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Preface

This preface, as well as all annexes and footnotes, is included for information purposes and is not a part of
ANSI/ISA-67.06.01-2002.

The standards referenced within this document may contain provisions which, through reference in this
text, constitute requirements of this document.  At the time of publication, the editions indicated were valid.
All standards are subject to revision, and parties to agreements based on this document are encouraged
to investigate the possibility of applying the most recent editions of the standards indicated within this
document.  Members of IEC and ISO maintain registers of currently valid International Standards.  ANSI
maintain registers of currently valid U.S. National Standards.

This document has been prepared as part of the service of ISA - The Instrumentation, Systems, and
Automation Society, toward a goal of uniformity in the field of instrumentation.  To be of real value, this
document should not be static but should be subject to periodic review.  Toward this end, the Society
welcomes all comments and criticisms and asks that they be addressed to the Secretary, Standards and
Practices Board; ISA; 67 Alexander Drive; P. O. Box 12277; Research Triangle Park, NC  27709;
Telephone (919) 549-8411; Fax (919) 549-8288; E-mail: standards@isa.org.  

The ISA Standards and Practices Department is aware of the growing need for attention to the metric
system of units in general, and the International System of Units (SI) in particular, in the preparation of
instrumentation standards.  The Department is further aware of the benefits to USA users of ISA standards
of incorporating suitable references to the SI (and the metric system) in their business and professional
dealings with other countries.  Toward this end, this Department will endeavor to introduce SI-acceptable
metric units in all new and revised standards, recommended practices, and technical reports to the
greatest extent possible.  Standard for Use of the International System of Units (SI): The Modern Metric
System, published by the American Society for Testing & Materials as IEEE/ASTM SI 10-97, and future
revisions, will be the reference guide for definitions, symbols, abbreviations, and conversion factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and interests
in the development of ISA standards, recommended practices, and technical reports.  Participation in the
ISA standards-making process by an individual in no way constitutes endorsement by the employer of that
individual, of ISA, or of any of the standards, recommended practices, and technical reports that ISA
develops.

The subcommittee has determined that the terms "sensor" and "transducer" will be interchangeable
throughout this standard.  The term "sensor" is preferred due to its wider application.  A "sensor" is
considered to be the device that transforms the monitored variable into an intelligible signal.

This standard’s purpose, when it was originally approved on 21 October 1980, was to provide guidance to
the nuclear power industry in demonstrating compliance with Technical Specifications response time
requirements for various Reactor Trip System and Engineered Safety Features Actuation System
functions.  At the time of its approval, little information was available regarding the reliability/validity of
various response time testing methods.  Also, very little data existed regarding the possible degradation of
the response times of the protection system sensors and modules.

Utility experience and industry research has demonstrated the adequacy of instrument response times
testing methods.  Utility experience, based on historic response time test data, has also shown minimal
changes in protection channel response times between tests.  Industry research, based on failure modes
and effects analysis (FMEAs) and component testing, has identified few degradation mechanisms that can
affect some pressure sensor and rack module response times.  Such research has resulted in the
reduction of “periodic” response time testing to demonstrate acceptable performance for certain pressure
sensors, rack modules, logic circuits, and actuation relays.  Specific instrumentation excluded from the
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Technical Specifications response time testing requirements is defined in Owners Group topical reports
approved by NRC Safety Evaluations.  Note that similar research also confirmed that other protection
system instrumentation must be response time tested periodically, e.g., RTDs.

Given the objectives of increased safety and reliability and reduced maintenance costs, the industry has
developed on-line instrument performance monitoring techniques to demonstrate acceptable
channel/sensor calibration.  Such techniques are defined in an industry topical report approved by an NRC
safety evaluation.  (The general requirements for an on-line monitoring system are provided in this
standard’s Annex G.)

As the emphasis on nuclear safety grew, this subcommittee recognized the need to balance the
surveillance requirements for channel calibration, channel checks, functional tests, and response time
tests by preparing a standard for performance monitoring of nuclear safety-related instrumentation.  It was
determined that the existing response time testing standard would be the most suitable for inclusion of
other performance monitoring techniques, i.e., surveillance test methods such as channel calibration.  The
subcommittee also recognized the need to supplement other instrumentation testing requirements and
methods delineated in IEEE Standard 338-1987, “IEEE Standard Criteria for the Periodic Surveillance
Testing of Nuclear Power Generating Station Safety Systems.”

In 1990, SP67.06 was reconvened with the objective of providing guidance to the nuclear power industry in
demonstrating acceptable performance of safety-related instrument channels.  The subcommittee initially
added other performance monitoring techniques and attributes without curtailing the original emphasis on
response time testing.  However, as the deliberations continued, the presence of the performance related
issues became more balanced and the details of response time monitoring found a home in the annex.
The subcommittee was careful to ensure that all performance related issues received appropriate
emphasis.

This revision of ISA-67.06-1984 is not intended to impose new testing or monitoring requirements on the
nuclear power industry; rather, in addition to providing guidance in response time testing techniques, it is
intended to describe methods that could be useful to monitor the performance of protection as well as
process instrumentation systems.  The standard does not intend to describe a testing program or
techniques that can be implemented by themselves, but rather to provide information on methods that
could be useful in developing an effective monitoring program.  This standard is considered to be
complementary to IEEE 338-1987.

CAUTION  ISA ADHERES TO THE POLICY OF THE AMERICAN NATIONAL STANDARDS
INSTITUTE WITH REGARD TO PATENTS. IF ISA IS INFORMED OF AN EXISTING PATENT THAT IS
REQUIRED FOR USE OF THE STANDARD, IT WILL REQUIRE THE OWNER OF THE STANDARD TO
EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF THE PATENT BY USERS COMPLYING
WITH THE STANDARD OR A LICENSE ON REASONABLE TERMS AND CONDITIONS THAT ARE
FREE FROM UNFAIR DISCRIMINATION.

EVEN IF ISA IS UNAWARE OF ANY PATENT COVERING THIS STANDARD, THE USER IS
CAUTIONED THAT IMPLEMENTATION OF THE STANDARD MAY REQUIRE USE OF TECHNIQUES,
PROCESSES, OR MATERIALS COVERED BY PATENT RIGHTS. ISA TAKES NO POSITION ON THE
EXISTENCE OR VALIDITY OF ANY PATENT RIGHTS THAT MAY BE INVOLVED IN IMPLEMENTING
THE STANDARD. ISA IS NOT RESPONSIBLE FOR IDENTIFYING ALL PATENTS THAT MAY
REQUIRE A LICENSE BEFORE IMPLEMENTATION OF THE STANDARD OR FOR INVESTIGATING
THE VALIDITY OR SCOPE OF ANY PATENTS BROUGHT TO ITS ATTENTION. THE USER SHOULD
CAREFULLY INVESTIGATE RELEVANT PATENTS BEFORE USING THE STANDARD FOR THE
USER’S INTENDED APPLICATION.
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HOWEVER, ISA ASKS THAT ANYONE REVIEWING THIS STANDARD WHO IS AWARE OF ANY
PATENTS THAT MAY IMPACT IMPLEMENTATION OF THE STANDARD NOTIFY THE ISA
STANDARDS AND PRACTICES DEPARTMENT OF THE PATENT AND ITS OWNER.

ADDITIONALLY, THE USE OF THIS STANDARD MAY INVOLVE HAZARDOUS MATERIALS,
OPERATIONS OR EQUIPMENT. THE STANDARD CANNOT ANTICIPATE ALL POSSIBLE
APPLICATIONS OR ADDRESS ALL POSSIBLE SAFETY ISSUES ASSOCIATED WITH USE IN
HAZARDOUS CONDITIONS. THE USER OF THIS STANDARD MUST EXERCISE SOUND
PROFESSIONAL JUDGMENT CONCERNING ITS USE AND APPLICABILITY UNDER THE USER’S
PARTICULAR CIRCUMSTANCES. THE USER MUST ALSO CONSIDER THE APPLICABILITY OF
ANY GOVERNMENTAL REGULATORY LIMITATIONS AND ESTABLISHED SAFETY AND HEALTH
PRACTICES BEFORE IMPLEMENTING THIS STANDARD.

THE USER OF THIS DOCUMENT SHOULD BE AWARE THAT THIS DOCUMENT MAY BE IMPACTED
BY ELECTRONIC SECURITY ISSUES. THE COMMITTEE HAS NOT YET ADDRESSED THE
POTENTIAL ISSUES IN THIS VERSION.

The following people served as members of ISA Subcommittee SP67.06:

NAME COMPANY

J. Redmon, Chairman* Southern California Edison Company
R. Webb, Managing Director Altran Corporation
R. Adams IBM Company
D. Alexander Detroit Edison Company
R. Allen Consultant
J. Alvis* Duke Engineering Services
J. Arpin ABB Combustion Engineering, Inc.
J. Ashcraft Tenera Engineering Services
M. Assard ABB Combustion Engineering
B. Basu* Southern California Edison Company
B. Beuchel NAESCO
M. Belew SAIC
P. Blanch Consultant
M. Burns* Arizona Public Service Company
R. Calvert* Pacific Gas & Electric Company
J. Carolan PECO Energy Company
G. Chambers Southern Company Services
Q. Chou Consultant
W. Ciaramitaro CDI/Westinghouse Electric Corporation
R. Colley Shakti Info Tech
G. Cooper Consultant
C. Cristallo Southern New England Telephone Company
W. Croft Westinghouse Savannah River Company
R. Davidson* SOR, Inc.
K. DePodesta Gas Technology Institute
T. Donat* Duke Engineering and Services Inc.
M. Dougherty* Rosemount Nuclear Instruments
C. Doutt USNRC
M. Eidson Southern Nuclear Operating Company
R. Fain Environmental Systems Corporation
R. Fredericksen Commonwealth Edison
R. Gladney Tennessee Valley Authority
R. Gotcher MTI Industrial Sensors

Copyright The Instrumentation, Systems, and Automation Society 
Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001 

Not for Resale, 03/16/2009 02:38:19 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
`
,
`
,
`
`
`
`
,
,
,
,
`
,
`
,
`
`
`
,
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISA 67.06.01 2002

http://www.avadocuments.com/doc/isa-67-06-01-2002
http://www.avadocuments.com/doc/isa-67-06-01-2002


ANSI/ISA-67.06.01-2002 – 6 –

E. Gross Wisconsin Electric Power Company
R. Hakeem Consultant
J. Hartman Hart Enterprises Inc.
R. Haselden VC Summer Nuclear Station
H. Hashemian Analysis & Measurement Services
B. Haynes Terran Technologies Inc.
K. Herman* Bechtel National Inc.
M. Hoffman* Exelon Nuclear
D. Hooten CP&L Nuclear Engineering & Services
B. Howarth* Hurst Consulting Inc.
G. Humpherys* Canus Corporation
T. Hurst Hurst Technologies Corp.
R. James Electric Power Research Inst.
J. Keeling TXU Electric
T. Kerlin* University of Tennessee
K. Klem Consultant
W. Kramer Bettis Atomic Power Lab
J. Laborde Petro Products
T. Layer* Emerson Process Management
J. Leong General Electric Company
P. Loeser* U.S. Nuclear Regulatory Commission
J. Maner* Arizona Public Service Company
J. Mauck* Consulting
R. Mella* Nuclear Management Co.
J. Meyer Varco Drilling Systems
D. Miller Ohio State University
U. Mondal Candu Owners Group
J. Murphy Camille-Bauer, Inc.
R. Nuelk Northern States Power Co.
R. O'Donnell* Entergy Corporation
J. Peternel* SOR Inc.
C. Price Pennsylvania Power & Light
R. Profeta Profeta Consulting
R. Queenan American Electric Power
E. Quinn MDM Corporation
I. Rana Southern Co.
T. Riccio Houston Lighting & Power
J. Riner Analysis & Measurement Services
D. Ringland Foxboro Company
B. Rogers Prairies Island Nuclear Generating Plant
L. Sandlin* Entergy Operations Inc.
P. Shah TXU Electric
J. Shank Public Service Electric & Gas
R. Shankar EPRI Charlotte
R. Shepard* University of Tennessee
J. Simpson Gamma Metrics
T. Slavic First Energy Nuclear Operating Company
I. Smith Campbell Love Associates
C. Sorensen Southern Co.
C. Sossman Westinghouse Safety Management Solutions LLC
R. Stevens, Jr. U.S. Department of Energy
G. Taylor Fluor Hanford
D. Tinker Statham Transducer Division
M. Van Sloun Fisher Rosemount, Inc.
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P. VandeVisse Action Engineering Inc.
J. Vandenbroek Southern California Edison Co.
T. Verbout* Nuclear Management Co.
J. Voss Excel Services
W. Welborn* Hurst Technologies
S. Weldon Evergreen Technical Services Inc.
R. Westerhof Consumers Power Company
P. Wicyk* Commonwealth Edison
M. Widmeyer Stanford Linear Accelerator Center
R. Wiegle* Canus Corporation
L. Witt Weed Instrument Company

______ 
* One vote per company. 

The following people served as members of ISA Committee SP67:

NAME COMPANY

W. Sotos, Chairman STPNOC
R. Webb, Managing Director POWER Engineers
R. Wiegle, Managing Director Canus Corporation
D. Alexander Detroit Edison Company
R. Allen Consultant
M. Annon I&C Engineering Associates
C. Armstrong SAIC
B. Basu* Southern California Edison Company
M. Berkovich Bechtel Power Corporation
B. Beuchel NAESCO
P. Blanch Northeast Utilities
W. Brown ISD Corporation
T. Burton Florida Power and Light Company
Q. Chou Consultant
G. Cooper* Commonwealth Edison Company
C. Cristallo Southern New England Telephone Company
W. Croft* Westinghouse Savannah River Company
F. Cunningham Swagelok Company
M. Dougherty Rosemount Nuclear Instruments
C. Doutt* U.S. Nuclear Regulatory Commission
R. Estes* Hurst Consulting Inc.
V. Fregonese Public Service Electric & Gas
H. Garg Nuclear Regulatory Commission
R. George Exelon Nuclear
R. Givan Southwest Controls Inc.
W. Gordon Consultant
R. Gotcher MTI Industrial Sensors
E. Gross Wisconsin Electric Power Company
S. Hedden* Commonwealth Edison Company
K. Herman Bechtel National Inc.
E. Hubner Stone & Webster
T. Hurst* Hurst Technologies Corporation
S. Kasturi MOS Inc.
J. Mauck* Consultant
B. McMillen Taylor Engineers Inc.
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D. Miller Ohio State University
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D. Ozarowicz Nuclear Management Co.
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R. Profeta Profeta Consulting
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1 Scope

This standard provides the nuclear power industry methods for assuring that nuclear safety-related
instrument channels satisfy acceptable calibration, response time, and other factors affecting the
performance of the instrument channel.  This standard applies only to those instrument channels whose
primary sensors measure pressure, differential pressure, temperature, or neutron flux.  Primary flow
elements are addressed by other standards.

2 Purpose

The purpose of this standard is to provide guidance to the nuclear power industry in demonstrating
acceptable performance of safety-related instrument channels.

3 Definitions and terminology

For the purposes of this standard, the following definitions apply:

3.1 accuracy:
the conformance of an instrument signal to an accepted value of the variable being measured; it is often
expressed as inaccuracy.

3.2 calibration:
a process of achieving an input/output relationship for an instrument channel so it conforms within
specified requirements to the desired relationship.

3.3 channel check:
a qualitative comparison of the readings of two or more instrument channels to determine the operability of
the channel that may be (1) the comparison of redundant channels that monitor the same process
parameter, (2) the comparison of instruments that cover different process variable ranges at a common
point on their scales, or (3) the comparison of diverse channels whose inputs have a known relationship to
each other, such as steam pressure and temperature.

3.4 cross calibration:
a procedure of intercomparison of the indications among similar channels under conditions where the
process variables are expected to indicate the same value, such as temperature and/or pressure, or to
have a known relationship to each other.

3.5 design basis:
information that identifies the specific functions to be performed by a structure, system, component, or a
facility, and the specific values or ranges of values chosen for controlling parameters as reference bounds
for design.  These values may be either (1) restraints derived from generally accepted "state-of-the-art"
practices for achieving functional goals, or (2) requirements derived from analysis (based on calculation
and/or experiments) of the effects of a postulated event for which a structure, system, or component must
meet its functional goals.

3.6 direct test method:
a test method that substitutes a controlled parameter for the monitored process parameter and can be
modulated to demonstrate the performance of the instrument channel.

3.7 diverse parameter:
instruments that use different measurement principles to obtain the value of a given monitored process
variable as distinct from redundant instruments.
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3.8 drift:
a variation in sensor or instrument channel output that may occur between calibrations that cannot be
related to changes in the process variable or environmental conditions.

3.9 functional tests:
tests to determine the ability of a component or system to perform its intended function, which may include
for instrument channels the injection of test signals of appropriate magnitude to give the appropriate
output.

3.10 impulse line:
piping or tubing connecting the process to the sensor. (See ANSI/ISA-51.1-1979 [R1993], referenced in
Annex A.)

3.11 indirect test:
a test that measures a quantity other than the process parameter.  The value of the desired parameter is
determined using the measured quantity and its known relationship to the process parameter of interest.

3.12 in situ tests:
tests of an instrument channel that are performed without removing the sensor or component from its
normal installed position in the system.  These tests may include calibration, time response, dynamic
performance, dynamic range, etc.  The tests may require system bypass or process maneuvers.

3.13 instrument channel (loop):
arrangement of components and modules as required to sense, interpret, act on, transmit, and display the
value of a process variable.

3.14 instrument channel response time:
the elapsed time for the monitored process variable to initiate a protective trip action for a known change of
the process variable.

3.15 monitoring:
the acquisition of data and the recording of the performance characteristics of instrument sensors,
channels, or systems that may be used for trending, signal validation, or maintenance planning.

3.16 nuclear safety-related (NSR):
that which is essential to provide for

a) emergency reactor shutdown;

b) containment isolation;

c) reactor core cooling;

d) containment or reactor heat removal; or

e) prevention or mitigation of significant release of radioactive material into the environment, or that
which is otherwise essential to provide reasonable assurance that a nuclear power plant can be
operated without undue risk to the health and safety of the public.

3.17 on-line monitoring:
the assessment of instrument performance and calibration while the instrumentation is in service.
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3.18 performance limits:
the limits defining the quantitative static and dynamic characteristics of the input and output subsystems
measured during the operation/surveillance of the instrument channel for a given environmental condition
(e.g., radiation, humidity, temperature, electromagnetic field, etc.).  Instrument channel accuracy, response
time, and stability are some of the attributes of performance limits.

3.19 range:
the span of inputs to a sensor or instrument channel over which the output indication is valid and within
accuracy and response time limits.

3.20 redundant instruments:
independent instruments that use the same measuring principles to provide an indication of a particular
monitored process variable, which may include instruments manufactured by different sources, channels
that are comprised of different signal-processing components, or channels that provide both analog and
digital output indications (e.g., multiple thermocouples but not combinations of a thermocouple and a
resistance temperature detector [RTD] to measure the same temperature).  (See 3.7, diverse parameter.)

3.21 response time:
the time required for an output resulting from an application of a specified input under specified operating
conditions. (See ANSI/ISA-51.1-1979 [R1993], referenced in Annex A.)

3.22 sensor:
the portion of a channel that responds to changes in a process variable and converts the measured
process variable into an instrument signal. (See ANSI/ISA-51.1-1979 [R1993], referenced in Annex A.)

3.23 setpoint:
a predetermined level at which a device changes state to indicate that the quantity under surveillance has
reached the selected value.

3.24 span:
the algebraic difference between the upper and lower range-values.

NOTE 1 — For example:
Range 0 to 150°F, Span 150°F
Range –20 to 200°F, Span 220°F
Range 20 to 150°C, Span 130°C

NOTE 2 — The following compound terms are used with suitable modifications to the units: measured variable span, measured
signal span, etc.

NOTE 3 — For multi-range devices, this definition applies to the particular range that the device is set to measure. (See ANSI/ISA-
51.1-1979 [R1993], referenced in Annex A.)

3.25 stability:
the ability of a component or device to maintain its normal operating characteristics over time after being
subjected to changes in temperature, environment, or current.

3.26 test interval:
the elapsed time between the tests to monitor the performance of the instrument channels.

3.27 time constant:
the time that it takes for the output for a first order system to reach 63.2 percent of its final steady-state
output in response to a step change in input.  Time constant is mathematically defined as the value T in an
exponential response term Ae(-t/T) or in one of the transform factors (1 + sT), (1 + jwT), 1/(1 + sT),
1/(1 + jwT) where
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s = complex variable equal to jw;
t = time, seconds;
T = time constant;

j = 1− ; and
w = angular velocity, radians per second.

NOTE — For the output of a first-order system forced by a step or an impulse, T is the time required to complete 63.2 percent of
the total rise or decay at any instant during the process.  T is the quotient of the instantaneous rate-of-change divided into the
change still to be completed.  In higher order systems, there is a time constant for each of the first-order components of the
process.  In a Bode diagram, break points occur at w = 1/T. (See ANSI/ISA-51.1-1979 [R1993], referenced in Annex A.)

3.28 transducer:
see 3.22 sensor.

3.29 trending:
the process of obtaining instrument data over time to form a history of the instrument channel or its
components (e.g., calibration) or compared to redundant instruments (e.g., cross-calibration/comparison)
to determine if the performance has been affected.

4 Performance monitoring

Performance monitoring is the process of demonstrating that an installed instrument channel (within the
defined environmental conditions) continues to perform its intended function(s) of monitoring the process
variable with the expected accuracy, response time, and stability within its range and providing the
output(s) required.

Various types of tests are typically required to provide verification of all required aspects of instrument
channel performance.  The objectives of the performance monitoring can be fulfilled through individual
application or combinations of the following:

a) Calibration

b) Channel checks

c) Functional tests

d) Response time tests

Examples of how the above processes can be used to verify required aspects of instrument channel
performance or, conversely, to determine possible instrument channel degradation are shown in Annex C,
tables C.1 and C.2.

5 General requirements for performance monitoring

5.1 General criteria

Performance monitoring shall be conducted to verify that the nuclear safety-related instrument channels
are functioning within their allowable performance limits.  The tests that verify performance characteristics
shall be conducted in accordance with written procedures, and the test results shall be documented as
specified in Section 6.1 of IEEE 338-1987, referenced in Annex A.  The instrument channel should be
tested in a single test.  When the total channel is not tested in a single test, separate tests on groups of
components or on single components encompassing the total instrument channel shall be combined to
verify total channel performance.  Performance monitoring encompasses the instrument channel portion of
the overall safety system.  Test boundaries include impulse lines, thermowells, and all other active and

Copyright The Instrumentation, Systems, and Automation Society 
Provided by IHS under license with ISA Licensee=JGC Gulf International Ltd/5973537001 

Not for Resale, 03/16/2009 02:38:19 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
,
,
`
,
`
,
`
`
`
`
,
,
,
,
`
,
`
,
`
`
`
,
,
`
,
`
`
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ISA 67.06.01 2002

http://www.avadocuments.com/doc/isa-67-06-01-2002
http://www.avadocuments.com/doc/isa-67-06-01-2002


– 17 – ANSI/ISA-67.06.01-2002

passive components that affect the overall instrument channel performance.  Performance test methods
shall ensure other operating (not under test) instrument channels are minimally affected during the tests.

5.2 Test method considerations

Various types of tests are available to ensure instrument channels are operating within and remain within
the prescribed performance limits as defined by the plant's design basis.  Development of these tests
requires a consideration of the following:

a) Plant design basis

b) Regulatory requirements

c) Instrument channel design

d) Instrument component failure modes and detectability of each

e) Historical data

f) Equipment reliability

In addition, consideration should be given to ensure that both the interval and the extent of testing are
appropriate for each component in the instrument channel without degrading the component performance
and reliability.

5.3 Testing environment

"In general, abnormal environmental conditions such as seismic events, radiation fields, extreme
pressures, temperatures, and moisture conditions are covered by design qualification tests, provided
unexpected degradation has not occurred.  Testing of equipment for such environments is not within the
scope of periodic surveillance testing and therefore need not be simulated" (see paragraph 6.2[7] of IEEE
338-1987, referenced in Annex A).  However, the performance testing should be carried out within the
bounds of the instrument channel's environmental conditions (e.g., temperature, humidity, atmospheric
pressure, etc.).  If the test conditions vary widely, appropriate corrections should be made for comparison
or trending of data to compensate for performance due to variation in the environmental conditions.

5.4 Test interval

The test intervals shall be established to detect unacceptable performance.  Test intervals may vary
depending on the instrument channel redundancy and availability requirements established in the design
basis.  The following factors shall be considered in determining the test interval:

a) Regulatory requirements

b) Margin between measured performance characteristics and the allowable performance limits

c) Time rate-of-change of the performance characteristics

d) Failure modes

e) Reliability and qualification of as-built equipment

(Additional guidance on establishment of test intervals can be found in paragraph 6.5 of IEEE 338-1987,
referenced in Annex A.)
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5.5 Extent of testing

The extent to which instrument channels should be tested to demonstrate acceptable performance
characteristics (accuracy, response, range, and reliability) shall be established.  The following factors shall
be considered in determining the extent of the test(s):

a) Operating status of plant; i.e., at power, shutdown, or hot standby

b) Accessibility of the instrument channel component

c) Whether the testing should include all channels or only some selected sample of similar or redundant
channels

d) The number of test points needed to provide an acceptable uncertainty in the measured characteristic

e) Whether the method(s) proposed will test both active and passive components of the instrument
channel

f) Whether the test(s) method(s) could affect the subsequent accuracy, response, and reliability of the
instrument channel (e.g., change its time response by removal, testing, and reinsertion of
component[s])

g) Whether the conditions of the channel during the test are representative of the conditions experienced
by the tested component during normal operation

h) Any limitations necessary to prevent degrading the tested component during the performance test,
such as the maximum permissible current that the device will tolerate

i) Regulatory requirements

5.6 Test location

Testing should be performed in situ to the extent possible.  Equipment removal for testing is considered
acceptable if such removal does not affect test results or preclude testing any portion of the channel that
has an effect on the performance characteristics.

5.7 Equipment restoration

Equipment, removed from service, shall be restored to the appropriate operating mode after completion of
the performance monitoring test(s), and its operability shall be verified at the first practical opportunity.

6 Test methods

Performance tests can be conducted using direct or indirect methods.  The assumptions and conditions
required for validity of the test utilized shall be established and documented in accordance with clause 7.
Where indirect methods are used, a known quantitative relationship between the measured quantity and
the performance characteristics shall be established and periodically verified.

Tests shall demonstrate the process instrumentation performs its intended function of monitoring the
process variable with the expected accuracy, response time, and stability within its expected range and
initiates the actions required of the instrument channel.  Selection of a test method to be used for each test
must consider the intent of the specific test and the limitations associated with the intended test method.
The test methodology shall recognize all performance characteristics requiring verification.
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6.1 Calibration

Instrument channel calibration utilizes known precision inputs to verify that a channel produces the
required outputs over the required operational range within specified limits.  Calibration can be
accomplished/verified through individual application or combinations of the following:

a) Perturbation of the monitored variable

b) Simulation of the monitored variable

c) On-line monitoring

d) Cross calibration

e) Diverse parameter comparison

On-line monitoring, cross calibration, and diverse parameter comparison techniques may be used if
supported by equipment redundancy or diversity and correlation of data.  Calibration shall compensate for
the accuracy-related characteristics of the channel (e.g., linearity, hysteresis, drift, etc.).  The specific
details depend on the type of instrumentation.  (For further discussion, see Annexes E, F, I, and K.)

6.2 Channel checks

Channel checks involving comparison of two or more instrument channels' indications are intended to
verify the continued operability of instrument channels between calibrations.  Consequently, these checks
are conducted more frequently than calibrations and generally require no hardware interaction beyond
observing or recording the given channel indication(s).

The performance criteria for instrument checks shall consider the following:

a) The anticipated agreement between the channels being compared, based on the parameter monitored
by each channel and the expected performance characteristics of each channel

b) The possibility of common mode failures when comparing redundant channels

c) Comparison of diverse parameter channels that bear a known relationship to the channels undergoing
a channel check (For further discussion, see Annex I.)

d) Any differences in the actual process variable between sensor locations, (e.g., temperature
stratification)

(For further discussion of instrument checks, see IEEE 338-1987, referenced in Annex A.)

6.3 Functional tests

Functional tests are intended to ensure that the instrument channels are capable of performing their
required design functions.  Functional tests are performed between calibrations.  In addition, functional
tests may be included in a calibration.  These tests typically require injection of test signals of appropriate
magnitude to give the expected output, including indication, trip, and alarm functions.  Channel
components not exercised through calibration or channel checks shall be tested to demonstrate
operability.

Operational tests are functional tests that include calibration provisions to ensure channel components
conform to specified requirements.
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The performance capability of the safety system shall not be impaired.  If the instrument channel is
isolated for tests, the channel output shall be placed in a safe state or in a trip state depending on the
operating philosophy or regulatory requirements of the plant.

(For further discussion of functional tests, see IEEE 338-1987, referenced in Annex A.)

6.4 Response time tests

Response time testing can be performed by both direct and indirect test methods or a combination of both.
These tests can be performed with the instrumentation either in or out of service.  At the time of response
time testing, the need to perform channel calibration prior to the response time test shall be evaluated.
The evaluation shall include whether or not calibration adjustments could affect response times.  However,
calibration of instrument channels need not be performed in conjunction with response time testing if the
instrument channel is within the required calibration interval.

The following response time testing methods are acceptable techniques for demonstrating instrument
channel and/or component response.

Direct test methods  

a) Substitute process perturbation

1) Ramp input signal

2) Step input signal

3) Other input signals

b) Power interrupt (force balance pressure transmitters only)

c) RTD plunge (laboratory testing only)

Indirect test methods  

a) Noise analysis

b) Loop current step response (RTDs only; method is considered to have the validity of direct method.)

c) Self-heating index (RTDs only; provides a value related to response time.  For further discussion, see
Annex B2.3.)

"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."  (See paragraph 6.3.5[3] of IEEE 338-1987, referenced in Annex A.)  For additional
discussion of response time test methods, see Annexes B and D.

7 Validation of test methods

All performance monitoring test methods used to determine quantitative data shall be validated.  This
validation shall be documented and shall address the following considerations:
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a) Compare the test method with suitable direct laboratory, in situ test or both to establish the validity of
the test and quantify the accuracy of the method.  The accuracy and validity of the test method and
expected results may also be established by theoretical, or experimental approaches or both.  The
accuracy determination shall consider all sources of error in the test method.

b) Establish a theoretical basis for the test method.

c) Satisfy the assumptions and conditions to ensure validity of the test method.

d) Confirm that the essential conditions are appropriate and representative of those expected during the
performance test.

The method used for data collection and data analysis needs to be validated by the four criteria mentioned
here, and the results shall satisfy the system accuracy or performance criteria requirements.

8 Measuring and test equipment

The calibration of measuring and test equipment used in verifying equipment performance characteristics
shall be traceable to the National Institute of Standards and Technology (NIST) standards or international
standards and/or accepted values of natural physical constants.

The accuracy, response, range, and compatibility characteristics of the measuring and test equipment
shall be the same as or better than the performance characteristics of the equipment tested.  These
characteristics shall be known and accounted for in determining the test results.  This determination may
be done either by ensuring the test equipment characteristics are consistent with those assumed when
determining test acceptance criteria or by appropriate correction of measured test data.

9 Test results

The test results shall be compared to the allowable performance limits.  Allowances for uncertainties
associated with the performance monitoring test shall be included in the test results or the establishment of
performance limits.  If the results are found to exceed the limit, or the rate of change in the performance
characteristics are such that the allowable performance limits may be exceeded prior to the next test,
appropriate action shall be taken.  Test results shall be documented in accordance with ANS 3.2-1994
(referenced in Annex A).

10 Maintenance

After any repair or replacement of material, parts, or components that affect performance characteristics,
the performance characteristics of that equipment shall be verified by test and the test results documented
unless it is shown and documented that the repair or replacement cannot affect the performance
characteristics.
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