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By email dated December 22, 2011 (Reference 3), the NRC forwarded Request for Additional
Information (RAI) No. 6236 (RAI Letter No. 4) that contained thirteen questions. B&W mPower
provided its response to the RAI in a letter dated February 2, 2012 (Reference 4) that included
proposed clarifications and changes to the TR. In a conference call on March 3, 2012, the NRC
requested clarifications to portions of the B&W mPower response, and B&W provided a revised RAI
response by letter dated May 21, 2012 (Reference 5). That letter also forwarded Revision 3 of the
TR that incorporated changes consistent with the revised RAI response.

By letter dated October 12, 2012 (Reference 6), the NRC issued its final safety evaluation for
Revision 3 of TR0003-08-002089 documenting the staff conclusion that this version of the report
adequately described the B&W mPower Instrument Setpoint Methodology, and that the
methodology complied with the applicable NRC regulations and industry standards.

The NRC'’s October 12, 2012 letter also requested that B&W mPower publish the accepted version
(Revision 3) of TR0003-08-002089 within three months of the receipt thereof. Accordingly, the
enclosure to this letter provides the B&W mPower R0003-08-002089-A, Revision 003, “Instrument
Setpoint Methodology Topical Report.” This approved version of the TR incorporates the October
12, 2012 NRC letter and its enclosed final safety evaluation following the TR cover page (with the
document number reflecting the report’s approved status). The TR with the revised document
number is included at the very end of the enclosure. The approved TR also provides historical
review information including the letters to and from the NRC, the NRC’s RAls, and B&W mPower
response to the RAIs (References 1 through 5). A table of contents following the cover page is
provided to assist in locating the referenced historical documents.

Questions concerning this letter may be directed to Jeff Halfinger at 434-316-7507 (email:
jahalfinger@babcock.com) or Peter Hastings at 980-365-2071 (email:
pshastings@generationmpower.com).
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VP, NSSS Technology
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Enclosure: Babcock and Wilcox mPower Instrument Setpoint Methodology Topical Report

R0003-08-002089-A, Revision 003

cc: Joelle L. Starefos, NRC, TWFN 9-F-27
Stewart L. Magruder, Jr., NRC, TWFN 9-F-27
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October 12, 2012

Mr. Jeffrey A. Halfinger, Vice President
NSSS Technology Development
Babcock & Wilcox mPower, Inc.

109 Ramsey Place

Lynchburg, VA 24501

SUBJECT:  FINAL SAFETYv EVALUATION FOR BABCOCK & WILCOX MPOWER, INC.
TOPICAL REPORT TR0003-08-002089, REVISION 3, “INSTRUMENT
SETPOINT METHODOLOGY TOPICAL REPORT” (TAC NO. RN6113)

" Dear Mr. Haiﬁnger: '

On October 28, 2010, Babcock & Wilcox Company (B&W) Nuclear Energy Inc. (predecessor of
Babcock & Wilcox mPower, Inc.), submitted to the U.S Nuclear Regulatory Commission (NRC)
Topical Report (TR) 08-002089, Revision 0, “Instrument Setpoint Methodology,” for the Design

- Certification of the B&W. mPowerTM Reactor to the NRC staff for review (Agencywide ‘
Documents Access and Management System (ADAMS) Accession Number ML103020473) By
letter dated June 30, 2011, B&W submitted Topical Report 08-002089-01, Revision 1
“Instrument Setpoint Methodology, for the Design Certification of the B&W mPower™ Reactor
to the NRC staff for review (ADAMS Accession Numbers ML11182C034 and ML11182C035).
By letters dated February 2, 2012 and May 21, 2012, B&W responded to the NRC staff requests
for additional information, and transmitted Revision 3 of Topical Report 08-002089-003 (ADAMS
Accession Numbers ML12037A001, ML12153A304, and ML12143A424). By letter dated
August 15, 2012, an NRC draft safety evaluation (SE) regarding our approval of TR0003-08-
002089, Revision 3, was provided for your comments.on any factual errors or clarity concerns
(ADAMS ML12222A058). By letter dated August 23, 2012, B&W commented on the staff draft
SE (ADAMS ML12237A281). The NRC staff's disposition of the B&W mPower, Inc. comments
on the draft SE are addressed in the final SE enclosed with this letter.

On the basis of its review, the NRC staff concludes that Revision 3 of the B&W mPower, Inc.
Instrument Setpoint Methodology Topical Report (TR), as documented in the referenced letters,
adequately describes the B&W mPower Inc. Instrument Setpoint Methodology. Accordingly, the
NRC staff finds that the B&W mPower, Inc. Instrument Setpoint Methodology complies with the
“applicable NRC regulations and industry standards

The enclosed SE defines the basis for acceptance of the TR. Our acceptance applies only to
material provided and we do not intend to repeat our review of the acceptable material
described in the TR. When the TR appears as a reference in regulatory applications, our review
‘will ensure that the material presented applies to the specific application involved. Licensing
requests that deviate from this TR will be subject to a plant- or site- specn‘" c'review in
accordance w:th applicable review standards. , , -
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J. Halfinger -2-

In accordance with the guidance provided on the NRC website, we request that B&W mPower,
Inc. publish the accepted version of this TR within 3 months of receipt of this letter. The
accepted version.shall incorporate this Ietter and the enclosed SE after the t|tle page.

Also, the accepted versnon must contain historical review information, |ncIud|ng NRC requests
 for additional information and your responses after the title page. The accepted versions shaII :
include a "-A" (designating accepted) following the TR |dentrfrcat|on symbol :

As an aIternatlve to including the requests for addltlonat information (RAIs) and RAI responses’
behind the title page, if changes to the TR were provided to the NRC staff to support the
resolution of RAI responses, and the NRC staff reviewed and approved those changes as -
described in the RAI responses, there are two ways that the accepted version can capture the
RAIs , '

1. The"RAIs' and RAI responses can be included as an Appendix to the accepted version

2 The RAls and RAI responses can be captured in the form of a table (lnserted after the
final SE) which summarizes the changes as shown in the approved version of the TR.
The table should reference the specific RAls and RAI- responses which resulted in any '
changes as shown |n the accepted version of the TR. :

If future changes to the NRC s regulatory reqwrements affect the acceptablllty of this TR B&W
mPower, Inc. and/or licensee’s referencing it will be expected to revise the TR approprlately, or’
- Justify its contlnued appllcabmty for subsequent referencmg :

If you have any questions, please contact Jan Mazza at (301) 415-0498, email
Jan. Mazza@nrc gov or JoeIIe Starefos at (301) 415- 6091 ema|| Joelle. Starefos@nrc gov.’

Slncerely,
_/RA/
' MlchaeIE Mayfeld Director e
. Division of Advanced Reactors and RuIemaklng A
o ' . Office of New Reactors .
Project No.:~ 0776 '

'Enclosure: _
Final Safety Evaluatlon

'DISTRIBUTIQN ' A o . o
"PUBLIC ' - RidsNroDarrResource  RidsAcrsAcnw_MailCenter
RidsRgn2MailCenter RidsNroDelcbResource RidsOgcMailCenterResource:
ADAMS Accession No.: ML12278A349 *via email _ NRO-002
OFFICE |PM:NRO/DARR/APRB PM:NRO/DARR/APRB GE:NRO/DE/_ICB' _ BC:NRO/DE/ICB
NAME JMazza JStarefos JAshcraft lung ..
DATE 10/4/12 _ 10/9/12 10/10/12 - . (10711012
.||oFFICE | BC:NRO/DARR/APRB OGC* (NLO) D:NRO/DARR “
|INAME SMagruder MLewis MMayfeId(JColaccnno for)
DATE |10/11/12 10/3/12 101212 "
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FINAL SAFETY EVALUATION REPORT FOR BABCOCK & WILCOX MPOWER, INC.TOPICAL
REPORT R0003-08-002089, REVISION 3, INSTRUMENT SETPOINT
' METHODOLOGY TOPICAL REPORT” (TAC NO. RN6113)
PROJECT NO: 0776

1.0 INTRODUCTION AND BACKGROUND

On October 28, 2010, Babcock & Wilcox Company (B&W) Nuclear Energy Inc. (predecessor of
Babcock & Wilcox mPower, Inc.), submitted to the Nuclear Regulatory Commission (NRC)

~ Topical Report (TR) 08-002089, Revision 0, “Instrument Setpoint Methodology,” for technical
staff review (Reference 1). The NRC staff identified areas for further discussion and transmitted
~ them to B&W (Reference 2). B&W resubmitted TR 08-002089, Revision 1 (Reference 3) for
acceptance review and was accepted by the NRC (Reference 4). Revision 2 of TR 08-002089
was not submitted to the NRC. .

4

- The staff submitted “Request for Additional Information No. 6236 RAI Letter No. 4” dated

. December 22, 2011 (Reference 5). The B&W response to RAls 07.01-C Appendix-1 through 13
was submitted and incorporated into TR R0003-08-002088, Revision 3, by letters dated
February 2 (Reference 6) and May 21, 2012 (Reference 7).

B&W states that the B&W TR details the instrument setpoint methodology applied to the reactor
protection system (RPS) setpoints and other important instrument setpoints associated with the
B&W mPower™ reactor. The RPS is a digital, integrated reactor protectlon and engineered
safety features actuation system implemented for the B&W mPower™ reactor. The
methodology descnbed in this topical report is used to establish technlcal specification setpoints
for the B&W mPower™ RPS in accordance with 10 CFR 50.36.

The methodology described in this report is for the uncertainty analysis, setpoint determination,
and determination of allowable values that protect analytical limits as applied to safety-related

- equipment that perform specific safety functions. Typical instrument setpoints in this category
are established for equipment that supports reliable power generation or equipment protection.
The results of the uncertainty evaluations can be applied to the following types of calculations:

Determination of safety-related setpoints;

Extension of surveillance intervals;

Determination of instrument indication uncertalntles and/or
Evaluation or justification of previously established setpoints.

Determination of instrument setpoints using this methodology for non-saféty related
equipment that does not perform a specific safety function as discussed above, is
controlled administratively by plant procedures.

Enclosure
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20 REGULATORYBASIS . . S

The foIIowmg regulatory reqwrements and- gundance documents are appllcable to the staff’s
review of the TR R0003 08-002089: ‘ .

Title 10 of the Code of Federal Regulations (10 CFR) Part 50, Appendix A, General Design
Criterion (GDC) 13, “Instrumentation and Control,” requires, .in part, that instrumentation be
provided to monitor variables and systems over their anticipated ranges for-normal operation,

- for anticipated operatlonal occurrences, and for accident conditions as appropriate to assure
. adequate safety, and that appropriate controls be provnded to maintain these vanables and
systems WIthln prescribed operating ranges )

10 CFR Part 50 Appendix A, GDC 20, “Protectlon System Functions,” requires, in part that the
protection system be desngned to initiate operation of appropriate systems to ensure that °
specified acceptable fuel deS|gn limits are not exceeded as a result of antICIpated operatlonal
occurrences. :

.10 CFR Part 50, Appendix B, Criterion XI, “Test Control, " and Cnterlon XII "Control of
Measuring and Test Equipment,” provude requnrements for tests and test equ:pment used in
mamtalnlng mstrument setpoints.

10 CFR 50. 36(c)(1)(n)(A) requwes in part, that |f a hmltlng safety system settmg (LSSS) is
specified for a variable on which a safety limit has been placed, the setting be chosen so that
automatic protective action will correct'the abnormal situation before a safety level is exceeded.’
LSSSs are settings for automatic protective devices related to variables with significant safety

- functions. Addltlonally, 10 CFR 50.36(c)(1)(ii)(A) requires that a licensee take appropriate actlon f -
if it is determined ‘that the automatic safety system does not function as reqwred (-

10 CFR 50.36(c)(3), “Technlcal Specn" catlons i states that survelllance reqmrements are
requirements relating to test, calibration; or |nspect|on to assure that the necessary quallty of
'systems and ‘components is mamtamed that facility operation will be within safety limits, and
that the limiting conditions for operatlon will be met

10 CFR 50. 55a(h) "Protection and Safety Systems " requires. comphance wnth IEEE
Std. 603-1991, "IEEE Standard Criteria for Safety Systems for Nuclear Power Generating
Stations," and the correction sheet dated January 30, 1995. Clause 6.8.1 of IEEE Std. 603-

1991, requires that allowances for uncertainties between the analytical limit of the safety system -

and devrce setpoint be determined usmg a documented methodology
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. 3.0 RELEVENT 'GUIDANCE |

Regulatory Guide (RG) 1.105, Revision 3, “Setpoints for Safety-Related Instrumentation,”
provides guidance for ensuring that instrument setpoints for safety-related instrumentation are
initially - and remain - within the technical specification limits. This RG endorses ISA-S67.04-
1994, Part |, “Setpoints for Nuclear Safety-Related Instrumentation,” with clanflcatlons

ISA-S67.04-1994, Part I, “Methodology for the Determination of Setpoints for Nuclear Safety-
Related Instrumentation,” provides additional guidance, but RG 1.105, Revision 3, does not
endorse or address Part Il of ISA-S567.04-1994.

In NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Report for Nuclear
Power Plants: Light Water Edition,” (SRP) section entitled, Branch Technical Position (BTP) 7- -
12, “Guidance on Establishing and Maintaining Instrument Setpoints,” Revision 5, March 2007,
there are guidelines for reviewing the process an applicant/licensee follows to establish and
malntam instrument setpoints.

NRC Regulatory Issue Summary (RIS) 2006-17, “NRC Staff Position.on the Requirements of 10
CFR 50.36, ‘Technical Specifications,' Regarding Limiting Safety System Settings during
Periodic Testing and Calibration of Instrument Channels,” discusses issues that could occur
during testing of LSSSs and which therefore, may have an adverse effect on equipment
operability.

Generic Letter (GL) 91-04, Enclosure 1, "Guidance on Preparation of a License Amendment
Request for Changes in Surveillance Intervals to Accommodate a 24-Month Fuel Cycle,"
provides guidance on issues that should be addressed by the setpoint analysis when calibration
intervals are extended from an 18-month or other refueling outage interval to 24 months.

The objectives of the review of TR R0003-08-002089 are to (1) verify that setpoint calculatlon
methods are adequate to assure that protective actions are initiated before the associated plant
process parameters exceed their analytical limits, (2) verify that setpoint calculation methods

are adequate to assure that control and monitoring setpoints are consistent with their
requirements, and (3) confirm that the established calibration intervals and methods are
consistent with safety analysis assumptions. The staff evaluated the setpoint methodology

using SRP BTP 7-12 to verify conformance with the previously cited regulatory bases and

~ standards for instrument setpoints with emphasis on the following:

1. Relatlonshlps between the safety limit, the analytlcal limit, the limiting trip setpoint, the
allowable value, the setpoint, the acceptable as-found band, the acceptable as-left band,
and the settlng tolerance.

~ 2. Setpoint techniical specifications meeting the requirements of 10 CFR 50:36. Addltlonal
information related to setpoint technical specifications is prowded in RIS 2006-17.

3. Basns for selectlon of the trip setpomt

4. Uncertamty terms that are addressed.

R0003-08-OO2089__-A : Page 8 of 113 January 2013, Revision 3



5. Method used to combine uncertainty terms.

6. Jﬁstiﬁc_atiqn of statistical combination.

7. Relationslhipi between instruhent and process measurement units.
8. Data used to select the trip setpoint, including the source of the data.

9. Assumptlons used to select the tnp setpoint (e.g., ambient temperature limits for eqmpment
calibration and operation, potentlal for harsh accident environment). . .

10. Instrument installation details and bias values that could affect the setpoint.

11. Correction factors used to determine the setpoint (e.g., pressure compensation to account
for. elevation difference between the trip measurement point and the sensor physical
location).

~ Instrument test, calibration or vendor data, as-found and as-left; each instrument should be
demonstrated to have random drift by empirical and field data. Evaluation results should be

reflected appropriately in the uncertainty terms, including the setpoint methodology.

4.0 TECHNICAL EVALUATION |

The establishment of setpoints and'the relationships between nominal trip setpoints
(NTSPs), limiting trip setpoints (LTSPs), allowable value (AV), as-left values, as-found -

. values, as-left tolerance (ALT), as-found tolerance (AFT), analytical limit (AL), and safety

limit (SL) are discussed in this report. A thorough understanding of these terms is
important in order to properly utilize the total instrument channel uncertainty in the
establishment of setpoints. :

The SLs are chosen to protect the integrity of physical barriers that guard against the
uncontrolled release of radioactivity. The SLs are typically provided in the plant safety analyses.
The AL is established to ensure that the SL is not exceeded. The ALs are developed from’ .
event analyses models that consider parameters such as process delays, rod insertion times,
reactivity changes, analysis margin, transient response, modeling error, instrument response
times, etc. and are provided in Chapter 15, “Transient and Accident Analysis,” of the design
control document (DCD) of the application. A properly established setpoint initiates a plant
protective action before the process parameter exceeds its AL. This, in turn, assures that the
transient will be avoided and/or terminated before the process parameters exceed the -
established SLs.

. This TR is based on following the requirements of RG 1.105, Revision 3, which describes a

" method acceptable to the NRC for complying with the applicable regulations. The TR follows
ANSI/ISA-67.04.01-2000 (Reference 8) rather than ISA-S67.04-1994, Part | as endorsed by RG
1.105, Revision 3. The use of ANSI/ISA-67.04.01-2000 proposed by the TR is acceptable in
lieu of ISA-S67.04-1994, Part | because ANSI/ISA-67.04.01-2000, Section 2, states, “ANSI/ISA
RP67.04.02-2000 is equivalent to ISA-S67.04-1994.” This TR also follows the guidance listed in
recommended practice ANSI/ISA-67.04.02-2000.

-4-
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In the B&W methodology, the AL is established to ensure that a trip occurs before the SL
is reached. The purpose of an LSSS is to assure that a protective action is initiated
before the process conditions reach the AL. Trip setpoints are chosen based on the
LSSS and to minimize spurious trips close to the normal operating point of the process.
Figure 5.1 of the TR shown below provides a pictorial representation of the B&W
setpoint methodology relationships.
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Plant Safety Analysis and Design Basi
SAFETY LIMIT (SL)
ANALYSIS MARGIN, TRANSIENT RESPONSE,
MODELING ERROR, RESPONSE TIME, ETC.
ANALYTICLIMIT T T = ========—=—"
(AL) [
CHANNEL
UNCERTAINTY (CU) <
[Equation 4.2 2]
Periodic S ill Testi
LIMITING TRIP \ 1
SETPOINT (LTSP)
[Equation 4.2.3] -
ALLOWABLE VALUE (AV)
MARGIN < [Equation 4.2.4]
(NOTE 1)
TRIP SETPOINT (NTSP) L AS-LEFT TOTAL AS-FOUND
[Equation 4.2.3] TOLERANCE TOLERANCE BAND *(AFTror)
- (ALT) [Equation 4.2.5]
NORMAL
OPERATING MARGIN (OM) <
[Equation 4.2.6]
NORMALOPERATING _ _ _ _ _ = }{_ _
UPPER LIMIT (NUL) - REGION A: Channel is operable, no
calibration is required.

OPERATING RANGE < REGION B: Channel is operable, but
degraded. Recalibration is required and must
be evaluated for proper functionality.

REGION C: Channel is inoperable.
~ ¥ Recalibration is required and must be evaluated
A for proper functionality.
REGION D: Channel is inoperable.
B8 Recalibration is required and must be evaluated
for proper functionality.
A/
SYSTEM SHUTDOWN
NOTES:
ILLUSTRATION SHOWN FOR 1. There is no set value for margin that is applied to the
PROCESS PARAMETER CU to determine the NTSP. This margin of safety is a
INCREASING TOWARD SETPOINT discretionary value based on engineering judgment to
AND IS NOT DRAWN TO SCALE add conservatism when determining the NTSP, to ensure
protection of the analytical limit. The applied margin
must be greater than or equal to the as-found tolerance
to ensure the AV never exceeds the LSSS.

Figure 5.1: Setpoint Relationships — For Increasing Setpoint (The setpoint relationship is
similar for decreasing setpoints, except that the process is decreasing towards the
setpoint and AL).

6-
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Note: This figure is intended to provide relative position and not to imply direction. |

Sections 4.1.5 and 4.2.3, of the TR defines LTSP as an LSSS and also defines NTSP as the
desired value of the measured variable at which an actuation occurs. The calculation of the
LTSP value is set forth in Section 4.2.3 of the TR as LTSP = AL+/- CU, where CU is the total
channel uncertainty. Note 1 on Figure 5.1 of the TR defines AV such that it will never exceed
the LTSP (LSSS) and in most cases should be more conservative than the LTSP. The
calculation of the AV is set forth in Section 4.2.4 of TR as AV = NTSP +/- AFTTOT where
AFTTOT is the total AFT for the entire instrument channel. The NTSP includes additional
margin such that it is more conservative than the LTSP. In Section 4.2.5 of TR defines the AFT
and ALT as double sided bands around the NTSP. The applicant states that at a minimum the
AFT includes reference accuracy, drift, and ALT uncertainties. The ALT is based on accuracy
of the channel calibration. The staff finds that this approach is con3|stent with RG 1.105,
Revision 3 and ANSI/ISA-67.04.01-2000.

Based on the discussion, sample calculations, and figures presented in the TR, the staff.
finds that the B&W setpoint methodology demonstrates that the correct relationships
between the SL, AL, AV, NTSP, LTSP, AFT, and ALT will be ensured, that the basis for
- the trip setpoint is correct, and that the requirements of GDC 13 and 20 are met.

NRC RIS 2006-17 detailed a concern with verification of operability using only AV or a one-
sided approach during pel'IOdIC testlng (channel operational test, calibration test). To address
this concern the B&W mPower™ setpoint methodology uses double-sided acceptance criteria
bands. Figure 5.1 (above) and Table 4.2 (below) of the TR describe how the operability of the
instrument loop is evaluated. Exceeding the AFT in either the high or low direction may indicate
degraded performance and inability of the instrument channel to meet its intended function.

Another concern detailed in RIS 2006-17 is that 10 CFR 50.36(c)(1)(ii)(A) includes requirements
for a general class of LSSSs related to variables having significant safety functions but which do
not protect SLs. All operating plant licenses have TSs for LSSSs that are not related to SLs.

For these LSSSs, 10 CFR 50.36(c)(1)(ii)(A) requires that a licensee take appropriate action if it
is determined that the automatlc safety system does not function as required. To address this
-concern the B&W mPower™ setpoint methodology uses double-sided acceptance criteria
bands. For this reason the staff finds that the B&W setpoint methodology addresses the
concerns noted in RIS 2006-17 and is consistent with the requirements of 10 CFR 50.36.
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Table 4.2: Instrument Operability During Periodic Surveillance Testing
As-found NTSP During Status of Channel Operability
Surveillance Testing : and Required Actions

As-found NTSP within ALT (Région A | Channel is operable, no action required. The results
of Figure 5.1) are tracked by plant procedures for historical trending.

As-found NTSP outside of ALT band,

but within AFT band (Region B of

| Figure 5.1)

Increasing process:
As-found NTSP is conservative with
respect to the AV (NTSP < AV) but
outside AFT band (Region D of

_Channel is operable, recalibration is necessary to
restore the NTSP within the ALT.

Figure 5.1); or : Channel is inoperable. Recalibration is necessary to
restore the NTSP within the ALT, and evaluation of
Decreasing process: channel functlonallty is: reqwred

As-found NTSP is conservatlve
with respect to the AV (NTSP > AV)
but outside AFT band. '

, , Channel is inoperable. Recalibration is necessary to

As-found NTSP non-conservative to restore NTSP within the ALT, and evaluation of

the AV (Region C of Figure 5.1) channel functionality is required to return channel to
R an operable status. :

The B&W setpoint methodology allows for a minimum set of assumptions to be used (refer to
Section 3.5 of the TR). This minimum set of assumptions will yield conservative uncertainties
used in the calculations and less chance of error during calibration of instrument channels,
which the staff finds reasonable and acceptable. Following the setpoint calculation flow

~ depicted in Figure 4.10f the TR, the pertinent information required to be documented for each
calculation is collected in a typical data sheet as shown in Table 4.1 of the TR. This table also
provides traceability and documentation of the loop data and uncertainties used. The results of

' the calculation are documented in accordance with controlled plant procedures and programs
(such as the Setpoint Control Program) with adequate detail so that all bases, equations, and
conclusions are fully understood and documented. Table 4.1 of the TR includes a list of
uncertainties that must be considered for inclusion in the total channel uncertainty (CU)
calculation.

The surveillance and calibration intervals are determined as part of the development of the
reference technical specifications. Determination of surveillance and calibration intervals takes
into account the uncertainty due to instrument drift as described in this report such that there is
reasonable assurance that the plant protection system instrumentation is functioning as
expected between the surveillance intervals. Plant-specific procedures will include required
methods to evaluate the historical performance of the drift for each instrument channel and
“confirm that the surveillance and calibration intervals do not exceed the assumptions in the plant
safety analysis. The guidance contained in GL 91-04 is used to evaluate and determine the

_8-
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1

acceptable surveillance and calibration intervals for each instrument channel as needed. ' For

. these reasons the staff fi nds that the B&W setpoint methodology conforms to ANSI/ISA- ™
67.04.01-2000 and RG 1.105, Revision 3 with respect to assumptions and data used to ! .

determine the uncertarntles and select the trip setpomt o

- The B&W setpomt methodology combines the uncertalnty of the mstrument Ioop components to
determine the CU for the functions of the reactor protection system and other lmportant '

instrument setpoints. All appropriate and applicable uncertainties are considéred for each -

"~ reactor protection system and othef important instrument setpoint functions. Section 4.1.3.1. of

the TR lists elements of uncertainty that are considered typical, but not inclusive, and the listis

consistent with ANSI/ISA-67 04.01-2000. Other considerations that cantribute to the. -

uncertainty, such as ‘environmental conditions and installation details of the components are -

also factored into the CU. For these reasons, the staff finds that the: B&W setpoint methodology R

conforms to ANSI/ISA-67.04.01-2000 and RG 1.105, Revision 3 with.respect to uncertarnty
‘terms,. blas values ‘and correctlon factors used to select the trip setpoint. '

The CU values are established at a 95 percent probablllty and a 95 percent conf dence Ievel

usmg a 2 sigma Gaussian distribution which i is consistent W|th RG 1. 105 ReV|S|on 3 The CU
calculatlon |s based on the foIIowmg K :

L Random independent uncertamtles are elrglble for the square -root-sum- of—
squares method (SRSS) combination propagated from'the process . = S
. measurement module through the signal conditioning module of the mstrument
~ channel to the device that initiates the actuation. Refer to Sections 3. 3 and -
3.31 of the TR .

N Dependent uncertarntles are combined algebralcally to create:a Iarger
independent uncertalnty that is ehglble for SRSS comblnatlon Refer to Sectlon
3. 3 2 of the TR. ‘

m. - Non random, bias and abnormally dlstrlbuted uncertalntles are those that
consistently have the same algebraic sign.. If they are predictable for a grven ' ‘
_ set of conditions because of a known positive or negative direction, they are -
. classified as bias wrth a known sign. If they do not have a known sign, they are :
~treated conservatively by algebraically adding the bias tothe CU of interest
_ (negative bias for increasing setpoints and positive bias for decreasing.
. setpoint) as shown in the equations in Sections 4.2.2 and 4.2.3 of the TR.
" These are classified as bias W|th an unknown sign.- Refer to Sectlons 34 1 and
3420ftheTR oL .
. The staff finds that the described method of statlstlcal combmatron of uncertalntles conforms to
ANSI/ISA-67 .04.01- 2000 and to RG 1 105, Revrsron 3. : .

The equatlons for determlnlng module and channel uncertalnty, and trip setpomt shown in

: Sectrons 4 2. 1 422, and 423 conform to ANSI/ISA-67 04. 01 2000 and to RG 1 105 Revision -
3. :
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Al NRC RAIs and acceptance review comments have been resolved (References 2 through 7)
and incorporated into TR R0003-08-002089, Revision 3. There are no RAl open items.

Based on the discussion above, the staff finds that TR R0003-08-002089, Revision 3 follows the
guidance of RG 1.105, Revision 3, RIS 2006-17, GL 94-01, and ANSI/ISA-67.04.01-2000 with
respect to setpoint methodology and therefore complies with the NRC regulations for-ensuring
that setpoints for safety-related instruments are initially wnthln and remain within the technical
'specification limits. :

5 0 CONCLUSION

The staff has rewewed the B&W mPower™ Instrument Setpoint Methodology Topical Report
(Reference 7) and found that (1) the setpoint calculation methods are adequate to assure that
protective actions are initiated before the associated plant process parameters exceed their -
analytical limits, (2) the setpoint calculation methods are adequate to assure that control and
monitoring setpoints are consistent with their requirements, and-(3) the established calibration
intervals and methods are consistent with safety analysis assumptions. Therefore, the staff
concludes that the proposed TR R0003-08-002089, Revision 3, is an acceptable setpoint A
methodology that satisfies the requirements of 10 CFR Part 50, Appendix A, GDC 13 and 20, of
10 CFR Part 50, Appendix B, Criterion XI, of 10 CFR 50.36(c)(1)(ii)(A) and 10 CFR 50.36 (c)(3),
and of 10°'CFR 50.55a(h), which requires compliance with IEEE Std. 603-1991. A

If this TR is referenced in a de5|gn certification application under 10 CFR Part 52, the
application must include ITAAC for the plant-specific setpoint analysis, which details the
procedures for establishing the setpoints including the margins and their location. Prior to initial
fuel load, a reconciliation of the setpoint analysis and setpoint program against the final design
for each plant must be performed, as required by the ITAAC. The staff will review the proposed
ITAAC during the design certification review.
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° ' babcock & wilcox nuclear energy
“ » 109 ramsey place. » lynchburg, va 24501 » phone 434.316.7692 ‘
St ) » fax 434.316.7534 » www:.babcock.com

October 26,2010 o A BW-JAH-2010-230

U.S..Nuclear Regulatory Commission
ATTN: Document Control Desk

One White Flint North

11555 Rockuville Pike-

Rockville, MD 20852-2738

Babcock & Wilcox Nucléar Energy, Inc.
Docket Number-PROJ0776
Project Number-776

‘Stibject: Submittal of Babcock & Wilcox Nuclear Energy, Inc. (B&W NE) Instrument.Setpoint
Methodology Toplcal Report (Report Nurhber 08-002089 -000)

In-accordance with the B&W NE schedule for submittal-of: tech'mcai and topical reports as, updated.
on July 22, 2010, we: are provrdrng the.above referenced topical report for NRC review. This report
is non- proprletary .

Questions concerning this submittal may be directed to Jeff Halfinger at:434-316-7507 (email:

jahalfinger@babcock.com) or T. J. Kim at 434-382-9791 (email: {kim@babcock.com).

RobenE Md a'ghlm T.J Kim o
Director, Quality Assurance Licensing Diréctor

B&WNE B&W NE.

JHAVjIr

cc: Joelle L. Starefos, NRC, TWFN 9-F-27
Stewart L. Magrider, Jr., NRC TWFN 9- F 27

. babcock & wilcox nuciear energy, inc., a McDermott company
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0 babcock & wilcox nuclear energy.
‘ . » 109 ramsey place » lynchburg, va 24501 » phone: 434 316 7592 .
- » fax 434.316.7534 » www.babcock.com .. ) :

June 30,2011 o _ BW-JAH-2011-253

U.S. Nuclear Regulatory Commission (NRC) -
ATTN: Document Control Desk

11555 Rockuville Pike

Rockyville, MD 20852-2738

Babcock & Wilcox Nuclear Energy, Inc
Docket Number-PROJ0776
Project Number-776

Subject: Submittal of Babcock & Wilcox Nuclear Energy Inc. (B&W NE) Instrument Setpoint
Methodology Topical Report Revision 1 (Report Number, 08-002089-001) '

On October 28, 2010, B&W NE submitted to NRC Revision 0 of the above referenced topical report -
for technical staff review as part of our pre-application effort. Enclosed is Revision 1. of the .
referenced report for review. We have revised the report based on preliminary feedback from the
NRC staff. Accordingly; limited portions of this report have been modified to: .

1. clanfy Sectlon 4.2 1 of the report to describe the mathematical relatnonshlp between the .
nominal trip set point (NTSP) and the limiting trip set pomt (LTSP) .
2. clarify the definition of margin, :
3. add to the report a typical calculation (not design-specific) showing the determmatlon of
' uncertainties, and application of the setpoint methodology for a typical instrument channel
with resulting sample resuits for the analytical limit (AL), the channel uncertainty (CU) LTSP,
NTSP, and the allowable value (AV), ,
4. remove references to use of a “graded approach" . '
5. clarify the relationships between design and safety analysns methods and methods apphed e
- during surveillance and calibration (Figure 5.1), . :
* 6. clarify that as-found tolerance is denved from the NTSP to establlsh the allowable
value,(Figure 5.1), and ' o
7. clarify that the allowable value is the limiting safety system setting (LSSS) in Figure 5. 1 S

Questlons concernmg this submlttal may be directed to Jeff Halﬁnger at 434- 316-7507 (ema||
babcock.com) or T. J. Kim at 434-382-9791 (email: |k|m@babcock com).

. ' . ' _
el . N'élﬁhfer \/ |
P, Technology Deyglopment
&W NE
JAH/jIr 7
/f H0O
babcock & wilcox nuciear energy. inc., a Babcock & Wilcox company i ﬂ.,((-

R0003-08-002089-A Page 20 of 113 January 2013, Revision 3



Enclosure: " Babcock & Wilcox Nuclear Energy Inc. (B&W NE) Instrument Setpoint
Methodology - o 4 Topical Report Revision 1 (Report Number 08-002089-001)

cc:  Joelle L. Starefos, NRC, TWFN 9-F-27
Stewart L. Magruder, Jr., NRC, TWFN 9-F-27

babcock & wilcox nuclear energy, inc., a Babcock & Wilcox company
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Mazza, Jan

From: Mazza, Jan

Sent: Thursday, December 22, 2011 4:51 PM

To: 'jahalfinger@babcock.com’; ‘pshastings@generationmpower.com’; 'Poslusny, Chester
Cc: - - Starefos, Joelle; Ashcraft, Joseph; Jung, lan; Magruder, Stewart .

Attachments: . Request for Additional Information 6236 RAI Letter No. 4.pdf
Déecember 22, 2011

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION LETTER NO. 4 FOR THE REVIEW OF BABCOCK
& WILCOX (B&W) mPOWER REACTOR PROJECT INSTRUMENT SETPOINT METHODOLOGY
TOPICAL REPORT 08-002-2089 REVISION 1 (TAC.NO. RN6113)

Dear Mr. Halfinger:

By letter dated June 30, 2011, (ML11182C034) B&W submitted, for U.S. Nuclear Regulatory Commission (NRC) staff
review, Topical Report (TR) 08-0022089, Revision 1, “Instrument Setpoint Methodology” (ML11182C035). The
NRC staff is performing a detailed review of this topical report to enable the staff to reach a conclusion on the
safety of the proposed application. The NRC staff has identified that additional information is needed to
continue portions of the review. The staff's request for additional information (RAI) is contalned in the
enclosure to this email.

Consistent with the NRC letter dated, August 24, 2011(ML112351116), to support the review schedule, you are
requested to respond by February 2, 2012. If changes are needed to the topical report, the staff requests that
a revision to TR 08-002- 2089 “Instrument Setpoint Methodology,” be submitted with the RAI responses.

If you have any questrons or comments concerning this matter, you may contact me at 301-415-6091.

Sincerely,
/RA/

Jan Mazza, Project Manager -

Projects Branch

Division of Advanced Reactors and Rulemakrng
Office of New Reactors

Docket No. PROJO776
eRAI Tracking No. 6236

Email Attachment: Request for Additional information 6236 RALI Letter No. 4

OFFICE NRO/DE/ICE - NRO/DE/ICE NRO/DARR/APRB - ‘NRO/DARRI.A‘PRB

NAME *JAshcraft *lJunge ’ *JMazza x JStarefos
DATE 12/21/2011 12/21/2011 12/22/2011 12/ 22 /2011

*Approval captured electronically in the electronic RA! system.

Jan Mazza
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Pranpect Saneger Sngeots Brangh
E H 2

Brivism
HHee of New Réaclorns
301-415-0498 ‘
Jan.Mazza@nrc.gov

D Advanoed Beaciors and Buiueking
.
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Request for Additional Information No. 6236
RAI Letter No. 4
12/22/2011

mPower Pre-Application Activities
Babcock and Wilcox
- Docket No. PROJ 0776

SRP Section: 07.01-C Appendix - Guidance for Evaluation of Conformance to IEEE Std. 603
Application: Topical Report 08-002089 Instrument Setpoint Methodology :
Acceptance Criteria: IEEE Std. 603 1991, Clause 6.8, RG 1.105-Rev.3, ISA-67.04-1994, Part |
Technical Branch: Instrumentation and Controls Branch (ICB)

07.01-C Appendix-1

Section 3.1 - On page 3, paragraph 6 states, “Recogmzmg that RG 1.105, Revnsmn 3,
was published in 1999, the B&W mPower instrument setpoint methodology follows the
guidance provided by ANSI/ISAS67.04.01-2000 (Ref. 6.3.1), which is equivalent to
ANSI/ISA S67.04-1994, Part | (now ANSI/ISAS67.04.01-2006).”

What is meant by “(now ANSI/ISAS67.04.01-2006)?" it is listed as reference 6.3.3,

. however, other than this statement, it is not mentioned anywhere else. Clarify whether
the mPower setpoint methodology conforms to RG 1.105 Rev. 3 which endorses.
ANSI/ISA S67.04-1994. If the setpoint methodology does not meet RG 1.105 Rev. 3
then demonstrate how the methodology meets the Reguiations.

- 07.01-C Appendix-2.

Section 3.3.2- Reg‘arding the last sentence of 3.3.2, the staff requests the applicant to
clarify whether after the uncertainties are algebraically summed, the SRSS would then
be applied as discussed in the second paragraph of 4.1.4.

07.01-C Appendix-3
Section 3.5 - The first bullet in this sectlon appears to conflict with Section 3 4.1 (both -
stated below). The staff requests the applicant explain this inconsistency. :

3.4.1 Any bias effects that cannot be calibrated out are directly accounted for in the uncertainty

calculation.

3.5 Where bias terms have opposite effects on instrument accuracy (posn‘lve versus negative), and are
both of known magnitude, the two uncertainties may be used to offset each other.

07.01-C Appendix-4

Section 3.5 - In the paragraph titled, Assumptions, clarify the assumption‘for' instrument
calibration (last bullet) is valid for sensor locations that may be exposed to the
environment during calibration.
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07.01-C Appendix-5

Figure 4.1 - The sétpoint steps at the bottom of the figure (below the step “Determine
the Setpoint and Allowable Value”), deviate from ANSI/ISA 67.04.02 Figure 2. Explain
how this meets the guidance in RG 1.105 Rev 3. .

07.01-C Appendix-6

Section 4.1.3.1 - The last paragraph in this section lists the “elements of uncertainty for
any module” and further specifies the definitions are provided in Appendix B. Two of the -
elements the "as-left tolerance specification" and "as-found specification” are not defined
in Appendix B. The staff requests the applicant clarify the definitions of these elements.

07.01- C Appendlx-

Section 4.1.5 - The staff requests the applicant specify WhICh equation apphes to “Trip
SetPomt

07.01-C Appendix-8

Section 4.1.6 - The last half of the second paragraph states "A setpoint found ‘within the
allowable value region, but outside the as-found tolerance; is considered operable, but
degraded. It is acceptable with respect to the analytical limit; however, the mstrument
must be reset to return it within the allowed as-left tolerance region (see definitions)...”
This appears to conflict with Section 4.2.5 which states “The AFT is included to
determine if the instrument needs to be reset after calibration or, if outside of the
tolerance, requires further investigation as to its operability. The as-found readings also :
provide data for establishing actual instrument drift.” The staff requests that the applicant,
explain this apparent contradiction and/or to revise Sectlon 4.1. 6 or Sectlon 42, 5to o
eliminate the conflict. ‘
In addition, providing an explanation for the following four scenanos hsted in the mPower
Setpoint Methodology Topical Report in terms of calibration requirements, instrument

" operability, and channel operablhty is optlonal but would aid i in additional clanﬂcatlon for
the section. - . .

o As-found is within as-left tolerance :

« As-found is outside as-left tolerance but within as—found tolerance

e As-found is outside as-found tolerance but. wnthln AV .

. As-found is above/below AV : “

- 07.01-C Appendlx-

Figure 5.1 - This fi igure shows Margin (Note 2) added to the setpoint calculatlon

The staff requests that the applicant clarify the use of margin in the figure and revise the
figure to reflect both the +/- of AFT, ALT, and the location of Margin (Note 2) in '
relationship to NTSP, AFT and AV (see below). ;
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Sections 4.2.4, 4.2.5 and Figure 5.1:

Section 4.2.4 - How is AFT™ calculated as a +/- value and shown on both
sides of NTSP on Figure 5.1? :

Section 4.2.5 - How is AFTn calculated as a +/- value?

Section 4.2.4 - Explain why the definition of Margin is different from Note 2
on Figure 5.1.

Is Margin (Note 2) correctly shown on Figure 5.1? see bullet 1 above.

- What value of ALT would be used in Figure 5.1? (Refer to RG 1.105 Rev. 3
Figure 1, “E Region of Calibration Tolerance")

07.01-C Appendlx-10

Section 4.2.6 - The staff requests the applicant to explarn how the mPower Setpoint
Methodology conforms to BTP 7-12 or the corresponding regulatro‘ns with regards to:

¢ Use of as found and as left data (sensors, SPs)
+ How are AV, as-found and as-left values verified for a SP that is within a drgrtal
pIatform" ‘

07.01-C Appendix-11 ,
Appendix A Figure A 2 - The staff requests the appIrcant to respond to the following:

. ls margm correctly shown as 5.5 psrg" '

« Using example problem and Notes 1& 2 from Frgure 5.1, what would AV,
Margin 2 and AFT™ be if Margin 1 is 5.5 psig (allowed by note 1) versus
55 psig?

07. 01 C Appendrx—12
Appendix A Figure A.2 - The staff requests the applicant to respond to the following:

e Using AFT™" +/. 15.1 psig (-15.1 psig), what would be the operating
margin (OM) as described in Section 4.2.6 in order to avoid potential
spurious channel trips? ;

« Is the methodology described in 4.2.6 sufficient for all cases?

07.01-C Appendrx-13

Figure 4.1 - The portion of the figure that shows the setpoint calculatron for a harsh
environment does not specify seismic effects as described in section 4.3.1.1 paragraph
2 and equation 4,2.1. Is seismic considered in figure 4.1 and if so how would this be

T
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applied to the setpoint calculation for normal,'seismic, and other postulated accident . - '
conditions, as applicable? ‘ ,
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. - babcock & wilcox nuclea r@nergy '
‘ » 109 ramsey place » lynchburg, va 24501 » phone 434 316, 7592 ' )
| - " . 7w fax 434, 316 7534 o www, babcock.com

February 2, 2012 -~ L . BW-JAH-2012-277

U.S. Nuclear Regulatory Commission (NRC)
ATTN: Document Control Desk :
11555 Rockville Pike

Rockville, MD 20852-2738

Babcock & Wilcox Nuclear Energy, Inc.
Docket Number-PROJO776 . -
: Project Number—776 o

Subject: Babcock & Wilcox Nuclear Energy, Inc. (B&W NE) Response to NRC Request for -
‘ Addltlonal Informat[on :

Reference 1. B&wW NE lnstrument Setpomt Methodology Topical Report 08-002089-001
2. Request for Additional Information Letter No.4 for the Review of Babcock & Wilcox ,
(B&W) mPower Reactor Project Instrument Setpoint Methodology Toplcal Report -
08-002-2089 [s:c] Revnsmn 1 : )

. On October 28, 2010 B&W NE submitted to the NRC Revusuon 0 of the above referenced toplcal
report for technrcal staff review as part of our pre-application effort. Subsequently, on . A
June 30, 2011, as a result of preliminary feedback from the NRC staff, B&W submltted Revnsron 1

to the Report (Ref 1)

On December 22, 2011 the NRC lssued a Request for Additional Information (RAI) (Ref 2)

_ containing thirteen (13) questions and a request that the responses to the questions and a revision
to the Instrument Setpomt Methodology Toplcal Report if needed be submitted- by

February 2, 2012

Enclosed i is the set of B&W’s responses to the RAI [ questlons which include proposed clarlﬁcatnon
to information provided in the topical report, and where appropriaté, revised text, tables or figures to
- be incorporated into Revision 2 to B&W's Instrument Setpoint Methodology Toplcal Report 08-
002089, pendlng satlsfactory resolution of this RAI. '

" Questions concermng this submlttal may be directed to Jeff Halfinger at 434-326-7507 (ematl
|ahalf|ner@babcock com) or T.J. Kim at 434-382-9791 (email: ;klm@babcock com) v

" babcock & wilcox nuclear energy, inc., a Babcock & Wifcox company.
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JAH/jiIr
Attachment: Setpoint Methodology Topical Report RAI Responses

‘cc: Joelle L. Starefos, NRC, TWFN 9-F-27
Stewart L. Magruder, Jr., NRC, TWFN 9-F-27

babcock & wilcox nuclear energy. inc., a Babcock & Wilcox company
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RAI No. 6236 Ltr. No. 4
 Docket No. PROJ 0776 .

Babcock & Wilcox Nuclear Energy, Inc. Response to
Requests for Additional Information No. 6236
RAI Letter No. 4

B&W mPowerPre-AppIication Activities
Docket No. PROJ 0776
Topical Report 08-002089-001

Question 07.01- Agpendlx- ‘ ‘ '
Section 3.1-0On page 3, paragraph 6 states, "Recogn/zmg that RG 1.105, Revision 3 was

‘published in 1999, the B&W mPower instrument setpoint methodology follows the gu:dance
provided by ANSI/ISAS67.04.01-2000 (Ref. 6.3.1 ) wh/ch is equivalent to ANSI/ISA S67.04- -
1994, Part | (now ANSI/ISAS67.04.01-2006).”

What is meant by “(now ANSI/ISAS67.04.01 -2006) ?” It is listed as reference 6.3.3, however,
other than this statement, it is not mentioned anywhere else. Clarify whether the mPower .
setpoint methodology conforms to RG 1.105 Rev. 3 which endorses ANSI/ISA S67.04-1994. If
the setpoint methodology does not meet RG-1.105 Rev. 3 then demonstrate how the

. methodology meets the Regulations. ‘

B&W NE Response

The intent of the cited reference was to demonstrate that the B&W Instrument Setpoint
Methodology follows the guidance provided by ANSI/ISA S67.04.01-2000, which is equivalent
" to ISA-67.04-1994, Part |. The. current version of this standard was issued as ANSI/ISA

67. 04.01 -2006.

The statement was intended to make note of the fact that since the issuance of ISA S67. 04-
1994 Part |, which is endorsed by RG 1.105, Revision 3, updated versions of the applicable
standards have been issued. By incorporating the latest industry guidance contained in
ANSI/ISA 67. 04.01-2000 and ANSI/ISA 67.04.01-2006; the B&W Instrument Setpoint
- methodology also ensures that RG 1 105 Revision 3, and the issues |dent|f|ed in RIS 2006 17
. are also addressed. : .

The reféerence to ANSI/ISAS67.04. 01-2006 will be deleted (Ref 6. 3 3) and Sectlon 3.1,
paragraph 6 (page 3) will be revised as follows:

The calculatlon of safety-related instrument setpoints for the B&W mPower reactor is.based on
.RG 1.105, which describes a method acceptable to the NRC for complying with the applicable
regulations. RG 1.105 endorses the use of ISA-67.04-1994, Part I. Recognizing that RG 1.105,
Revision 3, was published in 1999, and to ensure the issues identified in RIS 2006-17 (Ref.
6.2.4) are addressed, the B&W mPower instrument setpoint methodology follows the guidance
-provided by ANSI/ISA-S67.04.01-2000 (Ref. 6.3.1), which is equivalent to ISA 67.04-1994, Part
I and ANSI/ISA-RP67.04.02-2000. - . o T
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Question 07.01-C Appendix-2
Section 3.3.2 - Regarding the last sentence of 3:3.2, the staff requests the applicant to clarify
whether after the uncertainties are algebraically summed, the SRSS would then be app//ed as

discussed in the second paragraph of 4.1.4.

B&W NE Resgonse

Section 3.3.2 contains information for the treatment of random uncertainties that are not
independent (i.e., dependent uncertainties). In treating dependent uncertainties, the
methodology conserva'tively combines these random, dependent uncertainties algebraically
into a larger, more conservative independent uncertainty term which can then be combined
using the SRSS method. This is consistent with the guidance presented in ISA-RP67.04.02-
2000.Section 3.3.2 and 4.1.4 will be revised to clarify the treatment of dependent uncertainties.

A sentence will be added to the end of section 3.3.2 (pages 4-5) as shown with changes as
~ highlighted in shaded text:’

3.32 Dependent Uncertainties

Complicated relationships may exist between instrument channels and various instrument
uncertainties. As such, a dependency might exist between some random uncertainty terms and
parameters of an overall uncertainty analysis. A common.root cause may exist which influences
other uncertainty.terms in the analysis with a known relationship. When these uncertainties are
included, they are added algebraically, which results in a statistically Iarger value for that
parameter when evaluated |n the overall channel uncertainty. fIRESeEe dependent
incetaintiestarelthentiteatediactantadditionallindependeniiandomuncertainty m‘ﬁﬂ@h@mﬁ}m
m lndependent ﬁ:mm@ ngitnelSRSSIm uncealn

calculatuan.,

A sentence will be added to section 4.1.4, paragraph 2 (page 14) as shown below in shaded
text:

41.4 Channel Uncertalnty

Individual module uncertainties and other uncertainty terms are combined to determlne the
overall channel uncertainty (CU) using the equations shown in Sectlons 42.1and 4.2.2
respectively.

As described earlier, the methodelogy used in this report to combine instrument loop-
uncertainties is an approprlate combination of those groups that are statistically and functionally
independent. | hose ﬁ?ﬂéﬁ@?@mﬁ independentare censervatwely Stmmed

algebralcally gfa lﬁ@% mm«zamﬂmyﬂ}n@ﬁa?@ eligiblelfordcombination
ftem’s) SRS hodldesenbedinithisiieport

SRSSImetho:
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Question 07.01-C Appendix-3
Section 3.5 - The first bullet in this section appears to conflict with, Sectlon 3.4.1 (both stated

o be/ow) The staff requests the applicant explain this inconsistency.

3.4.1 Any bias effects that cannot be callbrated out are directly accounted for in the
uncertainty calculation.

35 Where bias terms have opposite effects on instrument accuracy (pos:t/ve versus
negative), and are both of known magn/tude the two uncertainties may be used fo
offset each other.

B&W NE Response

B&W agrees with NRC’s comment above.

For cases where the bias terms are known with respect to sign and magnitude, the bias effect
can be accounted for directly in the instrument calibration procedure. The'intent of the
methodology was that in these cases, the bias term does not need to be ln cluded in the
uncertainty calculation. »

Therefore, the toplcal report will be revised to delete the first sentence of the first bullet of
section 3.5 (page 5) and reads as follows: :

e If both magnitude and direction of a bias are known (e.g., transmitter static pressure span
effects), this effect can be accounted for in the instrument channel calibration procedure and
calibrated out of an instrument and thus eliminated from the uncertainty calculation.

Page 3 of 20
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Question 07.01-C A_Qgendlx-4

Section 3.5 - In the paragraph titled, Assumptions, clarify the assumpt/on for instrument
calibration (last bullet) is valid for sensor locations that may be exposed to the environment
during calibration.

B&W NgResponse ‘

To clarify how the temperatures of the instrumentation equiprnent are accounted for during
calibration, the last bullet of section 3.5 (page 6) will be revised as shown below in shaded text;

temperature effects are accounted for as shown in the equatlons in Sectlon 4 2.1. By usmg the
actual vendor data (typically stated in terms of £ X % span per Y °F), actual calibration -~
temperatures and plant operating temperatures the overall temperature effect is determined
and accounted for in the TE term for the specific instrument channel of interest, consistent with
the guidance contained in ANSI/ISA-RP67.04.02-2000 (Ref. 6.3.2). '

.Page 4 of 20
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Question 07.01-C Appendix-5

Figure 4.1 - The setpoint steps at the bottom of the f/gure (below the step “Determine the
Setpoint and Allowable Value”), deviate from ANSI/ISA 67.04.02 Figure 2. Exp/a/n how this
meets the guidance in RG 1.105 Rev 3.

B&W NE Response

Figure 4.1 of the B&W. Instrument Setpoint Methodology is similar to Figure 2 in ANSI/ISA.

67.04.02-2000, slightly amplified to provide more prescriptive guidance for obtaining the trip

setpoint (NTSP) from the analytical limit (AL) based upon either an increasing or decreasing

direction of the process variable. The amplified portion of Figure 4.1 refers to section 4.2.3 for

the mathematical equation to use for calculating of the trip setpoint and provides gwdance on
~ the use of the equations based upon the direction of the process variable.

The equatlon in section 4.2.3 for calculating the trip setpoint (NTSP) and limiting trip setpoint
. (LTSP) is shown below in its current form:

LTSP=AL +CU

NTSP = AL + (CU + Margin)

Therefore, when following the guidance illustrated in Figure 4.1, and applying the mathematical
expressions from equation 4.2.3, for cases where the process S|gnal increases towards the

analytical limit, NTSP and LTSP calculated as follows:

LTSP=AL-CU (increasing process)
NTSP = AL - (CU + Margin) (increasing process)

For cases where the process signal i increases towards the analytical limit, NTSP and LTSP
calculated as follows: :

LTSP =AL + CU (decreasing process)
NTSP =AL +(CU + Margin) (decreasing process)

To surﬁmarize these steps, for an increasing process the channel uncertainty (CU) is - .
subtracted from the AL to obtain the LTSP, and the CU plus margin (if any) is subtracted from

the AL to obtain the NTSP. For a decreasing process, the CU is added to the AL to obtain the

LTSP, and the CU plus margin (if any) is added to the AL to obtain the NTSP. This is
consistent with and identical to the methods described in section 7.2 of ISA/ANSI 67.04.02-
2000. '

These methods are consistent with the guidance in RG 1.105 for establishment of the LTSP as
the LSSS. The LTSP is determined by subtracting the CU from the AL for an increasing
process, and adding the CU to the AL for a decreasing process. To determine the NTSP, a
value for safety margin may be added to the CU to add conservatism when establishing the
trip setpoint. The CU is determined using accepted statistical methods. The AV is determined -
as the limiting value that the NTSP may have when tested periodically and ensure that both -

the AL and the SL are protected.
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No changes to Figure 4.1 will be made; however, equation 4.2.3 (page 18) of the topical report .
will be slightly modified to more clearly show this mathematical relationship with changes as
highlighted in shaded text:

4.2.3° Trip Setpoint

Page 6 of 20
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Question 07.01-C Appendix-6 o : -
Section 4.1.3.1 - The last paragraph in this section lists the “elements of uncertainty for any
-module” and further specifies the definitions are provided in Appendix B. Two of the elements
the "as-left tolerance specification" and "as-found specification" are not defined in Append/x B.

The staff requests the applicant clarify the definitions of these elements. :

- B&W NE Resygonse

The list in section 4.1.3.1 lists the various elements of uncertainty for a module. The terms
“as-left tolerance specification” and “as-found specification” should have matched the terms
defined in Appendix B. B&W recognizes that the identified names for the terms in our report

~ did not exactly match information included in Appendix B. Therefore, the list in paragraph 5 of
section 4.1.3.1 (pages 13-14) will be revised to exactly match the defined terms provided in
Appendlx B as shown with changes hlghhghted in shaded text below ‘

Elements of uncertalnty for any module that are con5|dered are listed below (not all of the
uncertainties listed apply to every measurement channel). Defmltlons as appropriate, are provided
in Appendlx B. . ‘

s process measurementé effect

. pnmary element accuracy

o - drift : '

e temperature effects

e radiation effects

o static and ambient pressure effects
e overpressure effect

‘» measuring and test equipment uncertalnty
s power supply effects

e indicator reading uncertainty

e conversion accuracy

e seismic effects

 environmental effects — accident

. propagatlon of uncertalnty through modules
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Question 07.01-C Appendix-7 ’
Section 4.1.5 - The staff requests the applicant specify which equat/on applles to “Tr/p ,
SetPoint.” :

B&W NE Response

~B&W will revise the Instrument Sétpoint Methoddlogy topical report to explicitly identify the
equations for the terms described in section 4.1.5. The following sentence will be added to the
beginning of section 4.1.5 (page 14) as listed below:

4.1 5 Trip Sefpoint

The nommal trip setpomt (NTSP) and limiting trip setpoint (LTSP) are calculated using equation
423. .
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R0003-08-002089-A ‘ j Page 39 6f 113 o January 2013, Revision 3



RAI No. 6236 Ltr. No. 4"
Docket No. PROJ 0776

Questlon 07.01-C ABEMIX-B
- Section 4.1.6 - The last half of the second paragraph states “A setpomt found W/th/n the
allowable value reg/on but outside the as-found tolerance, is considered operable, but
degraded. Itis acceptable with respect to the analytical limit; however, the mstrument must be
_reset to return lt within the allowed as-left tolerance region-(see deflnltlons) i

This appears to conflict with Sect/on 4 2.5 which states “The AFT is included to determ/ne if

* the instrument ne€ds to be reset aftér calibration or, if outside of the tolerance, requires further
/nvest/gat/on as to its operability. - The as-found readings.also provide data for establishing
‘actual instrument drift.” The staff requests that the applicant explain this apparent contradlct/on
and/or to revise Sect/on 4.1.6 or Sect/on 4.2.5 to eliminate the conflict.

In addition, provrd/ng an explanation for the following four scenarios Iisted in the mPower ,
Setpoint Methodology Topical Report in terms of calibration requirements, instrument
operability, and channel operabl//ty is opt/ona/ but would aid in additional clar/f/cat/on for the
' sectlon :

* As-found is wrth/n as-left tolerance

* As-found is outside as-left tolerance but within as-found to/erance
-« As-found is outside as-found tolerance but wrthln AV
" As—found is above/below AV :

B&W NE Response

To more clearly demonstrate the conditions during penodnc surveillance testlng that could
occur, and the status of-channel 6perability during perlodlc survelllance testing, the following -
revisions to the top|cal report will be made.

° ~ Section 4.1.6 and 4. 2 5 will be revised to clearly delineate the dlsposmon of the as-
~ found condltlons during perlodlc surveillance testmg : !

. Revnsmns to Figure 5.1 (see response to Questlon 07.01-C Appendix-9) will be made to .
more clearly demonstrate the process of ver|fy|ng channel function and operablllty
. during testing.’

~ The following text will be revised in- paragraph 2 in section 4. 1.6 (pages 15- 16) W|th changes
highlighted in shaded text below:

The AV isa vaIue that the'tn‘p setpomt might have when tested periodically and accounts for )
instrument drift and other uncertainties applicable to normal plant operation assomated with the
test during normal plant operatlon including: instrument drift, reference accuracy, as-left
tolerance from the previous calibration and measurement and test equipment uncertainty. A
setpoint found within the allowable value region, but outside the as-found tolerance, is ]
considered operable, but degraded. Itis acceptable with respect to:the analytical limit; however,
the instrument must be reset to return it within the allowed as-left tolerance region (see

* definitions). J
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The changes to section 4.2.5 include revisions to the first paragraph and additional information
provided are shown below (pages 19-21) with changes highlighted in shaded text below:

e asoime) teleremes (AR s (s el unesrelity es cissoversd eing meehle
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Therefore:

AFT, =B (RA.? + DR,2+ ALT2+ MTE,? )'”

Where:
AFT =  As-found tolerance (any typical module).
n = Module “n”
RA =  Device reference accuracy.
DR =  Device allowance for drift.
ALT =  As-left tolerance.
MTE =  Measurement and test equipment effect.

The AFT is evaluated to determine if the instrument needs to be reset after calibration or, if
outside of the tolerance, requires further investigation as to its operability. The as-found

- readings also provide data for establishing actual instrument drift. In accordance with RG 1.105
(Ref. 6.2.1) and BTP 7-12, plant specific procedures are requwed to track, trend and maintain’
the results of periodic surveillance testing (i.e., the as-found and as-left values for sensors (as
applicable) and modules associated with the instrument Ioop) for proper management of
instrument uncertainties including drift.

Table 4.2 below, that will be added to the report, shows the various conditions to consider
during surveillance testing of the instrumentation channel and are consistent with RIS 2006-17
(Ref. 6.2.4).

Page 10 of 20
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Table 4.2: Instrument Operability During Periodic Surveillance Testing

As-found NTSP During
Surveillance Testing

Status of Channel Operability
and Required Actions

As-found NTSP within ALT (Reglon A of
Figure 5.1)

Channel is operable, no action required. The results are -
tracked by plant procedures for historical trending.

As-found NTSP outside of ALT band, but
within AFT band (Region B of Figure 5.1)

Channel is operable, recalibration is necessary to restore
the NTSP within the ALT.

Increasing process:
As-found NTSP is conservatlve with
respect to'the AV (NTSP < AV) but
out5|de AFT band (Reg|on D of Flgure
51); 0

Decreasing process:
As-found NTSP is conservative with

respect to the AV (NTSP > AV) but
outside AFT band.

Recalibration is necessary to restore Athe' NTSP within the
ALT, and evaluation of channel functionality is required. -

As-found NTSP non-conservative to the
AV (Region C of Figure 5.1)

Recalibration is necessary to restore NTSP within the ALT,
and evaluation of channel functionality is required to return

R0003-08-002089-A
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Questlon 07 01-C Appendix-9

Figure 5.1 - This figure shows Margin (Note 2) added to the setpoint calculat/on oo
The staff requests that the applicant clarify the use of margin in the figure and revise the f/gure
to reflect both the +/- of AFT, ALT, and the locatlon of Margin (Note 2) in relationship to NTSP,
" AFT and AV (see below).

Sections 4.2.4, 4.2.5 and Figure 5.1:

* Section 4.2.4 - How is AFT™°" calculated as a +/- value and shown on both
sides of NTSP on Figure 5.1?

= Section 4.2.5 - How is AFTn calculated as a +/- value?

* Section 4.2.4 - Explain why the definition of Margin is different from Note 2
on Figure 5.1.

* Is Margin (Note 2) correctly shown on Figure 5.1? see bullet 1 above.

« What value of ALT would be used in Figure 5.1? (Refer to RG 1.105 Rev. 3
Figure 1, "E. Region of Calibration Tolerance")

B&W NE Response

To clarify the relationship between Margin and NTSP, AFT and AV a number of changes will
be made to Flgure 5.1 and the text contained in Sections 4.2.4 and 4.2.5 of the topical report.

The as-found tolerance is used, when applied to the NTSP, to determine the allowable value
for the instrument channel. The AV is the limiting value of an instrument’s as-found trip setting
during surveillance testing while still ensuring the AL and SL are protected. If the as-found
value for the NTSP is non-conservative with respect to the AV, actions are required to restore
the NTSP. Additionally, RIS 2006-17 raised concerns about conditions where the as-found
NTSP may be more conservative than the AV, indicating that abnormally large changes in the
trip setpoint have occurred which could be signs of the channel malfunctioning. Thus a concept
of a double-sided acceptance criteria band for the measured trip setpoint during surveillance

" testing was mtroduced

The determination of the AFTor in section 4.2.4 (page 19) has been revised by removing the
margin term in the determination of the AV, and includes the proper mathematical operator ()

to ensure the double-sided band is correctly applied as shown below with changes hlghhghted
in shaded text: :

4.2.4 Allowable Value

AV = NTSP + AFTror

Where:
AV =  Allowable value.
NTSP = Trip setpoint. .
AFTror = Total as-found tolerance for the entire instrument channel.

- Page 12 of 26
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apphed — Gh@ iejavadeterminatont:

AFTTO‘T deterrﬁination includes consideration of all channel AFT uncertainties pertaining to the
calibration being performed..Therefore when considering AV, AFTo7 is based on;

AFTror = E(AFT 2+ AFT, +.. 4. +.+ AFT 22
Where: '
AFT,’ =  as-found tolerance for module “n” '(see 4.2.5).

Figure 5.1 will be updated to properly illustrate the application of a double-sided band for the
AFTror as applied to the NTSP to ensure consistency with revisions to equation 4.2.4
described above. Additional revisions and enhancements to Flgure 5.1 (page 24) include the
following and the revised flgure is shown below

Addltlon of a double sided band for the ALT to a|d in determmatlon of channel
operability and be consistent with Figure 1 in RG. 1.105. '

¢ lllustration of regions of different conditions that may exist durlng periodic survelllance
testing to clarify status of channel operability and required actions (if any).

e Removal of the margin applied to the AFTror and its associated note (Note 2). (To

protect against the potential for masklng of equipment degradation during perlodlc
survelllance testing. )

Page 13 of 20
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Plant Safety Analysis and Design Basis

SAFETY LIMIT (SL)

ANALYTIC LIMIT
(AL)

LIMITING TRIP
SETPOINT (LTSP)
[Equation 4.2.3]

(

TRIP SETPOINT (NTSP)
[Equation 4.2.3]

OPERATING

NORMAL OPERATING
UPPER LIMIT (NUL)

UNCERTAINTY (CU)

CHANNEL <
[Equation 4.2.2]

MARGIN <

NORMAL

[Equation 4.2.6]

OPERATING RANGE -~

ANALYSIS MARGIN, TRANSIENT RESPONSE,
MODELING ERROR, RESPONSE TIME, ETC.

e

=

NOTE 1)

MARGIN (OM) -2

ALLOWABLE VALUE (AV)

v
SYSTEM SHUTDOWN

ILLUSTRATION SHOWN FOR
PROCESS PARAMETER
INCREASING TOWARD SETPOINT
AND IS NOT DRAWN TO SCALE

|
AS-LEFT | TOTAL AS-FOUND

- TOLERANCE . > TOLERANCE BAND (AFTiqr)
(ALT) | [Equation 4.2.5]

*W [Equation 4.2.4]

v

ﬁ REGION A: Channel is operable, no
calibration is required.

REGION B: Channel is operable, but
degraded. Recalibration is required and must
be evaluated for proper functionality.

REGION C: Channel is inoperable.
[l Recalibration is required and must be evaluated
for proper functionality.

REGION D: Channel is inoperable.
8 Recalibration is required and must be evaluated
for proper functionality.

NOTES:

1. There is no set value for margin that is applied to the
CU to determine the NTSP. This margin of safety is a
discretionary value based on engineering judgment to
add conservatism when determining the NTSP, to ensure
protection of the analytical limit.

Figure 5.1: Setpoint Relationships — For Increasing Setpoint (Similar for decreasing setpoint, but
process is decreasing towards the setpoint).
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Questlon 07.01 -C endlx-1 0 : B > -
Section 4.2.5 - The staff requests the appl/cant to explain how the mPower Setpoint
Methodology conforms to BTP 7-12 or the correspondmg regulat/ons with regards to

. Use of as found and as left data (sensors SPs) '
* How are AV, as-found and as-left valies verlfled for a SP that is wrthrn a d/gltal
platform? ; »

B&W NE Response

The review gmdehnes contained in BTP 7-12 contain numerous acceptance criteria and review
procedures. Specifically, the review procedures contain guidance that the instrument setpoint
methodology should include the basis for determination of the as-found and acceptable as-left
bands and evaluation of the instrument operability based on acceptable as-found and -
acceptable as-left bands. Additionally, the methodology should contain measures for tracklng
and trending of historical as-found and as-left data to ensure each instrument channel exhlblts
random drrft charactenstlcs and conflrmatlon that the uncertainty data remains valld

The basrs for the. acceptable as-found and as- Ieft bands and ‘operability determlnatlon method
is presented in the B&W Instrument Setpoint Methodology. Please see the response to
Questlons 07 01 C Appendix-8 and 07.01 C Appendix-9 that addresses this question.

: PIant-specmc procedures will track the results of theperlodlc surveillance test procedures to
trend and evaluate the as-found.and as-left data to evaluate the instrument channel drift and .
uncertainty data. Section 4.2.5, paragraph 3'(page 20) and paragraph 5 (page 20) of the
topical report will be revised to.include requirernents for these steps as shown below

The foIIowmg sentences will be added to section 4.2. 5, paragraph 3 (page 20) wnth changes i
hlghlrghted in shaded text below . '

The foIIowmg sentences WI|| be added to section 4.2.5, paragraph 5 (page 20) as shown |n
shaded text. below

In channels using dlgltal processmg equipment, uncertainties are introduced by analog-to- g
digital (A/D) and drgltal-to-analog (D/A) conversions within the specific platform hardware.
These uncertainties are typically provided by the platform manufacturer or determined through
testing. Uncertalnty data sources within the software are typically determlned by the software

-
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designer and quantified. They can then be combined using the methods described in the
topical report.

With most digital platforms, they are self-calibrating and errors due to drift or temperature are
accounted.in the reference accuracy determined by the platform manufacturer. Thus, the only
applicable uncertainty is associated with the A/D conversion input into the microprocessor
which also is typically combined into the reference accuracy. Generally, there is only one
module associated with this conversion, thus combining uncertainties from muitiple modules is
not applicable. The NTSP is determined from the AL as described in section 4.2.3 of the
topical report. Once the appropriate channel uncertainty has been determined based on the
reference accuracy for the digital instrument channel, the AV, ALT, and AFT can be
determined for use durlng surveillance testing following the methods descrlbed in the topical
report. .

Configuration control measures will be applied as part of the setpoint control program to
maintain instrument setpoint databases for digital systems ensuring installed trip setpoints are
installed and programmed as required. The online diagnostics of most digital platforms
continually perform system checks and self-report errors or faults associated with digital’
channels.

During periodic surveillance testing, the test is a simple verification that the digital channel
processes channel trips as determined by the digital signal processing within the AFT band.
The results are evaluated and the operability determination steps are identical. However, =
typically, if the channel trip setpoint is found to be outside of the AFT band, this would indicate
a failure with the digital channel and the faulty components will require replacement. There is
typically no ability to re-calibrate the setpoint. ' :
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uestion 07.01-C endix-11
Appendix A Figure A.2 - The staff requests the applicant to respond to the following:

* Is margin correctly shown as 5.5 psig?
* Using example problem and Notes 1& 2 from Figure 5.1, what would AV, Margin 2
and AFT™" be if Margin 1 is 5.5 psig (allowed by note 1) versus 55 psig?

B&W NE Response

Appendix A Figure A.2 contains a typographical error where the margin was incorrectly shown
as 5.5 psig. The proper value for the margin as determined in this example is 5.0% of the span

which is 55.0 psig.

Based on the revision to Figure 5.1 and section 4.2.4 discussed in response to Question
07.01-C Appendix-9, the relationship between the allowable value, as-found and as-left
tolerances is more clearly understood. Figure A.2 has been revised to more clearly illustrate
the relationships in the example between the AFT and ALT as shown below:

AL = 1047 .0 psig
CU =314 psig
LTSP = 1015.6 psig
LSSS »
Margin = 55.0 psig AV=075 7 psig
ALT{+) = 966 1 psig
& NTSP = 960.6 psig - -
ALT =+ § % paig AFT .=t 15 1 pem)

ALT() = 565 1 psag

AV=0485 & paig

> Operating Margin = 68.6 psig

J
}Normai Operating Range

NUL = 892 0 psig

Figure A.2: Relationships between analytical limit and calculated setpoints

Page 17 of 20
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Question 07.01-C Appendix-12 , :
Appendlx A Figure A.2 - The staff requests the applicant to respond to the fo//owmg

« Using AFT™°T +/- 15.1 psig (-15.1 psig), what would be the operating margin (OM) as
described in Section 4.2.6 in order to avoid potential spurious channel trips?
« Is the methodology described in 4.2.6 sufficient for all cases?

B&W NE Response

* Additional information was mcluded in the example presented in Appendix A to speCIfy the
normal upper limit (NUL) is 892 psig. Therefore, when applying equation 4.2.6 for an
increasing process the operating margin (OM) is calculated as follows:

OM = NTSP — NUL (increasing setpoint).

While this particular case is a simple example to demonstrate the application of the setpoint
methodology, the methodology to determine the operating margin described in section 4.2.6 is
sufficient and conforms with RG 1.105, .revision 3 (Figure 1) that shows the operating margin is
simply the difference between.the normal operating range of the process variable and the
NTSP. If, during worse cases the setpoint were to drift to the lower range of operability, the
operating margin would be sufficient to minimize spurious channel trips.

This additional calculation will be added to the example in Appendix A, page A4, with changes
highlighted in shaded text below:
' Theoperatmgmargm@

peratng
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Question 07.01-C Appendix-13

Figure 4.1 - The portion of the figure that shows the setpomt calculation for a harsh
environment does not specify seismic effects as described in section 4.3.1.1 paragraph 2 and
equation 4.2.1. Is seismic considered in figure 4.1 and if so how would this be applied to the:
selpoint calculation for normal, seismic, and other postulated accrdent conditions, as
applicable? ‘

B&W EResbo‘nse

The flow path presented in Figure 4.1(page 9) was provided for illustrative purposes to .
demonstrate how, for instrument channels in harsh environments, the additional evaluation of
uncertainties is required. It was not intended to list all uncertainty contributions for instrument
channels subject to harsh conditions during normal or postulated design basis accident
conditions in this figure. :

The method for treating channel uncertainties for portions of the instrument channel that are
subject to harsh environments during normal, seismic and other postulated design basis
accidents is included in the current text in section 4.1.3.1 (pages 13-14)'in the topical report.
The existing apphcable portions of this section that explicitly include the uncertainties due to ‘
: selsmlc effects are shown in the boxed sectlons below , S

J

There are no changes to the topical report in response to this question.

' 4.1.3.1 Contributing Uncertainties

The environment is analyzed and cla35|‘r"ed as mild or harsh The environment in any plant area
is considered harsh if, because of postulated-accidents, the temperature, pressure, rélativity
humidity, vibration (seismic displacement), or radiation significantly increases above the normal
conditions. A mild environment is an environment that at no time is more severe than the
expected environment during normal plant operatlon including anticipated operational -
occurrences.

For portions of the instrument channel that are located in a harsh environment, the accident
process measurement effects are determined (e.g., reference leg heat-up, density changes,
radiation exposure, seismic experience, etc.)-and the uncertainties are determined. For portions
of the instrument channel that are located in a mitd environment, the normal process
measurement effects are identified and uncertainties are determined. All uncertainties are_
included as applicable. «

)

After the environmental conditions are determined, the potential uncertainties affecting each
portion of the channel are identified.

Uncertainties are classified as random or non-random (Section 3.2). This determination is an
interactive process requiring the development of assumptions and, where possible, verification
of assumptions based on actual data. The determination of type of uncertainty establishes

" whether the SRSS method can be used or if the uncertainty is to be added algebralcally, ora
combmat|on of both. . :

Elements ‘of uncertalnty for an'y'module that are considered are listed below (not all of the |
uncertainties listed apply to every measurement channel). Deﬂnltlons as approprlate are’
provided in Appendlx B.

Page 19 of 20 -
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process measurements effect
primary element accuracy

drift

temperature effects

radiation effects .

static and ambient pressure effects
overpressure effect

measuring and test equipment uncertainty
power supply effects

indicator reading uncertainty
conversion accuracy

seismic effects

R0003-08-002089-A -

environmental effects — accident
as-left tolerance

. as-found tolerance

propagation of uncertainty through modules
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0 babcock & wilcox
‘ » 109 ramsey place » lynchburg va 24501 # phone 434.316 7582
» fax 434 316 7534 » www babcock com

May 21, 2012 MPWR-LTR-12-00051

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Babcock & Wilcox Nuclear Energy, Inc. (B&W NE)
Docket Number-PROJ0776
Project Number-776

Subject:  Babcock & Wilcox Nuclear Energy (B&W NE) Revised Response to Request for
Additional Information No.6236, RAI Letter No.4 for Appendices 5, 6, 9, 11 and 13.

References: 1. B&W NE Instrument Setpoint Methodology Topical Report 08-00289-001
2. Request for Additional Information Letter No.4 for the Review of Babcock &
Wiicox (B&W) mPower Reactor Project Instrument Setpoint Methodology
Topical Report 08-002-2089 [sic] Revision 1
3. B&W NE Response to NRC Request for Additional Information dated
February 2, 2012 (BW-JAH-2012-277)

By letter dated June 30, 2011, B&W NE submitted, for U.S. Nuclear Regulatory Commission
(NRC) staff review, Topical Report (TR) 08-0022089, Revision 1, (Reference 1 above).
Subsequently, NRC issued a Request for Additional Information (RAI) on December 22, 2011
(Reference 2 above). On February 2, 2012, B&W NE submitted a response to the RAI,
(Reference 3 above). Recently, in a conference call on March 3, 2012, the NRC staff requested
that B&W NE provide additional clarification regarding our RAI response related to Appendices
5,6, 9, 11 and 13. The requested clarification is provided in the enclosures as discussed below.

Enclosure 1 is the revised response to the referenced RAI that includes the proposed
clarification and appropriate revision of TR information. Enclosure 2 is a markup of the original
RAI response (Reference 3) provided to facilitate the NRC’s review. [n addition Enclosure 3 is
the revised Instrument Setpoint Methodology Topical Report that incorporates changes
consistent with the revised RAI response.

Questions concerning this submittal may be directed to Jeff Halfinger at 434-316-7507 (email:

jahalfinger@babcock.com) or Peter Hastings at 704-625-4978 (email:
pshastings@generationmpower.com).

effrey’' A. Halfinge
P, Technology Dgvelopment
B&W NE

JAHIjir

babcock & wilcox nuciear energy nc a Baboock & Wilcox company
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R babcock & wilcox Er Ve
‘ » 109 ramsey place » lynchburg, va 24501 s phone 434 316.7592
» fax 434 316 7534 » www. babcock.com

U.S. Nuclear Regulatory Commission
May 21, 2012
Page 2

Enclosures:
1. B&W NE's revised response to RAI No. 6236 Appendices 5, 6, 9, 11 and 13
2. B&W NE's revised response to RAI No. 6236 Appendices 5, 6, 9, 11 and 13 (Markup)
3. Instrument Setpoint Methodology Topical Report, dated May 2012 (R0003-08-002089,

Revision 003)

cc:
Joelle L. Starefos, NRC, TWFN 9-F-27
Joseph F. Williams, NRC, TWFN 6-E-4
Stewart L. Magruder, Jr., NRC, TWFN 9-F-27

babcock & wilcox nuclear energy nc  a Babcock & Wilcox company
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Enclosure 1
B&W NE's revised response to the RAI No. 6236
Appendices 5, 6,9, 11 and 13
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C e e T " “RAI No. 6236 Ltr. No. 4
o S o Doicket No. PROJ 0776

_ "Enclosure 1 , T .
Babcock & Wilcox Nuclear Energy, Inc. Rewsed Response to o
~ 'Requests for Additional Information No. 6236 ‘
* RAI Letter No. 4for Appendlces5 6, 9, 11 13

. B&W mPower Pre-Appllcatlon Actnvntles :
' DocketNo. PROJ 0776 -
Toplcal Report 08-002089- 001

Questlon 07.01-C Appendlx-s ’ :
Figure 4.1 - The setpoint steps at.the bottom of the f/gure (below the step “Determine the.
Setpoint and Allowable Value "), deviate from ANSI/ISA 67.04. 02 Flgure 2. Expla/n how th/s
meets the guidance in RG 1.105 Rev 3 .

B&W NE Response

‘Flgure 4 1 of the: B&W Instrument Setpomt Methodology is S|m|Iar to Flgure 2in ANSI/ISA
© 67.04.02-2000, slightly amplified-to prowde more prescrlptlve guidance for obtaining the trip-
" setpoint (NTSP) from the analytical limit (AL) based upon either an increasing or decreasing .
- direction of the process variable. Fi igure 4.1 contains additional information not contained in
'Flgure 2 of ANSI/ISA 67. 04 02- 2000 th|s additional |nformat|on has. been removed

The equatlon in sectlon 4.2.3 for calculatlng the tnp setpomt (NTSP) and Ilmltmg tr|p setpomt
(LTSP) is shown below in its current form:

LTSP=AL¢CU

NTSP AL +(CU + Margln)

Therefore when: followmg the gwdance illustrated in Flgure 4 1, and applylng the mathematical
expressions-from equation 4.2.3; for cases where the process signal increases towards the
analytlcal ||m|t NTSP and LTSP calculated as foIIows , -

LTSP AL CU E ” : . (mcreasmg process) .
NTSP = AL - (CU+Marg|n) , (increasing process)

For cases where the process signal decreases towards the analytlcal I|m|t NTSP and LTSP

L Acalculated as follows

| LTSP = AL+ CU g ' (decreasing process) S
NTSP = AL+ (CU + Mafg'") ' (decreasmg process)

To summarize these steps for an mcreasmg Qrocess the channel uncertalnty (CU) is
subtracted from the AL to obtain the LTSP, and the. CU plus margin (if any) is subtracted from
.the AL to obtain the NTSR. For a'decreasing process, the CU is added to the AL to obtain the
LTSP, and.the CU plus margin (if any) is added to the AL to obtain the NTSP. .This.is KA
consistent with and |dent|cal to the methods descrlbed in section 7.2 of ISA/ANSI 67.04. 02-

2000. T Co S - ,4_

These methods are consnstent wnth the guidance in RG 1 105 for establlshment of the LTSP as
the LSSS The LTSP is. determmed by subtractlng the CU from the AL for an mcreasmg

",4'

Page 1 of 9
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process, and addlng the CU to the AL fora decreasmg process. To determine the NTSP a
value for safety margin may be added to the CU to add conservatism when establlshlng the -
trip setpoint. The CU is determined using accepted statistical methods. The AV is determined

as the limiting value that the NTSP may have when tested periodically and ensure that both
the AL and the SL are protected. «

Equation 4.2.3 (page 18) of the topical report has been slightly modified to mo}e clearly show
the mathematical relationship for calculation of the LTSP and NTSP exphcmy for increasing
and decreasmg processes as shown below:

4.2.3 Trip Setpoint

. LTSP=AL-CU (increasing process)
LTSP = AL + CU. (decreasing process)

NTSP = AL - (CU + Margin) (increasing process)
NTSP = AL + (CU + Margin) (decreasing process)

Figure.4.1 has been revised as shown on the following page.

Page 2 of9
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Block Diagram Instrument Channel
(4.1.1)

|

Determine the Required Actuation Functions and Process/.
Environmental Conditions Assumed for Each Function
(4.1.2)

)

Determine the Uncertainty Allowance for the Channel
(4.1.3)

lassify Each Module
Environment
(4.1.3.1)

" Harsh

ldentify Accident Process Measurement ]
Effects (Ref. Leg Heatup, etc.)
4.13.1)

Mild <

Identify Normal Process Measurement
Effects (Head Effects, etc.) ) y E
(4.1.3.1) entify Accident Equipment Uncerainty

Identify Other Accident Effects (IR, etc.)
. (4.1.3.1)

aQ

3 (Accident Temperature Effects, etc.) Apply
2 : the most limiting value
e Identify Normal Instrument Uncertainties 4.13.1)

L‘ucé (Drift, Normal Temperature Effects, etc.)

8

q

[

Q

@

o

Identify Other Normal Effects
4.1.3.1)

|

Identify Uncertainty Contributions
(4.1.3.1)

)

Classify Each Uncertainty (Random, Bias, etc.)
(4.1.3.1)

|
|
|
I
|
I}
|
|
|
|
|
(
|
|
|
)
t
I
|
|
|
|
|
|
E
! 4.1.3.1)
! . .
|
|
|
|
1
|
1
]
1
i
]
1
t
]
|
|
|
|
|
|
|
|
|

Determine Module Uncertainties and
Combine for Channel Uncertainty
4.1.4)

Determine the Setpoint and Allowable Value
(4.1.58&4.1.6)

Note: Numbers in Brackets Refer to
the Paragraph of the Methodology
Described in this Report

Figure 4.1: Setpoint Calculation Flow
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Question 07.01-C Appendix-6

Section 4.1.3.1 - The last paragraph in this section lists the “elements of uncertalnty for any
module” and further specifies the definitions are provided in Appendix B. Two of the elements
the "as-left tolerance specification" and "as-found specification” are not defined in Appendlx B
The staff requests the applicant clarify the definitions of these elements. :

B&W NE Response

The list in section 4.1.3.1 lists the various elements of uncertainty for a module and is not
intended to be all inclusive, but typical for an instrument channel. The terms “as-left tolerance
specification” and “as-found specification” should have matched the terms defined in Appendix
B. B&W recognizes that confusion was introduced since the names for the terms do-not
exactly match those definitions provided in Appendix B. Therefore, the listin paragraph 5 of
section 4.1.3.1 (pages 13-14), as shown below, has been revised to exactly match the defined.
terms provided in Appendix B as shown below and provide cIarlflcatuon that the list is not aII

" inclusive but is typical for an instrument channel.

Elements of uncertamty for any module that are considered are listed below (not all of the
uncertainties listed apply to every measurement channel). This list is not intended to be all
inclusive but is typlcal for the instrument channel. Definitions, as appropriate, are provided in -
Appendix B.

e process measurements effect
e primary element accuracy
o drift '
¢ temperature effects '
" e radiation effects
» static and ambient pressure effects
+ overpressure effect _
e - measuring and test equipment uncertainty
e power supply effects
» indicator reading uncertainty
e . conversion accuracy
¢ seismic effects :
» environmental effects — accident
e as-left tolerance
e ' as-found tolerance
e propagation of uncertainty through modules

.Page 4 of 9 .
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»Questlon 07.01-C Appendix-9

Figure 5.1 - This figure shows Margin (Note 2) added to the setpoint calculation.

The staff requests that the applicant clarify the use of margin in the figure and revise the figure
to reflect both the +/- of AFT, ALT, and the location of Margin (Note 2) in relationship to NTSP,
AFT and AV (see below).

Sections 4.2.4, 4.2.5 and Figure 5.1:

« Section 4.2.4 - How is AFT™®" calculated as a +/- value ahd shown on both
sides of NTSP on Figure 5.1?

* Section 4.2.5 - How is AFTn calculated as a +/- value?

» Section 4.2.4 - Explain why the definition of Margin is different from Note 2
on Figure 5.1. : '

* Is Margin (Note 2) correctly shown on Figure 5.1? see bullet 1 above.

» What value of ALT would be used in Figure 5.1? (Refer to RG 1.105 Rev. 3
Figure 1, "E. Region of Calibration Tolerance ")

B&W NE Resgonse

To clarify the relationship between Margin and NTSP, AFT and AV a number of changes were
made to Figure 5.1 and the text contained in Sections 4.1.5, 4.2.4, 4.2.5, and 4.2.7 of the
topical report.

The as-found tolerance is used, when applied to the NTSP, to determine the allowable value
for the instrument channel. The AV is the limiting value of an instrument’s as-found trip setting
during surveillance testing while still ensuring the AL and SL are protected. If the as-found
value for the NTSP is non-conservative with respect to the AV, actions are required to restore -
the NTSP. Additionally, RIS 2006-17 raised concerns about conditions where the as-found
NTSP may be more conservative than the AV, indicating that abnormally large changes in the

- trip setpoint have occurred which could be signs of the channel malfunctioning. Thus a concept
of a double-sided acceptance criteria band for the measured trip setpoint during survelllance
testlng was introduced.

Section 4.1.5 (page 15) has been revised, as shown below, to clarify that the marg‘in must be
greater than or equal to the as-found tolerance to ensure the AV never exceeds the LSSS.

The NTSP is established for normal plant operation by adding margin to the total channel
uncertainty. The margin associated with thé establishment of the NTSP is discrétionary based
on engineering judgment to add a level of conservatism. Typically, margin would be applied to
account for such factors as conservatively rounding to the nearest engineering unit or
accounting for any assumptions used in determination of initial channel setpoints. The margin
applied also takes into consideration the operating range for the instrument channel to ensure
the trip setpoint is not established too close to the operating range iimits that may cause
spurious channel trips. The margin applied adds conservatism to move the NTSP farther from
the AL and must always be greater than or equal to the as-found tolerance to guarantee the
allowable value will never exceed the LSSS. By definition, the NTSP is equal to or more
conservative than the LTSP.

The determination of the AFTror in section 4.2.4 (page 19) has been revised by. removing the .
margin term in the determination of the AV, and includes the proper mathematical operator (2)
to ensure the double sided band is correctly applied as shown below: . :

Page 50f 9
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424 Allowable Value

AV =NTSP ¢ AFTTOT

Where:
AV =  Aliowable value.
NTSP = Trip setpoint. .
= Total as-found tolerance for the entire instrument channel.

AFTror

To protect against potential masking of equipment degradation during periodic surveillance
testing, no margin is included as part of the AV determlnatlon and the AFTror is applied as a
double-sided band around the NTSP.

AFTror determination includes consideration of all channel AFT uncertainties pertaining to the
calibration being performed. Therefore, when considering AV, AFTor is based on;

AFTror =+ (AFT 2+ AFT 4. +.... +...+ AFT )"
. Where:
AFT, =  as-found tolerance for module “n" (see 4.2.5).

Sectlon 4.2.7. (page 22) has been revised to clarify that the margin must be greater than or
equal to the as-found tolerance to ensure the AV never exceeds the LSSS as shown below:

Safety margin is a discretionary value determined by englneerlng judgment. Margin is applled
to accommodate normal expected conditions between surveillance intervals (e.g., drift). The
applied margin must ensure that NTSP + AFTyor does not exceed the allowable value. The
minimum margin prevents expected channel drift from exceeding the AV.

Figure 5.1 has been updated to properly illustrate the application of a double-sided band for
the AFTror as applied to the NTSP to ensure consistency with revisions to equation 4.2.4
described above. Additional revisions and enhancements to Figure 5.1 (page 24) include the
following bulleted items. The revised figure is shown on the following page.

e Addition of a double-sided band for the ALT to aid in determination of channel
operability and be consistent with Figure 1 in RG. 1.105.

* lllustration of regions of different conditions that may exist during periodic surveill ance .
testing to clarify status of channel operability and required actions (if any). o

e Removal of the margin applied to the AFTror and its associated note (Note 2). (To '
protect against the potential for masking of equipment degradatlon durlng periodic -
surveillance testing.)

-+ |dentification that the margin must be greater than or equal to AFTror to ensure the AV
remains less than or equal to the LSSS (Note 1). :

Page 6 of 9
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Plant Safety Analysis and Design Basi

SAFETY LIMIT (SL)

ANALYSIS MARGIN, TRANSIENT RESPONSE,
MODELING ERROR, RESPONSE TIME, ETC.

ANALYTIC LIMIT

(AL) e

UNCERTAINTY (CU)

CHANNEL <
[Equation 4.2.2]

Periodic Surveillance Testing
LIMITING TRIP k '
SETPOINT (LTSP)
[Equation 4.2.3] ("
ALLOWABLE VALUE (AV)
MARGIN ¥, [Equation 4.2.4]
(NOTE 1) B ! |
TRIP SETPOINT (NTSP) L AS-LEFT TOTAL AS-FOUND |
[Equation 4.2.3] TOLERANCE TOLERANCE BAND #(AFT1or)
(ALT) [Equation 4.2.5] |
1
NORMAL B |
OPERATING MARGIN (OM) y
[Equation 4.2.6]
NORMAL OPERATING __ > }{_ _
UPPER LIMIT (NUL) @ REGION A: Channel is operable, no |
calibration is required. |
|
OPERATING RANGE _< REGION B: Channel is operable, but
degraded. Recalibration is required and must
be evaluated for proper functionality.
REGION C: Channel is inoperable.
i, | 8 Recalibration is required and must be evaluated
L for proper functionality.
REGION D: Channel is inoperable.
[ Recalibration is required and must be evaluated
for proper functionality.
v
SYSTEM SHUTDOWN
NOTES:
ILLUSTRATION SHOWN FOR 1. There is no set value for margin that is applied to the
PROCESS PARAMETER CU to determine the NTSP. This margin of safety is a

INCREASING TOWARD SETPOINT

discretionary value based on engineering judgment to
AND IS NOT DRAWN TO SCALE v g

add conservatism when determining the NTSP, to ensure
protection of the analytical limit. The applied margin
must be greater than or equal to the as-found tolerance
to ensure the AV never exceeds the LSSS.

Figure 5.1: Setpoint Relationships — For Increasing Setpoint (Similar for decreasing setpoint, but
process is decreasing towards the setpoint).
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Question 07.01-C Appendix-11
Appendix A Figure A.2 - The staff requests the appl/cant to respond to the followmg

o Is marg/n correctly shown as 6.5 pSIg'?
» Using example problem and Notes 1& 2 from Figure 5.1, what would AV, Margm 2
and AFT'®" be if Margin 1 is 5.5 psig (allowed by note 1) versus 55 psig?

B&W NE Response

Appendix A Figure A.2 contains a typographical error where the margin was incorrectly shown
as 5.5 psig. The proper value for the margin as determlned in th|s example is 5.0% of the span
which is 55.0 psig.

Based on the revision to Figure 5.1 and section 4.2.4 discussed in response to Question
07.01-C Appendix-9, the relationship between the allowable value, as-found and as-left
tolerances is more clearly understood. Figure A.2 has been revised to more clearly illustrate
the relationships.in the example between the AFT and ALT as shown below. Additionally,
clarification has been added to indicate that the applied margin must be greater than or equal
to the as-found tolerance to ensure than the AV never exceeds the LSSS.

. The text on page A-3 has been revised as shown below

LTSP and NTSP are determmed as follows for an increasing process using equation 4.2.3. A
margin of 5.0% of span (55 psig) is applied in accordance with Section 4.2.3 to the NTSP, which
is based on engineering judgment to include room for initial assumptions used in the calculation
uncertainties and to account for rounding errors. The LTSP is the LSSS used in the plant
technical specifications that protects the AL to satisfy 10 CFR 50.36. The applied margin must
ensure that NTSP + AFTor does not exceed the allowable value. The minimum margin
prevents expected channel drift from exceeding the AV. S

AL = 1047.0 psig

CU = 31.4 psig S
4 LTSP =1015.6 psig
LSSS >
. AV=975.7 psig
MarginzAFTrot
= 55.0 psig . Am»,) 966.1 psig
|\ ¢ NTSP=9606psig @~ == === . AFTror=2 15.1 psi
. y S ALT=+55 psig or=212.1 psig

AT = 9551 psig ' '
AV=045 5 psig

> Operating Margin = 68.6 psig

NUL = 892.0 psig 2

}Normal Operating Range

* Figure A.2: Relationships bétween analytical limit and calculated setpoints
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Question 07.01-C Appendix-13 '

Figure 4.1 - The portion of the figure that shows the setpoint calcul ation for a harsh
environment does not specify seismic effects as described in section 4.3.1.1 paragraph 2 and
equation 4.2.1. Is seismic considered in figure 4.1 and if so how would this be applied to the
setpoint calculation for normal, seismic, and other postulated accident conditions, as
applicable? ‘

" B&W NE Response

The flow path presented in Figure 4.1(page 9) is provided for illustrative purposes to
demonstrate how, for instrument channels in harsh environments, the additional evaluation of
uncertainties is required. It was not intended to list all uncertainty contributions for instru ment
channels subject to harsh conditions dunng normal or postulated design basis accndent
conditions in this figure.

The method for treating channel uncertainties for portions of the instrument channel that are
subject to harsh environments during normal, seismic and other postulated design basis
acmdents is included in the current text in section 4.1.3.1 (pages 13-14) in the topical report.

Section 4.1.3.1 has been revised, as shown below, to add clarification and indicate the most
limiting uncertainty will be applied for portions of an instrument channel subject to a harsh
environment during postulated DBAs. .

4.1.3.1 Contributing Uncertainties

The environment is analyzed and classified as mild or harsh. The environment in any plant area
is considered harsh if, because of postulated accidents, the temperature, pressure, relativity
humidity, vibration (seismic displacement), or radiation significantly increases above the normal
conditions. A mild environment is an environment that at no time is more severe than the ’
expected environment dunng normal plant operatlon |nclud|ng ant|0|pated operatlonal
occurrences. i

For portions of the: mstrument channel that are Iocated ina harsh enwronment the accident
process measurement effects are determined (e.g., reference leg heat-up, density changes,
radiation exposure, seismic experience, etc.) and the uncertainties are determined. The most
limiting uncertainities (temprature, radition, etc.) wil be applied. For portions of the instrtiment .
channel that are located in a mild environment, the normal process measurement effects are
Aidentified and uncertainties are determined. All uncertainties are incIuded as applicable.

After the environmental conditions are determmed the potentlal uncertalntles affectlng each
portlon of the channel are identified. ;

Uncertalntles are classified as random or non-random (Section 3.2). This determination is an
interactive process requiring the development of assumptions and, where possible, verification
of assumptions based on actual data. The determination of type of uncertainty establishes
whether the SRSS method can be used or if the uncertalnty is to be added algebraically, or a
combination of both.
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Enclosure 2
Babcock & Wilcox Nuclear Energy, Inc. Revised Response to
Requests for Additional Information No. 6236
RAI Letter No. 4 for Appendices 5, 6, 9, 11, 13

B&W mPower Pre-Application Activities
Docket No. PROJ 0776
Topical Report 08-002089-001

uestion 07.01-C Appendix-5
Figure 4.1 - The setpoint steps at the bottom of the figure (below the step “Determine the
Setpoint and Allowable Value”), deviate from ANSI/ISA 67.04.02 Figure 2. Explain how this
meets the guidance in RG 1.105 Rev 3.

B&W NE Response

Figure 4.1 of the B&W Instrument Setpoint Methodology is similar to Figure 2 in ANSI/ISA
67.04.02-2000, slightly amplified to provide more prescriptive guidance for obtaining the trip
setpoint (NTSP) from the analytical limit (AL) based upon either an increasing or decreasing

direction of the process vanable MMWLQW%MM@

MW&G@W&G&&WWW@%@&V&% F/gure 4 1 conta/ns
additional information not contained in Figure 2 of ANSI/ISA 67.04.02-2000, this additional

information has been removed.

The equation in section 4.2.3 for calculating the trip setpoint (NTSP) and limiting trip setpoint
(LTSP) is shown below in its current form:

LTSP=AL % CU
NTSP = AL + (CU + Margin)

Therefore, when following the guidance illustrated in Figure 4.1, and applying the mathematical
expressions from equation 4.2.3, for cases where the process signal increases towards the
analytical limit, NTSP and LTSP calculated as follows:

LTSP =AL-CU (increasing process)
NTSP = AL - (CU + Margin) (increasing process)

For cases where the process signal inrcreases-decreases towards the analytical limit, NTSP
and LTSP calculated as follows:

LTSP =AL +CU (decreasing process)
NTSP = AL + (CU + Margin) (decreasing process)

To summarize these steps, for an increasing process the channel uncertainty (CU) is
subtracted from the AL to obtain the LTSP, and the CU plus margin (if any) is subtracted from
the AL to obtain the NTSP. For a decreasing process, the CU is added to the AL to obtain the
LTSP, and the CU plus margin (if any) is added to the AL to obtain the NTSP. This is
consistent with and identical to the methods described in section 7.2 of ISA/ANSI-67.04.02-
2000.
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These methods are consistent with the guidance in RG 1.105 for establishment of the LTSP as
the LSSS. The LTSP is determined by subtracting the CU from the AL for an increasing
process, and adding the CU to the AL for a decreasing process. To determine the NTSP, a
value for safety margin may be added to the CU to add conservatism when establishing the
trip setpoint. The CU is determined using accepted statistical methods. The AV is determined

as the limiting value that the NTSP may have when tested periodically and ensure that both
the AL and the SL are protected.

No-changes-to-Figure4-1-willbe-made-hewever-Eequation 4.2.3 (page 18) of the topical
report will-behas been slightly modified to more clearly show this-the mathematical relationship
for calculation of the LTSP and NTSP explicitly for increasing and decreasing processes with

changes-highlighted-in-shaded-text- as shown below:

4.2.3 Trip Setpoint

LTSP=AL-CU (increasing process)
LTSP = AL + CU (decreasing process)

NTSP = AL - (CU + Margin) (increasing process)
NTSP = AL + (CU + Margin) (decreasing process)

I Figure 4.1 has been revised as shown on the following page.
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Block Diagram Instrument Channel . C '
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Figure 4.1: Setpoint Calculation Flow :
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Question 07.01-C Appendix-6

Section 4.1.3.1 - The last paragraph in this section lists the “elements of uncertainty for any
module” and further specifies the definitions are provided in Appendix B. Two of the elements
the "as-left tolerance specification" and "as-found specification” are not defined in Appendix B.
The staff requests the applicant clarify the definitions of these elements.

B&W NE Response

The list in section 4.1.3.1 lists the various elements of uncertainty for a module and is not
intended to be all inclusive, but typical for an instrument channel. The terms “as-left tolerance
specification” and “as-found specification” should have matched the terms defined in Appendix
B. B&W recognizes that confusion was introduced since the names for the terms do not
exactly match those definitions provided in Appendix B. Therefore, the list in paragraph 5 of
section 4.1.3.1 (pages 13-14), as shown below, wilkbehas been revised to exactly match the
defined terms provided in Appendix B as shown with-changes-highlighted-in-shaded-text-below

and provide clarification that the list is not all inclusive but is typical for an instrument ¢ hannel.

Elements of uncertainty for any module that are considered are listed below (not all of the
uncertainties listed apply to every measurement channel). This list is not intended to be all
inclusive but is typical for the instrument channel. Definitions, as appropriate, are provided in
Appendix B.

e process measurements effect

e primary element accuracy

e  drift

e temperature effects

e radiation effects

e static and ambient pressure effects

e overpressure effect

e measuring and test equipment uncertainty
e power supply effects

e indicator reading uncertainty

e conversion accuracy

e seismic effects

e environmental effects — accident

e as-left tolerance

e as-found tolerance

e propagation of uncertainty through modules

Page 4 of 9
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Question 07.01-C Appendix-9

Figure 5.1 - This figure shows Margin (Note 2) added to the setpoint calculation.

The staff requests that the applicant clarify the use of margin in the figure and revise the figure
to reflect both the +/- of AFT, ALT, and the location of Margin (Note 2) in relationship to NTSP,
AFT and AV (see below).

Sections 4.2.4, 4.2.5 and Figure 5.1:

» Section 4.2.4 - How is AFT™®" calculated as a +/- value and shown on both
sides of NTSP on Figure 5.1?

« Section 4.2.5 - How is AFTn calculated as a +/- value?

* Section 4.2.4 - Explain why the definition of Margin is different from Note 2
on Figure 5.1.

* Is Margin (Note 2) correctly shown on Figure 5.1? see bullet 1 above.

* What value of ALT would be used in Figure 5.1? (Refer to RG 1.105 Rev. 3
Figure 1, "E. Region of Calibration Tolerance")

B&W NE Response

To clarify the relationship between Margin and NTSP, AFT and AV a number of changes were
made to Figure 5.1 and the text contained in Sections 4.7.5, 4.2.4, and4.2.5, and 4.2.7 of the
topical report.

The as-found tolerance is used, when applied to the NT SP, to determine the allowable value
for the instrument channel. The AV is the limiting value of an instrument’s as-found trip setting
during surveillance testing while still ensuring the AL and SL are protected. If the as-found
value for the NTSP is non-conservative with respect to the AV, actions are required to restore
the NTSP. Additionally, RIS 2006-17 raised concerns about conditions where the as-found
NTSP may be more conservative than the AV, indicating that abnormally large changes in the
trip setpoint have occurred which could be signs of the channel malfunctioning. Thus a concept
of a double-sided acceptance criteria band for the measured trip setpoint during surveillance
testing was introduced.

Section 4.1.5 (page 15) has been revised, as shown below, to clarify that the margin must be
greater than or equal to the as-found tolerance to ensure the AV never exceeds the LSSS.

The NTSP is established for normal plant operation by adding margin to the total channel
uncertainty. The margin associated with the establishment of the NTSP is discretionary based
on engineering judgment to add a level of conservatism. Typically, margin would be applied to
account for such factors as conservatively rounding to the nearest engineering unit or
accounting for any assumptions used in determination of initial channel setpoints. The margin
applied also takes into consideration the operating range for the instrument channel to ensure
the trip setpoint is not established too close to the operating range limits that may cause
spurious channel trips. The margin applied adds conservatism to move the NTSP farther from
the AL and must always be greater than or equal to the as-found tolerance to guarantee the
allowable value will never exceed the LSSS. By definition, the NTSP is equal to or more
conservative than the LTSP.

The determination of the AFT+or in section 4.2.4 (page 19) has been revised by removing the
margin term in the determination of the AV, and includes the proper mathematical operator ()
to ensure the double-sided band is correctly applied as shown below-with-the-changes
highlichted.in the shaded :
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4.2.4 Allowable Value

AV = NTSP + AFTror

Where:
AV =  Allowable value.
NTSP = Trip setpoint.
AFT+or =  Total as-found tolerance for the entire instrument channel.

To protect against identification-ef-potential masking of equipment degradation during periodic
surveillance testing, no margin is included as part of the AV determination and the AFTor is
applied as a double-sided band around the NTSP.

AFTror determination includes consideration of all channel AFT uncertainties pertaining to the
calibration being performed. Therefore, when considering AV, AFTo7 is based on;

AFTror =+ (AFT 2+ AFT, 2+, +...+.. .+ AFT,)"?

Where:

AFT, = as-found tolerance for module “n” (see 4.2.5).

Section 4.2.7 (page 22) has been revised to clarify that the margin must be greater than or
equal to the as-found tolerance to ensure the AV never exceeds the LSS S as shown below:

Safely margin is a discretionary value determined by engineering judgment. Margin is applied
to accommodate normal expected conditions between surveillance intervals (e.qg., drift). The
applied margin must ensure that NTSP + AFTror does not exceed the allowable value. The
minimum margin prevents expected channel drift from exceeding the AV.

Figure 5.1 has been updated to properly illustrate the application of a double-sided band for

the AFTror as applied to the NTSP to ensure consistency with revisions to equation 4.2.4

described above. Additional revisions and enhancements to Figure 5.1 (page 24) include the
| following bulleted items. The revised figure is shown on the following page.

Addition of a double-sided band for the ALT to aid in determination of channel
operability and be consistent with Figure 1 in RG. 1.105.

lllustration of regions of different conditions that may exist during periodic surveill ance
testing to clarify status of channel operability and required actions (if any).

Removal of the margin applied to the AFT1or and its associated note (Note 2). (To
protect against the potential for masking of equipment degradation during periodic
surveillance testing.)

Identification that the margin must be greater than or equal to AFTror to ensure the AV
remains less than or equal to the LSSS (Note 1).
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SAFETY LIMIT (SL)

Plant Safety Analysis and Desian Basi

- w - - - ow e e e

ANALYTIC LIMIT

ANALYSIS MARGIN, TRANSIENT RESPONSE,
MODELING ERROR, RESPONSE TIME, ETC.

(AL) e

UNCERTAINTY (CU)

CHANNEL <
[Equation 4.2.2]

LIMITING TRIP L y
SETPOINT (LTSP)

[Equation 4.2.3] 4
MARGIN
(NOTE 1) B
TRIP SETPOINT (NTSP) \
[Equation 4.2.3]
/'
NORMAL

OPERATING MARGIN (OM) <
[Equation 4.2.6]

NORMALOPERATING __ _ _ _ __ e A
UPPER LIMIT (NUL) e .

OPERATING RANGE <

~ Y

ALLOWABLE VALUE (AV)
y [Equation 4.2.4]
AS-LEFT TOTAL AS-FOUND
TOLERANCE TOLERANCE BAND i(AFTToy)
(ALT) [Equation 4.2.5]
e o Y

n REGION A: Channel is operable, no
calibration is required.

REGION B: Channel is operable, but
degraded. Recalibration is required and must
be evaluated for proper functionality.

REGION C: Channel is inoperable.

v
SYSTEM SHUTDOWN

ILLUSTRATION SHOWN FOR
PROCESS PARAMETER
INCREASING TOWARD SETPOINT
AND IS NOT DRAWN TO SCALE

Wl Recalibration is required and must be evaluated
for proper functionality.

REGION D: Channel is inoperable.
Recalibration is required and must be evaluated
for proper functionality.

NOTES:

1. There is no set value for margin that is applied to the
CU to determine the NTSP. This margin of safety is a
discretionary value based on engineering judgment to
add conservatism when determining the NTSP, to ensure
protection of the analytical limit. The applied margin
must be greater than or equal to the as-found tolerance
to ensure the AV never exceeds the LSSS.

Figure 5.1: Setpoint Relationships - For Increasing Setpoint (Similar for decreasing setpoint, but

process is decreasing towards the setpoint).
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uestion 07.01-C Appendix-11
Appendix A Figure A.2 - The staff requests the applicant to respond to the following:

* Is margin correctly shown as 5.5 psig?
* Using examrple problem and Notes 1& 2 from Figure 5.1, what would AV, Margin 2
and AFT" be if Margin 1 is 5.5 psig (allowed by note 1) versus 55 psig?

B&W NE Response

Appendix A Figure A.2 contains a typographical error where the margin was incorrectly shown
as 5.5 psig. The proper value for the margin as determined in this example is 5.0% of the span
which is 55.0 psig.

Based on the revision to Figure 5.1 and section 4.2.4 discussed in response to Question
07.01-C Appendix-9, the relationship between the allowable value, as-found and as-left
tolerances is more clearly understood. Figure A.2 has been revised to more clearly illustrate
the relationships in the example between the AFT and ALT as shown below. Additionally,
clarification has been added to indicate that the applied margin must be greater than or equal
to the as-found tolerance to ensure than the AV never exceeds the LSS S.

The text on page A-3 has been revised as shown below:

LTSP and NTSP are determined as follows for an increasing process using equation 4.2.3. A
margin of 5.0% of span (55 psig) is applied in accordance with Section 4.2.3 to the NTSP, which
is based on engineering judgment to include room for initial assumptions used in the calculation
uncertainties and to account for rounding errors. The LTSP is the LSSS used in the plant
technical specifications that protects the AL to satisfy 10 CFR 50.36. The applied margin must
ensure that NTSP + AFTor does not exceed the allowable value. The minimum margin
prevents expected channel drift from exceeding the AV.

AL = 1047.0 psig
CU = 31.4 psig
| LTSP = 1015.6 psig
LSSS ——»
AV=9757 psig
MarginzAF Ttor
= 55.0 psig ) ALT(+) = 966 1 psig
¢ NTSP = 960.6 psig ----= ) ; i
ALT=+55 psig AFT-or=2 151 psig

AV=045 5 psig

} Operating Margin = 68.6 psig

J

NUL = 892.0 psig A4

}Normal Operating Range

Figure A.2: Relationships between analytical limit and calculated setpoints
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uestion 07.01-C Appendix-13
Figure 4.1 - The portion of the figure that shows the setpoint calcul ation for a harsh
environment does not specify seismic effects as described in section 4.3.1.1 paragraph 2 and
equation 4.2.1. Is seismic considered in figure 4.1 and if so how would this be applied to the
setpoint calculation for normal, seismic, and other postulated accident conditions, as
applicable?

B&W NE Response

The flow path presented in Figure 4.1(page 9) is provided for illustrative purposes to
demonstrate how, for instrument channels in harsh environments, the additional evaluation of
uncertainties is required. It was not intended to list all uncertainty contributions for instru ment
channels subject to harsh conditions during normal or postulated design basis accident
conditions in this figure.

The method for treating channel uncertainties for portions of the instrument channel that are
subject to harsh environments during normal, seismic and other postulated design basis
accidents is included in the current text in section 4.1.3.1 (pages 13-14) in the topical report.

Section 4.1.3.1 has been revised, as shown below, to add clarification and indicate the most
limiting uncertainty will be applied for portions of an instrument channel subject to a harsh
environment during postulated DBAs.

4.1.3.1 Contributing Uncertainties

The environment is analyzed and classified as mild or harsh. The environment in any plant area
is considered harsh if, because of postulated accidents, the temperature, pressure, relativity
humidity, vibration (seismic displacement), or radiation significantly increases above the normal
conditions. A mild environment is an environment that at no time is more severe than the
expected environment during normal plant operation, including anticipated operational
occurrences.

For portions of the instrument channel that are located in a harsh environment, the accident
process measurement effects are determined (e.qg., reference leg heat-up, density changes,
radiation exposure, seismic experience, etc.) and the uncertainties are determined. The most
limiting uncertainities (temprature, radition, etc.) wil be applied. For portions of the instrument
channel that are located in a mild environment, the normal process measurement effects are
identified and uncertainties are determined. All uncertainties are included as applicable.

After the environmental conditions are determined, the potential uncertainties affecting each
portion of the channel are identified.

Uncertainties are classified as random or non-random (Section 3.2). This determination is an
interactive process requiring the development of assumptions and, where possible, verification
of assumptions based on actual data. The determination of type of uncertainty establishes
whether the SRSS method can be used or if the uncertainty is to be added algebraically, or a
combination of both.
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1. ABSTRACT '

This report describes the instrument setpoint methodology applied to the B&W mPower™ reactor
protection system and other important instrument setpoints associated with the B&W mPower reactor.
The protection system is a digital, integrated reactor protectlon and englneered safety features actuatlon
system |mplemented for the B&W mPower reactor. :

‘The primary purpose of the protectlon system is to detect plant condltlons that indicate the occurrence of
a design basis event as defined by the plant safety analysis and initiate the plant safety features required
to mitigate the event. These’ safety features consist of the automatic actuation of reactor trips-and
engineered safety features actuation systems.

. The methodology described in this topical report is used to establish technical specification setpoints for
the B&W mPower reactor protection system in accordance with 10 CFR 50.36. The scope of this report
documents the methodology for establishing safety-related trip setpoints and their associated '
uncertainties to ensure the analytical limit applied to instrument trip setpoints is satisfied. An example
calculation for a typical mstrument loop is |ncluded in this report to demonstrate the application of the
methodology. :
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2. INTRODUCTION

Instrumentation and control (I&C) safety systems monitor and control critical plant parameters to ensure
safety limits are not exceeded under the most severe design basis accident or transient. Instrument
setpoints and allowable values for these 1&C safety system critical process parameter functions are
chosen so that potentially unsafe or damaging process excursions (transients) can be avoided and
terminated before plant conditions exceed safety limits. Accident analysis establishes the limits for critical
process parameters. These analytical limits.established by the accident analysis do not normally include
considerations for the accuracy (uncertainty) of installed instrumentation. This report describes the .
method used for the B&W mPower reactor of identifying and combining instrument uncertainties, and
applying these uncertainties to establish trip setpoints for critical process parameters to ensure vital plant
protective features actuate at the appropriate-setpoint during transient and accident conditions.

~ The methodology described in this report is applied to safety-related equipment that performs a specific
safety function for uncertainty analysis, setpoint determination, and determination of allowable values to
protect the analytlcal limit. Determination of instrument setpomts for non-safety related equment that
does not perform a specific safety function is controlled administratively by plant procedures. Typical
instrument setpoints in this category are establlshed for equnpment that supports rellable power '
generatlon or equipment protection. ©

The results of the uncertainty evaluations can be applied to the following .tybés of calculations:

. Determlnanon of safety-related setpoints
« Extension of surveillance intervals
e Determination of instrument indication uncertainties
e Evaluation or justification of previously established setpoints

Important definitions and terminology used throughout this report are contalned in Appendix B for
reference.
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3. BACKGROUND

3.1 Regulatory Baeis

10 CFR Part 50, Appendix B, Criterion XI, “Test Control,” and Criterion XlI, “Control of Measuring and
Test Equipment,” provide requirements for tests and test equipment used in maintaining instrument
setpoints. ' :

10 CFR 50, Appendix A, GDC 13, "Instrumentation and Control," requires in part that instrumentation be
provided to monitor variables and systems, and that controls be provided to maintain these variables and
systems within prescribed operating ranges. :

10 CFR 50, Appendix A, GDC 20, "Protection System Functions," requires in part that the protection
system be designed to initiate automatically the operation 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. '

10 CFR 50.36(c)(1)(ii)(A), “Technical Specifications,” requires that, where a limiting safety system setting
(LSSS) is specified for a variable on which a safety limit (SL) has been placed:; the setting must be so
chosen that automatic protective action will correct the abnormal situation before a safety level is
exceeded. LSSSs are settings for automatic protective devices related to variables with significant safety
functions. Setpoints found to exceed technical specification limits are considered as maifunctions of an
automatic safety system. Such an occurrence could challenge the ihtegrity' of the reactor core, reactor
coolant pressure boundary, containment, and associated systems.

SRP Appendix 7.1-A refers to BTP 7-12 and Regulatory Guide (RG) 1.105 for guidance on establishing
and maintaining instrument setpoints. This guidance is designed to meet 10 CFR 50.36(c)(1)(ii)(A), 10 -
CFR'50, Appendix A, GDC 13, GDC 20 and 10 CFR 50 Appendix B requirements. '

The calculation of safety-related instru}nent setpoints for the B&W mPower reactor is based on RG 1.105,
which describes a method acceptable to the NRC for complying with the applicable regulations. RG
1.105 endorses the use of ISA-67.04-1994, Part |. Recognizing that RG 1.105, Revision 3, was published .
in 1999,.and to ensure the issues identified in RIS 2006-17 (Ref. 6.2.4) are addressed, the. B&W mPower
instrument setpoint‘lmethodology follows the guidance provided by ANSI/ISA-S67.04.01-2000 (Ref. 6.3.1),
which is equiva'lent to ISA 67.04-1994, Part | and ANSI/ISA-RP67.04.02-2000 (Ref. 6.3.2).

BTP 7—12 (Ref. 6.2.2) provides guidelines for reviewing the process that an applicant or licensee follows
to establish and malntaln instrument setpoints for the following objectives:

¢ To verify that setpoint calculation methods are adequate to-ensure that protective actions are
initiated before the associated plant process parameters exceed their analytical limits.

o To verify that setpoint calculation methods are adequate to ensure that control.and monltorlng
setpoints are consistent with their requirements. i

e To confirm that calibration intervals and methods established are consistent with safety analysis
assumptions.- ‘ :
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3.2  Uncertainties

The methodology descnbed in th|s report relies on the determlnatlon of the types of uncertalnty It is not
the intent of the report to provide a tutorial in statistical analysis but to provide a brief dlscussron on the
types of uncertalnty, their, dependency, and their statlst|cal comblnatlons

Instrument uncertalntles are categonzed as Random or Non- Random and are dlscussed |n Sectlons 3 3
and 3.4, respectively. g

t;'l

.33 Random Uncertamtles

"~ Random uncertalntles are referred toas a quantltatlve statement of the rel|ab|I|ty ofa smgle measurement .
or.of a parameter such as the arithmetic mean value, determined from a number of.random trial '
measurements Thrs is often called the statistical uncertainty and is one of the precision indices. The -
‘most commonly used indices, usually in reference to the reliability of the mean, are the standard

) N ‘deviation, the standard error (also called the standard deviation of the mean) and the probable error. .-

Typically, uncertainties specmed‘ by a manufacturer as having a + magnitude, are random uncertainties.

For these types of uncertainties, B&W uses 95/95 tolerance limits as an accéptable criterion (i.e., a 95%
" probability that the constructed limits contain 95% of the populatlon of interest for the surveillance mterval
selected).” Typical manufacturers’ published accuracy figures are ‘at “20” level with a 95.6% probability on
‘a normal error (Gaussmn) distribution curve. Therefore, it is acceptable to combine these errors at “20”- ;
© (2 times standard deviation) value by the Square Root of the Sum of the Squares (SRSS) method. -

RG 1.105 states “The 95/95 tolerance limit i is an acceptable cnterlon for uncertalntles v (Although the
95/95 tolerance limit has an actual confidence level of 1.960, the methodology descrlbed in this report
uses 20 to S|mpI|fy calculatrons and adds an addltlonal Ievel of conservatlsm) ‘

Thiis methodology usesa. double—3|ded acceptance criteria band for random uncertainties to ensure that
'the instrument setpomt is malntalned within a prescribed range as defined in Sections 4.2.2 and 4.2.3 of

this report, and deviations of the trip setpoint beyond the acceptable tolerance range are |dent|f ed and .
_ corrected. : « . o :

331 Independent Uncertalntles "

Independent uncertainties are those uncertainties for which no common root cause eX|sts (i. e.,

uncertainty errors whose value at a particular future instant cannot be predicted with precision but can, ‘
* only be estimated by a probability distribution function). The algebrarc sign of a random uncertainty is -
“equally likely to be posrtlve or. negatlve with respect to a given median value.. Therefore, random,
independent uncertainties are eligible for the SRSS combination-propagated from the process .
‘measurement module through the signal conditioning module of the instrument channel to the-device that
. initiates the actuation. ltis generally accepted that most mstrument channel uncertalntles are
’lndependent of each other o : :

@

. 332 Dependent Uncertainties -

"Compllcated relatlonshlps may exist between mstrument channels and various mstrument uncertalnt|es »
‘As such a dependency mlght exrst between some random uncertainty terms and parameters ofan -,
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overall uncertainty analysis. A common root cause may exist which influences other uncertainty terms in
the analysis with a known relationship. When these uncertainties are included, they are added
algebraically, which results in a statistically larger value for that parameter when evaluated in the overall
channel uncertainty. These combined dependent uncertainties are then treated as an additional
independent random uncertainty, which can then be combined with other independent terms usmg the
SRSS method in the overall uncertainty calculation.

3.4 Non-Random Uncertainties

341 Bias

Bias uncertainties are those that consistently have the same algebraic sign. Bias terms are the fixed or
systematic uncertainty components within a measurement and are not generally eligible for SRSS
combinations. In some cases, they can be explicitly accounted for in the instrument channel calibration
process (i.e., calibrated out), in which case'they are not accounted for in the uncertainty calculation since
they can be compensated for in the scaling of the instrumentation. Any bias effects that cannot be
calibrated out are directly accounted for in the uncertainty calculation.

If they are predictable for a given set of conditions because of a known positive or negative direction, they
are classified as bias with a known sign. If they do not have a known sign, they are treated
conservatively by algebraically adding the bias in the worst direction based on the nature of the
instrument channel. These are classified as bias with an unknown sign.

3.4.2 Abnormally Distributed Uncertainties

' Some uncertainties not normally distributed may not be eligible for the SRSS combination and are
categorized as abnormally distributed. This type of uncertainty is treated as a bias against both the
positive and.negative components.of module uncertainty. Their unpredictable sign is conservatively
treated by algebralcally adding the bias in the worst direction based on the nature of the instrument
channel.

3.5 Assumptions

The methodology for the determination and calculation of uncertainty terms, and ultimately the process
described in this report for determining setpomts is based on the assumptions listed below: »

¢ If both magnitude and direction of a bias are known (e.g., transmitter static pressure span
effects), this effect can be accounted for in the instrument channel calibration procedure and
calibrated out of an instrument and thus eliminated from the uncertainty calculation.

* Anyrandom independent term whose value is less than 1/10 of any of the other associated
device random uncertainties can be statistically neglected.

* Uncertainty terms of devices are calculated in terms of percent calibrated span.
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e Forthe purposes of the setpoint analyses, the instrumentation is assumed to be calibrated based -
on the ambient cbnditions in which the instrumentation compohents are expected to operate and
specified in the plant calibration procedures. The temperature effect (TE) for the instrumentation
accounts for possible differences between the temperature associated with the instrument 3
calibration and the ambient conditioris of the installed equipment and is based on the temperature
deviation between this assumed calibration temperature and the maximum and minimum ambient
temperature of the specific location of the actual instrumentation. The normal temperature effects:
are accounted for as shown in the equations in Section 4.2.1. By using the actual vendor data
(typically stated in terms of + X % span per Y °F), actual calibration temperatures and plant -
operating temperatures, the overall temperature effect is determined and accounted for in the TE
term for the specific instrument channel of interest, consistent with the gmdance contained in
ANSI/ISA-RP67.04.02-2000 (Ref 6.3.2). : : :
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" 4., METHODOLOGY

The B&W mPower methodology for uncertainty analysis, setpoint determination, calibration interval and
determination of allowable values for safety-related instrumentation follows the standards and ‘
recommended practices of ANSI/ISA-S67.04.01-2000 (Ref. 6.3.1) and ANSI/ISA-RP67.04.02-2000 (Ref. .
6.3.2) with guidance provided by Regulatory Guide 1.105 (Ref. 6.2.1). The term * uncertalnty is used to :
reflect the drstnbutron of errors consistent with References 6.3.1 and 6.3.2.

This section provides the methodology used to establish the uncertainty of the instrument measurement
channel that includes all of the elements of uncertainty described below and then describes how the
calculated uncertainties are applied to the trip setpoints and allowable values. Uncertainties for
calculated functions or composed points (points that are made up of multiple |nputs or calculated mputs)
are also discussed.

The general methodology described in this report used to combine instrument loop uncertainties is an
appropriate combination of those groups that are statistically and functionally independent. Those
uncertainties that are not independent are conservatively treated by arithmetic summation and then -
systematically combined with other independent terms. Random and independent instrument loop
uncertainties are combined using the statistical SRSS approach with abnormally distributed and non-
random or bias uncertainties combined algebraically in accordance with ANSV/ISA-RP67.04.02-2000 (Ref.
6.3.2). The calculation methodology for the B&W mPower reactor follows. the intent of the procedure
established in the ISA standard ANSI/ISA-S67.04.01-2000 (Ref. 6.3.1) and additional guidance on
combining instrumentation uncertainties provided in ANS!/ISA-RP67.04.02-2000 (Ref.‘ 6.3.2).

The methodology described in this report addresses only the highest grade discussed in thestandard -
applied to those safety-related setpoints with established LSSSs for'which a safety limit has been  ~
‘established as defined by the plant safety analysis. All elements of uncertainty, both normal and: accident
or abnormal conditions, are evaluated and addressed in instrument loop accuracy and setpoint” -

' calculatlons such that the results have a 95% probablllty W|th a 95% confidence (i.e., 95%/95% r|gor)

There are many‘safety—related'and non-safety related system instrument setpoints that are"importa_nt to-
safety or important for reliable power generation and equipment protectlon Because these setpO|hts may .
not have analytical limits established by the accident analysis for a safety limit, the basis for the setpomt ’
calculation becomes system or equipment protection and maintaining generation capacity. The normal
process limit (NPL) adjusted for the appropriate margin becomes the basis for establishing the setpoint
when no analytical I|m|t is established by the accident anaIyS|s and is’ governed and controlled by plant
procedures. ‘

4.1 Approach

The methodology follows the setpoint calculation flow depicted in Figure 2 of ANSI/ISA-RP67.04.02-2000
(Ref. 6.3.2), which has been reproduced as Figure 4.1, with minor modifi cations to add guidance for v
applying channel uncertainties and margin based on whether an instrument channel signal approach to a
trip setpoint is decreasing or increasing. The instrument loop is diagrammed and analyzed as described

in the following subsections. The general relationships between the various setpoints and limits are ’

shown in Section 5, Summary.
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A typical calcylation data sheet/checklist shown as Table 4. 1 is used asa gwde and to prowde

consistency i in the development of the-calculation(s). This table also provides traceablllty and
documentation of the loop data and uncertalntles used. The results of the calculation are documented in.

accordance with controlled pIant procedures and programs (such as the Setpoint Control Program) with

adequate detail so that all bases, equations, and conclusions are fully understood and documented.
Table 4.1 includes a comprehenswe list of all uncertalntles that must be considered for |nclu3|on in the
total channel uncertalnty (CU) calculatlon . o, ‘ :
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Repeat for Each Module

_Block Diagram Instrument Channet
(4.1.1)

)

Determine the Required Actuation Functions and Process/
Environmental Con ditions Assumed for Each Function
(4.1.2)

}

Determine the Uncertainty Allowa nce for the Channel
(4.1.3)

lassify Each ModuleS\ Harsh

Environment
(4.13.1)

Mild ﬁ

v .
Identify Normal Process Measurement
Effects (Head Effects, etc.)
(4.1.3.1)

: A 4
Identify Normal Instrument Uncertainties
(Drift, Normal Temperature Effects, etc.)
(4.1.3.1)

Identify Other Normal Effects
(4.1.3.1)

|

Identify Uncertainty Contributions
(4.1.3.1)

Classify Each Uncertainty (Random, Bids, etc.)
(4.1.3.1)

Determine Module Uncertainties and
Combine for Channel Uncertainty
(4.1.4)

Determine the Setpoint and Allowable Value
(41584.18)

Identify Accident Process Measurement
Effects (Ref. Leg Heatup, etc.) .
(4.1.3.1)

Identify Accident Eq‘t:mment Uncertainty
(Accident Temperature Effects, etc.) Apply
the most limiting value :
(4.1.3.1) :

tdentify Other Accident Effects (IR, etc.)
(4.1.3.1)

Note: Numbérs in Brackets Refer to .
the Paragraph of the Methodology
Described in this Report '
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Table 4.1: Calculation Data Sheet

DESCRIPTION

ITEM (PARAMETER)

REFERENCE

REMARKS

Component iD

Service Description

Location

Manufacturer

Model Number

Quality Category

Adjustable Range

Process Calibrated Range

Input Signal Calibrated Range

Output Signal Calibrated Range

Reference Accuracy (RA)

Drift (DR)

Bias (B)

Static Pressure Effect (SP)

External Pressurization Effect (EP)

Overpressure Effect (OP)

Temperature Effect — Nomal (TE); Accident (TEA)

Humidity Effect (HE)

Radiation Effect - Nommal (RE); Accident (REA)

Seismic Effect (SE)

Insulation Resistance Effect (IRE)

Power Supply Effect (PS)

Indicator Reading Uncertainty (R)

Process Measurement Effect (PM)

Primary Element Effect (PE)

Measurement & Test Uncertainty (MTE)

Technical Specification (if Applicable)

Analytical Limit (AL)

Normal Process Limit (NPL)

Allowable Value (AV)

Trip Setpoint (NTSP)

Calibration Frequency

Calibration Procedure

As-Found Tolerance (AFT)

As-Left Tolerance (ALT)

Module Algorithm

EQ and Functional Operating Environment

Safety Function/Other Functional Requirements

Function Duration

Normal Operation Upper Limit (NUL)

Normal Operation Lower Limit (NLL)

Operating Margin (OM)

Module Uncertainty (e%;): Equation 4.2.1
Channeil Uncertainty (CU): =~ Equation 4.2.2
Trip Setpo_int (NTSP): Equation 4.2.3 (for calculated functions; Equation 4.2.7)
Allowable Value (AV): Equation 4.2.4
. As-Found Tolerance (AFT): Equation 4.2.5
Operating Margin (OM): ‘Equation 4.2.6

©2012 Babcock & Wilcox Nuclear Energy, Inc. All rights reserved.
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411 Loop Diagram

The loop is diagrammed to identify the various modules and interconnection devices that make up the
instrument loop. If necessary, multiple channel diagrams are developed. A typical process measurement
channel diagram is shown in Figure 4.2. The diagram shown is used to include the interfaces, functions,
sources of uncertainty, and the instrument module environments. Although the figure shows a flow
measurement loop, the layout is generally applicable to temperature, level, pressure, and other parameter
measurements. )

A specified number of transmitters or sensors may be used to satisfy the requirements for redundancy
and reliability. If each independent instrument loop is functionally equivalent in terms of the types of
modules and environment, only one instrument channel diagram is needed. Each loop is analyzed and
arrangements and characteristics are compared to verify that all loops are identical. In this case, a single
calculation is valid for all of the loops.

Environmental boundaries are drawn for the channel as shown in the loop diagram. For simplicity, two
sets of environmental conditions are shown. The process measurement elements are usually located in
plant areas where a harsh environment may exist during the time the instrument loop must function. For
most channels, signal conditioning and actuation are located in mild environments.

4.1.2 Loop Function

The loop function is analyzed for its role in the system operation considering the following:

e functional requirements
e actuation functions

o display functions

s operating times

. postuléted environments

©2012 Babc@ck & Wilcox Nuclear Energy, Inc. All rights reserved.
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ENJRONVENT" A" (FLANT) | . - ENJFRCNVENT' B (QONTRCL. ROCM- ENURONVENTALLY OONTROLLEDARERS)

[6] OTHERUNCERTANTIES (OLRRENT LECE, LEEDVIFE ETQ

|
:

Figure 4.2: Typical Instrument Channel Layout

| ©2012 Babcock & Wilcox Nuclear Energy, Inc. All rights reserved.
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4.1, 3 Uncertalnty Analysrs

. Once the loop is dlagrammed as descnbed in Sectlon 4.1. 1 and the actuatlon functrons process and
environmental.conditions are established for each functron then the loop is evaluated uncertalntles '
calculated, limits ‘dre estabhshed and the tnp setpornt |s determlned ' ‘

This methodology |ncludes a ngorous rewew of the mstrument Ioop layout and deS|gn Each element of .-
uncertainty, for each module or device.is evaluated in detail-and the estimated loop uncertalnty is’ ‘
justified. Additional uncértainties that may apply to a particular instrument channel are accounted forin
determining the trip setpoint allowance. Not all of the uncertainties listed apply to every measurement ,
“channel. : The setpoint.is carefully establlshed with respect to the process analytlcal limit and the channel -
’ uncertamty : : = :

4.1.3.1 4 _Contnb_uting Un'certainties

The envnronment |s analyzed and classified as mild or harsh. The envrronment in any plant area is
.considered harsh if, because of postulated accrdents the temperature pressure, relativity humldlty,

: V|brat|0n (sersm|c dlsplacement) or radiation significantly increases above the normal conditions. A m|ld
envrronment is an environment that at no time is more severe, than the expected enwronment dunng
"“normal plant operatlon mcludlng antlcrpated operatronal occurrences. :

' ‘F‘or portrbns of the instrument channel that are Iocated:m a harsh.-e_nvironment, the accident process .. .
measurement effects are determined:(e.g., reference leg heat-up, density changes, radiation expoSure,‘ _‘
seismic-experience, etc.) and the uncertainties are’' determined. The most limiting uncertalntres )
‘ (temperature radiation, etc:) wil be appl|ed For portions of the instrument channel that are Iocated m a
- mild environment, the normal process measurement effects are identified and uncertainties are
_-determined. AII uncertalntles are rncluded as appllcable L :

After the envrronmental condrtlons are. determmed the potentlal uncertalntles affectlng each portron of the N
vchannel are identified. - ", o o ’

Uncertainties are classmed as random or non- random (Sectlon 3 2) ThIS determ|nat|on |s an mteractlve '
" process requiring the development of assumptlons and, where possrble verification of assumptrons '
based on actual data. The determination. of type of uncertamty establishes whether the SRSS method

! can be used or if the uncertalnty is to be added algebrarcally, ora combmatron of both Pl
Elements of uncertalnty for any module that are consrdered are lrsted below (not aII of the uncertalntres
listed apply to'every measyremerit channel). This list is not intended to be all inclusive but is typrcal for.
' lthe mstrument channel. Def|n|t|ons as approprlate are provided in Appendlx B. - .

. process measurements effect
. pnmary element accuracy

o drift
e temperature effects . L
¢ radiation effects o o CORE T S

" . static and ambient pressure effects -
o ‘overpressure effect :
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e measuring.and test equipment uncertalnty
e power supply effects

¢ - indicator reading uncertainty

e conversion accuracy

s seismic effects

e environmental effects — accident

e as-left tolerance

¢ as-found tolerance

e propagation of uncertainty through modules

41.4 Channel Uncertainty

Individual module uncertainties and other uncertainty terms .are comblned to determine the overaII
channel uncertainty (CU) using the equations shown in Sections 4.2.1 and 4.2.2, respectively.

As described earlier, the methodology used in this report to combine instrument loop uncertainties is an
appropriate combination of those groups that are statistically and functionally independent. Those
uncertainties that are not independent are conservatively summed algebraically creating a new, Iarger
independent uncertainty that are eligible for combination with other independent terms usrng the SRSS
method described in this report ]

As can be seen from the equations, process measurement effect (PM) and prlmary element accuracy e
(PE) are now accounted for." These parameters are considered mdependent of sensor and digital

process equipment parameters. The PM term provides allowances for the non-instrument related effects
such as velocity effects, fluid density changes, and temperature changes. If additional, independent and
random PM terms apply, they can be combined using the SRSS methodology. The PE term typically is a
calculated or measured accuracy for the device and accounts for the accuracy of the device being
installed in the process (e.g., nozzles, venturis, orifice plates, etc.). The primary element uncertainties are
typically considered to be random, unless explicitly stated by the manufacturer and are accounted for in .
the equatrons shown in Section 4 2.2 using the SRSS method : e

The process measurement uncertainty consists of both random and bias uncertainties. Random'PM
uncertainties are appropriately treated using the SRSS method.” PM bias uncertainties than cannot be
accounted for in the channel calibration (such as with a flow or level instrument channel) and eliminated,
are included in the bias term of the equations shown in Section 4.2.2.

Note that the CU also includes the module uncertainty (e) for each module. A “module” is defined inthis
methodology as any assembly of interconnecting components that constitutes an identifiable device,
instrument or piece of equipment. This includes any elements in the channel attributed to the dlgltal
system where there are random errors. :

As stated earlier, error propagation for signal conditioning modules (when they are selected and defined)
is combined using the guidance in ANSI/ISA-RP67.04.02-2000, Annex K (Ref. 6.3.2).

4.1.5 Trip Setpoint
‘The nominal trip setpoint (NTSP) and limiting trip setpoint (LTSP) are calculated using equation 4.2.3.
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. The trip setpoint (NTSP) cannot be establ'ished until the anélytical limit (AL) is defined by the safety
analysis. Any inherent margins in the analytical limit are quantified in the determination of the trip
setpoint. . '

The analytical limit is the limit of a measured or calculated variable established by the safety analysis for
the actuation of protective functions. Actuating protective functions at or before the analytical limit
ensures that the safety limit (SL) is not exceeded and design conditions of equipment/systems assumed
in other analyses are not exceeded. Analytical limits are developed from event analysis models that
consider parameters such as process delays, control rod insertion times, reactivity changes, instrument
response times, etc. :

The limiting trip éetpoint (LTSP) is the limiting safety system setting that accounts for all known channel
uncertainties associated with the instrument channel. The LTSP is determined from the AL and provides
reasonable assurance that the trip or actuation will occur before the AL is reached regardless of the
process or environmental pondiiions effect on the instrumentation.

The NTSP is established for normal plant operation by adding margin to the total channel uncertainty.
The margin associated with the establishment of the NTSP is discretionary based on engineering
judgment to add a level of conservatism. Typically, margin would be applied to account for such factors.
as conservatively rounding to the nearest engineering unit or accounting for any assumptions used in
determination of initial channel setpoints. The margin applied also takes into consideration the operating
range for. the instrument channel to ensure the trip setpoint is not established too close to the operating
range limits that may cause spurious channel trips. The margin applied adds conservatism to move the
NTSP farther from the AL and must.always be greater than or equal to the as-found tolerance to
guarantee the allowable value will never exceed the LSSS. By definition, the NTSP is equal to or more
conservative than the LTSP. A :

4.1.6  Allowable Value ; »
The allowable value (AV) is calculated using equation 4.2.4.

Periodic surveillance testing is required to verify the safety-related instrument channel performs as
required to protect the AL. The allowable value defines the maximum and/or minimum limits of
operability. It is the limiting value of the measured variable at which the trip setpoint or calibration setting
may be found during instrument surveillance to provide adequate assurance that the AL remains
protected. The allowable value is an LSSS specified in plant Technical Specifications. It is-used by the
plant to verify instrument channel operability at periodic surveillance intervals. ‘

The AV is a value that the trip setpoint might have when tested periodically and accounts for instrument
drift and other uncertainties applicable to normal plant operation associated with the test during normal ‘
plant operation including: instrument drift, reference accuracy, as-left tolerance from the previous
calibration and measurement and test equipment unceﬁainty. A setpoint found within the allowable value
region, but outside the as-found tolerance, is considered operable, but degraded. It is acceptable with
respect to the analytical limit; however, the.instrument’mus't be reset to return it within the allowed as-left
tolerance region (see definitions). A channei setpoint found outside the allowable value region is
declared. inoperable and an evaluation of acceptable channel functionality is performed. The channel is

©2012 Babcock & WiIcox‘NucIear Energy,vlnc. All righfs reserved.
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required to be calibrated to return the setpoint within the acceptable tolerance range. Plant-specific
procedures will maintain and track the results of the periodic surveillance test procedures and the
historical as-found and as-left data obtained during surveillance testing. These data will be evaluated to
confirm the assumptions for instrument channel drift and uncertainty data remain valid.

4.1.7  Calculated Functions (Composed Points)

Channel uncertainties for calculated functions or composed points (input points where two or more
signals are combined) are calculated using the methods described in ANSI/ISA-RP67.04.02-2000, Annex
K (Ref. 6.3.2). For these points, the most limiting safety margin assigned to each input parameter is
normalized (converted to the appropriate engineering units) and then summed together. The resulting
total safety margin (TSMY'is then used to determine NTSP.
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4.2 Equations

Equations that are used in preparatron of calculations in ‘this' methodology are shown in the folIowrng

sections.

' 4.2.1  Module Uncertainty.

e’ = +(RA™DR*TE*+HE+RE*+PS*+SP*+OP*+SE2+ TEAZ+REA’+EP?+ ALT2+MTE2+R?)'2 + B

+

= (RAH DR+ TE?+HE*+RE*+PS*+SP*+OP*+SE*+TEA+REA’+EP%+ ALTZ+MTE*+R?)"? - B°

Where:

fen ='

DR = =

HE - =-

RE =~ =
PS =
SsP =

oP =
SE =

TEA . =

'REA =

EP =
ALT . =

MTE L=

Total module uncertalnty When all module uncertainties are combined to calculate the
channel uncertainty, CU the random: portion of the “e,” terms is placed under the square
root radical and the bias portions are combined algebraically. -
Sensor reference accuracy specified by the manufacturer

Drift of the sensor over a specific penod Thls has hrstoncally been the dnft specmed by
the.manufacturer. :

Temperature effect for the sensor the effect of amblent temperature varlatlons on the
$énsor.accuracy. :

Humidity effect for the sensor; the effect of changes in amb|ent humldlty on senisof

~accuracy, if any.

_ Radiation effect for the sensor; the effect of radiation exposure,on sensor accuracy.

Power supply variation effects; the uncertainty. due to instrument pOWer sUppIy variations.

Static pressure effects for the sensor; the effect of changes in process static pressure on:

sensor accuracy.

Overpressure effect the effect of over rangrng the pressure sensor of a transmltter
Seismic effect for the sensor; the effect of selsmlc or operatronal vibration on the sensor

' accuracy.

Temperature effects during accidents; the uncertalnty effects of adverse conditions due to
temperature on the instrument channel during a design basis accident.

Radiation effects durrng accrdents ‘the effect of adverse radiation enwronments on the ‘
mstrument channel during a design basrs accident. : . o

The error of a specmc mstrument that is assocrated wnth ambient pressure variations.

3 Callbratron setting tolerances for the sensor; the uncertalnty associated with callbratron

tolerances.

-Measurement and test equipment effect for the sensor; the uncertainties in the equipment

utilized for calibration’of the sensor. v
Readability error associated with display functions.

Bias associated with the sensor, if any.
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Note that the possible sources of uncertainty above only include those associated with the sensor.
Similar terms for signal isolators, indicators, bistables or other signal conditioning instruments can be
combined in similar fashion to obtain an overall uncertainty expression for an entire instrument loop. The
random uncertainty terms would be included with the sensor random terms within the square root term.
The bias terms are combined according to their direction outside the square root radical.

Error propagation for signal conditioning modules (when they are selected and defined) is combined
using the guidance in ISA-RP67.04.02-2000, Annex K.

4.2.2 Channel Uncertainty
CU+ = +(PM*+ PE* + &%+ ..... +&,9)" + B+
CU- = -(PM? + PE? + &%+ .....+e,9)"? - B-

Where:

Cu =  Total channel uncertainty (For the purpose of this methodology, the uncertainty is
calculated for a setpoint(s). It could also be the uncertainty for an indication function
or a control function. Because each function typically uses different end-use
devices, the channel uncertainty is calculated separately.for each function.)

PM = Random uncertainties that exist in the channel’s basic proéess measurement.

PE = Random uncertainties that exist in a channel’s primary element, if present, such as
the accuracy of a flow orifice plate. '

€49...€, =

Total random uncertainty for each module in the loop from Module 1 through
Module n. :

B+ is positive bias, and B- is negative bias.

4.2.3 Trip Setpoint

LTSP=AL-CU (increasing process)
LTSP = AL + CU (decreasing process)

NTSP = AL -"('CU + Margin) (increasing process)
NTSP = AL + (CU + Margin) (decreasing process)

Where:
LTSP = Limiting trip setpoint.
NTSP = Nominal trip setpoint.
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AL g : 'Analytlcal fimit. 7 7 .

. Ccu .= Trip setpomt uncertain_ty (the channel uncertalnty for the bistable).
Margln = Amount chosen for conservatism Note that when the trip setpoint is very close to

" the system’s normal operatlng point, the margm may be very small or Zero. The -
.. -applied margin must always be greatér than or equal to the as-found tolerance to
: ‘guarantee the AV will never exceed the LSSS :

424 Allowable Value ., -
AV = NTSP + AFT1or

_ Where: ‘

AV © ‘= Allowable value.
-NTSP . = - Trip setpomt :
AFTror = Total as found tolerance for the entire mstrument channel

To protect agalnst potentlal masklng of eqmpment degradat|on durlng per|od|c survelllance testlng no .
_ marginis included as part of the AV determlnatlon and the AFTTOTIS applled as a double-3|ded band
around the NTSP. . } e . :

AFTTOT determination includes consideration of all channel AFT uncertalntles pertalnlng to the callbratlon
belng performed Therefore when consrdenng AV, AFTTOT is based on;

AFTTOT = + (AFT1 + AFT2 +++ AFT )1/2
Where: ’. B ‘

AFT, = .. as-found tolerance for module “n” (see 4.2.5).

425 As-Found Tolerance
The as-found tolerance (AFT) is the module uncertamty as dlscovered during module callbratlon .
Therefore, it does not include 'uncertainties due to harsh enwronment .or process measurement and does
not include primary element uncertainty. AFT includes consideration at a m|n|mum of reference accuracy .
(RA), drift (DR), and as-left tolerance (ALT) uncertainties. Thé as-left tolerance (ALT) i is:also referred to-
as “calibration tolerance in ANSI/ISA-S67. 04.01 2000 (Ref. 6. 3. 1) or. settmg tolerance in RlS 2006 17
(Ref 6. 2 4)
The ALT is specmed asa double sided band around the NTSP Dependlng on the condltlon of the as-
found values for the NTSP, plant specific procedures will d|rect the operablhty determmahon and :

WY
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requirements for channel calibration or maintenance. The ALT typically is based on the reference
accuracy of the module being calibrated; however, depending on the particular instrument loop in
question, the limitations of the calibration procedure or need to minimize méinfenanee time, the
magnitude of the ALT may be specified as a smaller or larger value in the specific calibration procedure.
In this case, if the ALT used in the procedure differs from the reference accuracy specified by the vendor,
the ALT would be included as a separate, explicit term in the setpoint calculation. Thus, in the equation
to determine AFT,, the as-left term is included as a bounding method to account for cases where not all
attributes of the reference accuracy rnay veriﬂed in the particular calibration procedure.

Determination of the AFT may also include measurement and test equipment uncertainty if the equipment
contributes errors greater than one tenth of the measurement uncertainty (refer to Section 3.5). For some
modules, it may be necessary to include additional uncertainties (e.g., TE may be mcluded in the

* determination of AFT if a change in the calibration environment occurred).

Therefcre:

AFT, = + (RA,” + DR, + ALT,? + MTE,?)"”

Where:
AFT =  As-found tolerance (any typical module)
n = Module “n”
‘RA =  Device reference accuracy.
DR .= Device allowance for drift.
CALT . = As-left tolerance
“MTE = Measurement and test equipment effect

The AFT is evaluated to determine if the instrument needs to be reset after calibration or, if outside of the
tolerance, requires further investigation as to its operability. The as-found readings also provide data for
establishing actual instrument drift. In accordance with RG 1.105 (Ref. 6.2.1) and BTP 7-12 (Ref. 6.2.2),
plant specific procedures are required to track, trend and maintain the results of periodic surveillance
testing (i.e., the as-found and as-left values for sensors (as applicable) and modules associated with the
instrument loop) for proper management of instrument uncertainties including drift.

Table 4.2 shows the various conditions to consider during surveillance testing of the instrumentation
channel and are consistent with RIS 2006-17 (Ref. 6.2.4). : -
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Table 4. 2; lnstrument Operablllty During Periodic Survelllance Testlng

As-found NTSP During Status of Channel Operability -
Surveillance Testing and Required Actions

As-found NTSP within ALT (Region A of Channel is operable, no action required: The reeutts are .
Figure 5.1) . tracked by plant procedures for historical trending.‘ :

As-found‘NTSP ,outsidevof ALT band, but Channel is operable recallbratlon is necessary to restore
within AFT band (Region B of Figure 5.1) | the NTSP within the ALT . .

Increasing process:
As-found NTSP is conservative with
respect to the AV (NTSP < AV) but
outside AFT band (Region D of Flgure

5. 1) or , Channel is inoperable. Recalibration is necessary to
L restore thé NTSP within the ALT and evaluation’ of channel .
Decreasmq process: - ) functlonallty is reqwred

As-found NTSP is conservative with -
. respect to the AV (NTSP > AV) but
. outside AFT band:

: , : S _ Channel is inoperable. Recalibration is necessaryto = = -
As-found NTSP non-conservative to the ~ | restore NTSP within the ALT, and evaluation of channel

‘| AV (Region C of Figure 5.1) - - functionality is requwed to return channel to an operable
) ' status. . ,,

The uncertamty for drift is typlcally obtalned for the sensor from manufacturers in terms of X% URL over Y .
period of time. Since drift is assumed to be random, the gwdance prowded in ANSI/ISA-RP67 04. 02-.
© 2000 (Ref.6.3.2) applies i in calculating the SRSS of the |nd|V|duaI drift perlods between’ cahbratlons as
shown in the example prowded below ‘ '

.DRTOT—+(DR.m1 + DR jnz* + .+ DR )“? :

Where DRTOT is the drift for the total survelllance |nterval and DR.mn is the drlft for the time |nterval
.spemf' ed by the manufacturer v o . Lot :

For the B&W mPower reactor, the surveillance and calibration intervals are determined as part of the -
development of the reference technical specifications. Determination of surveillance and calibration
intervals takes into account the uncertalnty due to instrument drift as described. in this report such there |s '
reasonable assurance that the plant: protectlon system instrumentation is performing as expected ‘ '
between the surveillance intervals. Plant-specmc procedures will contain required methods to evaluate
the.historical performance of the drift for each instrument channel and confirm the surveillance and
calibration intervals do not exceed the assumptions in the plant safety analysis. The guidance contained
in Generic Letter 91-04 (Ref. 6.2.5) may be used to evaluate and determlne the acceptable surveillance -
and callbratlon intefvals for each instrument channel. ] .
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426 Operating Margin N ' L I

Operatlng margln (OM) is reqmred betweén the setpomt and the normal upper ‘or Iower limit, as",
applicable, to av0|d spunous channel tnps during normal operatlon e

OM = NTSP —-ANUL" (increasing setpcint)
OM = NLL —NTSP (decreasing setpoint)

'Wher‘e:,
OM L= Qperating margin.
~NTSP = Tripsetpoint. - _
NUL . =+ ’Normal operating upper limit.
NLL -~ .> = _.Normal operéting»lcwer limit.

427 Calculated Functions - T

Total safety_rnarginr('_rSM) = (safety margm Ax KA) (safety margln B x KB) '(sa,f'ety' margin n x Kn)l_

' [

Where:

A, B, .nare process measurement |nputs to the caIcuIated function.

Safety margin is a discretionaryvalue determmed by engineering judgment. Margln is applled to
accommodate’ normal expected condltlons between survelllance intervals (e.g., drift). The applled margln“
must ensure that NTSP.+ AFTo7 does not exceed the aIIowabIe value. The m|n|mum margin prevents

. expected channel drlft from exceedmg the AV. : ‘

‘

’ KA, KB,. Kn are constants used to normalize éach parameter to the englneenng unlts of the functlon ' ‘
setpoints.” : :

Then:

© NTSP = AL £ (CU +TSM)
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5. S‘UMMARYICONCLUSIONS -

The results of the ealculatlons are docUmented in accordance with controlled plant proceduree with -
adequate detail so that all conclusions are fully understood. The' relatlonshlps of the various uncertalnty
terms tnps margins, and operating values are diagrammed in Figure 5.1.

-
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Plant Safety Analysis and Desian Basis
SAFETY LIMIT (SL)
| ANALYSIS MARGIN, TRANSIENT RESPONSE,
MODELING ERROR, RESPONSE TIME, ETC.
ANALYTICLIMIT = & = & e e e e e
(AL) / |
CHANNEL
UNCERTAINTY (CU) <
[Equation 4.2.2] |
Periodic Surveillance Testing
LIMITING TRIP ‘
SETPOINT (LTSP) Ny
[Equation 4.2.3] -
1 ALLOWABLE VALUE (AV)
MARGIN < A [Equation 4.2.4]
(NOTE 1) \‘
TRIP SETPOINT (NTSP) Ly | _ASLEFT bl slsihagind
[Equation 4.2.3] T .- TOLERANCE | TOLERANCE BAND +(AFTor)
- (ALT) [Equation 4.2.5]

NORMAL
OPERATING MARGIN (OM) -<
[Equation 4.2.6] |

NORMAL OPERATING _ ~y
UPPER LIMIT (NUL) s

OPERATINGRANGE <

- \X

v
SYSTEM SHUTDOWN

ILLUSTRATION SHOWN FOR
PROCESS PARAMETER
INCREASING TOWARD SETPOINT
AND IS NOT DRAWN TO SCALE

w REGION A: Channel is operable, no
calibration is required.

REGION B: Channel is operable, but
degraded. Recalibration is required and must
be evaluated for proper functionality.

REGION C: Channel is inoperable.
I8 Recalibration is required and must be evaluated
for proper functionality.

REGION D: Channel is inoperable.
[ Recalibration is required and must be evaluated
for proper functionality.

NOTES:

1. There is no set value for margin that is applied to the
CU to determine the NTSP. This margin of safetyisa -
discretionary value based on engineering judgment to
add conservatism when determining the NTSP, to ensure
protection of the analytical limit. The applied margin
must be greater than or equal to the as-found tolerance
to ensure the AV never exceeds the LSSS.

Figure 5.1: Setpoint Relationships — For Increasing Setpoint (Similar for decreasing setpoint, but

process is decreasing towards the setpoint).
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Appendix A - Example Setpoint Calculation for a Safety-Related Pressure Channel
Purpose

This section presents an example to demonstrate the apphcatlon of this setpomt methodology for the

. determination of the.nominal trip setpoint (NTSP), limiting trip setpoint (LTSP) and allowable value (AV)
based on the analytical limit (AL ) for a typical safety-related instrument channel. For this example, a
safety-related system pressure channel is used for an increasing process. The safety analysis:
established a safety limit for high system pressure for an increasing process: The.establishment of trip -
setpoints using this methodology will establish the LTSP to verify the limiting safety system setting (LSSS)
is satisfied and ensure the safety limit is protected.

"Loop Characteristics and Assumptions

The analytical limit for'this example pressure channel is 1047.0 psig, which is based on the plant safety
analysis. The example pressure channel.protects a high safety-related pressure limit and has a span of
100-1200 psig, with an upper-range limit of 1500 psig. The process conditions are such that the normal
upper limit of the process signal for this loop is 892 psig. The simplified loop consists of two modules: the
pressure transmitter and the plant protection layer digital reactor protectlon system. The pressure
transmitter is located in a mild environment in the reactor service bundlng and the digital reactor
protection system is located in an environmentally controlled electrical equrpment room. The
assumptions for th|s example instrument loop are:

e The sensor is located in a m|Id environment not subject to excessive temperature, humrdlty, pressure
or radiation.

e MS&TE errors are bounded by administrative plant procedures to be less than one- quarter of the total
reference accuracy. :

¢ There are no known interdependencies between individual component errors for the Ioop All random
uncertainties will be treated as independent.

e There are no known biases associated with this mstrument channel. -

¢ The uncertainty associated with process measurement effects (PM) and primary element (PE) effects
are negligible for this channel and will not be considered. g

* The inter-connection wiring uncertainty contribution is assumed negligibie.

¢ The uncertainty related to drift is obtained from the manufacturer and is confirmed to be consistent
with the required survelllance interval. T

e The reference accuracy for the instrument as provided by vendor is 0.25%, WhICh is less than the
typical as- -left tolerance settmgs in the specific plant calibration procedures Therefore, the as-left
tolerance of 0.50% will be treated as a separate term (refer to Section 4.2. 5) asa bounding case to
minimize marntenance time. .
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The example loop ctiagram for this instrument channel is shown in Figure A.1.- '

Plant Protection Layer
Digital Reactor Protection

- System
Module 1 | " Module2
Reactor Service Building S Electrlcal Equrpment Room
(mild enwronment) B . (mild environment)

Figure A.1: Example Loop Dlagram for Safety-ReIated Instrument Channel

The apphcable uncertalntles to the pressure transmltter mclude reference accuracy, drlft power supply
effects, and as-left tolerances resulting from the channel calibration; measurernent and test equipment
uncertamtles, and enwronmental effects. AII other uncertalnty effects are not applicable for this example.

The pressure sensor is Iocated in a mild environment. The terms for RE, TE SE and HE are comblned
into an overall environmental uncertamty effect (EE) and conservatlve|y set at 2.5%.of span. Th|s is

confirmed to be: conservatlve W|th respect to data reported by the manufacturer :

Sensor Module Unéerta'intv. €

Equation 4.2.1 is simplified into the follcwing for the transmitter module unce'rtaihty, e1; n
e = (RA12+!5R;12+PS12+ALT12+MTE12 +EE)"

. ‘Diqttal Reactor'Prctectibn Svstem"ModuIe Uncertainty, e,

The digital reactor protectaon system (RPS) conS|sts genencally of an input processing module, logic
processing module, and output processing module. For S|mpI|C|ty, these three sub-systems are
" considered-as one, single mtegrated system with respect to system uncertainties of the RPS. The system
.. cannot be calibrated; therefore, the only applicable uncertainty is the overall system reference accuracy ,
for the digital RPS specified by the vendor Equatzon 4. 2 1 is simplified into the foHowmg for the d|g|tal
RPS module uncertalnty, ey

o= (RAZ)"®
Calculation of Total Channel Uncertainty*I ;CU

The overall channel uncertalnty is determined using equatlon 42.2. Slnce PM and PE are not appllcable
the total channel uncertalnty is determined as follows: "

cu ;(e1 +e22)”2‘ _
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CU= (RA12+DR121'PS12+ALT12.+MTE12 + EE12+RA22 ) 12 -

The parameters for the instrument channel span and range are shown in Table A.1. The parameters for
RA,, DRy, PS;, and RA, are typical values specified by the manufacturer. The uncertainty for MTE, is
assumed to be one-quarter of the total reference accuracy of the sensor and is controlled by
administrative procedures. The as-left tolerance is governed by administrative procedures to be no )
greater than 0.5% of the span for the instrument channel (see assumptions).

Table A.1: Example Instrument Channel Uncertainties

_ | % span I psig
‘Sensor (e,) I

RA; 0.25% 2.75

DR, 1.25% 13.75

PS, . 0.05% | 0.55

-ALT, 0.50% 5.50

MTE, 0.06% 0.69

*EE, - 2550% | -27.50
‘Digital RPS (e,) .

RA, [ 0.10% 1.10

The uncertainties from Table A.1are used tocalculate the total channel uncertainty. Usmg the equatlon
- for CU, the resultmg calculation is:

CU = 31.4 psig, (2.85% span) .

LTSP and NTSP are determined as follows for an increasing process using equation 4.2.3. A margin of
5.0% of span (55 psig) is applied in accordance with Section 4.2.3 to the NTSP, which is based on
engineering judgment to include room for initial assumptions used in the calculation uncertainties and to
account for rounding errors. The LTSP is the LSSS used in the plant technical specifications that protects
“the AL to satisfy 10 CFR 50.36. The applied margin must ensure that NTSP + AFT1or does not exceed
the allowable value. The minimum margin prevents expected channel drift from exceeding the AV.

LTSP = AL - CU = 1047.0 psig — 31.4 psig = 1015.6 psig

_ ANTSP = AL - (CU +Margin) = 1047.0 -.(31 .4 psig + 55.0 psig) =960.6 psig

In determining the allowable value, the as-fbund to‘ler‘ance for both modules is considered and equation
4.2 4is used to calculate the total as-found value for the instrument channel. Since the digital RPS

cannot be calibrated, the only applicable component for AFT; is the reference accuracy.

AFT; = (RA + DR;? + ALT{? + MTE)" ; AFT, = (RA,%)'"
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AFTTOT =z (AFT1 + AFT22)”2

AFTror=1t (RA1 + DR1 + ALT1 +MTE >+ RA )1/2
Substltutmg the numerical values from Table A.1, the as-found tolerance value is:

AFT_TOT': 115,1 psig, (¥1.37% span)

With the value for the total channel as-found tolerance the allowable value is now calculated usmg “
equatlon 4.2.4. The channel setpornt is confirmed during penodlc surveillance testmg to ensure it
- remains within the AV to ensure the LTSP remains satrsfled '

AV = NTSP x AFTTOT = 960 6 psrg + 15.1 psig = 975.7 psig ( t); 945. 5 psig (-)

The double-sided band for the AV ensures (1) the SL-is protected', and (2) ensureé‘any equipment.
degradation is-identified and corrected. s a

The operating margln ié calculated using equation 4.2.6 and ensures that sufficient operating margin
exists to minimize and prevent spurious channel trips should the NTSP drift. Margin is applied to
accommodate’ normal expected conditions between surveillance mtervals (e g., drift).

' ’OM = NTSP -~ NUL (mcreasrng setpomt) .960.6 pS|g 892. 0 psrg 68 6, psig.

' The relatronshrps between the analytlcal limit and calculated setpornts for this channel are lllustrated in
'Frgure A2. :

AL = 1047.0 psig

CU = 31.4 psig’ J

| LTSP =1015.6 psig

LSSS ——> >=
: | AV=975.7. psig
Margin2AFTror <
=55.0 ceig . ATy 9661 pSIQ
’ 4 NTSP =960.6 psig === NN P
) ” T N . ALT =+ 5.5 psig AFTror=t 15.1 psig
. -I'-T(— 955. -psr- v
AV=945.5 psig _

: > Operatlng Margrn 68. 6 psig

3 )

. }Nbrmalbperating_Range .

NUL = 892.0 psig

Figure A.2: Relationships ‘betweeri analytical.limit and calculated setpoints
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Appendix B - Definitions '

The definitions herein are mostly derived from ANSI/ISA-S67.04.01-2000.(Ref. 6.3.1) and its references.
Additional definitions for terms specifically used in this methodology are also included.

95/95: A standard statistics term meaning that the results have a 95 percent probability W|th ag9s percent
confidence level.

Allowable Value: The limiting safety system setting for nuclear reactors is the automatic protective
device value for variables having significant safety functions. Itis the value that the trip setpoint or
calibration setting may have when tested periodically, beyond which appropriate action shall be teken.
(ANSI/ISA-S67.04.01 2000) The allowable value defines the maximum and minimum limits of =~
operability. It is the limiting value of the measured variable at which the trip setpoint or calibration settlng
may be found during instrument surveillance to provide adequate assurance that the analytical limit
remains protected.

Analytical Limit: Limit of a measured or calculated variable established by the safety analysis for the
actuation of protective actions. Actuating protective actions at or before the analytical limits ensures that
the safety limit is not exceeded and design conditions of equipment/systems assumed in other analyses
-are not exceeded. Analytical limits are developed from event analysis models that consider parameters
such as process delays, rod insertion times, reactivity changes, instrument response times, etc.

As-Found: The condition in which a channel or a portion of channel is found after a period of operation
and before recalibration (if necessary) (ANSI/ISA-S67.04.01-2000). The as-found value is compared to
the allowable value to determine channel operability.

As-Found Tolerance: The tolerance allowed in accuracy between calibrations of a device or group of
devices. The as-found tolerance establishes the limit of error the defined dev[ce can have and still be.
considered functional, beyond which additional evaluation may be required.

As-Left: The condition in which a channel, or portion of a channel, is left after calibration or a surveillance
check.

As-Left Tolerance: The tolerance that establishes the required accuracy band that a device or group of
devices must be calibrated to-and remain within to avoid recalibration when periodically tested. If an
instrument is found to be within the as-left tolerance, no further calibration is required for the instrument
and calculations should assumie that an instrument might be left anywhere within this tolerance.

. Bias: An uncertainty component that consistently has the same algebraic sign and is expressed as an
estimated limit of error. Bias is defined in ISA-RP67.04.02-2000. Bias terms are the fixed or systematic
uncertainty components within a measurement and are not generally eligible for square root of the sum of
the squares combinations. Sometimes they can be removed, in which case they are not accounted for in
the uncertainty calculation since they can be compensated for in the scaling of the instrumentation. Any
blas effects that cannot be calibrated out are accounted for in the uncertainty calculatlon
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Bistable: A device that changes state When rt reaches a preselected signal value.

Channel Uncertainty: The total uncertainty at a designated point in the channel. The channel uncertainty
can be calculated for any point in a channel from module '1' to module 'n’, as needed. Dependlng on the
loop configuration, this uncertainty could apply to actuation or indication. .

Control Loop: A gr_ou'p of interconnected instruments that measures the process variable, compares that
value to a predetermined desired value, and applies to the process variable any change necessary to
make the process value match the desired value. '

Drift: An undesired.change in output over a period of tlme where change is unrelated to the |nput
environment, or load (ANSI/!SA—SG? 04.01-2000).

External Pressurization Effects: The error of a specific instrument that is associated with ambient
pressure variation.

Harsh Environment: The environment in any plant area that'is considered to be harsh as a result of .
postulated accidents if the temperature, pressure, relativity humldlty, or radratlon significantly i rncreases
above the normal conditions.

Humidity Effect: The change in |nstrument output for a constant |nput when exposed to varyrng Ievels of
ambient humidity. o

Hy‘s'teres‘is: The difference between upscale and downscalé results in‘instrument response when
subjected to the same input approached from the opposite direction.

Independent: independent events, in statistics, are those in which the probability of all occurring at once
is the same as the product of the probabilities of each occurring separately. The uncertainty components
are independent of each other if their magnitudes or algebraic signs are not significantly correlated. In
setpoint determination, independent uncertainties are those for which the sign or magnitude of one
uncertainty does not affect the sign or magnltude of any other uncertainty.

Indicator Readlng Uncertalnty The uncertamty associated W|th readlng an indicator (or recorder) due to ‘
resolution and parallax distortion error. Typically, this is applled to analog indicators. For equupment that
has a digital dlsplay or readout this error is usually considered to be negligible.

Instrument Channel: An arrangement of components and modules required to generate a single .
protective action or indication signal- when required by a generating plant condition. A channel loses its - -
identity where single protective action signals are combined.

Insulation Resistance Effect: The change in signal caused by a low-insulation resistance of an
interconnecting device or.cable. The insulation resistance effect accounts for biases imposed in a Ioop
due an increase in leakage current between the conductors of instrument signal transmission
components such as signal cables, connectors, splices, terminal block, containment penetration, etc. The
increased leakage is caused by the decrease of component insulation resistance due to extreme changes
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in environmental (e.g., elevated temperature and humidity) conditions and is treated as bias. Leakage
currents are negligibly small under normal, non-accident conditions. Therefore, the insulation resistance
effect is only considered credible during an accident environment. This term is used only in determining
instrument channel uncertainty-under high-energy line break or loss-of-coolant accident conditions. -
Additional guidancé is provided in ISA-RP67.04.02-2000 for determination of insulation resistance.

Limiting Safety System Setting: The same as allowable value. Limiting safety system settings for
nuclear reactors are settings for automatic protective devices related to those variables having significant
safety functions (ANSI/ISA—SG7.04_.01—2000). Where a limiting safety system setting is specified for a
variable on which a safety limit has been placed, the setting must be so chosen that automatic protective
action will correct the abnormal situation before a safety limit is exceeded. The limiting safety system
-settings are values defined in the plant Technical Specifications, which determine equipment operability.

‘Limiting Trip Setppint: The limiting trip setpoint is the limiting setting for the channel trip setpoint
considering all credible instrument errors associated with the instrument channel such that a trip or
actuation will occur before the analytical limit is reached, regardless of the process or environmental
conditions affecting the instrumentation. . :

Margin: An additional allowance added to the instrument channel uncertainty to allow for unknown
uncertainty components. The addition of margin moves the setpoint further away (more conservatlve)
from the analytical limit or nominal process limits. This is a discretionary value added to protect the
analytical limit, prevent spurious trips, or both, or other reaSon to add conservatism to the calculation.

Measurement and Test Equipment Uncertalnty Uncertalntles of the measurement and test equ:pment
used during the calibration of a device or multiple devices i in an instrument loop. .

Mild Environment: An environment that is never more severe than the expected environment during
normal plant operation, including anticipated operational occurrences.

Module: Any assembly of mterconnectmg components that constitutes an identifiable devrce mstrument
or piece of equipment. A module can be removed as a unit and replaced with a spare. It has deflnable .
performance characteristics that permit it to be tested as a unit. A module can be a card, a draw-out -
circuit breaker or other subassembly or a larger device, provided it meets the requirements of this
definition.

Module Uncertainty: The total uncertainty attributable to each module that makes up the loop from
module ‘1’ through module 'n’. This uncertainty consists of both random and non-random (bias) terms.

' Normal Process Limit: The high or low limit, beyond which the normal p.ro'cess parameter should not
vary. Trip setpoints associated with safety-related functions not having analytical limits established in the
accident analysis and non-safety related functions might be based on the normal process limit.

Normal Operation Lower Limit: The minimum value the process parameters may attain during normal
operation that will not result in occurrence of an alarm, protectlve trip or abnormal plant condition.
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Normal Operation Upper Limit: The maximum value the process parameters may attain during normal -
operation that. will not result in occurrence of an alarm, protective trip or abnormal plant condition.

Operating Margin: The allowance between the trip setpoint and the normal operation upper or lower limit
that is determined necessary to avoid inadvertent trips from process noise, normal transients and normal
measurement uncertainties. The operating margin encompasses the range of operating conditions to
which a device may be subjected without impairment of designed operational characteristics.

Overpressure Effect: The effect of over ranging the pressure sensor of a transmitter. '

Power Supply Effect: The uncertainty attributed to variations in normaliy expected power supply output
voItage

Primary Element Accuracy: The accuracy of the device installed in the process being measured. It is
the measurement error of a primary element (excluding associated transmitter) that is in contact with a
process resulting in some form of interaction (e.g., this parameter is generally limited to use in flow
elements). . '

Process Measurement Effect: The uncertainty that accounts for variations in actual process conditions
(not attributable to the measurement device) that influence the measurement, such as temperature
stratification, density variations, pressure variations, etc. :

Radiation Effect: The uncertainty attributed to radiation exposure. Most instruments (excluding post
accident monitoring) are designed to perform their trip functions before harsh radiation conditions are ,
established; however, the environmental data must be evaluated and it must be shown in the calculation
that the radiation level for trip conditions is below the threshold for radiation induced error. It is a random
error obtained from vendor’s functional speciﬁcations or qualification data.

Random Variable: A variable whose value at a particular future instant cannot be predicted exactly, but .
can only be estlmated by a probability distribution function.

Reference Accuracy: A number or quantity that defines the limit that errors will not exceed when the
device is used under reference operating conditions. In this context, error represents the change or
deviation from the |deal value. Reference accuracy includes, as a minimum, repeatability, hysteresis, and
linearity.

Repeatability: The ability of an instrument to produce exactly the same result every time it is subjected to
the same condltlons

Safety Limit: A I|m|t onan |mportant process variable that is necessary to reasonably protect the |ntegr|ty
of physical barriers that guard against the uncontrolled release of radioactivity.

Seismic Effect: The uncertainties caused by the vibration associated with an earthquake. This effect is
only considered if the device must function after a seismic event and its value is based on instrument
qualification data by the vendor. This is generally a random independent error.
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Sensor: The portion of a channel that responds to changes in a process variable and ¢onverts the
measured variable into an instrument signal (ANSI/ISA—SG? 04 01-2006); for example an electnc or
pneumatic output.

SRSS: Square root of the sum of the squares used to combine random uncertainties.

Static Pressure: The steady-state pressure applied to a device.

Static Pressure Effect: The change in instrument output for a constant input when measuring a
differential pressure and simultaneously exposed to a static pressure. ‘

Span: The algebraic difference between minimum and maximum Fange value of the instrument in service.

Temperature Effect: The change in mstrument output for a constant input when exposed to dlfferent
ambient temperatures.

Total Safety Margin: The algebraic sum of the uncertainties, normalized to the appropriate engineering
units, resulting from the combination of two or more signals. : :

Trip Setpoint: The desired value of the measured variable at which an actuation occurs. -

Uncertainty: The amount to which an instrument channel’s output is in doubt (or allowance made
therefore) due to possible errors, either random or systematic. The term is generally identified within a
- probability and confidence level (ANSI/ISA—867 04 01-2006) and is generally identified in terms of a -

" percentage of the span of the mstrument
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