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Dear Mr. Vine:
The staff is reviewing Topical Report TR 104965, "On-Line Monitoring of Instrument Channel
Performance," which you submitted on September 22, 1998. The staff agreed at an August 31,
1999, meeting with representatives of the Electric Power Research Institute (EPRI) to issue a
safety evaluation (SE) by December 31, 1999, unless new concerns were identified. During a
followup telecon on September 22, 1999, the staff told EPRI that generic technical specification
changes proposed by the topical report appear to be incomplete and incorrect. The staff also
told EPRI that in addition to a few stipulations suggested in the topical report, the final SE may
contain additional stipulations, which are not yet final at this stage of the review. The EPRI
representative requested the staff to notify EPRI about these additional stipulations so that
EPRI could possibly resolve them before the final SE was issued. Enclosed is a draft copy of
the SE identifying all possible stipulations that must be addressed by licensees to implement
recommendations of the topical report. EPRI is welcomed to discuss the proposed stipulations
with the staff during meetings at the NRC Headquarters if EPRI desires.
The staff requires that appropriate Standard Technical Specifications (STS) be approved for
issuance with the topical report SE. The STS shall be consistent with stipulations described in
the SE. Since the staff is engaged with the industry in an ongoing effort to revise the STS, the
staff believes EPRI should take the lead and work with representatives of the Nuclear Energy
Institute (NEI) Technical Specification Task Force in preparing proposed STS for staff review
and approval. The staff believes the proposed technical specification changes should reflect
the related stipulations listed in the SER, which shall include, but not be limited to, operability
and test/calibration requirements of the on-line monitoring system, a TS specified limit for
maximum deviation observed during on-line monitoring, and calculation requirements for values
in their zones of acceptance criteria.
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Please contact me at (301) 415-1419 if you have any questions.
Sincerely,

Lenoard Olshanj Project Manager, Section 1
Project Directorate II
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
Project No. 669
Enclosure: Draft Safety Evaluation
cc w/encl:
Mr. James F. Lang
Electric Power Research Institute
Post Office Box 217097
1300 W. T. Harris Boulevard
Charlotte, NC 28262
Mr. Bindi Chexal
Electric Power Research Institute
Post Office Box 10412
Palo Alto, CA 94303
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DRAFT SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
APPLICATION OF ON-LINE PERFORMANCE MONITORING TECHNIQUE
TO EXTEND THE FREQUENCY OF THE INSTRUMENT CHANNEL CALIBRATIONS
REQUIRED THE TECHNICAL SPECIFICATIONS, EPRI TOPICAL REPORT TR - 104965
1.0

INTRODUCTION

In a letter dated September 28, 1998, the Electric Power Research Institute (EPRI) submitted
Topical Report (TR) 104965, "On-Line Monitoring of Instrument Channel Performance," for
NRC's review and approval. The topical report proposes a new generic approach for
monitoring instrument calibration(s) during normal plant operation by using an on-line
monitoring technique with a calibrate-as-required approach. Basically, the report proposes to
allow commercial nuclear power plant licensees to use the on-line monitoring as a calibration
assessment tool for extending the frequency of the instrument channel calibration required by
the Technical Specifications (TS). Therefore, implementation of the proposed on-line
monitoring system at any plant will require an amendment to its operating license.
TR 104965 shows that the proposed on-line monitoring process involves obtaining real-time
instrument performance data in a non intrusive manner and incorporating these data with field
calibration results to verify whether the monitored instrument channel's performance is within
acceptable limits. The topical report states that the proposed on-line monitoring technique
could identify a degraded channel and, therefore, could initiate the operability assessment
process for the monitored instrument channel.. In addition, EPRI claims the proposed system
can identify instrument channels that are not functioning properly and that might require
adjustment or corrective maintenance. Elimination of unnecessary field calibrations can reduce
associated labor costs, personnel radiation exposures, and the potential for miscalibration.
2.0

SYSTEM DESCRIPTION

On-line monitoring of instrument channel performance involves monitoring the steady-state
output of each channel and evaluating the monitored value to determine whether the channel is
operating outside its acceptable limits. During evaluation, the monitored value is compared to
the calculated value of the process variable to assess deviation of the monitored value from the
calculated value. This calculated value is also known as the process parameter estimate, which
represents an instantaneous value of the process at the monitored operating point.
Each channel's deviation from its process parameter estimate represents its variation from the
estimated true value of the process. The amount of this variation indicates instrument
performance and its operability and identifies those instrument channels that are not functioning
properly and that might require adjustment or corrective maintenance. The data acquisition
from instrument channels and evaluation of the acquired data could be performed continuously
or in discrete intervals, either manually or automatically using microprocessor-based
equipment. In the topical report, the basis for proposing to use the on-line monitoring as a
calibration extension tool is based, in part, on quarterly evaluations using automatic means.
Although various algorithms for on-line monitoring using automatic means are available, the
topical report has elected to address only the following two types:
ENCLOSURE
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1. Instrument Calibration Monitoring Program: The topical report stated that the Instrument
Calibration Monitoring Program (ICMP) algorithm developed by EPRI compares redundant
channels to determine whether one or more channels are operating beyond specified limits.
The ICMP's ability to detect potentially degraded instruments is based on an algorithm that
preferentially discriminates against outlying measurements from a set of redundant
instruments. The ICMP algorithm calculates the value of the process parameter estimate by
averaging channels that are considered to be within expected specifications. Outlier
channels are not used for averaging calculations. The monitored value of each channel is
compared to the calculated value of the PE to determine the channel's performance and its
status of calibration. The ICMP algorithm already has been installed at the following nuclear
plants:
a. V.C. Summer
b. Millstone Unit 2
c. South Texas Project
2. Multivariate State Estimation Technique: The topical report describes the Multivariate State
Estimation Technique (MSET) as a software-based system that uses statistically based
pattern recognition modules that interact and operate to provide the user with information
needed for the safe, reliable, and economical operation of a process by detecting, locating,
and identifying subtle changes that could lead to future problems well in advance of
significant degradation. During monitoring, instrument data are read by MSET, an estimate
of the current state of the process is determined by comparing the measured sensor data
with those obtained during training, and the difference between this state estimate and the
measurement is calculated. This difference or estimation error is then analyzed by a
statistically based hypothesis test (the sequential probability ratio test or SPRT) that
determines whether the process is operating normally or abnormally. If an abnormal
condition is detected, the initial diagnostic step identifies the cause as either a sensor
degradation or an operational change in the process. If sensor degradation is identified,
MSET utilizes the estimated value of the signal from this sensor to provide a "virtual sensor"
that can be used to fully replace the function of the faulted sensor only for indication
purposes, because the virtual sensor cannot generate a trip.
The topical report claims MSET is a very highly sensitive and accurate tool for on-line
monitoring of any process, and it could be used for single-channel monitoring. MSET can
detect and identify any malfunctions that might occur in process sensors, components, or
control systems, as well as changes in process operational conditions. The topical report
claims the virtual sensor generated by MSET is considered highly accurate. The MSET
algorithm has been accepted in the following nuclear applications:
a. The Babcock & Wilcox (B&W) Owners Group has selected MSET as the preferred on
line monitoring technology.
b. At the Crystal River 3 nuclear plant, a project has been initiated to install a real-time
version of MSET for long-term performance evaluation.
c. A real-time version of MSET has been installed in Lockheed's Integrated Testing and
Equipment Laboratory as part of a demonstration project for long-term surveillance of
radioactive materials.
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Regardless of any method used for on-line monitoring, deviation of an instrument with
reference to its process parameter estimate will be evaluated to determine whether the
performance exhibited by the instrument is acceptable or whether the instrument is required to
be scheduled for calibration or the instrument channel is inoperable.
3.0

PROPOSED TS CHANGES

The following proposed generic changes to current TS and procedures are suggested by the
topical report. The staff believes the proposed TS changes are incomplete and may require
further additions and revisions to address plant-specific requirements that pertain to the design
of the nuclear steam supply system (NSSS) at each plant. Also, the staff does not agree with
some definitions included in the topical report.
3.1

Technical Specifications

The new surveillance requirements shall be implemented on a parameter-by-parameter basis in
the same manner as already exists for other current TS requirements.
3.2

Definitions

Add the following new definitions to Section 1 of the current TS:
ON-LINE
MONITORING

ON-LINE MONITORING is the assessment of channel
performance and calibration while the channel is
operating. ON-LINE MONITORING differs from
CHANNEL CALIBRATION in that the channel is not
adjusted by the process of ON-LINE MONITORING.
Instead, ON-LINE MONITORING compares channel
performance to established acceptance criteria to
determine whether a CHANNEL CALIBRATION is
necessary before its scheduled calibration.

A STAGGERED

A STAGGERED TEST BASIS shall consist of the testing
of
one of the systems, subsystems, channels, or other
designated components during the interval specified by the
Surveillance Frequency, so that all systems, subsystems,
channels, or other designated components are tested
during n Surveillance Frequency intervals, where n is the
total number of systems, subsystems, channels, or other
designated components in the associated function.

TEST BASIS

3.3

Surveillance Requirements

Add the following two surveillance requirements.

Surveillance

Frequenc

-4SR 3.3.1.17 Perform ON-LINE monitoring evaluation
SR 3.3.1.18 Perform CHANNEL CALIBRATION

3.4

[92 1days
[18" ] months on a
STAGGERED TEST BASIS
* One fuel cycle

Technical Specification Bases
Add the following section to the Bases:
SR 3.3.1.17
SR 3.3.1.17 verifies that all channels for a given parameter are performing within the
acceptance criteria established for on-line monitoring. Refer to EPRI Topical Report TR
104965, dated August 31, 1999, "On-Line Monitoring of Instrument Channel Performance,"
for further information regarding on-line monitoring.
SR 3.3.1.18
SR 3.3.1.18 performs a CHANNEL CALIBRATION on a STAGGERED TEST BASIS. The
performance of SR 3.3.1.17 on a [ 92-] day frequency provides assurance that the
monitored channels are performing within specified acceptance criteria and forms the basis
for performing a CHANNEL CALIBRATION at an extended calibration interval. For n
redundant channels, all channels for a given parameter will require a CHANNEL
CALIBRATION at least once every n fuel cycles, with at least one channel receiving a
CHANNEL CALIBRATION each fuel cycle. Furthermore, all n channels require calibration
at a frequency not to exceed 8 years, regardless of the size of n. Refer to EPRI Topical
Report TR-1 04965, dated August 31, 1999, "On-Line Monitoring of Instrument Channel
Performance," for further information regarding the basis for this calibration extension.

4.0

REVIEW CRITERIA

The staff reviewed the technical basis presented in the topical report for on-line monitoring as a
method for extending calibration intervals. The following criteria were used by the staff in
evaluating the topical report. The staff performed its evaluation by using review guidance
contained In chapter 7 of the Standard Review Plan (SRP). The staff also considered the
guidance provided by the documents included in the reference section of this safety evaluation
report (SER).
1. Section 50.55a(h) of 10 CFR Part 50 references Institute of Electrical and Electronic
Engineers (IEEE) Std. 279 1971, "Criteria for Protection Systems for Nuclear Power
Generating Stations." IEEE Std. 279 1971 states in Section 4.5, "Channel Integrity," that "all
protection system channels shall be designed to maintain necessary functional capability
under extremes of conditions (as applicable) relating to environment, energy supply,
malfunctions, and accidents."
2. Section 50.36 (c)(1)(ii)(A), "Technical Specifications," of 10 CFR Part 50 states, in part,
"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
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3(9) and 4.1 of IEEE Std. 279 and IEEE Std. 338 and the Regulatory Guide (RG) 1.118.
Since reactor instruments are of high quality but still imperfect, conformance to this
provision can only be ensured by acceptable evaluation or measurement of instrument
performance. The staff's evaluation criterion for this provision is that statistical evaluation of
instrument performance data, based on measurements of instrument performance that give
reasonable assurance of compliance with 10 CFR 50.36 (c)(1)(ii)(A), will be acceptable.
3. Regulatory Guide 1.153, Revision 1, establishes conformance with IEEE Std. 603 1991 as
an acceptable alternative to compliance with IEEE Std. 279 1971. IEEE Std. 603 1991,
Section 6.8.1, states, in part, "The allowance for uncertainties between the process
analytical limit documented in Section 4.4 and device setpoint shall be determined using a
documented methodology."
4. Criterion 13, "Instrumentation and Control," of Appendix A to 10 CFR Part 50 requires, in
part, that instrumentation be provided to monitor variables and systems and that controls be
provided to maintain these variables and systems within operating ranges.
5. Criterion 20, "Protection System Functions," and Criterion 21, "Protection System Reliability
and Testability," of Appendix A to 10 CFR Part 50 require that automatic initiation of safety
functions to prevent fuel design limits from being exceeded should occur with high reliability.
6. Section XII of Appendix B to 10 CFR Part 50, "Control of Measuring and Test Equipment,"
states, "Measures shall be established to assure that tools, gages, instruments and other
measuring and testing devices used in activities affecting quality are properly controlled,
calibrated and adjusted at specified periods to maintain accuracy within necessary limits."
7. NRC Generic Letter 91 04, "Changes in Technical Specification Surveillance Intervals to
Accommodate a 24-Month Fuel Cycle."
8. 10 CFR 50.65, "Requirements for Monitoring the Effectiveness of Maintenance at Nuclear
Power Plants."
5.0

EVALUATION

In accordance with the current TS, all safety-related instrument channels must be calibrated
once each refueling cycle. The topical report proposes to extend this calibration frequency to a
maximum of "once every 8 years based on the results of performance monitoring by the on-line
monitoring technique." In other words, the topical report proposes to replace the current "time
directed traditional calibration" with the "on-line monitoring and calibrate-as-required approach,"
and limit the interval between the two successive calibrations to a maximum of 8 years.
The safety-related instrumentation of the reactor protection system (RPS), the engineered
safety features actuation system (ESFAS), and the post-accident monitoring (PAM) system
satisfies Criterion 3 of the NRC Policy Statement. The operability of these systems depends on
the operability of the individual instrument channel functions with their trip setpoint (TSP) within
the specified allowable values (AVs) where appropriate, as specified in the TS tables. During
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the traditional calibration, the actual TSP is calibrated consistent with applicable TSP calculation
assumptions. Since each channel must respond within its assumed response time, a separate
response time test (RTT) is supposed to be performed to verify the response time attribute of
the channel (please see Section 5.9 of this SER for further discussion on this subject). The
TSPs are those predetermined values of instrument channel output at which an action should
take place.
The TSPs are compared to the actual process parameter, and when the measured output value
of the process parameter exceeds the TSP, the associated device (e.g., the bistable of the
instrument channel) changes its state. The analytical limit for each monitored process variable
is derived from the limiting process values of the safety analysis. The AV is derived from the
analytical limit, corrected for calibration, process errors, and some instrument errors. The TSP
is then determined, accounting for remaining instrument errors (mostly the time domain errors,
e.g., drift) in a manner that ensures that if an accident or other abnormal event occurs, the
instrument channel will initiate a timely system level protective action to prevent the process
variable from actually exceeding its analytical limit. The TSP derived in this manner will provide
adequate protection because instrument uncertainties, process effects, calibration tolerances,
instrument drift, and errors resulting from a severe environment (for channels that must function
in harsh environments as defined by 10 CFR 50.49) are accounted for.
The magnitude of equipment drift assumed in the TSP calculation is the total equipment drift for
the interval between the two successive calibrations as determined by the surveillance
frequency, and the channel calibration leaves the channel adjusted to account for this drift
consistent with the plant-specific TSP calculation methodology. The TS-required calibration is a
complete check of the instrument loop and the sensor. Calibration basically verifies that the
channel responds to the measured parameter within the necessary range and accuracy; in
other words, it verifies the TSP calculation assumptions and thereby assumptions of the safety
analysis. The proposed on-line monitoring technique, when implemented, has many potential
benefits. Also, the Maintenance Rule has established the precedence of using performance
monitoring as a basis for satisfying regulatory requirements.
However, replacing the time-directed traditional calibration with the proposed "on-line
monitoring, and the calibrate-as-required approach" is acceptable only if the proposed on-line
monitoring system performs all the required designated functions of traditional calibration (e.g.,
verifying assumptions of safety analysis and that of TSP calculations, monitoring performance
over entire span of the instrument, maintaining accuracy of measurements traceable to
standards) better than or at least equal to those performed by the TS-required, time-directed
traditional calibration with the same or better reliability and confidence.
Therefore, throughout this SER, the staff has attempted to determine if the proposed on-line
monitoring system can perform the same functions as the current practice of conventional
calibration, as well or better, by comparing various attributes of the proposed on-line monitoring
system and the current practice of conventional calibration. Typically, in any instrument
channel except for the sensor-transmitter, all other devices are located on an instrument rack.
According to the current TS requirements, calibration and performance of rack devices,
including bistable units, are monitored through periodic surveillance activities during normal
plant operation and calibration of individual devices during every refueling outage. The topical
report proposes to extend calibration frequency of the sensor-transmitter only and does not
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loop; therefore, performance of these rack devices will continue to be verified through the
current surveillance scheduled in the TS.
5.1

Traditional Calibration Versus On-Line Monitoring

5.1.1

Traditional Calibration

Calibration is a two-step process. The first step determines whether calibration is actually
needed (calibration check). This check is normally performed by providing the instrument with
a series of known simulated process signal inputs covering its entire operating range, including
the TSP. For each input, the instrument output is compared with the preset acceptance criteria
to determine whether the instrument output meets the acceptance criteria. If the instrument
output meets the acceptance criteria, the second step is not necessary, and the instrument is
declared to be in calibration.
The simulated process signal inputs are of known accuracy traceable to the National Institute of
Standards and Technology (NIST). Maintaining the traceable accuracy has two safety effects.
The first is that safety analyses are based on steam tables and material properties developed
using instruments traceable to standards. Therefore, having instrument TSPs traceable to
standards preserves the correlation between plant operation and the safety analyses in the
licensing basis. The second is that post-accident monitoring and accident reconstruction are
also based on steam tables and material properties that are traceable to standards, and post
accident response may depend upon accident reconstruction.
If,*in the first step, the instrument output does not meet the acceptance criteria, the instrument
is calibrated during the second step by providing a series of known inputs covering its entire
range. For each input, the instrument is physically adjusted as required so that its output is
within the required range and accuracy to conform it to a set standard and ensure that the
operation of the instrument(s) is within the calculated set limits. The calibration process
eliminates known bias errors and limits uncertainty to an acceptable level. Therefore, traditional
calibration process generates a confidence that instruments will operate on demand in
accordance with the established design limits.
Two important concepts are associated with the traditional calibration process: (1) the as-found
(AF) condition and (2) the as-left (AL) condition. AF is the condition in which a channel or a
portion of it is found in the first step of calibration (calibration check). AL is the condition in
which a channel or a portion of it is left after completing the second step of calibration (i.e., after
physical adjustment). The difference between the AF data obtained during current calibration
and the AL data from the last calibration is commonly termed "drift," although, in reality, it is a
cumulative effect of various factors, including drift. The value of this drift is an indication of
de-gradation in instrument TSP during the period between two consecutive calibrations.
For any monitored process variable, the preset acceptance criterion for monitoring instrument
performance/calibration is a calculated drift band, which lies between the nominal safety system
actuation TSP and its AV. The drift value used for the TSP calculation is basically the expected
drift between the two consecutive calibrations. If, for the monitored variable, the observed
instrument drift (the difference between AL and AF data) is found to be beyond the calculated
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CFR 50.36 operability limit for limiting conditions of operation (LCOs) and is determined by TSP
calculations complying with the requirements of Regulatory Guide (RG) 1.105 and the
licensee's TSP calculation methodology.
The values of TSP and AV are selected so that if an accident or abnormal event occurs, the
designated protective action(s) will be initiated to correct the abnormal situation on a timely
basis, before the monitored process variable actually exceeds its analytical limit. Thus, during
traditional calibration of the entire instrument loop, if the found drift is in the acceptable drift
band, it ensures that the designated safety system(s) will be initiated in a timely manner during
an accident or abnormal event prior to the monitored process variable exceeding its analytical
limit. In other words, during the traditional calibration, all TSP calculation assumptions (except
the channel response time) are verified, including instrument drift at the TSP and assumptions
of the system safety analysis. The value of instrument drift is an indication of degradation in
instrument settings over time, providing a mechanism for assessing instrument performance at
any time after its last calibration. Therefore, during traditional calibration, if performance of an
instrument (including its drift) is found to be within the acceptable limit, the instrument
performance will be acceptable and the instrument will be declared operable.
The traditional calibration encompasses the entire channel, including the required sensor
transmitter; signal conditioner(s); bistable devices for alarm, interlock, and trip functions; and
display(s). The calibration may be performed by means of any series of sequential overlapping
calibrations or total channel steps so that the entire channel is calibrated. Per current licensing
basis, all measuring and test equipment (M&TE) used for calibrating safety-related devices
meet the requirements of 10 CFR Part 50, Appendix B, Criterion XII, "Control of Measuring and
Test Equipment." Additional features associated with calibration are: (1) instruments are
physically inspected and their external conditions are known, (2) the instrument technician has
the opportunity to observe instrument output for glitches and excessive noise, (3) by verifying
that the AL condition of the instrument is within an acceptable level, there is reasonable
certainty that no instrument will be out of calibration for longer than one calibration interval.
Unlike on-line monitoring, where instrument performance can be monitored continuously, the
conventional calibration process does not provide any clue for instrument performance status
between calibration intervals during plant operation. A channel check function that compares
redundant channel output combined with results of a channel functional test can identify a faulty
sensor-transmitter to some extent.
5.1.2

On-Line Monitoring

On-line monitoring of instrument channel calibration involves monitoring the steady-state output
of each channel and evaluating the monitored value to determine whether the sensor
transmitter of the channel is within acceptable limits. During evaluation, the monitored value is
compared to the calculated value of the process parameter estimate to assess deviation or
offset of the monitored value from its process estimate. The process parameter estimate is the
best calculated instantaneous value of the process at the monitored operating point. However,
as the word "estimate" suggests, it does not represent a true process value and possesses
uncertainties in response to various factors. Each monitored channel's deviation from its
process parameter estimate represents its variation from the estimated true value of the
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operability and identifies those instrument channels that are not functioning properly and that
might require adjustment or corrective maintenance. Therefore, in this role, the on-line
monitoring technique can perform the first step of the traditional calibration (i.e., the calibration
check) to some extent, but not to the level of accuracy inherent in traditional calibration. This is
because, compared to traditional calibration, which uses simulated process signal inputs of
known accuracy traceable to NIST, in on-line monitoring there are no accurately known process.
reference inputs traceable to standards. On-line monitoring system uses the calculated value
of the process parameter estimate as a reference instead, but this reference does not represent
a true value of the monitored process and also possesses additional uncertainties. In addition,.
the on-line monitoring technique cannot perform a calibration check for the entire range,
including the TSP, but monitors instrument performance only at the point of operation. This is
known as "single-point monitoring," and instrument performance at the TSP and at any other
points in the range can only be assessed by extrapolating the results of the single-point
monitoring to the entire range, including the TSP, using the statistical methods.
In summary, on-line monitoring does not provide accuracy traceable to standards, does not
monitor instrument performance for its full range, and compares the monitored value to a
calculated reference (the process parameter estimate) that itself is not accurate. In addition,
on-line monitoring does not provide frequent opportunity for physical inspection of the
instrument, nor does it provide technician observance of instrument anomalies.
In its topical report, EPRI stated that the following advantages could be realized by
implementing the propo.ed on-line monitoring approach for assessing instrument calibration
on-line:
1. Compared to the current traditional calibration process, the on-line monitoring process is
nonintrusive, more frequent, and will result in a reduced number of field calibrations.
2. On-line process will monitor instrument performance on a continuous basis and will identify
calibration problems as they occur. Therefore, it will be able to provide a basis for
determining when adjustments are necessary. The on-line technique provides the ability to
detect infant mortality, degradation, and failures as they occur in the early stage of an
instrument's installed life.
3. Elimination of unnecessary field calibrations will decrease associated labor costs, reduce
personnel radiation exposures, and lower the potential for miscalibration since conventional
calibration frequency will be reduced.
4. On-line monitoring accounts for installation and process condition effects on calibration.
Compared to calibration during a refueling outage when a plant is in the shutdown state, on
line monitoring allows evaluation of instrument performance under normal operating
conditions, and thus collects data representative of effects associated with several sources
of channel uncertainty, including process effects and environmental effects.
5. By reducing personnel radiation exposures, plant safety and efficiency will improve. By
reducing time associated with conventional calibrations, refueling outages will be shorter,
increasing plant availability.
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used for predictive maintenance tests, will enhance instrument troubleshooting capabilities,
and will provide additional resources for historical root-cause analyses and post-trip reviews.
5.2 Evaluation for the Nature of Drift
EPRI conducted a study to understand the nature of instrument performance over time, and the
nature of drift, and to predict how instruments will perform in service. The study analyzed
historical calibration data from 18 nuclear power plants for approximately 6,700 calibrations.
The calibrations covered instruments of various types, makes, and models employed to monitor
pressure, level, flow, and temperature in safety systems of various plants based on NSSSs
supplied by Westinghouse, General Electric, Babcock & Wilcox, and Combustion Engineering.
Evaluation of data focused on determining the normal drift characteristics, categorizing types of
drift shifts (e.g., zero shift, forward and reverse span-shift, and nonlinear shift), identifying drift
trends that could affect TSP monitoring, determining which data indicate abnormal behavior,
and quantifying the data to identify specific characteristics and traits of instrument drift.
The EPRI drift evaluation produced several notable findings. Key conclusions were:
.1. For the transmitters evaluated, drift was a random event. Transmitters were as likely to drift
up as they were to drift down. No significant bias effects were observed.
2. For those plants that performed a 9-point or greater calibration (5 points up and 4 points
down), hysteresis was negligible.
3. Redundant transmitters associated with a particular parameter did not exhibit a tendency to
drift as a group. One transmitter out of calibration did not indicate that the other redundant
transmitters were likely to be out of calibration.
4. Single-point monitoring does not invalidate the ability of on-line monitoring to detect drift.
An allowance can be included in the uncertainty analysis to account for single-point
monitoring.
5. Some applications (mainly at the low end and a few at the high end of instrument span) are
likely to be unsuitable for single-point monitoring because of susceptibility to potential span
shift effects.
6. Failure modes were not observed in the data in which transmitters failed in ways that would
be undetectable by on-line monitoring. For example, transmitters did not fail at a fixed level
in which the output signal remained constant regardless of the input signal variation. An
instrument could fail in any one of the three modes: (1) it could fail low means, regardless of
value of its input, instrument output is at or near zero, (2) it could fail high means regardless
of value of its input, instrument output is at or near 100%, (3) it could fail as-is means
regardless of the input, instrument-output remains constant somewhere between 0% and
100%. The as-is type of failures were not observed in the EPRI study, but failing low (loss
of signal) was found to be more likely than failing high. The topical report stated that very
few instruments operate near the 100% span point. Even if they operate high in'the span,
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this will not be a desirable situation. Since sensor failing low is possible, therefore,
applications at or near the low end of span are not suitable for on-line monitoring. Three
examples of applications considered not suitable for on-line monitoring are as follows:
*

Auxiliary feedwater flow: At normal plant operation, there is no flow and the signal is at
the bottom of the span.

*

Engineered safeguards system actuation equipment: At normal plant operation, the
equipment is usually off and the associated pressure or flow indication will be at or near
0% of the span.

*

Containment pressure: At normal plant operation, depending on the calibrated span,
the signal might be about 0% of the span.

7. Other conclusions are that (a) AF/AL data exhibited a zero or a near-zero mean, indicating
that bias in the drift is not a key concern, (b) data are normally distributed or are bounded by
the assumption of normality, (c) drift tended to increase with span, (d) zero-shift and span
shift were the predominant types of instrument drift and occur at all levels of instrument
span (forward span-shift occurs more frequently than reverse span-shift, and the incidence
of nonlinear shift is less common than zero-shift and span-shift), (e).it was unlikely for one
or more calibration checkpoints to be significantly out of calibration when one point
(assumed to be the monitored point) was within calibration to some specified level, and (f)
calibration data evaluated show that instrument performance is suitable for on-line
monitoring.
The EPRI drift evaluation indicated that on-line monitoring as a performance verification tool
may not be appropriate for process parameters that normally are either at the high end or low
end of an instrument's calibrated span, because such processes are more susceptible to
undetected span-shift. The EPRI drift study also indicated that zero-shift and span-shift were
the predominant types of instrument drift and occur at all levels of an instrument span. The
applications that would not detect any amount of span-shift might not be as suitable for on-line
monitoring. Therefore:
The staff requires that Instrument channels monitoring processes during normal
plant operation that are always at the high end or low end of an instrument's
calibrated span shall be excluded from the on-line monitoring program. As the EPRI
drift study indicated, applications that would not detect any amount of span-shift drift
are not suitable for on-line monitoring at a single point. (Stipulation #1)
Values monitored by redundant instruments monitoring the same process variable at different
locations could be different, because of delays, offset, and superimposed noises. Physical
separation can increase uncertainty in the process parameter estimate. The effects of physical
separation can be compensated by referring the sensor readings back to a common point, but
this usually requires a reasonably accurate physical model. The topical report stated that the
timing simultaneity of measurements of redundant channels becomes an important factor for
determining value for the process parameter estimate and its acceptance criterion, because
depending the type of algorithm used, the process parameter estimate could be the result of
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results, the process must remain stable during monitoring and signals must be free from noise.
During normal plant operation, it is possible while monitoring is being done the process may not
-be stable and the monitored variable could be drifting (for any reason).
The EPRI evaluation indicated that instrument drift is a random event and transmitters are as
likely to drift up as they are to drift down. The staff believes it is possible that while the
monitored process variable is drifting, the monitoring instrument could also be drifting, and the
combined effect of process and instrument drift could adversely affect accuracy of monitoring
as well as the calculated value of its process variable estimate. Therefore, if on-line monitoring
efforts are performed manually, it is prudent to acquire redundant channel measurements
simultaneously (within a close duration) and at relatively stable plant conditions. If data
acquisition and its evaluation are performed by automatic means (as proposed by the topical
report), and if the licensee believes that in a plant-specific physical configuration, monitored
values are susceptible to above described factors of location difference, process instability and
non simultaneous measurements, then:
The staff requires that the algorithm used for on-line monitoring shall be able to
distinguish between the process variable drift (actual process going up or down) and
the instrument drift, and should be able to provide a compensation for uncertainties
introduced due to non simultaneous measurements, and for unstable process,
effects of sensor locations and noisy signals. (Stipulation #2)
In the topical report, EPRI indicated that the MSET algorithm can recognize unstable condition
of the process, but it was not clear if this algorithm could provide the required compensation.
5.3

Single-Point Monitoring

The EPRI drift study noted that zero-shift and span-shift were the predominant types of
instrument drift and occur at all levels of instrument span. Forward span-shift occurs more
frequently than a reverse span-shift, and the incidence of a nonlinear-shift is less common than
zero-shift and span-shift. Zero-shift manifests itself as an offset, the value of which remains
constant throughout the span, while the span-shift slope remains constant. Therefore, once the
value of zero-shift offset and value and slope of span-shift are known at any one point on the
instrument span, values of the zero-shift and span-shift can be extrapolated at any other point
in the instrument span. Considering this observation, the EPRI drift study concluded that the
drift exhibited by an instrument at one operating point could be considered a representative of
the drift over its calibrated range, provided an allowance (penalty) to compensate for the effects
of zero-shift and span-shift is included in the uncertainty analysis for calculating on-line
monitoring acceptance criteria. Thus, by calculating a penalty value for each instrument, the
on-line monitoring technique will be able to detect drift at any other point in the calibrated span
using single-point monitoring.
From the topical report, it became apparent to the staff that EPRI based this conclusion on its
finding that, in most samples, drift(s) noticed was due to either zero-shift, forward span-shift, or
some combination of the two. The staff believes this assumption may not hold true in each
case. Therefore, imposing a penalty that is based on the general assumption may not be
correct. To determine the "allowance or penalty" to compensate for single-point monitoring, the
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the monitored instrument is of similar type and make as evaluated in the EPRI drift study. If the
instrument designated for on-line monitoring was not included in the EPRI study, the topical
report's recommended penalty should not be used.
For instruments that were not included in the EPRI drift study, the staff requires that
the value of allowance or penalty to compensate for single-point monitoring must be
determined by using the instrument's historical calibration data and by analyzing the
instrument performance over its range for all modes of operation, including startup,
shutdown, and plant trips. (Stipulation # 3)
5.4

Process Parameter Estimate

In the on-line monitoring, each monitored process value is compared with its calculated
reference known as a "process parameter estimate" (PE). PE is calculated by diverse means,
and as the word "estimate" implies, there is always uncertainty associated with the PE. Degree
of uncertainty in the PE depends on a combination of individual redundant channel uncertainty
and the type of algorithm used for on-line monitoring. Therefore, uncertainty in on-line
monitoring is not a static but could vary with the number of redundant channels and the
algorithm. Various algorithms are available, but EPRI discussed only the ICMP and MSET in
this topical report.
The ICMP algorithm calculates the value of the PE by averaging only those channels
considered to be within expected specifications. The topical report claims that the ICMP
algorithm could identify outlier channels, and outlier channels are not used for averaging
calculations. The monitored value of each channel is then compared to the calculated value of
the PE to determine the channel's performance and its status of the calibration. In averaging
algorithms, uncertainty of the PE decreases as the number of redundant channels increases.
In MSET, the PE for a monitored variable is determined using the data stored in memory for the
current state of operation and the interrelation between the monitored process variable and
other diverse variables. The topical report claims that the MSET algorithm can determine if the
process is operating normally or abnormally. Once it is determined that the process is
operating normally, the MSET algorithm compares the monitored value to its PE. Based on the
observed deviation from the PE, instrument performance status is determined. As discussed
above, the PE always has some inherent uncertainty; therefore, it is prudent to verify that
accuracy of the calculated value of the PE is within an acceptable limit. Therefore:
The staff requires that the implemented algorithm for on-line monitoring shall be
capable of verifying the accuracy of the calculated value of the "process parameter
estimate" to be within an acceptable limit by frequently comparing it to the
monitored value of the recently calibrated instrument channel and, considering the
applicable uncertainty factors of the recently calibrated channel, adjusting the value
of the process parameter estimate to bring it closer to the true value of the
monitored process. The algorithm shall also be capable of detecting if performance
of the recently calibrated instrument degrades beyond an acceptable level.
(Stipulation #4)
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On-Line Monitoring Acceptance Criteria

The development of acceptance criteria depends on the type of algorithm selected for on-line
monitoring, but regardless of the algorithm selected, the steady-state output of each channel
will be compared with its PE during monitoring to assess deviation of the monitored value from
the calculated value of the process variable. This step is similar to the first step in the
traditional calibration (calibration check), except that in traditional calibration, the accuracy of
the reference (simulated input) can be traced to NIST; however, with on-line monitoring, where
the PE serves as a reference, has additional inherent uncertainties and its accuracy cannot be
traced to standards. Therefore, a performance/calibration check by the on-line technique
cannot reach the degree of accuracy inherent in the traditional calibration.
Each channel's deviation from its PE represents its variation from the estimated true value of
the process. Comparing the amount of this variation with pre-established "acceptance criteria,"
instrument-performance status and its operability will be determined by the following three
bands (see Sections 5.5.1, 5.5.2 and 5.5.3). The acceptance criteria will be established by
calculating acceptable limits of deviation in the three bands described in Sections 5.5.1, 5.5.2,
and 5.5.3. It is possible that implementing on-line monitoring may require revisiting the current
TSP and uncertainty calculations.
The staff requires that calculations for the acceptance criteria defining the proposed
three zones of deviation (acceptable, needs calibration, and inoperable) shall be
performed in a manner consistent with the plant-specific, safety-related
instrumentation setpoint methodology so that using on-line monitoring to monitor
instrument performance will not invalidate assumptions of the associated setpoint
calculation(s) and assumptions of safety analysis. If new or different uncertainties
require the recalculation of instrument trip setpoints, it shall be demonstrated that
relevant safety analyses are unaffected. The licensee shall have a documented
methodology for calculating acceptance criteria that is compatible to the practice
described in Regulatory Guide 1.105. (Stipulation #5)
Deviation Zones for Acceptance Criteria
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5.5.1 Acceptable Band or Acceptable Region
As described in the topical report, this zone will be located between the PE and maximum
acceptable value of deviation (MAVD) for the monitored parameter in reference to the PE.
During on-line monitoring, if the deviation between the monitored value and its PE is found
anywhere in this zone, no action will be necessary and the instrument will be considered
operable. In accordance with the existing practice of calibration, the instrument is considered
operable when its observed drift (the difference between AL and AF conditions) is found to be
within the value used in the TSP calculations. In other words, when setpoint calculation
assumptions are verified by instrument performance, the instrument is considered operable.
Considering this current practice, the staff requires that:
For any algorithm used, the maximum acceptable value of deviation (MAVD) shall be
established so that by accepting the monitored value anywhere in this zone will ensure that drift
in the sensor-transmitter and/or any part of an instrument loop that is common between the
instrument channel loop and the on-line monitoring loop, will be less than or equal to the value
used in the setpoint calculations for that instrument channel. (Stipulation # 6)
5.5.2 Routine Calibration Scheduling Region or Band
This zone will be located between the MAVD and the allowable deviation value for on-line
monitoring (ADVOLM). During on-line monitoring, if the deviation between the monitored value
and its PE is found anywhere in this zone, the instrument channel will be scheduled for
immediate calibration. If, during normal operation, the sensor-transmitter is not accessible,
the channel will be scheduled for calibration in the next refueling outage. The staff understands
that when deviation between the monitored value and its PE is found in this zone, the
instrument may need some adjustment and /or maintenance, but will still be considered
operable. Therefore:
The staff requires that the instrument shall meet all requirements of the stipulation
described above for the acceptable band or acceptable region. (Stipulation #7)
The staff requires that for any algorithm used, the maximum value of the channel
deviation beyond which the instrument is declared as "inoperable" shall be listed in
the technical specifications with a footnote, indicating that this value is to be used for
determining the channel operability only when the channel's performance is being
monitored using on-line monitoring. It could be called allowable deviation value for
on-line monitoring (ADVOLM) or by any other term the licensee chooses. The
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the ADVOLM shall be such that it will ensure:
a. that when the deviation between the monitored value and its PE is less than or
equal to the ADVOLM limit, the channel operability status meets the
requirements of the current technical specifications, and the assumptions of the
setpoint calculations and safety analyses are satisfied.
b. that for the duration until the instrument channel is recalibrated (this duration
could extend to a maximum to the next refueling outage), actual drift in the
sensor-transmitter will be less than or equal to the value used in the setpoint
calculations and other limits defined in 10 CFR 50.36 as applicable to the plant
specific design for the monitored process variable are satisfied. (Stipulation #8)
5.5.3

Operability Assessment Region or Band

This zone will be located beyond the ADVOLM limit for on-line monitoring. During on-line
monitoring, if the monitored value is found anywhere in this zone, the instrument channel will be
declared inoperable immediately and statements of all required applicable TS-actions will
become applicable.
The staff requires that the calculations defining alarm setpoint, acceptable band, the
band identifying "the monitored instrument needs to be calibrated earlier than its
next scheduled calibration," the maximum value of deviation beyond which the
instrument is declared as "inoperable," and the criteria for determining the monitored
channel to be an "outlier," shall be established to ensure that all assumptions of
safety analysis, and associated setpoint calculations are satisfied and the calculated
limits for the monitored process variables specified by 10 CFR 50.36 are not
invalidated. (Stipulation #9)
Most of the monitored process variables have a specific value that remains fairly constant over
complete operating range of the plant from startup to full-power operation. There are a few
process variables, for which, depending on the type of NSSS design (e.g., boiling water reactor
[BWR] or pressurized water reactor [PWR]), the value of the monitored variable will change with
the level of reactor power. Examples of such variables are reactor recirculation flow in a BWR
and differential temperature across the reactor core in a PWR. For such process variables, the
value of the PE and values of three deviation zones of acceptance criteria will not remain
constant but will change in both increasing and decreasing directions. The topical report does
not address how these variables will be monitored.
5.6

On-Line Monitoring Loop

A typical instrument loop consists of aprocess sensor-transmitter, an instrument loop's power
source, signal conditioners, indicators, and/or bistable devices. On-line monitoring devices are
expected to be connected to the indication and control portion of the loop at some point in the
output circuit of the sensor-transmitter through a qualified class 1E to non-1 E isolator. Unless
on-line monitoring is performed manually, signals from the non-1 E terminals of the isolator will
be processed further through a microprocessor-based device to perform an evaluation to
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loop typically will consist of the sensor-transmitter portion of the monitored channel, a class 1E
to non-i E isolator, and a non safety-related microprocessor-based device. The on-line
monitoring will not monitor the entire instrument channel but will monitor only the sensor
transmitter portion of the instrument loop.
Except for the sensor-transmitter, all other devices of an instrument loop are typically located on
an instrument rack. According to the current TS requirements, performance of rack devices,
including bistable units, is monitored through periodic surveillance activities, including
functional checks. The topical report does not recommend any change in current practices;
therefore, performance of these rack devices will continue to be verified through the current
surveillance scheduled in the TS.
Although the on-line monitoring system is a non safety-related system, it interfaces with safety
related instrument channels. Therefore:
The staff requires that adequate isolation and independence, as required by
Regulatory Guide 1.75, GDC 21, GDC 22, IEEE Std. 279 or IEEE Std. 603, and
IEEE Std. 384, shall be maintained between the on-line monitoring devices and
Class 1E instruments being monitored. (Stipulation #10)
The on-line monitoring system is a non safety-related system, but will be employed to monitor
the performance of safety-related instrumentation and, based on on-line monitoring results, the
frequency of the current TS-required instrument channel calibrations will be relaxed from "once
per refueling cycle" to "once per period of maximum 8 years." Therefore, the on-line monitoring
system, although a non safety-related system itself, will be relied upon to assess performance
and calibration of Class 1E instruments, which are set to initiate protective actions to mitigate
accidents and/or abnormal events on a timely basis before the monitored process variable
exceeds its analytical limit. These Class 1 E instruments also may be required to guide plant
operators through emergency operating procedures (EOPs). Considering the importance of its
mission, the on-line monitoring system must be designed with its quality assurance (QA)
requirements compatible to that of the Class 1E devices it is monitoring. Therefore:
The staff requires that the QA requirements as delineated in 10 CFR Part 50,
Appendix B shall be applicable to all on-line monitoring-related engineering and
design activities, including design and implementation of the on-line system,
calculations for establishing process parameter estimates, all three zones of
acceptance criteria including value of the ADVOLM, evaluation and trending of on
line monitoring results, activities including drift assessment for extending the current
TS-required instrument calibration frequency from "once per refueling cycle" to
"=onceper period of maximum 8 years," and drift assessment for calculating the
allowance/penalty required to compensate for single-point monitoring. (Stipulation
#11)
The staff requires that the plant-specific QA requirements shall be applicable to the
selected on-line monitoring methodology, its algorithm, and the software employed.
In addition, software shall be verified and validated and meet all quality requirements
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In its basic function, the on-line monitoring system serves as a measurement tool to assess
calibration of class 1E instruments; therefore, the staff requires that:
The on-line monitoring system equipment shall meet the requirements of 10 CFR
Part 50, Appendix B, Criterion XII, "Control of Measuring and Test Equipment."
(Stipulation #13)
5.7

Calibration and Operability of the On-Line Monitoring System

When the on-line monitoring system is implemented, it will play a vital role during normal plant
operation. In its basic application, it will monitor the performance of safety-related instrument
channels specifically the RPS, the ESFAS, and the PAM system, and will serve as a calibration
assessment tool for reducing field calibration of these instruments. The staff requires that all
associated devices of this vital system should always be in calibration and in a fully operable
state. Therefore, the staff requires that:
1. The on-line monitoring system devices shall be calibrated periodically, in
accordance with the requirements of 10 CFR Part 50, Appendix B, to establish
its calibration traceability to NIST standards and to verify that the system is
operating within its acceptable limit. If an automated system is used, the system
shall be equipped with a continuous self-diagnostic calibration check and
annunciation feature(s). (Stipulation #14)
2. If on-line monitoring and data analysis efforts are not performed manually,
means shall be provided to automatically determine inoperability of the on-line
monitoring system equipment and associated devices in a timely manner so that
inoperability of the on-line monitoring system shall be made known to plant
operators as it occurs. (Stipulation #15)
3. The current TSs shall be revised to address "operability" of the on-line
monitoring system and to contain associated action-statements for followup
actions required in the event the on-line system is determined to be inoperable.
The action-statements shall specify, (1) how all scheduled on-line monitoring
designated functions will be performed while the on-line monitoring system is
inoperable (2) what the allowed outage time (AOT) shall be for restoring the on
line monitoring system to its operable status, and (3) what actions (e.g., change
in plant mode of operation) will be required if the on-line monitoring system
cannot be restored within the AOT. (Stipulation #16)
4. Since the on-line monitoring system will be continuously monitoring and
collecting data that will be analyzed once each quarter, an analysis on a plant
specific basis must be performed to evaluate (a) how long the on-line monitoring
system could remain inoperable, without endangering plant safety, (b) how to
treat the data the on-line monitoring system has accumulated during the time it
was not operational, and (c) with the accurate data missing while on-line
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channel will be established. (Stipulation #17)
5. Before an automated on-line monitoring system is declared operational, all of its
features shall be validated by in-place testing. These features include data
acquisition, techniques used for data analysis, interpretation of results
monitoring performance and calibration of the channel, analysis algorithms,
features that continuously determine operability of the on-line monitoring system
equipment and associated devices, and software packages used. In addition, all
plant procedures affected by implementation of the on-line monitoring system
shall be exercised and tested to remove anomalies and errors. (Stipulation #18)
5.8

System Algorithms

Although various algorithms for on-line monitoring are available, this topical report has elected
to address only the following two types:
1. ICMP Method: This algorithm was developed by EPRI and, has been implemented at three
nuclear power plants for on-line monitoring. In this method, real-time process data are
acquired from redundant channels. Using computer software, these data are analyzed to
determine if the monitored channels are providing accurate data and to detect an outlier
channel. If an outlier channel is detected, it is removed from further evaluation. In this
manner the ICMP preferentially discriminates against outlying measurements from a set of
redundant instruments. The data collected from redundant channels are averaged and
weighted to obtain the PE value which serves as a reference to which the monitored value is
compared to establish calibration status of the monitored instrument. The software used for
determining the reference incorporates an algorithm that is weighted to account for
instrument inaccuracies and reliability. The software has the following three features:
a. It assigns greater weight to more accurate instruments.
b. Any instrument whose reading is outside of an expected error band will be excluded for
calculating "reference."
c. Since the noise could introduce error and show the instrument to be out of the expected
margin, a counter (to count how many times the instrument was found out of margin) is
included to identify instruments consistently out of the expected margin.
The topical report claims this method is relatively simplistic, consisting of statistical analysis
and trending, and can detect all credible transmitter failures except common mode failures.
Therefore, to avoid the possibility of common mode failure, the topical report recommends
that at least one channel in every group of redundant channels (so the single failure
capability is not negated) must be field calibrated in each outage. This method cannot be
applied for single-channel analysis.
In the channel-averaging algorithm, as the number of redundant channels increases, the
uncertainty in the PE calculation decreases and the value of the PE comes closer to the true
value of the process. In the event, software identifies an outlier channel, this channel will be
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PE calculation uncertainty. Thus, uncertainty in the PE will not be static but will vary
depending on the number of outlier channels. Therefore, if the ICMP method is used for on
line monitoring, the staff requires that:
The software implemented shall be capable of addressing uncertainty change due to
reduction in the number of redundant channels from monitoring to ensure that the
total amount of uncertainty, including instrument channels uncertainty, shall always
be within its acceptable limit. (Stipulation #19)
2. MSET Method: The topical report describes MSET a pattern recognition technique based
entirely on data and without the use of physical laws. Therefore, it is not necessary to
describe the process phenomena or to understand the process for implementing this
technique. It is only required to choose input signals that correlate to one another and
reasonably represent the process to be monitored. In this method, plant data, treated as
correlated data are collected at various instants of time (for different phases of operation) as
snapshots representing the various operating conditions. The collected data are stored in
memory files that serve as "reference data sets." To determine whether the monitored
instruments are within acceptable calibration limits, the monitored data are compared with
the reference data for that operating condition of the plant. When the monitored value
encroaches the threshold alarm limit(s), required corrective action(s) is initiated.
The process-related reference data sets from different operating conditions of a plant are
used for training the MSET system to learn the interrelation between a plant's different
process variables. Within these relationships exist various states that correspond to specific
plant operating conditions. Once the system has learned the correlations among the
instruments from the plant's operating history and compares these to current instrument
readings, discrepancies are identified as an instrument fails or degrades. Using the data
set of monitored values of process variables, the pattern recognition module of MSET will
determine the current state of the process by comparing the monitored data set to the
reference data set stored in its memory. The difference between the two data sets will be
analyzed by a statistically based hypothesis test, also known as the sequential probability
ratio test or SPRT, to determine if the process is operating normally or abnormally. Thus,
this system, in addition to monitoring instrument performance, can also monitor the
operation state of the process. Once the operation state of the process is established,
using the memory-stored data set reflecting the current state of the process, MSET's
empirical model will generate calculated values for each of the monitored process variables,
which will serve as a PE (the reference) for monitoring instrument performance.
During on-line monitoring, each monitored value will be compared to its PE, and the value of
deviation between the monitored value and its PE will be determined. Based on the value of
the observed deviation and whether it has encroached the pre-established thresholds, the
instrument's calibration status will be determined as acceptable, or needs calibration, or
inoperable. If the value of the observed deviation is found to be outside an acceptable
zone, the MSET algorithm will identify it as a sensor degradation and will initiate required
corrective action. MSET will establish a "virtual sensor" that will provide an empirical model
generated signal value for the current operating state of the plant for this degraded sensor,
replacing the faulty sensor with a virtual sensor. Once an incipient fault is identified, the
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using more detailed diagnostics tools such as component design information, process and
instrumentation diagram (P&ID), flow chart, failure modes and effects analysis (FMEA)
results, etc., stored in its memory. This algorithm will produce repeatable results and this
technique can be used on single channel-instruments. The staff believes that although the
MSET algorithm yields several advantages, several weak areas need further close
evaluation. Examples of these areas could include, but not be limited to, the following:
a. Since physical laws are not considered, accuracy of correlation between variables
cannot be verified.
b. Since this method cannot extrapolate beyond the range of reference data stored in its
memory (meaning if the monitored values fall beyond the range of data sets in memory),
the system will not respond correctly to an operational transient that it did not learn or for
which no related data are stored in memory, because such transient(s) did not occur in
the past.
c. In case, a hidden design flaw is in the monitored system(s), the obtained historical data
may steer readings and correlation between readings in a wrong direction.
d. This method may not be suitable for a newer plant, which has less historical data.
e. Areas defining acceptable limits of errors:
1. in assessing interrelation between process variables correctly (since the algorithm is
not based on laws of physics);
2. in empirical-modeling;
3. in determining "weighting values" assigned for each monitored process parameter;
4. in determining "maximum and minimum" values for the memorized reference data
sets for process as well as for instruments;
5. in calculations of "thresholds" for determining the operation state of a process and
for determining the calibration state of an instrument; and
6. in establishing calculation limits to prevent the system from increasing the value of a
signal estimate and giving erroneous information relating to the state of plant
operation, in case the monitored value lies out of limits of the memorized range of
MSET algorithm.
For evaluation of this generic concept, it is impossible for the staff to identify all specific-areas
that need further evaluation. Therefore, if any licensee proposes to use the MSET method for
on-line monitoring, the staff requires that:
The licensee's submittal shall identify all areas of the algorithm used that could lead
to concerns and provide resolution for each of the identified areas on a case-by-
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calculations and plant commitments relating to separation, independence, QA, and
requirements as delineated in other applicable stipulations described in this SER
and intent of NRC policy statements for TS criteria are not voided by implementation
of MSET for the on-line monitoring. (Stipulation #20)
5.9

Past Topical Reports

In the past, the staff's review of industry response time topical reports resulted in approval for
eliminating selected sensor response time test (RTT) in part, because instrument inoperabilities
would be detected during the TS-required time-directed channel calibration. Some plants have
amended their TS to eliminate RUT requirements based on taking credit for instrument
performance assessment through periodic calibration and testing. The topical report proposes
to replace the time-directed channel calibrations with the on-line monitoring and calibrate-as
required approach, thereby extending the calibration cycle to a maximum of 8 years.
Therefore, if recommendations of this topical report are implemented, re analyzing the RTT
topical reports becomes necessary to ensure the assumptions for approval of the RTT
elimination remain valid.
In addition, in the past, based on staff evaluation of industry topical reports, the staff approved
extensions to instrumentation TS surveillance test intervals (STI) and extensions to
instrumentation TS completion times or AOT, which are included in the standard technical
specifications (STS). Although the extensions are part of STS, these topical reports were
adopted on a plant-specific basis. Therefore, the staff requires:
That for those plants where RTT requirements have been relaxed, the licensee shall
submit a case-by-case analysis for impact of implementation of on-line monitoring
and extension of the calibration interval to a maximum of 8 years, on safety systems
of the plant, if a credit for regular time-directed calibration was taken for eliminating
the TS requirement of response time test.
Also, as applicable, an analysis of the impact of implementing on-line monitoring on
the acceptance basis for technical specification STI and AOT completion time
extension topical reports shall be performed on a case-by-case basis. (Stipulation
#21)
5.10

Existing Commitments and General Conditions

The staff believes that each submittal for implementing the proposed changes will confirm that
all applicable past commitments will be followed as applicable.
Evaluation to support extension of calibration intervals of safety-related sensor
transmitters from "once per refueling outage" to a duration of a maximum of 8 years,
based on the requirements of NRC Generic Letter 91 04, "Changes in Technical
Specification Surveillance Intervals to Accommodate a 24-Month Fuel Cycle," shall
be performed on a case-by-case basis. The aspects of the ongoing monitoring
program, as required by GL 91 04, shall include the following:
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(a) Does the sensor drift exceed allowable tolerances at the longer calibration
interval?
(b) Does the periodic calibration of redundant sensors identify calibration errors
that were not detected by on-line monitoring? (Stipulation #22)
A statement confirming that instrumentation type and make as well as algorithm
used are similar to that included in EPRI Topical Report TR 104965, dated August
31, 1999, "On-Line Monitoring of Instrument Channel Performance," and justification
for any differences on a case-by-case basis, shall be included in the submittal. Also,
selected channels should be suitable for on-line monitoring in accordance with the
criteria provided in Sections 3.2 and 3.3 of the topical report. (Stipulation #23)
The submittal shall describe the on-line monitoring algorithm, method of data
acquisition, data analysis process, and alarm process. Also, a statement shall be
included indicating that an assessment of impact of the proposed changes on the
plant-specific procedures and training of plant personnel has been completed.
(Stipulation #24)
If the licensee decides to use the on-line monitoring system to monitor systems,
structures, and components as part of the maintenance rule, ensure all the
requirements of 10 CFR 50.65 are adhered to within the licensee's maintenance rule
program. (Stipulation #25)
By implementing the proposed on-line monitoring system, the instruments are expected to
remain unattended for longer periods of time. Therefore:
The staff requires that the submittal shall address methods for detecting instrument
failures that are undetectable by the on-line monitoring system while monitoring the
instrument at only one point in their operating range. (Stipulation #26)
5.11

General Stipulations
The licensee shall demonstrate that instrument readings of instruments under
supervision of the proposed on-line monitoring system will be traceable to standards.
(Stipulation # 27) As explained in Section 5.1.1 of this SER that instrument
accuracy (for TSP) traceable to standards preserves the correlation between plant
operation and the safety analyses in the licensing basis. This correlation must be
maintained because these instruments are required to timely initiate safety systems
for accident mitigation and provide guidance for EOPs.
All changes to the Technical Specifications and instrument TSPs shall be consistent
with existing safety analyses or the analyses shall be redone. The safety analyses
shall account for "failure of the on-line monitoring system" and the effects of
Undetectable failures on the system. (Stipulation #28)
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The on-line monitoring system shall be consistent with the plant's licensing basis,
and the licensee's submittal shall demonstrate that there continues to be a
coordinated defense-in-depth against instrument failure. (Stipulation #29)
The licensee has a documented monitoring and review program either planned or in
place to evaluate performance of the on-line monitoring system. (Stipulation #30)
6.0

CONCLUSION

(This Section of the SER is still being worked.)

