsystem function shall include, as appropriate:

1. Individually tripping actuating devices and observing proper load group operation (for
example, trip bus under-voltage relays and observe bus transfer, load shedding, diesel
generator start, and load sequencing).

2. Verifying manually initiated safety functions. Where it is not possible to perform a
test during plant operation, the tests may be performed during reactor shutdown (for
example, manual reactor trip).

3. Testing the status and operability of bypasses, bypass and test indications, and bypass
and test annunciation circuits.

4. Varying input signal levels for one or more parameters to achieve tripping or change
in calculated output, while signals for other variables are maintained at their normal
expected values. The parameters to be varied shall be selected based on expected design
basis event conditions and anticipated operational occurrences. It may be necessary to
vary more than one parameter from its normal expected value.

5.3.3 Channel calibration tests

A channel calibration test should prove that, with a known precise input, the channel gives the required
output, analog, or bistable. Additionally, in analog channels, linearity and hysteresis may be checked. If the
required output is achieved, the test is acceptable. If the required output is not achieved (for example, the
bistable trip did not occur at the required set point or the analog output was out of tolerance) or saturation
or foldover is observed and adjustment or alignment of gain, bias, trip set, etc., is required, the test is
unacceptable. Adjustment or alignment procedures are maintenance activities and are outside the scope of
this standard. Test results, however, shall be recorded in accordance with ANS 3.2-1994, or the equivalent.
After maintenance or other appropriate disposition of the unacceptable results, a successful rerun of the
channel calibration verification test shall be performed.

5.3.4 Response time verification tests

Response time testing shall be required only on safety systems or subsystems to verify that the response
times are within the limits given in the Safety Analysis Report, including Technical Specifications. The
following issues shall be addressed:
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a. During a specific test period, it is not required to test discrete portions of safety systems that have
been tested and whose response times have been verified to be within acceptable limits. On the
other hand, the determination of the overall response time of a system may not adequately evaluate
those components that have response times one or more orders of magnitude shorter than the
system response time, even as they approach failure.

b. Sufficient overlap shall be provided to verify overall system response. Where it is not practicable
to include sensors in individual or system response time tests, the sensors may be periodically
removed from their normal installations and tested. When this is done, the test installation shall
simulate the relevant environment and configuration of the actual installation.

c. Response time testing of all safety-related equipment is not required if, in lieu of response time
testing, the response time of safety system equipment is verified by functional testing, calibration
checks or other tests, or both. This is acceptable if it can be demonstrated that changes in response
time beyond acceptable limits are accompanied by changes in performance characteristics that are
detectable during routine periodic tests.

d. For channel response time testing that does not include sensors, the test equipment shall simulate
sensor output over its required functional range and simultaneously record input and output
conditions for determining the overall response time. The test input shall span the normal trip
setpoint sufficiently to reset the channel for the untripped condition and ensure complete tripping
for the tripped condition.

e. For protective tripping functions where two or more variables enter into the tripping action (for
example, the trip point is computed for temperature, pressure, and nuclear flux signals), the
channel response time shall be verified using each variable to produce the tripping action. During
this tripping action, the test signals for the remaining variables shall be adjusted to a value within
their expected operating range that will produce conservative test results.

f. The response time test should include as much of each safety system, from sensor input to
actuated equipment, as is practicable in a single test. Where it is not practical to simultaneously
test the entire set of equipment from sensor to actuated equipment in one test, verification of
system response time shall be accomplished by measuring the response times of discrete portions
of the system and showing that the sum of all response times is within limits of the overall
system requirement. Response time testing of the process to sensor coupling and of the actuated
equipment to process coupling is not required by this standard.

5.3.5 Logic system functional test

A logic system functional test shall test all logic components from sensor through to the actuated device.
Logic components consist of relays, contacts, and solid-state logic elements of a logic circuit. The test may
be performed by a series of sequential, overlapping, or total system tests so that an entire logic system is
tested.

5.4 Test methods

A specific test procedure meeting the requirements of this standard and using applicable methods similar
to those in this subclause shall be developed for each system, equipment, or function as required. This
subclause does not attempt to describe every type of test that may be applicable for every equipment type,
system, or function. In general, the function shall be verified to within operational limits or capacity, as
follows:

a. The test, or a combination of tests, shall check each protection channel or load group in its
entirety (for example, include the sensor and the final actuation or initiation device to all connected
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loads). During this testing, observations shall be made to detect interactions with other redundant
channels, if applicable.

b. The indication of a successful test shall be:

1. A positive, predetermined, and direct indication of a change of state, such as a solid-
state or electromechanical device operation, with a corresponding signal transmission/
conversion (for example, sounding an alarm, turning a lighton or off, change of state of a
contact, meter indication, starting of a motor, or movement of a valve or other actuator).

2. Absence of any observed abnormal results in the redundant channels, if applicable.

c. The test input to the channel shall be introduced as close to the sensor as is practicable. This may
be accomplished in various ways, such as:

1. By perturbing the monitored variable. This refers to variations introduced in the variable,
such as changing the pressures, temperatures, or power levels.

2. By introducing and appropriately varying a substitute input to the sensor of the same
nature as the monitored variable. This refers to such actions as opening the equalizing
valve on flow measuring differential pressure cells, isolating and bleeding the inputs
to pressure measuring devices, or injecting hot or cold liquids into liquids whose
temperature is being monitored.

d. When complete checks, including those of the sensor, are not practicable such as a neutron
detector, an analog or digital input for partial testing of a channel should be introduced and varied
as appropriate. The test signal amplitude shall be varied to determine that the protective actions
will ensue when the monitored variable reaches the set point value. This type of test usually will
be a “go/no-go” type.

e. Acceptable tolerances from the nominal set point values for the onset of each channel protective
action shall be established for the various types of signals expected. For example, from design
performance or qualification test data, the allowable deviation of the onset of protective action due
to variation in the rate of change at the input signal should be determined.

f. The capability to vary the test signal amplitude shall be sufficient to permit verification of
protective action for expected variable parameter extremes. The nature of the test signal variation
is to be developed in recognition of the performance characteristics of the particular channels
involved. The response to rise time, amplitude, or other wave shape characteristics may be affected
by equipment degradation or malfunction. Examples of the nature of the test signals that may be
used are:

1. A slowly changing signal. This type shall be selected if protective action is required for
this kind of signal and if the equipment condition (as indicated by observation or by the
change in response toward the limits of the tolerance band) indicates that a slow rate of
change of the signal might not produce the protective action.

2. A rapidly changing signal. This type shall be selected if protective action is required for
this kind of signal and if the equipment condition (as indicated by observation or by the
change in response toward the limits of the tolerance band) indicates that a high rate of
change of the signal might not produce the protective action.

3. A large change in signal. This type shall be selected if protective action is required
for this kind of signal and if the equipment condition (as indicated by observation
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or by the change in response toward the limits of the tolerance band) indicates that
large deviations of the signal from normal might not produce the protective action (for
example, by saturation or foldover).
The test to be performed on given channels or equipment may be either single type or a
combination of types, as practically required to verify acceptable channel performance under
various expected conditions.
g. Procedures for periodic tests within the scope of this standard should not require makeshift test
connections. Where temporary test connections, removal of fuses, opening of breakers, or the
opening of circuits by other methods are required for test purposes, such activities shall be subject

to appropriate administrative controls. The test procedures or administrative controls shall provide
for verifying the open circuit or that temporary connections are restored to normal after testing.

5.5 Test intervals

Initial test intervals or subsequent changes shall be decided using deterministic or risk-based considerations
(a combination of deterministic and risk-based methods).

Test intervals shall also consider any design basis test intervals, that is, those associated with availability
objectives.

Tests need not be performed on systems or equipment when they are not required to be operable or are
tripped.

If tests are not conducted on such systems, they shall be performed prior to returning the system to operation.

5.5.1 Initial test intervals

Establishment of initial test intervals using deterministic considerations shall include the following factors
as appropriate:

a. For equipment and systems:
1. Regulatory requirements.
2. Risk significance determination.
3. Scheduled plant operating cycle.
4. Impact on plant safety.
5. Effective manpower utilization.
6. Impact on radiation exposure to plant personnel.
7. Degradation of equipment caused by testing.
b. For equipment only:
1. The manufacturer's specification or recommendation.
2. Historical experience with usage of similar equipment:

i. Failure rate data, including information from reliability data banks
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