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1.0 INTRODUCTION AND BACKGROUND 19 
  20 
Caldon, Inc., submitted an engineering report (ER), ER-80P topical report (TR) (Reference 1), in 21 
March 1997, that describes the Leading Edge Flow Meter (LEFM), includes calculations of 22 
power measurement uncertainty using a Caldon, Inc., LEFM Check system in a typical two-loop 23 
pressurized-water reactor or a two-feedwater-line boiling-water reactor, and provides guidance 24 
for determining plant-specific power calorimetric uncertainties.  The U.S. Nuclear Regulatory 25 
Commission (NRC) staff approved this TR for an exemption to the 2 percent uncertainty 26 
requirement in Appendix K to 10 CFR Part 50 and approved a 1 percent power uprate for using 27 
the LEFM (Reference 2).  Following publication of the amendment to Appendix K that allowed 28 
for an uncertainty less than 2 percent, the NRC staff approved ER-160P TR (Reference 3) for 29 
up to a 1.4 percent power uprate (Reference 4).  Subsequently, the NRC staff approved 30 
ER-157P, Revision 5, TR, (Reference 5) for up to a 1.7 percent power uprate using the Caldon, 31 
Inc., LEFM CheckPlus system (Reference 6).  Since that time, Caldon, Inc., more recently as a 32 
part of Cameron Measurement Systems (Cameron/Caldon), has submitted updates and plant-33 
specific documentation describing application of the Check and the CheckPlus ultrasonic flow 34 
meter (UFM) instrumentation. 35 
 36 
The subject of this safety evaluation (SE), ER-157P, Revision 8, TR, (Reference 8), is the most 37 
recent Cameron/Caldon TR submitted to NRC for review and supersedes ER-157P, Revision 8, 38 
submitted “for information only” in June, 2008 (Reference 7).  ER-157P, Revision 8, TR 39 
(Reference 8), supplements the previous documents and characterizes both the Check and the 40 
CheckPlus LEFMs, summarizes LEFM field experience through 2007, provides more detail 41 
pertaining to coherent noise effects, and addresses transducer replacement uncertainty.  42 
Together, ER-80P TR and ER-157P, Revision 8, TR, including applicable references in 43 
ER-157P, Revision 8, TR, provides an acceptable generic basis for a measurement uncertainty 44 
recapture (MUR) power uprate subject to items identified in the remainder of this SE. 45 

 46 
In Reference 8, Cameron/Caldon requested NRC review of ER-157P, Revision 8, TR.  In 47 
conducting its review, the NRC staff considered the information provided in the above 48 
references, guidance from Regulatory Issue Summary 2002-03 (Reference 9), and the results 49 
from previously reviewed licensee MUR requests.  Several items were found that potentially 50 
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affected Revision 8 and Cameron/Caldon proposed another item during the review that could 1 
affect future licensee requests that referenced Revision 8.  The NRC staff found that revision of 2 
this TR was not necessary to cover these items and that covering them in the SE as discussed 3 
below was an acceptable method to address them. 4 
 5 
In general, the CheckPlus is more accurate and less susceptible to flow disturbances than the 6 
Check, and in several areas, as identified in this SE, the NRC staff‟s evaluation is limited to the 7 
CheckPlus and may not be applied to the Check. 8 
 9 
Nuclear power plants are licensed to operate at a specified core thermal power, and the 10 
uncertainty of the calculated values of this thermal power is a significant input into the 11 
probability of the plant exceeding the power levels assumed in the design-basis transient and 12 
accident analyses.  In this regard, Appendix K, “ECCS Evaluation Models,” to Title 10 of the 13 
Code of Federal Regulations (10 CFR) Part 50, “Domestic Licensing of Production and 14 
Utilization Facilities,” originally required loss-of-coolant accident (LOCA) and emergency core 15 
cooling system analyses to assume that the reactor had been operating continuously at a power 16 
level at least 102.0 percent of the licensed thermal power to allow for uncertainties, such as 17 
instrument error.  To reduce an unnecessarily burdensome regulatory requirement and to avoid 18 
unnecessary exemption requests, the Commission published a revised rule in the Federal 19 
Register (65 FR 34913; June 1, 2000).  This rule amended the requirement in Appendix K to 20 
allow licensees the option of justifying a smaller margin for power measurement uncertainty by 21 
using more accurate instrumentation to calculate the reactor thermal power or of maintaining the 22 
current margin of 2 percent power. 23 
 24 
The neutron flux instrumentation continuously indicates the reactor core thermal power; this 25 
instrumentation must be periodically calibrated to accommodate the effects of fuel burnup, flux 26 
pattern changes, and instrumentation setpoint drift.  The reactor core thermal power generated 27 
by a nuclear power plant is determined by steam plant calorimetry, which is the process of 28 
performing a heat balance around the nuclear steam supply system (called a calorimetric).  The 29 
accuracy of this calculation depends primarily upon the accuracy of feedwater flow rate and 30 
feedwater net temperature measurements.  As such, an accurate measurement of feedwater 31 
flow rate and temperature is necessary for an accurate calibration of the nuclear 32 
instrumentation.  Of the two parameters, flow rate and temperature, the most important in terms 33 
of calibration sensitivity is the feedwater flow rate. 34 
 35 
The originally installed instruments for measuring feedwater flow rate in nuclear power plants 36 
were usually a venturi or a flow nozzle, each of which generates a differential pressure 37 
proportional to the feedwater velocity in the pipe.  Of the two, the venturi was the most widely 38 
used because of relatively low head loss.  However, venturi fouling and, to a lesser extent flow 39 
nozzle fouling, the transmitter, and the analog-to-digital converter introduce errors in the flow 40 
rate measurement. 41 
 42 
Because of the desire to reduce flow instrumentation uncertainty to enable operation of the plant 43 
at a higher power, while remaining within the licensed rating, the industry assessed alternate 44 
flow rate measurement techniques and found that UFMs are a viable alternative.  UFMs are 45 
computer-controlled electronic transducers that do not have differential pressure elements that 46 
are susceptible to fouling.  Caldon developed a UFM called a “leading edge flow meter” and 47 
named it the LEFM Check system, and then it developed the LEFM CheckPlus system.  An 48 
LEFM CheckPlus system, which consists essentially of two LEFM Check systems, provides a 49 
more accurate feedwater flow measurement than that of the LEFM Check system.  Both of 50 
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these UFMs have demonstrated better measurement accuracies than the differential pressure 1 
type instruments and provide on-line verification to ensure that the UFM is operating within its 2 
uncertainty bounds.  3 
 4 
2.0 REGULATORY EVALUATION 5 

 6 
Appendix K of Section 50 and 50.46 of 10 CFR originally required licensees to base their LOCA 7 
analysis on an assumed power level of at least 102 percent of the licensed thermal power level 8 
to account for power measurement uncertainty.  On June 1, 2000, the NRC published a final 9 
rule in the Federal Register (65 FR 34913) that allows licensees to justify a smaller margin for 10 
power measurement uncertainty.  Approximately three-fourths (or greater) of the power 11 
measurement uncertainty is due to measurement of feedwater flow rate.  Consequently, if a 12 
licensee proposes to install a flow rate metering system that has a smaller uncertainty than 13 
associated with an existing two percent uncertainty installation, the licensee may apply for an 14 
amendment to operate at a power level higher than the previously licensed power on the basis 15 
of the use of a flow rate metering system that has a reduced uncertainty. 16 
 17 
The Cameron/Caldon LEFM that is addressed in the subject TR (Reference 7) is typically 18 
claimed to allow an uncertainty reduction from two percent to less that 0.4 percent.  19 
Consequently, the NRC staff evaluated the TR and associated documentation with respect to 20 
such items as the following: 21 
 22 
1. Consistency with the guidelines in NRC Regulatory Issue Summary, 2002-03, “Guidance 23 

on the Content of Measurement Uncertainty Recapture Power Uprate Applications” 24 
(Reference 9). 25 

 26 
2. Substantiation that flatness ratio, defined as the ratio of the measured average axial 27 

velocity at the outside chords to the average axial velocity at the inside chords, can be 28 
correlated to the UFM correction factor or calibration coefficient to address Reynolds 29 
number differences between the Alden Laboratory test and in-plant conditions if the flow 30 
profile is not significantly distorted by upsteam piping components, such as elbows 31 
located within a few pipe diameters of the LEFM.  Where significant distortion occurs, as 32 
can be determined from Alden Laboratory test results, then a Reynolds number 33 
extrapolation is necessary and acceptable. 34 

 35 
3. Acceptability of the theoretical description of the LEFM and its operation. 36 
 37 
4. Substantiation that the uncelebrated CheckPlus is typically within a fraction of a percent 38 

of the flow rate measured at Alden research Laboratory. 39 
 40 
5. Substantiation that the CheckPlus is typically relatively unaffected by flow profile 41 

distortion and swirl and, further, that the CheckPlus will provide an approximation of the 42 
flow profile. 43 

 44 
6. Substantiation that downstream geometry does not have a significant influence on 45 

CheckPlus calibration. 46 
  47 

The NRC staff finds that the hydraulic aspects of the Check and CheckPlus systems have 48 
been accurately described in applicable documentation and that there is a firm theoretical and 49 
operational understanding of behavior.  With one exception, there is no further need to 50 
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re-examine the hydraulic bases for use of the CheckPlus systems in nuclear power plant 1 
feedwater applications.  The exception, which should be addressed on a plant-specific basis, 2 
occurs if there is an upstream tubular flow straightener.  3 
 4 
The Check system is more sensitive to flow profile perturbations caused by upstream and 5 
potentially by downstream hardware configuration changes than the CheckPlus, as addressed 6 
in this SE.  The effect of such changes must be addressed on a plant-specific basis, if the 7 
Check system is proposed for use in that plant.  8 

 9 
3.0 TECHNICAL  EVALUATION 10 
 11 
3.1 Engineering Report ER-157P 12 
 13 
3.1.1 Ultrasonic Flow Meter Design and Characteristics1 14 
 15 
To determine volumetric flow rate, the Cameron/Caldon UFM transmits an acoustic pulse along 16 
a selected path and records the arrival of the pulse at the receiver.  Another pulse is transmitted 17 
in the opposite direction and the time for that pulse is recorded.  Since the speed of an acoustic 18 
pulse will increase in the direction of flow and will decrease when transmitted against the flow, 19 
the difference in the upstream and downstream transit times for the acoustic pulse provides 20 
information on flow velocity.  Once the difference in travel times is determined, the average 21 
velocity of the fluid along the acoustic path can be determined.  Therefore, the difference in 22 
transit time is proportional to the average velocity of the fluid along the acoustic path. 23 
 24 
Cameron/Caldon provides an array of ultrasonic transducers installed in a spool piece, 16 25 
transducers to determine average velocity in each of 8 paths in the CheckPlus, housed in 26 
fixtures on a spool piece.  The transducers are arranged such that they form parallel and 27 
precisely defined acoustic paths.  Using the resulting time measurements and the known path 28 
lengths, the average fluid velocity along each path length is determined.  Using Gaussian 29 
quadrature integration, the velocities measured along the acoustic paths are combined to 30 
determine the average volumetric flow rate through the flow meter cross section.  The chordal 31 
placement is intended to provide an accurate numerical integration of the axial flow velocity 32 
along the chordal paths.  Note that this process assumes a continuous velocity profile in the flow 33 
area perpendicular to the spool piece axis.  Although the velocity profile can be distorted, the 34 
distortion cannot be such that the Gaussian quadrature process no longer provides an 35 
acceptable mathematical fit to the profile, such as may occur if the profile has discontinuities. 36 

 37 
To obtain the actual average flow velocity a meter factor is applied to the integrated average 38 
flow velocity indicated by the UFM.  The meter factor for the Cameron/Caldon UFMs is 39 
determined through meter testing at the Alden Laboratory and is equal to the true area 40 
averaged flow velocity divided by the flow velocity averaged along the meter paths to correlate 41 
the meter readings to the average velocity and hence to the average meter volumetric flow.  The 42 
mass flow rate is found by multiplying the spool area by the average flow velocity and density.  43 
The mean fluid density may be obtained using the measured pressure and the derived mean  44 
fluid temperature as an input to a table of thermodynamic properties of water.  Typically, an 45 
uncalibrated CheckPlus will agree with Alden Laboratory tests results to less than 0.5 percent. 46 
 47 

                                                 
1 Reference 11 provides a concise, easily understood description of the Cameron UFM. 
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Use of a spool piece and chordal paths improves the dimensional uncertainties including the 1 
time measurement of the ultrasonic signal and enables the placement of the chordal paths at 2 
precise locations generally not possible with an externally mounted UFM.  This allows a chordal 3 
UFM to integrate along off-diameter paths to more efficiently sample the flow cross section.  In 4 
addition, a spool piece has the benefit that it can be directly calibrated in a flow facility, 5 
improving measurement uncertainty compared to externally mounted UFMs that were 6 
historically installed in nuclear power plant feedwater lines. 7 
 8 
The instrument design and general operation are summarized in References 7 and 11 and are 9 
acceptably addressed and approved in References 1 - 6 and 12, in addition to many plant-10 
specific publications such as Reference 13.  Plant-specific operation considerations must be 11 
addressed by the applicant. 12 

 13 
3.1.2 Calibration and In-Plant Testing 14 
 15 
Calibration testing at a qualified test facility and at the plant  involves traceability to a national 16 
standard, facility uncertainty, and facility operation.  Alden Research Laboratory is an 17 
independent supplier of National Institute of Standards and Technology (NIST) traceable Flow 18 
Meter Calibration Services.  The NRC staff audited testing at Alden Laboratory as reported in 19 
References 14 and 15 and verified Alden‟s traceability to NIST.  The NRC staff‟s audit also 20 
found that Alden‟s processes and operation were consistent with the claimed facility 21 
uncertainties.  These references provide an acceptable basis for concluding that the Alden 22 
Research laboratory meets the stated testing criteria. 23 
 24 
The Check and CheckPlus UFMs have an ability to provide the flow distribution/velocity profile 25 
as a function of radius and angular position in the spool piece and the demonstrated insensitivity 26 
to changes in operation associated with transfer changes and plant changes.   27 
 28 
However, that transfer traceability requires acceptable simulation of the plant geometry in the 29 
test facility and some changes, such as location of a flow straightener immediately upstream of 30 
the UFM, can introduce errors that must be addressed.  Methods to address such issues 31 
include a sufficiently broad range of test conditions to bracket the effects. 32 
 33 
Test fidelity, such as test versus planned plant configuration, test variations to address 34 
configuration differences and potential effects of operation on flow profile and calibration, should 35 
be addressed on a plant-specific basis.  The applicant requests must provide a comparison of 36 
the test and plant piping configurations with an evaluation of the effect of any differences that 37 
could affect the UFM calibration.  Further, sufficient variations in test configurations must be 38 
tested to reasonably establish that test-to-plant differences have been bracketed in the 39 
determination of UFM calibration and uncertainty.  Historically, calibration testing has acceptably 40 
covered upstream effects due to differences between the test and in-plant configurations by 41 
applying a wide variation of configurations during testing to distort the flow profile.  This had not 42 
been done to address downstream effects under the assumption that such effects would not 43 
propagate upstream far enough to perturb the UFM signals.  Although these subjects are not  44 
addressed in Revision 8, they are addressed in this safety evaluation, because the results are 45 
applicable to use of ER-157P, Revision 8.  These subjects are addressed in Sections 3.2.1 and 46 
3.2.2, respectively. 47 
 48 
 49 
 50 
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3.1.3 In-Plant Operation 1 
 2 
Each applicant must conduct an in-depth evaluation of the UFM following installation at its plant 3 
that includes consideration of any differences between the test and in-plant results and must 4 
prepare a report that describes the results of the evaluation.  This should address such items as  5 
calibration traceability, potential loss of calibration, and cross-checks with other plant 6 
parameters during operation to reasonably ensure consistency between thermal power 7 
calculations based upon the LEFM and other plant parameters. 8 
 9 
3.1.4 Operation with a Failed Component 10 
 11 
Revision 8 of ER-157P states that “The redundancy inherent in the two measurement planes of 12 
an LEFM CheckPlus also makes this system more resistant to component failures” when 13 
compared to the Check.  “For any single component failure, continued operation at a power 14 
greater than that prior to the uprate can be justified with a CheckPlus system … since the 15 
system with the failure is no less than an LEFM Check.”  Licensees referencing ER-157P, 16 
Revision 8, must ensure compliance with limitations and conditions discussed in Section 4.0. 17 
 18 
3.1.5 Spool Piece Dimensional Effects on UFM Response  19 
 20 
Appendix A of ER-157P, Revision 8, addresses the effect of variation in such spool piece 21 
dimensions as as-built internal diameter and sonic path lengths, path angles, and path 22 
spacings.  The described processes for addressing these effects are acceptable. 23 
 24 
3.1.6 Transducer Installation Sensitivity 25 
 26 
Transducers are typically removed after Alden Laboratory testing to avoid damage during 27 
shipping the spool piece to the plant and are later re-installed.  Further, transducers may be 28 
replaced following failure or deterioration during operation.  Replacement potentially introduces 29 
a change in position within the transducer housing that could affect the chordal acoustic path.  30 
Appendix D of the ER-157P, Revision 8, TR addresses replacement sensitivity by describing 31 
tests performed at the Cameron/Caldon Ultrasonics flow loop and provides a comparison of test 32 
results to analyses of potential placement variations that shows that the test results are 33 
bounded by predicted behavior.  One would expect an uncertainty, associated with the test loop, 34 
even if nothing was changed.  This is not addressed in this TR.  Rather, all of the test 35 
uncertainty is conservatively assumed to be due to transducer replacement.  Further, as stated, 36 
the analyses predict a larger uncertainty than obtained during testing, and the analysis 37 
uncertainty is used for transducer replacement uncertainty.  The NRC staff considers this 38 
approach to be sufficient to cover the inability of the test loop to achieve flow rates, comparable 39 
to those obtained in plant installations, and to cover any analysis uncertainty associated with 40 
applications with pipe diameters that differ from the tests.  Therefore, the NRC staff finds that 41 
transducer replacement has been acceptably addressed and the ER-157P process for 42 
determining transducer replacement uncertainty is acceptable.  43 
 44 
3.1.7 The Effects of Random and Coherent Noise on Leading Edge Flow Meter CheckPlus 45 
Systems 46 
 47 
Appendix C of the ER-157P, Revision 8, TR provides a proprietary methodology for the test- 48 
and plant-specific calculation of the contribution of noise to the CheckPlus uncertainty.  The  49 
 50 
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NRC staff has reviewed this methodology and finds it acceptable for the applicants to use this 1 
methodology in their MUR requests. 2 
 3 
3.2 Items Not Addressed in ER-157P topical report 4 
 5 
3.2.1 Evaluation of the Effect of Downstream Piping Configurations on Calibration 6 
 7 
Typically, the effects of downstream equipment need not be considered for typical LEFM 8 
installations.  The turbulent flow regimes that exist when the plant is near full power result in 9 
limited upstream flow profile perturbation from the downstream piping.  In some cases, however, 10 
an installation may contain piping elbows or other hardware located immediately downstream of 11 
the end of the UFM spool piece.  This was the case, for example, with a Calvert Cliffs Nuclear 12 
Power Plant application that the NRC found acceptable (References 16 and 17).  In that 13 
installation, the spool piece exit is 15 inches from the downstream elbow and the chordal paths 14 
are 2.7 diameters upstream of the entrance to the piping bend. 15 
 16 
In the Reference 16 supplemental letter, the Calvert Cliffs Nuclear Power Plant Inc., the 17 
licensee, explained why the close proximity of a downstream piping difference between in-situ 18 
and laboratory installations still results in an acceptable calibration testing configuration.  In 19 
addition, the licensee indicated that previous UFM calibrations and installations had confirmed 20 
that pipe bends in downstream locations closer than the Calvert Cliffs Nuclear Power Plant in-21 
situ installations had an insignificant effect on the meter factor.  Based on the installation 22 
location of the Calvert Cliffs Nuclear Power Plant flow meters, and on experience with other 23 
flowmeters installed upstream of piping bends, the NRC staff found that the licensee's 24 
laboratory calibration was sufficiently fabricated to provide meaningful data based on the 25 
modeling of piping geometry upstream of the UFM. 26 
 27 
Consequently, an applicant with a comparable geometry can reference the above finding in 28 
Section 3.2.1 to support a conclusion that downstream geometry does not have a significant 29 
influence on CheckPlus calibration.  However, CheckPlus test results do not apply to a Check 30 
and downstream effects with use of a CheckPlus with disabled components that make the 31 
CheckPlus comparable to a Check must be addressed.  The NRC staff states that conducting 32 
applicable Alden Laboratory tests is an acceptable method. 33 
 34 
3.2.2 Evaluation of the Effect of Upstream Flow Straighteners on CheckPlus Calibration 35 
 36 
A previously undocumented effect of upstream tubular flow straighteners on CheckPlus 37 
calibration was discovered during Alden Laboratory testing while NRC staff members were at 38 
the site on August 24, 2009, that, to the NRC staff‟s knowledge, did not apply to any previous 39 
CheckPlus installations.  As a follow-up, additional tests were conducted with several flow 40 
straighteners and two different pipe/spool piece diameters to enhance the statistical data basis 41 
and to develop an understanding of the interaction between flow straighteners and the 42 
CheckPlus.  The results are provided in the proprietary Reference 18. 43 
 44 
Cameron concluded that two additional meter factor uncertainty elements are necessary if a 45 
CheckPlus is installed downstream of a tubular flow straightener and provided uncertainty 46 
values derived from the test results.  The data also provide insights into the unique flow profile 47 
characteristics downstream of tubular flow straighteners and a qualitative understanding of why 48 
the flow profile perturbations may affect the CheckPlus calibration. 49 
 50 
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Cameron determined that the two uncertainty elements are uncorrelated and therefore 1 
combined them as the root sum squared to provide a quantitative uncertainty.  The NRC staff 2 
judges that the Cameron approach is valid, but is concerned that the characteristics of existing 3 
tubular flow straighteners in power plants may not be adequately represented by the samples 4 
tested in the laboratory.  Any applicant that requests an MUR with the upstream flow 5 
straightener configuration discussed in Section 3.2.2 should provide justification for claimed 6 
CheckPlus uncertainty that extends the justification provided in Reference 18.  Since the 7 
Reference 18 evaluation does not apply to the Check, a comparable evaluation must be 8 
accomplished if a Check is to be installed downstream of a tubular flow straightener. 9 
 10 
3.2.3 Resolution of the Processing of Large Contributors to Uncertainty  11 
 12 
Table A-1 of ER-157P, Revision 8, TR tabulates the 22 representative thermal power 13 
uncertainties that contribute to a total uncertainty of 0.54 percent and 0.396 percent for the 14 
Check and CheckPlus, respectively.  Most of the contributors are less than 0.1 percent, but the 15 
listed profile factor and steam enthalpy are significantly larger.  This is inconsistent with 16 
Footnote 1 of the table, which states that “if the root sum square of individual uncertainties is to 17 
represent the total system uncertainty accurately, the contributing individual uncertainties must 18 
be roughly comparable in magnitude.”  The footnote continues with the statement that “although 19 
the profile factor uncertainty is dominant in the table, it is made up of several components” and 20 
“none of the components is correlated.”  A separate table lists the contributors to the profile 21 
factor.  For the Check, these are within a factor of two of each other.  For the CheckPlus, they 22 
vary in the second significant figure and are almost identical.   23 
 24 
Reference 18 states that some licensees may have the results of an in-plant test where the 25 
uncertainty is made up of a number of small contributors.  This may alleviate the issue.  26 
However, this does not address cases where (1) in-plant data are not available or (2) the 27 
ER-157P, Revision 8, TR issue where significant moisture is assumed to be equal to a typical 28 
steam supplier‟s guarantee for some early water reactor designs with an uncertainty that is also 29 
typical of some early designs.  ER-157P, Revision 8, TR also presents an alternative analysis 30 
where zero moisture is assumed.  Some modern separators and dryers deliver steam with a 31 
moisture content in the 0.05 percent range, and these licensees often assume a zero moisture 32 
content that is conservative since the calculated power will be greater than actual power for 33 
such cases.  No uncertainty is necessary, if there is no moisture. 34 
 35 
To address the case where significant moisture uncertainty remains, Reference 19 discusses an 36 
analysis, in which the uncertainty in thermal power (due to measurement of all variables 37 
excluding moisture) is assumed to be normally distributed with two standard deviations of 38 
0.3357 percent, essentially the aggregate uncertainty of all contributors excluding moisture for 39 
the CheckPlus system.  The contribution of the uncertainty due to moisture content is then 40 
calculated by multiplying a second, uniformly distributed random number times the uncertainty 41 
band assumed in Table A-1 and Monte Carlo calculations of total power uncertainty are 42 
obtained.   The results are summarized in Reference 18, Figure 1.  The author “concluded that 43 
licensees assuming large uncertainties in steam moisture content should have an engineering 44 
basis for the distribution of the uncertainties or, alternatively, should ensure that their 45 
calculations provide margin sufficient to cover the differences shown in Figure 1.”  Therefore, 46 
the NRC staff finds that the uncertainty issue is acceptably resolved. 47 
 48 
 49 
 50 
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3.2.4 Proposed Content of Measurement Uprate Requests 1 
 2 
The NRC staff‟s SE for the approved ER-80P TR (Reference 2) provides four criteria that the 3 
licensee should address: 4 
 5 
1. Discuss maintenance and calibration procedures that will be implemented with the 6 

incorporation of the LEFM, including processes and contingencies for inoperable LEFM 7 
instrumentation and the effect on thermal power measurements and plant operation. 8 

 9 
2. For plants that currently have LEFMs installed, provide an evaluation of the operational 10 

and maintenance history of the installed instrumentation and confirmation that the 11 
installed instrumentation is representative of the LEFM system and bounds the analyses 12 
and assumptions set forth in TR ER-80P. 13 

 14 
3. Confirm that the methodology used to calculate the uncertainty of the LEFM in 15 

comparison to the current feedwater instrumentation is based on accepted plant setpoint 16 
methodology (with regard to the development of instrument uncertainty).  If an 17 
alternative approach is used, the application should be justified and applied to both 18 
venturi and ultrasonic flow measurement instrumentation installations for comparison. 19 

 20 
  4. Licensees for plant installations where the ultrasonic meter (including LEFM) was not 21 

installed with flow elements calibrated to a site specific piping configuration (flow profiles 22 
and meter factors not representative of the plant specific installation), should provide 23 
additional justification for use.  This justification should show that the meter installation is 24 
either independent of the plant specific flow profile for the stated accuracy, or that the 25 
installation can be shown to be equivalent to known calibrations and plant configurations 26 
for the specific installation including the propagation of flow profile effects at higher 27 
Reynolds numbers.  Additionally, for previously installed calibrated elements, the 28 
licensee should confirm that the piping configuration remains bounding for the original 29 
LEFM installation and calibration assumptions. 30 

 31 
These criteria are to be addressed by applicants as part of their MUR request. 32 
 33 
Item 4 allows for installation of a previously calibrated UFM where the calibration was performed 34 
at lower Reynolds numbers if acceptable justification is provided.  Cameron/Caldon has always 35 
obtained a pre-installation calibration of each CheckPlus UFM at Alden Laboratory before 36 
installing the UFM and has acceptably addressed propagation of flow profile effects at the 37 
higher Reynolds numbers that exist in the licensee‟s nuclear power plants.  Cameron/Caldon 38 
then conducts additional confirmatory in-plant tests following installation as part of the final 39 
acceptance / commissioning process that provides the final positive confirmation that actual 40 
performance in the field meets the uncertainty bounds established for the instrumentation. 41 
 42 
Item 4 also allows for installation without a pre-installation calibration.2  Consequently, there is a 43 
background of NRC staff actions to support submission of an MUR request in which all of the  44 

                                                 
2
 Another UFM vendor encountered calibration errors when it did so and NRC suspended its 

approval due, in part, to errors introduced by this approach (Reference 21).  The NRC staff 
notes, however, that the CheckPlus has features that would have prevented these errors if 
acceptably addressed prior to and following installation. 
 



OFFICIAL USE ONLY – PROPRIETARY INFORMATION 

-10- 

 

OFFICIAL USE ONLY – PROPRIETARY INFORMATION 

 

data necessary to support the final installation and operation have not been obtained.  This 1 
background includes both pre-installation and post-installation testing. 2 
 3 
During a closed meeting with the NRC staff (Reference 19) on September 15, 2009, 4 
Cameron/Caldon stated that there may be situations, when test scheduling could not be 5 
arranged to be consistent with licensee‟s plans of implementing an uprate and, if the tests had 6 
to be completed before the licensee could submit the MUR Requested Licensing Action (RLA), 7 
it may cause up to a two year delay in uprate implementation due to the need for an outage to 8 
accomplish the implementation.  Consequently, Cameron/Caldon discussed the possibility that 9 
certain licensees may seek to submit their MUR RLAs, using bounding uncertainty parameters 10 
in a Revision 0, of the MUR RLA submittal, while the flow meter is being tested in the laboratory.  11 
In these cases, the requesting licensee would commit to provide a Revision 1, MUR RLA 12 
submittal that would confirm that the laboratory testing demonstrates that the Revision 0, 13 
uncertainties selected by the licensee are indeed bounding of the flow meter's performance.  14 
This process would be referred to as a “Conditional MUR Application,” defined as RLA seeking 15 
a MUR uprate that uses the bounding flow measurement uncertainty value and is submitted for 16 
NRC review while confirmatory testing is being performed (Reference 22). 17 
 18 
This constitutes an application based on a laboratory test that has yet to be performed or 19 
completed.  Based on a narrow read of LIC-109 (Reference 21), a project manager (PM) could 20 
deem such a request unacceptable.  This PM‟s action might be consistent with the intent of 21 
LIC-109, because it eliminates the uncertainty that a licensee could be unable to meet its 22 
commitment due to either unsuccessful testing or delays in the testing process.   23 
 24 
Appendix B of LIC-109, Revision 1, states that PM should “determine whether the request for 25 
licensing action (RLA) commits to submit required information at a later date… If the licensee or 26 
applicant identifies a calculation or other information that is needed, but has yet to be performed 27 
or completed, the RLA is unlikely to be acceptable for review.”  This is the “Promised 28 
Information” criterion.  Note that no UFM could be installed if the letter of this statement is 29 
followed, because final commissioning and actual use of the UFM requires in-plant testing that 30 
is conducted after NRC approval of the licensing amendment request has been obtained 31 
(Reference 21). 32 
 33 
In Reference 22, Cameron/Caldon addressed the likelihood that testing would fail to confirm the 34 
bounding uncertainty parameters.  They showed that the meter factor uncertainty was 0.22 35 
percent on the basis of over 94 CheckPlus UFMs subjected to over 2045 calibration tests of 36 
over 409 test configurations, with a higher uncertainty of about 0.32 percent for a single meter 37 
that was less than 10 pipe diameters downstream of a tubular flow straightener.  Typically, the 38 
differences between bounding Revision 0, and post-test Revision 1, analyses have been 39 
between 0.002 and 0.003 percent.  Consequently, licensee Revision 0, submittals would 40 
typically contain an additional 0.02 to 0.03 percent margin over the expected Revision 1, 41 
calibration results to reduce the likelihood of a failure to confirm the submitted MUR Revision 0, 42 
request. 43 
 44 
Reference 22 also provided typical schedules to illustrate the impact of a test schedule conflict 45 
and the possibility of basing the MUR on a Revision 0, submittal, and provided cost/benefit 46 
information.  Cameron/Caldon stated that the NRC would be reducing unnecessary regulatory 47 
burden by accepting and reviewing a Conditional MUR Application.  However, the criterion 4 48 
applies to an applicant as opposed to the vendor request associated with the Cameron/Caldon 49 
proposal.  Furthermore, this approach would be a deviation from the historic review process, 50 
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where test results are provided at the time of the initial MUR request and may conflict with 1 
LIC-109, Revision 1.  The NRC staff has concluded that such a request is a process deviation 2 
and cannot be approved at this time on a generic basis.  Therefore, NRC staff determined that 3 
no update to LIC-109, Revision1, is needed, because it adequately addresses the current 4 
process of the MUR RLA submittals. 5 
 6 
4.0 LIMITATIONS AND CONDITIONS 7 

 8 
Revision 8 of ER-157P, states that “The redundancy inherent in the two measurement planes of 9 
an LEFM CheckPlus also makes this system more resistant to component failures” when 10 
compared to the Check.  “For any single component failure, continued operation at a power 11 
greater than that prior to the uprate can be justified with a CheckPlus system … since the 12 
system with the failure is no less than an LEFM Check.”  Licensees referencing ER-157P, 13 
Revision 8, must ensure compliance with the following limitations and conditions: 14 

 15 
1. Continued operation at the pre-failure power level for a pre-determined time and the 16 

decrease in power that must occur following that time are plant-specific and must be 17 
acceptably justified. 18 

 19 
2. The only mechanical difference that potentially affects the quoted statement is that the 20 

CheckPlus has 16 transducer housing interfaces with the flowing water, whereas the 21 
LEFM Check has 8.  Consequently, a CheckPlus operating with a single failure that is 22 
assumed to disable one plain of transducers is not identical to an LEFM Check.  23 
Although the effect on hydraulic behavior is expected to be negligible, this must be 24 
acceptably quantified if a licensee wishes to operate as stated.  An acceptable 25 
quantification method is to establish the effect in an acceptable test configuration such 26 
as can be accomplished at the Alden Laboratory. 27 
 28 

5.0 CONCLUSION 29 
 30 
Based on the review of ER-157P, Revision 8, TR the NRC staff finds that licensees can 31 
reference this TR in their applications for MUR power uprates and that their plant-specific 32 
measurement uncertainty analyses may follow the example of ER-157P, Revision 8, TR for the 33 
LEFM Check or LEFM CheckPlus system subject to the following qualifications as discussed in 34 
this SE: 35 
 36 
1. Continued operation at the pre-failure power level for a pre-determined time and the 37 

decrease in power that must occur following that time are plant-specific and must be 38 
acceptably justified. 39 

 40 
2. A CheckPlus operating with a single failure is not identical to an LEFM Check.  Although 41 

the effect on hydraulic behavior is expected to be negligible, this must be acceptably 42 
quantified if a licensee wishes to operate using the degraded CheckPlus at an increased 43 
uncertainty.   44 

 45 
3. An applicant with a comparable geometry can reference the above Section 3.2.1 finding 46 

to support a conclusion that downstream geometry does not have a significant influence 47 
on CheckPlus calibration.  However, CheckPlus test results do not apply to a Check and 48 
downstream effects with use of a CheckPlus with disabled components that make the 49 
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CheckPlus comparable to a Check must be addressed.  An acceptable method is to 1 
conduct applicable Alden Laboratory tests. 2 

 3 
4. An applicant that requests a MUR with the upstream flow straightener configuration 4 

discussed in Section 3.2.2 should provide justification for claimed CheckPlus uncertainty 5 
that extends the justification provided in Reference 17.  Since the Reference 17 6 
evaluation does not apply to the Check, a comparable evaluation must be accomplished 7 
if a Check is to be installed downstream of a tubular flow straightener. 8 

 9 
5. An applicant assuming large uncertainties in steam moisture content should have an 10 

engineering basis for the distribution of the uncertainties or, alternatively, should ensure 11 
that their calculations provide margin sufficient to cover the differences shown in 12 
Figure 1 of Reference 18. 13 

 14 
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