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Abstract
The 2014 Symposium on Valves, Pumps and Inservice Testing for Operating and New Reactors, jointly
sponsored by the Board of Nuclear Codes and Standards of ASME (formerly the American Society of
Mechanical Engineers) and by the U.S. Nuclear Regulatory Commission (NRC), provides a forum for
exchanging information on technical, programmatic, and regulatory issues associated with inservice testing
programs at nuclear power plants, including the design, operation and testing of valves, pumps and
dynamic restraints. The symposium provides an opportunity to discuss improvements in design, operation
and testing of valves, pumps and dynamic restraints that help to ensure their reliable performance. The
participation of industry representatives, regulatory personnel, and consultants ensures the presentation of
a broad spectrum of ideas and perspectives to be discussed regarding the improvement of testing programs
and methods for valves and pumps at nuclear power plants.
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Implementation of Snubber Service-Life Monitoring
Programs
Mark Shutt
Duke Energy Corporation
Abstract
A well-planned and -implemented service-life program which is properly used can
reduce the need for extended testing and examination activities and can result in a
cost-effective overall program. Service-life monitoring is an essential part of an effective
snubber program, yet it is often the least detailed and most overlooked aspect. Because
of the historical emphasis on examination and testing requirements, there has been little
industry-wide consistency or emphasis on the specifics of service-life monitoring
activities. This paper will identify the purpose and basis for snubber service-life
requirements, as well as outline key elements of an effective program to both identify
service-life values and monitor them over periods of extended plant operation.
Included in the discussion will be topics such as: Identifying regulatory and code
requirements, determining the scope of the program, establishing original service-life
values, monitoring and evaluation, adjusting values, program documentation, and
reporting. Identifying pertinent parameters for monitoring, appropriate methods for
monitoring and trending, and incorporating condition monitoring and
preventive-maintenance activities as alternatives to traditional programs will be
discussed. Common challenges to implementing an effective program will be addressed,
as well as some pitfalls to be avoided.
Introduction
Over the past three decades, much has changed within the nuclear power industry.
Issues that dominated the early design and construction era have given way to new and
different concerns. As plants were built and placed online, the focus was on the
adequacy of design, the qualification of material and components, and proper
construction and erection practices. Codes and regulations were written from that
perspective.
However, with years of operation behind us, the focus has now shifted towards reliability
and maintainability efforts. Construction errors and infant mortality issues have, for the
large part, become bygone concerns simply because of the aging of the nuclear fleet.
The overwhelming concerns now are how to best manage aging equipment and how to
anticipate when refurbishment or replacement will be required in order to maintain
reliability. Codes and regulations have been and continue to be updated to reflect this
concern. The emphasis of programs for the preventive maintenance, testing, and
examination of equipment and components have begun to shift towards this new focus.
Snubber programs are perhaps the clearest example of this shift. Formal snubber
programs originated during the early construction days of the nuclear power industry.
Inspection and testing programs were developed in response to issues stemming from
improper handling, unproven materials, and inadequate design considerations. Those
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programs drove corrective actions that largely eliminated the type of degradation and
failures witnessed decades ago, at least on any significant scale. New procedures,
better materials, and new designs were all introduced as a result of efforts to satisfy the
imposed program requirements.
But today the concern is not about identifying and rectifying large-scale design and
construction vulnerabilities, but rather about the aging of those components that
currently are performing adequately. The examination and testing of snubbers are still
important aspects of a snubber program, but those activities do not offer much with
regard to predicting future reliability. Thus, the service-life monitoring aspects of snubber
programs have become more important than ever.
Codes and regulations have always included requirements for service-life monitoring of
snubbers, but they have seen little emphasis until recent years. Few utilities have
implemented programs of significant effort in this area, and fewer still have clearly
understood and documented the importance of that effort.
This paper will address the key elements of an effective service-life monitoring program
for snubbers. Existing requirements will be reviewed and discussed, along with their
basis and how the requirements may most appropriately be satisfied. Included will be
discussion regarding the scope of the program, establishing original service-life values,
monitoring and evaluation, adjusting values, and program documentation and reporting.
Parameters to be monitored and trended will be identified, as well as methods and
processes. Preventive maintenance and condition-monitoring activities will be reviewed
with regard to their place in the service-life monitoring program for snubbers.
Background
Snubber service-life requirements for most plants originated in the Technical
Specifications included in their initial operating license commitments. Early in the
construction boom of the late 1970s and early 1980s, the United States Nuclear
Regulatory Commission (USNRC) recognized the need for snubber testing and
examination and added requirements to the generic Technical Specifications. Originally
these requirements applied only to hydraulic snubbers, but as mechanical snubbers
became more widely used, the requirements were extended to include them as well.
Because of the newness of both the components and the regulations, the industry focus
was almost exclusively centered on developing the required testing and examination
programs. Generally, Technical Specifications included only a single paragraph or
sentence simply stating that service-life monitoring was required. Because the snubber
requirements in general were developed to address immediate and very obvious
concerns, the longer-term service-life requirements for the most part received little
attention.
For the sake of consistency, ASME soon developed snubber code requirements that
closely mimicked those in the generic Technical Specifications. Article IWF-5000,
“Inservice Inspection Requirements for Snubbers,” in Section XI, “Inservice Inspection of
Nuclear Power Plant Components,” of the ASME Boiler & Pressure Vessel Code and
Part 4, “Inservice Testing of Dynamic Restraints (Snubbers) in Light-Water Reactor
Power Plants,” of ASME’s Operation and Maintenance of Nuclear Power Plants
(OM Code) were written to include the requirements for testing and examination.
4

Eventually OM-4 became ASME OM Subsection ISTD. ISTD-6000, “Service Life
Monitoring,” addresses requirements for service-life monitoring of snubbers. Although
this portion of ISTD is more developed than the Technical Specifications, it is much less
detailed than the examination and testing portions of ISTD and thus continues to draw
less attention.
As one can see, service-life requirements for snubbers have long been in place.
However, because of a focus on examination and testing, most plants have not clearly
defined or developed an effective service-life monitoring program. In general, it has been
assumed that as long as the test and examination results are satisfactory, there are no
service life concerns. This is a false and dangerous assumption. Testing and
examination programs can be adequate indicators of current health, but typically are not
designed to address reliability with regard to future performance. As plant life is
extended, it is essential to have a program with a solid basis to provide assurance of
ongoing component reliability.
Purpose of a Service-Life Monitoring Program
Other than satisfying regulatory and code requirements, why is a service-life program
needed? What is the purpose and goal, and what are the “real world” benefits?
Although the answers to these questions may appear obvious to some, they are
legitimate questions. There are already examination and testing requirements, as well as
extensive programs implemented to satisfy them. Some may argue that those programs
are designed to identify unacceptable snubbers and drive appropriate corrective actions.
If that is the case, snubbers could be treated as “run to failure” components and
addressed as “broke-fix” items, with no need for resource-intensive monitoring
programs.
The weakness to that argument is that, in truth, the examination and testing programs
themselves have weaknesses. The test programs are based on sampling methods that
provide only an approximation of population reliability and the results are limited to a
single reference point in time. The statistical sampling performed cannot realistically
provide information regarding degradation rates. Likewise, the visual examination
programs are of limited effectiveness in detecting degradation or unacceptability for
certain types of snubbers. Without a method to trend or predict degradation, it is very
possible, and even likely, that at some point in time an increase in the number of
unacceptable snubbers will be seen. The consequences of this are twofold. One is that a
sudden increase in failed snubbers will result in extensive increases in testing and
examination activities, along with accompanying increases in cost and time. Second,
and more importantly, a sudden increase in the failure rate of snubbers would result in
more challenges to the design basis of the supported systems and components. These
challenges could result in reducing the ability of the plant to fulfill its primary obligation to
protect the safety and welfare of the public. It is for these reasons that regulations and
codes require service-life monitoring programs. The programs are required primarily to
protect the design basis, but with the added benefit of preventing unanticipated costs.
The underlying benefit is increased reliability.
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Basic Elements of a Service-Life Monitoring Program
There are four basic elements, or aspects, of an effective service-life program, as listed
below:
1.
2.
3.
4.

Determining the scope of the program.
Establishing initial service-life values.
Reevaluation and adjustment of existing values.
Program documentation.

Each of these elements is important, but special emphasis should be placed on
documentation. As will be seen, a multitude of methods may be used to implement the
various aspects of a program. Programs will tend to differ based on site-specific qualities
(age of plant, types of snubbers, available resources, history, etc.). Proper
documentation of the basis for each aspect is critically important in both maintaining and
defending the program.
Determining Scope
The scope of existing snubber programs for operating plants has already been
established. However, as plants convert from Technical Specifications, relief requests, or
owner-controlled programs to ASME OM ISTD, there is opportunity for the program
scope to change. Because of the differences between licensing commitments, some
plants may consider all snubbers to be part of their formal program while others may
include only safety-related snubbers. Yet other plants may include some combination of
these. The first step in either establishing a new service-life program or validating an
existing one is to determine its scope (that is, how many snubbers are required to be
included). As previously stated, this must be firmly established based on licensing
commitments and federal regulations. It is important to note that the scope defined by
codes such as Section XI and OM ISTD may not always envelop the scope defined by
regulations. A careful review of the overall snubber program scope and basis is critical,
even for existing programs.
Once the required scope of the program is established, a decision to include additional
snubbers in the scope of the service-life program may be beneficial. It may be that
including additional snubbers provides benefits because of economy of scale or provides
a level of reliability for secondary systems with no nuclear safety implications but with
lost revenue vulnerabilities. Additional scope may be included simply as a good-practice
determination.
In concert with defining the overall scope of the service-life program, it may be
appropriate to divide or even subdivide the population into separate groupings. For
instance, mechanical and hydraulic snubbers are quite different in design and operation.
The methods used to verify reliability and to perform preventive maintenance also differ
greatly. Defining each type of snubber as a separate group for purposes of service-life
monitoring is a practical practice. Likewise, it may also be beneficial to further subdivide
groups based on other factors. Snubbers may be grouped based on manufacturer,
model, size, etc. In some situations snubbers may be grouped based on environmental
conditions that depend on location or system-specific conditions.
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In general, for the purpose of service-life monitoring, snubbers should be grouped in
ways that provide meaningful and conservative results. The extent to which sub-groups
are defined will primarily depend on the monitoring and evaluation methods used and
the available resources to implement the program.
Establishing Initial Service-Life Values
Once the scope and initial groupings are determined, the initial service-life values for all
snubbers must be established. In reality, this may not always be a sequential effort. In
many cases it is beneficial to establish at least a tentative initial service life at the same
time as groupings are established. In this way the groupings may be designated in part
because of the assumption that snubbers within the same group would be expected to
have similar service-life values. Although this does not always prove true, it is a
reasonable place to start in many cases.
There are many approaches to setting initial service-life values. Some plants set a single
value for all new snubbers within a defined grouping and use this as a generic value.
Others determine independent values for each individual snubber. The number of
snubbers involved and resources available typically determine the approach taken.
Either method is acceptable, as long as it is clearly documented with a sound and
appropriate basis.
Generally initial service-life values are based largely on the manufacturers’
recommendations. If no site-specific operational experience is applicable, it makes
sense to consider the manufacturers’ values. However, today a great deal of available
industry operating experience can be considered as well, and it may prove wise to adjust
the manufacturers’ recommendations based on relevant industry data.
Site-specific history and conditions should be considered and factored into setting the
initial values. It is also important to determine how much margin is desired for the
established values. The projected availability of preventive-maintenance resources will
play a role in this determination. If the projected resources are limited, the service-life
value used may be adjusted in order to assure that reliability is not affected because of
anticipated delays in routine preventive maintenance.
Reevaluation and Adjustment of Existing Values
Probably the single most overlooked aspect of service-life monitoring is the requirement
for reevaluation of service-life values. The requirement is that the established values for
service life be reviewed and reevaluated each cycle. On the surface this is an obvious
and simple requirement, but in practice it is generally poorly implemented—if it is done at
all.
Reevaluation is exactly what it says: the process of validating that the established
service life for each snubber remains valid. And if the existing value cannot be validated,
it must be changed. The mistake that many programs make is that they establish a
certain service life for snubbers of x number of years. Then each cycle they simply verify
that all of the snubbers installed for the next cycle will not exceed that value of x. They
are only verifying the age of the snubbers against the value of x, but they are not really
validating that the previously established value of x itself remains valid.
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Reevaluation requires that a methodology be established to monitor and measure actual
performance over time and compare the actual performance against the expected
performance. Potential ways to do this are far too numerous to detail here, but there are
some key elements that should be included. For any snubber it is vital that the critical
modes of degradation and failure be identified. Once this is established it is possible to
determine parameters that can be checked and compared in order to identify and
possibly predict degradation.
Appendix F to ISTD provides detailed information regarding monitoring methods and
potential parameters. It is important to note that not all parameters identified therein will
provide meaningful information in all circumstances. Whatever parameters are chosen to
be monitored over time must be meaningful relative to the degradation mode and one
must be able to trend them in some manner.
Sometimes additional testing may be required to validate or adjust service-life values.
Special testing of snubbers in certain environments and over certain periods of time may
be useful in establishing data that can be used to trend degraded performance. Note that
this testing is in addition to the sample testing typically required in a snubber program.
The sample testing is not robust enough nor focused enough to be used for meaningful
parameter trending on its own.
Often the reevaluation process will include input from a multitude of sources, both within
and outside the formal program. Examination and test records, problem reports, industry
operating experience, and results from preventive maintenance or condition-monitoring
programs may be included.
Relevant information with regard to location-specific conditions must also be evaluated.
Local environmental conditions (temperature, humidity, vibration, etc.) should be taken
into account. This is especially important for plants that move snubbers from one
location to another following testing, rebuilding, or other intrusive maintenance. The
cumulative effects of previous location environments, extent of maintenance activities,
and transportability of such impacts must be considered.
Again, it is vital to note that no matter what methods are used, the purpose of monitoring
is to accumulate data that is used in the reevaluation of service-life values each cycle.
This is the cornerstone of the program. Each cycle there must be some meaningful input
that can be used to validate that the existing service-life values are accurate, to reduce
the values, or possibly to extend them. This is required for every snubber installed for
the next cycle. It may be that groups of snubbers can be validated together, but some
type of reevaluation must be documented each cycle. The methods and results must be
clearly shown. In addition, if the reevaluation process reveals new critical factors or
parameters, these must be taken into account in the program as well. When reevaluation
results in reduced service life, sufficient corrective actions must be completed to provide
assurance that all snubbers will function until the next cycle window for reevaluation.
Program Documentation
As stated numerous times previously, documentation is a vital aspect of the service-life
program. Each step in the program process must be clearly and fully documented in
some traceable way. There should be clear documentation of the process used to define
the service-life population and groups. The basis for groupings should be clearly
8

established. Likewise the original service-life values established for each snubber must
be noted and a basis established. The documentation for the items mentioned above
would generally be contained in program-description documents or “program
notebooks”. In addition, for snubbers that are moved from one location to another,
a complete history of all locations and potential adverse conditions must be maintained.
The most critical documentation of all may be that associated with the reevaluation
process performed each cycle. This may be contained in a plant’s corrective-action
program, program procedure, or outage report. The important thing is that both the
process and conclusions are clearly documented in a permanent manner.
Conclusions
Snubber programs have been established since the early days of the industry and
service-life monitoring has been an often neglected aspect of those programs for many
years. Recent focus on reliability is pushing service life to the forefront, but many plants
do not have rigorous service-life programs in place. Emphasis is needed on the key
elements of a service-life monitoring program for it to be effective. These elements are:
clearly defining the scope, establishing valid initial values, developing and implementing
a rigorous reevaluation process, and clearly and completely documenting the entire
program and basis.
There are challenges and pitfalls ahead for the industry in the effort to develop effective
programs. Limited resources, the inertia of existing practices, and the rapid and recurring
turnover of personnel all make establishing such an ongoing program difficult. However,
in the long-term view of the industry, it is just such programs that will ensure a safe and
reliable future.
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Inservice Examination and Testing Issues for Dynamic
Restraints (Snubbers) in Nuclear Power Plants
Gurjendra S. Bedi, P.E*
Division of Component Integrity
Component Performance and Testing Branch
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission

*This paper was prepared by staff of the U.S. Nuclear Regulatory Commission. It may
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Abstract
This paper discusses recent issues related to inservice examination and testing of
dynamic restraints (snubbers) at U.S. nuclear power plants. These issues were identified
during the U.S. Nuclear Regulatory Commission (NRC) staff review of snubber
examination and testing programs, relief requests, and applicable operating experience.
This discussion includes information that could have generic applicability in the
implementation of effective snubber programs at U.S. nuclear power plants.
Introduction
The NRC staff has encountered a number of snubber inservice examination and testing
issues since the Eleventh NRC/ASME Symposium on Pumps, Valves and Inservice
Testing in 2011. This paper discusses (1) the requirements in Title 10, “Energy,” of the
Code of Federal Regulations (10 CFR) 50.55a for snubber inservice inspection and
testing programs at nuclear power plants; (2) mandatory snubber inservice examination
and testing program updates; (3) general documentation and its submittal requirements
for the snubber inservice examination and testing programs; and (4) plant inspection
reports and findings related to snubbers. This discussion includes information that could
have generic applicability in the implementation of effective inservice inspection and
testing snubber programs at U.S. nuclear power plants.
Regulatory Requirements for Snubber Inservice Examination and Testing
Programs at Nuclear Power Plants
The regulations in 10 CFR 50.55a(b) describe the codes and standards that have been
approved for inclusion in 10 CFR 50.55a, including the effective editions and addenda of
10

the ASME Boiler and Pressure Vessel Code (B&PV Code) and ASME’s Operation and
Maintenance of Nuclear Power Plants (OM Code).
10 CFR 50.55a(g) contains the inservice inspection (ISI) requirements that licensees
must meet when performing inservice inspection of components (including supports).
10 CFR 50.55a(g)(4) states, in part, “Throughout the service life of a boiling or
pressurized water-cooled nuclear power facility, components (including supports) which
are classified as ASME Code Class 1, Class 2, and Class 3 must meet the
requirements, except design and access provisions and preservice examination
requirements, set forth in Section XI of editions and addenda of the ASME B&PV Code
(or ASME OM Code for snubber examination and testing) that become effective
subsequent to editions specified in paragraphs (g)(2) and (g)(3) of this section and that
are incorporated by reference in paragraph (b) of this section, to the extent practical
within the limitations of design, geometry and materials of construction of the
components.”
Snubbers are part of components’ “supports.” Supports are widely used to mechanically
support various safety- or nonsafety-related piping systems or components in nuclear
power plants. Therefore, the regulations in 10 CFR 50.55a(g)(4) require that ASME
Code Class 1, 2, and 3 snubbers meet the inservice inspection and testing requirements
of Section XI, “Inservice Inspection of Nuclear Power Plant Components,” of the ASME
B&PV Code or the requirements of the OM Code, as incorporated by reference in
10 CFR 50.55a(b).
10 CFR 50.55a(b)(3)(v) of the 10 CFR 50.55a(b) allows licensees using editions and
addenda up to the 2005 Addendum to Section XI, “Inservice Inspection of Nuclear
Power Plant Components,” of the ASME B&PV Code to optionally use Subsection ISTD
of the ASME OM Code in place of the requirements for snubbers in Section XI. This part
of the regulations also states that snubber preservice and inservice examinations must
be performed using the VT-3 visual examination method as described in IWA-2213 when
using Subsection ISTD of the ASME OM Code. The NRC imposed the VT-3 visual
examination requirement to ensure that licensees use an appropriate visual examination
method for the inspection of integral and nonintegral snubber attachments, such as lugs,
bolts, and clamps, when using Subsection ISTD.
Licensees that use the 2006 Addendum and later editions of and addenda to Section XI
of the ASME B&PV Code must follow the requirements of Subsection ISTD of the ASME
OM Code for snubbers because ASME removed the requirements for the examination
and testing of snubbers from the scope of Section XI in the 2006 Addendum.
10 CFR 50.55a(b)(3)(v) does not invoke the VT-3 visual examination and testing
requirement when licensees use the 2006 Addendum and later editions of and addenda
to Section XI because ASME revised Figure IWF-1300-1 in the 2006 Addendum to
Section XI to clarify that integral and nonintegral snubber attachments are within the
scope of Section XI.
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Mandatory Updates to Inservice Examination and Testing Programs for Snubbers
10 CFR 50.55a(g)(4)(ii) requires licensees to revise their ISI programs every 120 months
to reflect the latest edition of and addendum to Section XI of the ASME B&PV Code
incorporated by reference in 10 CFR 50.55a(b)(2) that is in effect 12 months before the
start of the new 120-month ISI interval. This Code is considered to be the “Code of
Record” for the inspection interval.
Additionally, 10 CFR 50.55a(g)(4)(iv) notes that ISI of components (including supports)
may meet the requirements set forth in subsequent editions to the “Code of Record” and
addenda that are incorporated by reference in 10 CFR 50.55a(b), subject to limitations
and modifications listed in 10 CFR 50.55a(b) and subject to Commission approval.
General Documentation and Submittal Requirements for Inservice Examination
and Testing Programs for Snubbers
10 CFR 50.55a(g)(4) requires that, throughout the service life of a nuclear power facility
cooled by boiling or pressurized water, ASME Code Class 1, 2, and 3 components
(including supports) meet the ISI and testing requirements of Section XI of the ASME
B&PV Code or of the ASME OM Code as incorporated by reference in
10 CFR 50.55a(b). The applicable portions of Section XI of the ASME B&PV Code,
(Article IWA-1000, “General Requirements”) and of the ASME OM Code
(Subsection ISTA, also titled “General Requirements”) provide the documentation and
submittal requirements for inservice testing and examination of certain components in
light-water nuclear power plants. Therefore, based on these requirements, licensees are
required to submit their snubber examination and testing program plans and their
updates every 120 months.
Plant Inspection Reports and Findings Related to Snubbers
Beaver Valley Power station (BVPS or BV) Unit 2—Violation: Snubber program owner
did not include a selected sample snubber for inservice testing during a refueling outage
BVPS committed to use ASME OM Code Subsection ISTD for inservice examination
and testing of snubbers. These details are committed in BVPS’s Licensing Required
Manual.
As described in Subsection ISTD, licensees are required to test a sample of their
snubbers each operating cycle. Licensees may sort their snubbers into defined testing
groups and test 10 percent of the population of each group. The BVPS snubber program
owner (PO), who had run the program for approximately 24 years, had set up the testing
groups and developed a database to track and plan the testing. However, through its
investigation, NRC’s Office of Investigation (OI) concluded that when the PO was
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loading the testing schedule in the database in 2007–2008, he apparently inadvertently
miscoded one of the two snubbers in the feedwater (FW) testing group that would have
been scheduled to be tested in the 2011 Unit 2 outage (2R15). Apparently, rather than
indicating that the snubber was to be tested during 2R15, the PO inadvertently coded it
to be tested in the following outage (2R16).
OI also found that the PO failed to identify his error in February 2010 while preparing the
snubber testing work order for the 2R15 outage. As a result, in March 2011, during
2R15, BVPS only tested one snubber in the FW testing group, and did not meet the
required 10 percent sample size. This issue was identified by BVPS during a routine QA
audit conducted in January 2012. Through a subsequent internal investigation, BV
discovered that the PO had discovered his mistake in April 2011 while reviewing the
snubbers that had been tested during 2R15, and yet failed to inform management or
initiate a condition report (CR). This was contrary to the requirements of Criterion XVI,
“Corrective Action,” in Appendix B, “Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants,” to 10 CFR Part 50, “Domestic Licensing of Production
and Utilization Facilities,” which requires, in part, that measures be established to assure
that conditions adverse to quality are promptly identified and corrected. It was also
contrary to BVPS implementing procedure NOP-LP-2001, “Corrective Action Program,”
Revision 27, which, in part, requires any individual identifying an adverse condition to
document the issue in a condition report.
Based on the evidence gathered during the NRC OI investigation, the NRC has
concluded that the PO’s miscoding of the missed snubber was inadvertent. However, the
NRC further concluded that the PO’s failure to report the missed ST on discovering his
error was deliberate. This conclusion was based on the PO’s: (1) acknowledgement to
OI that he identified the missed test and should have reported it; and, (2) knowledge of
and experience with the BVPS corrective-action program and BVPS’s procedural
requirement that it be used to document any adverse condition.
The NRC has characterized the violation at Severity Level IV (SL IV), in accordance with
the NRC Enforcement Policy. In reaching this decision, the NRC considered that the
significance of the underlying violation was minor because, while the required number of
snubbers was not tested, the other snubber that was tested did not fail, and the missed
snubber, when tested during the subsequent outage, passed the surveillance. However,
the NRC decided to increase the significance of this violation to SL IV because it was
willful and the NRC regulatory program is based, in part, on licensees and their
employees acting with integrity.
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Prairie Island Unit 1, 1Q/2013 Plant Inspection—Non-Cited Violation: During a visual
examination, low level of snubbers’ common reservoir fluid not evaluated properly as
required by the applicable ASME OM Code
Prairie Island Unit 1 committed to use Paragraph IWF-5000, “Inservice Inspection
Requirements for Snubbers,” of Section XI of the ASME B&PV Code for inservice
examination and testing of snubbers. Paragraph IWF-5300, “Inservice Examination and
Tests,” of Section XI of the ASME Code, 1998 Edition with 2000 addenda, states that
“Inservice examinations shall be performed in accordance with ASME/ANSI OM-1987
Part 4(with 1988 addenda), using VT-3 visual examination method described in
IWA-2213.”
While reviewing the Prairie Island Unit 1 corrective-action program (CAP) report, the
NRC inspectors discovered that the licensee had failed to take appropriate action to
disposition a relevant indication. An inservice examination of steam generator
snubbers H-1 through H-4 revealed that the snubbers’ common reservoir was less than
half full. At this level, the reservoir was below the specified amount sufficient for snubber
actuation at its operating extension. In addition, this level was not sufficient to satisfy the
ASME Code provisions for hydraulic snubbers. The OM Code detailed that if the fluid is
less than the minimum amount, the installation is to be identified as unacceptable unless
a test is performed establishing that the performance of the snubber is within specified
limits. However, the licensee failed to disposition the indication in accordance with any of
the Code’s permitted alternatives and instead elected to return the reservoir to service.
Information provided in the CAP report stated that the snubber reservoir had sufficient
fluid for makeup. The inspectors determined that this justification lacked verifiable
technical rationale (evaluation) and therefore was contrary to the ASME OM Code
requirements. The licensee generated a CAP issue to document the inspectors’ concern,
address the ASME Code nonconformance, and evaluate operability. The licensee also
generated a work order (WO) to fill the reservoir to the required level.
The inspectors determined that this finding was more than minor because if left
uncorrected, the failure to properly disposition relevant indications could become a more
significant safety concern. Absent NRC identification of this issue, the licensee would not
have re-established the required fluid level in the reservoir for an indefinite period. This
finding was determined to be of very low safety significance because a subsequent
evaluation demonstrated that the low fluid level did not result in the piping system
becoming inoperable. This issue was determined to be cross-cutting in the Problem
Identification and Resolution, Corrective-Action Program area because the licensee
failed to thoroughly evaluate problems in such a way that the resolutions addressed the
cause and extent of condition, as necessary.
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Oyster Creek Generating Station—Non-Cited Violation: Service-life monitoring (SLM)
program did not account for snubbers’ maintenance and testing history in snubber
service-life evaluation
Oyster Creek committed to use Oyster Creek Technical Specification (TS) 4.5.M
requirements for inservice examination and testing of snubbers in lieu of the ASME OM
Code requirements.
TS 4.5.M.1.f, “Snubber Service-Life Monitoring,” states, in part, that records of the
service life of each snubber shall be maintained, to include the date at which the
designated service life commences, the date of installation, and the maintenance
records on which the designated service life is based. TS 4.5.M.1.f also requires that the
installation and maintenance records be reviewed on a 24-month basis to verify that the
indicated service life of the snubbers will not be exceeded before the next review.
An NRC inspector identified a non-cited violation (NCV) of TS 4.5.M.1.f while inspecting
four snubber testing failures that occurred during a refueling outage. Specifically,
Exelon’s snubber testing program, contained in SP-1302-52- O4S, “Requirements for
Functional Testing of Snubbers,” does not evaluate snubber maintenance and test
records to identify common-cause failures of snubbers resulting from environmental
(temperature, vibration, humidity) conditions and adjust snubber service-life expectations
accordingly so that snubber service life reviews can be accomplished effectively without
service life affecting reactor operations. Exelon took immediate corrective action to
repair or replace the failed snubbers, performed an analysis to ensure the snubber
failures had no impact on system operation, and entered this issue into their
corrective-action program.
This finding was more than minor because it affected the equipment-performance
attribute of the Mitigating Systems cornerstone to ensure the availability, reliability and
capability of systems that respond to initiating events to prevent undesirable
consequences, specifically the safety-related piping systems in containment. This finding
was determined to be of very low safety significance (Green) because it was a
qualification deficiency confirmed not to result in loss of operability or functionality.
Turkey Point Nuclear Plant Units 3 and 4—Non-Cited Violation: Inadequate snubber
examination and testing procedure implementation resulted in snubber failure
The NRC inspector identified a non-cited violation of Criterion V in Appendix B, “,” to
10 CFR 50 for the licensee’s failure to implement procedures during a visual inspection
of safety-related seismically qualified snubber SN-4-1039. Specifically, the licensee
failed to identify missing, detached, or loosened support items or loss of full thread
engagement of all mechanical connections that led to a snubber failure as prescribed in
Section 7.2.1.3.d of procedure 0-OSP-105.1, “Visual Inspection, Removal and
Reinstallation of Mechanical Shock Arrestors.” The snubber would not have been able to
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perform its design function to arrest shocks of the main steam piping to Steam
Generator “C” during seismic events or transients such as sudden isolation of the main
steam isolation valve. The licensee implemented immediate corrective actions, which
included replacing the snubber in containment, adding specific instructions in
procedure 0-OSP-105.1 to specifically inspect the locking ring and verify correct
installation, and to include emphasis on owner expectations from vendor-provided
snubber inspection services. The licensee documented this in a condition report.
Corrective actions taken or planned by the licensee have been entered into the
licensee’s corrective-action program.
The performance deficiency was more than minor because it affected the
equipment-performance attribute of the Mitigating Systems cornerstone in that the
licensee did not ensure reliability of the snubber to respond to initiating events to prevent
undesirable consequences in that the snubber would not have been able to perform its
design function to arrest shocks of the main steam piping to Steam Generator “C” during
seismic events or transients.
Watts Bar Nuclear Plant Unit 2—Non-Cited Violation: Snubbers stored in warehouse
facilities are mixed with snubbers with and without proper quality-control (QC)
documentation
The NRC inspector identified a SL IV NCV of Criterion XV, “Nonconforming Materials,
Parts, or Components,” in Appendix B to 10 CFR 50 for the failure to have procedures
for identification, documentation and segregation of materials identified as
nonconforming to Purchase Order (PO) requirements by the kick-and-count inspection.
Specifically, effective measures did not exist to segregate or properly identify hydraulic
snubbers procured under a specific PO as nonconforming to the PO identification
requirements.
The NRC inspectors conducted a walkdown of warehouse facilities at the Watts Bar
Unit 2 site. In warehouse number 7, the inspectors observed crates containing hydraulic
snubbers that had not been subjected to QC receipt inspection stored next to
receipt-inspected materials available for issue. Further review indicated that some of
these snubbers did not conform to the PO requirements in that they did not have all the
required identification. The finding was determined to be more than minor because it
represented an improper and uncontrolled work practice that can impact quality or safety
involving nonconforming safety-related hydraulic snubbers being stored without proper
identification in close proximity to other materials available for use. Because this was a
SL IV violation and because it was entered into the corrective-action program, it is being
treated as a NCV to be consistent with Section VI.A of NRC Enforcement
Policy NCV 5000391/2010603-01, “Marking and Segregation of Nonconforming
Materials from Accepted Materials Available for Use.”

16

Conclusion
The purpose of this paper is to make licensees aware of a number of snubber inservice
examination and testing issues that the NRC staff has encountered since the Eleventh
NRC/ASME Symposium on Pump, Valve and Inservice Testing in 2011. Licensees who
believe that some of the items discussed are applicable to their facilities may wish to
review their current inservice examination and testing programs for snubbers and modify
or update their programs, as appropriate.
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ISTD Implementation and Service-Life Monitoring
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Abstract
Subsection ISTD of ASME’s Operation and Maintenance of Nuclear Power Plants (OM
Code) is the required code for preservice and inservice examination and testing of
dynamic restraints (snubbers). This code replaced the inspection requirements of
Article IWF-5000, “Inservice Inspection Requirements for Snubbers,” in Section XI,
“Inservice Inspection of Nuclear Power Plant Components,” of the ASME Boiler and
Pressure Vessel Code after the publication of the 2006 addenda to Section XI, which
deleted Article IWF-5000. When the requirements of IWF-5000 were deleted, the
requirements for examination and testing of snubbers, as required by Section 50.55a,
“Codes and Standards,” of Title 10, “Energy,” of the Code of Federal Regulations
(10 CFR 50.55a) became those specified by Subsection ISTD of the ASME OM Code.
Therefore, when nuclear power plant owners prepare their ten-year inservice testing
(IST)/inservice inspection (ISI) program updates that incorporate the 2006 (or later)
addenda to Section XI, the snubber requirements will be required to be in accordance
with those of Subsection ISTD of the latest approved edition and addenda of the ASME
OM Code (2004 Edition with Addenda through 2006). This edition of the ASME OM
Code is cited in the NRC Rulemaking which was published on June 21, 2011.
Because this is a change in requirements, owners should be asking some of the
following questions: What is the difference between our existing program requirements
and those included in Subsection ISTD of the ASME OM Code? How will this change
our existing program or the way the current snubber examination and testing program is
implemented? How much effort will be required to implement this program change? This
paper will provide some specific guidance for the implementation of the ISTD Code and
will identify typical areas where changes may be required to existing snubber
examination and testing programs. It will also describe some approaches to satisfy the
requirements of ISTD-6000, “Service Life Monitoring,” which might not have been
included in the previous requirements under Section XI.
Introduction
The ASME OM Code as cited by 10 CFR 50.55a(b)(3) includes the general portion of
the ASME OM Code (Subsection ISTA, “General Requirements”) as well as
Subsection ISTD, “Preservice and Inservice Examination and Testing of Dynamic
Restraints (Snubbers) in Light-Water Nuclear Power Plants.” Therefore, when owners
state they plan to meet the ISTD Code, they are also committing to adopt the overall
requirements of the ASME OM Code, including those of Subsection ISTA that apply to
snubber examination and testing programs and to other IST programs for pumps and
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valves. For example, paragraph ISTA-3200(a) requires IST Plans to be filed with the
Regulatory authority having jurisdiction at the plant site. This applies to snubber program
plans beginning with ten-year interval updates incorporating the 2006 Addenda and later
approved editions of the OM Code. Additional guidance on test plans can be found in
Non-Mandatory Appendix A.
ISTA-1100 establishes the scope of snubbers to be included in the snubber program.
Some additional general requirements in ISTD are snubber-specific and are not included
in ISTA. Therefore, in order to implement ISTD, one must satisfy both the specific and
general requirements of ISTD as well as the general requirements of ISTA. Within the
sections about general requirements are such things as applicability, definitions, owner
responsibilities, examination boundaries, transient dynamic events, supported
component or system evaluations, and snubber repair/replacement requirements. It is
noted that although snubber examination and testing requirements no longer appear in
Article IWF-5000 in Section XI, both repair and replacement actions are still required to
be in accordance with Section XI as cited in ISTD-1500 and ISTD-1600.
Three main elements in ISTD together establish the basis of the snubber examination
and testing program. All three elements must be properly implemented in order to
conform to the requirements of Subsection ISTD of the ASME OM Code. These three
elements are shown in Figure 1.

Figure 1: Elements of ISTD
Visual examination of snubbers is the first element of the ISTD Snubber Program. The
examination requirements for snubbers are found in Article ISTD-4000. This section of
ISTD replaces the visual inspection requirements previously found in IWF-5200(a) and
IWF-5300(a). It includes both preservice and inservice examination requirements. The
preservice examinations confirm proper installation of the snubber and confirm that the
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snubber will restrain load. The inservice examination requirements begin after power
operation and are performed on a schedule determined in accordance with ISTD-4252
and the application of Table ISTD-4252-1. The frequency of visual examination may vary
depending on the results of the previous examination campaign. If the results include
several visual examinations that are determined to be unacceptable, the next
examination interval could be reduced. Changes to Technical Specification (Tech Spec)
or Technical Requirements Manual (TRM) requirements may be necessary in order to
meet the frequency requirements of Subsection ISTD. Further guidance on the use of
Table ISTD-4252-1 can be found in Non-Mandatory Appendix G.
In addition, an approved Code Case, OMN-13, allows the extension of the visual
examination interval to a maximum of ten years after the prerequisite requirements listed
in the OMN-13 Code Case have been satisfied. In order to use this Code Case, the
existing snubber program must meet all of the requirements of both ISTA and ISTD. The
OMN-13 Code Case may not be used without first adopting the OM Code.

Figure 2: OMN-13 Visual Interval
The boundary for snubber examination as defined in ISTD-3110 is from pin to pin,
inclusive. ISTD does not cover the attachments to the building structure or the piping.
This may differ from the previous owner-controlled program or Tech-Spec-controlled
program in which the structural attachment and piping attachment might also be included
in the examination program as part of the Section XI ISI Program. These structural
attachments remain in the Section XI component support ISI examination program
schedule. Coordination with the ISI program owner is required to ensure that the
structural attachments have the proper examinations performed when they are included
in the component support examination schedule. Some plants keep these inspections
under the snubber program using VT-3-qualified individuals to complete the Section XI
ISI work. ISTA-1500(e) requires the owner to use qualified individuals, who may or may
not be VT-3-qualified. They must, however, be snubber-qualified.
One provision of ISTD-4240 visual examination requirements allows the recategorization
of an unacceptable snubber examination to be considered acceptable after the
satisfactory completion of a functional test. This test must demonstrate snubber
operational readiness and confirm that the unacceptable condition did not affect the
snubber’s operational readiness.
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Testing
Functional testing of snubbers is the second element of the ISTD snubber program. The
testing requirements for snubbers are found in Article ISTD-5000. This section includes
both preservice and inservice testing requirements. The preservice tests confirm proper
operational readiness of the snubber before installation in the plant. The preservice
testing requirement may be satisfied using the manufacturer’s test performed at the
factory, or it could be satisfied with a functional test performed by the owner just before
installation of the snubber. The inservice testing requirements begin after plant power
operation and testing is performed once every fuel cycle as required in ISTD-5200;
however, testing may begin no earlier than 60 days before a scheduled refueling outage
as stated in ISTD-5240. The sample plan testing required under ISTD is intended to
provide an acceptable confidence level using a statistical snapshot in time to determine
the overall condition of the snubber population.
The functional testing must use one of the two sampling test plans identified in
ISTD-5260. Generally, the 10 percent plan is used for a population size less than
370 snubbers and the 37 plan is used for populations larger than 370 snubbers. The
initial sample size using the 10 percent plan is 10 percent of the snubber population
identified for each Design Test Plan Group (DTPG). The 37 plan requires an initial
sample of 37 of the population identified for each DTPG. Further guidance on use and
strategy for choosing one of the two sample plans can be found in the Non-Mandatory
Appendices D and E.
Design Test Plan Groups (DTPG)
Snubbers may be grouped in various DTPGs according to the criteria outlined in
ISTD-5250. The purpose of this grouping is to combine snubbers of like design,
application, size, or type. The size of the sample is a function of the size of the DTPG
while using the 10 percent plan. ISTD-5253 requires a separate DTPG for large
equipment snubbers attached to steam generators or reactor coolant pumps on
pressurized-water reactors.
Examples:
Population size is 635 mechanical snubbers of various sizes; however, they are all made
by the same manufacturer.
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Depending on which of the example approaches above is used, different expanded
testing scope requirements would result from test failures. Whichever test plan is chosen
(10 percent or 37 plan), once the testing begins it must be continued through to the end
of testing and must be concluded in accordance with ISTD-5330 for the 10 percent plan
or ISTD-5430 for the 37 plan.
Test Parameters:
Test parameters are identified in ISTD-5210. An activation test is required for all
snubbers, both hydraulic and mechanical. For hydraulic snubbers, a release-rate test is
also required, as applicable to the snubber design. For mechanical snubbers, a
drag-force measurement is required. Tests are to be performed in both the tension and
compression directions. ISTD does not identify acceptance values for these tests,
because that could depend on the design criteria used for each plant. Testing loads are
not specified; however, ISTD-3210 requires tests to be performed at sufficient loads to
verify the required test parameters.
Inservice Tests:
Inservice tests must be performed in the “as found” condition to the fullest extent
possible as stated in ISTD-5221. This prohibits any preconditioning to improve the
operation of the snubber, which might bias the test results before performing the “as
found” test. The purpose of the inservice test is to determine whether the snubber is, in
fact, ready to operate when called on to do so. In addition, the test result could also
provide indication of degradation by observed decline in performance characteristics.
ISTD allows the use of various test methods to accomplish the “as found” test: bench
test, in-place test, subcomponent test, and indirect measurement. These differing
approaches are described under ISTD-5220. Additional information on test parameters
and methods can be found in Non-Mandatory Appendix H, “Test Parameters and
Methods.” If a hydraulic snubber is tested without the application of a load to the snubber

23

piston rod, the snubber fluid must be evaluated and piston seal integrity verified as
required by ISTD-6400.
Test-Failure Evaluation:
All test failures must be evaluated to determine the cause of the failure (ISTD-5271) and
to consider any potential damage to the supported system or component (ISTD-1800).
Test failures trigger requirements to perform additional testing until the equations
(ISTD-5331 or ISTD-5431) of the test plan used are satisfied. When failures and a
distinguishable failure mode are identified, a failure-mode group (FMG) may be
established. The benefit of establishing an FMG may limit the additional testing to the
group of snubbers identified to be in the FMG. Owner-controlled programs may not have
the ability to establish an FMG for continued testing as is permitted by the ISTD Code.
Snubbers placed in the same location as a previously failed snubber test must be
subjected to a retest during the next fuel cycle as stated in ISTD-5500. There may be
some confusion over this requirement in some programs. However, it is the location that
is suspect, not the specific snubber. Therefore, if a snubber is removed from service
because of an unacceptable inservice test and then refurbished before being installed in
a new location, that snubber will not require a retest during the next fuel cycle.
Service-Life Monitoring
Service-life monitoring (SLM) is the third element of the OM Code’s ISTD snubber
program. Although all owner-controlled snubber programs will have an element of
examination and some type of testing, they may be lacking in the documentation of an
effective service-life monitoring program, which is required by ISTD. Most programs
monitor performance of their snubbers from a reactive viewpoint. When there is a
problem, it is addressed. Alternatively, they establish a seal-life expiration date for
hydraulic snubbers and replace seals before they expire, calling that “service-life
monitoring.” The requirement described in ISTD-6000 must be proactive. It requires the
prediction of service life for each snubber location in order to take appropriate action in
advance of encountering a problem. When implementing an ISTD snubber program,
significant programmatic work may be required in the area of service-life monitoring.
Snubber programs may approach service-life monitoring by performing some kind of
preventive maintenance on a number of snubbers. However, they may fail to document
service life history on an individual snubber location basis, or define a service life
strategy and approach toward maintaining an overall healthy snubber population.
A properly implemented service-life monitoring program should identify and address
snubber degradation before the snubber ever reaches the end of its service life or shows
up as a snubber test failure. In developing an effective service-life monitoring program,
the program owner must consider various approaches and develop an effective strategy
to maintain the health of the snubber population.
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Whatever service-life monitoring approach is taken, it needs to be documented.
ISTD-6000 provides certain prerequisites for an SLM program and discusses various
methods to consider in Non-Mandatory Appendix F. Appendix F states that the
service-life monitoring program should be based on knowledge of the operating
environment, snubber design limits, and service records. Initially, ISTD-6100 requires
the prediction of a service life for each snubber based on manufacturer’s
recommendation or design review. Sometimes service life is confused with the design
life of a snubber, which is different. ISTD-2000 defines service life as the period of time
an item is expected to meet the operational readiness requirements without
maintenance. Even though substantial industry operating experience (OE)
documentation to the contrary has been published, many plants still consider the service
life of the mechanical snubber to be 40 years. This may be true for some benign
environments on low-energy systems, but definitely not for others that are subject to
vibration or temperature extremes. Some harsh locations may require snubber
refurbishment or replacement during every refueling outage. This is clearly not a 40-year
service-life application. An effective SLM program will take the location-specific
environment into consideration when establishing the service life of all installed
snubbers. Each fuel cycle, the service life for all installed snubbers is to be evaluated
and adjusted, if necessary, based on technical data gathered from evaluations
performed on snubbers which have seen plant service (ISTD- 6200). This evaluation
should include a review of the snubber’s history, including whether it has previously
been installed in a different location. ISTD- 6300 requires an evaluation to be performed
on all snubber failures to determine the cause of the failure, giving consideration to
adjusting the service life for that snubber or other similar snubbers based on that
evaluation.
Because of differing plant conditions, some snubber locations should be evaluated more
often than would be required by either of the ISTD sample plans. For example, areas
where a mechanical snubber experiences excessive vibration may reduce the expected
service life of the snubber from 20 years to 10 years or less. Therefore, this snubber
should come up for a service-life test or evaluation sooner than it would if one is using
the normal sample-plan selection process. Alternatively, when a hydraulic snubber is
located near a high-temperature source, the seals and fluid may reach the end of their
service life earlier than expected if one uses the manufacturer’s recommended service
life. In this case, the seals would have to be replaced sooner because of the severe
operating conditions where the snubber is installed. If the normal sample-plan selection
process is to cycle through an entire snubber population in 15 years or longer, these
snubbers would not have been selected for testing before the actual service life is
exceeded.
When a snubber is selected for sample plan testing, what happens next? Let’s say the
snubber is tested and passes the acceptance criteria with data below the level
recommended by the manufacturer for suggested or required maintenance. Should the
snubber return to service for another 15 years without any maintenance? In some
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instances this may be acceptable; however, in other cases, the next time the snubber is
tested it might not pass the acceptance test. Snubber performance is degrading
continuously at some rate. An effective service-life monitoring program must know the
rate for each snubber location and perform the required maintenance accordingly. Under
such a program, unexpected snubber test failures would be rare.
When testing is performed solely for service-life considerations rather than under the
sample testing plan, as described in ISTD-6500, the results of such SLM testing do not
require testing of additional snubbers when failures occur, as would be required by
ISTD-5320 or ISTD-5420. However, appropriate corrective action must still be taken
based on an evaluation of the snubber failure. Performing SLM testing is a prudent
practice to gain additional information about the condition and performance of the
snubber population. However, many snubber-program owners may have difficulty
scheduling this “optional” testing that is not a required surveillance by Code or Tech
Specs, because of schedule or budget concerns. As previously stated, all snubbers
degrade over time once installed in a power plant. The sample plan testing approach
provides a statistical snapshot in time to confirm a confidence level that the snubber
population is operable. An ineffective service-life monitoring program will eventually
result in snubber operability falling below the acceptable range, which will undoubtedly
result in sample plan testing expansions during the short refueling-outage testing
window. This additional testing will challenge the plant’s ability to complete the required
sample plan expansions within the scheduled time frame. Numerous approaches and
methods can be implemented to establish an effective SLM program. As previously
stated, Non-Mandatory Appendix F provides additional insights for the program owner to
establish and implement his or her strategy.
Conclusion
Subsection ISTD of the ASME OM Code defines the requirements of a comprehensive
snubber examination and testing program. ISTD allows the program owner significant
latitude to shape the actual implementation tools of the snubber program. However, the
three essential elements of ISTD—examination, testing, and service-life monitoring—
must all be considered to be equally important in order to reach the goal of a successful
snubber program. The transition from an owner-controlled snubber program to an
ISTD-compliant program can usually be made without significant pain once there is a
solid understanding of these essential elements of the ISTD Code.
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Mitigation of Piping System Vibration Using Dynamic
Restraints
Brian Voll
Sargent & Lundy, LLC
Abstract
Most power plant piping systems experience some level of vibration during operation. In
some cases, the addition of restraints is required to keep operational vibration levels
within acceptable limits. Vibration levels may need to be controlled to limit stresses in the
piping or attached components, minimize wear on supports or other components, or
prevent impacts with other piping or components. This paper discusses the use of
dynamic restraints to effectively mitigate piping-system vibrations. Topics covered
include: The effectiveness of using dynamic restraints for various sources of vibration;
the effectiveness and applicability of various types of dynamic restraints; design
considerations, including sizing and placement of dynamic restraints; and maintenance
and testing considerations for dynamic restraints.
Introduction
Operational piping vibration can be broadly categorized as either transient or
steady-state. Requirements for qualifying piping systems for both types of vibration are
provided in Reference 1.
Transient vibration occurs over relatively short periods of time. Examples of sources of
transient vibration include pump starts and trips and rapid valve opening and closing. For
piping systems in which events are anticipated that could result in significant transient
vibration responses, the piping and restraint configurations are designed based on
analytical simulations of the transient events to limit vibration amplitudes to acceptable
levels. Confirmation that actual vibration amplitudes do not exceed acceptable limits may
be accomplished by testing during initial plant startup.
Steady-state vibration occurs over relatively long periods of time, typically during normal
plant operation. Steady-state vibration can also occur during off-normal operating
conditions, such as during plant startup or during testing of safe-shutdown systems that
do not normally operate.
ASME Section III requires that piping systems be arranged and supported to minimize
vibration and that vibration shall be demonstrated to be within acceptable levels.
Because piping steady-state vibration is difficult to predict analytically, qualification of
piping systems for steady-state vibration is typically accomplished through testing as
opposed to through analyses performed during the design stage.
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Measures to reduce piping vibration to acceptable levels may need to be implemented
based on the qualification test results or as a result of vibration issues experienced
during plant operation. The specific measures taken to mitigate vibration depend on the
source of the vibration and typically involve either eliminating the source or restraining
the piping to limit vibration amplitudes.
This paper focuses on the use of dynamic restraints to mitigate piping steady-state
vibration. The types of steady-state vibration for which dynamic restraints may be
generally effective are discussed. Examples of various types of dynamic restraints are
provided, and their effectiveness for specific vibration-mitigation applications is
discussed. Design considerations, such as sizing and placement, are discussed, as well
as maintenance and testing considerations.
Steady-State Vibration Types and Effectiveness of Dynamic Restraints
Piping steady-state vibration has many sources, and the characteristics of the vibration
depend on the specific source. Some sources produce relatively high-frequency,
low-displacement vibrations. Other sources produce relatively low-frequency,
high-displacement vibrations.
Examples of sources of high-frequency vibration include throttled valves, flow-restricting
orifices, vortex shedding, and pressure pulsations at pump impeller vane passing
frequencies. Sources of low-frequency vibration include flow turbulence, flashing,
rotating equipment, and header piping vibration that excites branch piping. Dynamic
restraints are generally more effective for mitigating low-frequency vibrations than
high-frequency vibrations, as is discussed further in the following paragraphs.
High-Frequency Vibration
Valve throttling can produce vibrations over a broad frequency range, with the most
damaging vibrations typically occurring at higher frequencies. In liquid systems, large
pressure drops at valves can result in cavitation, which can cause erosion of pipe walls
and valve internals. Cavitation can also result in fatigue, loosening and wear of
components attached to the piping. Cavitation can also occur at flow-restricting orifices
or cavitating venturis, with similar effects.
In steam systems, valve throttling can produce pressure pulsations and noise over a
broad frequency range similar to that of cavitation, and can cause similar damage from
high-frequency vibrations. Valve throttling in steam systems has also been known to
excite piping shell modes. An example of damage from high-frequency vibration is
shown in Figure 1. In this case, tie-back supports (discussed later) were installed on the
main steam turbine leads to restrain header-induced branch-line vibrations. However,
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throttling of the turbine control valves produced high-frequency vibrations that caused
fatigue failures in several of the tie-back support components.

Figure 1. Support-Component Failures Caused by High-Frequency Vibration:
Tube Steel Member (L), Pipe Clamp Ear (R)
Using restraints to mitigate vibrations caused by cavitation or valve noise in steam
systems has not proven to be effective because of the characteristics of the
high-frequency vibrations. First, the restraints do not have much impact on the vibration
displacement amplitudes, which are already small. Second, whatever impact the
restraints may have at their installed locations does little to mitigate vibrations at other
locations. Finally, the restraints are susceptible to damage themselves from the
high-frequency vibrations, as illustrated in Figure 1. Experience has shown that the most
effective means for mitigating damaging vibrations caused by cavitation and valve noise
is to use special valve trim or orifices to control the pressure drops. Avoiding the
offending operating modes, if possible, can also mitigate vibration damage.
Pressure pulsations caused by vortex shedding from flow past branch openings or at
centrifugal pump impeller vane passing frequencies are also sources of relatively
high-frequency vibrations that are experienced in power-plant piping systems. These
types of vibrations occur at distinct frequencies. The vibrations are exacerbated when
acoustic modes of the piping, particularly in dead-ended branch piping, are excited.
Structural modes of components attached to the piping can also be excited. In general,
displacement amplitudes associated with these types of vibrations are small, and the
addition of piping restraints will not have a significant impact on the vibration stresses in
affected components. The most effective means for mitigating these types of vibrations
is to address the source or detune the affected components, either acoustically or
structurally. In some cases, vibration frequencies may be low enough to result in
displacements of sufficient amplitude that detuning may be effectively accomplished by
adding restraints.
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Low-Frequency Vibration
Flow turbulence occurs in the majority of piping systems and is the most common source
of piping-system vibrations. Pipe bends; flow discontinuities, such as valves, orifices and
reducers; and high flow velocities all contribute to increased turbulence and vibration.
Flow turbulence primarily excites lower piping structural modes, with the predominant
vibration frequencies typically below 30 Hz. Dynamic restraints are effective for
controlling piping vibrations in this frequency range.
Certain systems, such as heater drain and extraction steam, can experience two-phase
flow conditions and are susceptible to flashing. These types of systems are also typically
not seismically supported and thus have few lateral restraints. The loading from
two-phase flow and flashing excites lower structural modes, similarly to the way
turbulence does. Because these systems are typically very flexible, the predominant
vibration frequencies are well below 30 Hz and the vibration amplitudes can be quite
large. Again, dynamic restraints can be very effective for controlling this type of vibration.
Piping attached to rotating equipment, such as pumps and turbines, can be subject to
vibrations at the running speed of the equipment. For example, piping attached to
turbine/generators operating at 1800 rpm will experience vibrations at 30 Hz. Because
the excitation frequency is known, adding restraints, or in some cases removing
restraints, can effectively detune the piping from the excitation frequency.
Vibrations of branch piping can be excited by header-piping vibrations. Small-bore
branch lines that are cantilevered with unsupported valves, such as vent and drain lines,
are particularly vulnerable. Most vibration-induced piping fatigue failures occur at
small-bore line branch connections. Increasing the stiffness of cantilevered small-bore
branch lines by shortening them, using lighter valves, or adding restraints that minimize
the relative motion between the branch and header piping reduces their vulnerability to
fatigue failures.
Types and Effectiveness of Dynamic Restraints
For the purposes of this paper, dynamic restraints are any type of device that can be
used to control piping vibrations. Some types of restraints are more effective than others,
depending on the specific application, and some types perform other functions as well.
The general categories of restraints that can be used for mitigating piping vibrations are
rigid restraints, pre-loaded spring-type devices, snubbers, and energy-dissipating
devices. Certain types of restraints may have characteristics that fit more than one
category. The various restraint types and their effectiveness for mitigating vibration are
discussed further below.
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Rigid Restraints
The most common types of rigid restraints installed on piping systems that can provide
effective vibration restraint include rigid struts, U-bolt supports, and box-type supports.
Rod hangers, which are also a type of rigid restraint, are intended primarily for weight
support. Although rod hangers can control vibration to some extent, they would not be
added to a system specifically to mitigate vibration because more effective options are
available.
Rigid struts can be very effective for mitigating vibration, because they have very little
free play and are generally very stiff relative to the piping. Adding rigid struts to a system
that operates at elevated temperatures (i.e., a hot system) requires an evaluation of the
impacts on thermal expansion stresses. Locations where rigid struts can be added to a
hot system to effectively mitigate vibration are often very limited.
U-bolt and box-type supports are often installed on systems for which the piping analysis
calls for the pipe to be restrained in two directions at one location, and it is more feasible
to install one of these devices than two rigid struts. Box-type supports, as the name
implies, box in the pipe with structural components such as tube steel or angles. U-bolts
have limited side load capacity and are more commonly used for restraining small-bore
piping (nominal diameter of two inches or less).
U-bolt and box-type supports have similar drawbacks when used as vibration restraints,
in addition to the impacts on thermal expansion as noted for rigid struts. First, these
types of restraints typically have designed-in gaps to allow axial movement of the pipe.
These gaps can be as large as 1.588 millimeters (mm) [1/16 inch (in.)], which limits the
effectiveness of these supports as vibration restraints. If the gaps are reduced to near
zero, potential binding is a concern. In addition, relative movement between the pipe and
support can result in rubbing and wear of both the pipe and support. Because of these
concerns, if rigid restraints are being added to mitigate vibration, especially for
large-bore piping, rigid struts are generally preferred over U-bolt or box-type supports.
In older plants especially, rigid restraints such as stanchion-type supports may be
welded directly to the pipe. These types of restraints are discouraged because the
welded connections introduce stress risers which can result in significantly higher local
peak stresses resulting from vibration.
Friction anchors are alternatives to U-bolt or box-type supports on small-bore piping
where significant vibrations may be present. These devices have higher side load
capacities than U-bolts and can restrain multiple degrees of freedom, depending on the
gaps specified in the design.
Tie-back supports are a special class of rigid restraints used for minimizing relative
vibrations between branch and header piping. As the name implies, this type of restraint
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ties the branch line back to the header, as opposed to being attached to building steel,
which could result in significant stresses at the branch connection. An example of a
tie-back support is shown in Figure 2. This type of restraint can be very effective for
minimizing vibration stresses at the branch line connection. Tie-back supports are
designed and qualified on a case-by-case basis. The design, as well as providing
effective vibration mitigation, also needs to accommodate the differential thermal
expansion between the branch connection and the attachment point between the
tie-back support and the header.

Figure 2. Tie-Back Support
Pre-Loaded Spring-Type Restraints
Pre-loaded spring-type restraints, often referred to as sway braces, are intended
primarily for the purpose of controlling vibration while still allowing pipe thermal
movements. These devices contain a pre-loaded spring that can be adjusted to minimize
the static load imposed on the piping when the piping is in its hot position. An example of
a sway brace is shown in Figure 3. Sway braces provide limited vibration control,
because the spring stiffness cannot be so high that thermal movements are overly
restricted, but can be a compromise solution for systems experiencing significant
thermal movements. The spring settings need to be properly adjusted and maintained to
provide optimum vibration control while allowing the required pipe thermal movements.
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Snubbers

Figure 3. Sway Brace Installed to Control Lateral Vibration

Mechanical and hydraulic snubbers were designed to limit dynamic movements of piping
caused by seismic and dynamic transient events, while allowing piping displacements
caused by thermal expansion. Snubbers limit piping steady-state vibration to some
extent but experience has shown that they do not hold up well to continuous vibration
loading. Both mechanical and hydraulic snubbers have dead zones where they do not
activate because of free play and threshold acceleration or velocity levels that must be
exceeded before they activate. Figure 4 corresponds to a vibration measurement taken
along the axis of a hydraulic snubber (shown in Figure 5), and provides an indication of
the displacement amplitudes that can be allowed by snubbers, exclusive of any gaps
that may be present at the piping and structural attachment points.

Figure 4. Vibration Measurement along Hydraulic Snubber Axis
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Figure 5. Hydraulic Snubber with Accelerometer Installed
Continuous vibration loading of mechanical snubbers can cause wear of internal
components, which can eventually cause the snubbers to lock up. Continuous vibration
of hydraulic snubbers can damage seals or poppets, resulting in fluid leakage and loss
of function of the snubber. For these reasons and the inherent free play discussed
above, snubbers are not recommended as solutions for mitigating vibrations. Hydraulic
snubbers of more recent design are better able to withstand continuous vibration and
could be considered as candidates for replacing snubbers of older design that are
installed in vibration environments.
Energy-Dissipating Devices
Several types of devices are available that incorporate some type of energy dissipation
to help mitigate vibration. Examples include visco-elastic dampers, wire-rope devices,
friction struts, and supports containing elastomer material.
An example of a visco-elastic damper is shown in Figure 6. Visco-elastic dampers
contain a fluid that provides both resistance and damping for dynamic movements, but
provides negligible resistance to thermal movement. Visco-elastic dampers are active in
six degrees of freedom, compared to one for struts or snubbers, which reduces the
required number of devices. Visco-elastic dampers also have no dead zone before they
activate. These characteristics make visco-elastic dampers well suited for mitigating
vibrations of hot systems that have a limited number of locations for installing restraints.
Visco-elastic dampers have proven to be very effective for controlling vibrations in
systems such as heater drain, heater vent, and extraction steam, which are hot systems
subjected to two-phase flow and are located in areas of the plant with few locations for
installing restraints. In one application, two visco-elastic dampers were installed on a
feedwater pump recirculation line, which contained a significant amount of piping, and
vibration amplitudes were reduced an average of 60 percent in all three global
directions. Before and after plots of the measured vibrations are shown in Figure 7.
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Figure 6. Visco-elastic Damper

Figure 7. Vibration Amplitudes Before (17-Oct-06) and After (26-Nov-08)
Installation of Visco-elastic Dampers
Wire-rope devices employ a coiled metal rope consisting of many wires to provide both
resistance and damping for dynamic movements. Damping is provided by rubbing of the
wires with one another as the coil is loaded and unloaded. Wire-rope devices provide
resistance to thermal movements because of their spring stiffness and are active in only
one direction. An example of a wire-rope device is shown in Figure 8.
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Figure 8. Wire-Rope Device
Friction struts are devices that provide energy dissipation through friction from relative
movements between components within the device. Friction struts are intended as an
alternative to snubbers that more effectively controls and withstands vibration. Under
continuous vibration loading, however, wear of the internal components is a concern and
the components may need to be periodically replaced.
On certain systems using positive displacement pumps, such as electro-hydraulic control
(EHC) systems, the piping is subjected to continuous loading from the pressure
pulsations generated by the pumps. Incorporating grommets constructed of elastomer
material in the supports for this piping, which is typically small-diameter, can effectively
cushion the pulsation-induced vibrations.
Design Considerations
Several design considerations are important to the effectiveness of dynamic restraints,
some of which have been noted in previous sections. These include sizing,
configuration, placement, thermal expansion impacts, and potential for rubbing, wear,
and loosening.
Dynamic restraints need to be sized to accommodate the design-basis loads for the
piping system on which they are installed, in addition to the vibration loads they will be
experiencing. The vibration loads on the restraints are typically determined from dynamic
analyses performed to represent the vibration loading on the piping system. The
analytical responses are correlated to measured vibrations to obtain the applicable pipe
stresses and restraint loads.
Restraints should be sized in such a way that stresses in the restraint components from
the vibration loading do not exceed the material endurance limit. This ensures that the
restraint components will not experience fatigue failures caused by the vibration loading.
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The welds between restraint components as well as the auxiliary steel components
between the building steel and standard support components should be included in the
fatigue qualifications.
In addition to fatigue, undersized restraints can experience excessive wear or
deformation. For example, clevis pin holes in end brackets can become ovalized from
repeated loading. Excessive gaps between the clevis pins and end-bracket holes can
result in impact loads that can worsen the damage.
Restraint designs that do not have sufficient stiffness can allow significant deflections
that both limit their effectiveness as well as potentially overstress the restraint
components. Examples exist of non-seismically designed piping supported by long steel
columns that flex more than 12.7mm [0.5 in.] peak-to-peak (pk-pk) because of vibration
of the piping. Installing dynamic restraints on support steel of such flexibility would not be
effective unless braces were added to limit the support deflections.
The placement of dynamic restraints has a significant impact on their effectiveness for
mitigating vibrations. The most effective locations are generally near bends or elbows.
Placing restraints in the middle of a pipe run creates a pivot point that tends to shift the
vibration to other locations. Additional restraints are then required to eliminate the
pivoting and effectively reduce the vibrations.
Figure 9 shows an example of rigid struts added in the middle of a long riser to control
excessive vibrations. The restraint location was selected based on accessibility of
nearby building steel. With these restraints installed, the piping past the top of the riser
experienced significant vibration amplitudes, creating concerns that nearby equipment
connections could be overstressed. This necessitated the installation of additional
restraints on the piping after the riser to reduce vibration amplitudes to acceptable levels.
As discussed previously, restraint locations on hot systems are limited by the impacts on
thermal expansion stresses. The preferred locations for dynamic restraints, such as near
elbows on long runs of pipe, can also correspond to locations of large thermal
displacements. Therefore, the restraint locations may need to be adjusted to maintain
acceptable thermal expansion stresses while also effectively controlling vibration.
Alternatively, devices that do not restrict pipe thermal displacements, such as
visco-elastic dampers, can be used. Visco-elastic dampers, as well as devices such as
snubbers, have an allowable operating range that can be specified to accommodate the
predicted thermal movements at the restraint location.

37

Figure 9. Struts Installed in Middle of Riser (Looking Down)
As also noted previously, tie-back supports need to be designed to accommodate
differential thermal expansion between the piping and tie-back support components.
Increased flexibility of the tie-back support in the pipe’s axial direction can be achieved
by increasing the length or reducing the cross-section of the appropriate support
members. When making adjustments to accommodate thermal expansion, the intended
vibration-mitigation function of the tie-back restraint needs to be maintained.
The potential for rubbing, wear, and loosening needs to be considered in vibration
restraint designs. For example, if axial pipe vibrations occur at U-bolt or box-type
restraints, rubbing and wear of the pipe and restraint components can occur.
Gaps at U-bolt and box-type restraints should also be minimized to maintain
vibration-mitigation effectiveness and minimize impacts that could be damaging to the
piping or restraints. Vibration restraints with threaded connections can experience
loosening, especially in high-frequency vibration environments. Double-nutting of
threaded connections is recommended to minimize the potential for loosening caused by
vibration.
Locations of dynamic restraints are typically affected by installation feasibility, as
illustrated in Figure 9. Preferred restraint locations may be several feet from acceptable
building attachment points. At the preferred locations, it may not be feasible to achieve a
restraint design with sufficient stiffness that is not overly complex. In some instances, it
may be tempting to weld restraints directly to the piping or piping component pressure
boundaries, such as valve bodies, to simplify the design or restrain the pipe at the
preferred location. This should be avoided because significant stress risers are created
and code requirements may be challenged.
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Maintenance and Testing Considerations
The various types of dynamic restraints discussed herein have varying degrees of
maintenance and testing requirements, depending on their design and functionality,
which may impact the type of restraint selected for a given application. Generally,
restraints with more moving parts also have more maintenance and testing
requirements.
Rigid restraints, which have no moving parts, typically do not have any maintenance or
testing requirements. Sway braces, which rely on pre-loaded springs for controlling
vibration, may require periodic adjustments to maintain proper spring settings.
Visco-elastic dampers contain a piston that moves through a damping fluid. They have
no moving parts that require maintenance or testing. The damper does contain a
protective sleeve to prevent contamination of the fluid. Periodic inspection of the sleeve
is recommended to ensure that it is not damaged.
Dynamic restraints that rely on friction between restraint components to dampen
vibration have the potential to experience wear over time, which could degrade their
performance. Therefore, these types of restraints should be inspected periodically for
signs of wear or fatigue.
Both mechanical and hydraulic snubbers have been shown to degrade over time in plant
operating environments, and have extensive inspection, testing, maintenance, and repair
requirements, as delineated in Reference 2. These requirements, in addition to the
degradation concerns, limit the applications in which snubbers would be the preferred
solution for mitigating piping vibrations.
Conclusions
Several types of dynamic restraints that can be used to mitigate piping-system vibrations
have been discussed. Each type of restraint has attributes that need to be considered
when selecting the best solution for a given application. Table 1 provides a summary of
the characteristics of various types of dynamic restraints that impact their effectiveness
for mitigating vibrations.
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Restraint Type

Table 1. Dynamic Restraint Characteristics

Rigid Strut

U-Bolt and Box-Type
Restraints

Friction Anchor

Tie-Back Support

Sway Brace

Snubber

Visco-Elastic Damper

Wire-Rope Device

Friction Strut

Elastomer Grommet
Support

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Characteristics
Uniaxial
Little free play
Restrains all static and dynamic loads
Can significantly impact thermal expansion
Acceptable locations limited on hot systems
No maintenance or testing required
Potential alternatives to rigid struts
Uniaxial or biaxial (guides)
Same thermal concerns as rigid struts
Gaps need to be minimized for vibration control
Wear concerns if restraints are subject to rubbing or impacts
U-bolts have limited side load capacity
No maintenance or testing required
Alternative to U-bolt or box-type restraints on small-bore piping
Higher side load capacity than U-bolts
Can restrain multiple degrees of freedom
No maintenance or testing required
Protects branch piping from header vibrations
Need to account for relative thermal movements between header and branch line
Design is typically unique to each location
No maintenance or testing required
Flexible rigid restraint
Uniaxial
Limited effectiveness because of flexibility
Allows some thermal expansion
Proper adjustment of spring settings required
Should be inspected periodically
Restrains only dynamic movements
Does not restrain thermal movements within travel range
Uniaxial
Can have significant dead zone before activation
Does not stand up well to continuous vibration
New-design hydraulic snubbers may withstand vibration better
Significant maintenance, inspection, and testing requirements
Generally not recommended as a vibration-mitigation solution
Provides both resistance and damping for vibration
Does not restrain thermal movements within travel range
Active in all six degrees of freedom
No dead zone before activation
Effective for hot systems with limited feasible installation locations
Pipe and building attachments can be non-standard
Minimal inspection requirements
Flexible rigid restraint that also provides damping
Uniaxial
Provides resistance to thermal expansion based on stiffness
Periodic inspections for wear and fatigue recommended
Primarily intended as a replacement for snubbers
Uniaxial
Relies on friction between support components
Resists thermal expansion
Wear of components is a concern in a vibration environment
Periodic inspections recommended
Effective for systems with positive displacement pumps, such as
electro-hydraulic control, for cushioning vibrations
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Vibration Qualification of Piping Systems
David Olson
Sargent & Lundy, LLC
Abstract
A number of industry and U.S. Nuclear Regulatory Commission (NRC) requirements
exist for the quantification and qualification of piping-system vibrations. An ASME
Operating and Maintenance (OM) Standard was written to provide methods for obtaining
piping vibration measurements and to define acceptance criteria for the evaluation and
qualification of the vibrations. Described herein is an overview of this standard, ASME
OM-3, “Vibration Testing of Piping Systems,” along with discussions of the acceptance
criteria (Reference 1).
Industry and NRC Requirements
Section III of the ASME Boiler and Pressure Vessel (B&PV) Code for Class 1, 2, and 3
Piping and ASME B31.1, “Power Piping,” both contain requirements regarding piping
vibration (References 2 and 3). Section III of the ASME B&PV Code uses the following
wording to address steady-state vibration:
Piping shall be arranged and supported so that vibration will be minimized. The
designer shall be responsible by design and by observation under start-up or
initial operating conditions, for ensuring that vibration of piping systems is within
acceptable levels.
Requirements for dynamic transient vibration include the following:
Impact—Impact forces caused by either external or internal loads shall be
considered in the piping design.
ASME B31.1-2007 includes the following requirements regarding vibration:
Vibration. Piping shall be arranged and supported with consideration of vibration
Nonmandatory Appendix V, “Recommended Practice for Operation, Maintenance, and
Modification of Power Piping Systems,” of ASME B31.1 also contains recommended
practices for completing visual surveys to address vibration.
Further requirements for nuclear power plants are delineated in NRC Regulatory
Guide 1.68, “Initial Test Programs for Water-Cooled Nuclear Power Plants,” and
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Section 3.9.2, “Dynamic Testing and Analysis of Systems, Structures, and Components,”
of NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants” (References 4 and 5). These documents require most of the plant
piping in a nuclear power plant to be tested during preoperational and startup testing for
both steady-state and dynamic- transient vibrations. Regulatory Guide 1.20,
“Comprehensive Vibration Assessment Program for Reactor Internals During
Preoperational and Initial Startup Testing,” also has requirements for piping-vibration
testing (Reference 6).
ASME OM-3 Vibration Testing of Piping Systems
ASME OM-3 was published to address the vibration requirements included in the piping
Codes and NRC Regulatory Guides and additionally addresses vibrations encountered
during operation and as a result of modifications. OM-3 includes testing requirements
and acceptance criteria for piping vibration. For pipe-vibration monitoring and testing, it
includes a visual inspection method, a simplified method for qualifying piping systems,
and a rigorous qualification method for steady-state and transient vibration.
Instrumentation and measurement techniques are included and corrective action is
discussed along with potential vibration sources.
The General Requirements section of OM-3 establishes a Vibration Monitoring Group
(VMG) classification system. This classification system provides guidance for each VMG
based on the degree of sophistication of the monitoring system and analysis methods
used. Piping systems are classified into one of the three VMGs, ranging from the
simplest, VMG-3, to the most detailed, VMG-1. OM-3 also divides piping vibrations into
two vibration types, steady-state and dynamic-transient (e.g., water hammer). Each type
of vibration is assigned to a VMG.
The VMG-3 classification relies to a large part on judgment and experience to qualify the
vibrations. This includes walkdowns and visual inspections to witness vibration of the
operating systems. Systems classified as VMG-3 are qualified on the basis of prior
experience with the vibration of similar systems and judgment based on knowledge of
acceptable levels of piping vibration for the systems.
The VMG-2 classification is a simplified qualification method intended to conservatively
estimate piping-vibration stresses. VMG-2 uses vibration measurements and simplified
calculations along with judgment and experience to qualify vibrations. This method is
based on modeling a vibrating portion of the piping using a simple beam analogy and/or
computer model and determining vibration limits in terms of displacement or velocity.
The VMG-1 classification relies on detailed measurements and calculations; this is a
rigorous qualification method, requiring that the vibration stresses be determined with a
high degree of accuracy. VMG-1 testing may also involve a detailed correlation between
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analytical and experimental results and/or instrumentation of the piping with a sufficient
number of strain gauges to determine the magnitude of the highest stresses.
OM-3 leaves with the owners the responsibility of meeting industry requirements by
determining what systems are to be monitored, what type(s) of vibration (steady-state
and/or dynamic-transient) are to be monitored, and what vibration-monitoring group each
system is to be classified in. These commitments would most likely be made in the plant
Safety Analysis Reports (SARs) or other design-basis documents.
OM-3 Acceptance Criteria
Flow-induced or mechanical-equipment-induced vibration conditions are frequently not
known or well-defined during the design phase of a piping system and hence are
typically not addressed by the design-basis stress report. Vibration walkdowns,
examinations, and testing are usually performed during initial startup and operation.
OM-3 guidance is intended to address the testing and acceptance criteria needed to
determine the acceptability of the experienced vibrations.
The intent of the OM-3 acceptance criteria is to meet the allowable stress requirements
of the ASME B&PV Code. The allowable stresses in OM-3 are based on the fatigue
curves given in Section III of the ASME B&PV Code (Reference 2). Steady-state
vibrations will most likely result in a large number of stress cycles; the standard therefore
sets an allowable steady-state vibration stress equal to the “endurance limit” of the
piping material, where the endurance limit is defined as a stress at which the piping can
cycle for the life of the plant and not fail as a result of fatigue. If a lower number of cycles
can be computed for steady-state vibrations, the allowable stress can be increased
accordingly.
For dynamic transients, an equivalent number of full-range stress cycles is calculated
and/or extrapolated from the recorded time-history traces; the equivalent cycles are used
in conjunction with the fatigue curves to assess the effect of transients on the fatigue life
of the piping. These transient stress cycles are considered with other cycling stresses
(e.g., seismic) addressed in the design-basis report.
The OM-3 standard uses the alternating peak stress value at 1011 cycles as the
endurance limit, i.e., the allowable stress for steady-state vibration. Appendix I of the
ASME B&PV Code contains fatigue curves for both stainless and carbon steels.
The endurance limit based on a stress corresponding to 1011 cycles can be justified as
follows. The value of 1011 cycles envelops a steady-state vibration with a frequency of
more than 30 Hz occurring continuously for 60 years; see Figure 1. Therefore the
alternating stress corresponding to 1011 cycles represents a practical endurance limit for
power-plant piping. For stainless and carbon steels the AMSE B&PV has stress/failure
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(SN) fatigue curves that extend out to 1011 cycles; therefore, the allowable stress can
be obtained directly from these curves. These curves also flatten at 1011 cycles; i.e., the
rate of decrease in allowable alternating stress is small as the number of cycles
increase. From the ASME curves an endurance limit for stainless steel equals 93,770
kilopascal (kPa) [13,600 pounds per square inch (psi)]. Similar curves for carbon steel
indicate the corresponding endurance limit for carbon steel equals 48,260 kPa
[7,000 psi] (see Appendix I, “Design Fatigue Curves,” to Section III of the ASME B&PV
Code for notes and details applicable to the use of the fatigue curves).

Figure 1: Accumulated Stress Cycles vs. Years of Operation
Use of Peak Stress
Peak vibration stresses are determined using methods in OM-3 and these stresses are
compared to the allowable alternating peak stress at 1011 cycles from the ASME B&PV
Code. For a given piping component, nominal pipe bending stress resulting from
vibration is multiplied by the product of the stress indices C2 and K2 to convert it to peak
stress. The C2 and K2 factors are from Section III of the ASME B&PV Code and
represent stress indices that account for the configuration of a particular piping
component (C2) and the peak stress resulting from local conditions (K2), such as a weld
surface.
Stresses caused by steady-state vibration that are within the acceptance limits are
assumed not to affect the fatigue life of the piping and components because the
allowable stresses are less than the endurance limit and therefore should not reduce the
fatigue life of the piping and components.
Because peak stresses are the basis of the acceptance criteria, the use of
instrumentation, data-acquisition, and data-reduction equipment must result in the
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determination of peak vibration measurements. Most piping vibration will not be purely
sinusoidal or harmonic; it will be quasi-random. Much of the available instrumentation
measures the root mean square (rms) of a vibration signal. The rms reading for a purely
sinusoidal vibration can be easily converted to peak amplitude by multiplying the rms
measurement by 1.414. For vibration that is not composed of a purely sinusoidal motion,
this simple relationship is not applicable and significant error can result if it is used.
True peak and peak-to-peak vibration measurements are required. These can best be
obtained by using instrumentation that directly senses true peak values. It is possible to
statistically convert rms measurements to peak values if the properties of the measured
vibration time histories are used. The instrumentation requirements in OM-3 provide
guidance for obtaining the relevant peak vibration measurements.
Qualitative Evaluations
OM-3 also requires the completion of Qualitative Evaluations. Piping system response
must be acceptable based on qualitative evaluations, in addition to meeting the
quantitative acceptance discussed above. Qualitative evaluations are based on
observed responses of the piping that address potentially detrimental conditions not
explicitly quantified by the stress-based acceptance criteria. Judgments on the
acceptability of the observed responses consider comparisons to known acceptable
responses.
Vibrations that can affect the functionality, operability, and structural capability of
sensitive equipment are qualitatively evaluated as part of the piping vibration
qualification walkdowns. If the vibrations are determined to be potentially excessive
based on qualitative evaluations, more detailed evaluations (or modifications) would be
implemented.
Piping vibration can adversely affect associated equipment such as pumps, valves, and
piping restraints. Inline instrumentation can also be adversely affected. Qualitative
evaluations are intended to address the potential for vibration damage that results in
addition to pipe stress. For example, the effects of cavitation on support wear, pipe
erosion, and pitting of the internal surface of valves are considered as part of the
qualitative evaluations. Therefore, the presence of significant cavitation, typically
accompanied by continual or intermittent loud noise, indicates that the vibration is not
acceptable according to the qualitative evaluation, even if the quantitative evaluation
indicates acceptable pipe stress.
Transient Vibration
For piping systems that experience transient vibration conditions, transients could play a
significant role in fatigue failure and/or support damage. System alignment or operating
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condition changes, e.g., changes in valve position, sometimes cause transient vibration
in piping systems. Some observed transient vibration conditions (such as water hammer
and cavitation) are frequently not known during the design phase and hence are not
covered by the Design Specification nor analyzed in the stress report.
For systems in which transients are expected and for which the stress report includes an
analysis of the transient, the objective is to verify that the transient vibration is within the
values analyzed in the design-basis stress report. For transients not considered in the
design bases, the fatigue and stress limits of the applicable ASME B&PV Code or other
design bases limitations must be met.
If the transient peak stresses can be demonstrated to be below those allowed for
steady-state vibration, it is assumed that there will be no effect on the fatigue life of the
piping and components, which are considered to be qualified similarly to how they would
be for steady-state vibration. If the peak stresses are larger than the steady-state
vibration limits, the transient stresses shall be combined with other applicable
design-basis stresses and evaluated in accordance with the applicable ASME B&PV
Code of record.
Simplified Vibration Qualification Methods (VMG-2)
A considerable portion of OM-3 addresses the use of simplified methodologies for
qualifying piping vibration (i.e., VMG-2 methods). The objective of simplified vibration
qualification methods is to provide efficient and effective means of screening piping
vibration. Because virtually all piping in a power plant will experience some amount of
vibration, effective means of quickly screening the vibration are needed. The acceptance
criteria defined for VMG 2 are essentially screening limits used to separate vibrations
that are not detrimental from those that are potentially excessive.
Vibration limits calculated using the simplified methods defined in VMG 2 are intended to
be a screening tool. The simplified methods are intended to conservatively determine the
stresses in the vibrating section of piping. If the vibrations exceed the limits determined
through these simplified methods, the vibrations should be investigated further. This
could involve either reducing or eliminating the vibrations or completing more detailed
evaluations to eliminate conservatism from the calculated vibration limits. The flowchart
in Figure 2 depicts the steps that are completed for a system walkdown to qualify
vibrations in accordance with VMG-2 criteria. These steps are described in detail in
OM-3.
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Figure 2: Walkdown Qualification Procedure for Piping Steady-State Vibration
The simplified VMG-2 qualification methods break the vibrating piping system down into
smaller segments that can be conservatively represented by simple beam models.
These beam models would assume conservative end (restraint) conditions and/or
lengths in such a way that if the measured vibrational displacements or velocities were
imposed on these models, the resulting bending stress would provide a conservative
indication of the actual vibration bending stress in the piping system. A sample simple
beam model is shown in Figure 3. Note that the use of simple beam models for
qualifying vibrations is not applicable to high-frequency shell-wall vibrations. Shell-wall
vibrations are discussed separately in OM-3.
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Figure 3: Example of Simple Beam Analogy
Two simplified methods are defined for determining whether the amplitudes of vibration
are acceptable; one method provides acceptable displacement limits and the other
method provides acceptable velocity limits. Both methods have been used in the
industry and have proven to be effective tools for evaluating piping vibration. Formulae
are provided for determining allowable displacement and velocity limits.
A benefit of using the velocity method is that velocity limits are theoretically independent
of the characteristic span length and pipe diameter. However, a disadvantage of using
the velocity method for determining the acceptability of vibration of piping spans is that
the velocity limits depend on the assumption that the piping span is vibrating in
resonance in its fundamental beam mode. If this is not the case, correction factors must
be used considering the actual vibration beam mode frequencies of the piping segments
and the measured vibration frequencies. The effort to determine whether the span is
vibrating in resonance can involve determining the fundamental vibration mode
frequency of the as-built piping span, including determining actual stiffness values of the
restraints and anchors. Therefore, the correct application of this method may be
significantly more cumbersome than using the displacement method.
Use of the displacement method has several advantages. Displacement of the piping is
directly proportional to the acceptance criteria, which is a limit on peak bending stress.
The piping system can readily be divided into smaller piping spans with conservative
boundary conditions for use with the displacement limit calculations. There are no
inherent assumptions concerning resonance and there is no need to determine the
natural vibrational frequencies of the as-built pipe spans (as is required by the velocity
method). The individuals completing the testing can often, through experience, gain an
intuitive feel for the magnitude and severity of vibrational displacements, which is hard to
develop when dealing with velocity.
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In OM-3 the allowable deflection limit, “∆allow,” for a characteristic span is defined as a
function of the configuration coefficient K, endurance limit Sel, peak stress index C2K2,
span length L, and pipe outside diameter Do. OM-3 provides examples of characteristic
spans and their associated configuration coefficients for common pipe configurations.
The nominal deflection limit ∆n is obtained for a given span configuration, span length,
and pipe diameter based on a nominal vibration stress of 68,950 kPa [10,000 psi] and
stress index equal to 1.0. The nominal deflection limit is adjusted to account for the
relevant peak stress index and allowable stress limit to obtain the allowable deflection
limit.
Conclusion
Most piping will experience some amount of vibration during operation. Because of the
myriad of potential vibration sources and effects, piping vibration is difficult to accurately
predict and evaluate during design. The most effective and practical means of qualifying
vibration is to witness and evaluate it during system operation.
The piping vibration testing and qualification methods defined in OM-3 were developed
to meet the requirements for quantifying and qualifying vibration experienced by
operating piping systems. These methods have been proven effective through their use
in preoperational and startup test programs at nuclear power plants. They have also
been effectively used to evaluate power uprates and plant modifications as well as
operating problems in fossil and petrochemical plants. The methods are based on
pragmatic and proven methods for measuring and evaluating piping vibration.
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Review of the Applicability of Nuclear Regulatory
Commission Information Notice (IN) 2012-14, “Motor
Operated Valve Inoperable because of Stem-Disc
Separation,” to Constellation Energy Nuclear Group’s
Ginna Station
David Garofoli
IST and Appendix J Program Owner
Constellation Energy, Ginna Station
Gregg Joss
Senior Consulting Engineer
True North Consulting, LLC
Abstract
U.S. Nuclear Regulatory Commission (NRC) Information Notice (IN) 2012-14,
“Motor-Operated Valve Inoperable Because of Stem-Disc Separation", was issued to
inform nuclear power-plant licensees of recent operating experience involving a
motor-operated valve (MOV) that failed at the connection between the valve stem and
disc. The NRC expectation was that recipients would review the information for
applicability to their facilities and consider actions, as appropriate, to avoid similar
problems. Additional regulatory suggestions and insights contained in the IN are not
NRC requirements.
On closer examination of the events involved, it became apparent that the undetected
stem-disc separation observed with the subject MOV was not necessarily limited to that
type or style of valve. In fact, the vast majority of inservice testing (IST) valves, and the
manner in which they are tested, could also be susceptible to loss of functionality going
undetected. The intent of the compliance project performed at the R.E. Ginna Station
nuclear power plant was to examine the current testing performed on each IST program
valve and determine the level of confidence that stem-disc separation would be
detected. If the level of confidence was deemed less than acceptable for a subject valve,
one or more augmented actions, as deemed both practicable and viable, were
recommended for implementation.
The purpose of this presentation paper is to describe the systematic methodology that
was employed to validate the effectiveness of the current periodic IST valve testing
conducted at the R.E. Ginna Station and the corrective-action recommendations that
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were made as deemed appropriate. The corrective action(s) were designed to preclude
the occurrence of future stem-disc separation issues going undetected, which could
result in the loss of valve and potentially the loss of the associated accident-mitigation
system’s operational readiness condition.
Background
IN-2012-14 was issued on July 24, 2012, following the stem-from-disc separation event
(at TVA-Browns Ferry) that it describes. The NRC’s independent review panel charged
with reviewing the event concluded that the use of ASME’s Operation and Maintenance
of Nuclear Power Plants (OM Code) wording “where practicable” and “should”, in relation
to valve position-indication testing, results in ambiguity and creates the potential for
inaccurate obturator-position verification. Two ASME OM Code inquiries were submitted
asking for clarification on the Code’s current guidance and intent regarding ISTC-3530,
“Valve Obturator Movement,” and ISTC-3700, “Position Verification Testing.”
ASME OM Code Interpretation 12-1 answered both inquiry questions as follows:
QUESTION #1 - If it is practicable, is it a requirement of ISTC-4.1 (ISTC-3700) that local
observation of valve operation be supplemented by other indications to verify obturator
position? RESPONSE-No
QUESTION #2 - If remote indicating lights provide confirmation of changes in obturator
position, is it a requirement of ISTC-4.2.3 (ISTC-3530) to also observe other evidence,
such as changes in system pressure, flow rate, level, or temperature, that reflects
change of obturator position? RESPONSE-No
The ASME OM Code Committee and the NRC are working together to provide clearer
direction in the various sections of the Code which delineate valve obturator movement
and position-verification testing requirements. In the interim, licensees are encouraged
to review their IST-program valve population to identify any areas of susceptibility to the
stem-disc separation concerns expressed in the IN and consider actions, as appropriate,
to avoid similar problems.
Ginna Station currently uses a mix of valve indicating lights, local valve observations,
observation of other forms of evidence (including changes in system pressure, flow rate,
and level), disassembly and inspection, and non-intrusive technology (including
ultrasonic testing and radiography) to provide reasonable assurance that the intent of
ISTC-3530 and ISTC-3700 is being met.
Because the application of other indications/observations other than valve indicating
lights, although not a Code requirement, is not inclusive to all IST program valves, Ginna
Station chose to perform a valve-by-valve review to identify valves where testing could

56

be enhanced and operating experience similar to that discussed in IN-2012-14 could be
avoided.
Review Purpose
One purpose of the review was to assess the information contained in IN-2012-14 for its
applicability to Ginna Station and to consider actions, as appropriate, to avoid similar
problems. Another purpose was to ensure compliance with Criterion V, “Instructions,
Procedures, and Drawings,” in Appendix B, “Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants,” to Part 50, “Domestic Licensing of
Production and Utilization Facilities,” of Title 10, “Energy,” of the Code of Federal
Regulations (10 CFR) when reviewing or revising test procedures for safety-related
components by ensuring that they include qualitative or quantitative acceptance criteria,
as required, to ensure that the test activity has been successfully completed.
The NRC’s closing statement in the IN is as follows: “To determine whether additional
regulatory action is necessary, NRC staff plans to continue its evaluation of licensee
implementation of the provisions in the ASME OM Code for valve position verification
and obturator movement.”
Review Scope
The scope of the review was to perform an analysis of the Ginna IST valve population
subject to the requirements for valve obturator movement and position-verification
testing during valve exercising in accordance with the 2004 edition (no addenda) of the
ASME OM Code, with specific focus on:
Section ISTC-3530, “Valve Obturator Movement”
“The necessary valve obturator movement shall be determined by exercising the valve
while observing an appropriate indicator, such as indicating lights that signal the required
changes of obturator position, or by observing other evidence, such as changes in
system pressure, flow rate, level, or temperature that reflect change of obturator
position.”
Section ISTC-3700, “Position Verification Testing”
“Valves with remote position indicators shall be observed locally at least once every
2 years to verify that valve operation is accurately indicated. Where practicable, this local
observation should be supplemented by other indications such as use of flow meters or
other suitable instrumentation to verify obturator position. These observations need not
be concurrent. Where local observation is not possible, other indications shall be used
for verification of valve operation.”
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Analysis focused on identifying valves whose valve obturator movement/position
(VOM/P) and position-verification (PV) testing, despite complying with the ASME OM
Code, did not clearly demonstrate sufficient evidence that the obturator operational
readiness issues and concerns identified in IN-2012-14 had been satisfactorily
addressed.
The following valve types were included:
•
check
•
manual
•
solenoid-operated (SOV)
•
air-operated (AOV)
•
motor-operated (MOV)
•
safety
•
relief
•
vacuum-breaker
•
rupture-disk
Review Approach
Review the current VOM/P and PV ASME OM Code testing being performed for each
IST valve to determine:
1) Current ASME OM Code compliance status.
2) The presence of additional existing or potential appropriate supplemental
indicators/alternative parameters which signal the required changes of obturator
position, including changes in system pressure, changes in system flow rate,
changes in level, changes in temperature (direct measure/thermography), or
other existing or potential appropriate supplemental indicators/alternative
parameters:
a) operational data/parameters such as ability to establish/maintain RCS
chemistry, pressure, level, and temperature; to accomplish various plant
startup and shutdown Mode changes; and to routinely use valves to
support system functions during daily plant operation, etc.;
b) leak-rate testing (ASME OM Code, Technical Specifications/PIV, or
Appendix J);
c) seat-tightness testing (for pressure-relief devices);
d) diagnostic test data from the MOV/AOV/SOV program;
e) valve disassembly/inspection; and
f) non-intrusive test/examinations (radiography, ultrasonic, acoustics, etc.).
3) The presence of valve position verification and obturator movement
deficiencies/concerns as delineated within IN-2012-14.
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Valve (ASME OM CODE & IN-2012-14) Status Project Classifications:
1) Dual Compliant (DC) - A valve for which the associated IST testing currently
being performed complies with the 2004 ASME OM Code VOM/P & PV
requirements and contains appropriate supplemental indicator(s)/action(s) that
provide enhanced assurance of obturator movement. RESULTS: No further
justification or action required.
2) Justified Compliant (JC) - A valve for which the associated IST testing currently
being performed complies with the 2004 ASME OM Code VOM/P & PV
requirements; however, additional existing appropriate supplemental
indicator/action(s) contained in other program tests/inspections (MOV, AOV,
Appendix J, Check Valve Condition Monitoring, routine plant operational
manipulations, etc.) not currently credited by the IST program can be credited to
provide enhanced assurance of obturator movement. RESULTS: Formalize
taking credit for the existing supplemental appropriate
indicator(s)/action(s).
3) Required Action for Compliance (RAFC) - A valve for which the associated IST
testing currently being performed complies with the 2004 ASME OM Code
VOM/P & PV requirements, but appropriate supplemental indicator(s)/action(s)
that could provide enhanced assurance of obturator movement were not
currently being performed. RESULTS: Identify and implement the conduct of
appropriate supplemental indicator(s)/action(s) which will provide
enhanced assurance of obturator movement.
Review Conduct
IST Program Valve Reviews
A total of (526) program valves are included in the Ginna IST program.
Valves exempted from review:
a) A program sub-total of (29) augmented valves, with a sub-total of (11) of those
valves having an associated safety-related function. Remaining (18) augmented
valves were not included in the IN analysis scope. Basis for exclusion: The
valves did not have a safety-related function.
b) A program sub-total of (113) check valves, with a sub-total of (44) of those valves
placed in the Check Valve Condition-Monitoring Program. All 113 check valves
were not included in the IN analysis scope. Basis for exclusion: The valves
currently are being 100 percent bidirectionally tested in accordance with the
ASME OM Code by employing, as applicable, supplemental indicators/alternative
parameters previously described.
c) A program sub-total of (104) pressure-relief devices. A total of (94) safety and relief
valves were not included in the IN analysis scope. Bases for exclusion: For
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(78) relief valves, Table ISTC-3500-1, “Inservice Test Requirements,” defers
exercise-test requirements to ISTC-5240, which in turn defers to Mandatory
Appendix I, which does not have an exercise-test requirement. These relief valves do
not have position indication and are exempt from ISTC-3700. For (16) rupture disks,
Table ISTC-3500-1 defers exercise-test requirements to ISTC-5250, which in turn
defers to Mandatory Appendix I, which does not have an exercise-test requirement.
These rupture disks do not have position indication and are exempt from ISTC-3700.
NOTE: It is important to recognize that obturator position and integrity is being
verified during relief valve set-pressure and seat-tightness testing performed in
accordance with Mandatory Appendix I.
Exceptions for Safety & Relief Valves
(8) Class 2 Main Steam Safety Valves (MSSVs) are tested in accordance with
Mandatory Appendix I, which does not have an exercise-test requirement. However,
these MSSVs do have remote position indication and are tested in accordance with
ISTC-3700 and therefore were included in the IN-2012-14 review scope.
(2) Class 1 System Pressurizer Safety Valves are tested in accordance with Mandatory
Appendix I, which does not have an exercise-test requirement. However, these safety
valves do have remote position indication and are tested in accordance with ISTC-3700
and I-7310 of Appendix I and therefore were included in the IN-2012-14 review scope.
d) A program subtotal of (58) Category A and B Passive valves. All (58) Category A
and B valves were not included in the IN analysis scope. Basis for exclusion:
Table ISTC-3500-1, “Inservice Test Requirements,” does not require an exercise
test or position-indication verification test for Category A or B passive valves that
do not have remote position indicators, which these valves do not.
A combined total of (283) valves were not included in the review. The remaining
(243) valves (less than 50 percent of the total IST valve population) were subject to
review.
IST Program Valve Review Results
1) (67) valves classified as DUAL-COMPLIANT (DC)
a. Current IST testing complies with the 2004 ASME OM Code.
b. Current IST testing includes appropriate supplemental indicator(s)/actions
which provide enhanced assurance of obturator movement and position.
RESULTS: No further justification or action required.
2) (82) valves classified as JUSTIFIED COMPLIANT (JC)
a. Current IST testing complies with the 2004 ASME Code.
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b. Other existing appropriate supplemental indicator(s)/actions were
identified and will be credited to provide enhanced assurance of obturator
movement and position.
RESULTS: Formalize taking credit for the existing supplemental
appropriate indicator(s)/action(s).
3) (94) valves classified as REQUIRED ACTION FOR COMPLIANCE (RAFC)
a. Current IST testing complies with the 2004 ASME OM Code.
b. Appropriate supplemental indicator(s)/action(s) that could provide
enhanced assurance of obturator movement and position were not
currently being performed.
c. Appropriate potential supplemental indicator(s)/action(s) that could
provide enhanced assurance of obturator movement and position have
been identified for each valve.
RESULTS: Evaluate potential supplemental indicator(s)/action(s) for IST
program inclusion with consideration given to practicability.
d. Subset breakdown of the (94) valves based on direction of concern:
(8) RAFC-OPEN direction only, (33) RAFC-CLOSED direction only, and
(53) RAFC-OPEN and CLOSED direction.
Observations
The following are the primary observations from this process:
•

Numerous potential appropriate supplemental indicator(s)/actions were identified
that could readily be incorporated into the IST program.

•

A significant number of such potential indicator(s)/action(s) are related to plant
operations which proved to be best identified/validated by an SRO.

•

The simple reordering of or minor addition to existing test/operations procedure
instructions often can provide the necessary supplemental indicator(s)/action(s).

•

Existing indicator(s)/action(s) related to plant operations may need to be made
into “hardened” steps to ensure their continued and consistent performance.

•

A very significant number of IST program valves “screen out” based on other IST
testing options and their associated test requirements, or simply as defined by
Table ISTC-3500-1, “Inservice Test Requirements,” based on valve category.

•

Differences between test frequencies for VOM/P and PV required by the ASME
OM Code and those of potential appropriate supplemental indicator(s)/actions
need to be reconciled, with practicability also being a key consideration.
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•

Technical positions which delineate the basis for taking credit for certain
non-IST-related appropriate supplemental indicator(s)/action(s) may be required
to justify as well as provide a historical record of their adequacy.

•

The review team should consist of one or more persons knowledgeable in ASME
OM Code inservice valve testing requirements and valve testing methods, an
Operations representative (preferable that he/she be a senior reactor operator
(SRO)), and a valve/component engineer knowledgeable in valve design and
performance capabilities.

•

Treating the review as a project and employing a systematic approach creates
uniformity and consistency and produces a comprehensive end product. The
review produces a number of action item decisions that need to be made by the
appropriate level of supervision/management. By maintaining an “issues register”
or record of testing issues that need resolution, such issues can clearly be
presented for disposition at the conclusion of the review.

Conclusion
The IN-2012-14 applicability review performed for the Ginna IST program accomplished
the following:
1) Verified the current status of each valve (as applicable) regarding the manner in
which the valve is currently being VOM/P and PV tested.
2) Identified existing appropriate supplemental indicator(s)/action(s) for which
credit could be taken to provide enhanced assurance of obturator movement and
position indication (and therefore integrity).
3) Identified appropriate supplemental indicator(s)/action(s) that, if implemented,
would fill the current gap for valves categorized as RAFC.
The applicability review addressed the following NRC statement contained in the
IN-2012-14 purpose section: “The NRC expects that recipients will review the
information for applicability to their facilities and consider actions, as appropriate, to
avoid similar problems.”
The Ginna applicability review of IN-2012-14 provides an added measure of confidence
that affected valves will be more effectively monitored for the presence of stem-disc
separation both in manner and timeliness.
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Validation of Valve Leak Quantification with
Non-Intrusive Acoustic Emission Technology
Stan Hale
Score Atlanta, Inc.
Abstract
In the late 1980s and early 90s, several companies tested a range of acoustic devices
for monitoring valve leakage during the check-valve diagnostic system research
performed at the Utah State Water Research Laboratory as part of two separate
nuclear-industry-sponsored initiatives. The acoustic sensor technology and analysis
techniques evaluated were found helpful but no progress was made in non-intrusively
quantifying the leak rate through the valves tested during these programs. Around that
same time, oil & gas companies in the UK were experimenting with detection and
quantification of valve leakage using acoustic emission (AE) technology. The AE
sensors and signal-processing technology selected for the UK oil & gas effort responded
to much higher frequencies compared to the sensors and systems used during the
nuclear-utility initiative in the U.S. This research led to new products for detection and
quantification of valve leakage in oil & gas applications.
Because of minimum leak threshold and accuracy concerns, non-intrusive acoustic
valve leak measurement has remained an elusive goal for commercial nuclear power.
Various general-purpose acoustic tools have been trialed to detect leakage with mixed
results because of complications caused by plant and system acoustic characteristics.
Several of today’s moderately successful check-valve diagnostic systems employ
acoustic sensors and can detect the most likely event representing flow cutoff when a
check-valve disc fully closes, but leak-rate quantification with any of these systems is not
possible. Correlation methods and other AE analysis techniques that have been
developed to quantify leakage in steam systems have been generalized as small,
medium, and large leakage classifications with no clear criteria for these levels.
During the last couple of years, nuclear-plant engineers responsible for programs for
compliance with Appendix J, “Primary Reactor Containment Leakage Testing for
Water-Cooled Power Reactors,” to Part 50, “Domestic Licensing of Production and
Utilization Facilities,” of Title 10, “Energy,” of the Code of Federal Regulations
(Appendix J to 10 CFR 50) have made extensive use of a new acoustic valve
leak-detection system known as MIDAS Meter®. Appendix J valve testing (also known
as Type C testing) requires that sections of nuclear-plant piping be isolated by closing a
number of valves, thereby creating a confined pressure boundary. The isolated piping
within the boundary is pressurized with approximately 344.7 kilopascals (kPa)
[50 pounds per square inch (psi)] of air and the leak-tightness of the boundary is
evaluated. When the isolated piping exhibits excess leakage or cannot maintain the test
pressure, the valves creating the boundary are evaluated one by one to find the culprit
leaker. The process of finding and correcting the problem valve can take from hours to
several days and may become an outage critical-path activity. Appendix J engineers
have enjoyed considerable success with their newfound ability to quickly and confidently

63

identify the leaking valves with MIDAS Meter® and remove their test programs from the
critical path.
MIDAS Meter® is a high-frequency acoustic-emission-based system which includes
algorithms that convert the acoustic emission signal to leak rate. The basic algorithms
were first developed from the field results obtained during the early development work
for UK oil & gas operators and refined over the next 20 years. Though not originally
validated under a quality-assurance (QA) program of the 10 CFR 50 type, nuclear plants
that own MIDAS Meter® have been eager to go beyond simple troubleshooting and use
the leak quantification results for nuclear applications, including safety-related
decisionmaking. In order to support owners and avoid improper application of this very
successful new tool, Score Atlanta embarked on an extensive validation program
consistent with 10 CFR Part 50 requirements. A purpose-built leak-test flow loop and
valve simulator apparatus were constructed in the Atlanta facility and testing began in
early 2013. To support Appendix J users, the air testing was performed first and
completed in July 2013. The water testing followed and should be completed in
early 2014. Numerous combinations of leak path, leak-path geometry, and differential
pressure were created and evaluated during the air phase of the program. Pressure was
limited to 1034 kPa [150 psi] for air testing. The water testing includes pressures up to
8,618 kPa [1,250 psi] and a similar number of varying leak paths and pressure test
points. This paper discusses the preliminary results of the test program, including any
special limitations required for use of AE-derived valve leak results in nuclear
safety-related applications. The full results of the test program and guidance for nuclear
safety-related use of the technology are expected to be available ahead of the
2014 ASME-NRC Valve Symposium.

Figure 1: MIDAS Meter® Handset and PDA
Background
The historical methods used to test a closed valve for leakage have not changed much
over time. Once a valve is installed in the plant or process system, there are a few basic
leak-testing options, such as (1) pressurizing the piping on one side of a closed valve
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and monitoring the stability of that pressure, including what is required to make up any
observed loss, or (2) monitoring changes in the pressure of the test volume over time.
Because nuclear plant systems are often complex, with a number of valves and other
components in the test boundary, there is always some question as to whether the
pressure may be escaping through a different valve or leak path. Boundary leakage can
be difficult to quantify and improving the in situ valve leak-rate measurement process
has remained an attractive but elusive goal.
In the late 80s and early 90s, various nuclear utilities and a handful of vendors evaluated
nonintrusive check valve testing methods at the Utah State University Water Research
Laboratory. The evaluation included how well the diagnostic systems could track
movement of the check-valve disc, evaluate internal mechanical noises such as
backseat and seat impacts, and detect back-leakage when the check valve was closed.
Several of the check-valve diagnostic systems evaluated included some form of acoustic
sensor and related data acquisition and several handheld acoustic instruments were
tested by participating utilities.
The Utah State testing proved that acoustic devices could be used to identify the point
where the valve disk impacted the seat or backseat and changes in the noise level being
recorded were helpful for identifying the absence of flow when the valve closed.
However, all of the sensors used at that time responded to frequencies less than 40 kHz,
and though flow noise can be detected at these low frequencies, small leaks at high
differential pressure are generally detected at much higher frequency. No correlation
between leakage rate and acoustic measurements was found.
Technology Evolution
At about the same time that nuclear industry groups were looking at check-valve
diagnostic systems and acoustic testing methods, UK oil & gas operators were
investigating sensors and systems to detect leakage through closed valves. BP led one
initiative that evaluated sensors and equipment pioneered by Hal Dunegan of Dunegan
Research Company (which later became Physical Acoustics). The sensors selected by
Dunegan responded to much higher frequencies than those used in the U.S. nuclear
research. Commonly known as Acoustic Emission (AE) sensors, these sensors respond
to frequency events ranging from around 60 kHz to several megahertz. This particular
AE-based leak-detection technology was used extensively by various Score Group
companies for many years and included ongoing refinement of the leak correlation
algorithms based on field experience gained in oil & gas facilities worldwide and a limited
amount of laboratory testing.
High-frequency AE sensors and related technology have long been used for structural
fatigue monitoring of pressure vessels, bridges, and other steel structures. The normal
process involves recording the short duration burst-like events that emanate from the
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fatigued metal. A trigger level is set and events above a certain threshold are counted
and the number of counts used to approximate deterioration of the structure. Leak
detection requires that AE sensors be used in a completely different manner.
The turbulence of a fluid (either liquid or gas) leaking through a small opening excites
the metal at the leak location and creates additional turbulence in the pipework
downstream of the leak. The leak event is not a single burst event but rather a
continuous noise that is actually broadband and closely resembling white noise.
Depending on the pressure and size of the leak path, the frequency of the noise
generated by the leak spans from the audible range (which can be detected by human
senses) up to several hundred kilohertz (which is only detected by sensitive sensors).
Many different sensors can be used to detect leakage noise and many leak-detection
products that employ some of these sensors have been commercially available for up to
30 years.
As an initial step in the long-term plan to evolve the state of the art in valve leak testing
using AE sensors and signal-processing technology, Score Atlanta purchased the
acoustic emission products business and related intellectual property of Dunegan
Engineering Corporation, Inc. (DECI), in 2009. This included a wide range of acoustic
sensor designs; some of these were only suited for structural fatigue monitoring, but
others were very well suited for detecting the weak broadband signals that emanate from
very low-level leak sources. As a leading supplier of AE sensors and related products
with a unique valve diagnostic orientation and knowledgebase, Score Atlanta was
afforded a broad base of technology and know-how that provided many options when it
came to selecting, further developing, and deploying AE technology for through-valve
leak testing. When a custom sensor was required for any of a range of experiments,
Score Atlanta engineers simply went to the sensor lab and made one that met the
required specifications.
The active element of an acoustic emission sensor is a small piece of piezoelectric
ceramic that is cut to prescribed dimensions based on desired response characteristics.
Because a tolerance is associated with the cut and some variation in the properties of
the piezoceramic element and assembly process, one early challenge was establishing
adequate manufacturing repeatability for the sensor. Before this point in time, close
tolerance between AE sensors was not a critical requirement. However, for use in
systems for which the correlations will be developed with one or several systems and
field use will involve completely different sets of sensors and systems, the manufacturing
tolerances become very critical. Differences in output among sensors would
unnecessarily contribute to inaccuracy of the overall process, so for any given acoustic
input, each sensor must produce a repeatable output within a tight band.
Score Atlanta began sensor manufacturing runs in 2009 in order to determine the
sensitivities and refine the process. After several runs and consultation with the
piezoceramic manufacturer, acceptance parameters were developed for sensor
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manufacturing and calibration. Score Atlanta, in collaboration with Score Diagnostics,
Limited (our UK-based sister company), and a subcontracted electronics design house,
developed early prototypes of a new AE-based leak-detection tool for valves. After a
lengthy product development program, the first MIDAS Meter® valve leak-detection
systems were delivered to U.S. nuclear plants in July 2011.
Early Nuclear Plant Experience
MIDAS Meter® was first employed in commercial nuclear power plants as a
troubleshooting tool to find leaking valves during Appendix J Type C leak-rate testing.
Appendix J engineers create an isolated pressure boundary within system piping by
closing many valves. The isolated section of process pipework is then pressurized and
the isolated section within the boundary is monitored to ensure leakage does not exceed
established criteria. Occasionally the isolated section of piping exhibits excessive
leakage or does not maintain the test pressure and all boundary valves must then be
evaluated. This requires systematically troubleshooting the test volume to identify the
leak path(s). This troubleshooting can be as simple as placing a rubber glove over a vent
valve outside the test boundary: If the glove blows up when the vent is opened, the
leakage is through the associated boundary valve; if not, the next boundary valve is
tested in a similar fashion. There is no guarantee that a valve found to be leaking during
this test is the only valve leaking or that the leakage detected is the largest contributor to
the failed test. It is a problematic process but it has been an accepted troubleshooting
technique for many years.
Figure 2 is an actual system lineup for an Appendix J leak-rate test in a boiling-water
reactor (BWR). In prior years, this particular 11-valve boundary was a leak problem and
many hours were spent finding and working the valves that contributed to leak-test
failures. MIDAS Meter® quickly identified the leaking control valve, circled in red, and the
Appendix J testing was completed quickly and had a less significant impact on the
outage.
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Figure 2: Actual Appendix J Test Boundary at a BWR
There are many similar success stories, several of which have been discussed in papers
and articles presented at various industry meetings. An engineer at one plant has been
nominated for an award based on performance improvements gained through the
MIDAS Meter® testing initiative, while others claim direct financial savings totaling
hundreds of thousands of dollars each time they quickly and definitively identify the
correct leaking valve. These Appendix J user testimonials quickly captured the attention
of maintenance and engineering colleagues associated with post-maintenance local
leak-rate testing activities.
Within a few short months of the initial systems being delivered, inquiries began arriving
regarding use of MIDAS Meter® to quantify leakage during post-maintenance leak-rate
testing in hopes of avoiding traditional time-consuming methods. The key questions
were related to accuracy, and while extensive field data exists, all of the parameters
necessary to quote a specific range consistent with nuclear requirements were not well
documented. In these few cases, the question was asked and proper guidance was
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received. The growing concern became, “What if someone does not ask and takes the
leak-rate results at face value?”.
Several documents prescribe leak-rate testing rules for nuclear power-plant valves,
including ASME’s Operation and Maintenance of Nuclear Power Plants (OM Code).
Subsection ISTC, “Inservice Testing of Valves” (specifically Article ISTC-3600), defines
leak-rate testing requirements. Containment isolation valves are referred to the owner’s
Appendix J program and tested as previously described. Valves requiring local leak-rate
tests (LLRTs) other than containment isolation valves are tested in accordance with
ISTC-3630(c) and the options include:
1) measuring leakage through a downstream telltale connection while maintaining
test pressure on one side of the valve;
2) measuring the feed rate required to maintain test pressure in the test volume or
between two seats of a gate valve, provided that the total apparent leakage rate
is charged to the valve or valve combination or gate valve seat being tested and
that the conditions required by subparagraph ISTC-3630(b) are satisfied; and
3) determining leakage by measuring pressure decay in the test volume, provided
that the apparent leakage rate is charged to the valve or valve combination or
gate valve seat being tested and that the conditions required by
subparagraph ISTC-3630(b) are satisfied.
Unfortunately there is no provision for alternate leak-rate measurement methods such as
acoustic emission in this part of ISTC. There could be many reasons for this, including
past industry program experience discussed above and questions regarding the
potential accuracy or the availability of validated AE methods. It is important to note that
options 2 and 3 are likely to produce very conservative results because of the potential
for more than one valve to leak during the test.
In order to evaluate accuracy requirements for leak-rate testing under ISTC, the
leak-rate acceptance criteria become an important variable. ISTC-3630(e) requires that
maximum permissible leak rates for a specific valve or valve combination be established
by the owner’s program. However, in the absence of owner-defined acceptance criteria
for any particular valve, the following leak rates shall be permissible, where “D” is the
nominal valve size in inches and “d” is the nominal valve size in centimeters:
1) for water, 12.4d ml/s [0.5D gallons per minute (gpm)] or 325 ml/s [5 gpm],
whichever is less at function pressure differential;
2) for air, at function pressure differential, 58d standard cc/min
[7.5D standard ft3/day].
The guidance provided in ISTC suggests that the maximum leak rate allowed will be 325
ml/s [5 gpm] when the test media is water. As a consequence, valves with a larger
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diameter than 25.4 centimeters (cm) [10 inches (in.)] are still restricted to 325 ml/s
[5 gpm]. There is no definition of function pressure differential. Recognizing that
owner-defined limits for plant- and system-specific valves may be larger or smaller, it
would be prudent to assume that leak rates from 1 to 4 times the guidance of ISTC
would be an appropriate window to evaluate and validate leak-rate calculations based on
any type of measurement, including the AE methods discussed herein. Assuming the
smallest valve to be 2.54 cm [1 in.] in diameter and a maximum leak rate of 4 × 325 ml/s
[5 gpm] for larger valves, the range would be 31.54 ml/s [0.5 gpm] to 1262 ml/s [20 gpm]
for water.
Similarly, the expected range for air would be 2.36 ml/s [0.3 standard cubic feet per hour
(SCFH)] to 197 ml/s [25 SCFH] for a range that covers 2.54 cm [1 in.] to 50.8 cm [20 in.]
valves. No maximum was provided for air, so the larger the valve, the larger the
allowable leakage. These ranges will become important when evaluating how well
MIDAS Meter® will perform for this particular application.
Additional Laboratory Research & Testing
Because much of the early AE data from the oil & gas research was taken from valves in
the field, controls were not in place to ensure data quality, and as a consequence the
resulting accuracy of the original algorithms is not sufficiently documented for valves that
require a high level of precision in the leakage measurement (such as critical isolation
valves in nuclear plant systems). This does not detract from the success of the
AE-based testing approach at finding leaking valves as a troubleshooting tool, but it has
prevented the approach and resulting test data from being used as the sole source of
information on whether a safety-related valve may be leaking beyond allowable limits.
Review of the early data (originating in the 1990s) suggested that tighter controls on
reference measurements, system conditions, operator practices, and analysis
techniques could reduce the overall uncertainty of the test approach in general. For
example, actual leak rates calculated in the field included uncertainties inherent in the
process when extensive sections of pipe are pressurized by a potential leak path and the
leak rate calculated from the pressure decay upstream or buildup downstream over time
(which is similar to the typical plant LLRT testing process as discussed above). Because
this method is only as accurate as the calculation of the test volume under pressure,
calibrated flow meters and other precision measuring devices could significantly improve
the leakage-measurement algorithm and reduce uncertainty. The differential pressure
across the valves in the field also included uncertainties when pressure transducers
were not installed near the valve. Upstream and downstream pressure transducers close
to the valve would eliminate much of this uncertainty. Many different technicians were
also involved in the original field testing, each with their own techniques for application of
the equipment. The acoustic couplants and application process were not documented
and calibration of the equipment (including manufacturing tolerances of sensors) was not
well controlled. Several of these uncertainties can be reduced by fixing the sensor to the
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valve and using an acoustic emitter to test the effectiveness of the coupling before each
test. Improvement in the overall method, including correlation accuracy, is expected to
be high when these variables are tightly controlled.
In order to fully develop the algorithms and analysis process for nuclear use, Score
Atlanta modified its existing ISO 9001 QA program to account for additional nuclear
requirements and repeated much of the development-related testing and analysis. This
required a special purpose-built test loop, valve simulator, instrumentation, and systems
necessary to evaluate all aspects of the process in a tightly controlled setting. The flow
loop (see Figure 3) was constructed from stainless steel pipe and the pressure was
driven by 3 large accumulators so that tests on air and water were possible. Pressure
transducers were installed upstream and downstream of the valve simulator. Calibrated
flow meters were installed downstream of the valve simulator and leak location.

Figure 3: Flow Loop and Instrumentation
The stainless steel valve simulator (see Figure 4) was designed in such a way that leaks
of the desired sizes and shapes could be precisely controlled. The valve simulator
houses a disc similar to a valve disk, except with adjustable leak-path sizes and shapes.
The smallest leak path tested, which falls within the average size range of a human hair,
was a single 0.0314-mm2 [48.67 mil2] leak path installed at the seat location on the
simulator disc. The leak sizes were increased in increments up to a single leak path of
78.54 mm2 [0.122 in.2]. This was followed by multiple leak paths around the seat
circumference using some combination of the leak paths discussed above at up to
8 locations. Combinations of multiple leak paths of smaller sizes were compared to
single leak paths of the same area. Various leak path shapes of known area were
compared to other leak shapes of the same effective area, including concave and
convex internal shapes.
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Of course, the leak rate is a function of the leak-path size and the differential pressure
that provides the energy to drive the leak. Figure 5 illustrates the air leak rates achieved
with various leak paths up to 1034 kPa [150 psig]. Each dataset or line represents a
single fixed leak path of the area specified and reflects how leak rate increases with
differential pressure when the leak-path area is fixed. In order to ensure the accuracy of
the various flow transducers and the resulting leak rate, several different methods were
used to evaluate leak volume. As a sanity check, the expected flow through the
controlled leak paths was calculated and charts developed to compare the expected
flows (leakage) to the measured values. An additional check during the water tests
involved capturing and measuring the volume discharged downstream of the flow meters
in graduated beakers.

Figure 4: Valve Simulator
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Figure 5: Differential Pressure vs. Leak Rate
Based on the allowable leak rates discussed in ISTC-3630(e)(2) and the 197 ml/s [25
SCFH] maximum range for air discussed above, the leak range requiring validation is
limited to the far left of this chart. That does not mean the leak calculations cannot be
used for large leaks, especially in nonsafety-related applications, but use beyond the
limit where the LLRT is considered “failed” does not have safety-related implications.
The applicable range of calculated leak rates for air is represented by the area within the
box in Figure 6.
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Figure 6: Range of Interest According to ISTC Leak Limits
Because it is impractical to have a number of technicians hold MIDAS Meter® handsets
around the simulator during the various tests, a special configuration was manufactured
whereby the sensor could be separated from the electronics and mounted directly to the
valve. A sensor band was fabricated to hold up to 8 sensors properly attached and
acoustically coupled around the circumference of the simulator. The MIDAS Meter®
electronics were housed in special enclosures and mounted near the valve simulator.
This configuration was calibrated and verified to be identical to a normally assembled
MIDAS Meter® handset. A high-frequency signal generator and acoustic emitters were
used to insert an artificial leak noise into the valve simulator and pipework before and
after each test run to ensure that each sensor was properly coupled. The output of the
8 MIDAS Meter® units was routed to a multichannel data-acquisition system and
recorded along with the output of the various pressure transducers and flow meters.
All instruments (including the flow meters, pressure transducers, and all AE-related
equipment) were calibrated under the Score Atlanta QA program or by vendors that
supply calibration services under a 10 CFR 50 acceptable program and that are
approved under the Score Atlanta program.
The MIDAS Meter® onboard data acquisition computer records the AE sensor signal at
1.2 MHz, processes the spectral data, and displays or transmits the results on a dB
scale. The user does not interact with the raw AE data. However, because this is an
internal automated Midas Meter® process, it was also important to capture raw AE
signals in a parallel high-speed recording system in order to visualize, analyze, and
further confirm what MIDAS Meter® is accomplishing internally. A second sensor band
was installed on the simulator with similar AE sensors and routed to the high-speed
74

data-acquisition and recording system and all of the MIDAS Meter® tests were
monitored in parallel. The data was stored and processed at the same time and spectral
graphs were created for the high-speed data. In effect, the high-speed system provided
a second independent verification of MIDAS Meter® results and was helpful when
questions emerged surrounding an individual data point or group of data points.
Results of the Test Program
The challenge of acoustic emission analysis is to extract meaningful content from the
noise signal generated by the leak and detected by the AE sensor. There are several
ways to do this, including simple measurement of the time domain sensor signal itself. At
a very basic level, it is clear that the AE sensor output increases with broadband leakage
noise as shown in Figure 7. In this example, the very thin center line shown in red is the
raw AE sensor output recorded by the high-speed system when the simulator was
leak-tight. In this case the MIDAS Meter® would read, calculate, and transmit a signal at
20 dB, which is derived from the amplitude and frequency content of this low-level
(background) noise signal.
The green data set which looks like an increase in noise level is simply that: an increase
in noise level caused by a leak of 113 ml/s [14.4 SCFH]. The MIDAS Meter® reading at
this level has jumped to 40 dB, illustrating sensitivity to this low-level leak. The next
leakage level shown in light blue is 284 ml/s [36 SCFH]; the MIDAS Meter® reading has
increased to 47 dB, which is well above the maximum target leak rate of 197 ml/s [25
SCFH] discussed above. The largest dark blue data set is 5,660 ml/s [718 SCFH] and
66 dB. All of these leak tests were performed at 689 kPa [100 psi] and the only change
was the size of the leak path. An analysis tool typically employed when evaluating noise
signals such as these is to calculate the RMS value of the series. However, MIDAS
Meter® takes the analysis to a higher level.

Figure 7: Raw Acoustic Sensor Signals Change as Leak Size Increases
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Another technique for acoustic emission analysis involves converting the time domain
signal to frequency domain using Fourier analysis tools to evaluate the spectral content
and density of the signal components. This approach requires some understanding of
the target frequency ranges of the measurement because the sample rate of the
data-acquisition system must be twice the top end of the frequency range of interest. As
discussed earlier, valve-leakage frequencies are broadband and extend from audible to
several hundred kilohertz, which requires a sensor that spans the desired range with as
flat a response as possible. Many of the sensors used in early nuclear-industry research
efforts were 40-kHz or 60-kHz resonant sensors that have a pronounced peak output at
those specific frequencies and quickly drop off as the signal leaves the resonant peak.
Most AE sensors have some natural resonant frequency as well but generally at much
higher frequency. A low-frequency sensor of 60 kHz or less misses much of the
valve-leak signal.
Spectral plots of the frequency characteristics of a typical set of leak data are shown in
Figure 8. Each spectral plot represents a different leak area and leak rate at a common
differential pressure. The frequency content of the leak signal tends to shift up and down
with differential pressure and better predictability is achieved by understanding how this
occurs. The numerical values provided at the left are representative MIDAS Meter®
dB values similar to what the user sees in the field. A Midas Meter® user does not
interact with the spectral data during field testing. Clearly, it is much easier for the user in
the field to respond to the numerical dB values rather than interpreting spectral charts
similar to those shown in Figure 8.
In the field, system operating pressures and test pressures are typically fixed by plant
operating characteristics and the variable is the changing size of the leak path over time.
This research highlighted that a strong correlation exists between changing leak size
and AE measurements when the differential pressure is known or fixed as shown in
Figure 9. The shape is logarithmic and is consistent with the dB scale used to represent
the changing acoustic level.
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Figure 8: AE Spectral Plots Reflecting Growing Leak Rate at Constant Pressure

Figure 9: Relationship between MIDAS Meter
AE dB Readings as Leak Size Grows
Unfortunately, we cannot assume a single leak path in the field environment. It is more
likely that the valve will leak at several locations around the seat; before this research, it
was not clear how multiple leak paths would affect the AE measurements. Therefore, the
valve simulator was designed in such a way that multiple controlled leak paths could be
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created and evaluated. Figure 10 below includes a sample of the multiple leak-path and
alternate leak-path shape data on top of the single leak-path data. Except for minor
variations as would be expected, the logarithmic curve fit and R2 values are essentially
the same for the data sets in Figures 9 and 10.

Figure 10: Combination Single, Multiple, and Mixed Leak-Path Shape Data at a
Common Pressure Algorithm Refinement and Accuracy
First and foremost, MIDAS Meter® is not a flow meter. It could be in certain instances,
but a handheld instrument designed to test a wide range of valve sizes that operate in a
wide range of pressurized systems faces unique challenges. Mechanical flow meters, for
example, require that the system process medium be routed through the section of the
meter used to mechanically respond to the flow, which is not possible for a nonintrusive
field instrument such as MIDAS Meter®. Pressure-drop-based flow meters require
precise knowledge of the pressure and require a controlled orifice, and there are almost
as many flow ranges as there are conceivable flow rates, with each calibrated to be most
accurate across a specific range. Figure 11 reflects the MIDAS Meter® readings as
differential pressure is increased across a leak path of known size. The linear
relationship suggests that a calibration algorithm or correlation would convert this AE
response signal into a useful flow-measurement parameter for this particular low-level
leak size.
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Figure 11: Comparison of Pressure Transducer and Uncalibrated AE Response
The calibration correction needed to move the AE response to the measured response is
not exactly the same for a different leak-path size. The relationship is complicated by the
change in the leak-path size and shape and is similar to inaccuracies induced in the
orifice-based flow meters discussed above when the orifice size is changed.
Figure 12 identifies how the measured leak rate and AE response shifts farther to the
right when the leak-path size is increased. This is the target condition or change that
must be detected in the field with AE-based measurements. The only difference between
measured leak rates 1, 2, and 3 is the size of the leak path. Seventy-two (72) different
leak configurations of varying leak-path size, shape, and numbers were tested during the
air phase of this program. The challenge is to find the algorithm that moves the AE
response closest to the measured leak rates for all leak path sizes and combinations.
One very important consideration that drives the best-fit algorithm and resulting accuracy
is the desired range of the leakage measurement. Leaks were generated and measured
from less than 15.8 ml/s [2 SCFH] to as large as 141,800 ml/s [18,000 SCFH] during the
air phase of this program. Five (5) different calibrated flow meters were required to
measure the actual leakage across the entire range. A user in the field will only have one
MIDAS Meter® when facing this potential range.
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Figure 12: Comparison of Pressure Transducer and
AE Response as Leak Size Increases
As suggested in Figure 12 above and shown in Figure 5, the larger the leak-path size,
the shallower the relationship between differential pressure and leak rate at the
pressures tested because of the logarithmic nature of ASL. This complicates analysis
and algorithm development because the correlation between leak size and differential
pressure changes as the leak size increases. To negate this problem, the analysis must
assume a fixed differential pressure and changing leak-path size. To construct this type
of chart, the individual data points at each pressure must be extracted and new datasets
assembled, such as those shown in Figures 9 and 10 above. As a consequence, the
broader the desired range of applicability, the larger the potential error.
Considering these and other analysis complications, the range of applicability for nuclear
validation shall be consistent with the guidance extracted from ISTC. The field accuracy
of the model shall be validated up to 197 ml/s [25 SCFH] for air and 1515 ml/s [20 gpm]
for water. These are minimum targets and use of the system and model beyond these
ranges is likely as further analyses are completed.
Based on these targets, Figure 13 was developed to chart and evaluate a model
specifically for the ISTC range. This chart is only applicable for air and a similar
approach shall be used for water up to 8,620 kPa [1250 psi]. The minimum differential
pressure for the air model shall be 269 kPa [39 psi] because pressures below 269 kPa
[39 psi] create a different relationship for some leak sizes. It is important to note that the
results shown below are from an algorithm that simply converts the MIDAS Meter®
dB reading to leak rate with no consideration of differential pressure as long as the
pressure is between 269 kPa [39 psi] and 1,034 kPa [150 psi]. The preliminary prediction
intervals at these conditions are X(2.0) for the upper limit and X(.50) for the lower limit in
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order to ensure 95 percent confidence in the predicted results. Improvement over these
results is expected as provision for differential pressure is added.

Figure 13: Limited Range Predictions for LLRT Applications’
Implementation and Accuracy Considerations
Many steps were taken to ensure the flow loop testing was as close to real-world test
conditions as possible, although there was no flow noise or other vibrations that would
work against the sensor and potentially overwhelm the leak signals. There was no
elevated heat (as would be present during nuclear plant operation) and the valve was a
simulator with fixed wall thickness. In real-life implementation, users will encounter
interfering vibrations, heat, and a range of valve dimensions. Sensor design features and
filtering have been employed to minimize the effects of plant noise and special wave
guides are provided to keep heat away from the sensor. Provided the hot water is not
flashing to steam at the leak location, the water algorithm is not expected to change
because of temperature. Flashing introduces a different acoustic behavior and the
algorithm has not been evaluated for this condition.
The leak simulator included features in the design that allowed the distances between
the leak location and the outer valve body wall to be varied, thereby changing the
amount of steel between the 2 locations. The purpose of this design feature was to
simulate attenuation of the AE signal caused by different valve wall thicknesses.
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The differential pressure sensors used during the test program provide an exact
measurement of differential pressure across the valve and are a key component in the
accuracy of the algorithm. In the field environment, it may not always be possible to
know the differential pressure across the valve with such precision, which has a direct
effect on the accuracy of the calculated results.
Sophisticated high-frequency acoustic emitters were used to insert a simulated leakage
noise into the pipe in order to ensure proper acoustic coupling of the MIDAS Meter®
sensors before each test. These devices will not likely be used in the field, so it is
imperative that the user is trained on how to achieve a proper coupling of the sensor to
the pipe or valve. This should be controlled by the field test procedure.
The preliminary prediction intervals for 95 percent confidence mean that the calculated
results must be multiplied by 2 to establish the worst-case leak rate and by 0.5 to
establish the minimum leak rate. Exact differential pressure is not important as long as it
is verified to fall between 269 kPa [39 psi] and 1,034 kPa [150 psi]. This may seem like a
large error compared to typical flow and pressure instruments, but is quite remarkable
considering the application (and a large error on a very small leak is still a very small
leak). It is also likely that this measurement and prediction interval produces better
results than ISTC-3630(c) options (2) and (3) when the entire measured leakage must
be assigned to one valve. Even better accuracy may be obtained when a differential
pressure component is added.
Conclusions
Nuclear plant users discuss large financial savings associated with MIDAS Meter® and
Appendix J engineers in particular describe the benefits associated with knowing exactly
and immediately which valve or valves are leaking in their test lineup or boundary. As a
direct result of their new MIDAS Meter® program an engineer at one U.S. nuclear power
plant has been nominated for a company award related to plant performance
improvements attributed to deployment of this technology.
The process of troubleshooting leak boundaries as part of Appendix J testing does not
necessarily require a calculated leak rate through each valve because the leak rate is
already quantified by the approved plant test equipment. However, the sensitivity of the
AE signal identifies not only which valve may be leaking but also whether there are
several leakers and which valves are leaking the most. All of this is accomplished
without the leak-quantification capability of the technology.
This research also demonstrates that a strong correlation exists between acoustic
emission and the through-valve leak rate. The leakage noise is broadband and many
different sensors can be used to measure this noise. Sensors that operate at lower
frequencies (≤ 60 kHz) suffer interference from other plant and process noises such as
flow noise and noise from pumps and other rotating equipment. This noise often
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overwhelms the low-level leakage signal in these frequency ranges. Conversely,
higher-frequency AE sensors and filtering neutralize the effects of plant noise. The
high-frequency spectral analysis and signal processing helped set up the correct filters
and frequency window for each sensor, thereby protecting the signals from pollution by
plant noise. Correlation algorithms are, as a consequence, sensor- and system-specific.
In effect, the algorithms developed for the AE sensors employed by MIDAS Meter® do
not provide the same correlation when used with any other sensor. Filtering and sensor
output amplification levels also complicate use of MIDAS Meter® algorithms with any
other sensor.
At the time of this writing, approximately 54 gigabytes of test data contained in
90,000 data files were still being sorted and analyzed. Analysis of the air data is still
underway and water testing was approximately 60 percent complete. At the conclusion
of the program, new algorithms will be implemented in the MIDAS Meter® leak
correlation software. It is important to note that the existing software does not yet contain
these new models.
The software that implements the new models must go through a software verification
and validation (V&V) process to ensure that the model is implemented correctly. At that
time, MIDAS Meter® will be appropriately validated for nuclear safety-related use. In the
weeks leading up to the valve symposium, eligible MIDAS Meter owners will begin
receiving software upgrades that implement the new leak-calculation models. The new
models for air will be released first, followed shortly afterward by new water models.
After the water models are completed, a single software V&V test program will begin that
leads to the new formally controlled software revision. These new models and software
upgrades do not require any type of change to existing MIDAS Meter hardware.
After many years of research, trial, and error, it is clear from these results and more
sophisticated spectral analysis that the elusive goal of non-intrusive through-valve
leakage measurement is well within our grasp.
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Addressing the Accuracy Concerns of Measuring MOV
Stem Nut Wear from Diagnostic Testing
Carter (Chuck) Reames
CB&I
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Baton Rouge, LA 70809
Abstract
Excessive stem nut thread wear represents a potential common-cause failure mode that
could impact all rising-stem valves. The consequence of unexpected failure of stem nuts
emphasizes the importance of improving condition monitoring and maintenance practice
activities by identifying, quantifying and minimizing stem nut thread wear.
In the nuclear industry, motor-operated valve (MOV) diagnostics estimate stem nut
thread wear on safety-related valves using the stem-to-stem nut transition time (zero
plateau). But the stem-to-stem nut transition time could also be affected by other
variables that would lead to an inaccurate calculation of wear. Using stem-to-stem nut
transition time to estimate wear, coupled with generally erring on the conservative side,
usually indicates wear that is more severe than actual. This method, combined with all of
the unknown variables, results in nuclear plants using valuable outage resources and
dose to pull good stem nuts unnecessarily. This white paper identifies some of the
variables that can be mistakenly construed as wear and offers a method that more
accurately and efficiently validates this wear.
Introduction
Diagnostics have been used for decades on MOVs and proved valuable in determining
MOV setpoints and health condition. They measure some parameters very well
(e.g., stem thrust, switch settings and motor current). Certain measured parameters,
however, have limited effectiveness in determining MOV health (e.g., motor health and
stem nut wear).
Motors have unique issues that require specialized equipment designed to monitor all
three phases of voltage and current for online tests and that equipment is used to
determine rotor and stator health. Using the motor current signature from MOV
diagnostics equipment alone to determine the motor health would either be inadequate
to see anomalies or prompt the use of specialized equipment to respond to any
anomalies seen.
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Stem nut wear measurement is very similar; using the transition time to flag stem nuts
with high wear may be a good first identifier, but using a more accurate method to
confirm is prudent. Otherwise many stem nuts with low wear will be replaced. Removing
a MOV stem nut for visual inspection can take 4 to 12 man-hours. Performing a
post-maintenance diagnostic test can take an additional 42 man-hours.
Background
A MOV stem nut is typically made of a bronze alloy material. Stem nut threads will wear
from opening or closing the valve and can be affected by several factors, including the
following: (1) stem nut material; (2) normal operating loads and maximum loads;
(3) number of stem nut rotations during the valve stroke; (4) number and frequency of
valve strokes; (5) stem nut manufacture and threaded length; (6) fit of the stem to the
stem nut; (7) valve-stem thread condition; and (8) factors related to the stem lubricant,
including lubrication method and frequency and environmental conditions for the
lubricant. Because the valve stems are made of stainless or carbon steel, wear will first
occur on the stem nut threads rather than the stem threads.
A rising-stem valve stem nut transfers rotational motion (torque) to axial stem movement
(thrust). MOV diagnostics to estimate stem nut wear are used to avoid stem nut failure,
which prevents valve operation and may cause valve position to be incorrectly displayed
in the control room. With program valves, it is always better to replace a stem nut before
it fails; however, when one uses diagnostic testing only, one is more likely to replace a
nut before replacement is actually needed.
Discussion
Analyzing stem nut wear from a MOV diagnostic thrust trace begins by measuring the
longest plateau time of the close-open (O4), open-close (C3), or calibration zero plateau.
This plateau is produced from the time it takes the stem nut threads to transition from
compressing to tensioning (or tensioning to compressing) the valve stem. Essential in
calculating this distance (in a perfect world) are the following:
•

actual motor revolutions per minute (RPM) during transition event

•

actuator gearbox overall gear ratio (OAR)

•

stem threads per inch (TPI)

•

number of stem thread starts
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To calculate the distance between the stem and stem nut threads (wear), the plateau
transition time (in seconds) is multiplied by the stem speed (in inches per second).
This number, by itself, is meaningless to determine stem nut thread wear unless
compared to the calculated stem nut thread dimension being measured.
Exception
Motor speed (RPM) is used to calculate stem speed. Typically MOV actuators use 2-, 4-,
and 6-pole induction motors. During the lost motion portion, and through stem nut
transition, the motor is lightly loaded. An unloaded induction motor, with no broken rotor
bars, will run just below synchronous speed. If the exact motor speed is not measured at
the transition event, the rest of the calculation to determine stem speed will be wrong.
The synchronous speed of a 2-pole motor is 3600 RPM, 4-pole is 1800 RPM, and 6-pole
is 1200 RPM. So, for induction motors, it would be expected that an unloaded 2-pole
would run around 3590 RPM, 4-pole around 1790 RPM and 6-pole around 1190 RPM.
For the stem speed to be more accurate, the calculation should not use nameplate RPM
but rather an RPM closer to synchronous. Using the nameplate RPM, which is typically
the motor’s speed when it is fully loaded, will cause a slower stem speed to be
calculated, increasing the apparent stem nut wear. Using an RPM closer to synchronous
would cause the measured stem nut clearance to be shorter, decreasing the calculated
stem nut wear. So, using the nameplate speed would make this portion of the calculation
more conservative.
The Boiling-Water Reactor (BWR) Owners Group paper, released in 2008, identified the
“Original Stem Nut Thread Thickness at Min-Major Stem Diameter” as the dimension
used to calculate thread thickness from diagnostics. Another measurement that can be
used to calculate stem nut thread wear is the stem thread profile. Because the stem is
designed not to be the wearing component, it can be used as the gauge to measure
stem nut wear. This dimension can be calculated by subtracting stem thread flat at crest
(Fcs) from stem pitch (P). There is a minimal difference in the results of the calculation
between these two methods.
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Data-Acquisition Variables
Some testing situations may indicate more wear than actually exists or could make
finding the zero plateau difficult:
•

A loose stem nut locknut will increase the plateau time. This condition would be
easy to identify by inspection.

•

Stem rotation is a condition that could significantly increase the plateau time. It is
very difficult to detect by inspection and almost impossible to quantify its impact
on increasing the plateau time.

•

Identification of the zero plateau requires enough packing load to see a change
in running loads between the open-close or close-open strokes. Valves with
live-load packing can make identification of this event difficult.

•

Rotork actuators have a floating stem nut in the thrust base. Though the zero
plateau may be identifiable, it is impossible to use to calculate stem nut wear.

•

Larger actuators, especially those using a thrust base, could have significant
looseness in the drive sleeve/stem nut assembly and will cause the transition
time to increase.

•

Compensator slop in SB and SBD actuators could make finding the zero plateau
difficult to identify.

Examples
Peach Bottom
“HPCI [high-pressure coolant injection] Injection MOVs: This issue seems to primarily
apply to the larger actuators; SMB-4 and 5 and especially the ‘T’, torque only actuators
(SMB-4T, 5T).”
— Curt Reynolds (MOV Engineer, Peach Bottom Atomic Power Station)
Brunswick, Harris, & Robinson
“There have been eight stem nut inspections scheduled between Jan. 2011 and
Mar. 2015 between the three legacy Progress Energy plants. Half of the inspections
were baseline and the other half were as a result of greater than 25 percent differences
in diagnostic trace zeros between tests. The four baseline inspection results were all
satisfactory. Two of the four zero-difference inspections have been completed. One of
the stem nuts was replaced as a result of the inspections. Therefore, five out of six
inspections showed no signs of stem nut wear. Also, the stem nut that was replaced was
a result of galled threads from actuator issues at RNP [Robinson Nuclear Plant].
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“Maintenance time can vary based on the size of the Limitorque actuator (i.e., an SMB-3
may take a shift to pull and reinstall a stem nut, while an SMB-000 may take 3 hours).
However, if we consider an SMB-00 actuator for a stem nut inspection, it is estimated
that approximately 50 man-hours would be needed to complete the entire scope of work
at RNP, HNP [Harris Nuclear Plant], or BNP [Brunswick Nuclear Plant]. This includes
walkdowns, paperwork, removal and reinstallation of the stem nut lock nut / stem nut,
and post-maintenance diagnostic testing. Because five out of six inspections above
reflected no stem nut wear, the SNAP [Stem Nut Analysis Protractor] tool could have
saved a large number of man-hours associated with those inspections. This doesn’t take
into consideration that these activities can be performed in radiation fields. The dose and
man-hour savings, in addition to the fact that the device measures actual physical stem
nut wear (as opposed to reliance on zero plateau differences that are merely guessing),
makes the application of the SNAP tool a potentially very beneficial practice.”
— Doug Coon (MOV Engineer, Robinson Nuclear Plant)
Fermi 2
“In some cases there is wide variation between the transition time from a power trace
and from a strain gauge. And we have a number of SB/SBD actuators for which
transition time isn't really apparent.”
— Brett Gallatin (Performance Engineering Lead Engineer, Programs License
Renewal Project, Fermi 2)
Solution
The Stem Nut Analysis Protractor (SNAP) tool was developed to provide a non-intrusive
and quick means of quantifying stem nut thread wear without having to remove the stem
nut from the actuator or the valve from service. This process directly converts the
backlash between the stem and stem nut threads to a rotational percentage on rising
stem valves. From this it is possible to determine the remaining stem nut thread metal.
The area between the valve stem thread peaks, identified as P – Fcs (where, as
mentioned earlier, P is the thread pitch and Fcs is the basic flat at crest of the stem
thread), is being used to calculate the region of 100 percent stem nut wear indicated
by “X” (Fig. 1). . The formulae in Fig. 1 are used to calculate X and then convert it to its
rotational equivalence, represented in percent. This region X represents 100 percent of
possible stem nut thread wear and is valid for all General Purpose Acme Threads with
one thread start. The linear relationship between stem nut rotation and stem nut thread
advancement can be found in the definition of “stem lead”: the distance a thread
advances in one turn of the nut.
P - Fcs, on the stem, is used to calculate 100 percent of stem nut thread wear for two
reasons:
1. It is designed that wear will occur on the stem nut, not the stem.
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2. The stem is used as the gauge to determine the wear by detecting stem
movement when stem nut thread contact has been made.

Fig. 1 SNAP Scale Calculation
Х or (P - Fcs) equals 100 percent of the thickest part of the stem nut thread; this is
where the backlash is indicated. As the stem nut thread wears, its backlash will increase,
allowing more free rotation. The purpose of the SNAP tool is to determine thread wear
percent (backlash percent). Once the backlash percent is determined, remaining thread
material can be calculated to provide the basis to determine valve operability. The data
collected can be used to calculate thread structural integrity and, ultimately, to predict its
functional-failure point in order to preempt failure by monitoring the life cycle and wear
rate of the stem nuts (See Figs. 2 & 3).
NOTE:
The SNAP scale assumes that the valve stem threads are properly manufactured with a
29° angle to the dimensions detailed in Machinery’s Handbook 25 for ACME Thread
Design.
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Fig. 2 SNAP Reading at 7 Percent Wear

Fig. 3 SNAP Reading at 65 Percent Wear
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Conclusion
If a baseline diagnostic test exists for a MOV with a new stem nut, it can be helpful in
trending wear. It’s helpful because many of the variables present in the transition time
that aren’t associated with thread wear will usually cause the indicated stem nut thread
wear to be greater than actual. It can usually be assumed that any future increases in
the transition time will be attributable to thread wear (that is, that none of the variables
that falsely indicate thread wear will develop).
The SNAP tool can be used to validate stem nuts with suspected high wear instead of
using maintenance to pull them for visual inspection. Because the test usually takes
fewer than 30 minutes at the valve, there could be radiation-dose savings as well. In a
nuclear plant, the total man-hours expected to perform a SNAP test should be about
3 man-hours. In addition to validating stem nut wear on program valves, maintenance
technicians can use SNAP on all rising-stem MOVs, including balance-of-plant valves
with a high economic value.
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The MOV Issue: Perspective from Consejo de Seguridad
Nuclear (C.S.N.) / Spain
Alfonso Pérez
Consejo de Seguridad Nuclear
Spain
Abstract
The “Consejo de Seguridad Nuclear” (Nuclear Safety Council), or CSN, is the nuclear
regulatory body of Spain.
U.S. Nuclear Regulatory Commission (NRC) regulations and standards have been
primarily used in the past up to the present. However, there is a process such that
regulations recently generated in Spain replace or complement regulations coming from
other countries. This is not the case with the evaluation and control of motor-operated
valves (MOVs), which are mainly monitored using the process described in Generic
Letters 89‐10 and 96-05.
During a nine-month assignment from April to December 1989 at NRC offices in King of
Prussia, PA, the author gained knowledge of NRC Bulletin 85-03 and of Generic
Letter 89-10, which was issued in June 1989. The author realized the importance of
these communications for improving the safety of the plants in the future if the issues
they describe are adequately managed and solved.
Introduction
There are six nuclear power plants (NPPs) in Spain, with a total of 8 units. The NPPs in
Spain are:
•
Almaraz (Pressurized-Water Reactor (PWR), designed by Westinghouse,
3 loops; 2 units).
•
Ascó (PWR, designed by Westinghouse, 3 loops; 2 units).
•
Vandellós 2 (PWR, designed by Westinghouse, 3 loops).
•
Trillo (PWR, designed by Siemens/Kraftwerk Union (KWU), 3 loops).
•
Cofrentes (Boiling-Water Reactor (BWR)-6, designed by General Electric,
Mark III).
•
Garoña (BWR-3, designed by General Electric, Mark I, which is currently in the
decommissioning process). This plant may soon request a restart license, and if
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this request is made, evaluations and inspections are expected in the second
semester of 2014.
The MOV CSN activities have been focused mainly on inspections, with some
occasional evaluation reports related to significant activities or incidents. In recent years,
as discussed below, meetings with plant representatives are periodically held.
The content that follows is divided in three parts.
First, a discussion of selected topics of the period up to 2007 is included. Then a
description follows for the period of activities subsequent to the analysis of the
MPR-2524-A “Joint Owners Group (JOG) Motor Operated Valve Periodic Verification
Program Summary” document and the associated NRC Safety Evaluation Report (SER).
Finally, considerations of some relevant current issues are addressed.
PERIOD BEFORE THE MPR-2524-A DOCUMENT
MOV‐related inspections started in March 1991
Initially, inspections dealt with the implementation of diagnosis activities and
configuration of the torque/limit switches in the actuators. Subsequent to the first round
of inspections, letters were sent to the plants regarding Generic Letter 89-10 evaluations
of actuator capability and provisions for differential pressure tests.
Cofrentes (a BWR-6 plant) was the first plant in Spain to implement modifications (in
1993), which tended to increase actuator margin. These modifications included
replacement of actuators, motor changes, overall actuator ratio (OAR) or spring packs,
and/or an increase in cable section for selected cases.
Generally, the highest priority was assigned to the blowdown valves, or those addressed
in Supplement 3 of Generic Letter 89-10.
Activities also were referred to José Cabrera NPP, a single-loop plant designed by
Westinghouse that was decommissioned in 2007. Of particular interest in this plant was
an early detection of a weak-link problem in some high-pressure injection (HPI) valves.
Two plants (Cofrentes and Garoña) decided to use the Siemens actuator calculation
methodology.
A letter was sent to Trillo, the NPP designed by KWU, which required them to implement
a program equivalent in scope to Generic Letter 89-10. The plant activities were directed
mainly through the application of the principles described in the “Weiterleitungsnachricht
zu besonderen Vorkommnissen in ausländischen Kernkraftwerken” (WLN) 14/90 letter.
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Discussion of the Trillo NPP in this paper is limited because the primary focus of this
paper is U.S.-designed plants and the MPR-2524-A document.
In relation to the differential pressure tests considered in Generic Letter 89-10, use of the
Siemens similarity analysis methodology was partially accepted.
The Siemens methodology was developed to justify a reduction in the number of the
tests to be performed. In this methodology, valves were grouped into families on the
basis of their main characteristics (valve type, supplier, rating, materials, etc.), stable
conditions were verified to exist for the disk along the body and seat guides, and
stresses and deformations were calculated for the successive positions during the valve
stroke.
Four NPPs (Cofrentes, Garoña, Almaraz, and José Cabrera) adopted this approach for a
significant number of the MOVs on a plant-specific basis. Some of the valves were
analyzed through similarity, and some with Generic Letter 89-10 dynamic tests. Two
plants (Ascó and Vandellós) decided not participate in the similarity group and
proceeded with a dynamic test campaign in the plants.
Cofrentes NPP contracted the pressure test of four valves, selected on the basis of
similarity considerations, to the Wyle Laboratories in 1997. One of the valves, which
isolates the reactor water cleanup (RWCU) pipe in case of break (a Supplement 3
Generic Letter 89-10 valve), failed to complete the stroke. The valve was replaced with a
Babcock & Wilcox valve equivalent to one that had previously passed other tests.
Consequently, some other same valves identical to the one that failed were also
replaced.
Garoña NPP also performed a similarity test abroad (at Karlstein in Germany) in 1999.
The valve, supplied by Dikkers (a Dutch company that no longer exists), passed the test
satisfactorily.
Other similarity tests were performed adequately in the NPPs. Their final evaluation, and
extension of the test results to other valves in the grouped family, resulted in some
difficult cases, and therefore some delays were experienced.
Actuator calculations and subsequent design modifications progressed in the NPPs.
Some changes were delayed to 1998; this was caused, in part, by delays in the required
supplies.
The German-designed plant also performed modifications in actuators, including
changes in switch configurations and modifications in the setting values.
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Some inspections were also performed related to Generic Letter 95-07 and to
pressure-locking and temperature-binding issues. These inspections were performed
subsequent to the review of information sent by the NPPs to CSN on the subject.
Basically, in 1998 the main set of the Generic Letter 89-10 activities were completed,
and the NPPs not involved in similarity tests considered the Generic Letter to be closed.
For the NPPs involved in similarity, closure of the activities extended beyond 1998.
NPPs that had closed Generic Letter 89-10 moved to addressing Generic Letter 96-05.
Inspections dealt with how the actuator margin was established and how the importance
measures and expert opinion were considered in order to obtain the static diagnosis time
interval of the MPR-1807 document.
Related to Generic Letter 96-05 dynamic tests, these NPPs contacted the U.S. Joint
Owners Group (JOG) and offered some valves in order to perform three tests in
successive refueling shutdowns, without maintenance activities during the period. These
NPPs awaited the conclusions of the JOG studies.
The NPPs involved in the similarity tests needed more time (up to the year 2000) to
conclude these tests and subsequently moved to the Generic Letter 96‐05 dynamic
tests.
Some overlap existed between the GL 89-10 dynamic similarity tests and the GL 96-05
dynamic tests, which were also selected on a similarity basis. Interpretation of results
was not fully consistent and complete for all the cases. Because of the test results,
actuator upgrades were implemented for many valves. In other cases, an additional fact
that caused some margins to become negative was partly an excessive conservatism in
the consideration of the uncertainties and in the calculation methodology. However, after
the reevaluation was performed, not all the cases could be corrected and several
actuator changes were necessary.
CSN, during these activities, considered the following valves especially important in
PWRs: the block valves in the pressurizer-relief lines (because they must close against a
blowdown condition), the LCV-115B/D in the HPI pump’s suction lines, the component
cooling water system (CCWS) valves that must close against the primary pressure in
case of a thermal barrier break, and the turbo-driven pump stop valve. In the case of
BWRs, the RWCU isolation valves, the high-pressure core injection (HPCI) valves (for
the BWR-3 reactor) and reactor core isolation cooling system (RCIC) valves (for the
BWR-6 reactor) in the supply steam lines, and the Isolation Condenser valves (for the
BWR-3 reactor) in the lines that connect it to the vessel. For these valves and actuators,
modifications were implemented at different stages, in some cases further improving
things that had already been improved before.
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Inspections during this period mainly considered the results of the diagnosis tests
performed in refueling shutdowns, especially those of the valves with shorter time
between diagnosis, because of their comparatively greater importance (because of their
lesser margin or higher risk importance). Sometimes these tests identified
improvements. For instance, OAR increase could be required or a high stem factor or
high unwedging demand could require corrective action.
Other issues typically considered in the inspections during this period were as follows:
•

•

•

•

•

•
•

Review of outstanding maintenance activities (apart from diagnoses) during the
shutdown period and previous operating cycle, including design changes,
switch-setting changes, and actuator or valve repairs.
Criteria used to fix the maximum-setting thrust/torque values. For instance, the
use of the Limitorque Technical Update 98-01, or weak-link studies
completeness, and degree of usage were checked. Related to degraded voltage
considerations, in some cases 80 percent voltage was used for valves included
in the diesel generator sequence and 100 percent voltage was used for valves
not included in automation instead of performing a case-by-case calculation.
Criteria used for overload-protection settings in plants that keep such protection
active during emergencies. Considerations in order to guarantee safety and
reliability for the valve strokes were reviewed.
Differences of diagnosis technologies between the plants, precautions in relation
with possible operation interferences, and the use of “smart stems” in some
cases.
Use of backseat practices in the plants. Although all of the NPPs have basically
eliminated the torque switch trip to stop the motor in the opening strokes, some
consider that torque can be safely set in an slow manual approach up to
backseat instead of using a torque bench; in other plants, monitored backseat is
used when packing leaks in primary-circuit normally open MOVs occur (the
possible danger of such backseating is mainly because of thermal stress
between materials in contact if they remain in this position for extended periods
of time).
Control of the safe status of the motor T‐drains.
Finally, we occasionally considered the possible incidence of frequent
movements in the case of safety-related MOVs used for regulation. Also
considered were the provisions to measure the length of the stem movement
(primarily focused on cases of valves with a short opening stroke) because its
inadequate control could become a safety concern.
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During these years, some valve incidents can be considered as outstanding. Three are
mentioned here:
a) In 2003, the stem of a valve in the steam line to the HPCI turbo-driven pump
broke because of backseat. After that, the plant changed the tripping circuitry for
the actuator, eliminating the torque switch and replacing it with a limit switch.
However, the cause identified was mainly the stresses caused by remaining in
such a position for long periods of time, coupled with vibrations existing in the
line.
b) Also in 2003, two HPI valves in a PWR failed to complete their closing stroke
during valve operations in the final stage of the refueling shutdown. It was finally
determined that the differential pressure, in such cases, exceeded the
requirements for emergency situations. However, the capacity of two actuators
was upgraded in order to preserve their capability for all the foreseen shutdown
operations. In one of the valves, it was discovered that the torque switch had
been set abnormally low.
c) In 2006, in a significant portion of the MOVs of one plant that operates with
overload protection always active, it was detected that errors were present, likely
stemming from the period before the plant’s initial startup. After a detailed and
careful survey of all the cases, which were corrected, it was determined and
justified that the incident had low safety significance.
On the basis of the activities performed by the NPPs, supported by operational
experience with MOVs and confirmed by CSN inspections performed through 2007, it
can be concluded that the general status of MOVs was reasonably good and
conveniently safe. Basically, no degradation was observed in the dynamic tests
performed.
MPR-2524-A ACTIVITIES
During 2007, CSN became aware of the MPR-2524-A document and realized that it
should be applicable to the U.S.-designed NPPs in Spain. This was communicated to
the plants in October 2007. It was decided that periodic meetings attended by
representatives of CSN and of all the plants, to clarify the involved issues and to report
the advances of the project, would be convenient. The first meeting was held in
June 2008 and the NPPs communicated at the beginning of the activities. Subsequent to
the first meeting, additional meetings were held once per year, with the exception of the
two meetings in 2010.
It was determined that no regulatory instruction was needed, because MPR-2524-A was
considered a continuation/consequence of Generic Letter 96-05 and this is included in
the design bases of the NPPs.
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Tests performed (and data subsequently collected) during the stage of the similarity
analysis were not considered as an acceptable reference, because they were performed
on the basis of one valve per group. MPR-2524-A requires that at least two valves per
group be considered. During the second meeting in 2009, preliminary results were
shown. The program was scheduled to be finished by December 31, 2013, and was
based on assigning priority to the high-risk valves (the importance measure for all the
valves was calculated). It was decided that these valves should be concluded first. The
results of categorization were shown in the following meeting, together with the
preliminary classification of the valves into classes.
Initially, it was still undecided between alternative solutions based on (1) performing
design modifications and (2) validating the existing margins with additional dynamic
tests. The two options existing for such tests, plant tests and laboratory tests outside
Spain, were judged to be very complicated.
MPR-2524-A appeared to be a document that would be difficult to read and understand,
at least in Spain. Any mention of how and when the tests were performed seemed to be
absent, along with the differential pressures involved and the extrapolations considered.
In addition, there is no clear reference to failures in strokes and possible subsequent
actions, and actuators are basically not mentioned. Issues such as switch-setting
uncertainties and upper thrust windows are not addressed. On a positive note, we found
it relatively easy to use in inspections.
In the next meetings of the plant representatives with CSN, new insights in the
calculation process were mentioned. NPPs selected the option of proceeding with
design modifications, and the option for new dynamic tests was basically discarded.
Some results, which were initially optimistic, were reconsidered on the basis of
addressing the switch-setting uncertainties. Terms foreseen for reception of new
components and implementation of the modifications caused the plants to ask for an
extension of the date to finish the project, moving it to December 31, 2015, with a
December 31, 2013 completion date for the high-risk valves.
Garoña, the BWR-3 NPP, concluded that because of high design margins and the
calculation methodology used, all valves in the plant are Class A or B. Recently, the
Cofrentes BWR-6 NPP asked to include the high-risk valves in the December 31, 2015,
term, because they need to postpone some weak-link improvements in four valves in the
valve seats that will require careful consideration.
Additionally, the convenience of making at least one inspection per NPP was decided at
CSN. Two were performed on the BWR-6 reactors (at the Cofrentes NPP) and one on
the PWR plants (at Almaraz, Ascó, and Vandellós). The first inspection on the BWR-6
plant was made in the relatively early phases of the project, and because of that a
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second inspection was performed in December 2013. Also, another contributing factor
was that CSN needed to improve knowledge of the process and methods implied in the
MPR-2524-A document. In the inspections, the main issues typically considered were as
follows:
a) Use of Tables 7-2 through 7-4, 7-8 and 7-9, 7‐10, and 7-5 through 7-7, and
Figures 7-1, 7-4, 7-5, and 7-3 of MPR-2524-A, respectively, for gate, balanced
globe, unbalanced globe, and butterfly valves. Also, the process for information
gathering, sources used, cited documents, and equations used.
b) Valve friction coefficients.
c) Review of design bases (differential pressure and others).
d) Upper limits for the thrust/torque window; that is, the least of the three as follows:
actuator capability including degraded voltage conditions (formula used), actuator
rating (rerating activities, if it were the case), and weak-link calculations and
results.
e) Review of the calculation of one or two valves, including its upper limits.
f) Incorporation of MPR-2524-A activity conclusions in the diagnosis procedures.
g) Modifications already performed in actuators and (if any) in valves, and questions
about those modifications or actions still remaining.
h) Provisions related to Class D valves.
In relation to Class D valves, the issue remains open. One plant has mentioned the
possibility of closing some cases with the help of adequately instrumented plant tests. In
another case, resulting from a valve replacement, the new valve includes one special
material; in this case the possibility of performing mechanical tests with one probe is
being considered.
Finally, some discussion of the KWU-designed Trillo NPP is provided. Because of the
plant’s German origin, it has been determined that the MPR-2524-A document and
Generic Letters 89-10 and 96-05 are not applicable. Likely, the margins for this plant
would result in all the valves being classified as Class A or B. Trillo NPP follows the
German practices, such as the incorporation of the operating experience considered in
the Gesellschaft für Reaktorsicherheit (GRS) WLN 14/90 information letter; and uses
Annex D of the “Behälter Rohrleitungen Armaturen Pumpen Unterstützungen Lüfter”
(BRAPUL) IS 1601/IS 1601/50 specification, which is based on the
standard VGB-R 180, to calculate the required actuation thrust and torque values and to
verify the structural resistance of the components (including in the case of the
rotor-locked condition).
Two particular issues related to this plant seem of interest. First, it is a fact that many
actuators in the plant have been modified to reduce their thrust/torque output because of
their excessive capacity. Complementary to this, it should be noted that according to
Annex D of the BRAPUL document, modifications in the majority of the safety globe
valves have been performed in order to guarantee structural integrity in case of torque
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switch failure. The NPPs with KWU designs are required to consider the possibility of
single failures in the motor-tripping switches.
Second, the use of diagnostics based on power measurements in CCMs seems of
interest. CSN inspected aspects of the method in order to understand how looking into
the traces can provide indications that can track the existence of specific problems in the
actuator and/or the valve.
Additional Issues, Followup Activities
Finally, it is noted that following up on the occurrence of problems that occur from time to
time in the plants is convenient. Resident inspectors’ periodic reports are one possible
option. Another option is the analysis of reportable incidents in order to ascertain
whether the experienced problems have been clarified and solved, and to obtain lessons
learned for their extrapolation to other MOVs. For instance, this could be applied in the
case of motors that are discovered to be burned, because it can be difficult to establish
the cause.
It is also convenient to perform periodic surveys of the reports or notices coming from
other countries in relation to MOV issues. One issue of interest is the corrosion
degradation observed in magnesium rotors in Limitorque motors. The review of this
issue has been completed recently in Spain; the motors have been adequately inspected
or in many cases changed to aluminum. Also, cases of stem break must be followed. It
is important to avoid them with a careful thrust/torque setting, taking into account the
weak-link studies, particularly the stem weak-link value.
Such issues can be typically dealt with in periodic meetings with people from the NPPs,
as it was done in Spain. Examples of MOV topics considered in the meetings are the
comparison of maintenance programs between NPPs and the analysis of special
incidents (such as the break of a pin in a torque switch). The group also considers
air-operated valve (AOV) issues, because the results of actuator calculations and
diagnostic activities are required by CSN for category 1 valves (e.g., for those AOVs that
are risk-significant).
Conclusion
Close followup of activities to guarantee safety for motor-operated valves seems fully
advisable, because these components are especially important for the safe operation of
NPPs.
Finally, apart from the fact that working in the MOV issue is clearly unavoidable because
of the evidence mentioned above, I would like to warmly thank the efforts of all of the

101

people in the NPPs of Spain that have dedicated a significant part of their professional
lives working to guarantee and improve the safety of MOVs.
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Abstract
The American Society of Mechanical Engineers (ASME) Code for Operation and
Maintenance of Nuclear Power Plants (OM Code) establishes the requirements for
preservice and inservice testing and examination of certain components to assess their
operational readiness in light-water reactor nuclear power plants. The Code of Federal
Regulations (CFR) endorses and mandates the use of the ASME OM Code for testing
air-operated valves in 10 CFR 50.55a(b)(3)(ii) and 10 CFR 50.55a(f)(4), respectively.
ASME has recently approved Mandatory Appendix IV, Revision 0. NRC currently
anticipates that Mandatory Appendix IV will first appear in the 2014 Edition of the ASME
OM Code. Publication of the 2014 Edition of the ASME OM Code begins the NRC
rulemaking process to modify 10 CFR 50.55a to incorporate the 2014 Edition of the
ASME OM Code by reference. NRC staff has actively participated in the development of
Mandatory Appendix IV, Revision 0, through participation in the ASME OM Code
Subgroup on Air-Operated Valves (SG-AOV). The purpose of this paper is to provide
NRC staff perspectives on the contents and implementation of Mandatory Appendix IV,
Revision 0. This paper specifically discusses Mandatory Appendix IV, Sections IV-3100,
“Design Review,” IV-3300, “Preservice Test,” IV-3400, “Inservice Test,” IV-3600,
“Grouping of AOVs for Inservice Diagnostic Testing,” and IV-3800, “Risk Informed AOV
Inservice Testing.” These topics were selected based on input received during NRC
staff participation in the SG-AOV and other industry meetings. The goal of this paper is
to provide NRC staff perspectives on the topics of most interest to NRC staff and
members of the SG-AOV.
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Background
The NRC has been studying the problems associated with air operated valves (AOVs)
for a number of years. NRC concerns with the operability of air operated valves
originally considered common cause failures of AOVs. In particular, instrument air
systems that supply multiple valves were identified as a potential common cause failure
mechanism that could adversely impact the operability of multiple valves. In response to
this concern, NRC staff issued Generic Letter 88-14, “Instrument Air Supply System
Problems Affecting Safety-Related Equipment,” the NRC required that licensees perform
a design and operations verification of the instrument air system. This verification
included verification by test that actual instrument air quality is consistent with the
manufacturer's recommendations for individual components, verification that
maintenance practices, emergency procedures, and training are adequate to ensure that
safety-related equipment will function as intended on loss of instrument air, and
verification that the design of the entire instrument air system (including verification by
test) to show that safety-related components will perform as expected in accordance
with all design-basis events. Although it required a design basis verification of air
system capability to support component operability, GL 88-14 did not require periodic
verification of component function.
In the 1990’s, NRC took many actions associated with motor-operated valves (MOVs),
including issuance of GL-89-10, “Safety-Related Motor-Operated Valve Testing and
Surveillance” and GL 96-05, “Periodic Verification of Design-Basis Capability of SafetyRelated Motor-Operated Valves.” The major lessons learned from experience with MOV
programs was incorporated into the approach for dealing with issues associated with
other power-operated valves (POVs), including AOVs. The major lessons learned were
(1) the need for a design review to establish the design basis for each valve and (2) the
need for periodic verification to demonstrate that each valve can continue to meet their
intended function and to monitor potential degradation while in service.
AOVs were included in Generic Safety Issue (GSI) 158, “Performance of Safety-Related
Power-Operated Valves under Design Basis Conditions.” The use of power-operated
valves in safety systems was sufficiently widespread to raise concerns similar to those
on MOVs addressed in the implementation of Generic Letter No. 89-10.
GSI-158 was closed in RIS-2000-03, “Resolution of Generic Safety Issue 158:
Performance of Safety-Related Power-Operated Valves Under Design Basis
Conditions”, which stated that after detailed review, the NRC had closed GSI-158 on the
basis that current regulations provide adequate requirements to ensure verification of the
design-basis capability of POVs and that no new regulatory requirements were needed.
RIS-2000-03 further stated that NRC staff would continue to work with industry groups
on an industry-wide approach to the POV issue and to provide timely, effective, and
efficient resolution of the concerns regarding POV performance. Furthermore, RIS-
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2000-03 stated that NRC staff would continue to monitor licensees' activities to ensure
that POVs are capable of performing their specified safety-related functions under
design-basis conditions.
The National Technology Transfer and Advancement Act of 1995 (Public Law 104-113)
requires that if agencies establish technical standards, they must use technical
standards developed or adapted by voluntary consensus standards bodies unless the
use of such standards is inconsistent with applicable law or is otherwise impractical.
However, Public Law 104-113 does not require that agencies endorse a standard in its
entirety. As a result of the commitment to continue working with industry on issues
associated with POVs, NRC staff has pursued use of the ASME OM Code, a national
consensus standard, to resolve remaining concerns with AOV performance. NRC staff
has actively engaged in the development of Mandatory Appendix IV through participation
in the ASME OM SG-AOV. The ASME OM SG-AOV is comprised of members from
industry, vendors, and NRC staff.
Mandatory Appendix IV, Revision 0 was approved by ASME in 2013. The ASME OM
SG-AOV is currently developing Revision 1 of Mandatory Appendix IV. Mandatory
Appendix IV will be included in the 2014 Edition of the ASME OM Code. Publication of
Mandatory Appendix IV in the ASME OM Code begins the official NRC review process
for incorporation by reference in 10 CFR 50.55a. Any NRC conditions on the use of
Mandatory Appendix IV will be determined during the NRC rulemaking process.
Requirements of Mandatory Appendix IV and NRC Staff Perspective
Mandatory Appendix IV contains new requirements for preservice and inservice testing
of active AOVs in light-water reactor power plants. The following sections highlight
some of the new requirements present in Mandatory Appendix IV, and provide NRC staff
perspectives on the requirements. The information being provided by this perspective
must not be confused with interpretation of the ASME OM Code requirements. End
users with interpretation questions must follow the process of submitting their inquiries to
the ASME OM Code Committee.
Design Review Requirements in Mandatory Appendix IV
Mandatory Appendix IV, Section IV-3100 requires that a design review be performed for
each AOV to ensure that the AOV can meet its intended function. The design review
establishes the required loads, output capability, limits, margin, and other pertinent
attributes of each AOV. Section IV-3100(g) also requires that licensees use one of the
following methods to verify the design basis capability of the valve:
•
•

Test at or near design basis conditions
Analytical techniques
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•
•

Data from other valves if justified by an engineering evaluation
Grouping at plant with similar valves

NRC Staff Perspective on Design Review Requirements in Mandatory Appendix IV
During the development of Mandatory Appendix IV, several discussions were held on
the order in which the above methods are listed in Section IV-3100. The bullets above
are arranged in the order in which they appear in Mandatory Appendix IV, Revision 0.
NRC staff were the major proponents of listing testing at or near design basis conditions
as first in the list. The method with the least uncertainty is typically performing a test on
the valve at or near design basis conditions, whether in the plant or at a prototype
facility. The NRC staff position on the acceptability of various techniques to demonstrate
design basis capability of valves is documented in Information Notice (IN) 2012-14,
“Motor-Operated Valve Inoperable Due to Stem-Disc Separation.” From an NRC staff
perspective, the techniques listed in Section IV-3100 of Mandatory Appendix IV are
generally listed in increasing order of uncertainty, and therefore decreasing order of
acceptability.
NRC staff also note that the language in Mandatory Appendix IV does not specify that
testing is required to verify the design basis capability of the valve. As written, the
licensee is able to select any of the listed techniques in Section IV-3100 of Mandatory
Appendix IV. Therefore, the requirements of Mandatory Appendix IV are flexible in that
they allow a licensee to select a method that is appropriate for each AOV. NRC staff
notes that each of the methods listed in Section IV-3100 of Mandatory Appendix IV are
acceptable for use as long as they are supported by appropriate technical evidence.
The primary goal of the design review is to establish reasonable assurance that each
AOV will perform its safety function under design basis conditions, based on sound
engineering practices. Section IV-3100(g) requires verification of the results of the
design basis review using one of the following methods: testing, analysis, data from
other valves, or grouping at the plant with similar valves. Each of these methods are
considered equivalent from a Code perspective. During the development of Mandatory
Appendix IV, NRC staff advocated that testing be listed first in Section IV-3100(g)
because testing provides the highest technical fidelity to demonstrate that a valve will
perform under design basis conditions. However, NRC staff notes that testing of every
AOV is neither necessary nor feasible. Mandatory Appendix IV, as written, provides
sufficient flexibility to verify the design basis capability of AOVs using methods other
than testing each AOV. NRC staff perspectives on the use of each method provided in
Section IV-3100(g) are discussed below.
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NRC Staff Perspectives on Mandatory Appendix IV, Section IV-3100(g)(1): Testing at or
Near Design Basis Conditions
The first method listed in Mandatory Appendix IV, Section IV-3100(g) is testing at or near
design-basis conditions. NRC staff would accept either in-situ testing of a valve or
testing in a prototype facility. If a prototype facility is used for testing a valve, an
engineering analysis should be performed to demonstrate that the tested conditions are
applicable to the valve’s installed configuration. For instance, the analysis should
ensure that key valve parameters tested in the prototype facility, such as valve packing
to stem coefficient of friction, bound the values of the as-installed valve. The analysis
should also consider the effects of differences in the test environment and the
environment to which the valve is exposed in the plant, such as ambient operating
temperature, chemistry of the process fluid, and radiation exposure.
If testing is utilized for valves already installed in a plant, there may be cases where it is
not possible to achieve design basis conditions during the test. Valves dynamically
tested at less than design-basis conditions may be extrapolated with proper justification,
which should include a calculation to demonstrate that sufficient margin exists between
actuator capability and required torque or thrust at design basis conditions.
NRC Staff Perspectives on Mandatory Appendix IV, Section IV-3100(g)(2): Analytical
Techniques
Mandatory Appendix IV, Section IV-3100(g) also allows analytical techniques to be used
to verify the design basis capability of an AOV. If this method is selected, thrust and
torque methods similar to those used in Generic Letter 89-10 programs can be used for
AOVs if the applicability of the method to the specific AOV is confirmed. The licensee
should review the technical basis of the selected method and the range of conditions,
such as valve and system parameters, to justify use of the selected analytical method.
To determine actuator output capability, first principle methods should be used. Vendor
methods may be used if they are determined to be appropriate by the licensee. The
actuator output capability should be adjusted to account for uncertainties and
degradation.
Once available actuator output capability and thrust/torque requirements are calculated,
the AOV margin can be established and evaluated. The licensee’s analytical methods
should conclude that sufficient margin exists to ensure that the AOV can operate under
design basis conditions.
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NRC Staff Perspectives on Mandatory Appendix IV, Section IV-3100(g)(3): Data from
Other Valves
Mandatory Appendix IV, Section IV-3100(g)(3) allows the use of valve test data from
other valves, obtained either through industry operating experience or research
programs, to justify the design basis capability of an AOV. NRC staff note that this
approach requires the most margin because of the uncertainty associated with applying
data from valves that have a different operation and maintenance history to a particular
AOV. In these cases, the licensee should perform a detailed available capability
evaluation of the AOV to provide confidence that the AOV has significant capability
margin to operate under design basis conditions. NRC staff note that the acceptable
margin defined in this process should be significantly higher than those used in
evaluations of design basis capability under Section IV-3100(g)(2) and (g)(3).
NRC Staff Perspectives on Mandatory Appendix IV, Section IV-3100(g)(4): Grouping of
Similar Valves
Mandatory Appendix IV, Section IV-3100(g)(4) allows grouping of similar valves to verify
the design basis capability of an AOV. Where valve-specific dynamic testing is not
performed and analytical techniques are not used, NRC staff will accept grouping of
valves that are dynamic tested at the plant to apply the plant-specific test information to
an AOV in the group. This option is intended for use when several valves of similar
design exist in similar systems throughout the plant. Specifically, system parameters
(process fluid, environmental conditions, operating temperatures and pressures) and
valve parameters (actuator design and configuration, maintenance history, valve setup
parameters) should be similar when utilizing this technique.
NRC staff note that when using plant-specific data for analyzing similar valves, the
licensee knows the performance and maintenance history of a particular AOV. This
provides confidence that the valve’s performance is predictable. Using information from
the valves performance and maintenance history, the licensee should ensure that
sufficient margin exists between actuator capability and required torque or thrust at
design basis conditions. The licensee should consider any effects on actuator output
capability that may stem from maintenance activities or operational history of a particular
AOV.
Testing Requirements in Mandatory Appendix IV
Preservice and Inservice Testing Requirements
Mandatory Appendix IV, Section IV-3300, “Preservice Test,” defines the requirements for
preservice testing of active AOVs. Section IV-3300 requires that each of the following
tests be performed for each AOV during the preservice period: diagnostic test (unless
exempted by IV-3410(d)), stroke test, fail safe test, valve seat leakage testing in
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accordance with ISTC-3600 and ISTC-5000, and position verification in accordance with
ISTC-3700.
Mandatory Appendix IV, Section IV-3400, “Inservice Test,” defines the requirements for
inservice testing of active AOVs. Section IV-3400 requires that each of the following
tests be performed for each AOV during the inservice period: diagnostic test (unless
exempted by IV-3410(d)), stroke test, fail safe test, valve seat leakage testing in
accordance with ISTC-3600 and ISTC-5000, and position verification in accordance with
ISTC-3700.
Diagnostic Testing Requirements
Mandatory Appendix IV, Section IV-3410, “Diagnostic Test,” defines the requirements for
diagnostic testing of active AOVs. Section IV-3410(a) states that if insufficient test data
exists from an applicable AOV or AOV group to determine the diagnostic test interval in
accordance with para. IV-6400, then AOV diagnostic testing shall be conducted every 3
refueling cycles or 6 years, whichever is longer.
Mandatory Appendix IV, Section IV-3410(b) allows AOVs to be grouped for diagnostic
testing in accordance with IV-3600. Section IV- 3410(c) states that if maintenance
activities are scheduled concurrent with an AOV’s Diagnostic Test, then the Diagnostic
Test shall be conducted in the as-found condition, prior to the maintenance activity.
Mandatory Appendix IV, Section IV-3520 requires that new inservice test values shall be
determined or the previously established inservice test values shall be confirmed or the
activities performed shall be evaluated along with the results of post replacement, repair,
modification, or maintenance testing to determine if new inservice test values are
warranted before the AOV is returned to service.
Mandatory Appendix IV, Section IV-3410(d) provides an exemption from diagnostic
testing when normal plant operation provides adequate demonstration of AOV capability
via periodic cycling, provided that the periodic cycling conditions meet or exceed the
design basis conditions. Section IV-3410(d) also requires that the basis for exemption
be documented by engineering evaluation.
Mandatory Appendix IV, Section IV-3410(e) requires that licensees consider more
frequent diagnostic testing for AOVs with severe service conditions, AOVs with any
abnormal characteristics, or AOVs with low margin.
Mandatory Appendix IV, Section IV-3410(f) states that alternative risk informed
diagnostic test intervals may be applied. Mandatory Appendix IV, Section IV-3800
states that “risk informed AOV Inservice Testing that incorporates risk insights in
conjunction with functional margin to establish AOV grouping, acceptance criteria,
exercising requirements and testing intervals may be implemented.”
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Mandatory Appendix IV, Section IV-3410(g) requires that the inservice diagnostic test
interval shall not exceed 10 years. Mandatory Appendix IV, Section IV-3410(g) states
that the diagnostic test interval may be extended up to 6 months to coincide with a
refueling outage.
Stroke Testing Requirements
Mandatory Appendix IV, Section IV-3420(a) requires that all AOVs within the scope of
this Mandatory Appendix have a stroke test performed at least once per refueling cycle
or by cold shutdown justification, not to exceed 24 months. If Stroke Testing of an AOV
is not practical during plant operation, Section IV-3420(a) requires the test to be
performed during cold shutdown or a plant refueling outage.
Mandatory Appendix IV, Section IV-3420(b) requires that stroke testing include stroke
time measurement. The limiting value(s) of full-stroke time for each valve are determined
by the Owner. Mandatory Appendix IV requires that the stroke time of all valves is to be
measured to at least the nearest second, any abnormality or erratic action is to be
recorded, and an evaluation shall be made regarding need for corrective action. Where
periodic cycling is used to validate valve function per para. IV-3410 (d), a stroke time test
shall be performed quarterly. Section IV-3420(b) also stipulates that if testing is not
practicable during plant operation, testing shall be performed during cold shutdown or
refueling outage in accordance with para. IV-3420(a).
Mandatory Appendix IV, Section IV-3420(c) requires that licensees consider more
frequent stroke testing for AOVs with severe service conditions (temperature, radiation,
fluid process), or AOVs with any abnormal characteristics. Section IV-3420 specifies
that HSSC AOVs that can be operated during plant operation must be exercised
quarterly unless the potential increase in core damage frequency (CDF), large early
release (LER) and risk associated with the extension is small and consistent with the
NRC’s safety goal policy statement.
Fail Safe Testing Requirements
Mandatory Appendix IV, Section IV-3430 requires that all AOVs with fail-safe actuators
have a fail safe test performed at least once per refueling cycle, not to exceed 24
months. In addition, the fail safe test is performed by observing the operation of the
actuator upon loss of valve actuating power to verify it repositions to its fail safe position
or remains in the last position depending on the required characteristic.
NRC Staff Perspective on Testing Requirements of Mandatory Appendix IV
NRC staff notes that Mandatory Appendix IV requires a preservice and inservice
diagnostic testing, unless exempted by Section IV-3410(d). The exemption in Section
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IV-3410(d) is intended to allow licensees to credit operational tests in which an AOV is
demonstrated to operate in conditions that meet or exceed the design basis conditions of
the AOV as identified in the design review. Section IV-3410(d) clearly states that the
exemption must be documented with an engineering evaluation. NRC staff note that
while an inservice test would not be necessary in cases where the exemption in IV3410(d) applies, Mandatory Appendix IV does require documentation to show that the
operating conditions adequately demonstrate the capability of the AOV to operate under
design basis conditions. Documentation of the use of this exemption should be
described in the plant’s IST program, and the basis for this determination should be
documented in plant records associated with the testing of valves to which this
exemption is applicable.
Mandatory Appendix IV, Section IV-3420(c) requires that licensees consider more
frequent diagnostic testing for AOVs with severe service conditions, AOVs with any
abnormal characteristics, or AOVs with low margin. NRC staff considers severe service
conditions to mean valves installed in highly radioactive or corrosive environments or
process fluids, or other factors associated with the operating environment that could
affect valve performance. Abnormal characteristics include AOVs that have a history of
performance issues, require extensive maintenance, or are installed in an unusual
configuration (either external or internal). AOVs with low margin are those AOVs that
are determined by the licensee to have a margin that is close to the acceptable actuator
capability margin for the particular AOV. NRC staff note that the acceptable actuator
capability margin can vary widely based on the method used to justify the design basis
capability of the AOV under Mandatory Appendix IV, Section IV-3100(g). These AOVs
may require more frequent testing until modifications are performed on the valve and
demonstrated to address the issue.
Mandatory Appendix IV also requires that the licensee consider more frequent testing for
HSSC AOVs, those valves operating in severe service conditions or AOVs with
abnormal characteristics. These requirements are directly related to requirements on
ASME Code Case OMN-1, “Alternative Rules for Preservice and Inservice Testing of
Certain Motor-Operated Valve Assemblies in Light-Water Reactor Power Plants,” and
conditions placed on the use of OMN-1 as documented in Regulatory Guide (RG) 1.192,
“Operation and Maintenance Code Case Acceptability, ASME OM Code.” The second
condition on the use of ASME Code Case OMN-1, as documented in RG 1.192, stated
that:
“When extending exercise test intervals for high risk MOVs beyond a quarterly
frequency, licensees must ensure that the potential increase in Core Damage
Frequency (CDF) and risk associated with the extension is small and consistent
with the intent of the Commission’s Safety Goal Policy Statement.”
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From an NRC staff perspective, the inclusion of similar language in Mandatory Appendix
IV, Revision 0, Section 3420(c)(1) was intended to address this condition. Therefore, an
extension on the quarterly stroke testing requirement for HSSC AOVs is only allowed if a
licensee can demonstrate that the potential increase in CDF and LERF is small and
consistent with the guidance contained in RG 1.174 “An Approach for Using Probabilistic
Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the Licensing
Basis.”
NRC staff also note that Mandatory Appendix IV allows grouping of AOVs for inservice
testing, but limits the inservice test interval for each AOV to 10 years in Section IV3410(g). This is consistent with experience and lessons learned from the development
of requirements for MOVs.
Requirements for Grouping of AOVs for Inservice Diagnostic Testing
Mandatory Appendix IV, Section IV-3600 states that AOVs may be grouped for inservice
diagnostic testing, and requires that grouping of AOVs be justified by an engineering
evaluation, alternative testing techniques, or both. Section IV-3600 also requires, when
grouping AOVs, the following shall be satisfied:
•

AOVs with identical or similar actuators and valves with similar plant service
conditions may be grouped together based on the results of DBRs and/or
Preservice Tests. Functionality of all groups of AOVs shall be validated by
appropriate Inservice Diagnostic Testing of one or more representative valves.

•

Test results shall be evaluated for all AOVs in the group.

•

A single representative valve assembly shall not be selected for Inservice
Diagnostic Testing consecutively. All testable valve assemblies in a group shall
be Inservice Diagnostic Tested within the maximum test interval.

•

The number of valve assemblies tested from each group shall be determined
using appropriate statistical methodology.

•

Position Verification Testing shall be performed on each AOV in the group and
shall be verified in accordance with para. ISTC-3700.

NRC Staff Perspective on Grouping of AOVs for Inservice Diagnostic Testing
The NRC staff note that the Mandatory Appendix IV requirements for grouping of AOVs
contain additional requirements to those listed in Mandatory Appendix III for MOVs.
Specifically, the last three items in the above list do not appear in Mandatory Appendix
III. The additional requirements ensure that when valves are grouped, a single AOV
cannot be selected consecutively for inservice testing. For grouped valves, each
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consecutive test is required to be performed on unique AOV assemblies. In addition,
each AOV in the group must be tested at least once within the maximum test interval.
The additional requirements also ensure that an appropriate statistical methodology is
used to determine the number of valves selected for each group. Mandatory Appendix
IV also requires that licensees perform position verification testing on each AOV in the
group. NRC staff note that all AOVs in a group must be diagnostically tested at least
once every 10 years. From an NRC staff perspective, the statement above that the
“number of valve assemblies tested from each group shall be determined using
appropriate statistical methodology” means that licensees will ensure that for each test,
a sufficient number of valves will be selected from the group to complete the inservice
diagnostic test for each valve in the group within the maximum test interval. For
example, for a valve group of 10 valves, two different valves should be tested from the
group every two years to complete the inservice diagnostic test on each valve in the
group within the maximum test interval.
Requirements for Risk-Informed AOV Inservice Testing
Mandatory Appendix IV, Section IV-3800, “Risk Informed AOV Inservice Testing,”
defines the requirements for using risk information in AOV inservice testing and provides
test requirements for High and Low Safety Significant Component (HSSC/LSSC)
categories of AOVs. Section IV-3820 states that ASME OM Code Section ISTE
provides an acceptable method of risk ranking that may be used to categorize AOVs.
Mandatory Appendix IV, Section IV-3821 stipulates that the testing requirements for
HSSC AOVs are as follows:
•

An initial Diagnostic Test shall be performed to assess functional margin except
for AOVs that meet the requirements of tested per para. IV-3410 (d). The
Preservice Diagnostic Test may be used to meet this requirement.

•

Regular scheduled Diagnostic Testing, in accordance with para. IV-3410, is
required for HSSC AOVs except for AOVs that meet the requirements of para.
IV-3410 (d).

•

Inservice Stroke Test shall be performed in accordance with para. IV-3420 and
Fail Safe Testing (if required) in accordance with para. IV-3430.

•

Requirements of para. IV-3520 shall be utilized for AOV replacement, repair,
modification or maintenance.

•

High Safety Significant Component (HSSC) AOVs that can be operated during
plant operation shall be exercised quarterly, unless the potential increase in core
damage frequency (CDF), large early release (LER) and risk associated with the
extension is small and consistent with the regulator safety goal policy statement.
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Mandatory Appendix IV, Section IV-3822 stipulates that the testing requirements for
LSSC AOVs are as follows:
•

An initial Diagnostic Test shall be performed to assess functional margin except
for AOVs tested per para. IV-3410 (d). The Preservice Diagnostic Test may be
used to meet this requirement.

•

Regular scheduled Diagnostic Testing, in accordance with para. IV-3410, is not
required for LSSC AOVs except for AOVs tested per para. IV-3410 (d).

•

Inservice Stroke Test shall be performed in accordance with para. IV-3420 and
Fail Safe Testing (if required) in accordance with para. IV-3430, except that the
frequency shall be quarterly. If Stroke Testing is not practicable during plant
operation, testing shall be performed during cold shutdown or refueling.

•

Requirements of para. IV-3520 shall be utilized for AOV replacement, repair,
modification or maintenance.

NRC Staff Perspectives on Risk-Informed AOV Inservice Testing
Mandatory Appendix IV, Revision 0, states that ASME OM Code Subsection ISTE is an
acceptable method for risk ranking of AOVs. NRC staff note that this statement is from a
Code perspective, and additional NRC staff review may be necessary for the risk ranking
methodologies utilized by licensees. NRC staff are currently reviewing Subsection ISTE
in the 2012 Edition of the ASME OM Code under the rulemaking process. During this
rulemaking, any additional NRC limitations or conditions on the use of Subsection ISTE
will be determined. NRC staff recommend that licensees review the draft and final rules
that will be issued to change 10 CFR 50.55a to incorporate the 2012 ASME OM Code
rule by reference in order to become familiar with any limitations and conditions on the
use of Subsection ISTE. NRC staff note that ASME OM Code Case OMN-3,
“Requirements for Safety Significance Categorization of Component Using Risk Insights
for Inservice Testing of LWR Power Plants,” is conditionally approved for use in RG
1.192. NRC staff recommend that licensees review the conditions placed on the use of
ASME OM Code Case OMN-3.
Code Applicability and Relief Request Process
NRC staff understands that Mandatory Appendix IV has been developed using a
national consensus standard. As such, it is unlikely that the requirements of Mandatory
Appendix IV will be achievable for all active AOVs. Therefore, the NRC staff anticipate
that alternatives to or relief from the requirements of Mandatory Appendix IV will be
necessary in some cases.
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Once the ASME Code Edition or Addenda containing Mandatory Appendix IV is
incorporated by reference into the 10 CFR 50.55a, each provision of the code
edition/addenda that 10 CFR 50.55a incorporates by reference and mandates
constitutes a legally binding NRC requirement imposed by rule. When a licensee
updates its 120 month IST interval, the ASME OM Code Edition incorporated by
reference in 10 CFR 50.55a 12 months prior to the start date of the IST interval becomes
a part of the plant’s licensing basis. If a licensee determines that it is unable to meet
these requirements, the licensee must request approval where the requirements will not
be met through the relief or alternative process described in 10 CFR 50.55a.
Pursuant to 10 CFR 50.55a(a)(3)(i) and (ii), the Commission may authorize the licensee
to implement an alternative to the ASME OM Code requirements, provided that the
alternative ensures an acceptable level of quality and safety or the ASME OM Code
requirement presents a hardship without a compensating increase in the level of quality
and safety. In determining whether to grant relief from the ASME OM Code
requirements or to authorize alternatives, the NRC staff considers the merits of the
submitted technical information. In requesting relief or use of an alternative, the licensee
would typically identify the specific ASME OM Code requirement and associated
paragraph for which use of an alternative is requested, describe the proposed
alternative(s), describe the basis for authorization of the proposed alternative(s), and
clarify the burden that would result if the NRC enforced the specified requirements.
Inconvenience or administrative burden is not, in and of themselves, adequate
justification for deviating from the ASME OM Code requirements.
Where a test requirement of the ASME OM Code is determined to be impractical for a
facility, 10 CFR 50.55a(f)(6)(i) allows a licensee to submit a request for relief from the
given requirement, along with information to support the determination. Relief requests
generally detail the reasons for deviating from the ASME OM Code requirements and
propose alternative testing methods or frequencies. The Commission is authorized to
evaluate licensees’ relief requests, and may grant the requested relief or impose
alternative requirements, considering the burden that the licensee might incur if the
ASME OM Code requirements were enforced for the given facility. The basis for the
determination of a required test being impractical must be submitted for NRC review and
approval no later than 12 months after the expiration of the initial 120-month interval of
operation from start of facility commercial operation and each subsequent 120-month
interval of operation during which the test is determined to be impractical. However,
experience has shown that licensees also identify impractical test provisions throughout
the interval. In such cases, licensees may request relief as soon as they identify the
condition. Because the requirements are impractical, the licensee would test the
applicable components using the method proposed in the relief request in the period of
time from the beginning of the new interval (or from the time of identification) until the
NRC staff completes its evaluation.
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NRC Oversight and Monitoring of Mandatory Appendix IV Effectiveness
Direct NRC oversight of IST programs is handled by regional NRC staff and resident
inspectors, who review IST programs as part of the inspection program. The details of
the NRC inspection procedure for inservice testing programs are documented in
Inspection Procedure 73756, which is available through the NRC public website. NRC
staff from the Office of Nuclear Reactor Regulation (NRR) serves as a technical point of
contact for resident inspectors and regional NRC staff when IST program or operability
questions arise in the field.
In addition to the inspection program, the NRC staff performs periodic reviews of
operating experience to monitor the effectiveness of programs and policies. The NRC
staff anticipates that implementation of Appendix IV will contribute to a continued
downward trend of AOV failures in the field. Experience from implementation and
oversight of the requirements of Mandatory Appendix IV will be included in continued
NRC participation on the ASME OM SG-AOV. In addition, NRC staff intend to include
guidance on the implementation of Mandatory Appendix IV in a future revision to
NUREG-1482, “Guidelines for Inservice Testing at Nuclear Power Plants.”
Additional Considerations
The NRC staff note that the baseline diagnostic test interval required by Mandatory
Appendix IV, Revision 0, is 3 refueling cycles or 6 years, whichever is longer. NRC staff
note that with the advent of small modular reactors that utilize a refueling cycle longer
than 24 months, additional changes to Mandatory Appendix IV or limitations on its use
may be necessary. The need for these changes will be analyzed in the future and
addressed either in the NRC participation in ASME OM Code activities, or through the
rulemaking process if necessary.
Recent operating experience, both AOVs and MOVs, has underscored the need for
position verification testing to ensure that valves are operable. Therefore, NRC staff
recommends that licensees carefully review the detailed requirements of Mandatory
Appendix IV and Subsection ISTC, including any limitations and conditions placed on
these requirements, during implementation of the 2014 Edition of the ASME OM Code.
Conclusions
ASME OM Code, Mandatory Appendix IV is expected to be published in the 2014
Edition of the ASME OM Code. Mandatory Appendix IV defines requirements for
preservice and inservice testing of active AOVs to provide assurance that they are
capable of performing their safety-related function. The development of Mandatory
Appendix IV was based on resolution of GSI-158, and NRC initiatives to work with
industry to resolve remaining concerns with the performance of AOVs. The NRC staff
will evaluate whether any limitations or modifications are necessary for the
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implementation of Mandatory Appendix IV during the rulemaking process to incorporate
the 2014 Edition of the ASME OM Code into 10 CFR 50.55a. This paper provides the
NRC staff perspective on some of the requirements contained in Mandatory Appendix
IV, Revision 0.
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Abstract
Motor-operated valves (MOVs) play an important role in the safe and reliable operation
of today’s nuclear power plants. The purpose and scope of this paper is to review recent
MOV operational experience events. The paper will discuss current findings and trends
that relate to operation, maintenance, and surveillance testing of MOVs.
Introduction
Operating experience and research results for MOVs indicated that testing under static
conditions does not always reveal how these valves will perform under operating and
design basis conditions. A number of failures of MOVs have occurred as a result of
inadequate design, installation, and maintenance. Concerns of the performance of
MOVs resulted in the issuance of Generic Letter (GL) 89-10, “Safety-related MotorOperated Valve Testing and Surveillances,” which requested licensees to establish a
program to ensure the operability of MOVs in safety-related systems by reviewing MOV
design bases, verifying MOV switch settings initially and periodically, testing MOVs
under design-basis conditions where practicable, improving evaluations of MOV failures
and necessary corrective action, and trending MOV problems. The NRC staff requested
that licensees complete the GL 89-10 program within three refueling outages or 5 years
from the issuance of the GL.
During the period of GL 89-10 program implementation, the NRC staff issued seven
supplements to GL 89-10 that provided additional guidance and information on program
scope, design basis reviews, switch settings, testing, periodic verification, trending, and
schedule extensions. GL 89-10 and its supplements only provided limited guidance
regarding periodic verification and the measures appropriate to assure preservation of
design-basis capability. To improve the effort of maintaining a periodic verification
program, the NRC staff issued GL 96-05, “Periodic Verification of Design-Basis
Capability of Safety-Related Power-Operated Valves,” which requested licensees to
establish a program, or to ensure the effectiveness of its current program, to verify on a

122

periodic basis that safety-related MOVs continue to be capable of performing their safety
functions within the current licensing bases of the facility. The program should ensure
that changes in required performance resulting in degradation (such as those caused by
age) can be properly identified and accounted for. The provisions of GL 96-05
superseded GL 89-10.
In response to GL 96-05, the nuclear industry joined together to form the Joint Owners
Group (JOG) MOV periodic verification program. The JOG program consisted of three
elements: 1) an “interim” MOV periodic verification program for licensees to use in
response to GL 96-05 during development of a long term program; 2) a 5-year MOV
dynamic diagnostic test program; and 3) a long-term MOV periodic diagnostic test
program to be based on the information from the dynamic testing program. The JOG
effort was intended to answer the valve degradation question as it pertained to valve
configuration, design, and system application. Upon completion of the 5-year MOV
dynamic diagnostic test program, the JOG issued its final report and long-term program
recommendations. The NRC staff reviewed the final report and approved the program,
with conditions, on September 25, 2006 (Agencywide Documents Access and
Management System (ADAMS) accession No. ML061280315). Plants that had
participated in the JOG program (98 out of 103) had six years from the issuance of the
NRC safety evaluation for the JOG final program to implement the final
recommendations. Plants that did not participate in the JOG effort were individually
inspected by the NRC staff for compliance.
MOV performance after the issuance of GL 89-10 yields that there has been a significant
improvement in MOV performance and reliability. The scope of this report will look at
the recent performance issues and trends.
Operating Experience/Technical Review Group
Management Directive (MD) 8.7, “Reactor Operating Experience Program,” sets forth
the policy of the NRC for an effective coordinated program to systematically review
operating experience (OpE), assess its significance, provide timely and effective
communications to stakeholders and apply the lessons learned to regulatory decisions
and programs affecting nuclear reactors. The Operating Experience Branch (IOEB) of
the Office of Nuclear Reactor Regulation (NRR) provides a centralized function within
the agency to collect, store, screen, prioritize, and distribute OpE information to
interested users; facilitate and track OpE evaluation and application activities; assist the
communication of OpE lessons learned; and coordinate NRC OpE activities among
organizations performing OpE functions.
To increase the use of the vast amounts of information being gathered by the IOEB,
multiple technical review groups (TRGs) were formed composed of members from
across the agency with each group led by a subject matter expert. The TRGs review
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various OpE data such as license event reports (LER), inspection findings, international
reports, Part 21 notifications, OpE communications posted by IOEB, and Institute of
Nuclear Power Operations (INPO) Consolidated Event System (ICES) database. The
TRGs maintain a continuous exchange of information with IOEB to identify possible
emerging issues that may warrant further NRC review. The author of this paper is the
current TRG lead for Pump and Valve Performance issues.
Recent Trends
The scope of this report covers operating experience data for the last five years. The
following discussion will focus on recent trends over the five year period and not detail
the facility reporting the events. It is recognized that many events occurred with
components considered to be within non-safety related systems of nuclear power plants.
However, the events are relevant with respect to component performance versus the
cause of the component failure. For this reason, this report will not distinguish between
safety-related and non safety-related components but rather focus on the component
failure and its impact on overall plant operation.
At NRC headquarters, event data such as LER’s, inspection reports, greater than green
findings, and 10 CFR Part 21 reports are screened daily by the IOEB. Relevant events
are forwarded to the TRG leads for their action to review and trend. Communication
between the TRG lead reviewers, IOEB engineers, and individual plant inspectors is
necessary to capture the correct history of the event. In addition, the event may be
reviewed via INPO ICES database.
In the mid 1970’s, INPO created the Nuclear Plant Reliability Data Systems (NPRDS)
database. This database records and analyzes data on specific nuclear equipment and
components. In the late 1990’s, INPO created the Equipment Performance and
Information Exchange (EPIX) to replace NPRDS. EPIX was developed to provide an
industry wide database of information on Maintenance Rule components at all U.S.
nuclear power plants. In 2013, INPO integrated the Nuclear Network Operating
Experience (OE) with EPIX failure reporting into one consolidated event reporting and
analysis platform called ICES.
INPO has granted the NRC staff access to the ICES database for tracking and trending
purposes of component performance. Review of the INPO ICES database provides the
NRC staff a broader perspective on possible emerging trends. This is due to the fact
that the INPO ICES database contains many component events that didn’t reach an
importance level of an LER and/or inspection concern. For example, the five year
window examined for this report, there were 40 MOV events noted in the IOEB database
compared with 668 events noted in ICES over the same five year period. The five year
window ICES report was generated using the common filters:
1.

Component type equals Valve Operators
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2.
3.
4.
5.

Component type equals Valves, dampers
Eng. Char equals Electric Motor – AC
Eng. Char equals Electric Motor – DC
Eng. Char equals Electric Motor/Servo (MOV)

Please note that the reported INPO 668 events involve a MOV but the MOV was not
necessarily the main component that failed. Additional filters were applied to the ICES
reports to focus on MOV failures and emerging trends. Data was first examined at the
high level to determine possible recurring events. Event causes that exceeded five data
points in LER’s, inspection reports, and greater than green findings were selected to be
further examined using INPO ICES database. The top trend setters were:
1.
2.
3.

Failures due to contacts
Failures due to lubrication issues
Failures due to disc / stem separation

ICES has a unique analysis tool built into the database that provides statistics of the
most frequent failed parts and causes for a filtered record set. Utilizing the same five
filters noted above, key words were added as an additional filter to fine tune the query
and focus only on the top trend setters.
Failure due to Contacts
This was the largest trend observed over the five year period. Failure of contacts
contributed to the most MOV failures. The contact failures included: torque switch, limit
switch, motor control center (MCC) contactor relay contacts, and MCC breaker cell
contacts. A JIT report was generated with the key word “Contact” along with the other
standard common filters. The report generated a total of 288 records of which 115 were
included in the lessons learned. Most frequent failed parts were:
•
•
•
•
•
•
•
•
•
•

Contact(s) – 80
Contactor – 12
Fuse – 10
Limit Switch Rotor – 10
Coil(s) – 10
Wiring – 8
Electrical Termination (Lug / Connector) – 8
Disc – 7
Switch – 7
Gear(s) – 7
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Most Frequent Causes:
•
•
•
•
•
•
•
•
•
•

Process cause was not determined by Corrective Action Program – 26
Preventive Maintenance task content not appropriate / less than adequate – 25
Aging / Obsolescence Concern less than adequate – 23
Manufacturer/Vendor Quality issues – 22
Work activities incorrectly performed – 21
Preventive maintenance task did not exist – 19
Preventive maintenance task execution less than adequate – 15
Preventive maintenance task frequency not appropriate – 14
Previous corrective actions less than adequate or untimely – 13
Failure to consider design inputs – 9

Another query was generated over the same time frame using the common filters and
the exact phrase “Limit Switch.” The JIT report generated 112 total records of which 41
were included in the lessons learned. The most frequent failed parts were:
•
•
•
•
•
•
•
•
•
•

Contact(s) – 21
Limit Switch Rotor – 13
Wiring – 6
Stem – 6
Electrical Termination (Lug / Connector) – 5
Switch – 5
Coil(s) – 4
Circuit Board / Card – 4
Latch / Lock / Interlock – 3
Torque Plate – 3

Most Frequent Causes:
•
•
•
•
•

Work planning, instructions, preparation less than adequate – 9
Work activities incorrectly performed – 9
Preventive Maintenance task content not appropriate / less than adequate – 7
Preventive Maintenance task execution less than adequate – 7
Process cause was not determined by Corrective Action Program - 6

Another query was generated over the same time frame using the common filters and
the exact phrase “Torque Switch.” The JIT report generated 98 total records of which 38
were included in the lessons learned. The most frequent failed parts were:
•
•
•
•

Contact(s) – 19
Disc – 8
Stem – 8
Limit Switch Rotor – 7
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•
•
•
•
•
•

Wiring – 6
Lubricant – 5
Seat – 5
Gear(s) – 4
Torque Plate – 4
Coil(s) – 3

Most Frequent Causes:
•
•
•
•
•
•
•
•
•
•

Original design less than adequate – Component not appropriate for application
– 11
Process cause was not determined by Corrective Action Program – 10
Preventive Maintenance task content not appropriate / less than adequate – 8
Work planning, instructions, preparation less than adequate – 6
Work activities incorrectly performed – 6
Equipment aging – Metallic parts – Normal wear – 5
Equipment aging – Non-Metallic parts – Electrical breakdown – 5
Manufacturer/Vendor Quality issues – 5
Preventive Maintenance task execution less than adequate – 4
Aging / Obsolescence Concern less than adequate – 4

A final query was generated over the same time frame using the common filters and the
exact phrase “contact oxidation.” The JIT report generated 18 total records of which 8
were included in the lessons learned. The most frequent failed parts were:
•
•
•
•
•
•
•
•
•
•

Contact(s) – 11
Electrical Termination (Lug / Connector) – 1
Microswitch – 1
Switch – 1
Cam(s) – 1
Contact Arm – 1
Motor shaft – 1
Stab connection – 1
Contact block – 1
Fuse clip – 1

Most Frequent Causes:
•
•
•
•
•

Preventive Maintenance task did not exist – 5
Preventive Maintenance task content not appropriate / less than adequate – 3
Process cause was not determined by Corrective Action Program – 2
Aging / Obsolescence Concern less than adequate – 2
Manufacturer/Vendor Quality issues – 2
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•
•
•
•
•

Equipment aging – Metallic parts – Normal wear – 2
Equipment aging – Metallic parts – Wastage / General Corrosion – 2
Equipment aging – Metallic parts – Fatigue – 1
Problems with Design implementation – 1
Work planning, instructions, preparation less than adequate – 1

The common thread that appears in all the contact failure queries is that the preventive
maintenance task was not appropriate and/or less than adequate. Minor adjustments to
the preventive maintenance program should improve the failure rate.
Failures due to Lubrication
Poor lubrication yielded the second largest trend of MOV failures over the examination
period. Lubrication failures were noted in: lack of lubrication in the stem-to-stem nut
interface, hardened grease in the motor pinion gear area, hardened grease in the gear
case, hardened grease on the stem, dried out lubricant in the MCC contactor, hardened
grease in the MCC breaker assembly, and degraded grease due to inadvertent mixing of
greases. A JIT report was generated with the key word “Lubricant” along with the other
standard common filters. The report generated a total of 23 records of which 11 were
included in the lessons learned. Most frequent failed parts were:
•
•
•
•
•
•
•
•
•
•

Lubricant – 11
Stem – 4
Contact(s) – 3
Blade – 2
Linkage – 2
Spring(s) – 1
Declutch Mechanism – 1
Guides – 1
Stem/Plug Assembly – 1
Worn Gear – 1

Most Frequent Causes:
•
•
•
•
•
•
•
•
•
•

Preventive Maintenance task feedback not implemented – 4
Process cause was not determined by Corrective Action Program – 3
Preventive Maintenance task frequency not appropriate – 2
Preventive Maintenance task did not exist – 2
Inadequate control of maintenance activities – 2
Unspecified design inadequacy – 1
Equipment not operated within design – 1
Aging / Obsolescence Concern less than adequate – 1
Work activities incorrectly performed – 1
Previous corrective actions less than adequate or untimely – 1
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Similar to the contact failure report, the common deficiency among the failures is having
the correct preventive maintenance task and interval.
Failures due to Stem / Disc Separation
The last major trend of failures in MOVs is the stem-to-disc separation. Failures
occurred in: gate, globe and butterfly valves. Although there were not as many records
of failures as compared to contacts and lubrication issues, the increase in overall valve
failures (all valves without distinguishing the type of operator) due to stem-to-disc
separation warranted an investigation. Focusing on MOVs only, a JIT report was
generated with the key word “Separation” along with the other standard common filters.
The report generated a total of 23 records of which 5 were included in the lessons
learned. Most frequent failed parts were:
•
•
•
•
•
•
•
•
•
•

Disc – 4
Fuse – 3
Seat – 3
Stem/Plug Assembly – 3
Pin(s) – 2
Weld(s) – 2
Gear(s) – 1
Seat Ring – 1
Rotor – 1
Winding(s) – 1

Most Frequent Causes:
•
•
•
•
•
•
•
•
•
•

Design - Equipment reliability not adequately addressed – 4
Risks of decisions not completely assessed – 4
Manufacturer/Vendor Quality issues – 3
Aging / Obsolescence Concern less than adequate – 2
Improper reassembly of component – 2
Procedures – Omission of relevant information – 2
Work planning – 1
Training / qualification – 1
Performance monitoring execution less than adequate – 1
Work activities incorrectly performed – 1

This last trend required additional research to sort out the major contributors to the
increase in valve stem-to-disc failures. Many of the failures did not reach a high level of
awareness such as an LER or inspection finding. This was due in part to the fact that
several failures occurred in non-safety systems and/or were identified during a
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maintenance activity performed offline and the subsequent safety analysis concluded
that the valve would have performed its safety function. However, almost all valve
failure events had an impact on plant availability. Failures resulted in delayed power
ascension, forced reactor shutdowns, manual scrams, and unit power reductions. The
valve failures major contributors were:
•
•
•
•
•
•
•
•

Valve degradation due to internal parts being exposed to untreated water system
System vibration caused by cavitation due to low flows
System vibration caused by overall system performance
Malfunction of valve actuator
Pressure locking and Thermal binding
Manufacturing defects
Wear due to age and little preventive maintenance
Material embrittlement

Conclusions
The INPO ICES database is a useful tool for tracking and trending component failures.
The Just in Time report provides a quick assessment of possible trends. However,
please note that the JIT report is based on lessons learned being reported by a plant
individual and not all reports being inputted to the database include lessons learned.
Overall MOV performance noted over the last five years is considered to be normal.
These trends are not considered to be a major concern. The three failure trends noted
can be improved with simple changes to preventive maintenance activities and intervals.
It is believed that the slight uptick in MOV failures is due to aggressive maintenance
schedules coupled with many plants reaching 40 years of operation.
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Abstract
In this paper, we review the various regulatory mechanisms that are available to
licensees today for risk-informing their IST programs and that are acceptable to the NRC
staff. These mechanisms have all been available for a decade or more, but have seen
little interest or use.
Introduction
The operational readiness of certain safety-related pumps and valves is vital to the safe
operation of nuclear power plants. Inservice testing (IST) is one of the mechanisms used
by licensees to ensure this readiness. The type and frequency of IST have been based
on the collective best judgment of the industry and the U.S. Nuclear Regulatory
Commission (NRC); requirements for IST have been established through the ASME
(formerly the American Society of Mechanical Engineers) Code consensus process and
NRC rulemaking process. Furthermore, IST requirements generally don’t explicitly
consider a component’s importance to safety. A highly risk-significant component may
well have exactly the same test requirements as a much less risk-significant component,
owing only to their physical similarity and without any regard to their relative
contributions to overall plant risk. This approach to IST has been applied over thousands
of reactor-years of operation with satisfactory results. But because of the broad-based
applicability of ASME Code test requirements and their non-reliance on the risk
significance of individual components, current IST treatments may underemphasize
testing for those components that are more important to safety and may overemphasize
testing of less safety-significant components. The development of risk-informed inservice
testing (RI-IST) programs has the potential to improve the efficiency of industry and
regulatory resources while having no (or only slightly) adverse impacts on overall plant
risk.
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Background
Today three regulatory mechanisms available to licensees for risk-informing their IST
programs are acceptable to the NRC staff. These include a request to use an alternative
approach from NRC Regulatory Guide (RG) 1.175, “An Approach for Plant-Specific,
Risk-Informed Decisionmaking: Inservice Testing,” under the provisions
10 CFR 50.55a(a)(3)(i); use of the ASME risk-informed code cases under the provisions
of 10 CFR 50.55a(b)(6); and application for a license amendment under the provisions of
Title 10, “Energy,” of the Code of Federal Regulations (10 CFR) 50.69, “Risk-Informed
Categorization and Treatment of Structures, Systems, and Components for Nuclear
Power Reactors.”
The three approaches have much in common, including:
•

•
•

•
•

•

•

•

•

They use an integrated decisionmaking process to categorize components as
either highly safety-significant components (HSSC) or less safety-significant
components (LSSC). The process considers probabilistic risk assessment (PRA)
results in conjunction with inputs from a plant expert panel for more traditional
engineering information.
They are consistent with the defense-in-depth philosophy and ensure that
sufficient safety margins are maintained.
They ensure that any risk increases associated with the RI-IST program are
small and consistent with the intent of the Commission's Safety Goal Policy
Statement.
They monitor the effects of changes to the licensee's IST program and correct
any adverse conditions that might result from these changes.
They use PRA for two purposes: 1) to categorize components as HSSC and
LSSC and 2) to assess the overall change in Core-Damage Frequency (CDF)
and Large Early-Release Frequency (LERF).
They consider LSSCs to be candidates for less rigorous testing. Not testing is not
an option; there must still be an inspection/test basis for concluding that these
components will function when called on.
They consider HSSCs to be candidates for enhanced testing to support
assumptions made in the categorization process regarding their assumed
performance. This includes non-Code components that are categorized as
HSSCs by the plant expert panel which might previously not have recognized
them as such or included them in the IST program.
They require component-level monitoring to ensure that if unexpected
component performance or degradation of either HSSCs or LSSCs occurs, it will
be promptly detected and corrected.
They incorporate feedback about adverse changes in performance and
adjustment in the PRA, the categorization process, and the treatment process
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(i.e., component inspection and testing requirements) to maintain the validity of
the categorization process and its results.
Alternative Approach for Defining IST Requirements
RG 1.175 describes an alternative approach for defining the scope, type, and frequency
of IST requirements for pumps and valves that is acceptable to the NRC staff.
A companion Standard Review Plan (SRP) Section 3.9.7 provides review guidance for
the NRC staff. A licensee pursuing this approach would submit the proposed change as
an alternative request under the provisions of 10 CFR 50.55a(a)(3)(i). The submittal
would include the necessary documentation identified in RG 1.175, including but not
limited to:
•
•
•
•
•

a description of the categorization process;
a description of the scope of the RI-IST program;
a description of the PRA and assessment of PRA quality and scope;
a description of the change to plant risk in terms of CDF and LERF; and
a description of the testing and monitoring proposed for each component group.

Following a successful NRC staff review, this approach results in a plant-specific and
plan-specific safety evaluation report (SER). Changes to the RI-IST program may
require formal NRC staff review and approval as detailed in RG 1.175. For example,
component test method changes that involve deviation from the NRC-endorsed Code
requirements, NRC-endorsed Code Cases, or published NRC guidance would require
the NRC's review and approval, as would changes to the categorization process.
Only three plants have pursued the alternative approach to RI-IST: Comanche Peak (in
a full-scope pilot-plant application), South Texas Project (in a limited-scope application
for certain containment-isolation check valves only), and San Onofre (in a full-scope
application). The NRC staff completed the reviews and issued the safety evaluation
reports (SERs) for these applications in 1998, 1999, and 2000, respectively. No other
applications featuring alternative RI-IST have been submitted since.
Use of ASME Risk-Informed Code Cases for Defining IST Requirements
ASME periodically publishes Operation and Maintenance of Nuclear Power Plants
(OM) Code Cases. Code Cases provide alternatives to existing Code requirements that
ASME developed and approved. RG 1.192, “Operation and Maintenance Code Case
Acceptability, ASME OM Code,” identifies the Code Cases that have been determined
by the NRC to be acceptable alternatives to applicable parts of the OM Code. Licensees
may use these Code Cases without requesting authorization from the NRC, provided
that they are used with any identified limitations or modifications.
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The ASME OM Code is incorporated by reference in 10 CFR 50.55a, which the NRC
amends occasionally to incorporate RG 1.192 by reference. 10 CFR 50.55a states the
requirements governing the use of Code Cases. Because of continuing change in the
status of Code Cases, the staff plans periodic updates to 10 CFR 50.55a and RG 1.192
to accommodate new Code Cases and any revisions of existing Code Cases. Code
Cases approved by the NRC provide an acceptable voluntary alternative to the
mandatory ASME OM Code provisions otherwise required.
During the late 1990s, the ASME developed seven Code Cases prescribing the rules for
RI-IST of snubbers, pumps, and various classes of valves (e.g., motor-operated valves,
air-operated valves, and check valves). These Code Cases incorporate risk
considerations to provide acceptable alternatives to the present ASME OM Code
requirements for performing inservice testing.
Risk-Informed Code Cases
OMN-1

OMN-3

OMN-4
OMN-7
OMN-10

OMN-11
OMN-12

Alternative Rules for Preservice and Inservice Testing of Certain
Motor-Operated Valve Assemblies in Light-Water Reactor Power
Plants
Requirements for Safety Significance Categorization of
Components Using Risk Insights for Inservice Testing of LWR
Power Plants
Requirements for Risk Insights for Inservice Testing of Check
Valves at LWR Power Plants
Alternative Requirements for Pump Testing
Requirements for Safety Significance Categorization of Snubbers
Using Risk Insights and Testing Strategies for Inservice Testing of
LWR Power Plants
Motor Operated Valve Risk-Based Inspection Code Case
Alternative Requirements for Inservice Testing Using Risk Insights
for Pneumatically- and Hydraulically-Operated Valve Assemblies
in Light-Water Reactor Power Plants

Revision 0 of RG 1.192 was issued in June 2003 and approved the use of all of the
risk-informed code cases except OMN-10, some with conditions and limitations. Taken
together, the code cases levy the requirements for (among other things):
•
•
•
•
•

the categorization process;
the scope of the RI-IST program;
PRA quality and scope;
acceptable change to plant risk in terms of CDF and LERF; and
testing and monitoring requirements for each component group.
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Issuance of Rev. 0 of RG 1.192 paved the way for licensees to implement RI-IST in
accordance with the requirements of the code cases and any RG conditions and
limitations without the need for any plant-specific NRC preapproval. Although the NRC
does not specifically monitor the use of approved code cases by plants, anecdotal
evidence suggests that no plants have taken advantage of this RI-IST option in over a
decade since it became available.
Application for a License Amendment Under the Provisions of 10 CFR 50.69
In 2004 the NRC amended its regulations and adopted a new section designated
10 CFR 50.69. This regulation allows power reactor licensees and license applicants to
voluntarily implement an alternative regulatory framework for establishing the
requirements for treatment of structures, systems, and components (SSCs) using a
risk-informed method of categorizing SSCs according to their safety significance. Under
this framework, the risk-informed process (1) removes SSCs of low safety significance
from the scope of certain identified special treatment requirements (including, in
particular, the inservice testing requirements in 10 CFR 50.55a(f)) and (2) revises
requirements for SSCs of greater safety significance.
Under the rule, a licensee will need NRC approval for certain aspects of the program,
including the categorization process for SSCs, which is built around an integrated
decisionmaking process and the use of a plant-specific PRA in providing reasonable
confidence that implementation of the rule for various systems will have no more than a
small impact on risk throughout the life of its implementation. 10 CFR 50.69 applies
treatment requirements based on the safety significance assigned to the SSCs. For
highly safety-significant SSCs, all requirements are maintained in addition to
requirements for the beyond design-basis functions. For less safety-significant SSCs,
the special treatment requirements identified in 10 CFR 50.69(b) are removed (including
the inservice testing requirements in 10 CFR 50.55a(f)) and are replaced with high-level
treatment requirements. Treatment for the SSCs is required to be applied as necessary
to maintain functionality and reliability, and is a function of the category to which the SSC
is assigned. Finally, assessment activities are conducted to make adjustments to the
categorization and treatment processes as needed so that SSCs continue to meet the
applicable requirements.
There is evidence from implementations of similar, earlier risk-informed IST
categorization initiatives that some 70 percent to 80 percent of components in a typical
IST program may be categorized as LSSCs (RISC-3 and RISC-4 in 10 CFR 50.69
parlance), and would therefore no longer be subject to the deterministic test
requirements of the OM Code. To date only one plant has applied for a 10 CFR 50.69
license amendment.
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Status of Ongoing Regulatory Activities Related to RI-IST
ISTE
In the spring of 2011, the NRC started the next rulemaking to incorporate the
2009 Edition of the ASME OM with 2011 Addenda in 10 CFR 50.55a. The NRC recently
decided to delay this rulemaking for four additional months in order to include the
2012 Edition of the ASME OM. This proposed rulemaking is tentatively scheduled to be
published for public comment in September 2014 and the final rule is tentatively
scheduled to be issued in September 2015. This rulemaking will constitute, among other
things, the next step in the evolution of RI-IST in that OM-2009 contains for the first time
the new Subsection ISTE, “Risk-Informed Inservice Testing of Components in
Light-Water Reactor Nuclear Power Plants.” ISTE directly incorporates in the Code the
various risk-informed techniques, practices, and requirements embodied in the
risk-informed code cases mentioned previously. Going forward, ISTE (in conjunction with
Mandatory Appendices II, III, and IV) embodies the full set of ASME requirements for
RI-IST.
Risk-Informed Code Cases
The NRC staff has completed its review of the new and revised code cases published in
the 2003 Addenda through the 2006 Addenda of the ASME OM Code. The proposed
rulemaking and Revision 1 of RG 1.192 for the code cases published in the
2003 Addenda through the 2006 Addenda of the ASME OM Code were published for
public comment in the Federal Register on June 29, 2013, with a public comment period
until September 9, 2013. (This proposed rulemaking also contains revisions to the
structure and numbering of 10 CFR 50.55a, as required by the Office of the Federal
Register, and also proposed paragraph and subparagraph headings.)
Based on concerns raised by the Advisory Committee on Reactor Safeguards (ACRS),
three new conditions are being added by the NRC for usage of risk-informed code
case OMN-3, “Requirements for Safety Significance Categorization of Components
Using Risk Insights for Inservice Testing of LWR Power Plants,” in draft RG 1.192,
Revision 1.
The NRC staff has also completed a review of the new and revised code cases
published in the 2011 Addenda to the 2009 Edition of the ASME OM Code and in the
2012 Edition of the OM Code. The proposed rulemaking and RGs for these code cases
will be issued following the incorporation in 10 CFR 50.55a of the 2011 Addenda to the
2009 Edition of the ASME OM Code and the 2012 Edition of the OM Code. Beginning
with Revision 1 of RG 1.192, code cases will be numbered as the code case is
described in the OM Code. Each code case in Revision 1 of RG 1.192 will be identified
by the number assigned by the OM Code and the applicable edition or addendum of the
OM Code with which it is first published.
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Conclusion
Risk-informed initiatives in the area of inservice testing have matured over the last two
decades. Yet the multiple options for risk-informing an IST program remain largely
unused. The NRC reaffirms its support for the use of risk-informed initiatives in inservice
testing. The development of RI-IST programs has the potential to improve the efficiency
of industry and regulatory resources while having no (or only slightly) adverse impacts
on overall plant risk. In addition, the NRC staff is continuing to work with the various
stakeholders (e.g., ASME Code Committees, the Nuclear Energy Institute, and members
of the public) to streamline the regulatory guidance related to RI-IST in a manner that
maintains safety, reduces unnecessary regulatory burden, and enhances public
confidence.
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Abstract
The U.S. Nuclear Regulatory Commission (NRC) staff issued Revision 2 to NUREG1482, “Guidelines for Inservice Testing at Nuclear Power Plant,” to assist the nuclear
power plant licensees in establishing a basic understanding of the regulatory basis for
pump and valve inservice testing (IST) programs and dynamic restraints (snubbers)
inservice examination and testing programs. Since the Revision 1 issuance of NUREG1482, certain tests and measurements required by earlier editions and addenda of the
American Society of Mechanical Engineers (ASME) Code for Operation and
Maintenance of Nuclear Power Plants (OM Code) have been clarified, updated, revised
or eliminated. The revision to NUREG-1482 incorporates and addresses those changes,
and includes the IST programs guidelines related to new reactors. The revised guidance
incorporates lessons learned and experience gained since the last issue. This paper
provides an overview of the contents of the NUREG-1482 and those changes and
discusses how they affect NRC guidance on implementing pump and valve inservice
testing (IST) programs. For the first time, this revision added dynamic restraint
(snubber) inservice examination and testing program guidelines along with pump and
valve IST programs. This paper highlights important changes to NUREG-1482, but is
not intended to provide a complete record of all changes to the document. The NRC
intends to continue to develop and improve its guidance on IST methods through active
participation in the ASME OM Code consensus process, interactions with various
technical organizations, user groups, and through periodic updates of NRC-published
guidance and issuance of generic communications as the need arises. Revision 2 to
NUREG-1482 incorporates regulatory guidance applicable to the 2004 Edition including
2005 and 2006 Addenda to the ASME OM Code.
Revision 0 and Revision 1 to NUREG-1482 are still valid and may continue to be used
by those licensees who have not been required to update their IST program to the 2004
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Edition including the 2005 and 2006 Addenda (or later Edition) of the ASME OM Code.
The guidance provided in many sections herein may be used for requesting relief from or
alternatives to ASME OM Code requirements. However, licensees may also request
relief or authorization of an alternative that is not in conformance with the guidance. In
evaluating such requested relief or alternatives, the NRC uses the
guidelines/recommendations of the NUREG, where applicable.
The guidelines and recommendations provided in this NUREG and its Appendix A do not
supersede the regulatory requirements specified in Title 10 of the Code of Federal
Regulations (10 CFR) 10 CFR 50.55a, “Codes and standards”. Further, this NUREG
does not authorize the use of alternatives to, grant relief from, the ASME OM Code
requirements for inservice testing of pumps and valves, or inservice examination and
testing of dynamic restraints (snubbers), incorporated by reference in 10 CFR 50.55a.
Introduction
The NRC provides licensees guidelines and recommendations for developing and
implementing programs for the IST of pumps and valves and inservice examination and
testing of dynamic restraints (snubbers) at commercial nuclear power plants. In
NUREG-1482, the staff discusses the regulations; the components to be included in an
IST program; and the preparation and content of cold shutdown justifications, refueling
outage justifications, and requests for relief from the ASME Code requirements. The
staff also gives specific guidance on relief acceptable to the NRC and advises licensees
in the use of this information at their facilities. The staff discusses the standard technical
specifications (TS) for the inservice testing program requirements and gives guidance on
the process a licensee may follow upon finding an instance of noncompliance with the
Code.
The NRC issued this NUREG to assist the industry in eliminating unnecessary requests
for relief and to provide guidelines and examples acceptable to the staff that might be
useful to a licensee considering an alternative IST method to that required in the ASME
Code. It is hoped that the guidance in NUREG-1482 will assist the industry in
establishing a consistent IST approach. Implementation of the guidance is strictly
voluntary and may change depending on advancements in technology or IST
techniques. The NUREG also discusses some examples of the use of portions of later
OM Code Editions and Addenda that licensees may implement if the related
requirements stated in the applicable recommendations are met. The NRC guidance
and recommendations provided in this NUREG do not supersede any regulatory
inservice examination and testing requirements specified in 10 CFR 50.55a.
Revision 2 to NUREG-1482 incorporates regulatory guidance applicable to the 2004
Edition including 2005 and 2006 Addenda to the ASME OM Code. It supplements the
guidance and positions in GL 89-04. The 2004 Edition including the 2005 and 2006
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Addenda to the ASME OM Code was incorporated by reference into 10 CFR 50.55a(b)
and became effective on July 21, 2011 (76 FR 36332-36279).
Specifically, the NRC staff is issuing Revision 2 to NUREG-1482 for the following
reasons:
(1)
To provide guidance on the use of portions of the 1995 Edition through the 2004
edition with 2005 and 2006 addenda of the ASME OM Code that the staff has
determined are acceptable to implement pursuant to 10 CFR 50.55a(f)(4)(iv).
(2)
To provide guidance on information to be included in relief requests or
alternatives in order to ensure a more efficient and effective review and approval by the
NRC staff
(3)
To clarify common IST issues that have been identified as a result of NRC
inspections, licensees’ telephone calls or meetings, public meetings, and NRC staff
participation on ASME OM Code committees and user groups.
(4)
To indicate the NRC staff’s views on the acceptability of or the need for caution in
applying certain ASME OM interpretations.
(5)

To consolidate references to various documents that apply to IST.

(6)
To clarify the information to be included in an IST program, the format for relief
requests, alternatives, cold shutdown/refueling outage justifications, and the scope of
IST programs.
(7)
To clarify the staff’s views on certain ASME Code requirements and NRC
regulatory positions.
(8)

To include a regulatory flow chart for development of an IST program

(9)

To include IST program information related to new reactors.

(10) To include dynamic restraint (snubber) inservice examination and testing
program requirements (as Appendix-A)
(11)

Deleted duplicate and incorrect information

(12) Details from Standard Technical Specifications (STS) have been deleted, and
instead STS Section numbers have been provided
(13) Deleted previously attached NEI documents, and instead NEI document numbers
have been provided
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(14) References have been numbered and made available in the NRC public website
(http://www.nrc.gov) and ADAMS
The requirement governing the use of specific ASME OM Code Editions and Addenda is
provided in 10 CFR 50.55a. As later Editions and Addenda to the ASME OM Code are
incorporated by reference into 10 CFR 50.55a, the NRC staff plans to update NUREG1482 as needed to reflect the changes in ASME OM Code requirements or other
regulatory positions and criteria.
Background
On April 3, 1989, the NRC issued Generic Letter (GL) 89-04, “Guidance on Developing
Acceptable Inservice Testing Programs.” It addressed frequently encountered issues
such as relief requests, procedural implementation, and technical specification
provisions for operability and included 11 technical positions used by the staff in
reviewing IST program relief requests and described acceptable alternatives to the Code
requirements. The positions in GL 89-04 were not for voluntary implementation in all
cases, since the staff requested certain licensees implement the positions of the generic
letter. Since the issuance of GL 89-04, the NRC has recognized the need for more
focused regulatory initiatives regarding IST by revising 10 CFR 50.55a, issuing specific
IST guidance such as NUREG-1482, creating a new regulatory guide for approving
ASME OM Code cases, and coordinating with ASME to sponsor periodic symposia on
pump and valve issues. On June 21, 2011, the NRC incorporated by reference into
paragraph 50.55a(b)(3), the 2004 Edition up to and including the 2005 and 2006
Addenda of the ASME OM Code. The ASME OM Code in Subsections ISTB, ISTC and
ISTD specify the IST requirements for pumps and valves, and dynamic restraints
(snubbers) respectively.
NUREG-1482, Revision 2 is an update incorporating regulatory changes up to and
including the ASME OM Code, 2004 Edition with 2005 and 2006 Addenda. When using
the ASME OM Code (1995 Edition including the 1996 and 1997 Addenda through the
2004 Edition with 2005 and 2006 Addenda), the recommendations and guidance in
NUREG-1482, Revision 2 essentially replaces the positions in GL 89-04. This document
discusses the use of these later Editions and Addenda to the OM Code, which may be
implemented by licensees pursuant to 10 CFR 50.55a(f)(4)(iv) and gives guidance for
obtaining approval pursuant to 10 CFR 50.55a(f)(4)(iv) when updating an IST program
(or portion of the program) to the requirements of a later OM Code.
Discussion
The format of the revised NUREG follows the format of the NUREG-1482, Revision 1
and a typical IST program plan (i.e., Development and Implementation, General
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Guidance, Valves, Pumps, Technical Specifications, Code Non-Compliance, and RiskInformed Inservice Testing). The newly added Appendix-A contains inservice
examination and testing of dynamic restrains (snubbers). Throughout the General
Guidance, Valves, and Pumps sections, IST requirements for which licensees have
requested relief or proposed alternatives are discussed, and guidance is provided on the
type of information that should typically (or in some cases must) be included. They also
discuss Code and regulatory issues and provide recommendations and guidance as
needed. The discussions of issues and recommendations are not intended to impose
additional requirements beyond that required by the Code or the regulations and, as
such, do not represent backfits. Rather, these discussions are intended to clarify
existing requirements of the Code or the regulations and may provide recommendations
to ensure that Code and other regulatory requirements continue to be met.
Section 1 of NUREG-1482 provides regulatory basis, regulatory history of NRC staff
guidance on IST, and synopsis of this report.
Title 10, Section 50.55a, “Codes and Standards,” of the Code of Federal Regulations (10
CFR 50.55a) defines the requirements for applying industry codes and standards to
boiling- or pressurized-water-cooled nuclear power facilities. Each of these facilities is
subject to the conditions in paragraphs (a), (b), (f), and (g) of 10 CFR 50.55a, as they
relate to inservice inspection (ISI) and inservice testing (IST).
The American Society of Mechanical Engineers (ASME) Code for Operation and
Maintenance of Nuclear Power Plants (OM Code) is a national, voluntary consensus
standard. The NRC approves or mandates the use of editions and addenda to the
codes in 10 CFR 50.55a through the rulemaking process of “incorporation by reference.”
Once the ASME Codes’ Edition or Addenda is incorporated by reference into the NRC’s
regulations, each provision of the codes that 10 CFR 50.55a incorporates by reference
and mandates constitutes a legally binding NRC requirement imposed by rule.
As of July 21, 2011, the NRC regulations in 10 CFR 50.55a(b)(3) incorporate by
reference the 1995 Edition through the 2004 Edition with 2005 and 2006 addenda of the
ASME OM Code promulgated by the ASME, in which Subsection ISTA provides general
IST requirements and Subsections ISTB, ISTC, and ISTD provide the IST requirements
for pumps, valves, and dynamic restraints, respectively. Based on those requirements,
each of the NRC’s nuclear power plant licensees must establish IST programs, specify
the components included in the program as well as the test methods and frequencies for
those components, and implement the program in accordance with the OM Code.
Where a test requirement of the OM Code is determined to be impractical for a facility,
the NRC’s regulations in 10 CFR 50.55a(f)(5)(iii) allow the licensee to submit a request
for relief from the given requirement, along with information to support the determination.
Relief requests generally detail the reasons for deviating from the Code requirements
and propose alternative testing methods or frequencies. Under 10 CFR 50.55a(f)(6)(i),
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the Commission is authorized to evaluate licensees’ relief requests, and may grant the
requested relief or impose alternative requirements, considering the burden that the
licensee might incur if the Code requirements were enforced for the given facility.
Pursuant to 10 CFR 50.55a(a)(3)(i) and (ii), the Commission may also authorize the
licensee to implement an alternative to the Code requirements, provided that the
alternative ensures an acceptable level of quality and safety or the Code requirement
presents a hardship without a compensating increase in the level of quality and safety.
The 10 CFR 50.55a(f)(5)(iv) and 10 CFR 50.55a(g)(5)(iv) requires that where a pump or
valve or snubber test, requirement by the code or addenda is determined to be
impractical by the licensee and is not included in the IST program, must be submitted for
NRC review and approval not later than 12 months after the expiration of the initial 120month interval of operation from the start of the facility commercial operation and each
subsequent 120-month interval of operation during which the test is determined to be
impractical.
The 10 CFR 50.55a regulations are applicable to pump and valve IST programs at
operating reactors and are discussed throughout this NUREG. As a result of the unique
wording in various paragraphs, note that the NRC authorizes licensee-proposed
alternatives in accordance with 10 CFR 50.55a(a)(3), grants relief and imposes
alternative requirements in accordance with 10 CFR 50.55a(f)(6)(i) and 10 CFR
50.55a(g)(6)(i), or approves the use of later code editions and addenda in accordance
with 10 CFR 50.55a(f)(4)(iv) and 10 CFR 50.55a(g)(4)(iv).
Section 2 of NUREG-1482 discusses the development and implementation of an IST
program. It describes compliance considerations (including ASME OM Code Cases
Applicability), discusses the scope of an IST program, and provides guidance for
presenting information in IST programs, including cold shutdown justifications, refueling
outage justifications, and relief requests. The section includes a sample list of plant
systems for boiling-water reactors (BWRs) and pressurized-water reactors (PWRs) that
typically (but not necessarily) contain Code pumps or valves that perform a safety
function. The section also includes information needed for licensees to establish the
tests and test frequencies proposed for pumps and valves in an IST program.
With the incorporation by reference of the ASME OM Code into 10 CFR 50.55a, the
NRC staff developed Regulatory Guide (RG) 1.192, “Operation and Maintenance Code
Case Acceptability, ASME OM Code.” At the same time, the NRC staff also developed a
Regulatory Guide (RG) 1.193, “ASME Code Cases not Approved for Use.” Both of
these two new regulatory guides were issued for the first time in June 2003. The
licensee may implement the Code cases listed in RG 1.192 without obtaining further
NRC review, if the Code cases are used in their entirety, with any supplemental
conditions specified in the regulatory guide.
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NEI issued its white paper entitled; “Standard Format for Requests from Commercial
Reactor Licensees Pursuant to 10 CFR 50.55a, Revision 1” dated June 2004. The white
paper provides useful guidance in determining the appropriate regulatory requirement
under which a “relief request” is submitted to the NRC for approval as well as the
appropriate format and content to use in the request. The term “relief request” is used
loosely in this instance to denote the various types of submittals to the NRC allowed by
10 CFR 50.55a including alternatives to the regulation [10 CFR 50.55a(a)(3)], impractical
relief requests [10 CFR 50.55a(f)(5)(iii)], and requests to use later Code Editions and
Addenda [10 CFR 50.55a(f)(4)(iv)]. The NEI white paper has been reviewed by NRC
staff, and the staff generally agrees with the format and content in the white paper and
encourages its use.
Occasionally, the NRC receives IST program submittals or partial submittals that lack
the start and end dates of the 120-month IST interval or the specific Code Edition and
Addenda in use. Some licensees, when developing their IST programs, were not aware
that the regulations are issued or updated throughout the year through issuance of
Federal Register notices. The Code of Federal Regulations is a codification of the
general and permanent rules published in the Federal Register, and is kept up to date by
the individual issues of the Code of Federal Regulations to determine the appropriate
Code Edition and Addenda as required in 10 CFR 50.55a(b) rather than the effective
date of the rule as noted in the Federal Register notice. Consequently, a more recent
Code Edition and Addenda may have been incorporated by reference in 10 CFR
50.55a(b) as noticed in the Federal Register, which resulted in the program being
developed to an incorrect edition of the Code. Accordingly, these two publications must
be used together to determine the latest version of any given rule. Without this
understanding, some licensees mistakenly have used the revision date
NUREG-1482, Section 3 provides guidance and NRC recommendations for several
general aspects of IST. The clarification and guidance in this section are divided into
three categories; (1) inservice test intervals/frequencies, (2) testing at power/on-line
testing/entry in limiting conditions for operation (LCOs), and (3) preconditioning. With
regard to test intervals, the NRC may approve relief for extending a test interval for
extenuating circumstances in which (1) compliance would result in hardship or unusual
difficulty without a compensating increase in the level of quality and safety, or (2) the
system design makes compliance impractical. Impractical conditions justifying test
deferrals are those that could result in an unnecessary plant shutdown, cause
unnecessary challenges to safety systems, place undue stress on components, cause
unnecessary cycling of equipment, or unnecessarily reduce the life expectancy of the
plant systems and components. Any requested relief would typically include a technical
justification for the deferment. The ASME OM Code Subsections ISTB and ISTC allow
deferred testing until a cold shutdown or to a refueling outage, if testing is not practicable
at power. The NRC staff believes that it is better to defer testing as allowed by the
Code, rather than entering into an LCO ACTION to perform IST or requesting approval
of a relief or exemption to perform IST without entering into LCO ACTION.

144

Pre-conditioning of structures, systems, and components (SSCs) continues to be an
issue of discussion between licensees and NRC staff. In Information Notice (IN) 97-16,
“Preconditioning of Plant Structures, Systems, and Components Before ASME Code
Inservice Testing or Technical Specification Surveillance Testing,” the NRC staff
discussed the longstanding concern regarding unacceptable preconditioning of plant
SSCs before testing. The staff noted that experience has demonstrated that some
testing cannot be performed without disturbing or altering the equipment. The staff also
indicated that any such disturbance or alteration would be expected to be limited to the
minimum necessary to perform the test and to prevent damage to the equipment. The
staff alerted licensees that, in certain cases, the safety benefit of some preconditioning
activities might outweigh the benefits of testing in the as-found condition.
Where the ASME Code does not provide specific provisions related to as-found testing
of a pump or valve in the IST program, the staff considers acceptable preconditioning to
include such activities as (1) periodic venting of pumps which is not routinely scheduled
directly prior to testing but may occasionally be performed before testing; (2) pump
venting directly prior to testing provided the venting operation has proper controls with a
technical evaluation to establish that the amount of gas vented would not adversely
affect pump operation; (3) occasional lubrication of a valve stem prior to testing of the
valve where stem lubrication is not typically performed prior to testing; and (4)
unavoidable movement due to the set-up and connection of test equipment. In each
instance of acceptable preconditioning, the licensee is expected to have a documented
evaluation of the preconditioning activity and justification for continued confidence in the
IST program to assess the operational readiness of the pump or valve. Unacceptable
preconditioning of pumps and valves in the IST program includes such activities as (1)
routine lubrication of a valve stem prior to testing the valve; (2) operation of a pump or
valve shortly before a test if such operation could be avoided through plant procedures
with personnel and plant safety maintained; and (3) venting a pump immediately prior to
testing without proper controls and scheduling. Further clarification and guidance is
provided in NUREG 1482, Section 3.5.
In an effort to shorten refueling outages, an increasing number of licensees are
scheduling maintenance, testing, and surveillance activities while the nuclear power
plant is online.
Several licensees have submitted relief requests to the NRC to conduct inservice testing
once per refueling cycle, as opposed to during the refueling outage as required by the
Code. The NUREG describes several factors to take into consideration when preparing
such requests.
NUREG-1482, Section 4 provides guidance and recommendations on valve issues.
Revision 2 addresses check valves, power-operated valves (e.g., motor-, air-, and
hydraulically-operated valves), safety and relief valves, and miscellaneous valves such
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as manual valves and pressure isolation valves. Since the issuance of Revision 1, there
have been major changes and developments in the ASME OM Code and IST
knowledge, technology, philosophy and methodology. Therefore, the NUREG section
on valves was updated accordingly. The complete depth and breadth of the individual
changes are too numerous to mention in this paper.
Ongoing issues with regard to check valve categorization, requirements, and test
methods are addressed. The current issues and guidance with regard to stroke-time
testing of power operated valves are discussed in detail as well as verification of position
indication. NUREG-1482, Section 4 also provides guidance on instrumentation and
instrument accuracy. Section 4 provides guidance on relief valves as well as
miscellaneous valves, such as manual valves, and pressure isolation valves.
As operating experience with the recent Code changes grows, issues regarding valve
IST will continue to emerge and be resolved. The NRC intends to continue to update
and improve its IST guidance through participation in standards development
organizations and technical groups, issuance of generic communications such as
information notices, regulatory issue summaries, and generic letters as well as through
regular updates of NRC guidance documents (e.g., NUREG-1482) as the need arises.
Revision 2 to NUREG-1482 incorporates generic communications issued up to June 21,
2011. It is recommended that a search of recent communications be performed when
evaluating issues regarding valve IST.
NUREG-1482, Section 5 provides guidance and recommendations on pump issues.
Revision 2 addresses the use of reference curves, evaluation of pump vibration, the
comprehensive pump test (CPT), minimum flow lines, instrument and equipment
accuracy, pump drivers as well as other issues of interest in the IST of pumps. Since
the issuance of Revision 1, there have been changes and developments in the ASME
OM Code and IST knowledge, technology, philosophy and methodology. Therefore, the
NUREG section on pumps was updated accordingly. The complete depth and breadth
of the changes are beyond the limits of this paper. However, new issues and reference
to the Institute of Electrical and Electronics Engineers (IEEE) Standard for pump drivers
are briefly discussed.
Pump drivers are outside of the scope of the ASME OM Code with the exception of
vibration testing for vertical line shaft pumps where the driver is an integral part of the
pump. Most of the pumps are driven by electric motors, which are connected via
coupling shafts. Motor vibration due to coupling misalignment may not be realized or
measured at the pump, and small changes in vibration of a motor can have significant
effects on the pump operation and the operational readiness.
IEEE Standard 741-2007, “IEEE Standard Criteria for Protection of Class 1E Systems
and Equipments in Nuclear Power Generating Station,” briefly addresses the vibration
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issues, and refers to IEEE C37,96-2000, “IEEE Guide for AC Motors Protection, for
motors.
NUREG-1482, Section 6 discusses standard technical specifications (STS) and provides
references to NUREG-1430 through NUREG-1434 for various STS. The purpose of a
pump or valve inservice test is to detect component degradation by assessing
component performance in relation to operating characteristics when the component
was known to be operating acceptably. Thus, the data or information obtained during
these tests provides insight into the ability of a component to perform its safety-related
function under design-basis conditions until the next test. In contrast, technical
specification establish operational requirements, e.g., the capability of a system or
component (e.g., pump) to perform the specified safety functions of its design (deliver
the required flow rate), within the required range of physical conditions, initiation times,
and mission times in the current licensing basis (CLB). Technical specifications
requirements are in addition to requirements under 10 CFR 50.55a to establish and
implement an inservice testing program.
The details which were contained in Section 7 of NUREG-1482, Revision 1, have been
deleted. NUREG-1482, Revision 2, Section 7 referred to newly added Section 2.1.4 for
the Code nonconforming conditions of components, along with references to standard
technical specifications for limiting condition for operation (LCO).
NUREG-1482, Section 8 discusses the development of a risk-informed IST program. In
recent years, the potential for a risk-based or risk-informed approach to inservice testing
has received much attention and study by both NRC and industry. As of the publication
of this paper, only two licensees have risk-informed IST programs, Comanche Peak
Steam Electric Station and San Onofre Nuclear Generating Station (which is shutdown
now). The section discusses the regulatory basis for a risk-informed program, the use of
risk insights for on-line inservice testing, and the use of ASME OM risk-informed Code
cases. Until such time as a risk-informed alternative to the current Code requirements is
incorporated by reference into 10 CFR Part 50, the alternative approach described in
Regulatory Guide 1.175 must be authorized by the NRC pursuant to 10 CFR
50.55a(a)(3)(i) on a plant-specific basis prior to implementation. Because 10 CFR
50.55a(a)(3)(i) places no restrictions on the scope of alternatives that may be
authorized, licensees may propose risk-informed alternatives to their entire inservice
testing program or may propose alternatives that are more limited in scope (e.g., for a
particular system or group of systems, for a particular group of components). In either
case, the staff expects that the licensee’s proposal address the principles described in
Regulatory Guide 1.175, including those related to implementation and monitoring. In an
effort to shorten refueling outages, many licensees are trying to do as much
maintenance, testing, and surveillance activities as possible with the nuclear power plant
on-line. For example, several licensees have submitted relief requests to the NRC to
conduct inservice testing once per refueling cycle, as opposed to during the refueling
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outage as prescribed by the Code. Section 8 discusses several factors to be taken into
consideration when preparing (and in evaluating) such relief requests to ensure that the
proposed alternative provides an acceptable level of quality and safety. The list is not all
inclusive but does provide a useful starting point. Over the past several years, the
ASME has developed a series of risk-informed Code cases related to testing of pumps
and valves. When using the ASME’s risk-informed Code cases, the testing and
performance monitoring of individual components must be performed as specified in the
risk informed component Code cases (e.g., OMN-1, OMN-4, OMN-7, OMN-11, and
OMN-12) as modified by any conditions specified in RG 1.192. The use of the Code
cases is discussed in both Section 2 and Section 8 of NUREG-1482. The information
contained in these sections is not new but, rather, combines information from previously
issued sources into one common area.
The ASME Committee on Operation and Maintenance of Nuclear Power Plants (ASME
OM Committee) has developed a new Subsection ISTE of the OM Code addressing the
risk-informed inservice testing. Subsection ISTE has been already published in the 2012
Edition of the ASME OM Code 2012. NRC is currently reviewing this Code to be
incorporated into the 10 CFR 50.55a.
Highlights of the New Sections Added under Revision 2
(1)

(2)

New Sections Added under Section 2.1, “Compliance Consideration”
•

2.1.2

Conditions to the ASME OM Code
Contains the reasoning for the 5 Conditions applied to the use of ASME
OM Code.

•

2.1.3

Voluntary Use of Later Edition and Addenda to the ASME Code
Outlines expectations of licensees when requesting use of later editions
of the ASME Code.

•

2.1.4

Identification of Noncompliance
This Section includes guidance on resolving degraded and
nonconforming conditions, and references RIS 2005-20, Revision 1,
“Revision to NRC Inspection Manual Part 9900, Technical Guidance,
operability Determinations & Functionality Assessments for Resolution of
Degraded or Nonconforming Condition Adverse to Quality or Safety.”

•

2.1.5

ASME OM Code Interpretations
Cautions licensees when applying interpretations, that NRC may not
accept interpretations.

New Sections Added under Section 2.5, Request and Proposed Alternative
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•

2.5.4

Revising NRC-Authorized Relief or Alternative
10 CFR 50.59 may not be used to revise an NRC-authorized relief or
alternative.

•

2.5.5

NRC Temporary Verbal Authorization of an Alternative
Provides conditions when a temporary verbal authorization may be used.

•

2.5.6

NRC Approval of Proposed Alternatives Similar to Prior NRC Approved
Alternatives
Provides guidance to licensees when submitting alternative requests for
subsequent 10-year IST intervals. Recommends reviewing new
applicable Code and Code Cases.

(3)

New IST issues identified (sections added) since NUREG-1482, Revision 1
•

4.2.11 Online Check Valve Sample Disassembly and Inspection
While submitting relief request for online check valve group sample
disassembly and inspection, the licensee should fully describe how it
plans to comply with the requirements in ISTC-5224. The plan
description also should include information on management of
examination and testing of all group valves should a valve be declared
inoperable as a result of the inspection.

•

5.11

Waterleg Pumps
Provides guidance to licensees when requesting alternatives for BWR
Group A waterleg pump tests. Requests should explain how the pump
discharge pressure is monitored, the main emergency core cooling
system (ECCS) header is verified to be full of water, what is the pump
vibration monitoring frequency, and any other maintenance or testing
activity performed to ensure the pump will continue to meet its intended
function.

•

5.12

Smooth-Running Pumps
Provides guidance for requesting alternate acceptance criteria for
smooth-running pumps. Requires inclusion of these pumps in a
predictive maintenance (PdM) program.

•

5.13

Vibration-Measuring Transducers
–
Licensee requests to use this alternative are generally no
longer authorized by the NRC.
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–

•

(4)

5.14

Vibration-measuring transducers and their readout system can
now be procured from various suppliers at a reasonably low
cost due to technology advancement and research work
performed in the field of instrumentation.

Motor Drivers for Pumps (previously Section 5.11)
Applicable Institute of Electrical and Electronic Engineers (IEEE)
standards are referenced for testing of motor drives for pumps.

Added New Sections related to New Reactors
•

2.7

Developing IST Program for New Nuclear Power Plants
Provides guidance on the design of plant systems for the development of
an IST program minimizing the need for relief from the ASME OM Code
provisions.

•

4.1.11 Check Valves in New Reactors
New design must provide the means for bi-directional testing of check
valves within the scope of IST.

•

4.2.12 Power-Operated Valves (POVs) in New Reactors
Diagnostic testing of POVs is a part of IST program.

•

4.4.8

Pyrotechnic-Actuated Valves in New Reactors
The NRC may impose license conditions above and beyond the
requirements of the ASME OM Code when issuing combined operating
licenses.

•

5.15

Pumps in New Reactors
New power plants are to be designed to allow full flow testing of pumps in
the IST program, when the plant is operating.

(5)
Added New Figure 2.1, “Flow Chart –Development of IST Program for Pumps &
Valves.” This chart provides a quick guidance of the following:
•
•
•

Regulation 10 CFR 50.55a for development of the 10-year IST program for
pumps and valves
Submittal of relief request/alternative during development of IST program
Submittal of IST program to regulatory authority (NRC)

(6)
Added New Appendix A, “Guidelines for Inservice Examination and Testing
Program for Dynamic Restraints (Snubbers) at Nuclear Power Plants” which includes:
•

Regulatory Basis – 10 CFR 50.55a
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•
•
•
•

•
•
•
•
•
•

Regulatory History of Staff Guidance on IST of Snubbers
Compliance Consideration
Developing and Implementing inservice examination and IST of snubbers
Scope of Snubber IST program
•
Visual Inservice Examination
•
Inservice Testing
•
Service Life Monitoring
Snubber Program Documentation Requirements
Snubber Program Plan and its Update Documents
Relief Requests and Proposed Alternatives
Repair and Replacement of Snubbers
Developing Snubber Program for New Nuclear Power Plants
Flow Chart – Figure A2.1, Development of Preservive and Inservice and Testing
Program for Snubbers provides the quick guidance of the following:
•
Regulation 10 CFR 50.55a for development of the 10-year snubber
program for snubbers
•
Submittal of relief request/alternative during development of snubber
program
•
Submittal of snubber program to regulatory authority (NRC)

Conclusion
Since the issuance of NUREG-1482, Revision 0 and Revision 1, the NRC has updated
and improved its guidance on performing IST. The NRC intends to continue to revise its
guidance as experience is gained and lessons are learned through participation in Code
and technical organizations and through regular updates of NRC published guidance as
the need arises. Revision 2 to NUREG-1482 is an update incorporating the most recent
regulatory changes including the incorporation by reference of the ASME OM Code,
2004 Edition including 2005 and 2006 Addenda. For the first time, this revision added
dynamic restraint (snubber) inservice examination and testing program guidelines along
with pumps and valve IST programs. To the extent practical, it reflects the applicable
section, subsection, or paragraph of the appropriate documents (10 CFR Part 50, ASME
OM Code, and regulatory guides). Revision 0 and Revision 1 are still valid and may
continue to be used by those licensees who have not updated their IST program to the
1995 OM Code (or later). The requirement for licensees to periodically update their IST
programs to later ASME OM Code Editions and Addenda is governed by 10 CFR
50.55a. In the future, NUREG-1482 will be updated on an ‘as-needed” basis, as Code
requirements evolve or other regulatory changes in direction affect the guidance therein.
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Figure 2.1: Development of Inservice Testing Program for Pumps and Valves
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Abstract
The reliability of check valves is paramount to the safe operation of plant systems. This
paper provides a description of the benefits of applying advanced phased array
techniques to establish the operational readiness of swing-check valves in the static or
dynamic operational modes. In addition, a utility model perspective is described
explaining how the Phased Array Sectorial Scanning (PASS) data assessments can be
used to support operational predictive maintenance decisions. A collaborative effort
between Arizona Public Service Co., the Palo Verde plants, and IHI Southwest
Technologies, Inc. (IHI), was realized when IHI personnel applied Phased Array
Sequence Scanning techniques to swing-check valves operating in the closed static
position, as well as to three identical valves operating in the dynamic open positions in
Palo Verde Units 1, 2 and 3 respectively.
Introduction
Conventional ultrasonic inspection techniques have long been applied to a variety of
components in an effort to determine their structural integrity and operational readiness.
The ultrasonic inspections typically are performed to detect and size both fabrication and
service-induced defects. Defects such as cracks, buried and near-surface welding flaws,
minimum wall thickness, degraded material properties, and other anomalies affecting
structural integrity have all been evaluated using conventional ultrasonic techniques.
Industrial ultrasonic applications date back to the early 1950s. Moving forward to the
1960s, the development of ultrasonic phased array systems were first seen as a result of
research efforts and the development of transducers with multiple elements allowing the
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control of ultrasonic beams. From a commercial perspective, the first phased array
systems for use in medical diagnostic applications appeared in the mid-1970s. In the last
decade and a half, industrial applications have evolved. This rapid development of
associated technologies that drive phased array systems is responsible for the trend.
In 2012, IHI launched a research and development program to investigate the
applications of phased array ultrasonic to components not typically considered to have
ideal configurations. The components include swing-check, piston, dual-disc, tilting-disc,
gate, and globe valves and pump impeller movements. IHI’s goal was to leverage its
existing phased array qualifications for similar and dissimilar metal welds in reactor
vessels to applications outside what is considered typical at nuclear power stations.
Definition of IHI Phased Array Sectorial Scanning (PASS)
Phased array ultrasonic is a method of generating and receiving ultrasound. Sweeping
beams are generated by the use of multiple element probes and electronic time delays,
thus creating constructive and destructive interferences. The delays are programmed to
generate beams at a given angle in relation to a target. The PASS technique uses
phased array probes to capture the interaction of the sound waves with the valve
components’ assemblies and/or body structure. Sound waves are propagated through
the valve bonnet and body at strategic locations to target key components of the valve.
The resulting sound-beam interactions are in turn captured as a function of time and
cataloged by site unit number, system, and valve serial number. The time- captured data
is then post-processed and analyzed. In terms of ultrasonic signature, a given valve’s
conditions in static or dynamic operation can now be captured and a signature database
developed for each valve in each system. The PASS tests can be applied in any
combination as follows:

Figure 1: PASS Bidirectional Dynamic Test
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Figure 2: PASS Valve Gas Detection Test

Figure 3: PASS Valve Catastrophic and Foreign Material Detection Test

Figure 4: PASS Nut Arm Vertical Measurement Test
In combination these tests can provide high-confidence data to support operational
readiness and predictive maintenance decisions about a given valve.
Definition of IHI PASS Bidirectional Test
Operational readiness of a valve can be verified by exercising the valve to its designed
open and closed limits. This test is known as a bidirectional test. When PASS testing is
performed during a bidirectional test, the data captured reflects the actual disc arm
assembly’s steady-state closed position, movement dynamics, and open position.
Figure 5 depicts a typical PASS bidirectional test setup.
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Figure 5: 3D Model of a Check Valve with Phased Array Transducers
During bidirectional testing, the data from multiple angles is captured in raw ultrasonic
form as depicted in Figure 6. Analysis from data can be performed in single or merged
combining all angles.

Figure 6: Position of the disk and arm as a function of time
Note 1: When the valve is situated in the closed position, lower-amplitude ultrasonic
reflections (where amplitude refers to the amount of energy reflected) can be seen as a
result of sound waves interacting with the disc and arm assembly. In the closed position,
ultrasonic beam miss orientation angles are higher and result in less energy reflection.
A miss orientation beam angle is any beam angle which does not strike the target at

160

perpendicular. However, sufficient echo response is seen to form a flat baseline as
indicated by the note pointer. The flat line indicates the valve disc is sitting in a
steady-state closed position.
Note 2: As the disc/arm assembly rises to the open position, a slope is recorded. The
vertical slope angle indicates how fast the disc arm assembly moves from closed to
open position at the backstop. A steep vertical slope would indicate a fast time to
backstop opening. Because flow rate is being captured and synchronized with the PASS
test, the data can be considered as part of the final analysis.
Note 3: When the disc reaches the backstop at the end of the slope, a horizontal line can
be seen forming at a given distance. Note that the amplitude has also moved from blue
to red indicating higher amplitude. The higher amplitude is attributed to the
miss-orientation angles of the ultrasonic beams being reduced by the movement of the
disc arm assembly. More ultrasound energy is now being reflected. Also note that the
signal is flatlined, indicating a complete opening to backstop position with no fluttering.
Fluttering at any point during the test can indicate pin wear. This topic is discussed
further in the comparative data section.
Notes 4 & 5: This closure slope represents the time it takes for the valve to reach its
closed position. In this case a slight pause can be seen near the mid-slope. The slight
delay could be indicative of pin wear or other abnormal conditions, perhaps a precursor
to a valve in need of maintenance or monitoring more frequently. This topic is discussed
later in the comparative analysis section.
Note 6: Here we see the valve returning to the steady-state closed position. When the
valve is situated in the closed position, lower amplitude ultrasonic reflections (amplitude
refers to the amount of energy reflected) can be seen again as when the test was
initiated. The flat line is indicative that no fluttering or leakage is detected by PASS
indicating that the valve has returned to the closed position.
Comparative Analysis of PASS Test Sequences
In this comparative analysis, shown on Figure 7, we can see the data results of four
PASS test sequences conducted on a four-inch swing-check valve mounted in the
horizontal position. The intent was to simulate the behavior under four different
conditions during a series of bidirectional experiments conducted with the same valve.
The tests were conducted on the IHI flow loop developed for PASS research. The flow
loop is capable of 34.7 liters per second (L/s) [550 (gallons per minute) gpm] and is
programmable using a variable-frequency controller which allows the programming of
different flow conditions.
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Test Sequence 1
In this test sequence the valve opens steadily to the maximum open position. During the
closing slope, a slight delay in closing can be observed. Typically the bidirectional test
cycle can be performed once or twice. It depends on the site’s technical specification or
procedures controlling the test. A second test provides a repeatability observation on
valve behavior. In this test sequence we can conclude that the valve reached its design
maximum open position and returned to its closed position. A slight delay during the
closure can indicate the first signs of abnormal behavior. The delay observation is
considered aberrant and a recommendation can be made to monitor the valve more
frequently.
Test Sequence 2
In this test sequence the valve opens and closes steadily to the minimum and maximum
positions. No aberrant behavior is noted in the open and closure slopes. This test
sequence represents an expected valve design behavior. It can be concluded that
operational readiness can be supported by this data.
Test Sequence 3
In this test sequence the valve aberrant behavior is immediately detected. At the
steady-state closed position fluttering can be observed. The valve opens to the
maximum position but is accompanied by a fluttering condition. The fluttering condition
can be seen during the closed position, and at the closure slope. In addition, a slight
closure delay is observed. It can be concluded that the PASS data does not support
operational readiness of this valve. Excessive pin wear can induce this type of fluttering
behavior. A recommendation for proactive maintenance is supported by the ultrasonic
testing (UT) data.
Test Sequence 4
In this test sequence the valve opens and closes steadily to the minimum and maximum
positions. No aberrant behavior is noted in the open and closure slopes. This test
sequence represents an expected valve design behavior. It can be concluded that
operational readiness can be supported by this data.
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Figure 7: Comparative Analysis of PASS Sequences
Definition of IHI PASS Visualization Software
IHI recognized the need to make raw ultrasonic data user-friendly. Most ultrasonic data
requires analysis by experienced or certified personnel in ultrasonic discipline.
Recognizing this as a challenge, the PASS Visualization Software platform was
developed. The intent was to provide an analysis bridge between raw ultrasonic data
and valve experts not trained in the ultrasonic discipline. PASS visualization software
accomplished this goal by developing a 3-dimensional parametric valve model and
constraining the raw ultrasonic data to the model. This interactive approach gives
check-valve engineers a comprehensive method to recreate the inspection results as
they occurred in the field. The valve dynamics can now be observed, measured, and
compared to those shown by the ultrasonic signatures of similar valve models.
Trend-able attributes such as disc flutter, disc travel angle, and disc travel velocity can
be measure and saved for future comparisons. The potential now exist for fleetwide
comparison of static and dynamic ultrasonic signatures where valves are in service in
similar systems and functional roles. Figure 8 below shows the IHI PASS Visualization
Software 2D interface.
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Figure 8: PASS Visualization 2D Interface
In the PASS 3D visualization software interface shown in Figure 9, the disc arm
assemblies are superimposed within the valve model. The data demonstrates test
sequences simulation from July 8, 1995 and June 28, 2001. The blue disc represents
the 1995 data and concurrently the red disc represents the 2001 data. This interface
allows check-valve engineers to assess the differences in valve behavior between test
sequences taken during different outages. From this analysis, engineers can make
important decisions regarding operational readiness or predictive maintenance.
Definition of PASS Gas Detection Test:
In certain situations, gas is known to exist in plant piping systems. The gas pocket
between the fluid and the bonnet will impede the ultrasonic waves. PASS uses two
probes as shown in Figure 10 to project sound waves into the bonnet, which in turn
propagate through the fluid and exit through the bottom valve body. Because the bonnet
and body probes are programmed as receivers and transmitters, correlated signals will
be seen if the valve is full of fluid. Essentially, the sound waves have completed the trip
from bottom of the valve to the top of the valve and vice versa.
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Figure 9: PASS Visualization 3D Interface
When a gas pocket exists in the valve body, no signals will be detected by the receiving
probes because the sound propagation has been stopped by the gas interface. For this
type of scenario PASS reprograms the probes in the pulse echo mode. Each probe will
now transmit and receive its own sound waves. In this mode the signal from to the
water-gas interface can be seen by the body probe located on the bottom of the valve.
By calculating the time of flight to the gas fluid interface and considering the valve’s
vertical dimensions the size of the gas pocket can be determined.
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Figure 10: Gas-Pocket Detection Mode

Figure 11: Gas-Pocket Sizing Detection
Mode

Figure 12: Signal projection with no interference
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Figure 13: Signal projection with gas-pocket interference
Definition of PASS Catastrophic Failure and Assessment Test for Foreign-Material
Exclusion (FME)
A catastrophic failure is defined as a total disengagement of the disk caused by a stud,
nut, or pin failure. The first scenario, depicted in Figure 14, simulates this failure
condition in which minimum to no flow occurs. The disk assembly will lie at the bottom of
the valve and possibly show subtle movements as a function of flow rate. The second
scenario, in Figure 15, simulates a high flow condition in which the disk is lifted and held
against the internal flange port.

Figure 14: Catastrophic Disk Failure as Seen with No Flow
(Disk Lying at Bottom)
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Figure 15: Catastrophic Disk Failure as Seen with High Flow
(Disk is Lifted)

When an item causing large amounts of interference, such as a disc, is lying at the
bottom of the valve, it will totally block the ultrasonic sound from the receiving probe. The
sound waves cannot complete the trip from bottom to the top of the valve and vice versa.
PASS uses the same probe test configuration used to detect gas pockets, as shown in
Figure 18. Two probes are programmed in transmit and receive mode. When no
interference (i.e., from gas or a disc) exist, the ultrasound waves complete the path from
one probe to the other as shown in Figure 16. The high-amplitude signal in A-scan
shows no obstruction along the time of flight path. This would indicate, with high
confidence, that the valve bowl area is clear of foreign material or gas interference.
When the disc is lying at the bottom of the valve, sound will not propagate from the
transmitter to the receiving probe and therefore no signal will be detected (A-scan, on
Figure 17, shows lack of the time of flight peak).
The lack of the peak amplitude response could indicate either of two possible scenarios:
Either there is gas at the top of the valve or there is a foreign material at the bottom of
the valve bowl (Figure 19).

168

Figure 16: Signal projection with no interference

Figure 17: Signal projection with gas or disc interference

Figure 18: Signal projection with no interference
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Figure 19: Vertical Position Test of the Arm Disc Retaining-Nut Assembly
Definition of the Vertical Position Test for the Arm/Disc Retaining-Nut Assembly
The purpose of this test is to assess the condition of the arm disc assembly and to
provide a vertical measurement from the bonnet or body to the nut location. This
dimension can then be compared to design drawings. Any variations can indicate wear
in the arm hole through which the disc stud attaches to the arm. This test requires the
probe to be placed directly above the disc arm assembly. The sound beams interact with
the nut/arm assembly. The nut/arm assembly forms an ideal corner-type geometry
where the sound energy can reflect and typically generates high-amplitude reflections.
Figure 20 and Figure 21 show an example of the expected high-amplitude signals.
A secondary high-amplitude signal can be seen and represents the sound interacting
with corner-type geometry formed by the nut/stud threaded area.
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Figure 20: End view of Valve Ultrasonic Interaction

Figure 21: Side view of Valve Ultrasonic Interaction
IHI PASS Application at the Palo Verde Nuclear Stations
A collaborative effort between Arizona Public Service Co., Palo Verde plants and IHI
Southwest Technologies, Inc., was realized when IHI personnel applied Phased Array
Sequence Scanning techniques to swing-check valves selected by Palo Verde. The
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PASS inspections were applied to valves operating in the closed static position with no
flow and three identical valves operating in the open positions with constant flow rates in
Units 1, 2 and 3. The following PASS non-intrusive tests were performed.
PASS Bidirectional Dynamic Test
PASS Valve Gas-Detection Test
PASS Valve Catastrophic and Foreign-Material Detection Test
PASS Nut Arm Vertical Measurement Test
Flow-Rate Measurements
Valves with Closed Disc Position and No Flow
Valve 3PCHA-V177
During the field application of the PASS tests, discoveries were made regarding access
to ideal probe positions to obtain data. Initial access inspection found valve nameplates
on top of the bonnet. The nameplates were located at various positions relative to the
geometric center of the bonnet. In conducting the test of valve V177, a Chemical and
Volume Control check valve, the probe positions were adjusted in consideration of
nameplates. For example, for this valve the PASS nut arm vertical measurement tests
were conducted from the valve body.
In conducting the test of valve V177, evidence (Figure 22) showed that the valve was full
of fluid, and no gas or foreign material was detected. Evidence showed that the arm and
disc assembly was still intact. Readings from the UT data show that the Vertical Nut
Position is within an acceptable range when compared against available design
drawings (Table 1).

Figure 22: 3PCHA-V177 Data
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In the test of valve V190 (Figure 23), a Volume Control Tank bypass header check
valve, evidence was found to show that the valve was full of fluid, and no gas was
detected. Evidence showed that the arm and disc assembly was still intact. Readings
from the UT data showed that the Vertical Nut Position was within an acceptable range
when compared against available design drawings.

Figure 23: 3PCHA-V190 Data
Static Test Results
Table 1: Static Test Results of two valves from Palo Verde

Valves Operating with an Open Disc Position
Data was collected on valves 1PNCN-V020, 2PNCN-V020, and 3PNCN-V020, Essential
Cooling Water Supply to Normal Chiller header check valves. The valves were operating
in the open position with flow. PASS tests were conducted from the valve bonnet
(Figure 1). The raw data was processed and then analyzed in the PASS Visualization
Software. The fluttering signals of all three valves were recorded and compared against
each other. Two valves, 1PNCN and 2PNCN, had a similar fluttering pattern and were
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located in a mid-open position. However, valve 3PNCN had greater movement distance
during a flutter cycle. Valve 3PNCN also registered a noticeably higher angular position
in the valve body than the other two valves. A comparison of the flow-rate data for each
test showed that valve 3PNCN passed over 100.9 L/s [1600 gpm] more because of its
operational condition. Fluttering and open-angle estimations are provided in Table 2
below.
Table 2: Dynamic Data Results of Three Valves from Palo Verde

1PNCN-V020: The amplitude between cycles is relatively the same indicating the
fluttering is minimal. For this discussion fluttering is defined as the valve’s
minimum-to-maximum angular disc/arm assembly movement as a result of flow and
gravity interaction. The raw uncorrected data trace can be seen initiating at a value of
approximately 132 centimeters (cm) [52 inches (in.)] (Figure 24).

Figure 24: Time-of-flight value of 52 inches with low fluttering
2PNCN-V020: The amplitude between cycles is relatively the same indicating the
fluttering is minimal. The raw uncorrected data trace can be seen initiating at a value of
approximately 139.7 cm [55 in.] (Figure 25).
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Figure 25: Time-of-flight value of 55 inches with higher fluttering
3PNCN-V020: The amplitude between cycles has increased indicating the fluttering is
greater. The raw uncorrected data trace can be seen initiating at a value of
approximately 124.5 cm [49 in.]. The initiation of the trace reflects the time-of-flight
distance from the ultrasonic probe sitting on the valve bonnet to the disc/arm assembly.
The lower the value, the closer the disc arm assembly is to the backstop. The trace
initiation value of 124.5 cm [49 in.] corresponds to a higher flow rate of 517.3 L/s
(8200 gpm) when compared to valves 1PNCN-V020 and 2PNCN-V020 (Figure 26).

Figure 26: Time-of-flight value of 49 inches with even higher-amplitude fluttering
Conclusion
Phased Array Sectorial Scanning (PASS) data was used at Palo Verde to meet the
bidirectional requirements for check valves in ASME’s Operation and Maintenance of
Nuclear Power Plants (OM Code); it was also used as a tool to assess check-valve
condition and integrity. PASS was satisfactorily used on swing and tilting disc-type
valves ranging in size from 7.62 cm [3 in.] to 50.8 cm [20 in.] and made of stainless and
carbon steel. The technology was successful in the detection of gas intrusion between
the fluid and bonnet. The data and information collected allowed the extension of
preventive maintenance activities while providing assurance of the valves’ operational
readiness. PASS has allowed Palo Verde to better schedule and support the Predictable
Repetitive Outage initiative as well as facilitate the transition of the Check Valve
Program to a performance-driven program. Currently, Palo Verde and IHI are pursuing
the application of PASS techniques to assess the condition and/or integrity of the plants’
population of gate and globe valves.
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The application of PASS and PASS Visualization Software provides the potential to
monitor valve condition at any time during the valve’s operational life cycle. By
establishing baseline high-confidence ultrasonic signatures of the valve’s condition
(static or dynamic), the utility can now leverage this data to monitor the valve for
aberrant signature changes. The PASS monitoring will allow the utility to make informed
preventive and predictive maintenance decisions, as well as operational decisions.
PASS can provide the objective data for reducing the risk of unnecessary valve
disassembly and at the same time provide the basis for accelerating maintenance on
valves presenting aberrant behavior. Furthermore, the capture of PASS ultrasonic data
signatures could contribute to establishing a comprehensive database that could be
shared by the industry.
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ASME OM Code Appendix IV
Fred Setzer
Duke Energy
Abstract
This paper presents a discussion of the activities ongoing within the ASME (formerly the
American Society of Mechanical Engineers) Operation and Maintenance of Nuclear
Power Plants (OM) Code Subgroup on Air Operated Valves (SG-AOV), along with an
overview of Revision 0 of Mandatory Appendix IV, “Preservice and Inservice Testing of
Active Pneumatically Operated Valve Assemblies in Light-Water Reactor Power Plants.”
Introduction
The SG-AOVs has developed Revision 0 of OM Code Mandatory Appendix IV; this
revision of Appendix IV is expected to be issued with the 2014 Edition of the OM Code
because it has already been approved by ASME pending public comment. Mandatory
Appendix IV establishes the requirements for preservice and inservice testing of active
pneumatically operated valves (AOVs) to assess the operational readiness of active
AOVs in light-water reactor (LWR) power plants.
Existing ASME OM Code AOV test requirements are mandated through
Subsection ISTC of the OM code. Mandatory Appendix IV introduces diagnostic testing
requirements and optional performance-based risk-informed options for AOVs while
maintaining all existing ISTC AOV testing requirements.
In addition, the SG-AOV is currently working on Revision 1 of Mandatory Appendix IV
and exploring the option to issue a Non-Mandatory Appendix as an implementation
guide. In addition to the specific items discussed in this paper, Revision 1 of Mandatory
Appendix IV proposes to correct editorial and technical errors identified in Revision 0 as
well as remove some detailed guidance more appropriately presented in an
implementation guide.
Background
The consensus process within ASME has determined that stroke time testing alone may
not be adequate to fully assess the operational readiness of certain AOVs for which
design-basis conditions may not be adequately bounded by the conditions present
during stroke time testing. The solution chosen by the SG-AOV was to add diagnostic
testing requirements in addition to existing ASME OM Code test requirements in such a
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way that operational readiness may be fully assessed with improved industry test
methods.
Mandatory Appendix IV Highlights
No changes were made to the existing IST scope as a result of Mandatory Appendix IV.
Existing test requirements in the ASME OM Code include: Exercise Testing (in
Article ISTC-3500), Fail-Safe Testing (ISTC-3560), Leak-Test Requirements
(ISTC-3600), Position-Verification Testing (ISTC-3700), Testing of PORVs [PowerOperated Relief Valves] (ISTC-5100), and Stroke Time Requirements for Pneumatically
Operated Valves (ISTC-5130).
Mandatory Appendix IV introduces new requirements to perform initial, periodic, and
post-maintenance diagnostic testing in addition to the existing test requirements
described above. As-found periodic diagnostic testing is to be performed on an initial
frequency of three refueling cycles with a maximum interval of 10 years. Mandatory
Appendix IV contains an exemption to perform periodic cycling in place of diagnostic
testing when normal operating conditions meet or exceed the design-basis conditions of
the valve.
Mandatory Appendix IV requires stroke testing once every 24 months, on a relaxed
frequency from the current test interval, based on the increased confidence of
operational readiness with the addition of diagnostic testing. Considerations for more
frequent stroke time testing for highly safety-significant component (HSSC) valves are
that the valves should be exercised quarterly unless the increase in core-damage
frequency (CDF) and large early-release frequency (LERF) is low or the valve is
exposed to severe service conditions (temperature, radiation, or fluid process) or
abnormal operational, design, or maintenance conditions.
Mandatory Appendix IV states that stroke testing must be scheduled before Diagnostic
Testing when they are scheduled concurrently to ensure that the stroke test is performed
under repeatable conditions.
Design Review in Article IV-3100 of Mandatory Appendix IV
The purpose of the Design Review is to verify the design-basis capability of each AOV to
meet its intended function and to document the basis for Diagnostic Testing acceptance
criteria. In addition to documenting acceptance criteria, the Design Basis Review (DBR)
consists of a system- and component-level review. The system-level review documents
process conditions and operating parameters and is an input to the component-level
review. The component-level review documents design-basis loads (thrust/torque),
actuator output capability, component limits, available actuator margin, and test
acceptance criteria. Revision 0 of Mandatory Appendix IV includes a provision that a
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component-level review is not required if the periodic cycling option is used. However,
the proposed Revision 1 of Mandatory Appendix IV, which is currently in process,
requires a system- and component-level review of all AOVs in its scope to establish
baseline performance in order to provide insight into the viability of the periodic cycling
option. Revision 1 of Mandatory Appendix IV proposes to adjust the level of guidance
provided for the owner to perform a Design Review.
Risk Informed Option
Mandatory Appendix IV contains a provision to use the risk-informed option. Highly
safety-significant component (HSSC) AOVs shall have initial, periodic, and
post-maintenance test (PMT) diagnostic testing performed. Stroke time testing would be
performed on a relaxed frequency where PRA allows. Diagnostics and stroke time
testing are used for trending performance. Less safety-significant component (LSSC)
AOVs would receive initial and PMT diagnostic testing only. No periodic diagnostic
testing is mandated for LSSC AOVs. Stroke time testing is required at the existing
frequency because of the lower confidence of performance with periodic diagnostics. For
LSSC AOVs, only stroke time testing is used for trending performance.
Diagnostic Test Specifics
Acceptance criteria to support diagnostic testing must be developed in accordance with
Article IV-6100 of Mandatory Appendix IV. Data obtained from the diagnostic test must
be analyzed in accordance with Article IV-6200 of Mandatory Appendix IV to determine
whether AOV performance is acceptable. Section IV-6300 of Mandatory Appendix IV
requires an evaluation to determine any loss of functional margin, apply changes to
applicable AOVs, and establish the test interval. The function margin must be
determined based on the difference in design-basis loads versus available actuator
output based on the acceptance criteria in accordance with Section IV-6400 of
Mandatory Appendix IV. The diagnostic test interval shall be set in such a way that
adequate margin shall exist to ensure that changes in AOV operating characteristics
over time do not result in reaching a point at which the acceptance criteria are not
satisfied before the next scheduled test activity.
Corrective action is required in accordance with Section IV-6599 of Mandatory
Appendix IV for unacceptable performance.
Documentation of the diagnostic test analysis/evaluation is required in accordance with
Section IV-9200 of Mandatory Appendix IV, which must include: test data, parameters
and information, analysis/evaluation summary, confirmation that the AOV is capable of
performing its intended safety function, and qualified individuals.
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Industry Action
It will be necessary for the industry to address any open technical issues and to develop
an implementation strategy for Mandatory Appendix IV. Owners’ group engagement will
be necessary to ensure a common implementation approach, develop technical
positions, minimize individual owner action, and to reduce the overall implementation
cost for owners.
Conclusions
Mandatory Appendix IV is expected to be published in the 2014 version of the ASME
OM Code, which is expected in the spring of 2015. NRC endorsement is expected in the
4th quarter of 2017. Owners’ group engagement will be necessary to ensure a common
implementation approach, develop technical positions, to minimize individual owner
action and to reduce the overall implementation cost for owners.
Reference
1. ASME, Mandatory Appendix IV, “Preservice and Inservice Testing of Active
Pneumatically Operated Valve Assemblies in Light-Water Reactor Power Plants”
(Revision 0, March 2013), to Division 1, “Section IST: Rules for Inservice Testing of
Light-Water Reactor Power Plants,” of Operation and Maintenance of Nuclear Power
Plants (OM Code), New York, NY.
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Effective Diaphragm Area Test Program for Air-Operated
Valve Actuators
Zachary Leutwyler
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Kalsi Engineering, Inc.
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Abstract
Kalsi Engineering, Inc. (KEI), initiated an independent test program that includes a
number of actuator manufacturers, models, and sizes based on a survey of United
States (U.S.) nuclear power plants. The test matrix includes evaluation of the effect of
the key parameters on the effective diaphragm area (EDA) throughout the stroke. These
parameters include stroke position, pressure, materials, measurement uncertainty, and
manufacturing tolerances. Because of differences in the test data obtained by different
sources for the same actuator type and size, systematic test procedures have been
developed by KEI to address differences in the testing methods and test configurations,
including testing of a balanced actuator (no spring in the actuator) vs. a spring-return
actuator of the same diaphragm size. The effect of elevated temperature and aging may
also be included later by testing a selected number of actuators based on industry input.
The benefit of this program is to provide reliable data for air-operated valve (AOV)
design-basis evaluations as required by U.S. Nuclear Regulatory Commission (NRC)
Regulatory Issue Summary (RIS) 2000-03. This paper presents the results for the
Masoneilan Model 38 Size 18 diaphragm actuator, which show that EDA is both
position- and pressure-dependent.
Introduction
EDA is a primary input for determining the output capability of AOV actuators. Potential
non-conservatism in EDA for AOV actuators was identified as a key issue by the NRC
in 1996 (Ref. 1), in the Electric Power Research Institute (EPRI) AOV Evaluation Guide
(Ref. 2), and in the Duke Engineering Report sponsored by the Joint Owner’s Group
AOV program (Ref. 3). Furthermore, testing by some plants and recent notification by a
manufacturer (Ref. 4) under Title 10, “Energy,” of the Code of Federal Regulations
(10 CFR) Part 21, “Reporting of Defects and Noncompliance,” showed that catalog
values are non-conservative for some of the actuator sizes/types. To address the
industry’s needs, KEI initiated an independent test program that includes a number of
actuator manufacturers, models, and sizes based on a survey of U.S. nuclear power
plants.
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Background
Diaphragm actuators are typically single-acting; i.e., the actuator is actuated in a single
direction by air pressure, and the actuator relies on a spring to return the actuator stem
to the fail position. Diaphragm actuators are further categorized by defining the actuator
action. Actuator actions are direct-acting or reverse-acting. The actuator stem of a
direct-acting actuator extends when the actuator is pressurized (Figure 1a). The actuator
stem of a reverse-acting actuator retracts when the actuator is pressurized (Figure 1b).

Figure 1: (a) Direct- and (b) reverse-acting actuators
The subject actuator is a Masoneilan Model 38 Size 18 diaphragm actuator, which is
reverse-acting. Most diaphragm actuators share the same primary components as the
Masoneilan Model 38 actuator (Figure 2). The components of greatest relevance here
are the diaphragm, diaphragm plate, diaphragm case, spring, and yoke packing.
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Figure 2: Masoneilan Model 38, Size 18, air-to-retract
The measured actuator output force (Fm) consists of the components defined in
Equation (1), in which expressions in parentheses indicate the dependency of the
preceding parameter on the enclosed independent variables; for example, EDA depends
on both pressure (Pd) and position (t).

The diaphragm reacts with the diaphragm plate and case in a way similar to a
suspended cable carrying a distributed load. The diaphragm transmits part of the load to
the diaphragm case and part to the diaphragm plate. The proportions of the load
distribution depend on the shape of the diaphragm, which is largely determined by the
position of the diaphragm plate relative to the diaphragm caps (see Figure 3).
The EDA is the area of the diaphragm that contributes to the actuator output by
transferring load to the diaphragm plate. The EDA has a corresponding effective
diameter (Deff). The shape of the diaphragm is similar to a catenary curve and the
effective diameter corresponds to the location of zero slope in the curvature of the
diaphragm (see Figure 3).
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As illustrated by Figure 3, the EDA at the fail position is typically the greatest as the
position of the diaphragm plate pushes the effective diameter toward the diaphragm
case (Figure 3a). As the actuator is actuated away from the fail position, the relative
distance between the diaphragm plate and point on the diaphragm that is clamped by
the case decreases; the decrease in distance produces slack in the diaphragm. The
slack in the diaphragm causes the point of zero slope in the catenary-like curve to stay
more centered between the outer edge of the diaphragm plate and clamped point on the
diaphragm (Figure 3b). As the actuator is actuated to the extreme limit of travel (away
from the fail position), the relative distance between the diaphragm plate and case again
increases. Unlike at the fail position, the location of the diaphragm plate is below the
clamped point (relative to the pressure load direction) and the location of zero slope in
the catenary curve approaches the outer edge of the diaphragm plate. For this reason,
the smallest EDA value typically occurs at this location.

Figure 3: The EDA and accompanying effective diameter change throughout
the stroke caused by the available slack generated by the relative distance
between the diaphragm plate and the diaphragm case.
The position of the diaphragm plate and the relative slack in the diaphragm strongly
influence the location of the effective diameter and EDA. However, the location of the
effective diameter can also be affected by manufacturing tolerances in the diaphragm
plate, diaphragm, and case.
Test Setup
The cross-section of the test fixture is shown as Figure 4. The test fixture is equipped
with a double-acting hydraulic cylinder that provides a reaction force for the actuator.
The reaction force (hydraulic pressure) is generated when the movement of the piston
tries to discharge hydraulic fluid through a variable resistance. The test fixture is
designed to allow multiple actuators to be mounted with minimal changes to the fixture.
The data was acquired using a National Instruments (NI) compact data-acquisition
system (DAS) and sensors. The DAS includes analog input, analog output, and digital
output (i.e., relays) modules. The sensors include multiple pressure transducers, multiple
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force transducers, and a position pot. The pressure transducers are used to measure
supply pressure and diaphragm pressure, the force transducers are used to measure the
actuator stem force, and the position pot is used to measure stem travel.

Figure 4: Test Fixture
Test Matrix
The test matrix included static, dynamic, and discrete position tests. Static tests were
performed with the actuator decoupled from the hydraulic cylinder or with the hydraulic
block valves open to minimize the hydraulic force. The diaphragm pressure and position
were recorded as the diaphragm pressure was increased from 0 kPa [0 psi] to the
actuator casing’s pressure rating. Dynamic tests were performed with the actuator
coupled to the hydraulic cylinder. Dynamic stroke tests were performed at a nearly
constant diaphragm pressure; the hydraulic ram was used to control actuator position
and provide the reaction for the actuator. The diaphragm pressure, position, and reaction
force were recorded as the hydraulics allowed the actuator to slowly travel. Discrete
position tests were performed with the actuator coupled to the hydraulic cylinder. The
hydraulic ram was used to maintain a constant stem position. The diaphragm pressure,
position, and reaction force were recorded as the actuator pressure was varied from the
casing pressure to 0 kPa [0 psi]. The discrete position test allows the EDA to be tested
solely as a function of pressure because position remains constant.
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A single Masoneilan Model 38 Size 18 diaphragm actuator was tested with four
diaphragms: 1) an old diaphragm (original diaphragm installed in the actuator), 2) new
nitrile elastomer diaphragm, 3) silicone diaphragm, and 4) new nitrile elastomer
diaphragm. Although different materials were tested, an important point to understand is
that even within the same material, manufacturing tolerances affect the EDA and cause
variations above and beyond the impact of the material itself.
The actuator was tested with and without the spring installed. When the spring was
installed, only 5.08 cm [2 in.] of travel were possible and were measured from the fail
position. When the actuator was tested without the spring, the test covered the full range
(~10.16 cm [4 in.]) of the actuator travel; i.e., from hard stop to hard stop.
Dynamic tests were performed at various pressures ranging from the maximum casing
pressure (413.7 kPa [60 psi]) down to 34.47 kPa [5 psi]. Discrete position tests were
performed at key stem positions for pressures ranging for the maximum casing pressure
down to 0 kPa [0 psi].
Uncertainty Analysis
The uncertainty analysis is performed using the RSS (root sum of the squares) method
for combining uncertainties using the weight terms calculated by taking the partial
differential of the result R with respect to the measurands x1, x2…, xn. The general
expression of the partial derivative of the result R based on the independent
measurands x1, x2… is given as Equation (2).

For a discrete position test, the position dependency (t) of Equation (1) can be omitted
because position is constant for each test set (see Equation (3)).

The EDA can then be expressed by Equation (4).

The spring force (if a spring is installed) and friction force correspond to the measured
force with a diaphragm pressure of 0 kPa [0 psi], and Equation (4) can be rewritten as
Equation (5).

186

Applying Equation (2) to Equation (5), where the function R is the equation for EDA and
the measured pressure and thrust are the independent variables, the expression for the
sensitivity of the EDA for a discrete position test is given as Equation (6).

The total uncertainty in the EDA (Equation (7)) comprises the systematic/bias
uncertainty (BEDA) and the random/precision uncertainty (SEDA). The systematic/bias
uncertainty is given as Equation (8) and accounts for uncertainty attributable to
instrument accuracy, calibration accuracy, data-acquisition accuracy, and data filtering
(for example). The random/precision uncertainty is given as Equation (9) and accounts
for sources of random error such as instrument repeatability, thermal stability of the
apparatus and instrumentation, and repeatability of the experiment. The student’s t value
based on the EDA test setup and matrix depends on the desired confidence (95 percent)
and the number of degrees of freedom: 4 degrees of freedom exist because 5 tests were
conducted at each position.

Note that in Equation (6), the uncertainty resulting from the force measurement appears
twice because two force measurements are subtracted in Equation (5); the presence of
the two force terms requires doubling the uncertainty resulting from the force
measurement in the summation of the systematic/bias uncertainty in Equations (8)
and (9).
Test Results
The nominal calculated EDA values based on dynamic stroke and discrete position tests
are compared in Figure 5. The dynamic stroke test and discrete position tests provide
nearly identical results. Dynamic stroke tests provide efficient means of studying the
effect of position while the discrete position tests provide efficient means of studying the
effects of pressure. Agreement between the two test methods indicates that the ramp
time used for varying position during the dynamic tests and pressure during the discrete
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position tests was sufficiently long. Agreement between the two test methods also
indicates that time/position history does not greatly affect the EDA.
The dynamic stroke test results show the following:
•
•
•

The EDA is largest at the fail position.
The rate of change in the EDA decreases as the actuator moves away from the
fail position and is nearly constant in the mid-stroke region.
The rate of change in the EDA increases as the actuator approaches the end of
travel (fully retracted position), at which point the EDA reaches a minimum value.

Figure 5: The results of the dynamic stroke test at 413.7 kPa [60 psi] are compared
to the collection of discrete position test results at
413.7 kPa [60 psi] and 34.47 kPa [5 psi].
The discrete position test results for 0.1524 cm [0.06 in.], 3.81 cm [1.5 in.], and 10.16 cm
[4.0 in.] from the hard actuator stop at the fail position are shown as Figure 6 through
Figure 8. The results of the measurement uncertainty analysis are also provided in
Figure 6 through Figure 8. The error bars about the EDA values indicate uncertainty in
the calculated EDA resulting from measurement uncertainty. The systematic and
random components of the measurement uncertainty analysis are provided in Figure 6
and are typical.
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The uncertainty analysis shown in Figure 6 shows a high degree of confidence in the
EDA for high pressures because both the systematic and random uncertainties are
relatively small. However, for low pressure, the systematic uncertainty increases
because of the weighting term associated with the pressure uncertainty term Fm/Pd2.
Although the uncertainty in pressure tends to increase as pressure decreases,
a reduction in uncertainty can be achieved by using a more accurate transducer for low
pressures.
Random/precision uncertainty shows that tests were very repeatable for the same
specimen. Testing multiple actuator specimens with separate instruments is required to
develop a basis for variations in EDA based on specimen deviations.

Figure 6: Discrete test results for a stem position of ~0.1524 cm [0.06 in.] from the
hard stop (fail position). The EDA decreases slightly as pressure increases.
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Figure 7: Discrete test results for a stem position of ~3.81 cm [1.5 in.] from the
hard stop (fail position). The EDA is largely pressure-independent at this position.

Figure 8: Discrete test results for a stem position of ~10.16 cm [4.0 in.] from the
hard stop (fail position). The EDA decreases slightly as pressure increases.
Conclusions
Based on the results of dynamic and discrete position testing:
•

For the actuator studied, the EDA is position- and pressure-dependent. The
sensitivity to changes in position varies based on the relative distance between
the diaphragm plate and the diaphragm case. Pressure affects the EDA by
changing the effective diameter; therefore, over the region of travel in which the
EDA is more position sensitive, the EDA will also be more sensitive to pressure.
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•

An acceptable EDA value and tolerance must account for variations in
manufacturing of the diaphragm case, diaphragm plate, and diaphragm.
However, once a precision limit is established for one population of model and
size, that precision limit might be used as a basis for similar actuator designs;
though justification will require additional testing.

•

In low-margin applications, measuring the output force under design-basis
conditions may be required because of the relatively large tolerance required to
bound the uncertainty given manufacturing tolerances and repeatability.

•

Determining EDA values based on static stroke tests can result in
non-conservative values. EDA values should be consistent with the pressure at
which the actuator evaluation is to be performed.
•

An uncertainty analysis is required to determine true changes in EDA and
apparent changes because of measurement accuracy.
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Abstract
Common quarter-turn (QT) mechanisms used in nuclear plant air-operated valves
(AOVs) include scotch yoke, lever, and link-and-lever mechanisms coupled to
diaphragms and pistons. QT mechanism efficiency varies as a function of valve position
and is a critical design input used to determine AOV margin. Because of the lack of
publicly available data of a quality commensurate with “nuclear QA [quality assurance],”
Kalsi Engineering, Inc. (KEI), initiated an independent QT-mechanism efficiency test
program that includes a number of commonly used actuator manufacturers, models, and
sizes based on a survey of U.S. nuclear power plants.
The first test specimen was a diaphragm actuator with a lever QT mechanism. The
diaphragm rod of the test specimen was instrumented with strain gauges so that a direct
measurement of the net actuator force transmitted to the QT mechanism could be
measured. In addition to the net thrust, the output torque, diaphragm pressure, and
actuator position were measured. Measuring the net thrust, diaphragm pressure, and
position allowed the spring rate, spring preload, and effective diaphragm area to be
quantified.
This test specimen was tested using two different types of bearings at the actuator
shaft-to-lever connection. Needle bearings were used to provide torque results for a
nearly frictionless QT mechanism, and bronze bearings were used to simulate a more
realistic QT-mechanism configuration. Predictions made using the first-principles
efficiency model are compared to efficiencies extracted from test. The predicted
efficiency using a realistic range for the friction coefficient of the bronze bearings is in
good agreement with the extracted efficiencies.
Introduction
A quarter-turn (QT) valve actuated by an air actuator relies on a QT mechanism to
convert the actuator linear thrust to torque. The actuator output torque is transmitted to
the valve shaft through the shaft coupler that connects the actuator and valve shafts.
Common QT mechanisms used in nuclear plant air-operated valves (AOVs) include
scotch yoke, lever, and link-and-lever mechanisms. QT-mechanism efficiency varies as
a function of valve position and is a critical design input used to determine AOV margin.
Inaccurate position-dependent efficiency inputs can result in either non-conservative or
overly conservative margin assessments. Depending on the design of the QT
mechanism (e.g., bearing material, bearing dimensions, and actuator stem and support),
QT-mechanism efficiencies can vary greatly throughout the stroke and have low values
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at the extreme ends of travel. For example, efficiencies at the beginning and end of
travel can be less than 60 percent.
Because of the lack of publicly available data of quality commensurate with “nuclear QA
[quality assurance],” Kalsi Engineering, Inc. (KEI), initiated an independent
QT-mechanism efficiency test program that includes a number of commonly used
actuator manufacturers, models, and sizes based on a survey of U.S. nuclear power
plants. The purpose of the test program is to validate first-principles-based models used
to predict QT-mechanism position-dependent efficiency and corresponding actuator
capability and to provide better understanding of the factors affecting the efficiency of
common QT mechanisms.
The first test specimen (shown as Figure 1) was a diaphragm actuator with a lever QT
mechanism. The diaphragm rod of the test specimen was instrumented with strain
gauges so that a direct measurement of the net actuator force transmitted to the QT
mechanism could be measured. In addition to the net thrust, the output torque,
diaphragm pressure, and actuator angular position were measured. Measuring the net
thrust, diaphragm pressure and position allowed the spring rate, spring preload, and
effective diaphragm area (EDA) to be quantified.
This test specimen was tested using two different types of bearings at the actuator
shaft-to-lever connection. Needle bearings were used to provide torque results for a
nearly frictionless QT mechanism, and bronze bearings were used to simulate a more
realistic QT-mechanism configuration. This paper provides a comparison of model
predictions to test data along with a discussion of the significant factors that can affect
the accuracy of position-dependent QT efficiency values.
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Figure 1: Fisher 1052 Size 40 Actuator
(from Fisher product bulletin 61.1:1051, February 2006)

Analytical Model
The analytical model uses the nomenclature given below and the free-body diagrams
shown as Figure 2 and Figure 3.
Nomenclature
dbl
=
dbr dpin =
FLV Fbl =
Fbr
=
Fstem =
La
=
Lb
=
=
=

Lever/stem bushing diameter (on left side)
Lever/stem bushing diameter (on right side)
Rod end pin diameter
Reaction force between valve shaft and lever
Bushing reaction force (left side)
Bushing reaction force (right side)
Net actuator thrust transmitted to the quarter-turn linkage
Distance from rod end pin to top of diaphragm plate
Lever arm length (rod end pin center to valve shaft center of rotation)

Lc
Tbl
Tbr

Distance from valve shaft center of rotation to casing centerline
Bushing friction torque at the left lever bushing
Bushing friction torque at the right lever bushing

=
=
=
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Tideal

=

The torque transmitted to the valve torque, omitting friction

Treal

=

The torque transmitted to the valve torque, accounting for friction

=
=
=
=

Extended position
Retracted position
Bearing
Rod-end pin

Subscripts
e
r
b
p

Greek symbols
α =
Β =
η =
µ =
θ =

Stem angle with respect to the casing center line
Interior angle of Fstem and the lever moment arm
QT-mechanism efficiency
Friction coefficient
Actuator lever angle (from defined reference)

The ideal (i.e., frictionless) thrust-to-torque conversion for a lever actuator, like the one
shown in Figure 1, occurs as follows: The net actuator force (primarily because of the
pressure force and spring force) acts through the actuator stem line of action on the
lever. The ideal torque generated by the lever on the actuator shaft is calculated with
Equation (1), where Tideal is the ideal torque, Lb is the lever length (between the pin
connection center and shaft center of rotation), β is the internal angle between the stem
force line of action and the lever arm vector (defined by the centers of the pin connection
and shaft center of rotation), and Reff is the effective moment arm.

Each linkage connection or bearing in an actuator provides the potential for friction
forces and/or torques that can either reduce the force transmitted to the QT mechanism
or cause a frictional torque, both of which can reduce the torque output. The reduced
torque is referred to as the realized (or actual) torque. A simplistic expression for the
realized torque (Treal) is given as Equation (2), where η is the actuator efficiency.

Using Equation (2), the efficiency is then the ratio of the realized (or actual) torque to the
ideal (frictionless) torque. Equation (2) requires the actuator efficiency either from testing
or analytical predictions. The efficiency depends on several factors, including the
QT-mechanism design, the shaft bearing diameters, friction coefficients, and key linkage
dimensions.
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The lever QT mechanism and efficiency is one of the more simplistic mechanisms from
an analytical perspective. The equations for the effective moment arm, efficiency, and
stem displacement for a Fisher Model 1052 size 40 actuator (a diaphragm actuator with
lever QT mechanism) are developed from free-body diagrams based on actual load
conditions. Efficiency model predictions are compared to KEI test data obtained from
testing a Fisher Model 1052 size 40 actuator with manufacturer-installed bronze
bearings and specially designed covers with needle bearings.
The development of the analytical model is based on the orientation of the actuator and
valve shaft shown in Figure 2. The sign convention is as follows: The actuator stem force
is negative when pushing down because this puts the stem in compression (which is the
typical sign convention). Therefore, a negative stem force occurs when the pressure
force exceeds the spring force. The downward motion of a negative stem force causes
the valve/actuator shaft to produce a negative closing torque.
The lever arm angle (which differs from the valve/actuator position) is measured from a
theoretical reference defined by a line perpendicular to the actuator casing centerline
(see Figure 2c). As drawn, θ is negative when the rod-end pin is above the reference
line. The angle (α) between the stem axis and the casing centerline is positive when the
rod end pin is to the left of the casing centerline (as shown).

Figure 2: The a) front view, b) cross-section view (spring and diaphragm not
shown), and c) free-body diagram showing the net actuator force pushing down
on the lever
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Figure 3: Force and moment balance for the lever QT mechanism supported by
two bearings
The equations below were derived based on the following assumptions:
•

The diaphragm plate remains relatively centered with respect to the casing
centerline. The center of the diaphragm plate is not well constrained and the
spring and/or pressure forces acting on the diaphragm can act to push the
diaphragm off center.

•

The actuator torque output is sufficient to continuously operate the valve; i.e., the
valve does not stall or become self-actuating. The effects of acceleration and
potential momentary decrease in efficiency because of breakout friction are not
considered. Because it is assumed that the valve is not self-actuating, friction
always opposes the actuator motion.

•

Secondary reaction loads required to balance bushing friction forces are small
and are not included in the free-body-diagrams. As such, the friction forces acting
tangent to a bushing surface and the required forces to balance with the friction
forces were not included in the force balance. The primary bearing friction
torques are included in the moment balance.

•

The actuator QT mechanism is designed to carry the actuator thrust without
transferring the actuator stem load to the valve bushings, which is consistent with
the test specimen.
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The following equations were derived based on the above assumptions and free-body
diagrams given below.
Ideal Torque
The ideal torque was given as Equation (1). The internal angle β can be expressed in
terms of θ (the actuator lever angle) and α (the stem angle) according to Equation (3).
The angle α can also be expressed as a function of the variable θ and constant
dimensions by Equation (4).

Effective Moment Arm
The effective moment arm used in Equation (1) is given as Equation (5) using the
relationship given by Equation (3).

Efficiency
An analytical expression for the QT mechanism was developed from the ratio of the
realized torque to the ideal torque. The realized torque was derived by accounting for
frictional torque at the rod-end pin and valve lever/shaft bearings. The resulting equation
for efficiency is given as Equation (6). The predicted efficiency from Equation (6) is
compared to the efficiency extracted from test data.

Note that the shaft/lever is supported by two bearings of different diameter (dbl and dbr).
Equation (6) could be modified to use a single diameter equivalent to the average of dbl
and dbr.
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Stem Displacement
The stem displacement, used to calculate the spring force, from the retracted position for
the Lever linkage can be predicted using Equation (7).

The analytical predictions compared to test data are based on the parameters provided
in Table 1.
Table 1: Parameters for Model Predictions

Test Specimen
The original diaphragm rod (i.e., actuator stem) was replaced with an equivalent stem
that was instrumented with strain gauges to allow the measurement of the net thrust
transmitted through the stem (see Figure 4).
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Figure 4: The (a) diaphragm plate and rod instrumented with strain gauges, and
(b) the modified casing that provided access for the strain gauge wires.
Test Setup
The test setup is shown in Figure 5 with the test specimen mounted to the fixture. The
fixture and specimen were instrumented to measure the diaphragm pressure, actuator
stem force, actuator output torque, and actuator angular position.

Figure 5: QT test fixture measured actuator torque, actuator thrust, diaphragm
pressure, and actuator position.
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Test Matrix
The test matrix included static and dynamic strokes. Static strokes were performed with
the actuator mounted to the fixture without any braking force. Dynamic strokes were
performed with the brakes nearly locked. The nearly locked brake state allows the
actuator output torque to be measured at maximum capability conditions; i.e., either the
actuator operated at a constant supply pressure (pressure stroke) or at a zero pressure
state (spring stroke).
Pressure strokes were performed at various pressures with repeat strokes to determine
the random uncertainty in the data.
Uncertainty Analysis
The uncertainty analysis is performed using the RSS (root sum of the squares) method
for combining uncertainties using the weight terms calculated by taking the partial
differential of the result R with respect to the measurands x1, x2…, xn. The general
expression of the partial derivative of the result R based on the independent
measurands x1, x2… is given as Equation (8) (see Reference 2).

The efficiency was extracted from test data by taking the ratio of the realized torque
(bronze bearings) and the ideal torque (roller bearings) as given by Equation (9).

The total uncertainty in the efficiency (Equation (10)) is comprised of the systematic/bias
uncertainty (Bη) and the random/precision uncertainty (Sη) (see References 2 and 4).
The systematic/bias uncertainty is given as Equation (12) and accounts for uncertainty
caused by instrument accuracy, calibration accuracy, data-acquisition accuracy, and
data filtering (for example). The random/precision uncertainty is given as Equation (13)
and accounts for sources of random error such as instrument repeatability, thermal
stability of the apparatus and instrumentation, and repeatability of the experiment. The
student’s t value based on the test setup and matrix depends on the desired confidence
(95 percent) and the number of degrees of freedom: 4 degrees of freedom exist because
5 tests were conducted at each position.
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In addition to the measurement uncertainties, other characteristics of the actuator may
need to be accounted for in determining the complete range of uncertainty, especially
when relating actuator output to valve requirements. For example, depending on the
shaft stiffness, a bias may exist between the actuator lever position (which is the
independent variable with respect to actuator output) and the butterfly disc (or ball)
position (which is the independent variable with respect to the valve requirements). If
shaft deflection allows more than a 1° deviation between the valve and actuator
positions, the shaft deflection may need to be accounted for by shifting the actuator
output curve or increasing the uncertainty range.
Test Results
The static stroke tests provided the means to measure the diaphragm pressure for an
unloaded state. The diaphragm pressure (see Figure 6) for the static stroke directly
depends on the spring force based on the position and the position-dependent EDA (see
Reference 6). The nominal EDA is provided in Figure 6 to further illustrate the complexity
required in producing an accurate and conservative prediction of the actuator output
torque. The nominal EDA was determined using the average of the extending and
retracting diaphragm pressures and the measured spring forces from the dynamic
strokes. The nominal EDA must be used in conjunction with proper tolerancing to
account for measurement uncertainty and variations in performance between specimens
(see Reference 6). Also, note that the EDA can be pressure-dependent and therefore
the EDA curve in Figure 6 is consistent for static stroke pressures and not elevated
actuator pressures associated with maximum actuator output, which would be required
when performing a design-basis calculation.
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Figure 6: The diaphragm pressure for the static stroke test
(1052S40RB_BSL_PR1_) and calculated EDA
An example of the measured thrust for the extending (pressure) stroke and retracting
(spring) stroke for a dynamic test is shown as Figure 7 and Figure 8. Because the test
stand restricted the travel of the actuator, the dynamic tests were performed in such a
way that the measured thrust during the extending stroke was consistent with the
actuator operating at a constant pressure and the measured thrust during the retracting
stroke consisted exclusively of the spring force (because the actuator pressure was
equal to ambient pressure).
In Figure 7 and Figure 8, at the start of each stroke a dead band was experienced
because of clearances in the brake pad/caliper assembly. The reduced output in this
region is an artifact of the stand and not a lack of capability of the actuator. At the end of
each stroke, decay in output is present. The decay at the end of travel is because of the
diaphragm plate engaging the actuator stops. This decay is real and not an artifact of the
test setup.
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Figure 7: The measured thrust for dynamic tests 1052S40RB_BSL_PR1
(diaphragm pressure: 206.8 kPa [30 psi]) and 1052S40RB_BSL_SP1 (diaphragm
pressure: 0 kPa [0 psi])

Figure 8: The measured torque for dynamic tests 1052S40RB_BSL_PR1
(diaphragm pressure: 206.8 kPa [30 psi]) and 1052S40RB_BSL_SP1 (diaphragm
pressure: 0 kPa [0 psi])
From the measured force data acquired during the dynamic stroke tests, the nominal
EDA was determined using the diaphragm pressures from the pressure stroke and the

204

measured spring and pressure forces from the retracting and extending dynamic
strokes. The nominal EDA curves in Figure 9 are consistent with static stroke pressures
and elevated actuator pressures associated with maximum actuator output. The
difference between the static and dynamic stroke EDA is caused by the EDA pressure
dependency.
The measured torque for the spring stroke for the actuator configured with bronze and
roller bearings is shown in Figure 10. The efficiency extracted from the test data is also
shown in Figure 10 with error bands representing the measurement uncertainty. The
extracted efficiency is compared to analytical predictions based on a realistic range for
the bronze bearing friction coefficient.

Figure 9: The EDA under static stroke conditions and dynamic stroke condition
(diaphragm pressure of 206.8 kPa [30 psi])
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Figure 10: The efficiency based on the ratio of the measured torque using bronze
and roller bearings compared to the predicted efficiency
Conclusions
Based on the results from actuator testing the following conclusions are made:
•

For the actuator studied, the EDA is position- and pressure-dependent. An
accurate and conservative torque calculation requires an EDA developed to be
consistent with the actuator pressure used in the calculation.

•

The comparison of the predicted efficiency and extracted efficiency using bronze
and roller bearings shows that the analytical model provides good predictions.

•

Determining a very precise efficiency may require the use of multiple torque cells
for specific regions of actuator travel because of the difference in magnitude of
the capability throughout the stroke and the effects of measurement uncertainty.

•

In low-margin applications, measuring the output torque under design-basis
conditions may be required because of the relatively large tolerance required to
bound all sources of uncertainty (for example, efficiency, EDA, spring preload,
and spring rate).
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Abstract
A high-temperature molten salt pump, described as mechanical, free-surface,
centrifugal, vertical-shaft, sump type, working at 500°C [932°F] to 600°C [1112°F], has
been developed for the Thorium-Based Molten Salt Reactor (TMSR). Flow passage
components of the pump are made of Hastelloy C-276 to ensure sufficient strength and
corrosion resistance at high temperature. Also, a heat shield plug with air-cooled
channels was designed to separate the drive motor, seal elements, and bearings from
intense radioactivity and to keep the temperature of the flange seal below 150°C [302°F]
and the temperature of the bearing below 80°C [176°F]. A dry gas seal was used so that
there is zero leakage. Furthermore, some analysis of hydraulics characteristics,
temperature field, thermal stress, and strain was performed to research the pump’s
performance, and then the temperature field and the hydraulics were measured to
validate the analysis results. The results show that the hydraulics, thermal stress, and
strain meet the design value very well. The pump has been successfully operated on a
LiF-NaF-KF test loop for over 250 hr. at temperatures of 500°C [932°F] to 600°C
[1112°F], speeds of 1050 to 1450rpm, and flows of 15 m3/h [66 gpm] to 25 m3/h [110
gpm].
Introduction
Molten salts, with high specific-heat capacity, are widely used in many high-temperature
fields as an ideal heat-transmission medium (Refs. 1 through 3). A molten salt pump is a
key component of high-temperature loop systems (Ref. 4). Pump cycling the molten salt
requires high temperature resistance and reliable sealing performance under extremely
high temperature. For example, Concentrating Solar Power Systems (CSP) often
operate at 290°C [554°F] to 565°C [1049°F]. Molten Salt Reactors (MSRs) will run under
even hotter operating conditions, from 550 to 700°C (Refs. 5 through 7). Presently,
molten salt pumps in factories often operate continuously below 450°C. Also, some
special pumps can work under 800°C, but only intermittently (Refs. 8 and 9). A molten
salt pump that can reliably work at 550°C [1022°F] to 700°C [1292°F] needs to be
developed urgently. It also has prospects for broad application in new energy fields,
especially given the huge market potential for MSRs and CSP.
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In this paper, a high-temperature molten salt pump will be designed and tested for the
Thorium-Based Molten-Salt Reactor (TMSR), which can run at 700°C [1292°F]
continuously. To ensure the reliability of the pump, the characteristics of hydraulics,
temperature field, and thermal stress and strain were analyzed. And the temperature
field and hydraulics were tested to check the calculation results. It is a significance
experience for high-temperature molten salt pump development.
Background
TMSR is one of the strategic and leading science and technology projects which was
first started by the Chinese Academy of Sciences (CAS). Its ultimate target is to
investigate and develop a whole new nuclear system (a thorium-based molten salt
nuclear system) in about 20 years. Whatever technical level is reached during the trial
and all intellectual property rights will be retained.
TMSR had planned to build serial molten salt test loops. Now a heat-transfer system
(HTS) test loop and an LiF-NaF-KF (FLiNaK) test loop have been built and tested. In this
paper, the molten salt pump was developed for the FLiNaK test loop. It was required to
run continuously under 500°C [932°F] to 700°C [1292°F] with flow above 15 m3/h [66
gpm] and head of 20 m [65.6 ft].

Design and Analysis
Function and Structure
The pump’s design was based on the molten salt pump for the Molten Salt Reactor
Experiment (MSRE) developed by Oak Ridge National Laboratory (ORNL) and
described as a mechanical, free-surface, centrifugal, vertical-shaft, sump type (Ref. 10).
Its main design criteria are as follows:
•
•
•
•
•
•

Medium: LiF-NaF-KF
Design temperature: 500°C [932°F] to 700°C [1292°F]
Rate of flow: > 15 m3/h [66 gpm]
Outpressure: 0.4 MPa [58 psi] (or described as hydraulic head of 20 m [65.6 ft])
Oil seal device: oil leak less than 10 ml/d [0.9642 gal/yr] with life of 2 years
Air seal device: leak less than 0.2 m3/h [52.8 gal/h] with life of 5 years

To satisfy the high-temperature molten salt environment for TMSR, however, several
improvements and innovations were made for the high-temperature pump. The key
distinctions are listed in Table 1.
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As Figure 1 shows, the pump was driven by a 11.19 kW [15-hp] motor and cooled by an
independent fan located at the top of the pump. It was controlled by an induction
regulator with continuous speed variation between 0 and 100 percent of design speed.
Two rolling bearing groups were installed at the upper and middle shaft to absorb the
axial forces and radial forces. These bearings were lubricated by a subtle design of
self-oil-feeder sufficiently whose rotating bush located on the shaft with a contortion
copper into the oil room in the pump shell. While the shaft was rotating, the oil was
absorbed from the oil room along the copper up to the lubricating bearings and then
flowed back into the oil room along a side path on the bush. Owing to the clearance fit of
the oil room and rotating bush, the self-oil-feeder can work frictionlessly without leakage
if the pump is kept vertical. But it was required that the pump be running at at least 3975
L/min [1050 gpm] to ensure that enough oil could be absorbed by the bearings.
Table 1. Distinctions between the pumps in the MSRE and TMSR
Function and
Structure

Pump in MSRE

Pump in TMSR

Bearing
lubrication

Lubricated with external
circulation

Self-lubrication
with internal
circulation

Oil seal

Mechanical seal

Non-contact seal

Shaft seal

Mechanical seal and
purge gas

Dry gas seal

Shield plug
cooling

Cooling by oil

Cooling by air
Hydrostatic
bearing lubricated
by molten salt

Guide bearing

Figure 1. Structural diagram of high-temperature molten salt pump
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A molten-salt-lubricated hydrostatic bearing was used to support the pump shaft at the
lower end near the impeller under the hot salt. The closed single impeller and annular
volute were designed to keep the pump working at good hydraulic efficiency and with
low radial force. For sufficient structural strength and corrosion resistance under high
temperature, Hastelloy C-276 material was used for the pump tank, impeller, volute,
shaft, shield plug, etc.
A double-faced dry gas seal was used to prevent oil from leaking into the molten salt
system. Dry gas seal is a new type of shaft seal whose principle is sealing gas with gas,
with the advantages of working frictionlessly, having a long service life, stable operation,
and zero leakage with little leakage of sealing gas into the pump tank. However, dry gas
seal can only work under 300°C [572°F] because its critical seal ring is of a polyflon
material which can normally only work properly below 323°C [613°F].
Three flanges of the pump were connected by bolts arrayed circumferentially. After
loosening the bolts, the pump can be disassembled into three parts to be maintained
and installed conveniently. For example, by loosening the bolts on the flange of pump
tank, the whole rotation element of the pump can be separated from the pump tank to
maintain the impeller, volute, shield plug, etc. Flanges were sealed by double
polyflon-O-rings limited to a work temperature below 200°C [392°F].
The pump tank is the most important part of the molten salt pump; it performs the
functions of temporary storage, pressure dynamic regulation, overflow, and pressure
boundary. The temperature of the part in contact with the molten salt is up to 700°C
[1292°F], but the pump flange is required to remain below 200°C [392°F]. The pump
tank consists of a primary tank, a cross-shaped pump flange, and a connection frame.
The primary tank has an overflow tube near the top of the tank and six joints on the top
interface; the pump flange and primary tank were joined by the frame, as shown in
Figure 1. The pump flange was designed as a cross shape in order to leave working
places for the joints on the top of the primary tank. These structures were designed to
avoid the thermal radiation from high temperature molten salt in order to keep the
flange’s temperature lower. There are also many reinforcing ribs between the primary
tank and the pump flange that are designed to improve the pump strength. A preheat
device was installed around the pump tank for preheating the temperature to 520°C
[968°F] before pump operation.
As described above, the seals, bearings, and motor are all required to operate under
relatively low temperature. For controlling the pump temperature, a thermal shield
system consisting of an oil cooling jacket and shield plug was designed. The cooling
jacket was designed to surround components from the top of the rolling bearing to the
lower end of the dry gas seal and can cool the whole bearing-support system to
below 80°C [176°F]. The shield plug installed at the upper part of the pump tank was
designed to separate the drive motor and its sensitive electrical insulation, seal
211

elements, and bearings from intense radioactivity and high temperature. The shield plug
was designed with many air-cooling pathways and an annular cavity. By adjusting the
flow rate of cooling air, the temperature of the shield plug can be controlled at an
acceptable value which can keep the flange seal of the pump tank below 150°C [302°F]
and the dry gas seal below 250°C [482°F]. Furthermore, a circular cooling pathway was
designed at the root of the pump tank flange to guarantee that the seals stay below
150°C [302°F].
To ensure that the pump operates reliably, a monitoring system consisting of a blowing
level gauge, interpolation-type thermocouple, pressure gauges, and flow meters was
also designed. It used the blowing level gauge for supervising the level of the molten salt
in the pump tank; the thermocouple for monitoring the temperature of the molten salt, the
bearing, and the seals on the flange; and the pressure gauges for ensuring that the
pressure of the pump tank cover gas and dry gas seal stayed at their normal values. All
that works would monitor the pump running safely and anticipate possible problems
during operating.
Analysis of the Thermal Shield System
High temperature will cause second stress and creep which will weaken the material
strength. It is important to design a reliable thermal shield system to control the
temperature of each part to within an acceptable range. So some analysis and
experiments had been done on the thermal shield system. Two kinds of test prototypes
were built and tested in the laboratory to study thermal shield performance and its
influence factors. Some further research about the effect of thermal radiation on the
pump temperature field was done to find the best structure for the pump tank.
The principal structure of the test prototype consists of a pump tank, shield plug, cooling
jacket, shaft, and bearing housing. One scheme has a thermal baffle between the pump
flange and the pump tank, while the other scheme doesn’t; see the schematic diagram in
Figure 2. Many temperature-monitored points were arranged around the pump,
especially at the key points where the pump seal, gas seal, and bearings were installed.
The interior temperature of the pump tank was also measured by an interpolation
thermocouple inserted in the pump tank. The pump tank was electrically heated.
Raising the pump tank’s internal temperature (point A) from about 500°C [932°F] to
700°C [1292°F] with the cooling medium at 22.8°C [73.0°F] and a flow rate of 2.5 L/min.
[0.66 gpm], the temperature distribution of each test prototype was tested. The test
results are shown in Figure 3 (point G is the cooling medium’s temperature).
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(a) without thermal baffle

(b) with thermal baffle

Figure 2.Test prototype

Figure 3.Temperatures of monitor points

In Figure 3, the temperature of the pump shaft from the bottom to the top is reduced
quickly. When the temperature at the end of the shaft reaches 700°C [1292°F], the
temperature of the bearing location (point E) is less than 80°C [[176°F], which is
allowable. However, with the pump tank flange directly exposed to the thermal radiation
of the molten salt in the pump tank, as shown in Figure 11(a), the temperature of the
pump flange B1 is higher (up to 350°C [662°F]), exceeding the allowable temperature of
the flange seal. But, shown as Figure 11(b), owing to the thermal baffle which prevents
the thermal radiation from reaching the pump flange directly, the pump flange’s
temperature is reduced to 129°C [264°F], meeting the design requirement.
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So improvements to the pump tank had been suggested; namely, (a) to reduce the
upper diameter of the pump tank to near the outer diameter of the shield plug in order to
prevent direct thermal radiation, (b) to design the pump flange as a cross shape to
reduce its radiation area, and (c) to lengthen the pump shaft and pump tank in order to
decrease the intensity of thermal radiation. The capability of a thermal shield to improve
the pump tank has been checked by the thermal analysis and verification at FLiNaK test
loop as follows.
Analysis of Thermal Strain and Stress
An analysis was performed using ANSYS Fluent software. The boundary conditions
used in this simulation were: The temperature of molten salt is 700°C [1292°F]; the
velocity is that at the boundary of the inlet; the boundary of wall is no slip; the
heat-transfer coefficient of natural convection is 10; and ambient temperature is 40°C
[104°F]. A two-order discretization scheme for pressure, momentum, and energy
equations was also used.

(a) model, (b) temperature distribution, and (c) flange temperature distribution
along the × axis
Figure 4.Temperature distribution of the molten salt pump model

The calculation results in Figure 4 show that the overall temperature distribution is
uniform in the pump tank and roughly present the axisymmetric distributions. From
bottom to top, the temperature of the pump tank gradually falls. The pump flange and
shield plug with air-cooling pathways present a good performance of cooling flanges,
seals, and shaft. The temperature of the tank flange seal is approximately 123°C [253°F]
to 130°C [266°F], which meets the design requirement.
According to the results of the analysis of the temperature field above, the thermal stress
and thermal strain were calculated in ANSYS Workbench. The material’s elastic
modulus and the thermal expansion of Hastelloy C-276 are varied by temperature, as
shown in Figure 5, and its Poisson’s ratio is 0.33. In order to simulate the pump support,
the screws of the top flange were fixed. The analysis was based on elastic theory, and
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the deformation contour and the equivalent stress contour are shown respectively in
Figures 6 and 7.

Figure 5.Curves of elastic modulus and thermal expansion versus temperature

Figure 6 (left).Thermal deformation contour of the pump tank.
Figure 7 (right).Equivalent stress contour of the pump tank.

As shown in Figure 6, it can be known that the maximum deformation of the pump tank
(about 6.77 mm [0.267 in.]) occurred at the bottom of the tank. Because the freedoms of
the screws are fully constrained in this analysis, combining with the high temperature,
the thermal stress at that fixed location is very large. To reduce the thermal stress, a
flexible pump support is suggested to allow the pump to move in a certain direction. In
addition, because of the geometry discontinuity and the thermal gradient, the thermal
stress of the transition zone between the pump and the stiffeners is also large. To meet
the safety requirement, the diameter of the transition should be increased to decrease
the local stress concentration.
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Operation and Tests
Operation
The critical tests such as temperature-field measurement and tests of hydraulics are
described in detail in the following pages. This molten salt pump was installed at the
FLiNaK loop and has operated successfully for over 250 hr. at 500°C [932°F] to 600°C
[1112°F], speeds of 1050 to 1450rpm, and flows of 15 m3/h [66 gpm] to 25 m3/h [110
gpm].

Figure 8.Scene of pump operation
The performance of the dry gas seal is stable, with leakage below 0.001 Nm3/h and seal
gas pressure of 0.4 MPa [58 psi].
Temperature-Field Measurement
The molten salt pump’s temperature field was tested in the FLiNaK test loop. According
to the prototype test results, we know that the temperature of upper shaft (at points E, F,
and G) is acceptable. In this loop test, seven temperature-measurement points are
distributed on the pump tank, pump flange, gas seal, and axial and bearing housing, as
shown in Figure 9. Because the temperature of the shaft can’t be tested during pump
operation, temperature is measured at a point on the bottom surface of the pump tank
instead.
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Figure 9.Schematic diagram of loop test
Pump heating is divided into two stages: the first stage is preheating to 500°C [932°F]
and the second stage is heating from 500°C [932°F] to 650°C [1202°F] with cooling oil
flow of 0.56 m3/h [2.47 gpm] and cooling gas flow of 40 L/min [10.57 gpm]. The
temperature test results are shown in Figure 10.

Figure10. Temperature-change curve of pump
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The test result shows that the temperature of the flange of the pump tank is below 140°C
[284°F] and the bearing temperature is below 80°C [176°F], which conforms to the
design. Furthermore, it indicates that the optimized pump tank presents a good
performance of thermal radiation shielding. After the temperature of point A reaches
500°C [932°F], because of the cycling of the cooling oil and cooling gas, the temperature
of whole pump begins to declined, although the decline is not obvious.
Hydraulic Testing
Test with Water
In order to obtain the hydraulic performance of the pump, further testing for hydraulics
was carried out at a special hydraulic test bench shown in Figure 11.

Figure 11.Hydraulic test bench
The flows and heads of the pump were tested with motor frequencies of 35 Hz, 40 Hz,
and 50 Hz. Test results are as shown in Figure 12. Figure 13 shows the calculation
results for the pump’s hydraulic curve with water and molten salt at 50 Hz.
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Figure 12. Test curve of Q-H

Figure 13.Calculation curve of Q-H at 50 Hz
In Figure 12, results show that the shape of the Q-H curve is gloss and is similar for
35 Hz, 40 Hz, and 50 Hz. When flow is 15 m3/h [66 gpm] at 50 Hz, the head is about
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22 m [72.2 ft] (meeting the design value, which is near the calculation value of 22.5 mm
[0.74 ft] at the same frequency in Figure 13).
Test with Molten Salt
No valve designed for molten salt is installed in the FLiNaK loop. So the flow of the
molten salt pump can only be changed by adjusting the frequency of the pump.
Changing motor frequency from 35Hz to 50Hz at 520°C [968°F], 525°C [977°F], 530°C
[986°F], 535°C [995°F], and 540°C [1004°F], the relationship between flow and
frequency was tested, with the test results shown in Figure 14.

Figure 14. Relationship between flow and frequency
In Figure 14, when the temperature changes from 520°C [968°F] to 540°C [1004°F], the
pump flow changed very little. The self-oil-feeder limits rotating speed above 1050 gpm
[238 gpm] (36 Hz), so the relative minimum flow is about 17.8 m3/h [78 gpm], which is
higher than 15 m3/h [66 gpm] and meets the design requirement.
Discussion
Comparing with the hydraulic test results in Figure 12 and the calculation results In
Figure 13, we can know that calculation results conform to the test results. So it implies
that the calculation method is correct. Furthermore, the calculation results for the
medium of molten salt should be correct. As shown in Figure 13, the Q-H curve for a
medium of molten salt is similar to that for a medium of water. The curve of its hydraulic
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is smooth, without a hump, presenting a good performance. When the flow is 15 m3/h
[66 gpm], the head is 21.7 m [71.2 ft], which meets the design criterion. But the FLiNaK
loop was designed without a valve or pressure gauge, so the Q-H curve of the pump can
only be tested for the relationship of speed and flow, as in Figure 14. So the hydraulic
performance for molten salt can’t be completely verified. Hydraulic testing with molten
salt would be done on the Molten Salt Hydraulic Test Bench, the design for which is
ongoing.
Owing to the improvement of the pump tank, the thermal shield system presents a good
performance of thermal shielding. The temperature of the tank flange tested in FLiNaK is
125°C [257°F] (see Figure 10), which is very close to the value of 129°C [264°F] tested
on the test prototype. But it also causes some problems; for example, lengthening the
shaft with an overhanging impeller may cause unreliable operation. So some testing of
rotor dynamics should be done in the future.
Conclusion
Based on the analysis and discussions above, the conclusions could be obtained as
follows:
1) The pump fully meets the design requirements for hydraulics, temperature field,
and thermal stress and strain.
2) A good performance of thermal shield system was designed to keep the
temperature of the seals below 200°C [392°F] and the temperature of the bearing
below 80°C [176°F].
3) The pump has operated in the FLiNaK test loop for over 250 hr. at temperatures
of 500°C [932°F] to 600°C [1112°F], speeds of 1050 to 1450rpm, and flows of 15
m3/h [66 gpm] to 25 m3/h [110 gpm], completely achieving the design targets.
References
1. Delpech, S., ”Molten Salts for Nuclear Applications,” Lantelme, F., and
H. Groult, eds., Molten Salts Chemistry: From Lab to Applications,
Burlington, MA: Elsevier, 2013, pp. 497–520.
2. Bradshaw, R.W., and D.E. Meeker, “High-Temperature Stability of Ternary
Nitrate Molten Salts for Solar Thermal Energy Systems,” Solar Energy
Materials 21(1):51–60, 1990.
3. Beneš, O., and R.J.M. Konings, “Thermodynamic Calculations of Molten-Salt
Reactor Fuel Systems”, Lantelme, F., and H. Groult, eds., Molten Salts
Chemistry: From Lab to Applications, Burlington, MA: Elsevier, 2013, pp. 49–78.
4. Doležel, I., V. Kotlan, and B. Ulrych, “Magnetohydrodynamic pumps for molten
salts in cooling loops of high-temperature nuclear reactors,” Przegląd
Elektrotechniczny (Electrical Review) 87(5):28–33, 2011.

221

5. Smith, D.C., et al., “Report on the Test of the Molten-Salt Pump and Valve
Loops,” SAND91-1747, Sandia National Laboratories, Albuquerque, NM, 1991,
60 pp.
6. Robertson, R.C., “MSRE Design and Operations Report, Part I: Description of
Reactor,” ORNL-TM-0728, Oak Ridge National Laboratory, Oak Ridge, TN,
January 1965, 133 pp.
7. Tyner, C. E., J.P. Sutherland, and W.R.J. Gould, “Solar Two: A Molten Salt
Power Tower Demonstration,” SAND95-1828C, Sandia National Laboratory,
Albuquerque, NM, August 1995, 20 pp.
8. Pacheco, J.E., and R. Gilbert, “Overview of the Recent Results of the Solar Two
Test and Evaluations Program,” Proceedings of the ASME International Solar
Energy Conference: Renewable and Advanced Energy Systems for the
21st Century, ASME, Maui, HI, 1999.
9. Barth, D.L., et al., “Development of a High-Temperature, Long-Shafted,
Molten-Salt Pump for Power Tower Applications,” Proceedings of Solar
Forum 2001: Solar Energy: The Power to Choose, April 21–25, Washington, DC,
ASME, New York, NY, 2001.
10. Smith, P.G., “Water Test Development of the Fuel Pump for the MSRE,”
ORNL-TM-79, Oak Ridge National Laboratory, Oak Ridge, TN, March 27, 1962.

222

Alternative Selection of Pump-Test Instrumentation and
Variance of Fixed Reference Values
Mark Gowin
Tennessee Valley Authority
Tom Robinson
Nebraska Public Power District
John Kin
Dominion Generation
Abstract
This paper describes actions being taken by the ASME (formerly the American Society
of Mechanical Engineers) Operation and Maintenance of Nuclear Power Plants
(OM Code) Subgroup on Pumps (ISTB) to revise pump test requirements to be more
clearly stated and provide more flexibility in performance of tests. Specifically, this paper
addresses two aspects of pump test requirements that are in the process of being
changed.
•
•

Instrumentation requirements for measurement of hydraulic parameters
(approved by ISTB subgroup).
Variance around the fixed reference value for establishing pump-test conditions
(approved by ASME and published in the 2012 Edition of the OM Code).

The OM Code changes discussed in this paper are currently in various stages of
approval and endorsement. Therefore, the information provided in this paper is subject
to change as a result of the OM Code approval and U.S. Nuclear Regulatory
Commission (NRC) endorsement processes.
Introduction
The two different aspects of pump testing discussed in this paper are each unique and
separate ideas of needed change in the code. However, they are brought together in this
paper because the changes have the potential to compound one another and the sum of
the parts should be considered when deciding on an implementation strategy.
This paper is organized to discuss the two changes on their individual merit and then
delve into the potential effects of the combination of these changes on a pump test.
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Alternative Selection of Pump-Test Instrumentation
Purpose
The OM Code’s Subgroup for Pumps (ISTB) committee recently proposed a new OM
Code Case for consideration that will, if approved, provide owners an alternative method
for selection of hydraulic (pressure and flow) instruments for use in pump tests. This
Code Case maintains the original intent of the OM Code because the maximum possible
instrument error at the reference values is unchanged.
This Code Case has been designed to resolve some longstanding issues and areas of
confusion with regard to pump test instrumentation, because it will:
•
•
•

Minimize the need to request relief from the NRC for pump-test instrumentation
implementation issues.
Eliminate confusion within the industry regarding the accuracy requirements for
digital instruments (e.g., percent of calibrated range or percent of reading).
Clarify that instrument accuracy requirements may be applied to site-specific
calibration accuracies rather than the accuracy stated by the instrument
manufacturer.

Description of Change
The proposed OM Code Case will allow any combination of instrument range and
accuracy of a single analog or digital instrument or a combination of analog and/or digital
instruments to be used to determine pump flow, pressure, or differential pressure,
provided that the maximum instrument error at the reference point for total pump flow
and pump differential pressure is less than or equal to the limits provided in Table 1,
“Maximum Allowable Instrument Error.”
In addition, the proposed OM Code Case stipulates that the accuracy requirements
specified in the owner’s calibration program shall be used to determine the error at the
reference point. Accuracy of an instrument loop may be based on the output of the loop
for a given input or may be based on the square root of the sum of the squares of the
individual components' accuracies.
Table 1: Maximum Allowable Instrument Error
Test Parameter
Total Pump Flow
Pump Differential
Pressure

Group A and
Group B Tests
±6% of flow reference point
±6% of differential pressure
reference point
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Comprehensive and
Preservice Tests
±6% of flow reference point
±1.5% of differential pressure
reference point

Basis for Change
The code case addresses the use of multiple instruments of various ranges and
accuracies for determining a pump parameter. If two or more instruments are being used
to determine a pump parameter (e.g., differential pressure by a suction and discharge
pressure reading), the proposed code change would allow this to be done as long as the
combination of instruments being used resulted in a maximum potential error at the
reference point that was less than the potential error at the reference point with an
analog gauge that is three times the reference value. Under this approach, multiple
instruments may be used without a relief request and the current amount of error
allowed by the code would not be surpassed. This is consistent with the guidance in
Section 5.5.1 of NUREG-1482, “Guidelines for Inservice Testing at Nuclear Power
Plants,” Revision 2.
In general, when the range of an analog suction pressure gauge is more than three
times the normal reading, a relief request may be sent to the NRC to justify the use of
this indicator. The approval of this type of relief request is based on the suction and
discharge instruments having less potential error at the reference point than a single
analog instrument would have at the reference point with the code-allowed range of
three times the reference value. This demonstrates that the suction gauge error provides
a very small fraction of the overall error when determining differential pressure. The fact
that the suction gauge has a range that is more than three times the normal suction
pressure is insignificant. Therefore, for this issue alone, this code revision would
eliminate a significant amount of licensee and NRC expenditure of time and resources
with no loss in quality or safety.
The second issue being addressed by this code case is to eliminate confusion within the
industry regarding the accuracy requirements for digital instruments. Discussions during
the 2012 Inservice Testing Owner’s Group annual meeting showed that the current OM
Code wording for digital instruments is not consistently understood across the industry.
Some IST engineers believe the wording requires the specified accuracy (e.g., ±2
percent) to be percent of reading whereas others believe the wording requires the
accuracy to be over the calibrated range. For example, those in the “percent of reading”
camp believe that a digital instrument meant to read 100 psig would have to have an
accuracy of ±2 psig at 100 psig. Whereas, for those in the “percent of scale” camp, a
digital instrument meant to read 100 psig could have a range of up to 300 psig (or more
if desired) and would only need an accuracy of ±6 psig (300 × 0.02) at 100 psig. This
represents a significant difference in how owners are currently implementing the code.
This code case clarifies that instruments for hydraulic parameters, regardless of whether
they are analog or digital, and regardless of their range for that matter, must yield a
maximum error of ±6 percent or ±1.5 percent at the reference value (reading) as shown
in Table 1 above.
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The third issue being addressed by this code case is to clearly allow calibration
accuracies (of the loop or individual instrument) to be an acceptable way of achieving
the code instrument accuracy. Under the current code, the accuracy requirements could
be interpreted to be based only on the instrument accuracy as supplied by the
manufacturer. However, this code case will clarify that it may also be met through the
calibration process. This is consistent with Code Interpretation 01-09, Question 1, as
follows:
Question (1): Is it the intent of ASME/ANSI OM-1987, Part 6, Paragraph 4.6.1.1 and
Table 1 and ASME OM Code-1990, ISTB 4.6.1 and Table ISTB 4.6.1-1 to consider only
the instrument’s reference accuracy, such as that supplied by the instrument
manufacturer, in determination of instrument loop accuracies?
Reply (1): No. It is the intent that the accuracy specified in the owner’s calibration
requirements shall be used. Accuracy of an instrument loop may be based on the output
of the loop for a given input, or may be based on the square root of the sum of the
squares of the individual components’ accuracies.
Additionally, two other Code Interpretations of importance for use of this proposed Code
Case are provided below.
Code Interpretation 91-3 clarifies that the final indication of flow rate on an analog
instrument is not required to take into account attributes such as orifice plate tolerances,
tap locations, and process temperatures. This interpretation is compatible with the
proposed Code Case.
Interpretation 91-3:
Question: Does Table 1 of Part 6 require that the final indication of flow rate on an
analog instrument be within 2 percent of full scale of actual process flow rate, taking into
account attributes such as orifice plate tolerances, tap locations, and process
temperatures?
Reply: No. Table 1 of Part 6 applies only to the calibration of the instrument.
Code Interpretation 04-07 clarifies that using separate suction and discharge pressure
gauges to determine pump differential pressure is not considered an instrument loop.
This approach will not be permitted when using the proposed Code Case.
Interpretation 04-07:
Question: Is it a requirement of ISTB-3510(a) that when pump differential pressure is
determined by paras. (a) through (c) below, the pressure instruments used must be
considered an instrument loop as defined by ISTA-2000, “Definitions”?
(a) reading pump discharge pressure on an analog or digital pressure indicator
(b) reading pump suction pressure on an analog or digital pressure indicator, and then
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(c) subtracting the suction pressure reading from the discharge pressure reading
Reply: No.
Implementation Example
There are several subtleties within this proposed Code Case which may only become
evident when comparing its implementation with implementation of the current OM Code
requirements. For demonstration purposes, consider the following known parameters of
a hypothetical pump and setup for a Group A test.
Pump Name: Demo Pump 1
Group A Test Reference Values
• Differential Pressure: 434.4 kPa [63 psid]
• Total Flow: 3028 L/min. [800 gpm]
Test Configuration
• Differential pressure is determined by subtracting suction pressure from
discharge pressure (separate pressure gauges are used).
o Suction pressure reference value: 27.6 kPa [4 psig]
o Discharge pressure reference value: 462 kPa [67 psig]
• Total flow is determined by adding the main and minimum recirculation
flow paths’ flow rates together.
o Main flow reference value: 2915 L/min. [770 gpm]
o Recirculation flow reference value: 113.6 L/min [30 gpm]
Determine the Required Test Instruments:
Current OM Code 2004 Edition/2006 Addenda Requirements
• ISTB-3510(a) Accuracy
o Analog Instrument: ± 2 percent of full scale
o Digital Instrument: ± 2 percent over the calibrated range
• ISTB-3510(b) Range
o Analog Instrument: full-scale ≤ 3 times reference value
o Digital Instrument: reference value ≤ 90 percent of the calibrated
range
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Current OM Code 2004 Edition/2006 Addenda Requirements (Continued)
• Differential Pressure
o Suction Pressure Instrument Range
 Analog Instrument: 27.6 kPa [4 psig] × 3 = [0 to] 110
kPa [12 psig] maximum range)
Maximum instrument error = 110 kPa [12 psig] × 0.02 =
±2.21 kPa [±0.24 psig]
 Digital Instrument: 27.6 kPa [4 psig] / 90 percent = 34.6
kPa [4.44 psig] minimum range
For the purposes of this example, assume that 0 to 103.4
kPa [15 psig] is the calibrated range of the instrument
selected.
Maximum instrument error = 103.4 kPa [15 psig] × 0.02 =
±2.07 kPa [±0.30 psig]
o Discharge Pressure Instrument Range
 Analog Instrument: 462 kPa [67 psig] × 3 = [0 to] 1386 kPa
[201 psig] maximum range
Maximum instrument error = 386 kPa [201 psig] × 0.02 =
±27.7 kPa [±4.02 psig]
 Digital Instrument: 462 kPa [67 psig] / 90 percent = 513.25
kPa [74.44 psig] minimum range
For the purposes of this example, assume that 0 kPa [0
psig] to 689.5 kPa [100 psig] is the calibrated range of the
instrument selected.
Maximum instrument error = 689.5 kPa [100 psig] × 0.02 =
±13.79 kPa [±2 psig]
Proposed Code Case Requirements
• Any combination of instrument range and accuracy of a single or
combination of analog and/or digital instrument(s) to be used to determine
pump flow, pressure, or differential pressure, provided that the maximum
instrument error at the reference point for total pump flow and pump
differential pressure is less than or equal to the limits provided in Table 1,
“Maximum Allowable Instrument Error” (shown above).
For Demo Pump 1 Group A Test:
o Differential Pressure: 434 kPa [63 psid] × 0.06 = ±26 kPa
[±3.78 psid] max. error
o Total Flow: 3028 L/min [800 gpm] × 0.06 = ±181.7 L/min
[±48 gpm] max. error
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•

Maximum Error is be calculated as follows:
o For instruments whose accuracy is stated as percent of the
instrument’s full scale range, the maximum error equals accuracy
times range in the units of measure of the instrument.
 For example, a 0 L/min [0 gpm] to 379 L/min [100 gpm]
pressure gauge with an accuracy of ±2 percent of full scale
has a maximum error of ±13.79 kPa [±2 psig].
o For instruments whose accuracy is stated as percent of reading,
the maximum error equals accuracy times measured value
(e.g., reference point).
 For example, a 0 kPa [0 psig] to 689.5 kPa [100 psig]
pressure gauge with an accuracy of ±2 percent of reading
has a maximum error of ±6.90 kPa [±1 psig] at a reading of
345 kPa [50 psig].
o If a combination of separate instruments is used to determine total
pump flow (e.g., addition of two flow paths) or pump differential
pressure (e.g., discharge pressure – suction pressure), the
maximum error equals the sum of maximum error of the individual
instruments.
 For an example of differential pressure, the suction
pressure uses a 0 kPa [0 psig] to 103.4 kPa [15 psig]
instrument with an accuracy of ±3 percent of full scale and
has a maximum error of ±3.1 kPa [±0.45 psig]. The
discharge pressure uses a 0 kPa [0 psig] to 1034 kPa
[150 psig] instrument with an accuracy of ±1 percent of full
scale has a maximum error of ±10.34 kPa [±1.5 psig].
Therefore, the maximum error for differential pressure is
3.1 kPa [0.45 psig] + 10.34 kPa [1.5 psig] = ±13.44 kPa
[±1.95 psid].
 For an example of total flow, the main flow path uses a 0
L/min [0 gpm] to 11356 L/min [3000 gpm] instrument with
an accuracy of ±2 percent of reading and has a maximum
error of ±58.3 L/min [±15.4 gpm] at a reading of 2915 L/min
[770 gpm]. The recirculation flow path uses a 0 L/min [0
gpm] to 379 L/min [100 gpm] flow instrument with an
accuracy of ±2 percent of full scale and has a maximum
error of ±7.57 L/min [±2 gpm]. Therefore, the maximum
error for total flow with the combination of flow instruments
is 7.57 L/min [2 gpm]+ 58.3 L/min [15.4 gpm]= ±65.87
L/min [±17.4 gpm].
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•

Graphic Representation of Maximum Allowed Instrument Error
Figure 1, below, visually represents the Maximum Allowed Instrument
Error at the differential pressure and flow reference points of Demo
Pump 1.
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Figure 1: Graphic Representation of Maximum Allowable Instrument Error
Compare Current OM Code to Proposed Code Case:
•

Similarities:
o The maximum instrument error limits provided in the proposed
Code Case are the same as those in the current OM Code when a
single analog instrument or instrument loop is used to determine
differential pressure and flow. In fact, these rules are the basis for
the limits of Maximum Allowable Instrument Error provided in
Table 1 of the proposed Code Case. The current OM Code
requires selection of analog instruments with a full scale range not
to exceed 3 times the reference value and the required accuracy
is percent of full scale. This equates to a maximum instrument
error at the reference value of ±6 percent for flow, ±6 percent for
differential pressure of Group A and Group B tests, and ±1.5
percent for differential pressure of comprehensive and preservice
tests, the same limits specified in the proposed Code Case.
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o

•

The concept of the proposed Code Case (max. error at reading) is
the same as has been used for relief valves since at least 1981
(OM Part 1). Article I-1410 in Appendix I of the current OM Code
states, “Test equipment (e.g., gages, transducers, load cells,
calibration standards) used to determine valve set-pressure shall
have an overall combined accuracy not to exceed ±1 percent of
the indicated (measured) set-pressure.”

Key differences:
o The proposed Code Case offers complete flexibility in selection of
instruments, provided that the maximum instrument error at the
reference values is within the prescribed limits. The current OM
Code requirements for selection of instruments are fairly rigid
considering that the full scale range of the instrument is a simple
multiple of the reference value. There is no allowance to deviate
from the maximum full scale range and accuracy requirements.
o The wording of the proposed Code Case intentionally limits a
combination of instruments to ±6 percent instrument error at the
reference value. This is more restrictive than the current OM Code
as explained below.
 Current OM Code requirements are for individual
instruments and instrument loops. Code
Interpretation 04-07 (shown above) clarifies that multiple
individual instruments, such as separate suction and
discharge gauges, used to determine pump differential
pressure are not considered an instrument loop. As a
result, it is technically possible to comply with the current
OM Code requirements and have more than ±6 percent
instrument error at the reference value because of the
possible additive nature of suction pressure instrument
error and discharge pressure instrument error.

Variance of Fixed Reference Values
Purpose
The OM Code committee’s Subgroup for Pumps (ISTB) spent considerable time in
developing a code change and corresponding Code Case to provide owners some
limited flexibility in establishing the fixed reference point condition for performance of
pump tests. The code change has been approved and is published in the 2012 Edition of
OM Code. Code Case OMN-21 has also been approved by ASME, but has not yet been
published. Neither of these documents has been endorsed by the NRC at this time.
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This code change and Code Case were developed and approved to address the
following issues:
•
•

Plant designs which do not permit accurate setting of the fixed reference value
Confusion (which should be eliminated) within the industry regarding variance
around the fixed reference value

Description of Change
The alternative approach for adjusting to the specified reference point (e.g., fixed
reference value) provided by Code Case OMN-21 is shown below.
It is the opinion of the Committee that when it is impractical to operate a pump at a
specified reference point and to adjust the resistance of the system to a specified
reference point for either flow rate, differential pressure, or discharge pressure, the pump
may be operated as close as practical to the specified reference point with the following
requirements. The owner shall adjust the system resistance to as close as practical to
the specified reference point where the variance from the reference point does not
exceed + 2 percent or -1 percent of the reference point when the reference point is flow
rate, or +1 percent or -2 percent of the reference point when the reference point is
differential pressure or discharge pressure.
The code change published in the 2012 Edition of OM Code is essentially the same as
the Code Case except that the wording is included in each of the specific pump/test type
sections of ISTB-5000 (e.g., ISTB-5121(b), ISTB-5223(b), etc.).
Basis for Change
According to ISTB, tests shall be conducted with the pump operating at a specified
reference value. In practice, adjusting the system resistance until either flow rate or
differential pressure equals a specified reference value can be very difficult if not
impractical.
The Code change requires that the owner adjust the system resistance to as close as
practical to the specified reference value where the variance from the reference point
does not exceed +2 percent or -1 percent of the reference point when the reference
point is flow rate, or +1 percent or -2 percent of the reference point when the reference
point is differential pressure or discharge pressure. The Code change allows the
reference value to be used as the target for adjustment purposes, requires that the
adjustment be as close as practical to a specified reference point, and allows for some
extra margin for low-flow systems that would place most of the data scatter on the
conservative (low) side of the pump curve. This discussion will focus on using flow rate
as the specified reference value, which is the case for a majority of pump tests.
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The steeper the slope of the pump curve, the more data scatter there is from test to test.
In systems for which the reference flow rates are high (> 1893 L/min [500 gpm]) and the
throttling capabilities are good, the flow rates can typically be adjusted to within 1
percent of the reference value on a routine basis. Adjusting the flow rate to this precision
is a requirement of the proposed Code change if it is practical to do so. A similar
requirement is already in the Code (ISTB-3300(e)(2)) which requires that the reference
flow rate be established within +20 percent of the pump design flow rate for Group A
and B tests, if practicable. Adjusting the flow rate to within 1 percent of the reference
value provides acceptable repeatable results from test to test, even where the pump
curve becomes steep.
In systems for which the reference flow rates are lower (< 1893 L/min [500 gpm]), it may
not be practical to adjust the flow rate to within 1 percent of the reference point. The
lower the reference flow rate, the smaller the allowed variance. In these cases the
readability of the instrument becomes a limiting factor. For quarterly Group A and B
pump tests that can only be performed back on the pump curve where the slope is not
steep, the +2 percent or -1 percent precision for adjusting flow rate would provide
acceptable repeatability of the test results. In these cases, it would be the responsibility
of the owner to defend the conclusion that a variance less than +2 percent is impractical.
For systems with a low flow rate (567.8 L/min [150 gpm] to 1325 L/min [350 gpm]) such
as control-room air-conditioning systems, the best efficiency point of the pump is
typically achievable during the test. If the slope of the pump curve is steep at the
reference value, a +2 percent variance may result in too much data scatter and
challenge the required action limits in the Code. In these cases, the owner could use
more precise instruments and reduce the variance, or use Code Case OMN-16, “Use of
a Pump Curve for Testing.”
Computing Variance Around the Reference Value Using Different Methods
Example 1 - Digital Flow Rate Instruments
Method 1 - Computing Variance Around the Reference Value Using Accuracy
Assumptions:
Total loop flow-rate instrument accuracy = +1.25% of the calibrated range
(1.25% is typical for digital flow-rate instruments)
Reference value = 18927 L/min [5000 gpm]
Code-allowed accuracy = +2% of the calibrated range
Allowed variance to remain within +2% accuracy = +2% -+1.25% =
+0.75% variance
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Actual variance = (+0.75% × 18927 L/min [5000 gpm] / 100 = +142 L/min
[+37.5 gpm]
A variance of +142 L/min [+37.5 gpm] can be applied to the reference
value of 18927 L/min [5000 gpm] while maintaining the overall Code
accuracy of +2%.
Method 2 - Computing Variance Around the Reference Value Using Allowed
Error
Assumptions:
Total loop flow-rate instrument accuracy = +1.25% of the calibrated range
Reference value = 18927 L/min [5000 gpm]
Calibrated range = 37854 L/min [10000 gpm]
Code-allowed accuracy = +2% of the calibrated range
Code-allowed error of calibrated range = +2% × 37854 L/min
[10000 gpm] / 100 = +757 L/min [+200 gpm]
Error attributable to the limitations of instrument accuracy = +1.25% ×
37854 L/min [10000 gpm] / 100 = +473.2 L/min [+125 gpm]
Allowed error minus instrument error = +757 L/min [+200 gpm] - +473.2
L/min [+125 gpm] = +284 L/min [+75 gpm]
A variance of +284 L/min [+75 gpm] can be applied to the reference value
of 18927 L/min [5000 gpm] while maintaining the overall Code accuracy
of +2%.
Example 2 – Analog Flow-Rate Instruments
Methods 1 and 2 for digital instruments can be applied to analog instruments.
Method 1 - Computing Variance Around the Reference Value Using Accuracy
Assumptions:
Total loop flow-rate instrument accuracy = +1.5% of full scale (1.5% is
very good for an analog instrument)
Reference value = 18927 L/min [5000 gpm]
Code-allowed accuracy = +2% of full scale
Allowed variance to remain within +2% accuracy = +2% - +1.50% =
+0.5% variance
Actual variance = (+0.5% × 18927 L/min [5000 gpm]) / 100 = +95 L/min
[+25 gpm]
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A variance of +95 L/min [+25 gpm] can be applied to the reference value
of 18927 L/min [5000 gpm] while maintaining the overall Code accuracy
of +2%.
Method 2 - Computing Variance Around the Reference Value Using Allowed
Error
Assumptions:
Total loop flow-rate instrument accuracy = +1.5% of full scale
Reference value = 18927 L/min [5000 gpm]
Full scale = 37854 L/min [10000 gpm]
Code-allowed accuracy = +2% of full scale
Code-allowed error of full scale = +2% × 37854 L/min [10000 gpm] /
100 = +757 L/min [+200 gpm]
Error attributable to the limitations of instrument accuracy = +1.50% ×
10,000 / 100 = +578 L/min [150 gpm]
Allowed error minus instrument error = +757 L/min [+200 gpm] - +578
L/min [150 gpm] = +189 L/min [+50 gpm]
A variance of +189 L/min [+50 gpm] can be applied to the reference value
of 18927 L/min [5000 gpm] while maintaining the overall Code accuracy
of +2%.
Method 3 - Computing Variance Around the Reference Value Using Allowed
Error at Allowed Full Scale
Analog instruments have an added requirement that the full scale cannot
be greater than three times the reference value. In the example below, an
allowed full scale (i.e., allowed full scale = 3 × (reference value)) is
applied to the calculation. The idea of using an allowed full scale based
on the actual reference value came from an approved relief request in
which the allowed full scale was applied to differential pressure.
Assumptions:
Total loop flow-rate instrument accuracy = 1.5% of full
Reference value = 18927 L/min [5000 gpm]
Code-allowed full scale = 3 × 18927 L/min [5000 gpm] = 56781 L/min
[15,000 gpm]
Code-allowed full-scale accuracy = +2% of full scale
Code-allowed error at full scale = +2% × 56781 L/min [15,000 gpm] /
100 = +1136 L/min [+300 gpm]
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Error attributable to the limitations of instrument accuracy = +1.50% ×
56781 L/min [15,000 gpm] / 100 = +852 L/min [+225 gpm]
Allowed error minus instrument error = +1136 L/min [+300 gpm] - +852
L/min [+225 gpm] = +234 L/min [+75 gpm]
A variance of +234 L/min [+75 gpm] can be applied to the reference value
of 18927 L/min [5000 gpm] while maintaining the overall Code accuracy
of +2%.
Potential Effects of Combining Alternate Selection of Instruments and Variance
Around the Reference Value
The discussion above demonstrates the maximum instrument error allowed by the
proposed Code Case is no greater than that allowed by the current Code requirements.
Nonetheless, an instrument error of ±6 percent from the reference value does not leave
much room between potential data scatter and the Code-required acceptance criterion of
±10 percent for the Group A test. If the test takes advantage of the recently approved
Code change or Code Case for variance around the reference value, the margin
between potential data scatter and the Code-required acceptance criteria becomes even
smaller. Figure 2, below, provides a graphic representation of these relationships.

Figure 2, Combined Effects of Instrument Error and Variance
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Conclusions
The actions being taken by Subgroup ISTB that are discussed in this paper will offer
owners considerably more flexibility in performance of pump testing. As shown above, it
will be incumbent on the site IST Program engineer to exercise extreme care in
determining how much of this flexibility should be implemented in test procedures in
order to avoid unintended consequences.
Reference
1. ASME (formerly the American Society of Mechanical Engineers), Operation and
Maintenance of Nuclear Power Plants (OM Code), 2012 Edition, New York, NY,
April 8, 2013.
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Overcoming Common Engineering-Program Problems
with a Software Solution
Christina Files
True North Consulting, LLC
Tim Johnson
Endevor, LLC

Abstract
The nuclear utility Inservice Testing (IST) Program Engineer is faced with a number of
challenges on a daily basis. The burden of additional responsibility has been increasing
dramatically in recent years because of personnel departure without staff replacement.
This condition has increased the reliance on software to assist the program engineer in
performing their assigned duties.
IST Program administration and implementation software can be the IST Program
Engineer’s “best friend” when properly used. Newer Web-based software such as the
Engineering Programs EP-Plus ENGAGE™ IST Software is designed to meet and
exceed the requirements of ASME (formerly the American Society of Mechanical
Engineers) Operations and Maintenance of Nuclear Power Plants (OM Code) and
regulatory expectations while simultaneously improving the IST Program Engineer’s
“quality of life.”
Web-based, fully supported, readily accessible IST software is one of the IST Program
Engineer’s most important tools. The EP-Plus ENGAGE Software Suite is aligned with
corporate strategies and objectives by using the latest technology to improve the way
that engineering programs are managed. The standardized common platform can be
cost-effectively expanded to include any engineering program at the unit, station, or fleet
level.
The EP-Plus ENGAGE Suite covers the full range of engineering programs and provides
the opportunity to realize benefits in an expedited manner while also allowing
improvement in efficiency and cost reduction.
A series of figures and associated narrative text is used to provide the IST Program
Engineer with information pertaining to the features and functionality of today’s IST
software and associated engineering-program software solutions.
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Introduction
The nuclear industry is an ever-changing environment. Regulations and Codes are
under a continuous state of improvement and revision. Most engineering programs are
required to be updated at some mandatory frequency; these updates necessitate
reassessment of established engineering programs to identify and implement the
required changes.
Many utilities assign program responsibility and accountability to the staff of their
engineering programs but fail to provide them with the software tools necessary to
effectively develop a program, manage day-to-day activities, proactively take corrective
action, identify outage scope, and periodically update their program to the latest
regulatory and Code requirements. Many of these individuals resort to developing their
own databases or spreadsheets to help them try to keep pace with their ever-increasing
responsibilities. Often these internally developed databases and spreadsheets are
based on limited knowledge of the specific program requirements and lack of awareness
regarding how the industry deals with administration and implementation of these
programs.
While Users Group and Code Meeting attendance can raise awareness, many program
engineers and managers are finding it increasingly difficult to obtain the funds and
permission to attend these periodic functions. Additionally, the expectation to share
performance-monitoring data further increases the complexity and development time of
internally developed applications.
The shortfall of internally developed software is revealed when key development
personnel are no longer available, when the software is no longer current with evolving
regulations and Codes, or when more time is spent maintaining the data than actually
proactively detecting component degradation. In order to effectively manage program
administration and implementation, prevent “near misses,” reduce costs, refine
refueling-outage scope, potentially avert plant shutdowns, and improve employee
turnover, today’s nuclear utilities are moving to third-party Web-based readily accessible
applications that are integrated with client data sources (e.g., master equipment list,
system health, work control, etc.).
Third-party Web-based engineering-program applications are intended to ease the IST
Program Engineer’s burden by placing reliance on the vendor’s knowledgebase and
their ability to monitor industry changes. True North Consulting’s unique blend of vendor
knowledge and industry involvement ultimately feeds into keeping its
engineering-program software current.
Several program owners have been fortunate enough to justify and purchase third-party
engineering-program software to assist them with their duties. Today only a few
engineering-program services and software providers exist, and even fewer provide both
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services and software as a complete solution. All too often these third-party
engineering-program solutions are lacking in certain functionality or do not have
sufficient configurability to support specific end-user needs. Many times the software
does not remain compatible with the client’s IT platform and/or does not stay current with
industry requirements. Both conditions ultimately require a software change or major
rework. IST Engineers should explore the vendor’s capabilities to support the software
as part of their purchasing process.
The optimum engineering-program software supplier will embrace continuous
improvement by:
•
•
•
•
•
•
•

Using subject matter experts for input;
Collection and incorporation of end-user comments;
Keeping current with evolving regulations and codes for change awareness;
Dynamic participation in industry users’ groups (ISTOG, APOG, NIC, etc.);
Ensuring software-platform compatibility (e.g., with Microsoft® OS changes);
Making sure changing requirements are incorporated in the software and
released to the client base on a routine basis; and
Providing prompt client support when issues arise.

By embracing a quality Web-based application, program engineers will enjoy better
quality of life, assume a greater role in managing their assigned program(s), and be
aware of the immediate health of their components. Program engineers will have speedy
Web-based access to their engineering-program data, enjoy ease of data entry, and the
department can manage all their engineering programs from one central and common
platform.
Today’s model engineering-program software offers easily an expandable common
platform that can cost-effectively administer and implement multiple engineering
programs.
The software can be used to generate the full range of expected documents, such as the
program bases, test matrix, code deviations, safety evaluations, technical positions, etc.,
while further allowing linking or attachment of additional external files to provide a “one
stop” user experience.
COMMON SOFTWARE PROBLEMS AND INNOVATIVE SOLUTIONS
This section reviews a number of problems that have been encountered from a program
engineer’s perspective over the past decade or more. Lessons learned were applied and
incorporated in the software as appropriate.
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1. Problem: It Is Difficult to Maintain Homegrown Software as Platforms Change
Solution: Procure vendor software from a company who specializes in
engineering-program services and software.

Figure 1. Software Lifecycle
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2. Problem: Too Much Time Is Spent Searching for Information from Disparate
Data Sources
Solution: A software solution that is integrated with other plant systems such as the
master equipment list (MEL), corrective-action program, work planning & scheduling,
and equipment reliability.

Figure 2. Data Source Integration Solution
3. Problem: Information about a Single Program is All Over the Place
Solution: Software that acts as a program notebook.

Figure 3. IST Program Notebook Content
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Note:
The solution described below along with associated Figure 4 represent examples of
EP-Plus ENGAGE software module expansion capability.
Programs not shown are easily developed and deployed using the common platform.
4. Problem: Information for Each Engineering Program is Stored Separately
Solution: A common software platform that allows different programs to share data.

Figure 4. Multi-Module Capability
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5. Problem: Industry is Constantly Changing
Solution: The software vendor should be involved in the industry; product updates to
support code changes should be made available before code requirements are
mandated.

Figure 5. Vendor Engagement Model
6. Problem: You Are Not Always at Your Computer When Information Is Needed
Solution: Web-based software that can be accessed on mobile devices.

Figure 6. Data Mobility Options
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7. Problem: You Have Compliance Concerns about Work Scheduling and
Code-Required Testing
Solution: An integrated scheduling feature in the software that will overlay code
requirements on top of data from work control to find discrepancies before they become
issues.

Figure 7. Schedule and Compliance Awareness
8. Problem: A Lot of Data and Not Much Time to Process or Make Use of It
Solution: Automatic trending and calculations to help show engineers where to focus
time and resources.

Figure 8. Automated Alarms, Forecasting, and Trends
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9. Problem: Utilities Often Have Requirements that Are Not Covered by the Code
Solution: A configurable software solution that is very flexible and can be changed by
utility power users as needs evolve.

Figure 9. User-Configurable Application
EP-PLUS ENGAGE - ENGINEERING-PROGRAM SOFTWARE SUITE

Figure 10. The Common Platform
A quality Web-based application such as the EP-Plus ENGAGE Platform is founded on
the following key requirements that are common to any engineering program:
•
•
•
•
•
•

Directly installed or cloud-based environment based on user preference.
Web-based application, readily accessible by PC, tablet, or smartphone.
Program-, system-, and equipment-level digital notebook.
Configurable screens saved at the user level.
User-defined levels of integration with existing plant data sources.
Data-trending tools to monitor equipment degradation.
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•
•

Scheduling tools to prevent missed surveillances and raise awareness.
Standard and user-configurable reports.

Digital Program Notebook
The Program Digital Notebook provides a centralized location for your program-,
system-, and equipment-level information so that related information is available from a
single application.
•

•

•

•

•
•

Identification of program personnel contacts, including supervision, program
owners, and backup personnel, is an important feature which can become critical
during emergent issues.
Ease of program administration is provided by ready access to your program
document, code, regulatory, and industry documents, drawings, vendor manuals,
calculations, etc. Link or attach higher-level program documents.
System-level information explains the importance of systems included in your
program while the system health data source integration feature identifies the
health of the system and shows whether your program components are making a
negative contribution to the overall score.
Equipment-level information provides general information about the equipment,
the basis for program inclusion or exclusion, source references to support the
conclusions, the required tests or examinations, and the test or examination
history for each record type. Link or attach equipment-level files such as
procedures, drawings, vendor manuals, operating experience, diagnostic traces
and more.
Integrate with client data sources such as the master equipment list, work
control, system health tools, and the corrective-action program.
Maintain associated industry operating experience (OE) at the program or
equipment level.

Surveillance Testing and Data Entry
Surveillance-testing and data-entry configuration is reviewed with the client during initial
setup and can be entered by procedure, recurring task, or work order. The work-control
data-source integration feature allows direct access to work-order content and
user-specified fields.
•
•
•
•

Acceptance criteria can be auto-calculated or manually entered depending on
user preference.
Acceptance criteria can be revised during data entry to account for
post-maintenance baseline establishment.
No limit to the number of alarms with “hi” or “lo” setpoints.
User-defined alarms keep data-entry personnel alerted to changes in equipment
performance.
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•
•
•

Receive notifications when changes in equipment performance exceed
user-prescribed thresholds.
Quickly load your data with a collapsed view or review dynamic trend graphs as
your data is entered.
Conservatively monitor equipment degradation using standard deviations and
regression forecasting to enable proactive corrective maintenance.

Equipment Profile
The Equipment Profile provides a significant amount of both general and specific
information about each piece of equipment.
•
•
•
•
•
•
•
•
•

Display your desired program content at the equipment level.
Integrate with your MEL data source to display user-defined equipment-specific
content.
Add and configure additional fields by equipment type.
Associate equipment sub-components (actuator, positioner, transducer,
regulator, solenoid valve, digital valve controller, etc.)
Identify data-source references and link or attach files as desired.
Document the basis for program inclusion or exclusion.
Attach vendor manuals, pictures, video clips, etc.
View and interact with test- and examination-history data to analyze trends.
Integrate with your work-control data source to display user-defined work-order
content when reviewing test or examination history.

Equipment-Performance Trending
The Equipment-Performance Trending feature provides multiple tools to monitor and
detect equipment degradation. The combination of unlimited “hi” and “lo” limits and the
use of automated alerts and notifications keeps data-entry personnel well informed of
user-defined changes in performance.
•

•
•
•
•

Monitor multiple types of limit sources such as “user-defined conservative,”
“ASME OM Code,” “Technical Specifications,” “Updated Final Safety Analysis
Report (UFSAR),” “calculations,” etc.
Monitor projected failure timeframes based on user-defined test-history windows.
Use “point and click” techniques to drill into performance-change blips on the
graph.
Perform trend analysis by specific record selection or date range.
Select and graph only the attributes of interest.
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Test and Examination Scheduling
The Test and Examination Scheduling feature provides multiple tools to determine and
monitor specific equipment tests and examinations. The form and function of this
important feature is reviewed with the client during initial setup. Integration with the
client’s work-control data source allows a number of reviews to be performed using an
intuitive easy-to-read calendar format.
•

•

•

•

Use the simple feature of calculating the next test or examination date based on
the last test date plus the test or examination interval. The calendar displays the
tests or examinations on the calculated day. Using “point and click” techniques,
the user can view the specific tests or examinations that are due on any given
date.
When integrated with the client’s work-control data source, the calendar can
display exactly when the specific tests or examinations are scheduled to be
performed. This feature allows the program engineer to look ahead and spot
activities that need, for example, witnessing in the field or that have been a
problem in the past.
When integrated with the client’s work-control data source, the calendar can also
display comparisons of scheduled work versus required due dates to ensure
program compliance.
Other variations to monitor and ensure schedule compliance are available.

Data-Source Integration
The degree and extent of client data-source integration is reviewed with the client and
defined during initial setup based on client preference. The intent of client data-source
integration is to bring available information deemed important to the program engineer
into a single application for their information and use.
•
•
•
•

•

Eliminate duplication of data entry by displaying information already existing in
other client data sources.
Display key program information from your MEL.
Monitor “real time” work-control information to follow scheduled tests or
examinations from your work-control system.
Review work-order content to better understand changes in equipment
performance or gather cause of failure information from your work-control
system.
Access your system-health tools to share information and raise awareness
between systems, engineering programs, and plant staff regarding important
equipment issues.
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Display user-defined information such as equipment failure dispositions and
action plans from your corrective-action program.
Integrate with other client data sources as the availability of key information is
determined.

•
•

EP-PLUS ENGAGE - INSERVICE TESTING (IST) SOFTWARE EXAMPLES
The following pages represent examples of what today’s IST Program Engineer can
expect in a software tool that meets and exceeds industry expectations. The days of
utilities developing and maintaining software in-house are all but nonexistent. The IST
Program Engineer is faced with too many competing priorities which hinder quality
development of even the simplest of software tools.
Home

Figure 11. The user-configurable Home Screen is saved at the user level (each
user determines their own screen layout).
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Test Entry

Figure 12. The Test Entry screen allows rapid data entry with automated alarms or
a trend graph view for a more thorough review of results during the entry process.
Equipment

Figure 13. The Equipment Screen provides both general and specific equipment
information, test history for each test type, associated Code deviations, etc.
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Scheduling

Figure 14. The Scheduler Screen provides both simple “next test date”
calculations and actual scheduled date information from your integrated
work-control client data source.
Reports

Figure 15 – The Reports Screen displays both standardized reports included with
the software and user-configured reports. User reports are created using an
intuitive “drag and drop” interface.
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General Information

Figure 16. Example of the Program Screen, which displays contact information for
key personnel and general high-level information about the specific engineering
program.
System Information

Figure 17. Example of the System Information Screen, which displays key system
information about systems included in the specific engineering program.
Integration with the health-reporting client data source allows user-defined key
information to be displayed and shared between tools.
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Conclusions
The above discussion addresses some of the challenges faced by today’s program
engineers, especially IST Program Engineers, and provides information about available
tools (i.e., software) that can be employed to cost-effectively increase the engineers’
productivity while maintaining a high level of awareness for their areas of responsibility.

257

A Description of Data-Analysis Techniques
Christina Files
True North Consulting, LLC

Abstract
Trending, standard deviation, forecasting, linear regression, anomaly detection, and
normalization are all techniques that IST Program Engineers use as tools to help them
analyze and evaluate test results. But does the program engineer remember what these
terms mean? Are they being used correctly? Are the techniques being used when they
need to be? Are their benefits being fully used? This paper briefly goes over what each
of these terms mean and looks at examples of each. Knowing how to use these tools is
integral to a quality IST Program. Some software, such as True North Consulting’s
EP-Plus Engage IST Software, incorporates these “value added” techniques. A brief
overview of how they are used as tools for the IST Engineer is provided. Also included is
a discussion on how these tools can be improved on and leveraged to decipher the
program engineer’s IST Program data.
Introduction
All too often, while on the job, some engineers get pushed into pretending to know
something they don’t completely understand. This is a common situation when
presented with mathematical or statistical concepts. The most common seems to be with
the term “standard deviation.” Because it is such a useful tool, the term “standard
deviation” is used frequently with the assumption that everyone fully understands it. The
fact is that many program engineers don’t remember what it means, or how to use it, but
don’t feel that they are in a position to ask.
This paper is intended as a refresher for the terms “standard deviation,” “forecasting,”
“linear regression,” “anomaly detection,” and “normalization.” The intent is to help the
program engineer remember the ins and outs of these statistical concepts. Hopefully, by
increasing the reader’s functional knowledge of these terms, the tools that deploy these
concepts will be more helpful. This paper is not intended to push into mathematical
definitions, or to develop the formulas behind the concepts. Nor is it going to dive into
the caveats, induced errors, or restrictions on these concepts. It is also not intended for
program engineers who consider themselves fully versed in statistical methods. It is
intended to make the rest of us more comfortable when faced with these terms, and to
empower the IST Program Engineer using these tools to better understand and react to
the results.
The normalization section of this paper is intended to be slightly different. Normalization
is not a one-size-fits-all concept. It is a way of adjusting information to make it more
258

useful and must be done differently depending on the scenario. This paper presents a
method of normalizing fixed-speed pump test data using the associated pump curve to
allow the other data-analysis techniques to be employed.
Linear Regression
In statistics, linear regression is the process of fitting a straight line through a set of
points in a way that minimizes the distance from the points to the line. Specifically, the
line is chosen to have the smallest sum of the squared vertical distances from each point
to the line. The result is a line that best approximates the data. This means that rather
than trying to analyze a bunch of independent points, we can analyze the line, which is
much simpler to do both visually and mathematically. The best way to remember what
linear regression means is to think of it as several mathematical processes that come
together to define the best line approximation for your data.
How well that line fits to the data points is called the R2 (R-squared) value. This is a
number between 0 and 1 which indicates how well the line represents the data points.
The higher the number, the better the representation. There are times when a cutoff is
applied and if the R2 value is not above the cutoff, the best-fit line is not used and
alternative approximations need to be pursued.
An example of a best-fit line is shown in Figure 1 along with the set of connected data
points it is approximating.
Trending
A trend is often defined as the direction something tends to move. When an analyst is
looking for trends in a collection of data points, usually the easiest way to do this is to
look at the best-fit line that was defined using linear regression. This process is an
important piece of analysis and can be accomplished by asking a few questions about
the best-fit line such as: What does it look like? Is it increasing or decreasing? How
steep is it? Using Figure 1, the reader can see how much easier it is to answer these
questions using the best-fit line as opposed to the connected data points.

259

Figure 1: Linear Regression and Trending in True North Consulting’s EP-Plus
Engage Software
Forecasting
Forecasting models are used to predict future data as a function of past data. It is the
process of using previous data points to determine future data points if known trends
hold. This can come in handy when evaluating prior test data; specifically, to forecast
how soon a component will reach limits that require action. Because of the often limited
historic data and the ambiguity of environmental or situational factors that could
accelerate a component’s decline, these forecasts, although they may look precise,
should be treated as estimates. Just as with trending, it is much easier to do forecasting
using the best-fit line. An example of forecasting can be seen in Figure 2. Of specific
interest is the box at the bottom of the image, which highlights the dates on which the
best-fit line is anticipated to reach certain milestones.
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Figure 2:

Forecasting in EP-Plus Engage

Anomaly Detection
Anomaly detection is exactly what it sounds like: detecting anomalies. It is the search for
items that do not match an expected pattern. This description applies to anomaly
detection in any collection of items (images, people, graphs, etc.), but is intended here
as applying to sets of data. Often the easiest way to do this is with a visual exam,
although sometimes that is neither possible nor convenient. IST Engineering data tools
should have anomaly-detection functions to call on in certain situations and running in
the background in other situations. The EP-Plus Engage IST Module employs
anomaly-detection functions that automatically detect anomalous data on entry. Once
data are entered, messages appear to alert the user if the data entered were outside
what was expected. These tools are well suited to prevent data-entry errors, or, if the
data entered were correct, to alert the user that the test results were anomalous.
Figure 3 displays a collection of data-entry anomaly-detection messages and alerts that
can be triggered in the EP-Plus Engage IST Module. In the image there are data-entry
boxes for four components with the messages that the entered data triggered.
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Figure 3: Anomaly Detection on Data Entry in EP-Plus Engage
Standard Deviation
Standard deviation is a term that is often thrown around but much less often understood.
In its basic definition, standard deviation calculates how much variation from the average
exists. It is also a way to calculate how ‘far’ a point is from the mean (average)
compared to other points. Figure 4 shows what percentage of points fall within the
different standard-deviation distances from the mean. Notice that when we say “within 1
standard deviation,” it means ±1 standard deviation.

Figure 4: Standard-Deviation Distances
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The graph can be summarized by the following: 68.2 percent of the data are within one
standard deviation of the average, 95.4 percent within 2 standard deviations, and
99.8 percent within 3 standard deviations.
It is for this reason that the IST Program Engineer can consider standard deviation to be
a calculation of the “surprise factor.” From the above totals, the engineer might raise
questions if something is more than a standard deviation from the mean, because there
was a 68 percent probability it would be within a standard deviation. If engineers have
data that exceeds 2 standard deviations, they will likely want to investigate why—there
was less than a 5 percent chance that that would have happened. And if the engineer
has data that exceeds 3 standard deviations, the data should definitely be investigated
to determine the cause.
What’s important here is what the program engineer does with this information. Because
over 95 percent of the population falls within 2 standard deviations (2SD) of the mean,
when test data is entered and a warning states that the entry “Exceeds 2SD,” this means
something significant. The data entered is outside what was expected for that
component. The first things to do are to ensure that the correct value was entered
(i.e., no typos) and confirm that the test was recorded correctly on the test sheet. If the
data-recording process has been verified to be correct, the program engineer should
make the decision to find out whether the component is working correctly.
Figure 5 is a variant of Figure 2 in that it has added lines marking ±2 standard
deviations. By having a visual representation of the test history as the results compare to
each other, the best-fit line, and the 2SD lines, the analyst can quickly see when or
whether anomalies have occurred.

Figure 5: Data-Analysis Tools in EP-Plus Engage
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Normalization
In the simplest applications, normalization means changing values to a common unit.
This could apply when comparing something measured in inches to something
measured in feet. To do the comparisons, the values must be in a common scale. In this
case, simply convert inches to feet or vice versa. The process requires adjusting data
units and scale so values can be compared.
Unlike the other topics of this paper, there is no formula or method that can be used for
all normalization. Techniques must be developed depending on the situation.
Fixed-Speed Pump Data Analysis
In the IST world, one of the situations in which data normalization is a necessity is when
the program engineer is trying to analyze the function of a fixed-speed pump over time.
The test results for a pump tend to vary in both pressure and flow, making it difficult to
analyze the results in any meaningful way, particularly when we add the third variable of
time. By making one of these variables constant, the engineer can view the other
variable as a function of time and apply the data-analysis techniques which have already
been described in this document.
To do this, there must be an association between flow and pressure. Start by looking at
a small section of the pump curve. The section must be small enough that the curve can
be well approximated linearly, but large enough to cover the region where the test points
lie. If this can be accomplished, there exists a simple linear conversion between
pressure and flow which can be used for the pump in question over this small region of
values. By applying the linear normalization, the flow (or pressure) can be removed from
the analysis of the normalized data.
Fixed-Speed Pump Data Example
Figure 6 shows example test data for a fixed-speed pump with a target flow of 5394
L/min [1425 gpm]. The data was collected over a three-year span and varies by less
than ±2 percent from the target value of 5394 L/min [1425 gpm].
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Figure 6: Fixed-Speed Pump Data
There are three independent variables in the data shown in Figure 6: flow, pressure, and
time. Because of that, the data cannot be evaluated over time, and the previously
described data-analysis techniques cannot be applied. The data must be normalized to
remove the variations in one of variables so that the other two can be analyzed.
To do this, a section of the pump curve centered on the target value of 5394 L/min
[1425 gpm] was used. This can be seen in Figure 07. Because the data varies by less
than ±2 percent from the target value, this is an appropriate section to determine a linear
representation of the pump curve. All curves, if divided into small enough portions, can
be represented as line segments. In this case, look for a line segment that covers the
region the test data is in.

Figure 7: Typical Pump Curve
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The next step is to approximate the pump curve in the small region of interest with a line
using linear regression. The program engineer needs to be very careful in order to
ensure that the line is a great fit to the curve. This is done by calculating the R2 value
and only accepting the results if the R2 value is close to 1. In this case a cutoff of 0.85
was used. By getting a great fit, the engineer can assume a linear relationship between
flow and pressure for this valve in this limited region.
Once the best-fit line is known, it can be used to normalize the test results. Figure 8
demonstrates the process of shifting each data point to the flow reference value by using
lines that are parallel to the best-fit line. When doing the calculations, the association
between the flow and pressure is used to calculate what the test pressure would have
been had the flow been at the reference value. That association is the slope of the
best-fit line.

Figure 8: Normalizing Flow
As a result of normalizing the test data, the program engineer gets a series of values
that are all at the reference point. That means that the pressure and time still vary, but
the flow is now translated to a constant of 5394 L/min [1425 gpm]. Because the flow
values are all the same now, they can take a backseat and allow us to apply
data-analysis tools to the remaining variables. Figure 9 shows the results and graph of
the normalized data.
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Figure 9: Normalized Results
In Figure 10 below, notice that the data plotted is normalized as flow versus time and
that a linear approximation of the data is possible. Now the user can look for anomalies,
forecast when the flow will cross thresholds, and discuss the trend over time.

Figure 10: Normalized Test Results at 1425 gpm
Steps for Normalizing Test Results for a Fixed-Speed Pump
When the program engineer wants to start analyzing test data for a fixed-speed pump,
the first thing to do is acquire baseline data. In this example, this will be the pump curve
that was established before the pump had a chance to deteriorate, but after the pump
was installed or used. The baseline data must represent how the pump is expected to
work when it is in good working order. Next, the baseline data must be converted into a
relationship between flow and pressure for the values ±2 percent from the reference
value. This relationship must be a close fit to the pump curve. For linear modeling, the
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R2 value will measure how well the best fit line represents the curve in the area of
interest.
Once the relationship has been established, it should be saved so it does not have to be
recalculated again. In the EP-Plus Engage software, the test data is then normalized and
analyzed using the tools discussed previously in this paper.
Variable-Speed Pump Extension
The normalization methods described above can be applied to variable-speed pumps,
but need to be carried out with caution. For a given test, speed and flow are fixed while
pressure is measured (and differential pressure calculated). However, the speed and
flow can vary within a small window for each test. Therefore, each test records speed,
flow, pressure, and the date/time it was taken. Together that accounts for 4 variables
that may change between tests.
By adding the variability of speed, these pumps have an additional independent variable
that needs to be analyzed. In order to apply the tools discussed in this paper, the data
needs to be reduced to two independent variables, one of which is usually time. The
normalization technique presented for fixed-speed pumps uses a linear relationship
between pressure and flow to make one of them constant, essentially removing one of
them from data to be analyzed. For variable-speed pumps, an additional relationship,
usually linear, would need to be used to normalize speed and remove it as a variable for
analysis.
Normalizing both flow and speed has the potential to compound any data altercations,
and could result in normalized data that doesn’t represent the original data. Unless done
carefully, it could so remove the normalized data from the actual test data as to make
the analysis of the normalized data spurious. There are ways to minimize any potential
deviations. One way is to employ a higher R2 cutoff. By doing so, a more perfect
normalization is achieved. While linear normalizations are the simplest and often work to
approximate relationships, a polynomial relationship may have to be employed to ensure
an appropriate fit to base normalization on. Which type of relationship to employ will
depend on the pump and how well the data corresponds.
Conclusions
There are many data-analysis tools available in commercial IST software. They are
powerful tools, and having some insight as to what they mean or how they are
implemented enables the user to harness that power. Normalizing fixed-speed pump test
data allows the standard data-analysis tools to be used. Whatever the application,
knowledge of these methods enables the user to make better decisions.
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Abstract
The American Society of Mechanical Engineers (ASME) Code for Operation and
Maintenance of Nuclear Power Plants (OM Code) establishes the requirements for
preservice and inservice testing (IST) and examination of certain components to assess
their operational readiness in light-water reactor nuclear power plants. The Code of
Federal Regulations (CFR) endorses the use of the ASME OM Code in 10 CFR
50.55a(b)(3) . This paper focuses on applicable regulatory requirements and regulatory
perspectives associated with the use of IST software in the nuclear industry.
Background
Several licensees are utilizing software to aid in the performance of IST programs. NRC
staff has been asked to provide regulatory perspectives on the use of IST software in the
nuclear industry. While there are no specific regulations that govern the use of IST
software in the nuclear industry at this time, NRC regulations do require specific
documentation in support of IST programs. These regulations are derived from
regulatory requirement 10 CFR Part 50 Appendix B, “Quality Assurance,” and national
consensus standards such as the ASME OM Code. The specific purpose for the use of
IST software is determined by the licensee. The purpose of this paper is to raise
awareness of the documentation required by NRC regulations, highlight the evolving
nature of requirements associated with IST programs, and provide staff perspectives on
the use of IST software.
The National Technology Transfer and Advancement Act of 1995 (Public Law 104-113)
requires that if agencies establish technical standards, they must use technical
standards developed or adapted by voluntary consensus standards bodies unless the
use of such standards is inconsistent with applicable law or is otherwise impractical.
However, Public Law 104-113 does not require that agencies endorse a standard in its
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entirety. NRC regulations in 10 CFR 50.55a, “Codes and Standards,” specify
requirements for IST of certain safety-related pumps and valves that must be tested
according to the requirements of the ASME OM Code. This testing is intended to assess
the operational readiness of the stated components. The NRC incorporates the ASME
OM Code by reference in 10 CFR 50.55a(b)(3). 10 CFR 50.55a(f)(4)(ii) states that IST
programs must comply with the requirements of the latest edition and addenda of the
ASME OM Code incorporated by reference in 10 CFR 50.55a(b)(3) that is in effect 12
months prior to the start of the IST interval. Once the ASME OM Code has become
applicable to a plant’s IST program, the Edition and addenda of the ASME OM Code
becomes part of the plant’s licensing basis. As of January 23, 2014, the NRC
regulations in 10 CRF 50.55a(b)(3) incorporate by reference the 1995 Edition through
the 2004 Edition with 2005 and 2006 addenda of the ASME OM Code.
The ASME Boiler and Pressure Vessel (B&PV) Code, Section XI, IWF-5000 (through
2005 addenda) contains requirements for visual examination & testing of snubbers.
ASME B&PV Code, Section XI, IWF-5000, 2006 addenda deleted the requirements for
visual examination & testing of snubbers. 10 CFR 50.55a, “Code and Standards,” states
that ASME B&PV Code Section XI (through 2005 addenda) provides inservice
inspection and testing requirements for snubbers. A licensee may use ASME OM
Subsection ISTD (1995 edition through 2006 addenda) in place of snubbers
requirements in Section XI, IWF-5200 (a) & (b) and IWF-5300(a) & (b). While using
ISTD in lieu of Section XI, 50.55a requires that preservice and inservice exams be
performed using VT-3 visual exam method described in Section XI, IWA-2213. The
NRC rulemaking for 10 CFR 50.55a, published on June 21, 2011, incorporates by
Reference the 2005 and 2006 Addenda of the ASME OM Code, and the 2005 Addenda
through 2008a Edition of the ASME B&PV Code Section XI. At this time, very few
licensees are using ASME OM Code, Subsection ISTD, for inservice testing of snubbers.
The NRC staff understands that many licensees are in the process of converting their
IST programs to meet the requirements of the ASME OM Code, Subsection ISTD.
NRC staff guidance for the inservice testing of pumps and valves, and inservice testing
of dynamic restraints (snubbers) can be found in NUREG-1482, Revision 2, “Guidelines
for Inservice Testing at Nuclear Power Plants.” (Agencywide Documents Access
Management System (ADAMS) Accession Number ML13295A020) NUREG-1482
provides guidance on the development and implementation of IST programs. Regulatory
Guide (RG) 1.192, “Operation and Maintenance Code Case Acceptability, ASME OM
Code,” documents ASME OM Code cases that are acceptable to the staff, either in
whole or with limitations and conditions. RG 1.193, “ASME Code Cases Not Approved
for Use,” documents ASME Code Cases that are not acceptable for use. 10 CFR
50.55a has been amended to incorporate RG 1.192 by reference and states the
requirements governing the use of Code Cases.
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Examples of Direct NRC Documentation Requirements
10 CFR 50.54, “Definitions,” defines current licensing basis as the set of NRC
requirements applicable to a specific plant and a licensee's written commitments for
ensuring compliance with and operation within applicable NRC requirements and the
plant-specific design basis that are docketed and in effect. The design basis includes all
modifications and additions to such commitments over the life of the license. The IST
programs docketed for initial or successive 120 month IST, and any associated relief or
alternative requests, are part of the current licensing basis of a specific plant.
10 CFR 50.9, “Completeness and accuracy of information,” requires that information
provided to the Commission by an applicant for a license or by a licensee or information
required by statute or by the Commission's regulations, orders, or license conditions to
be maintained by the applicant or the licensee shall be complete and accurate in all
material respects. This means that licensees’ IST programs, in support of the current
licensing basis of the plant, must be kept complete and accurate by the licensee. Since
the requirements of IST programs derived from the 10 CFR 50.55a are constantly
evolving, licensees are required to ensure that IST program documentation is consistent
with the current licensing basis for their facility.
10 CFR 50 Appendix B, “Quality Assurance”
10 CFR 50 Appendix B defines the pertinent requirements of quality assurance (QA)
programs that apply to all activities affecting the safety-related functions of those
structures, systems, and components, which include the testing, operating, maintaining,
repairing, and modifying components.
10 CFR 50 Appendix B, Section II, “Quality Assurance Program,” states that QA
programs shall take into account the need for special controls, processes, test
equipment, tools, and skills to attain the required quality, and the need for verification of
quality by inspection and test.
10 CFR 50 Appendix B, Section III, “Design Control,” states that design control
measures shall be applied to items that include the maintenance, and repair; and
delineation of acceptance criteria for inspections and tests of safety-related components.
10 CFR 50 Appendix B, Section V, “Instructions, Procedures, and Drawings,” states that
activities affecting quality shall be prescribed by documented instructions, procedures, or
drawings, of a type appropriate to the circumstances and shall be accomplished in
accordance with these instructions, procedures, or drawings. 10 CFR Appendix B,
Section V also states that instructions, procedures, or drawings shall include appropriate
quantitative or qualitative acceptance criteria for determining that important activities
have been satisfactorily accomplished.
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10 CFR 50 Appendix B, Section VI, “Document Control,” states that measures shall be
established to control the issuance of documents, such as instructions, procedures, and
drawings, including changes thereto, which prescribe all activities affecting quality.
10 CFR 50 Appendix B, Section XI, “Test Control,” requires that a test program shall be
established to assure that all testing required to demonstrate that structures, systems,
and components will perform satisfactorily in service, and that test results shall be
documented and evaluated to assure that test requirements have been satisfied.
10 CFR 50 Appendix B, Section XII, “Control of Measuring and Test Equipment,” states
that 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.
10 CFR 50 Appendix B, Section XVII, “Quality Assurance Records,” requires that
sufficient records shall be maintained to furnish evidence of activities affecting quality,
and that test records shall, as a minimum, identify the inspector or data recorder, the
type of observation, the results, the acceptability, and the action taken in connection with
any deficiencies noted. 10 CFR Appendix B, Section XVII requires that records shall be
identifiable and retrievable.
10 CFR 50 Appendix J, “Primary Reactor Containment Leakage Testing for WaterCooled Power Reactors”
10 CFR 50 Appendix J specifies the containment leakage test requirements for all
operating licenses. These test requirements provide for preoperational and periodic
verification by tests of the leak-tight integrity of the primary reactor containment, and
systems and components which penetrate containment of water-cooled power reactors,
and establish the acceptance criteria for these tests. The requirements of Appendix J
include requirements for different types of leakage tests, special test requirements,
inspection and reporting of tests, and reporting of test results.
Requirements Derived from National Consensus Standards
ASME OM Code
The primary requirements for IST of pumps, valves, and snubbers are contained in the
ASME OM Code. Currently, the NRC regulations in 10 CRF 50.55a(b)(3) incorporate by
reference the 1995 Edition through the 2004 Edition with 2005 and 2006 addenda of the
ASME OM Code.
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Subsections ISTA of the OM Code provides the general requirements for preservice and
inservice testing of components in light-water nuclear power plants. Subsections ISTB,
ISTC, ISTD of the ASME OM Code provides specific requirements for the inservice
testing of pumps, valves, and dynamic restraints (snubbers), respectively. The ASME
OM Code includes requirements for preservice and inservice testing, test conditions,
historical records, and reports.
The 2004 Edition with 2005 and 2006 addenda of the ASME OM Code include two
Mandatory Appendices, Mandatory Appendix I, “Inservice Testing of Pressure Relief
Devices in Light-Water Reactor Nuclear Power Plants,” and Mandatory Appendix II,
“Check Valve Condition Monitoring Program.”
Other Codes Applicable to IST Programs
The ASME B&PV Code, Section XI, IWF-5000 (through 2005 addenda) contains
requirements for visual examination & testing of snubbers. The 2006 addenda of the
ASME B&PV Code, Section XI, IWF-5000 deleted the requirements for visual
examination and testing of snubbers. Even though these requirements have been
deleted from the ASME B&PV Code, the requirements of the ASME B&PV Code,
Section XI, IWF-5000 remain applicable to current IST programs. In other words,
licensees that updated their 120 month interval inservice testing programs before
Section IWF-5000 was deleted from the ASME B&PV Code are currently implementing
the requirements of IWF-5000 for snubbers. During subsequent updates to the IST
program, licensees will be transitioning to the requirements of Subsection ISTD for
snubbers. This transition is expected to take several years, and timing of transition will
be different on a unit-by-unit basis, depending on the schedule for the 120 month interval
for the unit. Licensees are currently transitioning to the use of ASME OM Code,
Subsection ISTD as described above. .
Alternatives to ASME OM Code Requirements
ASME OM Code Case Applicability
Code Cases clarify the intent of existing Code requirements or provide alternative
requirements, and may be issued by ASME when the need is urgent. Code Cases are
written as a question and a reply and are usually intended to be incorporated into the
Code at a later date (Reference 3).
The NRC reviews new or revised Code Cases to determine their acceptability for
incorporation by reference in 10 CFR 50.55a through the subject regulatory guides.
Accordingly, the NRC staff developed RG 1.192, “Operation and Maintenance Code
Case Acceptability, ASME OM Code,” as well as RG 1.193, “ASME Code Cases Not
Approved for Use.” The regulations at 10 CFR 50.55a(b)(6) incorporate by reference RG
273

1.192. Licensees may implement the Code Cases listed in RG 1.192 without obtaining
further NRC review or approval if the Code Cases are used in their entirety with any
supplemental conditions specified in the RG and the licensee’s IST Code of Record is
applicable to the Code Case. RG 1.193 lists Code Cases not approved for use. NRC
staff notes that RG 1.193 also contains Code Cases that the NRC finds cannot be
generically approved or have issues that need to be addressed before the alternative
can be used. For these Code Cases, NRC may approve the use of a Code Case in RG
1.193 provided that sufficient plant-specific information is provided to support use of the
Code Case. Licensees may request specific implementation of a Code Case that is
listed in RG 1.193.
The NRC may authorize the use of a Code Case that it has not yet been approved for
use in RG 1.192 if a licensee requests the use of the code case under 10 CFR
50.55a(a)(3). The NRC may authorize the use of such a Code Case until a future
revision to RG 1.192 accepts the use of the ASME Code Case. At that time, if the
licensee intends to continue implementing the Code Case, the plant-specific safety
evaluation authorizing use of the Code Case governs use of the Code Case until the
term expires (typically at the conclusion of the 120-month IST interval), unless otherwise
noted in the safety evaluation. After the term expires, a licensee may use the Code
Case if they follow all the provisions of the Code Case with the conditions specified in
RG 1.192, if any. The authorization for a specific licensee to use a Code Case that is not
listed in RG 1.192 does not authorize any other licensee to use the Code Case without
submittal by the subsequent licensee of a request to implement an alternative to the
ASME OM Code requirements under 10 CFR 50.55a(a)(3).
Additional guidance on the use of ASME OM Code Cases can be found in NUREG1482, Revision 2, Section 2.1.1, “ASME Code Case Applicability.”
Inquiries
Technical inquiries are written requests for interpretations, Code Cases, and revisions to
the ASME OM Code. When a technical inquiry results in a Code Case, NRC staff review
the acceptability of the Code Case as described above. For those inquiries that request
a revision to the ASME OM Code, the NRC member on the committee or subgroup will
provide NRC perspectives on the Code change. If a Code change is adopted and
published in an Edition or Addenda of the ASME OM Code, NRC staff review the Code
change for acceptability during the rulemaking process.
For those inquiries that request interpretations of the Code, the ASME Committee on
Operation and Maintenance reviews the interpretation and provides a written response
to the inquirer. NRC staff typically abstains from voting on inquiries through participation
on the ASME OM Code Committee. Public Law 104-113 requires that Federal agencies
use industry consensus standards to the extent practical, however it does not require
that Federal agencies endorse a standard in its entirety. If a Code interpretation is made
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with which the NRC disagrees, the NRC may add conditions to 10 CFR 50.55a in order
to specify how the Code can be used through rulemaking. In cases where the NRC
disagrees with a Code interpretation, the NRC typically notifies the ASME OM Code via
official letter.
Alternative or Relief Request Process
10 CFR 50.55a(f)(4)(ii) requires licensees to revise their IST programs every 120 months
to reflect the latest edition and addendum to the OM Code incorporated by reference into
10 CFR 50.55a(b)(3) that is in effect 12 months before the start of the new 120-month
IST interval.
After the initial 120-month interval, in accordance with 10 CFR 50.55a(f)(4)(ii), licensees
must conduct inservice tests during successive 120-month intervals to verify the
operational readiness of pumps and valves within the scope of the ASME Code. In
conducting these inservice tests, licensees must comply with the provisions of the latest
edition and addenda of the Code incorporated by reference in 10 CFR 50.55a(b) that is
in effect 12 months before the start of the 120-month IST interval, subject to the
conditions listed in paragraph (b).
Once the ASME Code Edition or Addenda is incorporated by reference into 10 CFR
50.55a, each provision of the code that 10 CFR 50.55a incorporates by reference and
mandates constitutes a legally binding NRC requirement imposed by rule. When a
licensee updates its 120 month IST interval, the ASME OM Code Edition incorporated by
reference in 10 CFR 50.55a 12 months prior to the start date of the IST interval becomes
a part of the plant’s licensing basis. If a licensee determines that it is unable to meet
these requirements, the licensee must request approval through the relief or alternative
process described in 10 CFR 50.55a where the requirements will not be met.
Relief requests are used when it is impractical to meet the ASME OM Code
requirements, and the contents of relief requests generally detail the reasons for
deviating from the Code requirements and propose alternative testing methods or
frequencies. The Commission may grant the requested relief or impose alternative
requirements, considering the burden that the licensee might incur if the Code
requirements were enforced for the given facility.
Where a test requirement of the OM Code is determined to be impractical for a facility,
10 CFR 50.55a(f)(6)(i) allows a licensee to submit a request for relief from the given
requirement, along with information to support the determination. 10 CFR
50.55a(f)(5)(iii) contains requirements applicable to licensee identification of portions of
the ASME code that are impractical to implement. The basis for the determination of a
required test being impractical must be submitted for NRC review and approval no later
than 12 months after the expiration of the initial 120-month interval of operation from
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start of facility commercial operation and each subsequent 120-month interval of
operation during which the test is determined to be impractical. However, experience
has shown that licensees also identify impractical test provisions throughout the interval.
In such cases, licensees may request relief as soon as they identify the condition.
Because the requirements are impractical, the licensee would test the applicable
components using the method proposed in the relief request in the period of time from
the beginning of the new interval (or from the time of identification) until the NRC staff
completes its evaluation.
Pursuant to 10 CFR 50.55a(a)(3)(i) and (ii), the NRC may authorize the licensee to
implement an alternative to the Code requirements, provided that the alternative ensures
an acceptable level of quality and safety or the Code requirement presents a hardship
without a compensating increase in the level of quality and safety.
In determining whether to grant relief from the Code requirements or to authorize
alternatives, the NRC staff considers the merits of the submitted technical information.
In requesting relief or use of an alternative, the licensee would typically identify the
specific Code requirement and associated paragraph for which relief or use of an
alternative is requested, describe the proposed alternative(s), describe the basis for
relief or authorization of the proposed alternative(s), and clarify the burden that would
result if the NRC enforced the specified requirements. Inconvenience or administrative
burden is not, in and of themselves, adequate justification for deviating from the Code
requirements.
NRC Staff Perspectives on the Use of IST Software
The NRC incorporates the ASME OM Code by reference in 10 CFR 50.55a(b)(3). 10
CFR 50.55a(f)(4)(ii) states that IST programs must comply with the requirements of the
latest edition and addenda of the ASME OM Code incorporated by reference in 10 CFR
50.55a(b)(3) that is in effect 12 months prior to the start of the IST interval. NRC staff
note that in practice, the requirements for IST programs are constantly evolving as the
national consensus standards and the associated NRC conditions on their use are
refined, revised, or modified. These changes become part of the licensing basis of a
plant when the 120 month inservice test interval is updated.
The NRC staff note that it is the responsibility of the licensee to ensure that IST
programs are conducted in accordance with their licensing basis. Since the licensing
basis of the plant evolves with the development of the ASME OM Code, licensees
should take steps to ensure that the methods that are employed to evaluate components
under their IST programs are consistent with the ASME OM Code that is applicable to
their current IST program. For example, the NRC staff has received relief or alternative
requests from licensees that are no longer necessary as changes to the Code have
made them obsolete. One specific example is the use of a Code Case that has been
incorporated into the ASME OM Code. Once a Code Case has been incorporated into
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the ASME OM Code and incorporated by reference into 10 CFR 50.55a, a relief request
is no longer necessary.
Also, the NRC staff notes that a change in the ASME OM Code may necessitate
changes to a licensee’s IST program, which may require additional relief or alternative
requests. One example of this would be an inability to meet all of the IST requirements
of Mandatory Appendices to the ASME OM Code, such as the recent addition of
Mandatory Appendix III, “Preservice and Inservice Testing of Active Motor-Operated
Valve Assemblies in Light-Water Reactor Power Plants,” to the 2009 Edition of the
ASME OM Code. The NRC staff notes that significant changes have been made to the
ASME OM Code in recent years, and that significant changes to the ASME OM Code
are anticipated in future Editions of the ASME OM Code. . Mandatory Appendix IV,
“Preservice and Inservice Testing of Active Pneumatically-Operated Valve Assemblies in
Light-Water Reactor Power Plants,” will be published in the 2014 Edition of the ASME
OM Code. The NRC staff recommends that licensees review changes to the ASME OM
Code and evaluate the impacts of these changes on IST programs.
NRC regulations do not require nor prohibit the use of software for IST purposes.
However, NRC staff note that IST software can provide useful tools for tracking test
schedules, monitoring component performance, and incorporating changes made to the
ASME OM Code or NRC regulations governing IST programs. When IST software is
implemented in support of an IST program, NRC staff note that it is the licensee’s
responsibility to ensure that the use of IST software is consistent with the NRC
regulations discussed above and the current licensing basis of the plant (e.g., relief or
alternative requests, applicable Editions and Addenda of the ASME OM Code for the IST
interval, etc.).
Conclusions
While there are no specific NRC regulations on the use of IST software in the nuclear
industry, the NRC staff understands that the use of IST software can provide a tool that
incorporates the requirements of the ASME OM Code. The NRC staff note that it is the
responsibility of the licensee to ensure that the implementation of IST programs is
consistent with the ASME Code Edition and Addenda that are applicable to a particular
IST interval. In addition, licensees should ensure that their IST programs are in
compliance with any plant-specific relief or alternative requests in effect during the IST
interval. The NRC staff notes that IST software can serve as a tool to evaluate IST
results against ASME OM Code requirements and, given the evolutionary nature of
ASME OM Code requirements and plant-specific information, that licensees should
ensure that the use of IST software is consistent with the current licensing basis of the
plant.
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Abstract
This paper focuses on Inservice Testing (IST) software, in particular software developed
by Kalsi Engineering, Inc. (KEI), to assist plant personnel in implementing IST
requirements. The requirements in Mandatory Appendices II, III, and IV to ASME’s
Operation and Maintenance of Nuclear Power Plants (OM Code) for check-valve
condition monitoring, motor-operated valve (MOV) inservice testing, and air-operated
valve (AOV) inservice testing, respectively, are identified. Each requirement in
Appendix II is mapped to specific functionality in the condition-monitoring software. In
addition, methods used in the design-analysis software for design-basis verification,
trending of diagnostic test data, and functional margin determination to satisfy the
requirements in Appendices III and IV are also described and mapped to specific
requirements.
Conditioning-monitoring management database software is designed to
comprehensively meet the documentation and trending requirements of Appendix II. The
software addresses all program aspects, including valve grouping, program analysis,
development of optimization and performance-improvement activities, evaluation of test
and inspection intervals, trending and feedback, and corrective maintenance. To achieve
this functionality, the condition-monitoring software includes check-valve design
information, condition-monitoring activity setup and test history, trending of test
parameters, a repository for miscellaneous data, and documentation of expert panel
reviews. Database query tools and hard-copy reports are also provided.
The benefit is that this software provides a standardized, central collection point from
which plant engineers can effectively manage their Appendix II program without having
to develop and maintain a multitude of non-standardized personal spreadsheets or
databases. In addition, the software assists in succession planning and minimizes the
transition time for new check-valve program owners.
The MOV and AOV design-analysis software determines initial design margin and then
uses field test data and associated uncertainties to determine actual setup functional
margin. In addition, trending of diagnostic in-service test data is performed to verify that
design values are conservative and that the inservice test intervals are appropriate
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based on projected degradation rate. The benefit of this software is that it assists utility
engineers in satisfying the design-basis verification, preservice, and inservice testing
requirements in Appendices III and IV in a standardized and comprehensive platform.
Introduction
The ASME OM Code provides mandatory appendices for check-valve condition
monitoring and preservice and inservice testing of active MOVs. A new mandatory
appendix has also been developed for preservice and inservice testing of active AOVs.
These appendices are intended to help ensure operational readiness, identify
degradation, and maintain adequate margin for these components that are within the
scope of 10 CFR 50.55a. These appendices specify the overall requirements but do not
provide extensive implementation guidance. Furthermore, the requirements are dynamic
and specific evaluations must be made and documented on an ongoing basis. Ensuring
consistency and thoroughness and ensuring that all requirements are met are a
monumental task for plant personnel. Program-management software can be of great
benefit toward meeting appendix requirements by providing centralization of data and
documentation, standardization, management tools, and automated evaluation of routine
tasks. It also assists in minimizing transition time for knowledge transfer to new program
owners.
IST Appendix II, III, and IV Management Software
Mandatory Appendix II for Check-Valve Condition Monitoring
The entry point for Mandatory Appendix II is Article ISTC-5222, which allows use of
Appendix II in lieu of Articles ISTC-3510, -3520, -3530, -3550, and -5221. Appendix II
requires valve performance and optimization testing, examination, and
preventive-maintenance activities to maintain ongoing acceptable performance of check
valves. To accomplish this objective, Appendix II requires development of functional
readiness activities specifically designed based on an analysis of each check valve’s
design and operating requirements to provide enhanced safety. It also requires
additional component condition information and resource utilization over traditional
prescriptive check-valve exercise testing. Activities and their associated implementation
schedule are developed and adjusted based on individual valve characteristics and
performance history to optimize the use of plant resources. The goal is to have complete
functional readiness without an unplanned corrective maintenance activity.
To assist in implementing measures to meet the Appendix II requirements, a software
tool was developed to record design information, record grouping information, document
results of failure modes and cause analysis (including expert-panel results), establish
activities (test, inspection, and/or maintenance) and intervals, record and trend the
results of performing activities and tasks, and document evaluation of activity results and
program changes.
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Software Overview
Two software products are available to support check-valve condition monitoring. Check
Valve Analysis and Prioritization (CVAP™) software is used to analyze the propensity for
wear and fatigue of check valves on an application-specific basis. The output from CVAP
is then used to prioritize check-valve testing and maintenance and provides useful input
for the Grouping and Analysis portion of Appendix II. Condition Monitoring Management
Database (COMMAND™) software is specifically designed to document and manage all
aspects of Appendix II. The software is designed to allow selection by valve identification
(ID) number or by group. Selecting the group narrows the menu choices to those
pertaining specifically to the group and expert panel results as shown in Figure 1.
Selection by valve ID provides a much wider range of selection options for valve design
information, condition-monitoring activity and task management, and trending,
as well as group information and expert panel results as shown in Figure 2.

Figure 1: Navigation based on Group ID

Figure 2: Navigation based on Valve ID
Appendix II requirements are mapped to the software solution. Each requirement is
matched to one or more software solutions. Furthermore, additional data fields are often
provided to ensure comprehensive inclusion of supporting information and references.
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To promote consistency and provide flexibility, the software allows the user to define the
items shown in Figure 3. The software comes pre-populated with all significant
condition-monitoring activities and tasks associated with check valves based on input
from the Nuclear Industry Check Valve (NIC) group. In addition, the user is able to define
each task by whether it is a quantifiable or qualitative condition-monitoring parameter. If
quantifiable, the software allows entry of baseline values as well as minimum and
maximum acceptance-criteria values.

Figure 3: Database Utilities to Add, Delete, or Edit Key Items for Consistency
In addition to spreadsheet-format data-export capabilities using the database query
feature, the software also includes many preformatted reports as described in Figure 4.
Like the rest of the program structure, it is organized by Valve ID or Group ID, depending
on the user’s intentions and purpose.
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Figure 4: Available Reports
Mandatory Appendix III for Preservice and Inservice Testing of MOVs
Beginning with the ASME OM Code’s 2009 Edition, the specific testing requirements of
motor-operated valves (MOVs) found in Article ISTC-5120 directs you to the new
requirements of Mandatory Appendix III. This appendix establishes the requirements for
preservice and inservice testing to assess the operational readiness of active MOVs
using functional margin verification testing in conjunction with exercising. A prerequisite
to the Appendix III preservice and inservice testing is the design-basis verification test,
which establishes the valve’s required design-basis torque or thrust, the actuator’s
design-basis output capability, test prerequisites, test conditions, and other quantitative
and qualitative test parameters used to determine operational-readiness acceptance
criteria and the suitability of existing test intervals. The preservice test provides the initial
baseline values for inservice testing. Inservice testing then continues for the operational
life of the MOV with the test interval adjusted out to a maximum of 10 years based on
trending results.
The Kalsi Valve and Actuator Program (KVAP™) includes validated test-based
methodologies to determine valve requirements and actuator output capability,
documentation of limiting open- and close-stroke system conditions, design margin,
functional margin, and trending of functional margin and other user-defined testing
parameters. The software consists of a calculation engine and parameter trending by
valve ID number, along with a diagnostic communicator (DiaCom) tool to select and
import diagnostic data. The diagnostic communicator tool also allows the user to set up
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initial links and mapping of database fields between the diagnostic software and the
calculation and tracking and trending (T&T) software.
Appendix III requirements are mapped to the software solution. Each requirement is
matched to one or more software solutions. Furthermore, additional data fields are often
provided to ensure comprehensive inclusion of supporting information and references.
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Figure 5 shows a block-diagram overview of the KVAP™ calculation software. Figure 6
provides a block diagram of the DiaCom diagnostic communicator and tracking and
trending software.
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Figure 5: KVAP™ Calculation Engine Functional Diagram

Figure 6: Diagnostic Communicator Module Functional Diagram
Mandatory Appendix IV for Preservice and Inservice Testing of Active Pneumatically
Operated Valves (AOVs)
Mandatory Appendix IV will first appear in the 2014 Edition of the ASME OM Code. The
following description is based on draft 1a, dated December 12, 2013. Like Appendix III
for MOVs, this appendix establishes the requirements for preservice and inservice
testing to assess the operational readiness of active AOVs using a combination of
diagnostic testing, stroke testing, fail-safe testing, seat-leakage testing, and
position-verification testing. A prerequisite to the Appendix IV preservice and inservice
testing is the design-basis review, which establishes the valve’s required design-basis
torque or thrust, the actuator’s design-basis output capability, test prerequisites, test
conditions, and other quantitative and qualitative test parameters used to determine
operational-readiness acceptance criteria and the suitability of existing test intervals. The
preservice test provides the initial baseline values for inservice testing. Depending on
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the AOV’s risk and leakage requirement, inservice testing consists of stroke testing,
fail-safe testing, seat-leakage testing, position-verification testing, and diagnostic testing
that continues for the operational life of the AOV. In a way similar to that for MOVs, the
diagnostic test interval is adjusted based on trending results out to a maximum of
10 years.
KVAP™ and its associated DiaCom module also provide the solution for AOVs and are
described in more detail in the previous Appendix III MOV section. One important
distinction for AOVs is that the output capability of air operators can vary with stroke
position because of changes in effective diaphragm area, return spring force, and
efficiency. Therefore, it is imperative that the corresponding valve models also have
position-dependent accuracy to obtain an accurate assessment of margin. Figure 7
shows how an AOV can be incorrectly determined to have negative margin (dashed line)
if position- dependent accuracy is not achieved. KVAP™ includes valve models with
position-dependent accuracy based on thousands of tests under both incompressible
and compressible flow conditions.

Figure 7: Importance of Position-Specific Accuracy for AOVs because of Variable
Actuator Output
Below, the Appendix IV requirements are mapped to the software solution. Each
requirement is matched to one or more software solutions. Furthermore, additional data
fields are often provided to ensure comprehensive inclusion of supporting information
and references.
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Conclusions
Requirements of OM Code Mandatory Appendices II, III, and IV have been mapped to
solutions in existing software designed to assist plant personnel in program
management. Because of the number of plant components involved and the need for
specific records, analysis, and evaluation, a software solution provides a useful tool to
leverage personnel resources, promote consistency, and aid in knowledge transfer.
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Abstract
Several new reactors are currently under construction in the USA. Based on current
construction schedules, Watts Bar 2 will be the first new reactor to go online for
commercial generation since Watts Bar 1 was issued its operating license in 1996. New
engineering programs will be going online with new reactors like Watts Bar 2. The
startup of these new engineering programs is not without its own set of challenges. One
of the programs has undergone a significant transformation since the last nuclear power
plant started commercial operation in terms of industry implementation methods and
regulatory requirements.
In 1996, the NRC issued Generic Letter 96-05 to communicate issues related to periodic
verification (PV) of motor-operated valves (MOVs) and to request action by operating
commercial power reactors to establish an MOV PV program. Subsequently, the
regulations were revised to include a requirement to have an MOV PV program in
Title 10, “Energy,” of the Code of Federal Regulations (10 CFR) 50.55a(b)(3)(ii). Generic
Letters 89- 10 (on MOV surveillance and testing) and 96-05 have been closed and today
stand as historical references. Their provisions do not directly apply to new reactors, but
there are many lessons available from MOV PV programs at operating sites in terms of
safety, implementation, and cost.
There is only one consensus standard available to describe the requirements for an
acceptable MOV PV program. This is contained in the ASME’s Operation and
Maintenance of Nuclear Power Plants (OM Code) as Mandatory Appendix III. The
U.S. Nuclear Regulatory Commission (NRC) previously endorsed this approach as a
Code Case and is preparing a proposed change to 10 CFR 50.55a to incorporate by
reference the ASME OM Code edition that includes Appendix III. This paper conveys the
technical complexities and financial concerns faced by plant staff in making the right
technical decisions for new program implementation at a new reactor in the USA.
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Introduction
The nuclear power industry has not brought very many new reactors online over the last
two decades. Tennessee Valley Authority is the only company that has active
construction permits under the 10 CFR Part 50 licensing regulatory framework. Southern
Nuclear Operating Company and South Carolina Electric & Gas are the only licensees
currently building new power plants under the 10 CFR Part 52 licensing process. New
reactor Watts Bar 2 is undergoing the final phases of construction. This will mark the first
time a new reactor will go online for the commercial generation business since Watts
Bar 1 was issued its operating license in 1996. Several new engineering programs will
be going online during the startup phase for these new reactors. The startup of these
new engineering programs is not without its own set of challenges.
One of these programs has undergone a significant transformation since the last nuclear
power plant was licensed for commercial operation in terms of industry implementation
methods and regulatory requirements. This paper conveys the technical complexities
and financial concerns faced by the plant staff in making technical decisions for new
program implementation at a new reactor.
MOV Design-Basis Verification
The original need for design-basis verification of safety-related MOVs at nuclear power
plants in the USA was specifically communicated through Generic Letter 89-10 in
response to inadequacies identified in 1989 in the capability of safety-related MOVs at
operating nuclear power plants. In 1996, the NRC issued Generic Letter 96-05, which
requested that operating commercial power reactors establish an MOV PV program.
Essentially, it described the need for verification of the design-basis capability of
safety-related MOVs on a periodic basis. Subsequently, the NRC regulations were
revised to include a requirement to have an MOV PV program in
10 CFR 50.55a(b)(3)(ii). The nuclear industry responded to Generic Letter 96-05 with a
Joint Owners Group (JOG) Motor-Operated Valve Periodic Verification Program. The
JOG shared resources to produce a comprehensive study of certain MOVs that the NRC
used as part of its review to close out Generic Letter 96-05 programs at each
then-operating nuclear power plant.
The NRC review of the Generic Letter 89-10 and 96-05 programs has been closed and
today those generic letters stand as historical references. Their provisions do not directly
apply to new nuclear power plants and there are no commitments requiring the
implementation of the processes described by the JOG document. Although there are no
direct requirements from these closed generic letters for plants under construction, there
are many lessons available from the existing programs that could be used by new power
plants. These programs were developed to address the issues identified in the generic
letters with significant engineering effort. They can be looked to for the most effective
methods in terms of safety, implementation logistics, cost, and meeting regulatory
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expectations. The JOG document provides information that is useful for developing a
new MOV PV program as well, but it was written for programs that were already in
existence using test results from specific valves. Beyond this information, there is very
little available in terms of guidance that spells out how to implement a brand-new MOV
PV program.
Present Requirements
The NRC regulations in 10 CFR 50.55a(b)(3)(ii) contain a requirement for periodic MOV
design-basis verification at each nuclear power plant. The Federal Register (FR) notice
(64 FR 51370, dated September 22, 1999) describing the establishment of this
regulation discussed the use of ASME OM Code Case OMN-1 to satisfy the regulatory
requirement in 10 CFR 50.55a(b)(3)(ii) and the recommendation in GL 96-05 for periodic
verification of the design-basis capability of MOVs to perform their safety functions. The
volume of information generated for MOV test programs since the issuance of Generic
Letter 89-10 can be overwhelming. These components have perhaps had more
attention, studies, and engineering resources expended on them than any other
component type during the commercial operating period of the nuclear industry. One
would assume this large amount of information would ease the burden of establishing an
MOV design-basis verification program. However, the sheer volume of all this
information to someone with little exposure to this unique corner of the nuclear industry
is overwhelming and the source of a lot of confusion. The question of what is really
required for an MOV testing program can be the source of great debate for new nuclear
power plants.
ASME has developed guidance for implementing an MOV PV program. For example,
ASME OM Code Case OMN-1 provides guidance for a program that can be used to
periodically verify the design-basis capability of MOVs through testing and diagnostics.
In Regulatory Guide (RG) 1.192, “Operation and Maintenance Code Case Acceptability,
ASME OM Code,” the NRC accepted the use of ASME Code Case OMN-1 as an
alternative to quarterly MOV stroke-time testing and diagnostics. In RG 1.192, the NRC
accepted the use of ASME Code Case OMN-1 as an alternative to quarterly MOV
stroke-time testing provisions specified in the ASME OM Code. ASME incorporated
Code Case OMN-1 in the ASME OM Code as Mandatory Appendix III in the
2009 version of the ASME OM Code. The latest version of Appendix III is contained in
the 2012 Edition of the ASME OM Code. Using the consensus standard for the MOV
design-basis verification program offers the advantage of having implementation
guidance that the regulatory authorities find acceptable and intend to mandate in the
future.
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Implementation Logistics
One of the challenges faced by the staff at new nuclear power plants is a disconnect
between the test programs developed in response to Generic Letter 89-10 and the
ASME OM Code. An October 2013 revision to NRC Inspection Procedure (IP) 62708,
“Motor-Operated Valve Capability,” provided new insight with respect to what is
expected for MOV Programs. One key area describes four ways in which licensees
previously satisfied the requirement to demonstrate MOV design-basis capability. The
following discussion from that document describes what the NRC staff historically found
acceptable for use in demonstrating MOV design-basis capability:
1. Dynamic flow testing with diagnostics of each MOV where practicable. Although
the valve factor derived from the test data might be low because of minimal valve
operating history or recent maintenance that exposed the Stellite valve material
to air, the dynamic testing provided assurance that the valve performance was
predictable. The licensee needs to consider an appropriate increase in the valve
factor during its design-basis evaluation and setup based on test data from
similar valves.
2. Application of the Electric Power Research Institute (EPRI) MOV Performance
Prediction Methodology (PPM). This method was initially developed for those
valves that could not be dynamically tested. The PPM required internal
measurements to provide assurance that the valve performance was predictable.
The NRC staff later accepted the use of the PPM even where dynamic testing for
an MOV was practicable.
3. Where valve-specific dynamic testing was not performed and the PPM was not
used, the staff accepted the grouping of MOVs that were dynamically tested at
the plant to apply the plant-specific test information to an MOV in the group.
Using plant-specific data allowed the licensee to know the valve performance
and maintenance history and helped provide confidence that the valve
performance was predictable.
4. The least preferred approach (with the most margin required) was the use of
valve test data from other plants or research programs because the licensee
would have minimal information regarding the tested valve and its history. In
such cases, the NRC inspector should perform an available capability evaluation
of the MOV to provide confidence that the MOV had sufficient capability margin
considering the uncertainties in the source of the data.
The discussion in IP 62708 describes these 4 areas as having different levels of
acceptability in meeting Generic Letter 89-10. As indicated, the approach in item 4 was
the least preferred approach and requires a followup verification on the part of the NRC
inspector using the document for an audit. The guidance described in this section of
IP 62708 is for MOV Programs developed in response to NRC Generic Letter 89-10,
which is cited in the segue discussion preceding the list. It is not clear from IP 62708
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whether methods 2 through 4 would apply to ASME OM Code MOV design-basis test
programs.
Clearly, the intention of ASME OM Code Mandatory Appendix III was to allow credit for
the completion of test activities under Generic Letter 89-10. Article III-3100 of
Appendix III to the OM Code says, “Requirements for a design-basis verification test are
specified in applicable regulatory documents. Testing that meets the requirements of this
Mandatory Appendix but conducted before implementation of this Mandatory Appendix
may be used.” New nuclear power plants may not have to perform MOV testing in direct
response to Generic Letter 89-10 or 96-05. As previously described, these Generic
Letters are closed out and no longer describe any requirements. The only regulatory
requirement issued in place of these two Generic Letters is the short description in
10 CFR 50.55a(b)(3)(ii), which states:
“Motor-Operated Valve testing. Licensees shall comply with the provisions for
testing motor-operated valves in OM Code ISTC 4.2, 1995 Edition with the
1996 and 1997 Addenda, or ISTC-3500, 1998 Edition through the latest edition
and addenda incorporated by reference in paragraph (b)(3) of this section, and
shall establish a program to ensure that motor-operated valves continue to be
capable of performing their design basis safety functions.”
The Federal Register notice (64 FR 51370, dated September 22, 1999) describing this
rule change discusses the use of ASME Code Case OMN-1 in developing an MOV PV
program to satisfy the regulatory requirement in 10 CFR 50.55a(b)(3)(ii) and the
recommendation in GL 96-05. The discussion regarding the four methods that the NRC
staff historically found acceptable for use in demonstrating MOV design-basis capability
under Generic Letter 89-10 is described in IP 62708 (and IP 73758, “Part 52, Functional
Design and Qualification, and Preservice and Inservice Testing for Pumps, Valves and
Dynamic Restraints,” for 10 CFR Part 52 plants).
A limited amount information describes what is allowed or disallowed for the
implementation of an MOV PV test program at a new reactor being constructed under
10 CFR Part 50. Watts Bar 1 commenced operation in 1996 when Generic Letter 96-05
was in place. The inservice testing (IST) Program at Watts Bar 2 will not be using the
MOV Program to meet 10 CFR 50.55a(f) requirements. Watts Bar has a commitment to
use the JOG document for their MOV PV program at both units. The decision to follow
the guidance of the JOG program at Watts Bar Unit 2 is based on a negotiated
regulatory commitment to maintain unit fidelity. Because the MOV Program already
exists at Unit 1 and it is following the guidance of the JOG document, this is the best
approach for the site.
While this approach makes sense for Watts Bar, the same can’t be said at other sites
currently under construction. In that the NRC regulations are being updated to mandate
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the implementation of the edition of the ASME OM Code that requires Appendix III,
planning for the use of ASME OM Code Appendix III would be the most effective
approach to meet 10 CFR 50.55a(b)(3)(ii). Based on the projected completion of
construction in the 2017 to 2019 timeframe at the Vogtle and V.C. Summer sites, there is
a strong possibility that the regulations will be revised by then to require the version of
ASME OM Code that uses the new Appendix III for MOV testing. At the present time,
these sites are planning on using ASME Code Case OMN-1, which is equivalent to the
requirement described in Appendix III of the 2009 Edition of the ASME OM Code.
It is expected that certain valves will be unable to be tested in place under design-basis
conditions using the lessons learned from the Generic Letter 89-10 testing campaigns.
The requirements of Article III-3100(c) in Appendix III to the ASME OM Code for a
design-basis verification test describe the acceptable methods that can be used if it is
impracticable to perform an MOV verification test under design-basis conditions. This
ASME article allows the use of analytical techniques. Although the ASME description
does not explicitly say so, it allows techniques such as those described by IP 62708 as
methods 2, 3 and 4. The table below is for a vintage pressurized-water reactor two-unit
site that is similar to Watts Bar. The entries in the Method column correspond to those
methods described by IP 62708 as allowed under Generic Letter 89-10.
Table 1. Similar PWR MOV Grouping

A little less than a fourth of the valves could be tested in place in a manner that would
now meet ASME OM Code Appendix III using Method 1. Because a new nuclear power
plant could perform testing during the startup phase without fuel loaded or inaccessible
areas because of radiation, there is the possibility that a few more valves may be
testable, but it is expected that the fraction of valves tested using Method 1 will be less
than one-third. Method 2 describes a means of verification by computer modeling that
the NRC has found acceptable. This method was found to be conservative in that it
underestimates the real design-basis capability of an MOV. However, as can be seen on
the chart, this method can be used for only 34 out of 219 MOVs at the similar site.
A similar population of 33 MOVs was grouped with a like valve that was tested by a
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design-basis simulation method. In this case, the valves were tested without the dynamic
conditions present, and then an extrapolation was performed to show how these valves
would perform under design-basis conditions using the test results from a like valve.
Nearly half of the valves in the similar site’s MOV PV program are addressed using
Method 4, which is the most uncertain of those found acceptable in the past. The use of
Method 4 requires the most significant expenditure of engineering resources to properly
justify acceptability.
Besides the population shown in Table 1, a small number of valves were allowed to be
excluded from Generic Letter 89-10 programs. ASME OM Code Appendix III describes
these as ball, plug, and diaphragm valves. These quarter-turn valves typically have
significant margin; therefore, ASME included an allowance to use an engineering
evaluation of operating experience to verify design-basis capabilities.
10 CFR Part 52 Plants
The licensing of new nuclear power plants under 10 CFR Part 52 includes the NRC
review of the description of the IST and MOV operational programs before issuance of a
combined license (COL). The review includes evaluation of the description of the
functional design and qualification and IST and MOV testing programs provided in the
COL Final Safety Analysis Report, together with information incorporated by reference
from the design certification documentation. These descriptions of the IST and MOV
operational programs incorporate lessons learned from operating experience and
GL 89-10 and 96-05 testing programs. In these program descriptions, the use of ASME
Code Case OMN-1 is specified as part of the development of the MOV periodic
verification program. The IST and periodic verification programs for other
power-operated valves at nuclear power plants licensed under 10 CFR Part 52
incorporate lessons learned from the MOV Programs. The NRC staff review of the
description of the IST and MOV operational programs is described in the applicable
safety evaluation report for each COL issued to date.
The design certification documentation for new nuclear power plants being licensed
under 10 CFR Part 52 requires the application of ASME Standard QME-1-2007,
“Qualification of Active Mechanical Equipment Used in Nuclear Power Plants,” which the
NRC accepted with specific provisions in Revision 3 to RG 1.100, “Seismic Qualification
of Electrical and Active Mechanical Equipment and Functional Qualification of Active
Mechanical Equipment for Nuclear Power Plants.” ASME QME-1-2007 incorporates
lessons learned from operating experience and testing programs in provisions for the
functional qualification of power-operated valves to be used in nuclear power plants.
IP 73758 (dated April 2013) includes inspection guidance for periodic verification of the
design-basis capability of safety-related MOVs in new nuclear power plants licensed
under 10 CFR Part 52. The NRC staff is planning to conduct inspections of the
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development of the IST and MOV testing operational programs during construction of
the new nuclear power plants licensed under 10 CFR Part 52.
Conclusion
Establishing a new engineering program at a new nuclear power plant is a project with
unique challenges. Because of the number of regulations, codes and industry initiatives,
establishing an MOV Program could be one of the most complicated of these programs
to implement. Mandatory Appendix III to the ASME OM Code contains provisions that
make it compatible with past regulatory decisions regarding acceptable practices.
Understanding this relationship is very important when bridging the gap between past
industry practices for the implementation of an MOV PV program and the present
regulatory requirements that must be met.
The NRC’s communication about the future requirements in this area provides useful
insight to the owner of a nuclear power plant transitioning from the construction phase to
the commercial operation phase. Based on these factors, it makes sense from both an
economic and safety perspective to use OM Code Appendix III for establishing
procedures that implement an MOV PV program. The use of the consensus standard
eliminates much of the uncertainty about practices that may or may not be acceptable to
regulatory authorities and industry auditors.
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Abstract
Some new nuclear power plants have advanced light-water reactor (ALWR) designs with
passive safety systems that rely on natural forces, such as density differences, gravity,
and stored energy, to supply safety-injection water and to provide reactor-core and
containment cooling. Active systems in such passive ALWR designs are categorized as
nonsafety systems with limited exceptions. Active systems in passive ALWR designs
provide the first line of defense to reduce challenges to the passive systems in the event
of a transient at the nuclear power plant. Active systems that provide a defense-in-depth
function in passive ALWR designs need not meet all of the acceptance criteria for
safety-related systems. However, there should be a high level of confidence that these
active systems will be available and reliable when challenged. Multiple activities will
provide confidence in the capability of these active systems to perform their
defense-in-depth functions; these are collectively referred to as the Regulatory
Treatment of Nonsafety Systems (RTNSS) program. The U.S. Nuclear Regulatory
Commission (NRC) addresses policy and technical issues associated with RTNSS
equipment in passive ALWRs in several documents. This paper discusses the NRC
staff’s review of pumps, valves, and dynamic restraints within the scope of the RTNSS
program in passive ALWRs.
Introduction
Some new nuclear power plants have advanced light-water reactor (ALWR) designs with
passive safety systems that rely on natural forces, such as density differences, gravity,
and stored energy to supply safety injection water and to provide reactor core and
containment cooling. Active systems in such passive ALWR designs are categorized as
nonsafety systems with limited exceptions. Active systems in passive ALWR designs
provide the first line of defense to reduce challenges to the passive systems in the event
of a transient at the nuclear power plant. Active systems that provide a defense-in-depth
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function in passive ALWR designs need not meet all of the acceptance criteria for
safety-related systems. However, there should be a high level of confidence that these
active systems will be available and reliable when challenged. Multiple activities will
provide confidence in the capability of these active systems to perform their
defense-in-depth functions; these are collectively referred to as the Regulatory
Treatment of Nonsafety Systems (RTNSS) program.
NRC Regulations
The NRC regulations in Title 10, “Energy,” of the Code of Federal Regulations (10 CFR)
Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants,” provide a
process for licensing of new nuclear power plants in the United States as an alternative
to the process described in 10 CFR Part 50, “Domestic Licensing of Production and
Utilization Facilities.” Part 52 specifies rules for (1) early site permits, (2) standard design
certifications, (3) combined operating licenses (COLs), (4) standard design approvals,
and (5) manufacturing licenses.
Section 52.47, “Contents of applications; technical information,” of 10 CFR Part 52
specifies in paragraph (a)(3) that the application for a design certification shall include
the principal design criteria for the facility. This paragraph cites Appendix A, “General
Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50 for minimum requirements
for the principal design criteria for water-cooled nuclear power plants. Appendix A to
10 CFR Part 50 specifies requirements for structures, systems, and components (SSCs)
important to safety that provide reasonable assurance that the facility can be operated
without undue risk to the health and safety of the public. Appendix A to 10 CFR Part 50
in General Design Criterion (GDC) 1, “Quality standards and records,” requires that
SSCs “important to safety shall be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety functions to be performed.”
GDC 1 also states that where generally recognized codes and standards are used, they
shall be identified and evaluated to determine their applicability, adequacy, and
sufficiency, and shall be supplemented or modified as necessary to assure a quality
product in keeping with the required safety function. GDC 1 requires that a quality
assurance (QA) program be established and implemented in order to provide adequate
assurance that these SSCs will satisfactorily perform their safety functions.
The NRC regulations in 10 CFR 52.79(a)(37) require that COL applications include
information necessary to demonstrate how operating experience insights have been
incorporated in the plant design. The NRC regulations in 10 CFR 52.79(a)(41) require
that COL applications include an evaluation of the standard plant design against the
revision of the NRC NUREG-0800 Standard Review Plan (SRP) in effect 6 months
before the docket date of the application. Similar requirements for design certification
applications are stated in 10 CFR 52.47(a)(22) and (a)(9). As noted in each SRP
section, the SRP is not a substitute for the NRC regulations, and compliance with it is
not required. However, an applicant is required to identify differences between the
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design features, analytical techniques, and procedural measures proposed for its facility
and the SRP acceptance criteria, and evaluate how the proposed alternatives to the
SRP acceptance criteria provide an acceptable method of complying with the NRC
regulations.
Commission Guidance
Commission papers SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining
to Evolutionary and Advanced Light-Water Reactor (ALWR) Designs”; SECY-94-084,
“Policy and Technical Issues Associated with the Regulatory Treatment of Nonsafety
Systems (RTNSS) in Passive Plant Designs”; and SECY-95-132, “Policy and Technical
Issues Associated with the Regulatory Treatment of Nonsafety Systems (RTNSS) in
Passive Plant Designs (SECY-94-084),” and their associated Staff Requirements
Memoranda (SRMs) discuss policy and technical issues related to RTNSS equipment in
new nuclear power plants with passive post-accident heat-removal systems. The
guidance in these Commission papers and their SRMs are summarized in the following
paragraphs.
In SECY-93-087, the NRC staff stated that the licensing design-basis analysis
associated with the new passive design approach relies solely on the passive safety
systems to demonstrate compliance with the acceptance criteria of various design-basis
transients and accidents. The staff noted that uncertainties remain concerning the
performance of the unique passive features and overall performance of core and
containment heat removal because of a lack of proven operational performance history.
These uncertainties enhance the importance of the active nonsafety systems in
performing defense-in-depth functions to prevent and mitigate accidents and core
damage. Therefore, the staff stated that its review of passive designs necessitates an
evaluation of not only the passive safety systems, but also the functional capability and
availability of the active nonsafety systems to provide significant defense-in-depth and
accident and core-damage prevention capability. The staff indicated that active systems
will not be required to meet all of the safety-grade criteria, but there should be a high
level of confidence that risk-significant active systems are designed in accordance with
their performance and reliability missions to ensure their availability when needed. The
staff indicated the issue of additional inservice testing (IST) requirements for certain
pumps and valves in passive plant designs would be discussed in a separate
Commission paper addressing RTNSS equipment in passive plant designs. In its SRM
dated July 21, 1993, the Commission noted that the staff planned to provide more detail
on RTNSS issues in a future paper.
In SECY-94-084, the NRC staff provided recommendations to the Commission
pertaining to technical and policy issues related to RTNSS equipment in passive ALWR
plants. In its SRM dated June 30, 1994, the Commission directed that additional
discussion would be needed for some of the recommendations. As a result, the staff
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prepared SECY-95-132 to update the RTNSS recommendations in response to the
SRM.
In SECY-95-132, the NRC staff stated that the “unique passive plant design relies
significantly on passive safety systems, but also depends on nonsafety systems (which
are traditionally safety-related systems in current light-water reactors) to prevent
challenges to passive systems. Therefore, the reliable performance of individual
components is a significant factor in enhancing the safety of passive plant designs.”
SECY-95-132 stated that the staff will consider graded requirements for assurance of
functionality, performance, reliability, environmental durability, and quality assurance and
quality control in ways consistent with the importance to safety of the system identified
by the RTNSS process.
In SECY-95-132, the NRC staff stated that at a meeting with a utility steering committee,
the participants had agreed to an overall process for determining the regulatory
treatment of nonsafety systems and for determining the importance of passive systems
and components for meeting NRC safety objectives. The key elements of this agreement
were said to be:
1. The Electric Power Research Institute (EPRI) proposed that a utility requirements
document describe the process to be used by the designer for specifying the
reliability/availability (R/A) missions of risk-significant SSCs needed to meet
regulatory requirements and to allow comparison with NRC safety goals.
2. The designer will apply the process to the design to establish R/A missions for
the risk-significant SSCs.
3. If active systems are determined to be risk-significant, the NRC will review these
R/A missions to determine whether they are adequate and whether the
operations-phase reliability-assurance activities or simple technical specifications
and limiting conditions for operation are adequate to give reasonable assurance
that the missions can be met during operation.
4. If active systems are relied on to meet the R/A missions, the designer will impose
design requirements commensurate with risk significance on those elements
involved.
5. The NRC would not include any R/A missions in the design certification rule, but
instead would include deterministic requirements on both safety and nonsafety
design features in the design certification rule.
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In SECY-95-132, the NRC staff recommended that the following provisions be applied to
passive plants to provide assurance of proper component performance:
1. Nonsafety-related piping systems with functions that have been identified as
important by the RTNSS process should be designed to accommodate testing of
pumps and valves to assure that the components meet their intended functions.
2. To the extent practicable, the passive ALWR piping systems should be designed
to accommodate the applicable Code requirements for quarterly testing of valves.
However, design configuration changes to accommodate Code-required
quarterly testing should be done only if the benefits of the test outweigh the
potential risk.
3. The passive system designs should incorporate provisions (a) to permit all critical
check valves to be tested for performance, to the extent practicable, in both
forward- and reverse-flow directions, although the demonstration of a nonsafety
direction test need not be as rigorous as the corresponding safety direction test;
and (b) to verify the movement of each check valve’s obturator during inservice
testing by observing a direct instrumentation indication of the valve position (such
as a position indicator) or by using nonintrusive test methods.
4. The passive system designs should incorporate provisions to test safety-related
power-operated valves (POVs) under design-basis differential pressure and flow.
Similarly, to the extent practicable, the design of nonsafety-related piping
systems with functions that have been identified as important by the RTNSS
process should incorporate provisions to test POVs in the system to assure that
the valves meet their intended functions under design-basis conditions.
5. To the extent practicable, provisions should be incorporated in the design to
assure that motor-operated valves (MOVs) in safety-related systems are capable
of recovering from mispositioning. The staff stated that the extent to which this
provision would apply to MOVs in important nonsafety-related systems would be
determined later.
In its SRM dated June 28, 1995, the Commission approved the recommendations in
SECY-95-132. The Commission directed that the staff clarify the IST recommendation to
demonstrate design capability of safety-related POVs before installation, to verify valve
capability during a preoperational test, and to periodically verify valve capability during
the operational phase. In a public memorandum dated July 24, 1995, the NRC staff
provided a consolidated list of the approved policy and technical positions associated
with RTNSS equipment in passive plant designs discussed in SECY-94-084 and
SECY-95-132 and in their associated SRMs.
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Regulatory Guide 1.206
NRC Regulatory Guide (RG) 1.206, “Combined License Applications for Nuclear Power
Plants (LWR Edition),” provides guidance for COL applicants to use in preparing
applications to construct and operate their proposed nuclear power plants. As noted in
the Supplementary Information provided in the Federal Register notice for the revision to
10 CFR Part 52 (72 FR 49352 and 72 FR 49387), the NRC does not require applicants
to evaluate their facility against RG 1.206. However, RG 1.206 can provide useful
guidance to COL applicants in preparing their applications and using this guidance will
facilitate the NRC’s review. Several design certification applicants have also followed the
format and content guidance in RG 1.206, with the exception of site-specific attributes. In
Section C.IV.9, “Regulatory Treatment of Nonsafety Systems,” of RG 1.206, the staff
summarizes the Commission guidance provided in the Commission papers and SRMs
on the treatment of RTNSS equipment in new reactors.
Code Activities
ASME (formerly the American Society of Mechanical Engineers) has activities underway
to improve the programs that provide assurance of the operational readiness of pumps,
valves, and dynamic restraints at new reactors through updating Division 1,
“Section IST: Rules for Inservice Testing of Light-Water Reactor Power Plants,” of its
Operation and Maintenance of Nuclear Power Plants (OM Code). As one activity, ASME
is preparing guidance for the treatment of safety-significant pumps, valves, and dynamic
restraints in nonsafety systems in post-2000 plants with passive post-accident
heat-removal systems (referred to as passive post-2000 plants). ASME defines a
“post-2000 plant” as a nuclear power plant that was issued (or will be issued) its
construction permit or combined license for construction and operation by the applicable
regulatory authority on or following January 1, 2000.
The treatment of the safety-significant pumps, valves, and dynamic restraints in
nonsafety systems should address test methods, test intervals, parameters to be
measured and evaluated, acceptance criteria, corrective actions, and record
requirements for the purpose of assessing the performance of safety-significant pumps,
valves, and dynamic restraints in nonsafety systems in passive post-2000 plants.
Pumps, valves, and dynamic restraints within the scope of the ASME OM Code will
continue to be required to satisfy the provisions in the ASME OM Code as incorporated
by reference in the applicable regulations (e.g., 10 CFR 50.55a). The proposed guidance
for the treatment of safety-significant pumps, valves, and dynamic restraints in nonsafety
systems in post-2000 plants with passive post-accident heat-removal systems is being
considered through the ASME OM Code committee process. This guidance might be
applicable to equipment within the scope of the RTNSS program based on future NRC
review.
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NRC Staff Activities
The NRC staff is reviewing the descriptions of RTNSS programs provided in design
certification and COL applications for nuclear power plants with passive post-accident
heat-removal systems. Information on RTNSS equipment classification and capability
programs can be found in Chapter 3, “Design of Structures, Components, Equipment,
and Systems”; Chapter 16, “Technical Specifications”; and Chapter 17, “Quality
Assurance,” of the final safety analysis reports (FSARs) or design control documents
(DCDs) as part of applications for new nuclear power plants with passive post-accident
heat-removal systems. The NRC staff review of those RTNSS activities is described in
the applicable safety evaluation report (SER) sections for those FSAR or DCD chapters.
The NRC staff prepared SRP Section 19.3 (Draft Rev. 0, July 2013), “Regulatory
Treatment of Nonsafety Systems for Passive Advanced Light Water Reactors,” to
provide high-level guidance for the evaluation of the scope of RTNSS equipment and its
treatment that should be established by design certification and COL applicants for
nuclear power plants with passive post-accident heat-removal systems. The SRP
section indicates that the NRC staff reviewer will verify that the applicant has provided
sufficient information to address the regulatory criteria on RTNSS equipment. As part of
this review, the NRC staff reviewer will determine whether:
1. The applicant’s process for using the results of the focused probabilistic risk
assessment (PRA) to identify RTNSS-important nonsafety-related SSCs follows
the process approved by the NRC.
2. The applicant has correctly identified the nonsafety equipment relied on to meet
the station blackout (SBO) and anticipated transient without scram (ATWS) rules
and therefore identified such equipment requiring regulatory treatment.
3. (a) The applicant has included sufficient nonsafety-related equipment in the
RTNSS program to ensure that safety functions relied on in the post-72-hour
period and following seismic events have a reasonable likelihood of being
performed successfully, (b) the nonsafety-related equipment relied on in the
post-72-hour period has been designed in accordance with Commission policy,
and (c) the applicant has established appropriate availability controls for this
equipment.
4. (a) The applicant’s mission statements for SSCs, including R/A missions,
correctly describe the missions of RTNSS and nonsafety-related SSCs and
(b) the R/A missions are consistent with the assumptions in the PRA.
5. The applicant has proposed a means for implementing RTNSS controls in the
form of administrative availability controls for the SSCs.
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6. The applicant’s implementation of the RTNSS process satisfies the scope,
criteria, and process described in SECY-94-084 and its associated SRM,
SECY-95-132 and its associated SRM, and RG 1.206.
The NRC staff prepared NRC Inspection Procedure (IP) 73758, “Part 52, Functional
Design and Qualification, and Preservice and Inservice Testing Programs for Pumps,
Valves, and Dynamic Restraints,” to provide guidance for NRC inspectors when
evaluating testing programs for pumps, valves, and dynamic restraints at new nuclear
power plants. This inspection guidance includes RTNSS equipment at nuclear power
plants with passive post-accident heat-removal systems.
As part of this inspection guidance, IP 73758 indicates that the NRC inspector should
verify that the licensee has incorporated in plant programs the activities to provide
reasonable assurance that RTNSS pumps and valves can perform their intended
functions. For example, the inspector should verify that licensee programs are
addressing the functional design and qualification of RTNSS pumps and valves in ways
consistent with the Commission policy in SECY-95-132 and its associated SRM
(i.e., that the designer has established graded requirements for SSCs based on the
importance to safety of their functional reliability and availability missions). IP 73758
notes that application of ASME Standard QME-1-2007, “Qualification of Active
Mechanical Equipment Used in Nuclear Power Plants,” as accepted in Revision 3 to
RG 1.100, “Seismic Qualification of Electrical and Active Mechanical Equipment and
Functional Qualification of Active Mechanical Equipment for Nuclear Power Plants,” is
one acceptable method for demonstrating the functional design and qualification of
RTNSS pumps and valves.
IP 73758 indicates that the NRC inspector should verify that licensee programs are
addressing inservice testing of RTNSS pumps and valves in ways consistent with the
Commission policy in SECY-95-132 and its associated SRM. For example,
nonsafety-related piping systems with functions that have been identified as being
important by the RTNSS process should be designed to accommodate testing of pumps
and valves to assure that the components meet their intended functions. To the extent
practicable, the passive piping systems should be designed to accommodate the
applicable Code requirements for quarterly testing of valves. Passive system designs
should incorporate provisions (1) to permit all critical check valves to be tested for
performance, to the extent practicable, in both forward- and reverse-flow directions,
although the demonstration of a nonsafety direction need not be as rigorous as the
corresponding safety direction test, and (2) to verify movement of each check valve’s
obturator during inservice testing by observing a direct instrumentation indication of the
valve position (such as a position indicator) or by using nonintrusive methods. To the
extent practicable, the design of nonsafety-related piping systems with functions under
design-basis conditions that have been identified as being important by the RTNSS
process should incorporate provisions to test POVs in the system to assure that the
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valves meet their intended functions under design-basis conditions. The provisions in the
ASME OM Code as incorporated by reference in 10 CFR 50.55a would be one
acceptable method of performing inservice testing of RTNSS pumps and valves.
Periodic verification of the capability of RTNSS POVs to perform their intended functions
could be provided through the use of ASME OM Code Case OMN-1, “Alternative Rules
for Preservice and Inservice Testing of Certain Electric Motor-Operated Valve
Assemblies in Light-Water Reactor Power Plants,” as accepted in RG 1.192, “Operation
and Maintenance Code Case Acceptability, ASME OM Code,” for MOVs, or Regulatory
Issue Summary 2000-03, “Resolution of Generic Issue 158: Performance of
Safety-Related Power-Operated Valves Under Design Basis Conditions,” for other
POVs.
The NRC staff recently updated NUREG-1482, “Guidelines for Inservice Testing at
Nuclear Power Plants,” to provide improved guidance for development and
implementation of IST programs. NUREG-1482 cites Commission guidance regarding
testing of RTNSS pumps, valves, and dynamic restraints by COL holders for new
nuclear power plants with passive post-accident heat-removal systems.
The NRC staff will continue to participate in ASME activities to update the OM Code for
new reactors. The staff will evaluate the new OM Code editions and addenda for
incorporation by reference in 10 CFR 50.55a with any appropriate limitations and
modifications. For application to RTNSS equipment, the staff will evaluate guidance
being prepared by ASME for the treatment of safety-significant pumps, valves, and
dynamic restraints in nonsafety systems in post-2000 plants with passive post-accident
heat-removal systems. The staff is currently preparing an update to 10 CFR 50.55a that
will consider for incorporation by reference the latest ASME OM Code edition and
addenda, including provisions and guidance related to new reactors.
Conclusion
Some new nuclear power plants have ALWR designs with passive safety systems that
rely on natural forces such as density differences, gravity, and stored energy to supply
safety injection water and to provide reactor core and containment cooling. Active
systems in such passive ALWR designs are categorized as nonsafety systems, with
limited exceptions. Active systems in passive ALWR designs provide the first line of
defense to reduce challenges to the passive systems in the event of a transient at the
nuclear power plant. Active systems that provide a defense-in-depth function in passive
ALWR designs need not meet all of the acceptance criteria for safety-related systems.
However, there should be a high level of confidence that these active systems will be
available and reliable when challenged. Multiple activities will provide confidence in the
capability of these active systems in passive ALWR designs to perform their functions
important to safety; these are collectively referred to as the RTNSS program. Design
certification applicants and COL applicants and holders should consider the information
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in NRC and ASME documents in developing programs to provide confidence in the
capability of RTNSS pumps, valves, and dynamic restraints to perform their intended
functions.
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Abstract
The ASME (formerly the American Society of Mechanical Engineers) code titled
Operation and Maintenance of Nuclear Power Plants (OM Code), Division 1,
“Section IST: Rules for Inservice Testing of Light-Water Reactor Power Plants,” defines
a post-2000 plant as a nuclear power plant that was issued (or will be issued) its
construction permit or its combined license for construction and operation by the
applicable regulatory authority on or after January 1, 2000. The New Reactors OM Code
(NROMC) Task Group (TG) of the ASME OM Code Committee is assigned the task of
ensuring that the preservice testing (PST) and inservice testing (IST) provisions in the
ASME OM Code are adequate to provide reasonable assurance that pumps, valves, and
dynamic restraints (snubbers) for post-2000 plants will operate when needed. The
NROMC TG has prepared updated guidance for pumps and pyrotechnically operated
(squib) valves in new reactors that has been incorporated in the ASME OM Code.
Currently, the NROMC TG is preparing proposed guidance for surveillance of
safety-significant pumps, valves, and dynamic restraints in nonsafety systems at
post-2000 plants that employ passive safety-related post-accident heat-removal systems
(referred to as passive post-2000 reactors).
The NROMC TG is also evaluating pump and valve surveillance provisions that would
ensure that safety-significant components in small modular reactor (SMR) designs are
verified to be operationally ready while providing flexibility to accommodate potentially
extended refueling cycles associated with these post-2000 plants. There are several
other changes and evaluations being performed by the NROMC TG to provide
reasonable assurance of the operational readiness of safety-significant pumps, valves,
and dynamic restraints while still weighing the cost-effectiveness of the requirements.
The NROMC TG also considers risk insights in its evaluation of PST and IST provisions
for post-2000 plants. This paper discusses the NROMC TG activities to develop the
recent and planned improvements to the PST and IST provisions in the ASME OM Code
to address pumps, valves, and dynamic restraints in new reactors.
Background
As a result of the design and construction of new nuclear power plants, ASME is
evaluating Division 1 of the OM Code for completeness, clarity, compatibility, and
correctness with regard to PST and IST of new reactor systems and components.
Since 2005, the ASME OM Code Committee has been evaluating the necessity of
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revising the OM Code to ensure that adequate guidance is provided for the development
of testing scope, requirements, methods, and acceptance criteria for pumps, valves and
dynamic restraints (snubbers) to ensure that the operational readiness of these
components in post-2000 plants is sufficiently assured.
Lessons Learned from Nuclear Power Plant Operating Experience and Research
ASME is considering the lessons learned from operating experience at nuclear power
plants and from research conducted by the nuclear industry and regulatory authority to
provide effective PST and IST programs at post-2000 plants. ASME and the industry are
incorporating these lessons learned in many ways, including the following:
1. Application of these lessons learned, especially in regard to qualification of
mechanical equipment for nuclear power plants, to the design and qualification of
pumps, valves, and dynamic restraints that allow IST activities (including
sufficient flow testing) to assess the operational readiness of those components,
as well as the development of ASME QME-1-2007, “Qualification of Active
Mechanical Equipment Used in Nuclear Power Plants” (Reference 1). The
U.S. Nuclear Regulatory Commission (NRC) has accepted the implementation of
ASME QME-1-2007 (Reference 1) in Revision 3 to NRC Regulatory Guide 1.100,
“Seismic Qualification of Electrical and Active Mechanical Equipment and
Functional Qualification of Active Mechanical Equipment for Nuclear Power
Plants” (Reference 2).
2. Application of lessons learned from performance experience and testing of
motor-operated valves (MOVs) that indicate the need for improved activities,
such as the importance of adequate design and qualification, sufficient flow
during testing to assess valve performance, consideration of performance
parameters (including valve disc and stem friction coefficients, reduced voltage,
elevated temperature, and load sensitive behavior), use of adequate diagnostic
instrumentation to allow proper evaluation and setup, unique direct-current motor
characteristics, improved maintenance and personnel training, monitoring of
potential motor magnesium rotor degradation, and justification for motor control
center testing.
3. Application of MOV lessons learned to other power-operated valves (POVs).
4. Making provisions for bidirectional testing of all safety-related check valves.
5. Implementation of preservice and comprehensive pump-testing provisions
without the need for relief from the requirements of the ASME OM Code
(Reference 3).
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6. Consideration of potential adverse flow effects on plant components resulting
from hydrodynamic loads and acoustic resonance.
7. Implementation of testing and monitoring programs for standby diesel generator
systems.
New Reactor Issues
In addition to lessons learned from nuclear power plant operating experience and
research programs, ASME is addressing new reactor issues in evaluating the need to
update the provisions in the ASME OM Code (Reference 3) for PST and IST programs
at post-2000 plants. These new reactor issues include the following:
1. Development of IST program descriptions by combined operating license (COL)
applicants in accordance with Title 10, “Energy,” of the Code of Federal
Regulations (10 CFR) Part 52, “Licenses, Certifications, and Approvals for
Nuclear Power Plants” (Reference 4), with implementation of design certification
provisions for design, qualification, and IST activities.
2. Coordination of PST and inspections, tests, analyses and acceptance criteria
(ITAAC) so that testing is performed once for both purposes.
3. Design, qualification, IST, and inspection activities for pyrotechnically operated
(squib) valves that are much larger than those in current operating plants and
represent more significant engineering challenges for new reactors. Squib valves
in some new reactors perform safety-significant functions, such as opening to
reduce reactor pressure or providing a flow path for gravity-driven cooling
systems to supply cooling water to the reactor core in the event of a
loss-of-coolant accident.
4. Design of plant systems and development of IST programs to minimize the need
for relief from the ASME OM Code requirements. Nonmandatory Appendix M,
“Design Guidance for Nuclear Power Plant Systems and Component Testing,” to
the ASME OM Code will be reviewed as part of this effort.
5. Design, qualification, PST, and IST of nonsafety-related components that are
subject to additional requirements for regulatory treatment of nonsafety systems
(RTNSS).
6. Development and implementation of risk-informed IST programs and
implementation of the provisions of 10 CFR 50.69, “Risk-Informed Categorization
and Treatment of Structures, Systems and Components for Nuclear Power
Reactors,” (Reference 5), for new reactors.
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7. Consideration of appropriate modifications to codes and standards for design,
qualification, PST, and IST activities in response to application of software-based
digital technology in mechanical components (e.g., pumps and valves).
New Reactor OM Code Task Group
ASME has established the NROMC TG to evaluate the PST and IST provisions in the
ASME OM Code in order to provide reasonable assurance that pumps, valves, and
dynamic restraints in post-2000 plants will operate as needed. The NROMC TG has
been reviewing the lessons learned from current operating plants and new reactor
issues to develop proposed improvements to the ASME OM Code. The NROMC TG
meets during the ASME OM Code week and holds frequent telephone conferences to
maintain progress in evaluating potential improvements to the ASME OM Code for PST
and IST provisions. The NROMC TG coordinates its activities with the ASME OM Code
committees to ensure consistency with other Code activities.
New Reactor OM Code Completed Tasks
PST and IST Provisions for Pumps in Post-2000 Plants
The NROMC TG prepared a proposed revision to the ASME OM Code to provide
updated PST and IST provisions for pumps in post-2000 plants in order to accommodate
lessons learned from pump testing at current operating nuclear power plants. For
example, post-2000 plants are designed to provide the capability for full-flow testing of
pumps within the scope of the ASME OM Code rather than testing through lines with
minimal flow. Therefore, the pumps in post-2000 plants will be capable of undergoing
comprehensive pump testing as defined in Subsection ISTB, “Inservice Testing of
Pumps in Light-Water Reactor Nuclear Power Plants,” of the ASME OM Code.
The NROMC TG prepared a proposed revision to the ASME OM Code to specify that
Subsection ISTB applies only to pre-2000 plants (that is, nuclear power plants that
received their construction permits by the regulatory authority before January 1, 2000).
In concert, the NROMC TG also proposed a new ASME OM Code subsection, ISTF,
“Inservice Testing of Pumps in Light-Water Reactor Nuclear Power Plants - Post-2000
Plants,” to specify PST and IST of pumps in post-2000 plants with sufficient flow to
demonstrate their design capability. This proposed subsection specified the performance
of the inservice flow testing of pumps in post-2000 plants on a quarterly basis.
ASME updated the ASME OM Code to include Subsection ISTF in the 2011 Addenda to
the ASME OM Code. The NRC is considering incorporation by reference of the latest
ASME OM Code edition, including new Subsection ISTF, in 10 CFR 50.55a, “Codes and
Standards” (Reference 6).

319

Preservice and Inservice Surveillance Requirements for Squib Valves in Post-2000
Plants
Some post-2000 plant designs use passive safety systems that rely on natural forces
such as density differences, gravity, and stored energy to supply safety-injection water
and to provide reactor-core and containment cooling. Valves in these passive systems
can be self-actuating (such as check valves or safety valves) or can be equipped with
actuators that do not require alternating-current (ac) electric power supplied by
emergency diesel generators (as for squib valves). Squib valves used in
depressurization systems and core-cooling systems in large passive post-2000 plants
are safety-significant and are much larger and more complex than the small squib valves
in current boiling-water reactors (BWRs).
The provisions in previous versions of the ASME OM Code for explosive-actuated valves
were developed based on the simple design of the small squib valves used in current
operating nuclear power plants. For example, paragraph ISTC-5260, “Explosively
Actuated Valves,” of Subsection ISTC, “Inservice Testing of Valves in Light-Water
Reactor Nuclear Power Plants,” of the OM Code requires 20 percent sampling of the
charges in the squib valves in current operating nuclear power plants every 2 years, but
does not address the actuation circuitry or the capability of the charges. Further, the OM
Code does not address either the structural integrity of the internal parts of the squib
valve or the potential presence of fluids, corrosion, or foreign materials that might
interfere with the operation of the squib valve.
The NROMC TG prepared changes to Subsection ISTC to establish surveillance
requirements for squib valves in post-2000 plants that incorporate lessons learned from
the design and qualification processes for these valves with the expectation that the
surveillance activities will provide reasonable assurance of the operational readiness of
the squib valves to perform their safety functions. The NROMC TG developed preservice
and inservice surveillance requirements for actuation logic and electrical circuits for the
squib valves, internal inspection requirements on a periodic schedule, and testing of a
sample of pyrotechnic charges to demonstrate that the charges continue to be capable
of providing sufficient motive force to operate the squib valve. Because post-2000 plants
include flow-testing requirements for squib valves before plant startup as part of the
qualification process, the NROMC TG did not include flow testing as part of the ASME
OM Code preservice and inservice surveillance activities for squib valves in post-2000
plants.
For preservice surveillance, the provisions for squib valves in post-2000 plants specify
the following: (1) Verify the operational readiness of the actuation logic and associated
electrical circuits for each valve with its pyrotechnic charge removed from the valve;
(2) select a sample of at least 20 percent of the pyrotechnic charges in all valves to be
tested, and test each selected charge in either the valve or a qualified test fixture to
confirm the capability of each sampled charge to provide the necessary motive force to
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operate the valve so that it can perform its intended function without damage to the valve
body or connected piping; and (3) resolve any deficiencies identified in the operational
readiness of the actuation logic or associated electrical circuits or the capability of a
pyrotechnic charge. If a charge fails to fire or its capability is not confirmed, all charges
with the same batch number shall be removed, discarded, and replaced with charges
from a different batch number that has demonstrated successful 20 percent sampling of
the charges.
In addition to the requirements specified in Table ISTC-3500-1, “Inservice Test
Requirements,” and paragraph ISTC-5260 of the ASME OM Code, the inservice
surveillance provisions for squib valves in post-2000 plants specify the following
requirements after commencement of commercial operation: (1) At least once every
2 years, each valve shall undergo visual examination of external surfaces and internal
surfaces and parts; (2) at least once every 2 years, one valve of each size shall be
disassembled for internal examination of the valve and actuator; (3) for the valves
selected in the test sample, the operational readiness of the actuation logic and
associated electrical circuits must be verified for each sampled valve following removal
of its charge; (4) for the valves selected in the test sample, the sampling must select at
least one explosively actuated valve from each redundant safety train every 2 years, and
each sampled pyrotechnic charge shall be tested in the valve or a qualified test fixture to
confirm the capability of the charge to provide the necessary motive force to operate the
valve so that it can perform its intended function without damage to the valve body or
connected piping; (5) corrective action shall be taken in accordance with the owner’s
corrective-action requirements to resolve any deficiencies identified; and (6) if
deficiencies are identified that would prevent specified operation, the valve shall be
declared inoperable in accordance with the owner’s requirements.
ASME incorporated preservice and inservice surveillance requirements for squib valves
in post-2000 plants in the 2012 Edition of the ASME OM Code. The NRC is considering
incorporation by reference of the 2012 Edition of the ASME OM Code in 10 CFR 50.55a.
New Reactor OM Code Ongoing Activities
Program for Demonstrating Capability and Availability of Safety-Significant Pumps,
Valves, and Dynamic Restraints in Post-2000 Plants with Passive Heat-Removal
Systems
Some post-2000 plants use passive safety systems that rely on natural forces to provide
reactor-core and containment cooling. At these plants, active systems provide the first
line of defense to reduce challenges to the passive systems in the event of a transient at
the nuclear power plant. Active systems that might provide defense-in-depth capabilities
include (1) systems that provide reactor-coolant makeup, e.g., chemical and volume
control in passive pressurized-water reactor (PWR) designs, and control-rod drive for
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passive BWR designs; (2) reactor shutdown cooling system and feedwater system for
decay-heat removal in passive PWRs, and reactor water cleanup system for decay-heat
removal in passive BWRs; (3) spent fuel pool cooling and cleanup system for decay-heat
removal of spent reactor fuel; and (4) associated systems and structures to support
these functions, including nonsafety standby diesel generators. In addition, passive
designs might use other nonsafety active systems to limit challenges to passive safety
systems, such as the heating, ventilation, and air-conditioning systems that remove heat
from the instrumentation and control cabinet rooms and the main control room.
Active systems that provide a defense-in-depth function in passive designs may not
need to meet all of the acceptance criteria for safety-related systems (sometimes
referred to as safety-grade criteria). However, there should be a high level of confidence
that these active systems will be available and reliable when challenged. The NRC has
issued several Commission papers on the policy and technical issues associated with
the RTNSS in passive plant designs. See, for example, SECY-95-132, “Policy and
Technical Issues Associated with the Regulatory Treatment of Non-Safety Systems
(RTNSS) in Passive Plant Designs,” dated May 22, 1995 (NRC Agencywide Documents
Access and Management System (ADAMS) Accession No. ML003708005), and its
associated Staff Requirements Memorandum (SRM), dated June 28, 1995 (Accession
No. ML003708019) (Reference 7).
The NROMC TG is preparing guidance for a program to demonstrate the capability and
availability of safety-significant pumps, valves, and dynamic restraints in nonsafety
systems in post-2000 plants with passive post-accident heat-removal systems. ASME
will consider this guidance as a nonmandatory appendix to the ASME OM Code.
PST and IST of Components in SMRs
The NROMC TG is evaluating pump and valve surveillance issues related to SMRs.
Some of these reactor designs may need modifications to the ASME OM Code to ensure
that safety-significant components are able to be verified to be operationally ready while
still providing flexibility to accommodate the extended refueling cycles planned for some
post-2000 plants. This NROMC TG activity is discussed in a separate paper for the IST
Symposium.
Other Potential Changes or Improvements to the ASME OM Code for Post-2000 Plants
The following improvements to the ASME OM Code for post-2000 plants are among
several that the NROMC TG is preparing to provide reasonable assurance for the
operational readiness of safety-significant pumps, valves, and dynamic restraints while
still weighing the cost-effectiveness of the requirements:
•

Alternatives to testing frequencies
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•
•
•

Clarification changes to frequency descriptions (e.g., cold shutdown/refueling
outage (RFO) justifications)
Clarification of 10 CFR Part 52 IST requirements
Evaluation of components of “new design” (e.g., check valves, fail-safe MOVs,
and self-regulating air-operated valves)

Conclusion
The NROMC TG is assigned the task of evaluating whether the PST and IST provisions
in the ASME OM Code are adequate to provide reasonable assurance that pumps,
valves, and dynamic restraints in post-2000 nuclear power plants will operate as
needed. The NROMC TG has prepared updated guidance for pumps and squib valves in
new reactors that has been incorporated in the ASME OM Code.
Currently, the NROMC TG is preparing proposed guidance for a program to demonstrate
the capability and availability of safety-significant pumps, valves, and dynamic restraints
in nonsafety systems in post-2000 reactor plants with passive post-accident
heat-removal systems. The NROMC TG is also evaluating pump and valve surveillance
issues related to small modular reactors. Several other changes and evaluations are
being performed by the NROMC TG to provide reasonable assurance for the operational
readiness of safety-significant pumps, valves, and dynamic restraints while still weighing
the cost-effectiveness of the requirements.
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Abstract
The use of passive shutdown systems to enhance safety is one element of
next-generation reactor design. The Freeze-Valve has been proposed as a key device in
the passive system to stop the chain reaction of the Molten Salt Reactor (MSR), which
has been chosen by Generation IV International Forum (GIF) as one of the six
Generation IV reactor concepts. During reactor normal operation, the molten salt in the
valve is cooled to a solid plug. In the event that the reactor overheats under accident
conditions when all other active control systems fail, the plug will melt. The liquid fuel salt
will be pulled out from the reactor core by gravity into dump tanks, and criticality will
cease because the reaction is no longer moderated by the graphite in the reactor core.
The more accurate the Freeze- Valve’s thermal design is, the more efficient the passive
shutdown system becomes. In this study, an investigation of the thermal performance of
the Freeze-Valve is conducted based on finite element methods verified by experimental
data, and some modified designs are presented with recommendations. For further
consideration, some innovative governing techniques used to control the Freeze-Valve
are discussed in detail. Here, a more critical thermal design is focused on that can make
the passive system shut down the nuclear reactor quickly and reliably. The Freeze-Valve
can be used in the molten salt loop rather than a mechanical valve, which may become
jammed by frozen salt.
Introduction
The Thorium-Based Molten Salt Reactor (TMSR) project is a future fourth-generation
nuclear reactor system proposed by the Chinese Academy of Sciences (CAS) in 2011
(Refs. 1 and 2). Molten Salt Reactors (MSRs) possess numerous advantages, including
but not limited to inherent safety, online reprocessing and a lower-pressure primary
cooling loop (Ref. 3). As a liquid-fueled reactor concept, the safety basis and
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characteristics of the MSR are considerably different from those of solid-fueled reactors
(Refs. 4 and 5).
The Freeze-Valve, which is not a mechanical valve but a valve-like frozen-seal
component, has been proposed as one of the most important devices in the passive
shutdown system for an MSR. It is the Freeze-Valve that ensures the MSR’s inherent
safety without risk of core melting. As shown in Figure 1, the Freeze- Valve is operated
in such a way that during normal reactor operation, the molten salt in the valve is cooled
to a solid plug. In the event that the reactor overheats under accident conditions when all
other active control systems fail, the plug will melt. The liquid fuel salt will be pulled out
from the reactor core by gravity into dump tanks, and criticality will cease because the
reaction is no longer moderated by the graphite in the reactor core. The efficiency of the
passive shutdown system depends on the accuracy of the Freeze-Valve’s thermal
design.

Figure 1. Schematic of the Freeze-Valve arrangement in an MSR
In the 1960s, the Freeze-Valve was originally developed for an experimental MSR
(MSRE) by the Oak Ridge National Laboratory (ORNL). Some tests on the valve were
successfully carried out and additional operational experience was acquired (Refs. 6
and 7). Although the concept had been developed, the practical implementation of how
to passively shut down the MSR had not yet been established concretely. Since then,
little research has been reported on the Freeze-Valve.
To research the molten salt coolant technology and to prepare for the TMSR project,
a high-temperature molten salt test loop has been designed and constructed in the
Shanghai Institute of Applied Physics (SINAP) at CAS. The test loop started successfully
operating in July 2013. The molten salt loop includes a conventional Freeze-Valve for
experiments. In previous work, initial studies of the thermal-structural coupling
performance of this Freeze-Valve were performed using FE methods, and some
irradiative solutions have been obtained (Ref. 2). In this study, an investigation of the
thermal performance of the Freeze-Valve is conducted on the basis of the FE methods
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validated by experimental results, and some operating experience of the molten salt test
loop has been obtained. For further consideration, some original governing techniques
used to passively control the Freeze-Valve for MSR are discussed in detail. This study is
in pursuit of a highly accurate thermal design to make the passive system shut down the
nuclear reactor quickly and reliably.
Freeze-Valve Configuration and Material Properties
The molten salt test loop, as shown in Figure 2, includes a molten salt reservoir tank, a
heater, a high-temperature molten salt pump and a heat radiator. The whole system,
made of Inconel® alloy C276 (also referred as Hastelloy® C276 alloy), is equipped with
preheating devices and thermal insulation to preheat the system and keep its
temperature above the melting point of the salt. The molten salt of FLiNaK (LiF-NaF-KF,
46.5-11.5-42.0 mol %) has been chosen as the working fluid. A mechanical valve is
employed to connect the reservoir tank to the circulating loop in parallel with a
Freeze-Valve, in which the molten salt is actively cooled to a solid plug by a fan and
heated to melting by an auxiliary induction heater. The initial Freeze-Valve designed for
the experiment in the FLiNaK salt test loop is described in Figure 3. It consists of five
sections, namely two straight pipe sections, a flat section, and two transitions connecting
between the straight section and the flat section. Essentially, it looks like a pipe that is
squashed in the middle portion. The length of the straight section, the flat section, and
the transition section are each about 50 mm [1.97 in.]. The wall thickness is 4 mm [0.157
in.], the height (H) is 20.5 mm [0.807 in.], and the width (D) is roughly 63.7 mm [2.51 in.]
when measured through the flat portion. The outer diameter of the pipe section is 48 mm
[1.89 in.], which is the diameter of the main pipe in the FLiNaK salt loop.
The melting point of the FLiNaK salt is about 454°C [849°F], with a latent heat of
403.5 kJ/kg [173.5 BTUIT/lb] (Ref. 8). The enthalpy is related to density (ρ), specific heat
(c) and temperature (T) according to Ref. 9:

where the density, specific heat, and thermal conductivity varying with temperature are
shown in Table 1 (Refs. 10 through 13]. During phase change, a small temperature
range exists in which both the solid and liquid phases exist together. The enthalpy
values related to the latent heat were calculated with the solid temperature of 453°C
[847°F] and the liquid temperature of 455°C [851°F] to enter as material properties in
this simulation.
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Figure 2. 3D illustration of the FLiNaK salt test loop

Figure 3. Geometry of the Freeze-Valve studied
The basic properties of the Hastelloy® C276 alloy used for the Freeze-Valve are a
density of 8890 kg/m3 [555 lb/ft3], with thermal conductivity and specific heat at different
temperatures given in Table 2 (Refs. 14 and 15].
Analysis of the Freeze-Valve
The Freeze-Valve, during normal operation, can maintain a temperature low enough to
remain closed by means of either forced cooling or natural cooling. Under accident
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conditions, the valve will open in response to lost cooling, excessive high-temperature
molten salt in the reactor vessel, or an auxiliary heater.
To understand the characteristics of the Freeze-Valve for the passive shutdown system
in MSRs and to provide precise parameters to the FE model, the steady-state thermal
behavior was investigated by performing FE calculations, which were verified by
experimental data acquired from the FLiNaK salt test loop, in which the Freeze-Valve
was opened by electric heating.
Table 1. Material properties of FLiNaK salt

Table 2. Material parameters of Hastelloy® C276 alloy at different temperature

Analysis of the Freeze-Valve in the FLiNaK Salt Test Loop
FE calculations and temperature measurements were carried out during the analysis.
A simplified three-dimensional FE model with all hexahedral elements, as shown in
Figure 4, has been developed for the Freeze-Valve by using the ANSYS® 14.0
Workbench (Ref. 16). With zero salt flow, the model with the salt inside could be
regarded as a single entity, ignoring free convection in the molten salt caused by local
temperature gradients in a confined space. The numerical simulation boundary
conditions are described as follows. A constant temperature load initialized as 530°C
[986°F], which is the temperature maintained by preheaters in the loop, is applied on the
end face of the model. The Freeze- Valve is cooled with a mean emissivity of 0.2
(Ref. 17) accompanied by an ambient temperature of 40°C [104°F] and a forced
convective heat-transfer coefficient (HTC) according to Ref. 18:
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where the characteristic length D is the flat portion’s width and Pr and k are the Prandtl
number and thermal conductivity of air, respectively. And Re, the Reynolds number, is
defined as:

where ρ, μ, and u represent the air properties of density, viscosity, and airflow speed
respectively. With an airflow speed of roughly 40m/s [131 ft/s] in the experiment, a
convective HTC was evaluated as 97 W/(m2⋅K) , with ±15 percent uncertainty bounds of
82 W/(m2⋅K) and 111 W/(m2⋅K) based on correlation.

Figure 4. Finite Element Model of the Freeze-Valve
In the temperature measurements, six thermocouples labeled “a” through “f” were
welded to the valve surface, as shown in Figure 3, with thermocouples “a,” “c,” and “e”
on the windward side, “b” and “d” leeward, and “f” on the flank.
Figure 5 shows the temperature contours of the Freeze-Valve in its frozen-plug state.
The temperature decreases symmetrically from both ends with the highest temperature
of 530°C [986°F] at both ends to the lowest temperature of 44.0°C [111°F] in the middle,
and the isotherm slightly dips towards the center. In general, the temperature of the
frozen-plug area is below the salt’s melting point. The FE analytic results agree well with
the measurements, shown in Figure 6, which indicates that the simplified FE analysis
method is credible.
The remaining error between calculation and measurement may be explained by the
following reasons. Firstly, for the noncircular cylinder in cross-flow of a gas, the
heat-transfer intensity on the windward surface is stronger than that leeward. That is why
the measurement temperature at point “a” is lower than at “b,” and at point “c” compared
to “d.” The FE analysis cannot comprehensively consider this effect. The correlation
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(Equation (2)) for calculating Nu in this study has not been suggested for the back but
the front of the noncircular cylinder in cross-flow of a gas. It appears that the average
convective HTC value of the full valve surface based on the correlation will be larger
than the practical value in experiment. Consequently, the measurements are generally
slightly higher than the calculation results. In addition, Figure 6 is consistent with the
above conclusions regarding the influence of the convective HTC calculation uncertainty
based on the empirical correlation on the temperature profile simulated.

Figure 5. Typical temperature contours of a Freeze-Valve in its frozen-plug state:
(a) forward cutaway view; (b) lateral cutaway view

Figure 6. Axial temperature profile of the Freeze-Valve
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Previous studies showed that the time to thaw the frozen salt plug by electric heating
can be reduced by elevating the temperature level of the Freeze-Valve in a blocked state
(Ref. 2). That conclusion is supported by the experiments, in which the thaw time was
65 minutes at a low power and 15 minutes at the same power with a higher temperature
level of the initial frozen-plug state.
Additionally, the following important observations have been obtained from experiments
on the FLiNaK salt loop. The salt is first melted by an electric heater at the reservoir tank
where the salt is normally stored in its solid phase. Before the molten salt is pumped
from the reservoir tank to the circulating loop, it is necessary to preheat the whole loop
system to a prescribed temperature. With the Freeze-Valve closed, the mechanical valve
must be closed as soon as the liquid level in the pump reaches the predetermined level,
or the molten salt begins to overflow from the pump. Unfortunately, in some instances,
the mechanical valve could not be entirely opened or closed. As the heat leaks from the
valve body, molten salt may move into the valve chamber and freeze there because of
low temperature, even though preheaters are installed all over the loop. In contrast, the
Freeze-Valve can be actively opened and closed, despite the relatively slow response
speed in these experiments. From this experience, the Freeze-Valve can be proposed to
be used in future molten salt heat-transfer systems, rather than a mechanical valve,
given its advantages of no movable parts, no leakage, and the absence of jamming seen
in traditional mechanical valves.
Analysis of the Freeze-Valve for the Passive Shutdown System in MSRs
As analyzed above, the Freeze-Valve proposed to replace mechanical valves in a
molten salt loop is actively opened by an electric heater. In an MSR, the valve should be
designed to function without external electric power or manual operation to provide
inherent safety of the nuclear reactor under accident conditions, in case all other active
control systems have failed. The time required to open the valve should be as short as
possible. Therefore, methods of implementing non-active control are of note.
In order to clearly understand the thermal performance of the Freeze-Valve under
natural cooling conditions (and also prepare for critical thermal design), a steady-state
thermal analysis is first carried out using the cooling conditions delineated below.
The Freeze-Valve is cooled by loss of heat to the atmosphere with a free convective
HTC of 7 W/(m⋅K) and an average emissivity of 0.2 accompanied by an ambient
temperature of 40°C [104°F], without any other sources of forced cooling. A constant
temperature of 600°C [1112°F] is applied to the ends of the valve to simulate the thermal
state of normal reactor operation. The influence of different natural cooling conditions on
temperature profile is discussed below in detail.
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Figure 7 shows the analysis results regarding the influence of the free convective HTC
(as shown in Figure 7(a) with emissivity of 0.2) and the emissivity (as shown in
Figure 7(b) with free convective HTC of 7 W/(m2⋅K)) on the performance of the
Freeze-Valve. The temperature increases as the convective heat-transfer coefficient
becomes smaller, as well as when the emissivity decreases. Figure 7 also indicates that
near the center of the valve, there is still a significant amount of frozen salt.
Consequently, it was necessary to modify the structure of the original Freeze-Valve to
optimize thermal design.
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Figure 7. Axial temperature profile vs. (a) convective heat transfer coefficient
(HTC) and (b) emissivity under natural cooling conditions
The heat conducted through the Freeze-Valve is removed from the valve surface by a
combination of convection and radiation. An energy balance would give, as in Ref. 18:
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where k is the thermal conductivity of the valve, h is the convective HTC, A is the valve
surface area, Tw is the surface temperature, T∝ is the fluid temperature, Ts is the
temperature of surroundings, σ is the proportionality constant called the
Stefan-Boltzmann constant (with a value of 5.67 × 10−8 W/(m2⋅K4), Fε is the emissivity
function, and FG is the geometric “view factor” function. For the radiation in an enclosure,
Fε and FG are given with ε referred to as surface emissivity and as 1.0, respectively. To
optimize thermal design, according to Eq. (4), two techniques are generally available:
thermal conduction structural sizes and cooling conditions.
The effect of the Freeze-Valve length on the temperature profile is shown in Figure 8,
which is for the Freeze-Valve with 50-mm [1.97 in.] transitions and 0-mm [0-in.] pipe
portions. The temperature around the valve middle is still much lower than the salt’s
melting point when the length of the pipe portion (PL) is curtailed to the extreme of zero
millimeters. When the Freeze-Valve is further cut down on the flat portion (FL), as can
be seen in Figure 8, the temperature level climbs as the flat portion shortens. When FL
becomes shorter than 20 mm [0.787 in.], the Freeze-Valve likely cannot be kept closed
by natural cooling, because the normal temperature would approach the salt’s melting
point. The axial length of the frozen salt plug in the Freeze-Valve is reduced as FL
shortens, as revealed in Figure 9. The volume of the salt plug must be large enough to
ensure that the Freeze-Valve is shut off during normal operation. To make sure that the
Freeze-Valve responds adequately to a temperature increase, the volume of the salt
plug should be small. This means that an exact thermal design is necessary for the
Freeze-Valve.

Figure 8. Axial temperature profile vs. the length of the flat portion of the
Freeze-Valve
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Figure 9. Axial length of salt plug varying with flat portion
The Freeze-Valve is intended to ensure that the nuclear reactor shuts down passively in
an accident. To develop a fast and reliable passive emergency-shutdown system for an
MSR, in this study, several preliminary governing design options were considered:
(a) During normal operation, the Freeze-Valve loses heat through free cooling to
maintain a salt plug; under accident conditions, the free cooling is depressed by an
outside mechanism. Concerning this design, a Freeze-Valve model characterized by a
30-mm [1.18 in.] flat portion connecting between two 50-mm [1.97 in.] transitions
combined with 0-mm [0 in.] pipe portions is considered. The model is free-cooled during
normal operation and a salt plug with an axial length of roughly 50 mm [1.97 in.] (as
shown in Figure 10) is well maintained in the valve. Under accident conditions, a
multilayer metal foil (MMF) reflective heat insulation controlled by some probable
passive mechanical device (PMD) is chosen to weaken the free cooling. As illustrated in
Figure 11, the MMF is fixed by a PMD during normal operation (here the detailed
working mechanism of the technical implementation is omitted). In an accident, the MMF
will fall off by gravity to reduce the free cooling. The basic properties of the MMF are a
density of 150 kg/m3 [9.36 lb/ft3], a thermal conductivity of 0.04 W/(m⋅K), a specific heat
of 900 J/(kg⋅K) and a surface normal total emissivity of 0.02. Detailed simulation
boundary conditions and corresponding results are given in Table 3, where the melt time
is defined in such a way that the axial minimum temperature of the salt reaches the
melting point. Table 3 shows that this design is generally feasible in theory. The salt plug
melts in less than six minutes when the heat radiation on the Freeze-Valve surface is
weakened by the MMF. Practically, the MMF may also reduce free convection. It is
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consistent with our calculation results that the melt time is cut nearly in half when the
free convective HTC is depressed on the Freeze-Valve surface simultaneously. If an
MMF with a lower emissivity of 0.01 is adopted, the melt time can be shortened from
5.8 minutes to 5.2 minutes.
Table 3. Boundary conditions and corresponding results of design options

Evidently, choosing a MMF with a lower emissivity will facilitate reducing the melt time of
the Freeze-Valve.

Figure 10. Frozen salt plug in a Freeze-Valve:
(a) forward view; (b) lateral view.
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Figure 11. Schematic of a governing design conception
(b) During normal operation, the Freeze-Valve is actively cooled to maintain the salt
plug; in an accident, the salt plug will be melted because forced cooling is lost. For this
design conception, it can be seen from Figure 9 that the flat portion of the Freeze-Valve
should be no thicker than 12 mm [0.472 in.] to ensure that the salt plug will melt when
forced cooling is lost. In order to investigate the feasibility of this option, the following FE
simulations were performed with two models with 5-mm [0.197 in.] and 10-mm [0.394 in.]
flat portions, both with 0-mm [0 in.] pipe sections and 50-mm [1.97 in.] transitions. Here,
the value of the forced convective HTC on the valve surface is determined by
maintaining the axial length of the salt plug in the valve at roughly 50mm [1.97 in.] during
normal operation. Table 4 summarizes detailed numerical calculation results of these
design models. It can be seen that the salt plug in the valve characterized by a 10-mm
[0.394 in.] flat portion can be molten in about nine minutes. It requires six minutes to melt
molten salt for the valve with a 5-mm [0.197 in.] flat portion.
(c) During normal operation, the Freeze-Valve loses heat to maintain a salt plug by free
cooling; under accident conditions, it will be opened by obtaining heat from the high
temperature of the molten salt on one end of the Freeze-Valve. For this scenario, a high
temperature of 750°C [1382°F], which is the maximum temperature limit of the structural
material for an MSR, is considered for one end of the analysis model, whose characters
and initial conditions are the same as the one introduced in design (a). In this case, the
Freeze-Valve can open in about 12 minutes under accident conditions.
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Table 4. Boundary conditions and corresponding results of design options

From these analyses, it can be concluded that these governing designs discussed above
may support use of the Freeze-Valve in a passive shutdown system of MSR, although it
needs further optimization. This study only suggests some potential workable methods
checked fundamentally by FE simulation. In practice, two or more of the measures
mentioned above can be combined to improve the performance. Table 5 lists some
possible composite design conceptions. The basic properties of the Freeze-Valve, which
mainly consist of the melt time, the outer diameter of the pipe section, and the height
and the length of the flat portion, should be determined by a practical project. Moreover,
these design conceptions should be tested using the FLiNaK salt test loop.
Table 5. Some possible composite design conceptions

Conclusions
In this study, the thermal performance of a Freeze-Valve is considered by using a FE
numerical simulation method, whose calculation results demonstrate a reasonable
agreement with the experimental data from a molten salt test loop. Furthermore, some
operating experience of the Freeze-Valve on the molten salt test loop was also acquired.
Some theoretically feasible governing techniques used to passively control the
Freeze-Valve for the passive shutdown system in MSRs have been reviewed. The
techniques for the Freeze-Valve introduced in this study are of great significance not
only for an MSR, but also for other passive reactor shutdown mechanisms employing the
Freeze-Valve. Such applications include the Fluoride Salt Cooled High Temperature
Reactor (FHR), also referred to as the Advanced High Temperature Reactor (AHTR),
which could be helped to shut down if the fuel pebble bed loses the fluoride salt coolant,
inserting sufficient negative reactivity. However, further studies are needed to determine
the basic properties of the Freeze-Valve and optimize its performance.
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Abstract
The nuclear industry is preparing for the licensing and construction of new nuclear power
plants in the United States. Several new designs have been developed, including more
traditional evolutionary designs, passive reactor designs, and small modular reactors
(SMRs).
ASME (formerly the American Society of Mechanical Engineers) provides specific codes
used to perform inspections and testing, both preservice and inservice, for many of the
components used in the new reactor designs. The U.S. Nuclear Regulatory Commission
(NRC) reviews information provided by applicants related to inservice testing (IST)
programs for design certification (DC) and combined license (COL) applications under
Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants,” of Title 10,
“Energy,” of the Code of Federal Regulations (10 CFR Part 52) (Reference 1).
The 2012 Edition of the ASME OM Code, Operation and Maintenance of Nuclear Power
Plants, defines a post-2000 plant as a nuclear power plant that was issued (or will be
issued) its construction permit, or combined license for construction and operation, by
the applicable regulatory authority on or after January 1, 2000. The ASME New Reactors
OM Code (NROMC) Task Group (TG) is assigned the task of ensuring that the
preservice testing (PST) and inservice testing (IST) provisions in the ASME OM Code
are adequate to provide reasonable assurance that pumps, valves, and dynamic
restraints (snubbers) for post-2000 plants will operate when needed. Currently, the
NROMC TG is preparing proposed guidance for the treatment of active pumps, valves,
and dynamic restraints with high safety significance in nonsafety systems for passive
post-2000 plants, including SMRs. (Note: For purposes of this paper, “post-2000 plant”
and “new reactor” are used interchangeably throughout.)
Introduction
The nuclear industry is preparing for the licensing and construction of new nuclear power
plants in the United States, and in particular the SMRs. The NRC reviews information
related to IST programs provided by applicants for DCs and COLs under 10 CFR Part 52
(Reference 1). The NRC has discussed the development of IST programs for new
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reactors in several Commission papers, including Regulatory Guide (RG) 1.206
(Reference 8) and in Regulatory Issue Summary (RIS) 2012-08 (Reference 17).
ASME has a program underway to develop improved PST and IST provisions for new
reactors in the ASME OM Code (Reference 10). The NROMC TG is presently evaluating
pump and valve surveillance issues related to new reactors that might indicate the need
for changes to the ASME OM Code. This will ensure that the safety-significant
components in non-traditional designs are able to be verified to be operationally ready
while still providing some flexibility to accommodate the extended refueling cycles and
other new designs and components that are incorporated in some post-2000 plants.
There are several other changes and evaluations being performed by the NROMC TG to
provide reasonable assurance of the operational readiness of safety-significant pumps,
valves, and supports while weighing the cost-effectiveness of the requirements. The
NROMC TG considers risk insights in its evaluation of PST and IST provisions for
post-2000 plants. This paper will discuss the NROMC TG’s activities focused on
developing recent and planned improvements to the PST and IST provisions in the
ASME OM Code to address pumps, valves, and dynamic restraints in SMRs.
Background
NRC Regulations
The NRC regulations in 10 CFR Part 52 provide a process for licensing of new nuclear
power plants in the United States as an alternative to the process described in 10 CFR
Part 50, “Domestic Licensing of Production and Utilization Facilities” (Reference 2).
10 CFR Part 52 specifies rules for (1) early site permits (ESPs), (2) standard DCs,
(3) COLs, (4) standard design approvals, and (5) manufacturing licenses. It is
anticipated that most applicants for the construction and licensing of new nuclear power
plants will follow the process established in 10 CFR Part 52 (Reference 1).
The NRC regulations in 10 CFR 52.79(a)(11) require a COL applicant to provide in its
safety analysis report, at a level sufficient to enable the NRC to reach a final conclusion
on all safety matters that must be resolved before COL issuance, a description of the
programs and their implementation that are necessary to ensure that the systems and
components meet the requirements of the ASME Boiler & Pressure Vessel Code (BPV
Code) and the ASME OM Code in accordance with 10 CFR 50.55a (Reference 3). The
NRC regulations in 10 CFR 52.79(a)(41) require that COL applications include an
evaluation of the standard plant design against the revision of the NRC’s Standard
Review Plan (SRP, NUREG-0800) in effect 6 months before the docket date of the
application. In addition, the NRC regulations in 10 CFR 52.79(a)(37) require that COL
applications include information necessary to demonstrate how operating experience
insights have been incorporated into the plant design.
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The NRC regulations in 10 CFR 50.55a(f)(4)(i) state, in part, that inservice tests that are
conducted during the initial 120-month interval to verify operational readiness of pumps
and valves whose function is required for safety must comply with the requirements in
the latest edition and addenda of the ASME OM Code incorporated by reference in
10 CFR 50.55a(b) on the date 12 months before the date scheduled for initial loading
fuel under a COL issued in accordance with 10 CFR Part 52 (or the optional ASME
Code cases listed in NRC RG 1.192, “Operation and Maintenance Code Case
Acceptability, ASME OM Code” (Reference 7)), subject to the conditions listed in
10 CFR 50.55a(b). NRC guidance on IST programs for new reactors is provided in the
following various Commission papers and their associated Staff Requirements
Memoranda (SRMs): SECY-90-016, “Evolutionary Light Water Reactor (LWR)
Certification Issues and Their Relationship to Current Regulatory Requirements”
(Reference 11); SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining to
Evolutionary and Advanced Light-Water Reactor (ALWR) Designs” (Reference 12);
SECY-94-084, “Policy and Technical Issues Associated with the Regulatory Treatment
of Non-Safety Systems (RTNSS) in Passive Plant Designs” (Reference 13); and
SECY-95-132, “Policy and Technical Issues Associated with the Regulatory Treatment
of Non-Safety Systems (RTNSS) in Passive Plant Designs (SECY-94-084)”
(Reference 14). The guidance in these Commission papers and the NRC staff
memoranda are summarized in the following paragraphs.
In SECY-90-016 (Reference 11), the NRC staff recommended that the Commission
approve four IST provisions for safety-related pumps and valves in evolutionary
light-water reactors:
1. Piping design should incorporate provisions for full-flow testing (maximum design
flow) of pumps and check valves.
2. Designs should incorporate provisions to test motor-operated valves (MOVs)
under design-basis differential pressure.
3. Check-valve testing should incorporate the use of advanced, nonintrusive
techniques to address degradation and performance characteristics.
4. A program should be established to determine the frequency at which it is
necessary to disassemble and inspect pumps and valves to detect unacceptable
degradation that cannot be detected through the use of advanced, nonintrusive
techniques.
The NRC staff considered these provisions to be necessary to provide adequate
assurance of the operability of the components.
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In SRM-SECY-90-016, the Commission approved the staff’s position as supplemented in
the staff’s response dated April 27, 1990, to the Advisory Committee on Reactor
Safeguards (ACRS). In that response, the staff agreed with the ACRS recommendations
to emphasize the provisions of Generic Letter (GL) 89-10, “Safety-Related
Motor-Operated Valve Testing and Surveillance,” for evolutionary plants, to resolve
check-valve testing and surveillance issues, and to indicate how these provisions are to
be applied to evolutionary plants. The staff also agreed that the provisions should permit
consideration of proposed alternatives in meeting inspection and surveillance
requirements. The NRC noted that due consideration should be given to the practicality
of designing testing capability, particularly for large pumps and valves.
In SECY-93-087 (Reference 12), the NRC staff recommended that the Commission
approve the position that the proposed IST requirements for evolutionary plants also be
imposed for passive ALWR plants. The staff noted that additional IST requirements may
be necessary for certain pumps and valves in passive plant designs. This necessity
occurred because passive safety systems rely heavily on the proper operation of certain
equipment (such as check valves and depressurization valves) to mitigate the effects of
accidents and to shut down the reactor. Pyrotechnic (squib) actuators operate
depressurization valves in some new plant designs. In SRM-SECY-93-087, dated
July 21, 1993, the Commission did not object to the staff’s position, but noted that the
staff planned to provide more detail in a future paper.
In SECY-94-084 (Reference 13), the NRC staff provided recommendations to the
Commission related to RTNSS equipment in passive ALWR plants, including IST of
pumps and valves. In SRM-SECY-94-084, dated June 30, 1994, the Commission
responded to those recommendations with specific direction to the staff. With respect to
IST, the Commission directed that the staff clarify the recommendations.
In SECY-95-132 (Reference 14), the NRC staff provided a revision to the staff
recommendations in SECY-94-084 (Reference 13) based on the Commission’s direction
in the SRM dated June 30, 1994. With respect to IST activities for passive plant designs,
the staff stated in SECY-95-132 (Reference 14) that the “unique passive plant design
relies significantly on passive safety systems, but also depends on non-safety systems
(which are traditionally safety-related systems in current light-water reactors) to prevent
challenges to passive systems. Therefore, the reliable performance of individual
components is a significant factor in enhancing the safety of passive plant design.” The
staff recommended that the following provisions be applied to passive ALWR plants to
provide assurance of proper component performance:
1. Nonsafety-related piping systems with functions that have been identified as
being important by the RTNSS process should be designed to accommodate
testing of pumps and valves to assure that the components meet their intended
functions.
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2. To the extent practicable, the passive ALWR piping systems should be designed
to accommodate the applicable code requirements for quarterly testing of valves.
However, design configuration changes to accommodate code-required quarterly
testing should be done only if the benefits of the test outweigh the potential risk.
3. The passive system designs should incorporate provisions (1) to permit all critical
check valves to be tested for performance, to the extent practicable, in both
forward- and reverse-flow directions, although the demonstration of a nonsafety
direction test need not be as rigorous as the corresponding safety direction test;
and (2) to verify the movement of each check valve’s obturator during inservice
testing by observing a direct instrumentation indication of the valve position such
as a position indicator or by using nonintrusive test methods.
4. The passive system designs should incorporate provisions to test safety-related
power-operated valves (POVs) under design-basis differential pressure and flow.
Similarly, to the extent practicable, the design of nonsafety-related piping
systems with functions that have been identified as important by the RTNSS
process should incorporate provisions to test POVs in the system to assure that
the valves meet their intended functions under design-basis conditions.
5. To the extent practicable, provisions should be incorporated in the design to
assure that MOVs in safety-related systems are capable of recovering from
mispositioning.
In SRM-SECY-95-132, dated June 28, 1995, the Commission approved the
recommendations in SECY-95-132 (Reference 14). With respect to the IST
recommendations, the Commission directed that the staff clarify the recommendation,
clearly differentiate the types of testing that are to be performed to ensure design-basis
capability of safety-related POVs (a) before installation, (b) before initial startup, and
(c) during the operational phase (i.e., qualification tests, pre-operational tests, and
inservice tests).
In a public memorandum dated July 24, 1995 (Reference 15), the NRC staff provided a
consolidated list of the approved policy and technical positions associated with RTNSS
equipment in passive plant designs discussed in SECY-94-084 (Reference 13) and
SECY-95-132 (Reference 14), and their associated SRMs. Also, as directed by the SRM
dated June 28, 1995, this memorandum provided the staff’s clarification that the design
capability of safety-related POVs should be demonstrated by a qualification test before
installation. The memorandum (Reference 15) stated that before initial startup, POV
capability under design-basis differential pressure and flow should be verified by a
pre-operational test. The memorandum further stated that during the operational phase,
the valve capability under design-basis differential pressure and flow should be verified
periodically through a program similar to that developed for MOVs in GL 89-10.
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ASME OM Code Requirements
General Requirements
ISTA-1100 Scope
a) Pumps and valves that are required to perform a specific function in shutting
down a reactor to the safe-shutdown condition, in maintaining the safe-shutdown
condition, or mitigating the consequences of an accident.
b) Pressure-relief devices that protect systems or portions of systems that perform
one or more of the three functions above.
c) Dynamic restraints (snubbers) used in systems that perform one or more of the
three functions above or ensure the integrity of the reactor-coolant pressure
boundary.
ISTB-1100 Applicability
Certain centrifugal and positive-displacement pumps that have an emergency
power source.
ISTC-1100 Applicability
Certain valves and pressure-relief devices (and their actuating and
position-indicating systems).
ISTD-1100 Applicability
Certain dynamic restraints (snubbers pin to pin, inclusive).
Individual subsections address the testing and examination requirements, acceptance
criteria, and corrective action(s) associated with each of the IST components that may
require reevaluation and revision as a result of the new designs and designation of
component requirements. The existing OM Code subgroups and committees, as well as
the NROMC TG, are addressing this topic.
The specific purpose of the NROMC TG is to examine the new reactor designs and to
provide recommendations as to potential concerns associated with meeting the
requirements of the OM Code, as well as to initiate changes deemed appropriate to
address these concerns.
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IST Operational Program Description
The ASME OM Code considered the lessons learned from operating experience at
current and past operating nuclear power plants and from research conducted by the
nuclear industry and regulatory authority to provide for effective IST programs to be
developed and implemented at new nuclear power plants. ASME and the industry are
incorporating these lessons in many ways, including the following:
1. Application of these lessons learned, especially in regard to qualification of
mechanical equipment for nuclear power plants, to the design and qualification of
pumps, valves, and dynamic restraints that allow IST activities (including
sufficient flow testing) to assess the operational readiness of those components,
as well as the development of ASME QME-1-2007, “Qualification of Active
Mechanical Equipment Used in Nuclear Power Plants” (Reference 9).
2. Application of lessons learned from performance and testing of MOVs that
indicate the need for improved activities, such as the importance of adequate
design and qualification, sufficient flow during testing to assess valve
performance, consideration of performance parameters (including valve disc and
stem friction coefficients, reduced voltage, elevated temperature, and load
sensitive behavior), use of adequate diagnostic instrumentation to allow proper
evaluation and setup, unique direct-current motor characteristics, improved
maintenance and personnel training, monitoring of potential motor magnesium
rotor degradation, and justification for motor control center testing.
3. Application of MOV lessons learned to other POVs.
4. Provisions for bidirectional testing of all safety-related check valves.
5. Implementation of preservice and comprehensive pump-testing provisions
without the need for relief from the requirements of the ASME OM Code.
6. Consideration of potential adverse flow effects on plant components caused by
flow-induced vibration resulting from hydrodynamic loads and acoustic
resonance.
7. Implementation of testing and monitoring programs for standby diesel generator
systems.
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IST Lessons Learned For New Reactors
In addition to lessons learned from nuclear power plant operating experience and
research programs, the ASME OM Code Committee addressed new reactor issues in its
provisions for IST programs. These new reactor issues included the following:
1. Development of IST program descriptions by COL applicants in accordance with
10 CFR Part 52 (Reference 1) with implementation of DC provisions for design,
qualification, and IST activities.
2. Coordination of PST and inspections, tests, analysis, and acceptance criteria
(ITAAC) so that testing is performed once for both purposes, as well as
clarification of how PST requirements relate to ITAAC closure and maintenance.
Under the new Part 52 process, an applicant is required to meet OM Code
requirements after the Commission authorizes loading of fuel under a 52.103(g)
finding, although it would be preferable to complete the PST requirements earlier.
3. Design, qualification, IST, and inspection activities for squib valves are much
more involved and represent more significant engineering challenges for new
reactors than for current operating plants.
4. Design of plant systems and development of IST programs to minimize the need
for relief from the ASME OM Code requirements.
5. Design, qualification, PST, and IST of nonsafety-related components within the
scope of RTNSS.
6. Development and implementation of risk-informed IST programs, including
10 CFR 50.69 (Reference 4) programs, for new reactors.
7. Consideration of appropriate Code and standard modifications for design,
qualification, PST, and IST activities in response to application of software-based
digital technology in mechanical components (e.g., pumps and valves).
IST Improvement Areas
Based on the IST lessons learned from operating reactors and the design of new
reactors, there are several areas of potential improvement for IST programs for new
reactors. For example:
1. Development of effective functional qualification of IST components: The NRC
accepted ASME QME-1-2007 (Reference 9) for the functional qualification of
active mechanical equipment in Revision 3 to RG 1.100, “Seismic Qualification of
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Electric and Active Mechanical Equipment and Functional Qualification of Active
Mechanical Equipment for Nuclear Power Plants” (Reference 6), with specific
provisions. DC applicants are addressing functional qualification of IST
components through applications of ASME QME-1-2007 (Reference 9) as
accepted in RG 1.100, Revision 3 (Reference 6), and other similar methods.
2. Performance of full-flow testing of pumps: New reactors are being designed to
allow for sufficient flow testing of pumps to assess their operational readiness in
response to NRC guidance for new reactors.
3. Demonstration of MOV design-basis capability and periodic verification: DC and
COL applicants are addressing MOV design-basis capability through application
of ASME QME-1-2007 (Reference 9) as accepted in RG 1.100, Revision 3
(Reference 6). COL applicants are addressing periodic verification of MOV
design-basis capability to comply with 10 CFR 50.55a(3)(b)(ii) through
application of ASME OM Code Case OMN-1 (as accepted in RG 1.192) and the
Joint Owners Group (JOG) Program on MOV Periodic Verification (as accepted
in an NRC safety evaluation report dated September 2006 and its supplement
dated September 2008).
4. Application of MOV lessons learned to other POVs: COL applicants are applying
MOV lessons learned to other POVs by specification in their COL applications of
the attributes for successful implementation of POV programs provided in
RIS 2000-03 (Reference 16) in their COL final safety analysis reports (FSARs).
5. Performance of bidirectional testing of check valves: New reactors are being
designed to allow bidirectional testing of check valves in their IST programs in
response to Commission guidance for new reactors.
6. Design, qualification, IST, and inspection activities for pyrotechnically actuated
(squib) valves: Design and qualification activities are underway for the
Westinghouse AP1000® squib valves that are much larger and represent more
significant engineering challenges than the squib valves used at current
operating power plants. Lessons learned from those activities can be applied in
developing IST surveillance activities to periodically assess the operational
readiness of squib valves in new reactors.
7. Design of plant systems and development of IST programs to minimize the need
for relief from the ASME OM Code requirements: DC applicants are designing
new reactors to minimize the need for relief from the ASME OM Code
requirements, such as including full-flow test lines for safety-related pumps.
8. Surveillance of potential adverse flow effects from flow-induced vibration caused
by hydrodynamic loads and acoustic resonance: DC applicants are addressing
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potential adverse flow effects from hydrodynamic loads and acoustic resonance
during the design process with verification through startup surveillance programs.
COL applicants will address potential adverse effects from flow-induced vibration
during the preoperational testing programs described in the DC and COL
supporting documentation.
9. Design, qualification, PST, and IST activities for RTNSS components: New
reactors may use nonsafety-related components that perform risk-significant
functions.
10. Development and implementation of risk-informed IST programs, including
10 CFR 50.69 (Reference 4) programs, for new reactors: COL applicants may
apply risk insights in the development and implementation of their IST programs.
ASME has developed initial guidance for the treatment of low-risk safety-related
components in Part 29 of the OM Code.
11. Consideration of design, qualification, PST, and IST activities for software-based
digital technology in mechanical components: Component suppliers have
indicated an interest in applying digital technology in mechanical components.
ASME Activities
ASME has activities underway to improve the IST programs to be implemented at new
reactors. Some of these activities include:
1. ASME Code Case OMN-1, “Alternative Rules for Preservice and Inservice
Testing of Certain Electric Motor-Operated Valve Assemblies in Light Water
Reactor Power Plants,” and Code Case OMN-11, “Risk-Informed Testing for
Motor-Operated Valves,” specify an approach for periodic MOV exercising and
diagnostic testing as an alternative to the quarterly stroke-time testing provisions
included in ASME OM Code editions before 2009. The NRC staff accepted the
use of Code Cases OMN-1 and OMN-11 with conditions in RG 1.192
(Reference 7). The MOV program described in Code Cases OMN-1 and OMN-11
can be used to help satisfy the requirement in 10 CFR 50.55a(b)(3)(ii) to
establish a program to demonstrate the design-basis capability of safety-related
MOVs on a periodic basis. ASME has incorporated Code Cases OMN-1
and OMN-11 in the 2009 Edition of the ASME OM Code as Appendix III.
2. ASME has prepared a white paper on its activities to improve the IST provisions
for new reactors in the ASME OM Code. As part of this effort, ASME is preparing
new sections in the OM Code to specify IST provisions for new reactors. The first
phase of this effort will address full-flow pump testing for new reactors and
specific clarification issues. The second phase will address additional lessons
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learned and new reactor issues. When the effort is complete, the NRC staff will
consider the ASME OM Code additions for new reactors for incorporation by
reference in 10 CFR 50.55a.
3. ASME is preparing a non-mandatory appendix to the ASME OM Code to provide
guidance for system and component design to support IST activities for new
reactors. For example, ASME is considering recommendations for accessibility to
perform IST activities in the design of new reactors. The proposed
non-mandatory appendix also addresses recommendations for individual
components such as MOVs and other POVs. ASME is evaluating the proposed
non-mandatory appendix through its ballot process.
4. ASME has prepared draft Code Cases to address the following issues and
components. Because of the extended operating cycle for some of the new
SMRs (48 months), several of the existing ASME frequencies must be
reevaluated and changed to accommodate the extended cycles.
a. Code Case for ASME Class 1 safety relief valves (SRVs)/pressure-relief
valves (PRVs). Presently, the Code requires testing on a frequency that
would potentially force mid-cycle shutdowns for the new builds, which are
designed for extended operating cycles. This Code Case and ultimate
Code change would permit the frequency required for SRVs/PRVs to be
extended to accommodate the extended operating cycles.
b. Code Case for leak-testing of Category A valves. Presently, the Code
requires testing on a frequency that would potentially force mid-cycle
shutdowns for the new builds, which are designed for extended operating
cycles. This Code Case and ultimate Code change would permit the
frequency required for leak-testing of Category A valves to be extended to
accommodate the extended operating cycles.
c. Code Case for explosively actuated valves (squib valves). Presently, the
Code requires testing on a frequency that would potentially force
mid-cycle shutdowns for the new builds, which are designed for extended
operating cycles. This Code Case and ultimate Code change would
permit the frequency required for performing the explosive charge testing
and the required examinations for the squib valves to be extended to
accommodate the extended operating cycles.
d. Code Case for defining the operating cycle in the OM Code to permit
testing to be performed at the extended refueling outage (RFO) frequency
rather than the existing Code frequencies (typically 18 to 24 months).
Presently, the Code requires testing on a frequency that would potentially
force mid-cycle shutdowns for the new builds, which are designed for
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extended operating cycles. This Code Case and ultimate Code change
would permit the frequency required for performing the justified RFO
testing to be extended to accommodate the extended operating cycles.
e. Code Case for performing valve obturator position-indication verification
and obturator movement. Presently, the Code requires testing on a
frequency that would potentially force mid-cycle shutdowns for the new
construction builds, which are designed for extended operating cycles.
This Code Case and ultimate Code change would permit the frequency
required for performing the RFO frequencies on extended intervals that
are being incorporated into the new reactor RFOs to accommodate the
extended operating cycles.
Conclusion
The nuclear industry is preparing for the licensing and construction of new nuclear power
plants in the United States. ASME has a program underway to develop improved IST
provisions for new reactors in the ASME OM Code. Regarding SMRs in particular,
ASME is looking at methods and ways to address not only the passive safe-shutdown
design for the new reactors, but also the ability to evaluate and extend, as needed, the
typical frequencies associated with the existing reactors.
This effort will evaluate the bases for the required frequencies and adjust, if possible, the
frequencies and requirements to accommodate the potential extended operating cycles,
as well as allow the extension of testing frequencies as needed. The resulting
requirements would provide continued reasonable assurance of operational readiness
for safety-related components that are needed to safely shut down the reactor, maintain
the safe shutdown, and mitigate the consequences of accidents that could pose an
increase in the radiological consequences to the health and safety of the public.
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Abstract
The reliability of a nuclear power plant depends on the safe functioning of its
components during its lifetime: from design through construction, operation and
maintenance. This is valid for new build projects as well as for the current fleet. As plants
undergo modifications for increased performance or extended lifetimes, component
integrity becomes a critical factor in those efforts, particularly for safety-related plant
functions. This paper focuses on the qualification of pumps and valves of the
safety-injection path, considering new requirements. Going back to the Barsebäck event
in the year 1992, it is known that insulation material may cause clogging. Consequently,
the presence of debris material in the water may have an impact on the functioning of
pumps and valves. For this purpose, AREVA has built new thermo-hydraulic test loops in
its accredited test and inspection body (according to International Organization for
Standardization (ISO) 17025 and 17020) to consider this effect as it relates to
components qualification (Ref. 1). The main relevant aspects of these tests will be
discussed together with corresponding thermal shock tests.
Introduction
In the event of a loss-of-coolant accident (LOCA) or a high-energy pipe break within the
containment building, piping thermal insulation and other materials in the vicinity of the
break can be dislodged because of the ensuing steam/water-jet impingement. The area
near the break where insulation debris is generated is called the zone of influence (ZOI).
This debris would be driven away from the ZOI by the high-velocity fluid flow from the
break. Some of this debris will eventually be transported to and accumulated on the
recirculation pump suction strainers, which are typically located at lower levels in the
containment. Debris accumulation on the sump strainers could challenge the plant‘s
capability to provide adequate long-term cooling water to the emergency core-cooling
system (ECCS) and to the containment spray system (CSS) pumps. This accumulated
debris on the sump strainer may increase the differential pressure across the sump
strainer and thus decrease the net positive suction head (NPSH) margin (i.e., head loss)
available to the ECCS pumps and challenge the structural stability of the strainer
assembly. Another purpose of the suction strainer is to minimize the amount of debris
entering the ECCS suction lines. Debris can block openings or damage components in
the systems served by the ECCS pumps or impede the flow of cooling water into the
reactor core.
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To function properly, the ECCS pumps need an adequate margin between the available
and required NPSH. An inadequate NPSH margin could result in cavitation and
subsequent failure to deliver the amount of water needed for cooling during a
design-basis accident (DBA). The available NPSH is a function of the static head of
water above the pump inlet, the pressure of the atmosphere above the sump water
surface, and the temperature of the water at the pump inlet.
On July 28, 1992, a steam line LOCA occurred when a safety relief valve (SRV)
inadvertently opened in the Barsebäck-2 NPP, a boiling-water reactor (BWR) in Sweden
(Ref. 2).
The Barsebäck incident spurred immediate action on the part of regulators and utilities in
several Organization for Economic Co-operation and Development (OECD) countries.
Research and development efforts of varying intensity were launched in many countries
and in several cases resulted in findings that earlier strainer clogging data were incorrect
because essential parameters and physical phenomena (such as insulation aging) had
not been recognized. Such efforts resulted in substantial backfitting being carried out for
BWRs and pressurized-water reactors (PWRs) in several OECD countries.
Strainer performance and clogging was the focus for a long time. In recent years the
downstream-effect issue, including the relevant valves and pumps, came more into the
focus of research activities.
Background
The downstream-effect issue is highly linked to the topics of debris source term,
debris-retention system performance, and chemical effects. The phrase “downstream
effect” identifies all phenomena that apply to components after the water/debris mixture
has passed the sump strainer.
Generic Letter 2004-02, issued by the U.S. Nuclear Regulatory Commission (NRC),
identified component- and system-related concerns within the framework of Generic
Safety Issue (GSI) 191. In Germany, the “Verein der Grosskessel Betreiber” (VGB)
ordered testing with respect to strainer pressure loss, downstream effects (fuel assembly
(FA) clogging), and chemical effects starting in the 1990s, triggered by the Barsebäck
event. Many other countries also started investigations regarding the downstream effects
issue.
The downstream effect issue separates in general into two subject areas: ex-vessel and
in-vessel. The ex-vessel subject deals with components like pumps, valves, heat
exchangers, and nozzles while the in-vessel subject is focused mainly on the clogging of
fuel assemblies.
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It is important to note that the evaluation of downstream effects is plant-specific,
because it depends on the specific components (valves and pumps) present in the plant
and the specific sequence of ECCS events following a LOCA.
Fig. 1 shows components of a nuclear power plant (NPP) affected during ECCS
operation after a LOCA.
Debris sources are mainly insulation materials (fiberglass or Rockwool and microporous
materials), but can also be coatings, concrete, and latent debris. In a later phase,
chemical or corrosion effects also may contribute as debris sources. The sump strainers
or in general debris-retention systems are the main barrier to prevent downstream
components from being affected by debris. Pumps, valves, and heat exchangers are the
next ECCS components in contact with debris before the debris finally enters the
pressure vessel and comes in contact with the core components, mainly the fuel
assemblies.

Figure 1: Components affected during ECCS operation after a LOCA
In the course of the development of the EPR™ design AREVA has launched a series of
qualification projects regarding components used in the ECCS lines. The qualification
tests are performed in the accredited laboratories of the AREVA Technical Center in
Germany.
Downstream Debris Composition
Actual strainer designs use either perforated plates or wire mesh as the filtering agent.
The size of the opening and the free-flow area differ over a wide range depending on the
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strainer design. The total installed strainer area differs over the range of some tens of m²
to several hundred m² per unit.
The strainer penetration behavior depends on (but is not limited to):
•
•
•
•
•
•
•
•
•
•
•
•

screen opening size
debris size
debris shape
debris type
screen approach velocity
transport and sedimentation effects
debris mixture ratio (fibers to particles)
change of debris mixture ratio during long-term sump operation
filtering of debris on the strainer during the recirculation period
influence of recirculation pumps on debris size and shape
short- and long-term chemical effects
debris erosion

Therefore, it is challenging to develop correlations to describe the debris source term
downstream of the strainer and specific tests with plant-specific debris mixtures are
necessary.
Suction strainers are designed to severely limit the debris that can enter the ECCS,
CSS, and residual heat removal (RHR) loops, but it is not possible to completely exclude
all debris without incurring unacceptable head losses across the strainers. Most strainer
openings are large compared to the expected size ranges of fibrous debris, which has
mean values in the order of 0.5 mm (0.02 in.). Some types of particulate debris have
typical sizes in the micron range. It is therefore inevitable that some amount of debris
would be carried through the strainers and subsequently reach the downstream
components, and it is necessary to determine the quantity and characteristics of debris
material that could get through.
The two main concerns with the presence of debris in the coolant being pumped through
the ECCS and CSS systems and the reactor vessel are the possibilities of plugging at
flow restrictions and of excessive wear that could lead to failure of components within
these systems. Both of these concerns could finally result in loss of recirculation cooling.
The components of interest in evaluating the effect of debris in the coolant are pumps,
valves, orifices, heat exchangers, areas within the reactor and core, and instrumentation
tubing.
Fig. 2 shows the evaluation of the downstream debris concentration for a three-day test.
The strainer pressure loss stays very low for the whole testing time. The solid content
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decreases rapidly within several minutes from its original value after the start of debris
injection to very low values of a few mg/l (ppm). Turbidity measurement values (which
are in nephelometric turbidity units (NTU) and not directly linked to mg/l values) up- and
downstream from the strainer show similar values decreasing to the end of the tests.
The turbidity measurement implies that some debris species recirculate, getting filtered
by the strainer very slowly.

Figure 2: Downstream debris concentration for a three-day test
Fig. 3 shows the scanning electron microscope (SEM) pictures of the downstream debris
composition of two samples taken in a time interval of about 7 hours. The sample dated
5 min. after start of debris injection shows a large amount of fibers, while the sample
dated 7 hours later shows mainly particles and only a small amount of fibers.
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Figure 3: Downstream debris composition is time-dependent
This shows two facts: that the most effective filtering agent on strainers is the fiber bed,
which builds up during operating time, and that the downstream debris composition
changes over time.
The knowledge of downstream debris composition is the crucial boundary condition for
all downstream component testing activities with debris-loaded water. For testing
activities, it is mandatory to ensure that the debris is prepared in reproducible quality
according to the specified values.
Pump Qualification
Pumps that are used in the ECCS system are single- or multi-stage centrifugal pumps
with internal or external seal water supply. Two main operation modes can be taken into
account during low head safety injection (LHSI) pump qualification:
•
•

operation during fast thermal transients
operation with debris-loaded water

A facility was erected at AREVA Technical Center in Erlangen, Germany, to enable both
types of qualification tests with a minimum of pipe adaptations necessary and without
moving the pump itself. The test facility’s characteristics are:
Material:
Maximum operating pressure:
Maximum operating pressure:
Maximum operating temperature:
Maximum flow rate:

Stainless steel
40 bar [580.2 psi] at pump suction side
100 bar [1450.4 psi] at pump discharge side
200°C [392°F]
1000 m³/h [9.8 ft3/s]
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Maximum drive power:

450 kW [603.5 hp]

Operation during fast thermal transients
Typically required operation modes during the qualification are:
•
•
•
•

Pump performance at the beginning and end of the test series
Five instances of a fast thermal transient from cold to hot at different flow rates
Five instances of a fast thermal transient from hot to cold at different flow rates
A 240-hour hot endurance test

The acceptance criteria for successful qualification are typically:
•
•
•
•
•

Mechanical integrity of the pump and pump-to-piping connections
Pump performance values after fast thermal transients and endurance test
Vibration values of pump and motor bearings
Mechanical seal leakage
Electrical power consumption

Fig. 4 shows the setup of the test facility for the performance of fast thermal transients.
The control valve is used to adjust the specified flow rate. The ball valves are used to
disconnect/connect the pump loop from/to the vessel loop. The heat exchanger is used
to keep the temperature stable or to cool the loop after fast thermal transients from cold
to hot.
For fast thermal transients from cold to hot, the vessel was heated to the necessary
temperature. The ball valves were in the position to disconnect the pump loop form the
vessel loop. To perform the test, the pump was switched on with cold water in the pump
loop, the flow rate was adjusted, and as soon as pump operating values were stable the
ball valves were switched to connect the pump loop to the vessel loop. The hot water
from the vessel started to flow to the pump, which resulted in a positive thermal transient
of (for example) 165°K [297°F] within 30 s.
For fast thermal transients from hot to cold, the vessel was filled with cold water. The ball
valves were in the position to disconnect the pump loop form the vessel loop. To perform
the test, the pump was switched on and the flow rate was adjusted. As soon as the
pump loop temperature reached the desired temperature by pump energy intake, the
ball valves were switched to connect the pump loop to the vessel loop. The cold water
from the vessel started to flow to the pump which resulted in a negative thermal transient
of (for example) 70°K [126°F] within 30 s.
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Figure 4: Test facility setup for fast thermal transients
Operation with debris-loaded water
The required operation modes during the qualification are typically:
•
•
•
•
•
•

Pump performance according to ISO 9906 at the beginning and end of the test
series
400-hr endurance operation at different flow rates < 40°C [104°F]
400-hr endurance operation at different flow rates at 80°C [176°F]
Starting debris concentration > 215 ppm
Minimum debris concentration 100 ppm
Minimum of three stop-start operations during the test

Typical acceptance criteria for successful qualification are:
•
•
•
•
•
•

Mechanical integrity of the pump and pump-to-piping connections
Pump performance values before and after pump operation with debris-loaded
water
Vibration values of pump and motor bearings
Mechanical seal leakage
Mechanical seal temperature
Electrical power consumption
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Fig. 5 shows the setup of the test facility for pump operation with debris-loaded water.
The facility is designed to minimize horizontal pipe sections and pipe diameters in order
to keep the flow velocity as high as possible to prevent sedimentation of debris. The
main components are a control valve to adjust the flow rate, a flow meter, and a turbidity
sensor for qualitative online concentration measurement of debris. A first auxiliary circuit
consists of the debris tank and the debris injection pump. This enables debris injection
into the main loop while the LHSI pump is in operation. A second auxiliary circuit, the
cooling circuit, consists of a pump and a heat exchanger to remove energy induced by
the LHSI pump into the loop.
The debris consists of fibers with a mean length of 0.5 mm [0.02 in.] (of which 90 percent
are shorter than 2 mm [0.08 in.]) and a mixture of particles such as paint powder, paint
chips, microporous insulation, and concrete.
Before injection into the main loop, the debris material is premixed in the debris tank,
which is equipped with a stirrer. For the test, the pump is switched on, the flow rate is
adjusted, and after the stabilization of operating values the debris mixture is pumped into
the main loop for about 30 min. until the required basic debris concentration is reached.
To keep the total water volume constant in the main loop, water is discharged back into
the debris tank by activating the overflow valve, which opens and closes automatically at
a specific set pressure. If the debris concentration falls below the limit of 100 ppm
because of debris settlement, additional debris is pumped into the facility.
The test facility’s characteristics are:
Material:
Maximum operating pressure:
Maximum operating pressure:
Maximum operating temperature:
Maximum flow rate:
Maximum drive power:
Maximum debris concentration:

Stainless steel
16 bar [232 psi] at downstream control valve
40 bar [580.2 psi] at pump discharge side
80°C [176°F]
1000 m³/h [9.8 ft3/s]
450 kW [603.5 hp]
As required (up to several thousand ppm)
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Figure 5: Test facility setup for pump operation with debris-loaded water
Fig. 6 shows the result of the pump performance test with clean water and after the
operation period with debris-loaded water (Ref. 3). The pump performance curve before
and after the pump operation with debris-loaded water was identical within measurement
uncertainty values.
After completion of the thermo-hydraulic test series, the pump was inspected at the
supplier’s facilities for possible wear effects on the component internals.
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Figure 6: Pump performance curve before and after
operation with debris-loaded water
Heat-exchanger clogging
During the initial test series with debris, the free-flow plate-type heat exchanger of the
cooling circuit, which was not subject to qualification, showed severe clogging. This is an
important result because plates with a nominal distance of 10 mm [0.39 in.] were
clogged by a debris mixture with particles not bigger than 200 µm [0.008 in.] and fibers in
general not longer than 2 mm [0.08 in.].
Fig. 7 shows pictures of the clogged heat-exchanger plates.
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Figure 7: Clogged heat exchanger plates; inlet section (left) and
plate closeup (right)
In the later test phases, the plate heat exchanger was replaced with a tube-bundle heat
exchanger having a tube inner diameter of 12 mm [0.47 in]. This design showed no
tendency to clog during the whole test campaign.
Valve Qualification
Trapping of debris in the valve might have important consequences for ECCS operation
because it may result in unacceptably high pressure losses in the system and
consequent degradation of ECCS performance. Another issue might be the blockage of
valve operation because of settled debris. To investigate the effect of debris-loaded
water on valve performance, a test facility was erected at AREVA Technical Center in
Erlangen, Germany.
Fig. 8 shows a 3D drawing of the test facility. The facility is an open loop. A tank
represents the water reservoir of the facility. A mixer inside the tank prevents the debris
from settling. The main circulation pump sucks water from the tank and conveys it
through the facility. A T-piece with two isolation valves is located downstream from the
discharge nozzle of the pump. One of these valves isolates the bypass line from the
main loop. The other isolation valve isolates the main loop with the measurement section
from the bypass line. Further downstream, there is a sampling line with a diaphragm
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valve. After the sampling line, test valve 1 is assembled. The absolute pressure
upstream and the differential pressure across the valve are measured.
Test valve 1 is followed by a water drain and an isolation valve. Downstream from the
isolation valve is a ball valve that represents the connection to the leakage test device
(LTD). After that, test valve 2 is assembled. The absolute pressure upstream and the
differential pressure across the valve are measured. A control valve is installed behind
test valve 2 to adjust backpressure. Downstream from the control valve, the main loop
and the bypass line reunite.
The test facility’s characteristics are:
Material:
Maximum operating pressure:
Maximum operating temperature:
Maximum flow rate:
Pump drive power:
Debris concentration:

Stainless steel
16 bar [232 psi]
80°C [176°F]
1000 m³/h [9.8 ft3/s]
350 kW [469.4 hp]
As specified (up to several thousand ppm)

Figure 8: 3D drawing of the valve test facility
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Two types of tests have been performed:
•
•

Reference tests with clean water
Qualification tests with debris-loaded water

Reference Tests with clean water
Reference tests were conducted to collect basis data (and to compare with
factory-acceptance tests (FAT) at the supplier) for the following values for both valves:
•
•
•
•
•

General valve operability
Actuator power consumption
Stem force and stem stroke
Valve (flow) coefficient value (Cv)
Seat-tightness test for test valve 2

The Cv characteristic of test valve 1 is measured at two valve positions: 100 percent
open and at the mechanical stop. The Cv characteristic of test valve 2 is measured in 10
percent steps from 100 percent to 10 percent open and back to 100 percent open.
The seat-tightness test was performed using the LTD. The LTD operates by impressing
the required differential pressure to the downstream side of the valve and measuring the
water leak rate at the valve seat to the emptied upstream side by measuring the change
of water height in a measuring tube.
The measurement results were in accordance with the FAT results at the supplier.
Qualification test with debris-loaded water
Fig. 9 shows the timeline and the course of events required for the qualification test with
debris-loaded water.
The test starts with the adjustment of the debris concentration in the tank. In the first test
phase (24 hours), test valve 1 is at the mechanical stop position while test valve 2 is 100
percent open. The flow rate is adjusted to minimum flow by using the frequency
converter of the pump. At the start of the test and every 6 hours afterward, water
samples are taken for debris concentration analysis. The concentration is not allowed to
go below 215 ppm, which makes a higher starting concentration and additional debris
add-on necessary time by time. After 23 hours, the flow rate is increased to maximum
flow by using the frequency converter of the pump and is kept constant for 1 hour. After
test valve 1 is opened to 100 percent, the frequency converter is kept constant. The flow
rate is adjusted to minimum flow by adjusting test valve 2 and is kept constant for
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3 hours. After this, the flow rate is adjusted to mean flow by adjusting test valve 2 and is
kept constant for 3 hours. This procedure is performed 3 times in total. During the
cycles, measurements of Cv characteristics are performed for test valve 1 at minimum
flow and mean flow. Water samples are taken before each change of flow rate.
After the cycles, two Cv characteristics measurements with debris-loaded water are
performed for test valve 2. The first is conducted in 10 percent steps from 10
percent opening to 100 percent valve opening, and the second is conducted from 100
percent opening to 10 percent valve opening. At the end, another seat-tightness test is
done for test valve 2 without cleaning the valve from debris beforehand.
There is one general acceptance criterion for both valves:
•
The measured Cv in debris-loaded water must not fall below 85 percent of the
measured Cv in clean water.
There are specific acceptance criteria for each specimen:
•
Test valve 1
o
The valve must remain in position and ensure the required flow during the
first stage (from t = 0 hour to t = 24 hours); there must be no plugging of
the flow.
o
•

The valve must be able to open between the first and the second stage
(at t = 24 hours) and to hold in position otherwise.

Test valve 2
o
The valve must be able to change its plug position in order to regulate the
flow at the specified values (minimum flow and mean flow).
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Figure 9: Course of events for valve qualification tests
with debris-loaded water
Fig. 10 shows two examples of regions with debris accumulation inside a valve. Test
experience shows that the seat leak rate after the debris-loaded water test can be about
a factor of 10 higher than with clear water. After completion of the thermo-hydraulic test
series, the valves were inspected at the supplier’s facilities for possible wear effects on
the component internals.
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Figure 10: Debris accumulation on valve internals
Conclusions
The presence of debris material in the water may have an impact on the functioning of
ECCS pumps and valves. It is crucial to consider the whole chain from debris upstream
generation to debris downstream slippage through debris-retention systems to have
reliable input for component downstream testing activities. This chain is plant-specific (or
at least design-specific). Each project gains new results and experience which could not
be expected based on calculations only. In particular, the behavior of multi-component
debris and its effect on pump and valve performance is not predictable. In some cases
results are very sensitive to debris composition. The tests performed are short- and
medium-term tests (up to 1000 hours), so long-term operating experience of up to one
year under LOCA conditions is missing.
To achieve better understanding of the phenomena and to address questions raised
worldwide in the frame of GSI 191, AREVA has invested in a number of test facilities in
its accredited (according to ISO 17025 and ISO 17020) Technical Center
Thermo-Hydraulic Platform.
The AREVA testing platform is open to the entire nuclear community to support
authorities, component suppliers, engineering companies, utilities, and research centers
in the frame of GSI 191 and other topics.
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