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guide (DG)-1141 (ADAMS Accession No. ML081630179) in June 2014, as proposed revision 4 of RG
1.105. Interested persons and organizations outside the NRC submitted a substantial number of
comments concerning DG-1141. NRC staff prepared draft responses to all of the comments, and
updated the draft regulatory guide in preparation for final issue. In anticipation of a significant
revision to the industry standard associated with the regulatory guide, the American National
Standards Institute (ANSI)/International Society of Automation (ISA) Standard 67.04.01, “Setpoints for
Nuclear Safety-Related Instrumentation,” the NRC terminated all efforts related to DG-1141 and to the
comments provided in response to it. The revised regulatory guide and comment responses related
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Purpose

This regulatory guide (RG) describes practices, and criteria that the staff of the U.S. Nuclear
Regulatory Commission (NRC) considers acceptable for compliance with NRC requirements for ensuring
that setpoints for safety related instruments are initially within, andyshould remain within, technical
specification limits. It also presents practices and'criteria foplestablishingithose technical specification
limits and ensuring that those limits will adequately suppeft the proper,operation of the associated
systems — that is, that establishing and maintaining setp0ints in accordance with those limits will provide
adequate assurance that a plantwill operate as described in the plant safety analyses. To meet these
objectives, this RG addrésses the selection and application of i instrument setpomts and of hrmts useful in
the assessment of channel operability. This includes the est:
determination of @i€@Malues for sctp@int-related limits tha@igre @\mcluded in plant technical
specifications.¢#This RGaddresses setpoints from the perspective of sensed parameters and final
actuations. Calibration practices'and settings associatcd with individual devices contributing to the final
actuation are not addressed hete, and should be“established by the licensee in such a manner as to support
the actuatiomwelated objectives presented herein.

Applicable Regulations

This guide is applicable to muclear power plants licensed under Title 10 of the Code of Federal
Regulations (10 CFR) Rart 50, “Domestic Licensing of Production and Utilization Facilities,” (Ref. 1) and
also to nuclear power plants licensed under 10 CFR Part 52, “Licenses, Certifications, and Approvals for
Nuclear,Power Plants” (Ref. 2).

. Regulationsdn 10 CFR 50.36, “Technical Specifications,” require, in part, that technical
specifications include limiting safety system settings for nuclear reactors. These settings apply to

Written suggestions regarding this guide or development of new guides may be submitted through the NRC’s public Web site under the
Regulatory Guides document collection of the NRC Library at http://www.nrc.gov/reading-rm/doc-collections/reg-guides/contactus.html.

Electronic copies of this RG, previous versions of this guide, and other recently issued guides are available through the NRC’s public Web site
under the Regulatory Guides document collection of the NRC Library at http://www.nrc.gov/reading-rm/doc-collections/. The RG is also
available through the NRC’s Agencywide Documents Access and Management System (ADAMS) at http://www.nrc.gov/reading-rm/adams.html,
under ADAMS Accession No. ML15135A255. The regulatory analysis may be found in ADAMS under Accession No. ML10182057 and the
staff responses to the public comments on DG-1141 may be found under ADAMS Accession No. MLXXXXXXXX.
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instruments that monitor nuclear power variables and initiate protective actions — such as reactor
trips or the actuation of mitigating safety systems — when monitored variables exceed specified
limits. These protective actions help to ensure that the nuclear reactor operates within the design
parameters and that specified safety limits are not exceeded.

In 10 CFR 50.36(c)(1)(ii)(A), the NRC requires, in part, that “Where a limiting safety system
setting is specified for a variable on which a safety limit has been placed, the sefting must be so
chosen that automatic protective action will correct the abnormal situation béfore a safety limit is
exceeded.” The selection of limiting settings is addressed in Section C.8@nd i the
corresponding discussion in Section B of this RG. In 10 CFR 50.36(¢c)(1)(ii)(A)the NRC also
requires that “If, during operation, it is determined that the automatic'safety system does'not
function as required, the licensee shall take appropriate action, which may include shutting down
the reactor.” One element of a determination that an instrumefit channel is functioning as
required is assessment of a measured setpoint. This is addréssed in Section C.7 and in the
corresponding discussion in Section B of this RG. Keyterms used intthese CFR provisions are
defined within the CFR:

o “Safety Limit” (SL) is defined in 10 CFR 50.36(c)(1)(1)¢A): “Safety limits for nuclear
reactors are limits upon important process variables that are found to be necessary to
reasonably protect the integrity of certain of the physical'barriers that guard against the
uncontrolled release of radioactivity.”

o “Limiting Safety System Setting” (LSSS)is,defined in 10 CFR 50.36(c)(1)(ii)(A):
“Limiting safety system settings'for nuclear reactors are settings for automatic protective
devices related to those variables having significant safétysfiinctions.”

- See the discussion of “As-Found Tolerance " (AFT) and *Limiting Setpoint” (LSP) later
in this RG for additional guidance.

o “Setting§1s not defined in the regulations. The particular type of setting addressed in
this RG is an instrument setpoint, generally recognized as the particular value of a
meéasured or computed variable at which the specified action is expected to be initiated
under test or calibration conditions. 4

In 10 CFR 50.36(¢)(2)(1), the NRC defines and establishes requirements relating to Limiting
Conditions for Operations, “Limiting conditions for operation are the lowest functional capability
or performance levels of equipment required for safe operation of the facility. When a limiting
condition for operation of'a nuclear reactor is not met, the licensee shall shut down the reactor or
follow any remedial action permitted by the technical specifications until the condition can be
met.” Plant technical specifications typically include limits associated with certain instrument
setpoints. This\RG addresses the means by which such limits should be established.

In 10 CFR 50.36(c)(2)(i1)(C), the NRC specifies that a limiting condition for operation of a
nuclear reactor must be established for each “structure, system, or component that is part of the
primary success path and which functions or actuates to mitigate a design basis accident or
trangientithat either assumes the failure of or presents a challenge to the integrity of a fission
product barrier.” This requirement applies to instrumentation for monitoring nuclear power plant
variables that initiate reactor trips or actuate systems to mitigate accidents, transients, or
anticipated operational occurrences if those variables exceed certain limits.

RG 1.105, Rev. 4, Page 2
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. In 10 CFR 50.36(c)(3), the NRC defines and establishes requirements relating to surveillance
requirements: “Surveillance requirements are requirements relating to test, calibration, or
inspection to assure that the necessary quality of systems and components is maintained, that
facility operation will be within safety limits, and that the limiting conditions for operation will be
met.” This RG includes assessment of an as-found setpoint as one element of confizmation that
an instrument channel is functioning as expected.

Other elements of the CFR applicable to the selection and application of setpoint relatedicriteria include:

. In 10 CFR 50.55a(h) the NRC incorporates by reference Institute of Electrical and Eleetronics
Engineers (IEEE) standard (Std.) 279, “Criteria for Protection Systems for Nuclear Power
Generating Stations” (Ref. 3), and IEEE standard 603-1991, “IEEE,Standard Criteria for Safety
Systems for Nuclear Power Generating Stations” (including the correetion sheet dated January.
30, 1995) (Ref. 4), and applies one or the other to nuclear power plants on the basis of the plant
licensing date or other criteria. Clauses 3(6) and 4.1 of AEEE 279-197\1 require the determination
and documentation of setpoints for protective actions{ Clause 6.8 of IEEE 603-1991 requiresthat
the allowance for uncertainties associated with a sétpoint be established in accordance with a
documented methodology. This RG presents criteria and considerations that the NRC staff finds
acceptable for use as the basis of a methodology for the determination of setpoints in accordance
with the provisions of both standards.

. In Appendix A, “General Design Criteria forsNuclear Power Plants,” to 10 CFR Part 50, the
following general design criteria (GDC) are of particular interest:

o GDC-13, “Instrumentation and Control,” requires, in partythat the instrumentation be
provided to monitor certain variables and$ystems and that controls be provided to keep
these variables and systems within preseribed operating ranges.

o GDC-20, “Protection System Functions,” states ... “The protection system shall be
designed (1) to initiate automatically the eperation of appropriate systems including the
reactivity control systems, to assure that;specified acceptable fuel design limits are not
exceeded as a result of anticipated operational occurrences and (2) to sense accident
conditions and to initiate the operation of systems and components important to safety.”

o _Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Plants," to 10,CFR Part.50: ¥This appendix requires, in part, that licensees have programs and
administrative controls in‘placeithat are intended to ensure that safety related structures, systems,
and components perform as designed. In particular, this indicates that settings for automatic
actions should be developed in such a manner as to provide adequate assurance that those actions
are initiated at values of plant parameters that are consistent with applicable design bases and
analyses.

. 100CFR 52.474 “Contents of Applications; Technical Information:” In this section, the NRC
mvokes the@bove requirements for reactors licensed under 10 CFR Part 52. In particular, 10
CFR 52:47(a)(11) invokes 10 CFR 50.36, “Technical Specifications,” and 10 CFR 52.47(a)(3)(i)
invokes the General Design Criteria (Appendix A to 10 CFR 50).

Related Guidance

RG 1.105, Rev. 4, Page 3
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e RG 1.28, "Quality Assurance Program Criteria (Design and Construction)," endorses, with
modifications, the use of ANSI/ASME NQA-1 and the NQA 1a Addenda, "Quality Assurance
Requirements for Nuclear Facility Applications," as a method for complying with the
requirements of Appendix B to 10 CFR Part 50 (Ref. 5). Part I, Subpart 2.4 of NQA-1 consists
of ANSI/IEEE Std. 336, "IEEE Standard Installation, Inspection, and Testing Requi

. NUREG-1430, “Standard Technical Specifications - Babcock and Wilcox
operating conditions and limitations intended to be used as a guide in de

conditions and limitations intended to be used as a guide i
technical specifications for license applications for the
plant (Ref. 8).

. NUREG-1432, “Standard Technical Specifications - Comb
operating conditions and limitations intended to be used as a
sets of technical specifications for license applications for the sta
nuclear power plant (Ref. 9).

gineering Plants,” is a set of
developing plant specific
ombustion Engineering

. NUREG-1433, “Standard Technical Speci eneral Electric Plants (BWR/4),” is a set of
operating conditions and limitations intende ( guide in developing plant specific
sets of technical specifications for license ard General Electric (BWR/4)
nuclear power plant (Ref. 10).

. NUREG-1434, «
operating conditior
sets of techn
nuclear p

Technical Specifications - General Electric Plants (BWR/6),” is a set of
ations intended to be used as a guide in developing plant specific
s for license application§ for the standard General Electric (BWR/6)

Scope

form tafthis guidance could result in an increase in the likelihood that the
>nded to protect may be exceeded. If that limit is associated with a safety
exceeding the safety limit could be increased. The plant could be permitted to
ondition, and the degree of protection of the safety limit would be unknown.

e safety analyses could be compromised and may or may not be exhausted due
to the ace ati this and other effects.

Staff intends this guidance to be applied to all setpoints that directly protect safety
limits or that provide primary protection of safety limits.

e Staff believes this guidance to be appropriate for all setpoints that are presented in
the plant technical specifications and that initiate automatic safety functions.

RG 1.105, Rev. 4, Page 4
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e Staff believes this guidance to be suitable for the determination of any setpoint for
any purpose. The degree of rigor applied to setpoints for general purposes may be
adjusted to suit the needs of the specific application.

and manual actuation points associated with such programs and administrative
adherence to the provisions of this guidance for those setpoints and manual ag

however, address concepts and practices that should be consider
technical specification requirements.

Purpose of Regulatory Guides

The NRC issues RGs to describe to the
in implementing specific parts of the agency’s regula
evaluating specific problems or postulated accide
substitutes for regulations and compliance with the ' ds and solutions that differ
from those set forth in RGs will be deemed acceptable . ide a basis for the findings required for
the issuance or continuance of a permit or license b

Paperwork Reduction

displa
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B. DISCUSSION
1. Reason for Revision
The primary objectives of the changes from the previous revision of this RG are to:

. Incorporate applicable provisions of Regulatory Issue Summary (RIS)2006-017, “NRC
Staff Position on the Requirements of 10 CFR 50.36, ‘Technical Spécifieations,’
Regarding Limiting Safety System Settings During Periodic Testing and Calibration of
Instrument Channels.” (Ref. 12)

° Clarify staff expectations concerning the development of limiting values presented in
setpoint related technical specifications.

. Clarify staff expectations concerning the development of statistical parameters and the
use of the 95/95 criterion.

. Clarify staff expectations concerning the use of an-a setpuint “Allowable Value,”fera
setpeint; in consideration of itsremeval-the removal of *Allewable Value” from the cited
industry standard but continued use in some plant technical specifications. >>ISA-2.10]

. Address the current version of\the associated industry standard; American National
Standards Institute (ANSI)/International Society of Automation/(ISA) 67.04.01-2006,
“Setpoints for Nuclear Safety Related Instrumentation” (R2011) (Ref. 13).

This revision (Revision 4) includes criteria, guidance, and congepts that have not been addressed
in previous revisions of this RG. Those matters resultyfin part, from the NRC staff concerns and extensive
discussions with various stakeholders during the timeframe extending roughly from 2004 through 2006.
Those concerns and associated correspondence are deseribed in RIS 2006-017.

This revision continues to address concerns expressed in the previous revision of this RG. The
previous revision addressed problemsywith setpoint uneertainty allowances and setpoint discrepancies,
which had led to a number of operational problems. Tt also addressed significant variability that had been
observed in licensees’ surveillance interval evaluations with regard to drift, setpoint methodology, and
completeness: Mt.enumerated@a number of specific concerns in this area, observing that the listed concerns
hadfbeen resolved during the development of the 1994 version of ANSI/ISA-S67.04, Part 1-1994,
“Setpoints for Nuelear Safety-Related Instrumentation” (Ref. 14).

2. Background and Overview

Safety analyses and design bases for systems and components used in a nuclear power plant
demonstrate, or provide assurance that, safety limits will be adequately protected under normal and
anticipated.conditions{ Safety analyses and design bases include, in part, assumptions that certain actions
will be initiated when certain parameters exceed certain specified limits. It is important that those
analyses and design bases adequately bound both actual plant conditions and actual equipment operation;
otherwise, the conclusions of the safety analyses might not be valid, or the protection intended by the
design bases'might not be attained.

The ability of plant safety systems to achieve their required functional performance depends, in
part, on proper selection of instrument setpoints. Therefore, assumptions concerning instrument setpoints

RG 1.105, Rev. 4, Page 7
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and other aspects of instrument operation should bound the actual operation of the instruments. The
instrument setpoints and operation should be consistent with those assumptions.

It is important to recognize the difference between an instrument channel “setpoint” and the
associated “trippoint.”

Definitions:

Setpoint: the value of the process variable at which a channel is o ip' under test
or calibration conditions, or is intended to trip under 1
conditions.

Trippoint: the value of the process variable at which a ¢

Because measurement error is unavoidable, varia
instrument channel cannot be known with certainty. Measuremen
some unknowable amount of error:

{trippoint} = {mea

Thus “setpoint™is-afixed-valueand-“trippoint™ is A, vari i statistical relationship
to-thatfixed-valae the setpoint but not necessari 6

Measurement error can be characterized st
setpoints based on that statistical characterization in
that functions associated withsthese setpoints will be
applicable safety analyse 1 bases despite the
trippoint.

a manner as o provide reasonable assurance
itiated as required and in accordance with the
esence of anticipated error in the actual

ia for setpoints should be selegted so as to provide adequate assurance that the
ill be ithsthe:safety analyses or other design bases as applicable.

lieves to be applicable to the uncertainty analyses used to
and allowances.

s regulatory guide, the term “trip,” as in the phrase “channel trip” and related usage, refers to the

of the channel or device output from the state that does not call for protective action (the “normal” state) to
e that does call for protective action (the “tripped” state). The protective action may be initiation of some
automatic action, termination of some action, trip of the reactor, or another action. In this context the “normal” state
refers to the plant normal and is not to be confused with the de energized state (also known as the “shelf state) of a
component, which is sometimes referred to by means of the same term.

RG 1.105, Rev. 4, Page 8
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Plant technical specifications? are designed to prevent plant safety limits from being exceeded.
Plant safety analyses® show that safety limits will not be exceeded if certain actions are initiated before
the lrmrts establrshed in those salety analyses (ealled “analytical limits”) eertam—other—lrmrts—are exceeded.

RG}—Setpomt related technical spec1ﬁcat1on limits are therefore selected S0 as to provrde adequate
protection of analytical limits. >>CT-Surrogate-d

To ensure protection of the analytical limit, RIS-2006-017 « use properitation structures>
establishes use of a “limiting trip setpoint” and a “double-sided acceptance criteria band” for each
setpoint. Those are addressed in this gurdance as the lrrnrtrng setpornt (LSP) and the as-found tolerance
(AF T) g §

3 h : § Many techmcal spec1ﬁcatlons 1nvoke an allowable Value in placeof,
or in addition to a limiting setpomt and an as-found tolerance. Documents associated with particular
plants may employ terminology different from what is presented here. These limits and their significance
to plant safety are addressed later in this RG.

In 2006 the NRC staff issued RIS 2006-017. The RIS summarizes the regulatory requirements
concerning setpoint related technical specifications, cites the guidance provided in Revision 3 of this RG,
and provides additional guidance concerning instrument setpoints associated with technical specifications.
Portions of the information in RIS 2006-017 have been incorporated into this RG.

3. Industry Standards

The Instrument Society of America* (ISA) established Subcommittee SP67.4 in 1975, to review
the question of setpoint drift. That subcommittee produced ISA Standard 67.4. ISA has revised and
reissued that standard severalstimes since its original publication, with slight variations in the numbering
of the standard and withsublication'of related documents bearing numbers similar to “67.4.” The NRC
endorsed the 1994 vefsion of the standard (with clarifications.and limitations) in Revision 3 of this RG,
issued in Decembet of 1999. The NRC did not endorse the 2000 version of this standard.

The NRC staff does not endorse, andrhas,not previously endorsed, the ISA’s 67.04 series
documents other than ANSI/ISA 67.04.01-2006:and sclected >>ISA-3.8, NuScale-5 earlier versions of that
standard. These documents concern:

. the calculation methodelegies described in ANSI/ISA RP67.04.02-2010, “Methodologies
for the Determination of Setpoints for Nuclear Safety Related Instrumentation” (Ref. 15);

2 Information concerning the form and content of technical specifications is presented for illustrative purposes only.
Refer to 10 CFR 50.36 and to the standard technical specifications for associated requirements and guidance. Also
consult the technical specifications applicable to each individual nuclear power plant.

3 Protection of thé SL is usually demonstrated in the plant safety analyses, but there may be instances in which other
documents of criteria provide this demonstration. For the sake of simplicity, this regulatory guide will generally refer
to the plant safety analyses, with the understanding that the intent is to address whatever provisions provide the
requisite demonstration or assurance.

4 The Instrument Society of America (ISA) of Research Triangle Park, NC, changed its name to ISA — The
Instrumentation, Systems, and Automation Society, and later to the International Society of Automation. The
designation “ISA” has remained constant. The numbering scheme used for ISA standards has also changed in various
editions of various standards. The society names and standard numbers presented in this regulatory guide are as
indicated in the cited edition of each individual cited document.

RG 1.105, Rev. 4, Page 9



Monday, February 11, 2019 4:21 PM

. setpoint sequencing described in ANSI/ISA TR67.04.08-1996, “Setpoints for Sequenced
Actions” (Ref. 16); and

. criteria for the grading of setpoint related analytical detail on the basis of se
importance as described in ISA TR67.04.09-2005, “Graded Approaches
Determination,” (Ref. 17).

Reference to those documents is not sufficient for establishing the acceptability ing provision
or request.

ANSI/ISA 67.04.01-2006 presents criteria for computing the u
instrument setpoint. Various staff regulatory guidance positions in S
suitability of this standard for use in developing limits for setpointsthat fall within the scope of this
4. Establishing Setpoint Limits
4.1 Setpoint Related Limits and Parameters

There is no universally accepted terminology for setpoint relate
NRC staff has observed that the terminology wsed in various plant related
plant and does not necessarily match the termi ed in the ISA standar
Technical Specifications. Therefore, this RG ¢ aes the terminology
(below) is a qualitative graphical depiction of the re )

and parameters. The
iffers from plant to
e NRC Standard
tituses. Figure 1

al setpoint related limits

RG 1.105, Rev. 4, Page 10
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and parameters. This figure is intended to present more detail than, and to be used in lieu of, the similar
figure in Section 4 of ANSI/ISA 67.04.01-2006.

>
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see note 1%
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addresses the relationship among limiting setpoint (LSP), total
U), and setting tolerance (ST). See also Section B5.2.—Fhe-As-Left
sid-be-no-less conservative than Himiting setpoint (LSP)- b>CT Al
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3. Section C.7c¢ of this RG addresses the acceptability of occasional deviation in excess of
the as-found tolerance (+AFT), provided that the deviations are neither too large nor too
frequent. Section C.7¢(3) of this RG recommends that the deviation should be deemed
excessive if the as-found value (AsF) of the setpoint is less conservative than the
allowable value (AV) regardless of whether or not the as-found tolerance is exceeded and
whether or not the occurrence of this condition is chronic.

4. The relationship of allowable value to analytical limit, limiting setpeintyand the as-found
tolerance limit is methodology dependent. The allowable value miight be more or less
conservative than the as-found tolerance limit. See allowable#alue definition,and
discussion and Section C.7e later in this RG.

Although licensees and applicants may use differing terminolegy, a ¢lear and direct mapping of
that terminology into the terminology used in this RG could greatly/simplify staff reviews and
discussions.

The importance of safety limits and the significane€ of analytical limit in protecting them have
already been discussed in this RG, under “Background and Overview.” *[hat discussion also identifies
certain limits typically included in technical specifications to provide proteetion of the analytical limit.
Those limits are described more fully here.

The overall objectives in the selection'of setpoint related limits are to provide adequate assurance
that safety limits will not be exceeded, to provide adequate;assurance that the criteria and data on which
those limits have been based are consistent with the observed operation of the equipment associated with
each setpoint, and to support an assessment as to whether theequipmentiassociated with a setpoint has
been functioning as expected and required.

This RG addresses_tweoyprimary considerations regarding acceptability limits on measured values
for instrument setpoints:

1. Limits ontheacceptable measured value of a setpoint:

Limiting Setpoint (LSP)/ a limit ofvthe;valu€ to which a setpoint may be adjusted (see definition
and discussion later in the RG)

Allowable Value (AV):_ alimit on the value at which a setpoint may be found (see definition
andidiscussion later in this RG)

and

2. Limits on the aceeptable change in the measured value of a setpoint during the interval between
scheduled measurements:

As-Found Tolerance (AFT): a limit on the amount by which a measured setpoint may differ from
the previous setting, in either the positive or the negative direction
(see definition and discussion later in this RG)

‘ All of the paragraphs from "This RG addresses..." to this point should be on a single page. ‘
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When properly selected, these limits can provide assurance that the instrument channel with
which they are associated is capable of initiating the associated safety function in accordance with the
safety analysis or applicable design basis:

drift, changes in environment, and other factors. See Section C.8 later in this
- If an appropriate limit is not established for a setpoint as measured at the

at which a function is initiated has indeed changed by no more
the last time it was tested. Deviation® in excess of the as-found te
of equipment malfunction or of problems with the uncertainty anal

e amount anticipated since
e could be an indication

setpoint related limits. See Section C. is, RG.

- I a setpoint changes between tests by 'F it might no longer be
providing adequate protection.-fr-additian|>>1SA-54 point appetirs to have changed
ehanges-by more than the anticipated amo e be-malfimetiontres

b>ISA5.15¢the calculations and assumptions b
not be accurate. It might be necessary to re
limits accordingly

e anticipated change was determined might
e calculations and to adjust the associated

The third b
and indicates thaj
this RG. In thi
the actual process val
makes it impossible to

in ANSI/ISA 67.04.01#2006 uses the term “actual trip setpoint”
wn only at the time easurement. This term has no equivalent in
L trippoint” (as opposed to “actual trip sefpoint”) is used to describe
e presence of unavoidable measurement error

¢ exact value o actual trippoint at the time of measurement or at any
other time addition, en ental and other conditions at the time a safety function is needed might
dif; g he time of rement. The actual trippoint at the time of demand might therefore

neasured >|SA-6.1

ould be based on limiting-values-analytical limits[>>SCo-12 used in plant safety
ere is no applicable plant safety analysis for a particular setpoint, the limits should

be'b applicable design bases. (See Section C.1 of this RG.)

Selection of a limit on the acceptable As- F ound value of a setpomt at the end of himits-en-the

>>|SA-5.12, SCo-13

5 The term “Deviation” should not be confused with “Drift.” See the definition in the Glossary. See also “Setpoint
Deviation: Evaluating the as-found setpoint (AFT, AV).”
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calibration interval should include consideration of the amount by which that setpoint might
reasonably be expected to change between calibrations. (See Section C.7 of this RG.)

e Selection of a limit on the acceptable measured value for a setpoint at the time it is calibrated

(thdt is, 5clcct1on of thc As cht limit) Wshould 1nc1ude consideration of-daticipated
s the totaldO6p
uncertainty, which includes consideration of setpoint drift over the interval beg€en calibrations
P>5Co-13. (See Section C.8 of this RG.)

4.2 Digital Technology

The use of digital technology affects but does not fundamentallydlter the relationship between
the loop and its component devices. The number of devices may be reduced to just two (the sensor and
the digital signal converter). The trip function is implemented throdgh software or firmware, and
typically introduces no additional uncertainty to the loop. The sétpoint becomes a recorded digital value
not subject to drift or to any uncertainty other than the granularity of the digital number system — whigh is
usually much finer than the signal digitization granularity and is‘usually negligible.

Depending on the details of the system implementation, the digital signal converter might include
some amount of uncertainty and susceptibility to influences such as ambient temperature. In addition,
digital systems are subject to quantification eggor, or granularity: the signal can have a yalue of “n” or
“n+1” but nothing in between. Digital processing might introduce additional concerns such as aliasing,
time delays, and other effects relating to the representatiomef a continuous signal as a stream of values
that are discrete in magnitude and time. All digital effects shouldibe addressedsn the uncertainty

analysis.
4.3 Uncertainty Analyses: Establishing Margins and Limits

Uncertainty analyses establish limiting settingscriteria for setpoints, in order to provide adequate
assurance that system'operation will be in accordance with the plant safety analyses despite uncertainties
inherent in the statistical nature of the actual trippoint. In order to accomplish this, it is important that the
conditions, maifittnance)practices/and schedules, and other aspects of plant operation and maintenance
that might influence the operation or accuracy of plant instrumentation be included in the analyses. See
C4f. (per D61141 —énsure proper reference’in the final RG)

ANSI/ISA 67.04.01-2006 does not provide specific criteria relating to uncertainties associated
with measurement and test equipment (M&TE). Criteria XI and XII in Appendix B to 10 CFR Part 50
include quality assuranceirequirements for test control and control of measuring and test equipment,
respectively. RG 1.118, “Periodic Testing of Electric Power and Protection Systems,” (Ref. 18) provides
guidance on periodic surveillance testing.

It is usually understood that, in establishing a limiting value for a setpoint, it is better to
overestimate uncertainties than to underestimate them. See Figure 1: increasing uncertainty estimates
would ngtease TLUgrcsulting in added margin between the analytical limit and the limiting setpoint.
However, when establishing atimiting-value-foraceeptable-setpoint-deviation;-an As-Found
tolerance, >>Cl-Deviation-clit is better to underestimate uncertainties. The objective of deviation assessment is
to confirm that a setpoint has not changed by more than the anticipated amount. Excessive deviation
could indicate equipment malfunction or problems with the uncertainty analysis on which the anticipated
deviation and other setpoint related limits and parameters have been based. If the magnitude e+of the
anticipated deviation were overestimated, the effectiveness of the assessment would be reduced. Figure |
shows that overestimating the As-Found Tolerance would move the “Potentially Excessive Deviation”
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zones further from the As-Left Setpoint (or from the nominal setpoint, as applicable), thus increasing the
amount of deviation needed before the deviation would be considered “potentially excessive.”

Detailed guidance concerning the development of uncertainty analyses and the suitability of the
provisions of ANSI/ISA 67.04.01-2006 is provided in the staff regulatory guidance presentedtin Section
C of this RG.

4.4 Uncertainty Data and the 95/95 Criterion

Instrument uncertainty calculations are typically based on population
individual elements of uncertainty are typically estimated from finite sets of
case, “population” refers to all possible instances of the particular sort o
set is the set of actual measurements of that sort of error. There is an
possible instances of each particular element of instrument error, s
essentially infinite.

the population as a
e mean and standard

s and of the sampling

le set — for very large
le sets, the population

—A random sample of a population might not be adequ
whole: the mean and standard deviation of a sample are likely to
deviation of the population as a result of the inherent randomness of
process. The magnitude of the difference depends in part on the size of
sample sets, this difference might be small engugh to be ignored. For sma
statistical estimates must be more conservative he observed statistics in
that those estimates do in fact envelop the actual p atistics.

The 95/95 criterion is a criterion for esti
from a finite sample of the population. :—Thepop et are nated-50-as-10
114 Q B

O St Ot o O

elementi o = ¢ 95/95 criterion indicates that the statistics relating to a particular set of

known values for that ferrorshould be adjusted so as to provide a 95 percent

probability that 95 perce instances o articular element of error will fall within the adjusted
fan lude tables of multipliers to be used to convert sample statistics to

her related criteria. For example, see NUREG-1475 revl Section 9.12

ist and adjust reference here as necessary. Note that

n most cases (for example, +2psi), and so the factors used to

th two-sided, not one-sided, statistics.

ntly two-s

en presented without reference to whether they meet the 95/95 criterion. Use
/95 should be justified. If a vendor is unable to confirm that a particular

1terion. See Sections C.6¢ and C.6¢ of this RG.

meet the 95/
5. Assessing and Maintaining Setpoints

5.1 Setpoint Deviation: Evaluating the As-Found Setpoint (AFT, AV)
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The measured value of a setpoint at one point in time might differ slightly from the value
measured at another point in time. Such variation might result from random errors in the instrument
channel or in the test equipment, from changes in ambient conditions, from drift, or from other causes.
An unexpectedly large deviation® could be a symptom of equipment malfunction, or it might indicate that
the data or the statistical/mathematical model on which the setpoint limits and parameters were selected
might be inaccurate. Excessive deviation might indicate a need for repair or replacement of the
associated equipment, or might indicate a need for revision of the associated uncertainty calculations to
make them more accurately reflect conditions and equipment performance. Excessive deviation in the
conservative direction, while not directly resulting in a challenge to the analyticaldimit, might
nevertheless indicate equipment or analytical problems and therefore might be@ matter of coneern.

As-Found Tolerance (AFT)
Definition:

As-Found Tolerance (+AFT): the maximum amountdy which the measured setpoint is expected
to change over the course of a calibration interval.

Note that the as-found tolerance might be expressed as two separate values (one limit each for
positive and negative changes), or, more commonly, as a single number (if the amount of change
is the same in both directions).

The as-found tolerance constitutes a limit on the value of the as-found setpoint. Because setpoint
deviation in excess of the as-found tolerance could be an‘indication.of incorrect/operation, NRC staff
considers the as-found tolerance (in combination with the reference valueswith which it is associated - see
below) to constitute a limiting safety system setting as described in 10:CER 50.36(c)(1)(ii)(A).

Because the probabilitysef deviation in excess of the as-found tolerance cannot reasonably be
reduced to zero, occasional instances of this condition ‘are to be expected in a normally functioning
instrument channel. Therefore aceeptance of a particularinstance of deviation in excess of the as-found
tolerance requiresgudgment that this condition is neitherjacute (the deviation is not so large as to be
statistically unlikely) nor chronic (the deviation does not occur more frequently than expected in
consideration of its magnitude).

Setpoint deviation is the'difference between the value measured at the beginning of a calibration
test’«(the as-found value, [AsF]) and the measured value at the conclusion of the previous calibration (the
previous as-left setpoint, [pAsL]): However, if certain criteria are met, the as-found value may be
assessed against the'nominal setpoint rather than against previous as-left value without unacceptable
reduction in the effectiveness of the/assessment. This is addressed in Section C.7b of this RG.

There is a tradeoff between the effectiveness of detection of malfunction induced deviation and
the suppression of false/detections. The width of the as-found tolerance interval is key: a narrower
interval inereases the sensitivity in detection of possible malfunctions, while a wider interval might mask
the detectiomof malfanctions. The interval should be constructed so as to encompass 95 percent of the
deviations that are’anticipated when there is no malfunction induced deviation. This corresponds to a
false detection rate of 5 percent for previous as-left value based evaluations. The NRC staff considers this

6 Setpoint deviation is the observed change in a setpoint - see the definition of “Deviation” >>ISA-6.13 in the glossary.

7 The second paragraph of Section 6.1 of ANSI/ISA 67.04.01-2006 presents criteria concerning the measurement of the
as-found value.
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to be an appropriate balance between detection efficiency and the avoidance of false detections.-spuriens
aetuations>>typo, NuScale-16, KS-b30, CT-Deviation-2| The use of nominal set point based deviation assessment rather
than previous as-left value based assessment can result in a significant increase in the likelihood of false

detections. spurious-actaations>>typo, NuScale-16, KS-b30, CT-Deviation-a|

The AFT-related criteria should be applied to deviations in both directions, nonc
well as conservative. Excessive deviation, including excessive deviation in the conse e direction,
could indicate the existence of potential problems that require explicit consideratio sis, and
disposition. Excessive deviation in the conservative direction might not indicate i
jeopardy, but it could indicate that the operation of the instrument channel is
action is therefore warranted.

Allowable Value (AV)
Definition:
allowable value (AV): the least conservative as-f

conditions, that will provide adequate assurance that the a
exceed the analytical limit (or other applicable limiting criter

tual trippoint will not
der design basis conditions.

RIS definition: “An AV is a limiting value of an instrument’s as-found trip set
surveillances." This does not adequately add he difference between test a|

If an allowable value is established in a
between allowable value and the analytical limit o
accommodate uncertainties not in effect at the time
be sufficient margin to accommodate the additional
earthquake or of extreme environmental conditions. 7
allowable value could re acceptably high 1
actions even though iable has exceedet

ion C.7¢ ofthis RG, the separation

: ill be sufficient to

¢ value ured. For example, there will
ainty that might result from the influence of an
etpoint found to be less conservative than the
elihood that the channel will not initiate needed
e analytical limit or other established limit.

The allowa
allowable value based
instrument or analysis p
as-found tolerance based a

annot provide adequate assessment of setpoint deviation. An

iationgn the conservative direction, which might indicate
of allowable value does not obviate the need for an
ent (see “As-Found Tolerance [AFT]” above).

1on->>ISA-8.6, NEl-24.7-The allowable

MAJOR CHANGE :F>CT-AsL

ust not exceed LSP (ST may be omitted from TLU)

SP applies o NSP, not to AsL  (TLU must include ST)

2 AslL might exceed LSP by up to ST

2 NSPand ST are now of regulatory importance

> ogption: apply LSP to AsL and omit ST from TLU — then no regulatory interest in NSP or ST
(Acknowledge this option in €8, but in general write the RG with minimal reference to it — the guidance
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should be from the point of view that LSP will apply to NSP, with application to AsL considered a rarely
invoked option.)

This change will have broad and possibly subtle implications in many areas of this guidance.

Definition:

Limiting Setpoint (LSP)®:
limiting value for the nominal setpoint, in consideration of all cre
associated with the instrument channel.

although other provisions of the RIS suggest that the limit applies to the
applies the limit to AsL. The guidance is being revised to allow for LSP
permitted to exceed LSP slightly depending upon the relative values

>>CT-Asl|

[AsL]) should be limited so as to provide adequate assurance that t rippoint will continue to
remain conservative relative to the analytical limit until the next surve test. Note that if the limiting

setpoint is applied to the nominal setpoint, as opposed to the As-Left sett If, then the As-Left
setting may exceed the limiting setpoint by anpe eranee. In this case, the
margin between the limiting setpoint and the a imi i ce for the setting
tolerance, so the overall likelihood of a trippoint ii uld be suitably

constrained.

e limiting setpoint would not
e NRC staff considers the

total loop uncertainty as enti ed performance of the instrumentation. Paragraph 3.17 of
ANSI/IS£ ¢ uncertainty” as “the amount to which an instrument channel’s output

other provision of the standard, allows the total loop uncertainty to be
sum and SRSS combination, as appropriate, of the individual uncertainty
ovision of the standard allow separation of the limiting setpoint from the
ount less than the total loop uncertainty.

staff agrees that the limiting setpoint should be separated from the analytical limit by an
amount not 1e an the total loop uncertainty, and that it is not appropriate to reduce the total loop
uncertainty 10 any value less than the sum and SRSS combination, as appropriate, of the individual
uncertainty elements. See Section C.4c(1) of this RG.

8 ANSI/ISA 67.04.01 uses the symbol “LTSP” to represent the limiting value for the nominal setpoint.
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If Beeause-the limiting setpoint is intended-to-be-used as a limit on the as-left setting (rather than
a limit on the nominal setpoint)>>CT-AsL, it is-would be applied after adjustment of the setpoint and thus
after the setting tolerance (see-below)-has been used. Fherefore;-In that case, it isnet-would not be
necessary for the setting tolerance to be included in total loop uncertainty for the purpose of gstablishing
the limiting setpoint. This is contrary to items 4.4a4 and 4.5.4 of ANSI/ISA 67.04.01-2006, and‘can
result in a small difference between the limiting trip setpoint (LTSP) as defined in the standard and
limiting setpoint as defined in this RG. However, the strict application of the provisions)of items 4.4 a 4
and 4.5.4 of ANSI/ISA 67.04.01-2006 (that is, the inclusion of setting tolerance in'the'development of
total loop uncertainty and of limiting trip setpoint) would increase the degree of conservatism'in the
limiting setpoint and would therefore be acceptable.

One consequence of the 95/95 criterion is that there will be a 95 percent probability® that the
actual trippoint for an instrument loop will differ from the nominal&etpoint (or from the As-Left setting,
as applicable[>>CT-Asl]) by as much as — but not more than — the total loop uncertainty. Figure 2 illustrates
this point for an As-Left setting equal to the limiting setpoint@nd with bias in the,actual trippoint (ATP)
distribution. Beeause-If the random measurement-errors are typieathrdisposed symmetrically about zero,
those errors are equally likely to place the actual trippoint at a value thatiisdmore conservative than
intended as they are to place it at a less conservative value. Therefore onlyshalf of the anticipated errors
willwould result in an actual trippoint that is beyond the analytical limit: The,95/95 criterion thus results
in a probability of not more than 2%2% that the,analytical limit will be exceeded as a result of
measurement error.—Fhis—is sk Semsiniertbut

If the total loop uncertainty is large enough that separating,the limitingSetpoint from the
analytical limit by the full magnitude of the total lop uncertainty wouldwesult in operational problems or
excessive spurious actuations, consideration should be given to the use of alterative instrumentation
schemes or equipment, to the use of more accurate test.€quipment or shorter calibration intervals, and to
other remedies. ReduetionintFhe separation between the analytical limit and limiting setpoint, however,
should not be reduced tofanything less than the full value of total loop uncertainty. >>NuScale-18;-hewewe

shenld o manele npidad
Nominal Setpoint and Setting Tolerance (NSP, ST) 4

Definitions:

INominalSetoin: (NSRS the-target-valuefor-an-as-teftsetpoint-The setpoint value selected by

the licensge fonplant opcrationssarhis definition is mildly paraphrased from the definition in the RIS.

Setting Tolerance (ST): the amount by which the as-left setting is permitted to differ from the
nominal setpoint. Not defined in the RIS

Section 4.5.4 of ANSI/ISA 67.04.01-2006 refers to an “As-Left band” or “tolerance” to be
included in the total loop uncertainty “...such that leaving the equipment anywhere in the As-Left band

will assure a‘trip before the AL is reached ” This “as-left band” corresponds to the NSP+ST as described

above and as shown in Figure 1.—ta-the-approach-deseribedin-this RG-the-analytical- limitis-protected-by

9 Unless otherwise indicated, all probabilities cited in this regulatory guide refer strictly to probabilities that result solely
from uncertainties in ATP. Equipment failure and software errors will increase the net probability of failure beyond the
numbers presented here.

10 ANSI/ISA 67.04.01 uses the symbol “NTSP” to represent the nominal setpoint.

RG 1.105, Rev. 4, Page 19



Monday, February 11, 2019 4:21 PM

NOTE: Figure 2 is constructed of idealized curves for illustrative purposes.

95% of
random errors
within 95/95 limits

2.5% of
random errors
/" outside 95/95,

bias random

o Y

otal Loop Uncertainty

and-is intended to shows the importance and consequences of separating
t from the analytical limit by an amount not less than the total loop

International Atomic Energy Agency (IAEA) and did not identify any standards that provide guidance
with additional detail, rigor, or flexibility, in ways consistent with NRC regulations that would be useful
to NRC staff, applicants, or licensees.
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International Electrotechnical Commission (IEC) Standard 61888, “Nuclear power plants —
Instrumentation important to safety — Determination and Maintenance of Trip Setpoints” (Ref. 19),
presents guidance similar to that found in an earlier version of ANSI/ISA 67.04.01. IEC 61888 is, in
some areas, less rigorous than ANSI/ISA 67.04.01-2006. This RG does not endorse IEC 61888.

7. Documents Discussed in Staff Regulatory Guidance

This RG endorses, in part, the use of one or more codes or standards develo

acceptable to the NRC staff fo
ndary reference has

meeting an NRC requirement, then the standard constitutes a met
meeting that regulatory requirement as described in the specific

er and use the information
egulatory practice, and

meeting an NRC requirement. However, licensees and applicants
in the secondary reference, if appropriately justified, consistent with
consistent with applicable NRC requirements.
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C. STAFF REGULATORY GUIDANCE

Section B, “Discussion,” presents clarifying and background information concerning the
following staff regulatory guidance positions. These staff regulatory guidance positions presume
adherence to those definitions and practices.

1. Safety Limits and Analytical limits

a. fomebeieel e o e tbos Bl snbde b cnee ot e lons L e
constitute-surrogate-safety limits-A limiting setpoint develope €
accordance with this regulatory guide will provide adequate a i ociated
safety limit will not be exceeded, barring hardware fail

b. Cetmsbnthe s pesren s epede s Lo 1 pg-exeeeded 2
and-criteri etpoints-that prote s Therearefewsafety
limits, and they are protected by a much lar al limits. Staff beligves

that all of the setpoints that protect analyti€al lir developed in accordance
with this guidance.[>>CT-Surrogate-d

2. Setpoint Criteria for Technical Specifications

a. This RG describes an accep method for the develop

setpomt related techmcal speeit Al e

aeeefdaﬁe%wrtl%thfs—l%@ See C afdiscus ection A.

limits used in

b. Failure to meet a setpoint as-found or @s-left criterion‘should be taken as an indication

that the in hannel is not fun omng as expected fequﬁed—a-nd—t-hat—&ppfepﬂate

: |The uncertainty analyses used to estabhsh the
crite \ 2 m that the data, assumptions, and methodology
are app onservatively bound the expected operation of the

channel.

.04.01-2006

the clarifications, modifications, and additional guidance in this RG, industry
SI/ISA'67.04.01-2006 describes an acceptable approach for computing the
certainty and the limiting setpoint, for establishing performance test

ts and acceptance criteria, and for documenting setpoint related and

Clarifications of, modifications of, and additions to the provisions of
ANSI/ISA 67.04.01-2006 are presented immediately below and also in conjunction with
other regulatory provisions as deemed appropriate by NRC staff.
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(1

2

3)

4)

)

(6)
(7
(®)

Sections 1 and 2: The purpose and scope of this RG are breaderthanthese-efas
described herein, rather than as described in >>I15A-12.12| ANST/ISA 67.04.01-2006.

Section 3: The terminology used in this RG is as described in “Setpoint Related
Limits and Parameters” in Section B and in the Glossary. Althoughaot
necessarily in accordance with the terminology used in this RG, the definitions in
Section 3 of the industry standard might be useful in interpreting the provisions
of the industry standard.

Sections 4.1 and 4.2: These sections describe safety and analytical limits. These
terms are also defined in Section 3. The definitions for the purposes of this RG
are as presented in this RG.

Section 4.3: The third bullet in this section‘uses the term “actual trip setpoint.”
This should not be confused with the terin “actual trippoint” as defined and used
in this RG. This point is discussed in‘more detail under“Setpoint Related Liniits
and Parameters” in this RG.

Section 4.3: Figure 1 in this RG should be used inilieu of the figure in the
industry standard.

Sections 4.4 and 4.5 are addeessed in Sections C.4 and C.8 of this RG.
Sections 4.6 and 6 are addressedin Sections C.4 and C¢7 of this RG.
Section 5: Revise the second senténce in Section 5a and 5b which reads as

follows: “The documentation\may include, as’/appropriate...” to read: “The
documentation should include, as applicable...” (emphasis added).

4. Uncertainty Analyses

a.

Anuncertainty analysis should be prepared and documented for each setpoint to which
this RG applies,./Each uncertaintyzanalysis should explicitly compute the total loop
uncertainty, the limiting setpoint, the as-found tolerance, and other setpoint related limits
and parameters as appropriate.

The data used in uncettainty analyses should meet the provisions of Section C.6,
“Uneertainty Data and the 95/95 Criterion” of this RG.

The provisions of Sections 4.4, 4.5, and 4.6, and of applicable portions of Section 6, of
industry standard ANSI/ISA 67.04.01-2006 constitute a reasonable approach to
uncertainty analyses, subject to the clarifications, modifications, and additional guidance
provided below and in other staff regulatory guidance positions.

(1

Section 4.4: The limiting setpoint should be separated from the analytical limit
by no less than the total loop uncertainty, and the total loop uncertainty should be
computed as not less than the sum and SRSS combination, as appropriate, of the

1nd1v1dua1 unceItamty elements —Fepﬂqeptkﬁaeseeﬁestabhshﬂqg—ﬂq%mmg

If the hrnltmg setpomt is apphed to the As Left settmg rather than to the nommal
setpoint, then the setting tolerance will not influence the likelihood of actuation
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beyond AL and so can be omitted from the total loop uncertainty[>>CT-Asll. See
“Limiting Setpoint (LSP)” in this RG.

2) Sections 4.4c, 4.4d & 4.5.3: Time related uncertainties may be established on the
basis of manufacturer specifications or on the basis of plant or industiy data that
are shown to be suitable for this application. Plant and industry
typically concern deviation, rather than drift alone, and therefi
result in an overestimation of drift. Since the degree of in
conditions cannot be fully addressed, the observed data

recognized as potentially nonconservative and

(Demonstration of an alternative ex i ed on plant-specific
or industry-wide inform ‘

3) Section 4.4g: Consideratic amic effee ould include dynamic effects
related to the relationship b the parameter of interest and the parameter
ensed by the instrument, as well as consideration of the time required

d signal to resultimrinitiate the needed action. Some examples

sport delays associated with the sensing line, or :-delays related to
process whereby the parameter of interest is realized at the sensing
Delays related only'to the physical process and not related to the
ation should be addressed in the safety analyses and

d in the uncertalnty analy51s —aﬂd—tl-mefeqaﬁed—fef

OF:>>CT-Dynal
tion 4.5, paragraph 2: Square Root of the Sum of the Squares (SRSS) is
eptable for combining uncertainties only if the uncertainties are statistically
dependent and are based on nermal->>CT-SRSS-a probability distributions that
provide adequate coverage of the underlying data. If the distributions are not all
of the same type (for example, if some are uniform and some are Gaussian), then
the combined distribution will be a complex combination of the individual
distributions and SRSS will not be suitable. Other techniques mentioned in this
paragraph of the industry standard are not formally defined and are therefore not

endorsed by NRC staff —Rega%d%ess—eﬁh&meﬂ*ed—&sed—te—eembm&uﬂeeﬁ&m&es
apphe&&eﬁ—shea-}d—be—expl-amed—&ndjﬂs&ﬁed: The uncertalnty analy51s should
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)

(6)

(7

(®)

include or reference a description of the suitability of the method(s) used.
CT-SRSS)

Section 4.5, paragraph 3: The NRC has not endorsed any edition of

ANSI/ISA RP67.04.02. Reference to any edition of ANSI/ISA RP67.04.02 does
not constitute sufficient indication of conformance to any regulatory requirement.
See the paragraph titled “Documents Discussed in Staff Regulatory Guidance” in
Section B of this RG.

Section 6.1, paragraph 3: In addition: If observationssuggest that assumed
distributions or statistical parameters do not accuratély represent instrument
performance, those distributions and parameters should'be corrected as
appropriate, the affected uncertainty analysesshould,be revised on the basis of
the corrected information, and the setpointaelated limits and technical
specifications should be modified accordingly.

Section 6.2: In addition: The uncertainty analyses shouldibe consistent with all
of the —Changes-in-test procedures, surveillance, intervals, test equipment, and

other items er-any-otheritem-addressed-in-the-tneertainty-anabyses within them.
Changes to any of these should be reflected in revised-uneertainty-analyses-and

asseetatedcorresponding changes #-to the setpointrelated limits unless it is
shown that the likelihoodief an actual trippoint in excess ofithe analytical limit
would not be increased if the limits were to remain unchanged.

Section 6.2: If an instrument channel is modified sosas to become more accurate,
reduction in the margin between the limiting setpoint and the analytical limit is
optional. However, because improved accuragy is likely to reduce the expected
deviation, the as-found tolerance should be revised accordingly or the lack of
need for adjustment revision 32ks-b43 should be justified and documented.

d. Uncertainty analyses should account for all'sources of error and uncertainty in the
operation of each device, including the effects of digital quantization and digital signal
processing, aliasing effectsythe effects’of electrical noise and other environmental
influences, thefeffects addressed in section 4.4 of ANSI/ISA 67.04.01-2006, and any
other effects that might influence the accuracy with which a device performs its safety
function.

e. Each uncertainty analysis should explicitly identify and justify all details of the analysis,
including, as a minimum:

(1

2)

a description of the basis for the selection of the associated analytical limit(s)
(reference to the source of the information is sufficient — it is not necessary to
summarize or describe the basis for the selection of the value used in the source

document)| >>KS-b44, ISA-15.3);

the specific modeling and assumptions used in the analysis (including assumed
probability distributions and associated parameters, the bases for the selection of
the assumed distributions and parameters, and the manner of ensuring that all
uncertainty data are consistent with appropriate confidence criteria);
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3) references to each industry, corporate, and site specific standard and procedure
used in the analysis;

4) the basis for the treatment of each uncertainty element for each device as “bias”
or “random”;

(5) the sources of all data, including both uncertainty data and thealues used for

analytical limit; and

(6) the basis for the selection of the time periods used to
related uncertainties for each component — such tim
allowances for delays beyond the established n

safety analyses and with all applicable surveill es, test acceptance
cr1ter1a test scheduling, test equipment, pla itions, and other fa
analyses should utilize appropriate information de test and calibration data
concerning the particular devices associated with eac For example, a pressure
transmitter might be calibrated at five specific calibratio s, but the result of that
calibration would be an overall accuracy value relating the itter gutput to the actual
pressure. The accuracy value d.be used in the analysis, etails of the 5-point
calibration would not be used in tl is, If the As-Found setpoint is measured at the
instrument cabinet and does not aitter, then thé transmitter would not be
included in the determination of FT) but would be included in

lated limits that are not generally subject to NRC review — such as for
a setpoint control program under NRC Technical Specifications Task Force
STF-493, “Clarify Application of Setpoint Methodology for Limiting Safety
ttings,” option B, (Ref. 20) controlled under 10 CFR 50.59, “Changes, Tests,
eriments” — should be developed in accordance with a methodology that
s to th1s or a later version of this RG. Prior NRC reviews not fully based on this
ater-version-of this RG-the criteria presented herein »>MB-8, NuScale-22] Wmlght have been
application specific, and might not have addressed these provisions adequately to support
applications outside the original context.

J- Methodologies used in the performance of uncertainty analyses and in the derivation of

setpoint related limits and parameters should be sufficiently explicit, quantitative, and
unambiguous to ensure that multiple analysts working independently will come to the
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same conclusions concerning each setpoint related limit or parameter for each instrument
loop.

5. Graded Uncertainty Analyses

a. Any setpoint that falls-under-the-defined-seope-ofthisRG-initiates a safe
>>CT-Scope [should be considered to be of the h1ghest gfade—lmportance @
therefore should be subject to full analytical rigor. Gradi
setpoints that initiate safety functions. >>ISA-16.9

, and

b. Simplified analyses may be used for setpoints that fal-w
safety functions »>CT-Scopelif it is demonstrated that the res

applies to the individual uncertai
final statistical results.

servatively enveloped by a normal distribution
that the assumed distribution be wide enough

at the distribution encompasses at least 95
I'he assumed or enveloping distribution affects the
and is affected by the amount and quality of the data

dData used in the-uncertainty calculations should be adjusted as appropriate to
adequately represent population statistics.

e—Forchannel performaneetUncertainty data that are-typieally-cannot be based on a large
number of obsewaﬂons—saeh—&&dewe&peﬁeﬂﬁaﬁe%%ela%mg—m—pes%&eaée%e%
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valuesin-the-form-of should be based on bounding estimate values, accompanied by
supporting analyses that demonstrate the bounding values to be appropriate.[>>ISA-17.7)
Staff expects that such bounding values would typically be not less than the
largest observed value, because the observations lack statistical credibility due to their
small number{>>CT-0595d. The analyses should include a description of the reasening

behind the approach taken — a formal mathematical analysis is not requiréd-

f. For some uncertainties under some conditions, it might be appropriate to assert that the
error bias is zero even though the mean of the observed valuesds not zerg. Because the
standard deviation is a measure of the deviation from the mean, an assertion of zero mean
will affect the standard deviation, generally requiring a larger value than might otherwise
be needed. Assertions of zero mean and the associated'treatment of standard deviation
should be justified.

7. Setpoint Deviation: Evaluating the As-Found Setpoint

The provisions of Sections 4.6 and 6 of ANSI/ISA 67.04.01-2006 ate suitable for the assessment
of as-found setpoints, subject to the clarifications, modifications, and additional guidance provided below
and in other staff regulatory guidance positions:

a. The limiting value for acceptablésetpoint deviation, the as-found toeletance, should be
computed in the setpoint uncertainty analysis.

b. Setpoint deviation is the difference between the as-found.valie of the setpoint and the
previous as-left value. Setpoint deyiationmay be computed as the difference between the
as-found value of the setpoint and the nominal setpointif all of the following conditions

are met:!!
(D The setting tolerance should be less than the as-found tolerance.
2) The total loop uncertainty should include the setting tolerance, or the setting

tolerance shouldibesincludedss a bias term in additional margin between the
nominal setpoint-and limiting setpoint.

3) The as-found tolerance may include either the setting tolerance or the
uncertainties included in the setting tolerance, but should not include both.

c. In addition to the provisions of Section 6.1 of the industry standard: If the magnitude of
an observed deviation exceeds the as-found tolerance but this deviation is determined to
be neither acute nor chronic and therefore to be acceptable, the basis for that
determination should be justified and documented. The justification should address the
magnitude of the present deviation and of past deviations, in particular addressing all
relevant p>NuScale-24Jpast deviations in excess of the as-found tolerance. The justification
should include consideration of the probability that the deviation of the observed
magnitude might occur in a properly functioning channel, given the properties of the
associated probability distributions. The justification should also include consideration
of any similar events concerning substantially similar plant devices. The justification

11 These conditions differ slightly from those presented in RIS 2006-017.
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should describe the basis for exclusion of any past deviations deemed not “relevant.”
[>>NuScale-24|

d. The as-found tolerance should be established so as to provide a high degree of assurance
that malfunction induced deviations will be detected.

(D) The as-found tolerance should not be overestimated. Unlike setpoint uncertainty,
a conservative estimate of the as-found tolerance would be smaller so that
excessive deviations would be more likely to be detected.

2) The as-found tolerance should include only those uncertainty components which
are applicable to the as-found value measurement,at theitime the measurement is
taken.

3) If the assessment of the as-found value is based on the nominal setpoint rather

than on the previous as-left value, thesstaff expects that'the licensee will establisk
smtabl%pr&e&ees—t&ens*%@hat—%ew}ﬁng—highbe aware,of the potential
increase in the incidence of false detections, and will take steps to ensure that
such an increase will not compromise the credibility of the assessment, erresult
n-spurious-actuations-to-an-extent thatcould-have-amadversely impact the
monitoring of en-safety related equipment, or eeuld-eatise-result in other effects
detrimental to the overallisafety of the plant. >>CT-Deviation-b

e. The allowable value may be used'as an‘additional basis for assgssment of the as-found
setpoint, but is not suitable as a substitute for the as-found telerance based assessment
described above. Use of allowable value alone would ignore excessive deviation in the
conservative direction, and therefore ismot adequate as an indication of proper channel
operation.

(D Allowable values that are used\as technical specification limits should be selected
in such a manner as to provide adéquate assurance that the actual trippoint will be
conservative relative to the associated analytical limit (or other applicable
ctiterion) whenthe:imeasuredsetpoint is equal to the allowable value and all
conditions that might contribute to uncertainty in the actual trippoint are in effect.

) The allowable value should be conservative relative to the analytical limit by an
amount sufficient£o accommodate all uncertainties not present at the time of
testing. For example, the separation between the allowable value and the
analytical limit should include allowances for seismic effects, for the effects of
extreme environments, and for any other conditions that could influence the
actual trippoint but that are not present at the time of testing.

3) The final paragraph of Section 4.6 of ANSI/ISA 67.04.01-2006 states: ... “If an
AV is included [in the technical specifications], it should be an upper limit of a
performance test acceptance criterion.” The NRC staff agrees that the acceptance
criteria should be no less conservative than the allowable value if allowable value
is included in the technical specifications. Staff also observes that the limits
related to setpoint deviation might be more conservative than the allowable
value. The more conservative limit should always be used.

8. Constraining the As-Left Setpoint
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a. The provisions of Sections 4.4 and 4.5 of ANSI/ISA 67.04.01-2006 are suitable for the
selection of limiting setpoints, subject to the clarifications, modifications, and additional
guidance in this RG.

b. The limiting setpoint;-the Hmiting-valaefor-the-asleftsetpeint; should bedno
conservative than the analytical limit by an amount not less than the total Toop
uncertainty. The total loop uncertainty and the 11m1t1ng setpomt should be exphcltly
computed in the setpomt uncenamty analys1s sl > setpoint sarated

c. The as-tefi-nominal p>CT-AsL setpoint should be no le§s conservative than the limiting

setpoint.
d. If the nominal setpoint is apphed dlrectly 0 th eft settidg rather than to the nominal
setpoint, then As-used-to-determine-the Him £ otal loop uncertainty as

used to determine the limiting setpoint mdoes na d to include setting tolerance.
If the setting tolerance is included in the total loop unce but is not to be included in
the determination of the limiting setpoint, then, for the purp determining the
limiting setpoint, the setting ta ee should be removed fro al loop uncertainty
by the same process by which ed — in particular, if it was included in the
total loop uncertainty by means of the sum of the squares, it should be
removed by reversal of the square guares process rather than by
simple subtraction.
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D. IMPLEMENTATION

The purpose of this section is to provide information on how applicants and licensees'? may use
this guide and information regarding the NRC’s plans for using this RG. In addition, it describes how the
NRC staff complies with 10 CFR 50.109, “Backfitting” and any applicable finality provisionsin 10 CFR
Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants.”

Use by Applicants and Licensees

Applicants and licensees may voluntarily' use the guidance in this doéument to demonstrate
compliance with the underlying NRC regulations. Methods or solutions that differ from those described
in this RG may be deemed acceptable if they provide sufficient basis andfinformation for the NRC staff to
verify that the proposed alternative demonstrates compliance with the@ppropriate NRC regulations.
Current licensees may continue to use guidance the NRC found aceeptable for complying with the
identified regulations as long as their current licensing basis remains unchanged.

Licensees may use the information in this regulatofy guide for actions that do not require NRC
review and approval such as changes to a facility design under 10 CFR 50459, “Changes, Tests, and
Experiments.” Licensees may use the information in this regulatory guide or applicable parts to resolve
regulatory or inspection issues.

Use by NRC Staff

The NRC staff does not intend or approve any impesitiomer backfitting of the guidance in this
regulatory guide. The NRC staff does not expect any existing licensee toruse or commit to using the
guidance in this regulatory guide, unless the licensee\makes a change to its licensing basis. The NRC
staff does not expect or plan to request licensees to voluntarily adopt this regulatory guide to resolve a
generic regulatory issue. ThesNRC staff does not expect or plan to initiate NRC regulatory action which
would require the use of this regulatory guide. Examples of such unplanned NRC regulatory actions
include issuance of an order requiring the use of the regulatory guide, requests for information under 10
CFR 50.54(f) as to'whether a licensee intends to commit to use of this regulatory guide, generic
communications or promulgation of a rule requiring theise of this regulatory guide without further
backfit consideration.

During regulatory diseussions on plant specific operational issues, the staff may discuss with
licenSees various actions consistent with staff positions in this regulatory guide, as one acceptable means
of meeting the underlying NRC regulatory requirement. Such discussions would not ordinarily be
considered backfitting even if prior versions of this regulatory guide are part of the licensing basis of the
facility. However, unless this regulatory guide is part of the licensing basis for a facility, the staff may
not represent to the licensee that the licensee’s failure to comply with the positions in this regulatory
guide constitutes a violation.

Ifan existing licensee voluntarily seeks a license amendment or change and (1) the NRC staff’s
consideration,of thesequest involves a regulatory issue directly relevant to this new or revised regulatory
guide and (2) thesSpecific subject matter of this regulatory guide is an essential consideration in the staff’s

12 In this section, “licensees” refers to licensees of nuclear power plants under 10 CFR Parts 50 and 52; and the term
“applicants,” refers to applicants for licenses and permits for (or relating to) nuclear power plants under 10 CFR Parts
50 and 52, and applicants for standard design approvals and standard design certifications under 10 CFR Part 52.

13 In this section, “voluntary” and “voluntarily” means that the licensee is seeking the action of its own accord, without
the force of a legally binding requirement or an NRC representation of further licensing or enforcement action.
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determination of the acceptability of the licensee’s request, then the staff may request that the licensee
either follow the guidance in this regulatory guide or provide an equivalent alternative process that
demonstrates compliance with the underlying NRC regulatory requirements. This is not considered
backfitting as defined in 10 CFR 50.109(a)(1) or a violation of any of the issue finality provisions in
10 CFR Part 52.

Additionally, an existing applicant may be required to comply with new rules,
if 10 CFR 50.109(a)(3) applies.

If a licensee believes that the NRC is either using this regulatory guid,
the licensee to implement the methods or processes in this regulatory guide i
the discussion in this Implementation section, then the licensee may file
accordance with the guidance in NUREG-1409, “Backfitting Guideli
Management Directive 8.4, “Management of Facility-Specific Ba
(Ref. 22).

ing and Information Collecti
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GLOSSARY

95/95 criterion — a criterion for estimating population statistics on the basis of data obtained from a finite
sample of the population.

Actual trippoint (ATP) — the value of the process variable at which a channel actually de€s trip*under

operating conditions (including design basis conditions). Because of the unaveidable presence of
measurement uncertainty, ATP is a random, rather than a fixed, value.
(See related discussion under “Setpoint Related Limits and Parameters ) Sometimes referred to
as “Trippoint.” Compare with “setpoint.” The “actual trippoint” should not be confused with
the phrase “Actual Trip Setpoint” that appears in ISA 67.04.01-2006'and refers to a related but
not identical concept.

Allowable value (AV) — the least conservative as-found value for a'setpoint, as measured under test
conditions, that will provide adequate assurance that thef@ssociated actual trippoint will not
exceed the analytical limit (or other applicable limiting criterion) under design-basis conditions.

Analytical limit (AL) — the value of a measured variable at which a corrective action is assumed to be
initiated in a plant safety analysis (see footnote 3).

As-found setpoint (AsF) — the value of a setpeint measured at the beginning of a,surveillance test.

As-found tolerance (AFT) — the maximum amount by which the measured setpoint is expected to
change over the course of a calibration interval.

As-left setpoint (AsL) — the value of a setpoint measuredat the end of a surveillance test.

Deviation — (sometimes referredsto as “setpoint deviation™) - the amount of change in a setpoint during
the interval between scheduled setpoint assessments. This is the difference between the as-found
value and theprevious as-left value.

NOTE — Deviation should not be confused with \“drift.” “Drift” generally includes only time
related’change and specifically excludes other influences such as changes in ambient temperature
and the influence of measurement anditestrequipment uncertainty. Drift is generally measurable
only under strictly controlled laboratory conditions. Under certain circumstances, the nominal
setpoint. may be used in lieu of previous as-left value in the determination of setpoint deviation.

Drift — see the related (but not equivalent)'term “deviation.”

Limiting safety system setting (LSSS) — defined in 10 CFR 50.36(c)(1)(ii)(A) — Limiting safety system
settings for nuclear reactors are settings for automatic protective devices related to those variables
having significant safety functions.

Limiting setpoint (LSP-ETFSP>>Ks-a11) — the least conservative acceptable value for an as-left setpoint.
Section 3.15¢(0f ANSI/ISA 67.04.01 uses the symbol “LTSP” to represent a similar value, but LSP
asusedvini this RG applies to the as-left value whereas LTSP as used in the standard applies to
the nominal setpoint.

Nominal setpoint (NSP-NTSP>>ks-a11)) — the target value for an as-left setpoint. Section 3.16 of
ANSI/ISA 67.04.01 uses the symbol “NTSP” to represent this value.
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Plant safety analysis — an analysis showing the consequences of an anticipated abnormal event (see
footnote 3).

Previous as-left setpoint (pAsL) — the as-left value of the setpoint at the conclusion of the previous
surveillance test.

Safety limit (SL) — defined in 10 CFR 50.36(c)(1)(1)(A) - Safety limits for nuclear reagtors are limits
upon important process variables that are found to be necessary to reasonably protect the integrity
of certain of the physical barriers that guard against the uncontrolled release of radioactivity.

Setpoint — the value of the process variable at which a channel is observed to'trip under test.or calibration
conditions, or is intended to trip under operating or design basis conditions. (as opposed to the
value at which the trip actually does occur under operating conditions) (See also the related
discussion under “Setpoint Related Limits and Parameters.”? Compare with “actual trippoint.”)

Setting tolerance (ST) — the amount by which the as-left setting is,permitted to differ from the nominal
setpoint.
Sometimes referred to as “As-Left Tolerance,” or “ALT.”“The range of acceptable as-left
setpoint values is sometimes referred to as an “as-left tolerance band” or by similar language.
Such designations generally include both the setting tolerance and the,nominal setpoint value to
which it applies.

NOTE: The regulatory limit for the as-left valuelis,the limiting setpoint, regardless of the values
associated with the as-left tolerance band., See Section C:8.0f this RG.

Square Root of the Sum of the Squares (SRSS) - the means by which the standard deviations of
random variables are combined to find the standard deviation of the sum of those variables,
provided the variablesgare, statistically independent from one another and all have the same type
of distribution (for'exampleall are Gaussian).

If A, B, C, and D are random variables with corresponding standard deviations a, b, ¢, and d, and
if A =B+C+D, then the standard deviation of a =18 SRSS(b,c,d) = Vb2 + ¢? + d?. Instrument
uncertaintys preportional o, the standard deviation of the error, so this combination applies to
the uncertainty.as well a$ to the standardideviation. >>CT-SRSS-d

Total loepruncertainty (TLU) —a measure of the amount by which an actual trippoint at the end of the
device service interval ' may differ from the setpoint measured at the beginning of the service
interval, in consideration of all'erédible influences, drift, environmental variation, seismic
influence, ete. TLU is defined in Section 4.4 of ANSI/ISA 67.04.01 2006. As described in the
discussion of LSP in this RG, ST may be omitted from TLU as used for determination of LSP.

Trippoint - See “Actual Trippoint.”

Uncertainty analysis ~ the analysis of uncertainties relating to a setpoint, by which the limiting setpoint,
the as-foundfolerance, and other setpoint related limits and parameters are derived.
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General Notes

To be removed prior to release for concurrence.

These notes use local formatting or styles that are not used in the body of the RG. The original
formatting of the RG is not altered.

a. Character Style “CommiRef” (<alt-r>) is added to facilitate marking of commitments»—
commitment marking is described in a text box on the first page.
Except as used in examples, CommitRef utilizes hidden text, visible only when display of hidden
text is enabled — like this/exampld. Note that the paragraph reflows when the CommitRef text is
hidden or displayed. Changes that are not related to commitmentsimay be tracked but-are not
marked.

b. List Style “1 /a/i” and associated subordinate styles have been added to facilitate creation of
these notes.

c. Linked style “Comment” (<alt-c>) has been added to visually identify€€omments embedded in the
text. When applied to a complete paragraph, the paragraphiis indented and boxed. This style
applies “Comic Sans MS” typeface in blue.

d. The section and subsection headers have been assigned to outlinelevels,to enable the use of
the document map. The presentation of these items has not been modified.

Some of the embedded comments will be useful to reviewers during concusrrence and should be
retained, some are notes for modifications ta this draft and should.be implemented and then
deleted.

Automated formatting, numbering, cross referencing, etc. were suppressed in the initial RG draft.
All related details needito be'manually verified prior to repagination. For example:

a. Nonbreakingspaces between callouts and references were changed to ordinary spaces. Need to
make suredhat structures such as “Page 10” are not broken across lines.

b. All of thie section headers/were reformatted in_such a manner as to eliminate automatic cross-
referencing. Therefore all cross-reférencesiheed to be verified manually.

c. The automatic incorporation of definition'text from the body into the Glossary was eliminated.
Consistency between the definitions therefore needs to be manually verified.

d. The formatting that supported automatic pagination was removed, so the document will need
to be paginated manually after all changes have been accomplished. For example, placement of
headings on the same page/as the beginning of the text to which they apply is no longer
automatic. Select ‘No Markup,” hide hidden text, and remove non-hidden notes before
finalizing manual page breaks and producing the .pdf.

The use of a period in references such as “C.4c2” seems strange. “C4c2” (without the period) seems
to'make more sense.

Manual linexféeds were added to the redefined table of contents. These would be removed
automatically when the table is updated — Style TOC1 has been modified to restore the “space
before” attribute, to achieve the desired vertical spacing.
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