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ABSTRACT 

Online monitoring (OLM) technology can be used in nuclear power plants to measure sensor drift 

during plant operation and thereby identify the sensors whose calibration must be checked 

physically during an outage. The application of this condition monitoring technology for nuclear 

plant pressure, level, and flow transmitters received regulatory approval in September 2021 

through a safety evaluation (SE) issued by the United States Nuclear Regulatory Commission in 

response to a topical report written by Analysis and Measurement Services Corporation (AMS) 

and submitted to the NRC in October 2020. 

1 FUNDAMENTALS OF ONLINE CALIBRATION MONITORING 

OLM technology for transmitter drift monitoring involves a simple procedure that is passive and 

benign to plant operation and does not require any modification to the plant. All that is needed to 

implement OLM is a means to retrieve the output readings of transmitters from the plant computer 

or a separate data acquisition system, and a software package to validate and analyze the 

transmitter data.  

To perform OLM, readings of redundant sensors are tracked while the plant is operating to identify 

drift beyond acceptable limits. Figure 1 shows the readings of four redundant steam generator 

(SG) level transmitters from Unit 2 of the McGuire Nuclear Station over a period of about 30 

months, representing nearly two full operating cycles [1, 2].  

In arriving at the deviation plot in Figure 1, an estimate of the true SG level was first obtained by 

averaging the four signals. Next, the process estimate was subtracted from the reading of each 

transmitter to yield the deviation of each transmitter from the average. The OLM limits for the SG 

level transmitters are also shown with the dotted lines in Figure 1.  
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It is obvious from the four traces in Figure 1 that the four McGuire transmitters did not drift over 

the two operating cycles shown in the figure and in fact remained well within the plant’s OLM 

limits. With this information, it is reasonable to claim that the calibrations of these transmitters are 

intact. However, it is important to note that this claim would be true only if the four transmitters did 

not all drift together in either the positive or negative direction (i.e., common-mode drift). If there 

is no common-mode drift, then their average value is a close representation of the true process.  

 

Figure 1. OLM Data for Four Redundant SG Level Transmitters 

(Source of Data: McGuire Nuclear Power Plant Unit 2 – NUREG/CR 6343) 

 

2 CONVENTIONAL CALIBRATIONS VERSUS OLM 

Conventional calibrations of transmitters typically involve two steps: 

Step 1 – Determine if the transmitter must be calibrated. This step is carried 
out by manually isolating the transmitter from the process and applying a range of 
known pressures to the transmitter covering the operating range of the transmitter 
while measuring its output. The data from this step is referred to as the “as-found” 
calibration data. If the “as-found” data shows that the calibration of a transmitter is 
acceptable, then no further action is needed, and the transmitter is returned to 
service. Otherwise, the transmitter is calibrated as detailed in the next step. 

Step 2 – Calibrate the transmitter. This step is carried out by making manual 
adjustments to transmitter zero and/or span settings via on-board potentiometers 
to make the transmitter read a range of applied pressures as closely as possible. 
The data from this step is referred to as “as-left” calibration data.  
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The first step above consumes a majority of the effort that is spent by plant personnel on sensor 

calibrations which can be saved by OLM. In particular, a review of calibration history of nuclear 

plant pressure, level, and flow transmitters has shown that about 90% of these transmitters 

maintain their calibration for much longer than a typical fuel cycle which can range from 14 to 24 

months. More specifically, calibration records have shown that only about 10% of nuclear plant 

transmitters exceed their “as-found” limits [3]. As such, the OLM procedure was developed to 

eliminate about 90% of the calibration burden on nuclear plant personnel while improving plant 

safety and efficiency by eliminating unnecessary calibrations which can cause damage to plant 

equipment, expose plant personnel to radiation, and increase the potential for human errors, plant 

trips, or spurious actuations.  

3 HISTORY OF TRANSMITTER CALIBRATIONS AND RESPONSE TIME TESTING 

Periodic calibrations and response time measurements have been performed once every fuel 

cycle on all safety system transmitters in nuclear power plants since the 1970s providing a huge 

volume of data. This data was analyzed by EPRI in the early 1990s which concluded that the 

performance of most nuclear grade pressure, level, and flow transmitters is rather stable, and 

they do not therefore have to be calibrated or response time tested as often as once every 

operating cycle. This conclusion stimulated EPRI to launch two efforts to accomplish the following 

objectives on behalf of the nuclear power industry:  

1. Eliminate periodic response time testing requirements for pressure, level, and 
flow transmitters. 

2. Develop OLM technologies to extend the frequency of calibrations of pressure, 
level, and flow transmitters.  

The effort to eliminate transmitter response time testing requirements provided the foundation for 

PWR and boiling water reactor (BWR) vendors to seek Safety Evaluation Reports (SERs) to help 

their fleet cease transmitter response time testing. In particular, the NP-7243 report by EPRI first 

published in 1991 [4] served as the basis for topical reports WCAP-13632 of Westinghouse [5], 

NPSD-1167-A (Rev. 2) report of Combustion Engineering (CE) [6], and NEDC-32013 report of 

BWR owners group (BWROG) [7] leading to SERs providing relief to most PWR and BWR plants 

in the U.S. This approach requires that any replacement transmitter or new transmitter design for 

which adequate performance data is not available or analyzed to be response time tested before 

it is placed in service. 

Although EPRI was successful in obtaining regulatory relief for the nuclear industry from response 

time testing of transmitters, its efforts to obtain relief from unnecessary calibrations did not 

materialize except for the Sizewell B nuclear plant in the U.K. This is in spite of the fact that in the 
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late 1990s, EPRI submitted a topical report to the NRC leading to an SER in September 2000 

authorizing the use of OLM for transmitter drift monitoring subject to fourteen requirements for 

plant-specific implementation [3]. Subsequently, the nuclear industry addressed many of these 

plant-specific action items and the utility operating V.C. Summer nuclear power plant applied to 

the NRC for approval to implement OLM to extend the calibration interval of its transmitters [8]. 

However, following a short period of interaction between the utility and NRC and before any NRC 

ruling, V.C. Summer’s application to implement OLM was withdrawn by the utility, and no further 

attempts were made by this or any other U.S. plant to seek NRC approval to implement OLM. 

Presumably, the nuclear industry found a few of NRC’s plant-specific action items in the SER to 

be too restrictive and costly to resolve and therefore abandoned its efforts to take advantage of 

the SER to extend the calibration intervals of transmitters.  

4 CALCULATION OF OLM LIMITS 

OLM limits must be established by each nuclear plant to determine when a transmitter must be 

flagged for a calibration check during an outage. The limits are calculated for each group of 

redundant transmitters based on the plant setpoint uncertainties and will be different for different 

plants depending on the types of pressure, level, and flow transmitters used in the plant, plant 

setpoint methodology, and plant setpoint uncertainties. This section presents an example of how 

OLM limits may be derived from a plant’s setpoint uncertainties.  

4.1 UNCERTAINTY FORMULAS 

OLM limits are established by combining the uncertainties of the instrument channels for each 

group of redundant transmitters using an RSS formula such as: 

𝐶𝑆𝐴 =  √𝑃𝑀𝐴2 + 𝑃𝐸𝐴2 + (𝑆𝐶𝐴 + 𝑆𝑀𝑇𝐸 + 𝑆𝐷)2 + 𝑆𝑃𝐸2 + 𝑆𝑇𝐸2 + (𝑅𝐶𝐴 + 𝑅𝑀𝑇𝐸 + 𝑅𝐶𝑆𝐴 + 𝑅𝐷)2 + 𝑅𝑇𝐸2 + 𝐸𝐴 + 𝐵𝐼𝐴𝑆 Eq. 4.1 

This formula produces the channel statistical accuracy (CSA) band that is calculated as the first 

step towards development of OLM limits. This and related other formulas are found in a variety of 

guidelines and standards such as the ISA standard 67.04 [9].  

The fourteen terms in the above RSS formula are defined in Table 1. Some of these terms apply 

to determining the uncertainties of manual calibrations and others are used to establish OLM 

limits or safety system trip limits. For example, “as-found” and “as-left” limits used in manual 

calibrations of transmitters are typically calculated based on up to only five terms of the RSS 

formula as illustrated in Figure 2. The OLM limits, on the other hand, involve more terms for 

components that are involved in the path of OLM data from the process to where the data is 

recorded.  
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The CSA band calculated using the RSS formula must be reduced by two elements to arrive at 

the OLM limits. These elements are: 1) the uncertainty of the process estimation technique (σ), 

and 2) the uncertainty of M&TE (σM&TE) that is used to collect the OLM data. Figure 3 illustrates 

the process of arriving at the OLM limits, and Figure 4 illustrates the calculation of the process 

estimation uncertainty (σ) for simple averaging technique using the uncertainties of each process 

measurement (σi). The value for each σi is determined using an RSS formula that combines the 

uncertainties involved in monitoring of each redundant transmitter.  

 

 

Figure 2. Illustration of Manual Calibration Limits  

MISC2344
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Table 1. Potential Sources of Instrument Channel Uncertainty  

Item Name Acronym Definition 

1 
Process 

Measurement 
Accuracy 

PMA 
Inherent noise in the process. PMA sources are listed as 
Water Leg Correction, Elbow Tap Error, Streaming and 
Thermal Mismatch (Power Range Detectors). 

2 
Primary Element 

Accuracy 
PEA 

Represents the error due to the use of a metering device 
like a flow orifice, etc. 

3 
Sensor Calibration 

Accuracy 
SCA 

Inherent accuracy of the sensor at reference conditions; 
typically vendor supplied. 

4 
Sensor 

Measurement and 
Test Equipment 

SMTE 

Uncertainties associated with the equipment used to 
calibrate the sensor. Some plants assume 0.0 for SMTE if 
the calibration standards and the equipment used for 
calibration meets 4:1 accuracy ratio. 

5 Sensor Drift SD 
Observed change in sensor accuracy as a function of time; 
typically supplied by the vendor. 

6 
Sensor Pressure 

Effects 
SPE 

This is the potential effect of static pressure on transmitter 
calibration. 

7 
Sensor Temperature 

Effects 
STE 

This is the potential effect of environmental temperature on 
transmitter calibration. 

8 
Rack Calibration 

Accuracy 
RCA The two-sided (±) calibration tolerance of the process racks. 

9 
Rack Measurement 
and Test Equipment 

RMTE 
Some plants assume 0.0 for RMTE if the equipment used 
meets 4:1 accuracy ratio. 

10 
Rack Comparator 
Setting Accuracy 

RCSA 
The inherent accuracy of the rack comparator at reference 
conditions. 

11 Rack Drift RD 
The change in input-output relationship of the rack as a 
function of time at reference conditions. 

12 
Rack Temperature 

Effects 
RTE 

Change in input-output relationship for the process rack 
module string due to a change in the ambient environmental 
conditions. 

13 
Environmental 

Allowance 
EA 

Represents the change in the instrument channel's 
response due to accident environmental conditions. Some 
plants use 0.0 for EA for normal CSAs as opposed to 
accident CSA. 

14 Constant Offset BIAS 
For the RC flow channel, for example, this represents the 
flow measurement error for the elbow taps. 
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Figure 3. Illustration of OLM Limits 

 

 

 

 

 

Figure 4. Illustration of Process Estimate (𝐋) and its Uncertainty (σ)
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4.2 PRESENTATION OF OLM RESULTS WITHIN OLM LIMITS 

Figure 5 shows OLM results as tracked within OLM limits over eight years for four pressurizer 

pressure transmitters at Sizewell B.  

The OLM limits also serve during each operating cycle from the beginning of startup to the end of 

shutdown to cover as much of the transmitter span as possible. Figure 6 shows OLM results from 

the beginning to the end of a plant startup at Sizewell B for four redundant level transmitters. This 

includes a plot of the raw OLM data on the top, deviation of each transmitter from the average of 

the four transmitters in the middle, and the deviation of each transmitter from the average of the 

four transmitters plotted as a function of span of the transmitters. The shutdown plots are 

produced using the same procedure as startup data. As for an example of OLM results from data 

during normal plant operation, Figure 7 is provided here presenting the deviations of four 

redundant level transmitters from Sizewell B plant tracked during plant operation. Note that the 

same OLM limits are used in assessment of startup results as well as results for the normal 

operation period (Figure 6 and Figure 7).  

 

Figure 5. OLM Results Tracked for Four Pressurizer Pressure Transmitters at Sizewell B
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Figure 6. Startup OLM Results for Four Redundant Level Transmitters at Sizewell B  

 
Figure 7. OLM Results for Four Redundant Level Transmitters at Sizewell B 
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5 OLM IMPLEMENTATION IN U.S. PLANTS 

Over the last fifteen years, AMS has implemented OLM in the following U.S. nuclear power plants. 

These are in addition to AMS implementation of OLM at the McGuire Nuclear Station in the 1990s.  

 Watts Bar Unit 1 (4-Loop Westinghouse PWR): transmitters monitored for one 
cycle from November 2006 to February 2008 [10] 

 Farley Units 1 and 2 (3-Loop Westinghouse PWRs): transmitters monitored over 
multiple cycles from April 2008 to July 2011 [11] 

 North Anna Units 1 and 2 (3-Loop Westinghouse PWRs): transmitters monitored 
over multiple cycles from January 2008 to April 2011 [11] 

 Vogtle Units 1 and 2 (4-Loop Westinghouse PWRs): transmitters monitored from 
October 2018 to the present as part of an on-going commercial OLM 
implementation performed under a contract between AMS and SNOC [12-14] 

Table 2 provides a listing of the plant services and the typical number of transmitters in each 

service monitored in the 3-loop and 4-loop PWRs mentioned above. The transmitters were 

selected by the plant personnel as the ones that will benefit the plants the most if their calibration 

intervals were extended.  

Table 2. Selected Transmitters in OLM Implementation in Representative U.S. Plants 

Item Plant Service 
# of Transmitters 

 (4-Loop) 
# of Transmitters 

 (3-Loop) 

1 Reactor coolant system (RCS) loop flow 12 9 

2 Pressurizer narrow-range pressure 4 3 

3 Pressurizer level 3 3 

4 Steam pressure 12 9 

5 Steam flow 8 6 

6 SG narrow range level 12 9 

7 Main feedwater flow 8 6 

8 Refueling water storage tank (RWST) level 4 2 

9 Containment Pressure 4 3 

 Total 67 50 
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The OLM data retrieval processes at each plant were straightforward and data quality was good. 

For Watts Bar Unit 1, the OLM data was retrieved from the Tennessee Valley Authority (TVA) 

“DatAware” historian in the form of text files for data at periods of startup, normal operation, and 

shutdown. At Farley and North Anna, the compression settings of the data historians could not be 

turned off for OLM data acquisition. Therefore, the plant personnel retrieved the data from the 

plant computer itself in order to avoid problems with compression settings. AMS also 

demonstrated OLM at Perry Nuclear Power Plant, a 1250 MWe BWR where OLM data was 

collected between January 2008 and September 2013 as a part of a feasibility study to 

demonstrate OLM. 

For Vogtle, OLM data is accessed remotely from the Southern Company’s Maintenance and 

Diagnostic (M&D) center database and analyzed at AMS. The goal of the project is to provide full 

cycle analysis using OLM data from all modes of plant operation which includes startup, normal 

power operation, and shutdown. The OLM data at Vogtle is sampled at a slow rate of one sample 

every 5 minutes due to limitations of the plant historian. To compensate for this slow sample rate, 

an entire month of data is analyzed for each transmitter. This OLM implementation at Vogtle is 

performed in support of the plant’s TSTF-425 initiative to satisfy the performance monitoring 

requirement of the NEI-04-10 SFCP guidance to extend transmitter calibration intervals [15]. 

Table 3 lists the number of transmitters and plant service covered in the OLM implementation 

project at Vogtle Units 1 and 2. Currently, 25 transmitters are involved in OLM in each of the two 

Vogtle units. The manufacturer and model numbers of the transmitters monitored are Rosemount 

1154, 1153, Barton 764 and Veritrak 76DP. 

To date, 343 transmitters have been tested at Watts Bar, Farley, North Anna, and Vogtle. Of 

these, only about 10 percent reached their OLM limits. This is comparable with the nuclear 

industry’s experience that only about 10 percent of pressure, level, and flow transmitters lose their 

calibrations over an operating cycle.  

Except for Vogtle, the OLM implementation projects performed by AMS in U.S. plants have all 

been experimental and have been performed primarily as R&D efforts to establish the feasibility 

of OLM for detection of transmitter drift. Nevertheless, together with OLM implementation at 

Sizewell B and McGuire, these projects have provided the foundation for the development of a 

generic OLM methodology that can be applied to all nuclear power plants. 

Table 3. Transmitters Monitored at Vogtle Units 1 and 2  

Plant Service # of Transmitters in Each Unit 

Pressurizer level 3 

Steam pressure 12 

Turbine First Stage Pressure 2 

Refueling water storage tank (RWST) level 4 

Containment Pressure 4 
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6 COMPARISON OF RESULTS OF OLM AND MANUAL CALIBRATIONS 

6.1 OLM Results Versus Manual Calibrations  

OLM implementation at Sizewell B over the period of 2005 to 2020 involved 197 transmitters 

(Table 4) producing a huge database of OLM results. For example, there are 435 cases in the 

database involving 108 transmitters that were monitored over five operating cycles by OLM and 

subsequently calibrated providing the opportunity to compare the OLM results with manual 

calibrations. A summary of this comparison is provided in Table 5 with its conclusions as follows: 

1. The OLM and manual calibration results for 356 of 435 transmitters or over 80% 
matched perfectly. Although OLM and manual calibrations are not exactly the 
same due to the effect of process conditions and the different number of 
components that are involved in the two tests, this good agreement is nevertheless 
important as it provides confidence in the validity of OLM technology. 

2. For 77 transmitters or nearly 18%, OLM found the transmitters as having drifted 
beyond their OLM limits while manual calibrations showed no significant drift. 
Although the two methods did not produce comparable results, this outcome is 
readily acceptable because it is conservative.  

3. OLM did not flag two transmitters that were found to be bad by manual calibrations. 
The cause of this discrepancy could not be found. Upon arrival at this outcome 
which is not conservative, the Sizewell B engineers compared this observation with 
their experience with discrepancies in manual calibrations over the years since 
1996 when Sizewell B began to operate. This effort showed that Sizewell has 
experienced an average of three discrepancies due to human errors and 
miscalibrations per each operating cycle [16]. As such, Sizewell engineers 
concluded that the two discrepancies seen here are readily acceptable because 
they are better than the conventional practice where about fifteen cases of human 
errors and miscalibrations would have typically occurred over the same period. 
With only two nonconservative results out of 435 cases, it is reasonable to 
conclude that OLM correctly or conservatively identified greater than 99% of the 
Sizewell transmitters that needed a calibration check. Furthermore, in a 2019 
update it became known that Sizewell is in possession of 921 cases of which 11 
are nonconservative. Again, this statistic confirms that OLM has correctly or 
conservatively identified about 99% of the transmitters that needed a calibration 
check. 

The EPRI study [17] supports the AMS claim that OLM fails to identify drifting transmitters in less 

than 1 percent of cases which is better than traditional calibrations which fails in 5 percent of 

cases.  
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Table 4. Transmitters Involved in OLM Implementation at Sizewell B  

Item Plant Service 
Total # of 

Transmitters 

1 Reactor coolant system (RCS) loop flow 16 

2 RCS narrow range pressure 8 

3 RCS wide-range pressure 8 

4 Pressurizer narrow-range pressure 4 

5 Pressurizer level 4 

6 Steam pressure 36 

7 Steam flow 12 

8 SG narrow range level 32 

9 SG wide range level 8 

10 Main feedwater flow 16 

11 Volume control tank level 5 

12 Refueling water storage tank (RWST) level 8 

13 
Essential service water (ESW) flow to component cooling water 
(CCW) heat exchangers 

8 

14 CCW flow to low temperature loads 8 

15 CCW flow in RCP thermal barrier return 4 

16 Reactor coolant pump (RCP) seal injection flow 4 

17 Surge tank level 8 

18 Containment pressure 8 

Total All transmitters involved in OLM implementation 197 
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Table 5. Agreement Between OLM and Calibrations for Sizewell Transmitters 

OLM Calibration Number of Matches Assessment 

Good Good 332 Perfect Match 

Bad Bad 24 Perfect Match 

Bad Good 77 Conservative Mismatch 

Good Bad 2 Nonconservative Mismatch 
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6.2 Sizewell Transmitters Exceeding OLM Limits 

As of the year 2020, OLM has been used at Sizewell B for eleven operating cycles. Figure 8 

shows the results in terms of the percentage of transmitters that OLM flagged for calibration 

checks at each of the eleven operating cycles. Based on these results, an average of 13.4% of 

the Sizewell B transmitters were flagged by OLM for calibration checks. This compares with about 

10% that the analysis of “as-found” data have shown for the calibration stability of nuclear grade 

transmitters in the existing fleet of nuclear plants over the last 40 years. The extra 3.4% is most 

likely due to conservative OLM limits of Sizewell as well as the current AMS practice that calls to 

flag any transmitter for which there is doubt about its OLM data or analysis results. 

 

Figure 8. Sizewell Transmitters Flagged for Calibration Checks at the End of 
Each Plant Operating Cycle  

  



 

Page 16 of 18 

REFERENCES 

Following are the references cited specifically throughout this paper. 

1. Hashemian, H., et al., “Validation of Smart Sensor Technologies for Instrument Calibration 
Reduction in Power Plants”, U.S. Nuclear Regulatory Commission (NRC), Washington, D.C., 
NUREG/CR-5903, 1993. 

2. Hashemian, H., “On-Line Testing of Calibration of Process Instrumentation Channels in Nuclear 
Power Plants”, U.S. Nuclear Regulatory Commission (NRC), Washington, D.C., NUREG/CR-
6343, 1995.  

3. Wooten, B., “Instrument Calibration and Monitoring Program Volume 1: Basis for the Method”, 
Electric Power Research Institute (EPRI), Palo Alto, CA, EPRI TR-103436-V1, 1993. 

4. Swisher, V., “Investigation of Response Time Testing Requirements”, Electric Power Research 
Institute (EPRI), Palo Alto, CA, NP-7243-R1, 1994. 

5. Morgan, C., et al., “Elimination of Pressure Sensor Response Time Requirements”, Westinghouse 
Electric Corporation, WCAP-13632, Revision 2, 1996. 

6. McQuade, D., “Elimination of Pressure Sensor Response Time Testing”, Combustion Engineering 
Owners Group, CE NPSD-1167-A, Revision 2, 2001. 

7. Boger, B., “System Analyses for Elimination of Selected Response Time Testing Requirements”, 
BWR Owners Group (BWROG), NEDC-32013P, 1993. 

8. Archie, J., “License Amendment Request - LAR 05-0677, On-Line Monitoring of Instrument 
Channel Performance”, Letter to U.S. Nuclear Regulatory Commission (NRC), ADAMS Accession 
Number ML060400220, 2006. 

9. Marquino, W., et al., “Setpoints for Nuclear Safety-Related Instrumentation”, International Society 
of Automation (ISA), ANSI/ISA-67.04.01-2018, 2018.  

10. Hashemian, H., “On-Line Calibration Monitoring of Safety-Related Pressure Transmitters at Watts 

Bar Unit 1”, Electric Power Research Institute (EPRI), Palo Alto, CA, EPRI Final Report, 2010. 

11. Hashemian, H., Shumaker, B., Morton, G., Caylor, S., “On-line Monitoring of Accuracy and 
Reliability of Instrumentation and Health of Nuclear Power Plants”, Phase II+ Final Report, 
Volumes 1 and 2, Report No. DOE/ER84626, DOE Grant No. DE-FG02-06ER84626, 2011. 

12. Morton, G., et al., “Results of Mid-Cycle Analysis of On-Line Calibration Monitoring Data for 
Pressure Transmitters at Vogtle Unit 1 from October 2018 through June 2019”, AMS Corporation, 
AMS Report VOG1905R0, 2019. 

13. Shumaker, B., et al., “Results of Mid-Cycle Analysis of On-Line Calibration Monitoring Data for 
Pressure Transmitters at Vogtle Unit 2 from March 2019 through November 2019”, AMS 
Corporation, AMS Report VOG1906R0, 2019. 

14. Morton, G., et al., “Results of Full Cycle Analysis of On-Line Calibration Monitoring Data for 
Pressure Transmitters at Vogtle Unit 1 from October 2018 through March 2020”, AMS Corporation, 
AMS Report VOG2005R0, 2020. 

15. Srinivasa, V., et al., “Risk-Informed Technical Specification Initiative 5b, Risk-Informed Method for 
Control of Surveillance Frequencies”, Nuclear Energy Institute (NEI), NEI 04-10, Revision 1, 2007. 

16. Goffin, P., “Sensor Calibration Extension (EC109087) Additional Work to Support Continued 
Implementation”, Sizewell B Power Station, Systems Engineering, SZB/ESR/503, 2019. 



 

Page 17 of 18 

17. Hashemian, H., Rasmussen, B., “Plant Application of On-Line Monitoring for Calibration Interval 
Extension of Safety-Related Instruments: Volumes 1 and 2”, Electric Power Research Institute 
(EPRI), Palo Alto, CA, EPRI-TR-1013486, 2006. 



 

 

THIS END PAGE IS INTENTIONALLY LEFT BLANK 


