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Abstract

The 2011 Symposium on Valves, Pumps and Inservice Testing, jointly sponsored by the Board of Nuclear
Codes and Standards of the American Society of Mechanical Engineers and by the U.S. Nuclear
Regulatory Commission, 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.

Paperwork Reduction Act Statement

This NUREG does not contain information collection requirements and, therefore, is not subject to the
requirements of the Paperwork Reduction Act of 1995 (44 U.S.C. 3501 et seq.).

Public Protection Notification

The NRC may not conduct or sponsor, and a person is not required to respond to, a request for information
or an information collection requirement unless the requesting document displays a currently valid OMB
control number.
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Disclaimer and Editorial Comment

Statements and opinions advanced in the papers presented at the Eleventh NRC/ASME Symposium on
Valves, Pumps and Inservice Testing are to be understood as individual expressions of the authors and not
those of either the American Society of Mechanical Engineers or the U.S. Nuclear Regulatory
Commission. The papers have been copy edited and recast into a standard format. By consensus, Metric
units have been used as an expression of current industry practice with English units also indicated where

possible.
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Exploring Alternatives to Snubber Sample Plan Testing

Mark Shutt
Duke Energy
Charlotte, NC, USA

Abstract

This paper explores the possibility of alternatives to snubber sample plan testing
currently required at all US nuclear power plants. The existing requirements
often result in emergent scope expansion that can significantly impact outage
duration, accumulated dose, and costs. In addition, the emergent scope may
also result in risk management issues due to the potential impact on operational
systems or trains. Alternatives to these plans that eliminate or reduce the
unplanned scope expansions are available, and some may even provide a higher
degree of population reliability.

Many plants incorporate preventive maintenance and condition monitoring
programs under the umbrella term of Service Life Monitoring. In many instances
these programs are extensive and provide a heightened degree of population
reliability such that the continued use of sample plan testing is redundant.
Examples of these programs are explored in this paper as potential alternatives
to sample testing. These may include rebuild programs, in-place verification
programs, or other preventive maintenance or service life programs that provide
sufficient reliability data to replace the sample testing programs.

Introduction

Introduction Testing of snubbers has been a requirement for nuclear power plants
in the US since the early 1980’s. Testing requirements were initially contained in
individual plant licensing commitments and took many forms, but all involved
some variation of a statistically based sample of the snubber population.
Generally the test plans also involved some degree of randomness in the
sampling technique used. One key aspect of every plan was a requirement to
extend the testing into additional (usually random) samples for each
unacceptable snubber identified. Sampling and testing continued until a certain
mathematical formula was satisfied or all snubbers were tested. This testing
requirement remains in effect today in various forms.

Current sample plan testing has other drawbacks in addition to the scope
expansion. Sample testing as performed can identify a population once it has
degraded to a certain point, and through scope expansion can “clean up” a
population. This satisfied the original intent to identify and correct existing
problems. But such testing provides only a snapshot picture in time. Drawing



conclusions with regard to future reliability is beyond the scope of the statistics
involved. The testing is not a good reliability tool, in that it is neither predictive
nor preventive in nature. As plants age, better tools are needed to maintain and
enhance reliability.

Background

Testing of snubbers is a requirement for US plants as detailed in Title 10 of the
Code of Federal Regulations (10 CFR) Part 50.55a rulemaking. In simplest
terms, the rulemaking requires that licensees test snubbers in accordance with
the ASME Section XI and OM Codes, or else seek regulatory relief to perform
equivalent testing under some other program. Many plants test snubbers in
accordance with their Technical Specifications or Technical Requirement Manuals
(TRMs) using such relief.

Snubber testing was originally required by regulators in response to numerous
concerns identified during the late 1970’s and early 1980’s. Test requirements
were included in Standard Technical Specifications, and were often modified
somewhat for individual plant specifications. However, in all cases some
statistical sample of installed snubbers is required to be tested, with expanded
sampling required for any unacceptable snubbers found. With few exceptions,
testing must be performed each cycle.

Generally, the sample plans used for snubber testing are one of two options
available, the 10% Plan or the 37 Plan. Although some variations of these plans
are used in accordance with plant specific licensing documents, these are the
two most common plans. For the purposes of this document, these two plans as
outlined in the OM Code are used for discussion and comparison.

When using the 10% Plan, a sample of snubbers equal in number to 10% of the
sampled snubber population is initially selected for functional testing. The
sample is to be representative of the tested population based upon the significant
features of snubbers within the population and based upon the ratio of snubbers
of each feature within the overall population as well. The plan also includes an
option to include snubbers that are concurrently scheduled for seal replacement
or similar activities.

In the event of finding an unacceptable snubber in the initial sample, a
supplemental sample must be tested for each unacceptable snubber identified.
Supplemental samples must be at least one-half the size of the original sample.
Additional supplemental samples must be tested for any unacceptable snubbers
found in supplemental tests as well.

Under the 37 Plan, a sample of 37 snubbers is chosen from the population. The
sample snubbers are chosen entirely at random. In the event of an unacceptable
snubber, an additional sample of either 18 or 19 snubbers must be selected for



each such case. Additional samples are also chosen randomly for each
subsequent failure.

Under both plans there are options to focus testing using Failure Mode Grouping.
In addition, under the 37 Plan, one supplemental random sample must be tested
from the overall population for each Failure Mode Group identified and tested.

As seen above, the randomness of the snubbers selected for testing varies
between the plans. However, there is a random element of selection involved in
both processes. In addition, the use of Failure Mode Grouping introduces a
selection process that, while not entirely random, is not predictable prior to
beginning the test campaign.

Concerns

The concerns with regard to sample testing requirements generally fall into two
areas. One area of concern involves issues related to the emergent and
unscheduled work scope that results from supplemental testing requirements.
The other area of concern relates to weaknesses and limitations of the sample
testing methodology as an effective reliability tool.

Emergent Work Scope Issues

As noted previously, sample testing often results in supplemental samples that
can only be identified as emergent work. The actual snubbers selected for
supplemental tests are dependent upon the conditions associated with the
original as-found unacceptable snubber (or snubbers) and any identified extent of
condition concerns. Failure modes and causes must be identified for the original
snubbers before additional snubbers to be tested can be selected based upon
that information. This can result in significant concerns with regard to outage
scheduling, costs, and dose.

In today’s environment, outage activities are scheduled very tightly and managed
in great detail. Emergent work scope that has not been carefully planned
beforehand can result in a cascade effect of delays that impact unrelated areas
of work. Such delays inevitably result in additional costs. More significant,
perhaps, is the impact to operational scheduling. Supplemental scope will often
include snubbers located on systems or trains which have already seen their
outage maintenance windows closed. The removal of those snubbers for testing
presents operational challenges as it may affect system availability, require
operability assessments, or result in entering Technical Specification Required
Actions.

Likewise, unpredictable scope expansion can result in a direct increase in
manpower requirements and associated labor costs. Additional personnel may
be needed to perform the added snubber scope. The emergent scope may



require significantly more scaffolding or other support activities than the original
scope. In addition, personnel required to continue working on the emergent
scope are unavailable for other scheduled tasks, resulting in further delays or a
need for even more additional personnel.

Hand in hand with the increased labor costs, the additional personnel
involvement will result in increased dose exposure. More person-hours
expended in completing the field work results in more cumulative dose. Added to
that is the possibility that at least some of the emergent scope will include
snubbers in higher dose areas or areas where no additional shielding was
planned. Overall the dose due to expanded testing scope can be significant.

Obviously some impact of a supplemental testing scope can be mitigated with
contingency planning. But since the exact scope of additional work cannot be
identified ahead of time, contingency planning is often guesswork. Many of the
above listed factors will inevitably result in significant difficulties.

Reliability Effectiveness

The second maijor area of concern is not as directly measurable as the
scheduling, cost, and dose impacts noted above. This area of concern centers
on the weaknesses and limitations of the sample testing methodology with
regards to maintaining the snubber population reliability. As noted previously,
sample testing of snubbers was initially required in response to a significant
number of concerns noted during the early years of the nuclear power industry.
The intention of the sample plan testing was to provide an immediate measure of
the population reliability at the time of testing. As such, the sample plans proved
effective at identifying “bad” populations and cleaning them up through the
supplemental testing process. Statistically speaking, for large populations the 37
Plan is especially effective for this purpose.

However, this testing provides only a statistical snapshot of a population at the
time of testing. As such, the tests are not truly predictive — one cannot
extrapolate future results from a given test campaign. Sample testing as
practiced today can identify a significantly degraded or “bad” population once it
reaches a certain level of degradation, and may restore a population by testing a
large percentage of the snubbers in it. But this typically only occurs through a
large number of unacceptable snubber tests and large scale supplemental
testing. In other words, sample testing does a good job of identifying that you
have a problem once it occurs, but is not reliable in telling you that the problem is
approaching. Sample test data is very limited in usefulness with regard to
trending results, as it serves mostly as a “go/no-go” gauge. As such, from a
component reliability viewpoint it is simply a measure, and a “reactive” rather
than a “proactive” tool.



There are also some weaknesses inherent within the existing sample plan
methodology. As a statistical tool, a sample is generally expected to be
representative of a larger but homogeneous parent population. As currently
allowed in industry testing requirements, snubber populations sampled are of a
widely varying degree of homogeny. Many samples are representative by ratio of
the multiple types of snubbers in the total population, but they vary greatly in type
and design. While the relevance of this difference is statistically arguable when
using the sample as a point in time measure of the population condition, it is
certainly a major weakness in any attempt to forecast any meaningful data from
the results.

Need For Alternatives

The underlying basis for component testing is to verify function and to assure
reliability. In the case of large groups of components, such as snubbers, it is
generally unrealistic to test each individual component. Therefore a method is
needed to provide some reasonable assurance of reliability that can be
extrapolated to an entire population of similar components. In the case of
snubbers, existing regulatory and code requirements attempt to do this through
the combination of testing and service life monitoring. As noted previously,
snubbers first became a component of interest due to many real and perceived
issues identified in the early stages of the nuclear power industry. In response,
the focus of early requirements was centered upon testing, with the identification
and correction of “bad” populations as the primary goal.

Due to that focus, both regulatory and code guidance devote the majority of
emphasis and detail on the sample testing process. This process is expounded
in great detail over multiple pages of code and licensing documentation. On the
other hand, service life monitoring is barely mentioned by comparison — with
generally a simple paragraph or two stating that such monitoring is required.
This contrast in emphasis has often led to a perception of Service Life Monitoring
as a “by the way” program. In fact, for a significant number of operating plants
the “Service Life Monitoring Program” in place consists simply of tracking the
sample testing results and assuming that the data corroborates their assumed
service life values as long as they do not result in 100% testing. Almost without
fail, the vast majority of resources allocated to snubber programs are solely for
the purpose of completing the required sample testing.

Thus it has come to pass that the entire industry focuses on the testing of
snubbers as the primary requirement and most important aspect of a snubber
program, losing sight of the underlying basis of maintaining population reliability.
For this reason, alternatives to the existing sample testing methodology are
needed that will enable resources to be reallocated to fulfilling this basis through
effective monitoring and preventive maintenance programs that serve to be
measures of effectiveness as well as predictive in nature.



Potential Alternatives

Obviously, any viable alternative to the sample testing requirements would have
to provide a current measure of reliability as well as addressing both preventive
and predictive aspects of reliability. The optimum solution would be a program
that could accomplish those goals while eliminating or at least reducing the
amount of emergent work scope required by the program.

There are currently no such alternatives available to the industry. While Code
Case OMN-15 provides a methodology for extending the required frequency of
testing, it still relies on a sample testing process that includes potential emergent
scope. And though the use of the Code Case requires a service life monitoring
program, there is little guidance as to how that is accomplished or how to
measure its effectiveness.

It would appear that the best approach to develop such an alternative program is
to expand on programs already in place, adding elements to enhance the
programmatic capabilities to meet the needs described previously. Elements
required to replace the emergent and random aspects of sample testing would
have to include the following:

e Verification of functionality

e Addressing the entire population

e Sufficient data trending to identify adverse trends and corrective
actions prior to a conservatively estimated end of life

Programs using this approach would obviously have to have extensive service
life monitoring or condition monitoring programs. While these programs can also
be costly, they can be designed such that unacceptable snubbers found under
those programs are addressed using pre-planned corrective action processes
that avoid the emergent scope aspect (Unless significant generic issues are
found, in which case normal extent of condition requirements would have to be
applied). Following are some examples of potential approaches. Effective
programs may use similar approaches either alone or in combination to result in
the most efficient program for a given population. The examples included herein
are not all inclusive. There are a number of alternatives and variations that may
apply to specific cases. The key element is to be able to verify the population
reliability to at least the same degree as sample test, without the added burden of
extensive unplanned scope expansion.

Rebuild Programs

A number of plants already implement a variety of snubber rebuild programs. As
a minimum, plants with hydraulic snubbers must have a program in place to
replace seals on a scheduled basis due to the expected seal life. But a number
of plants have much more extensive programs, including mechanical snubber



rebuilds. Some of these programs involve a systematic rebuilding of all snubbers
at a very conservative frequency. If all snubbers are rebuilt on a conservative
time frame, sample testing with provisions for emergent scope may be proven to
be redundant and unnecessary.

As an example, Plant Alpha may institute a program where 100% of their
mechanical snubbers are rebuilt on a frequency of 15 years. The generic
manufacturers suggested service life for the snubbers was originally 40 years,
but industry experience has proven that to be somewhat non-conservative.
Based upon industry experience significant age related degradation is expected
to be seen after 25 years. The plant established the rebuild program many years
ago, and since then has completely cycled through the population at least once.
As part of the rebuild program examination of internal parts is performed and any
degradation indications are evaluated and trended. In addition to the rebuilding
program, random testing under a sample plan is also performed each outage.
Since implementing the rebuild program no test failures have been recorded.

By industry consensus, the rebuild frequency used is conservative. Information
from the rebuild data shows that no significant age related degradation has been
noted on a general basis. Based upon these facts and the fact that the entire
population is covered by the program, the random outage testing has proven to
be redundant and unnecessary to verify the reliability of the population. An
argument could be made that there is no need to continue such testing. The
addition of Service Life Monitoring testing may serve as an enhancement to the
rebuild program to provide further confidence, but that testing could be performed
on samples chosen well ahead of time using a planned approach with no need
for random scope expansion as a result of isolated incidences.

Service Life Monitoring Programs

An extensive Service Life Monitoring Program by itself may be sufficient to
provide confidence in population reliability. An effective program would include
some degree of functional testing of snubbers, using some appropriate selection
criteria and frequency. If that testing, combined with other service life monitoring
aspects, covers the entire population over a reasonable period of time, then that
data could be used to extrapolate conclusions to the entire population. Such
conclusions would render the need to perform sample testing to verify reliability
as unneeded.

Again, the testing required to reach such conclusions may be extensive, but it
could be planned scope that would not normally be expected to result in
emergent outage work. Much of service life monitoring testing and corrective
actions could be performed in non-outage periods. The goal of such a program
would be to collect sufficient data as to identify any significant population-wide
concerns well before such concerns are an immediate issue.



Condition Monitoring Programs

Similar to Service Life Monitoring, Condition Monitoring actively assesses the
reliability of each component, rather than extrapolating data. If such a program
sufficiently addresses the entire population over a reasonable time period (and is
repeated on an appropriate frequency), then the actual monitoring of the
populations functionality can preclude the need for testing. An example of such a
program would be one where all mechanical snubbers in a population are
manually exercised on a periodic basis.

Such stroking of mechanical snubbers by trained personnel serves not only to
verify functionality, but also as a valid and recommended preventive maintenance
activity that extends the life of the snubber. By applying this method to an entire
population, the reliability of the population is verified to a greater degree than can
be accomplished with sample testing that includes only a small portion of the
snubbers. If this activity is completed on a sufficiently frequent basis, there would
be no need to perform statistical based testing. This program could be combined
with service life testing to obtain additional trending data to be used in a more
predictive manner with regard to life expectancy. This program would provide
assurance of reliability as well as early indications of significant issues. The
scope of the work performed would be such that extent of condition concerns
would require additional scope only in the most extreme situation.

Rotational Testing

Another potential method to address population reliability is to perform testing on
a rotational basis, where the entire population is tested over a finite period of
time. This would likely be more appropriate for plants with small populations. An
example might be a plant with a population of 100 snubbers. This plant may
choose to test 25% of the snubbers each cycle on a rotating basis, thereby
testing 100% of the snubbers over a 4-cycle period. Although they are testing
more than the normal 10% each time, they could make a case for not expanding
scope for 1 or 2 unacceptable snubbers — as long as they could show sufficient
corrective actions and trending is performed. This program would be an effective
reliability and service life program, with no significant need for emergent outage
scope.

Implementation of Alternatives

In the current licensing environment, snubber testing is performed either in
accordance with site specific licensing requirements or in accordance with ASME
Code requirements. Therefore, in order to implement an alternative
methodology, either a relief request or code change would be required. Although
any licensee is permitted to request relief, the current focus within the industry is
to move towards more consistency among snubber programs. It would appear
then that the best approach to implement change would be through a revision to
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the code itself. Although it is noted that code changes are often modeled on a
“pilot” relief request, any individual plant relief would likely be too specific to serve
as a basis for a generic code change.

Most likely the best approach to incorporating any alternative to testing into the
OM Code would be through a code case. This type of alternative represents a
shift in philosophical focus for inservice testing as currently presented in the
code, so such a code case would require a significant amount of justification and
documentation. The wording would have to be generic enough to cover the
multiple possible alternatives, yet specific enough to clearly delineate
requirements regarding reliability measures and corrective actions. Although this
represents a significant effort, this is possibly a worthwhile undertaking for an
ISTD task group as an enhancement to the code.

Conclusion

There are many burdens associated with sample testing of snubbers and the
emergent scope expansion that is often required. These burdens include outage
schedule impacts, added costs, increased dose, and potential operational
challenges. Alternatives to the sample testing methodology are possible that
could reduce or eliminate these burdens while at the same time maintaining the
ability to measure and maintain population reliability. Although individual plants
may choose to pursue regulatory relief to implement an alternative specific to a
given program, the best approach appears to be an effort to produce an ISTD
code case to provide generic alternative guidance. Such alternatives would
greatly benefit many plants individually, and overall could serve to increase the
ability of the industry to focus on true component reliability improvement.
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Abstract

This paper discusses recent issues related to inservice inspection (ISI) 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 ISI and testing snubber programs and 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 inspection (ISI)
and testing issues since the Tenth NRC/ASME Symposium on Pumps, Valves
and Inservice Testing in 2008. This paper discusses (1) Title 10 of the Code of
Federal Regulations (10 CFR) 50.55a requirements for snubber inservice
inspection and testing programs at nuclear power plants; (2) Mandatory subber
inservice examination and testing program updates; (3) Use of Relief Request
alternatives in lieu of the ASME Code requirements; (4) Voluntary Use of Later
Editions and Addenda to the American Society of Mechanical Engineer (ASME)
Code; (5) Snubber Programs and their Bases; (6) General documentation and
their submittal requirements for the snubber inservice examination and testing
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programs; and (7) Use of the10 CFR 50.59 processes to change the NRC
authorized relief request alternative related to inservice examination and testing
of snubbers. Some current staff positions and actions in these areas are also
discussed. 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 Title 10 of the Code of Federal Regulations (10 CFR)
50.55a(b) describe the Codes and Standards that have been approved for
inclusion in 10 CFR 50.50a, including the effective edition and addenda of the
ASME Boiler and Pressure (B&PV) Code and the ASME Code for Operation and
Maintenance of Nuclear Power Plants (OM Code).

10 CFR 50.55a(g) contains the ISI requirements that licensees must use when
performing ISI 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 Xl of editions of the ASME B&PV Code and Addenda.”

Snubbers are part of component “supports.” Supports are widely used to support
various safety or non-safety related piping systems or components in the nuclear
power plants. The most widely used supports are (1) Rigid Supports; (2) Rod-
Hanger Supports; (3) Spring- Hanger Supports; and (4) Snubbers. Therefore,
the regulations in 10 CFR 50.55a(g)(4) require that ASME Code Class 1, 2, and
3 snubbers meet the ISI and testing requirements of the ASME B&PV Section Xl
or OM Code, as incorporated by reference in 10 CFR 50.55a(b).

10 CFR 50.55a also requires inservice examination and testing of snubbers
because it incorporates by reference the ASME B&PV Code, Section XI, “Rules
for Inservice Inspections of Nuclear Power Plant Components,” requirements
contained in Article IWF-5000, “Inservice Inspection Requirements for Snubbers,
and the ASME OM Code requirements in Subsection ISTD, “Preservice and
Inservice Examination and Testing of Dynamic Restraints (Snubbers) in Light-
Water Reactor Nuclear Power Plants.” The inservice examination and testing of
snubbers has been a requirement in Article IWF-5000 since Article IWF was first
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issued in the Winter 1978 Addendum to ASME B&PV Code, Section XI. The
2005 Addendum and earlier editions and Addenda of Section Xl, of the ASME
B&PV Code, Article IWF-5000, provide the requirements for the examination and
testing of snubbers in nuclear power plants. Article IWF-5000 has been deleted
in the 2006 Addendum of the ASME B&PV Code, Section XI. Subsection ISTD
of the ASME OM Code has included provisions for the examination and testing of
snubbers since it was first issued in 1990. Licensees have the option of using
the ASME B&PV Code, Section XI or the ASME OM Code for snubber inservice
examination and testing, if their applicable “Code of Record” is 2005 Addendum
and earlier editions Addenda of Section XI, of the ASME B&PV Code.

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 of the ASME B&PV Code Section XI, to
optionally use Subsection ISTD of the ASME OM Code, in place of the
requirements for snubbers in Section XI. This part of 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 and Addenda to
Section Xl 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 Xl 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 and Addenda to Section Xl| because ASME revised
Figure IWF-1300-1 in the 2006 Addendum to Section Xl to clarify that integral
and nonintegral snubber attachments are within the scope of Section XI.

Recently the NRC issued new rulemaking for 10 CFR 50.55a. In this new
rulemaking 10 CFR 50.55a(b)(3)(v) has been updated as follows:

“Subsection ISTD. Article IWF-5000, "Inservice Inspection Requirements for
Snubbers," of the ASME B&PV Code, Section XI, must be used when performing
inservice inspection examinations and tests of snubbers at nuclear power plants,
except as conditioned in (A) and (B) below:
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(A) Licensees may use Subsection ISTD, "Preservice and Inservice
Examination and Testing of Dynamic Restraints (Snubbers) in Light-Water
Reactor Power Plants," ASME OM Code, 1995 Edition through the latest
edition and addenda incorporated by reference in paragraph (b)(3) of this
section, in place of the requirements for snubbers in the editions and
addenda up to the 2005 Addenda of the ASME B&PV Code, Section XI,
IWF-5200(a) and (b) and IWF-5300(a) and (b), by making appropriate
changes to their technical specifications or licensee-controlled documents.
Preservice and inservice examinations must be performed using the VT-3
visual examination method described in IWA-2213.

(B) Licensees shall comply with the provisions for examining and testing
snubbers in Subsection ISTD of the ASME OM Code and make
appropriate changes to their technical specifications or licensee-controlled
documents when using the 2006 Addenda and later editions and addenda
of Section Xl of the ASME B&PV Code.”

Mandatory Snubber Inservice Examination and Testing Program Updates

10 CFR 50.55a(g)(4)(ii) requires licensees to revise their inservice inspection
(ISI) programs every 120 months to reflect the latest edition and addendum to
Section Xl of the ASME B&PV Code incorporated by reference into

10 CFR 50.55a(b)(2) that is in effect 12 months before the start of the new 120-
month ISl 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.

Use of Relief Request Alternatives in lieu of the ASME Code Requirements

Licensees are required to perform the ISI and testing of snubbers in accordance
with ASME BPV Code, Section XI or the ASME OM Code and the applicable
addenda as required by 10 CFR 50.55a(g) or 10 CFR 50.55a(b)(3)(v), except
where the NRC has granted specific written relief, pursuant to

10 CFR 50.55a(g)(6)(i), or authorized alternatives pursuant to 10 CFR 50.55a(3).
10 CFR 50.55a(a)(3) states that licensees may use alternatives to the
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requirements of 10 CFR 50.55a(g) when authorized by the NRC if (1) the
proposed alternatives would provide an acceptable level of quality and safety, or
(2) compliance with the specified requirements would result in hardship or
unusual difficulty without a compensating increase in the level of quality and
safety.

Currently, few licensees are using the ASME OM Code to meet the requirements
of 10 CFR 50.55a for snubber inservice examination and testing, whereas most
of the licenses are using a variety of licensee-controlled documents or
procedures in lieu of the applicable ASME Code requirements. These licensee-
controlled documents or procedures include the following:

Technical Specification (TS)

Technical Requirement Manual (TRM)
Final Safety Analysis Report (FSAR)
Updated Final Analysis Report (UFSAR)
Selected Licensee Commitment (SLC)
Licensee-Controlled Specification (LCS)
Equipment Control Guidelines (ECG)
Other Licensee-Controlled Procedures

ONO R WN =

Recently, the NRC staff has identified several instances in which nuclear power
plants licensees have used a TRM, or other licensee-controlled documents and
procedures, which do not meet requirements of their “Code of Record” for the ISI
and testing of snubbers. These licensees have not requested approval to use
these alternatives from the Commission. The NRC issued Regulatory Issue
Summary (RIS) 2010-06, “Inservice Inspection and Testing Requirements of
Dynamic Restraints (Snubbers)” on June 1, 2010 to remind all the licensees of
the NRC'’s rules and regulations regarding snubber ISI and testing, in accordance
with 10 CFR 50.55a(g), at nuclear power plants.

The NRC expects licensees to ensure that their snubber ISI and testing
programs are in compliance with 10 CFR 55.55a(g) or authorized alternatives. If
licensees discover that their programs are not meeting 10 CFR 50.55a(g)
requirements or authorized alternatives, they should take appropriate actions to
bring their programs back into compliance and ensure that non-compliant
systems, structures and components are operable. In certain circumstances
involving snubber programs at nuclear power plants that are not in compliance
with NRC requirements, enforcement discretion has been provided by the NRC.
The NRC’s Office of Enforcement issued Enforcement Guidance Memorandum
(EGM)-10-001, “Dispositioning Violation of Inservice Examination and Testing
Requirements for Dynamic Restraints (Snubbers),” on June 1, 2010 to provide
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NRC staff guidance for the disposition of certain 10 CFR 50.55a violations and
the potential of granting enforcement discretion for the affected requirements.
NRC expects that licensees of nuclear power plants, who were not meeting the
10 CFR 50.55a requirements for snubber inservice examination and testing as
described in RIS 2010-06, should have entered any noncompliance into the
corrective action system by December 01, 2010, and should have scheduled to
correct the noncompliance by June 01, 2012 or submitted a relief request to NRC
by June 01, 2011.

Voluntary Use of Later Editions and Addendas to the ASME Code

Licensees must conduct inservice examination and testing to verify the
operational readiness of snubbers within the scope of the ASME Code in
accordance with 10 CFR 50.55a(g)(4)(ii). In conducting these examinations and
tests, licensees must comply with the provisions of the latest edition and
addendum to the ASME Code, which 10 CFR 50.55a(b) incorporates by
reference, 12 months before the start of the successive 120-month interval,
subject to the limitations and modifications conditions listed in 10 CFR 50.55a(b).

After the initial 120-month interval, 10 CFR 50.55a(g)(4)(iv) notes that the
inservice examination and tests of components (including supports) may meet
the requirements set forth in subsequent editions and addenda of the ASME OM
Code or ASME B&PV Code, Section Xl that 10 CFR 50.55a(b) incorporates by
reference, subject to NRC approval. This includes the examination and testing of
snubbers. Licensees may use portions of editions or addenda provided that all
related requirements of the respective editions or addenda are met. When
requesting to use editions and addenda to the ASME OM Code or ASME B&PV
Code, Section XI Code that have not yet been incorporated by reference,
licensees must request authorization to use these later editions and addenda as
an alternative to the regulations under 10 CFR 50.55a(a)(3).

The amount of written documentation needed for a request to use a later ASME
OM Code or ASME B&PV Code, Section XI Code edition and addendum that
10 CFR 50.55a(b) incorporates by reference is significantly less than that of a
request to use an alternative requirement. For example, licensees are not
required to justify requests to use the later ASME OM Code editions and
addenda that 10 CFR 50.55a(b) incorporates by reference. In contrast, when
submitting an alternative request, licensees must provide justification that the
proposed alternative would provide an acceptable level of quality and safety. If a
licensee uses portions of a later ASME OM Code or ASME B&PV Code, Section
Xl edition and addendum, it must ensure that all related requirements of the
respective editions and addenda are met. The licensee should discuss the
related requirements in its letter to the NRC. The regulations do not specify
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when the licensee should submit the letter, only that it should submit the letter
before it uses the later ASME OM Code or ASME B&PV Code, section Xl edition
and addendum. The staff issued Regulatory Issue Summary (RIS) 2004-12,
“Clarification on Use of Later Editions and Addenda to the ASME OM Code and
Section Xl,” dated July 28, 2004, in order to clarify this matter.

Snubber Programs and Their Bases

Licensees are using TRMs or other licensee-controlled documents for snubber
inservice examination and testing, in lieu of the ASME B&PV Code, Section Xl
requirements. TRMs or other licensee-controlled documents serve as bases for
snubber programs and most of the snubber programs have similarities across the
industry. Many licensees are in the process of updating their snubber programs
as required by the ASME OM Code. Some licensees have already updated their
programs to use ASME OM Code. The NRC staff has observed that some of the
updated snubber programs are not consistent or complete. Some of the updated
programs simply reference plant procedures for snubber examinations and
testing without providing any details about sections, subsection(s) and/or
paragraphs of the applicable ASME OM Code. Licensees should consult with
the Snubber User Group (SNUG), when developing guidance for snubber
programs and their bases, to help ensure consistency throughout the industry.

The updated snubber programs should contain at least the details and bases as
documented in the TRM, or other licensee-controlled documents in alignment
with the ASME OM Code. Bases documents have typically included a
description of the methodology used in preparing the snubber programs. The
bases document should clearly state where a list of each snubber is kept and
how it is being maintained. Although not required by the regulation, the bases
documents will help licensees ensure the continuity of their snubber programs
when the responsibilities of personnel or groups change. A good bases
document will also enable the plant staff to clearly understand the reasons that
the snubbers are either in the program or not, as well as the basis for
examination and testing. The bases document can also serve as a useful
reference for reviews performed under 10 CFR 50.59 when changes are made to
a facility.

General Documentation and Their Submittal Requirements for the Snubber
Inservice Examination and Testing Programs

10 CFR 50.55a(g)(4) requires that, throughout the service life of a boiling or
pressurized water-cooled nuclear power facility, ASME Code Class 1, 2, and 3
components (including supports) meet the ISI and testing requirements of the
ASME B&PV Code, Section XI or ASME OM Code as incorporated by reference
in 10 CFR 50.55a(b). The applicable ASME B&PV Code, Section XI, Article
IWA-1000, “General Requirements,” and ASME OM Code, Subsection ISTA,
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“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 programs and their updates every
120 months.

(a)

(b)

(c)

Documentation requirements for snubber programs when using the
ASME B&PV Code, Section Xl

IWA-1400(c) notes that owners, have the responsibility to prepare plans,
schedules, and inservice inspection summary reports, and submit of these
plans and reports to the enforcement and regulatory authorizes having
jurisdiction at the plant site.

Article IWA-6000, Record and Reports, provides the requirements for
preparation, submittal, and retention of records and reports.

Documentation requirements for snubber programs when using the
ASME OM Code

ISTA-3200(a) requires that plans for inservice examination and testing of
snubbers shall be filed with the regulatory authorities having jurisdiction at
the plant site.

ISTA-9000, Records and Reports, provides the requirements for
preparation, submittal, and retention of records and reports.

Nonmandatory Appendix-A, and the Supplement to Nonmandatory
Appendix-A describes voluntary guidance for licensees to develop
snubber inservice examination and testing plans.

Documentation requirements for snubber programs when using NRC
authorized alternative TS, TRM or other-licensee-controlled
documents in lieu of the ASME B&PV Code, Section Xl, or ASME OM
Code

NRC authorized relief to use TRMs or other-licensee-controlled
documents, in lieu of the ASME B&PV Code, Section XI or ASME OM
Code requirements for inservice examination and testing of snubbers, do
not provide relief from submitting snubber programs to the regulatory
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authorities. Submittal is required by the applicable ASME B&PV Code,
Section Xl or ASME OM Code as noted in (a) and (b) above.

Licensees not meeting the requirements of IWA-1400(c) or ISTA-3200(a) must
submit appropriate documents containing snubber inservice examination and
testing plans and submit a request for relief to the NRC pursuant to

10 CFR 50.55a(a)(3). NRC staff will not perform a review of submitted snubber
inservice examination and testing programs unless requesting alternatives or
reliefs to Code requirements.

Use of the 10 CFR 50.59 Processes to Change the NRC Authorized Relief
Request Alternative Related to the Inservice Examination and Testing of
Snubbers

10 CFR 50.55a, “Code and Standards,” 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
(@), (b), (f), and (g) of 10 CFR 50.55a, as they relate to inservice inspection (ISI)
and inservice testing (IST).

Except where alternatives have been authorized or relief has been requested by
the licensee and granted by the Commission pursuant to Sections (a)(3)(i),
(@)(3)(ii), (F)(6)(i) or (g)(6)(i), 10 CFR 50.55a, requires, that the I1SI of ASME Code
Class 1, 2, and 3 components (including snubbers) shall be performed in
accordance with ASME B&PV Code, Section Xl, or ASME OM Code, including
applicable addenda.

10 CFR 50.59 requires that licensees (1) evaluate proposed changes to their
facilities for their effects on the licensing basis of the plant, as described in the
Final Safety Analysis Report (as updated), and (2) obtain prior NRC approval for
changes that meet specified criteria as having a potential impact upon the basis
for issuance of the operating license.

In accordance with 10 CFR 50.55a, the NRC has approved alternatives and
granted numerous reliefs from the ASME Code requirements. Once relief is
granted, the alternative approved for the relief request becomes a part of the
licensee’s snubber programs and regulatory requirements. Therefore, changing
from one alternative or relief to another would require NRC approval. In no case
should licensees use the 10 CFR 50.59 process to supersede or overwrite a
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previously authorized relief request, since 10 CFR 50.55a requires these
alternatives to ASME Code requirements be authorized by the NRC.

Most of the licensees’ snubber examination and tests requirements are included
in their TSs, TRMs, or other licensee-controlled documents. The TRM
requirements and other licensee-controlled documents are controlled using the
criteria in 10 CFR 50.59. In the case of snubber inservice examination and
testing, the NRC has authorized the use of the TRM snubber examination and
testing requirements or other licensee-controlled documents requirements for
snubber examination and testing, in lieu of the ASME Code requirements, at
numerous operating plants through the 10 CFR 50.55a relief process.

Recently the NRC has learned that a licensee used the 10 CFR 50.59 process to
revise the snubber inservice examination and testing requirements of the TRM.
The requirements contained in this TRM were approved by the NRC to be used
as an alternative to the ASME Code requirements. The use of an alternative as
authorized by the NRC becomes a regulatory requirement; thus changes to these
requirements must be reviewed and approved by the NRC staff pursuant to 10
CFR 50.55a(a)(3).

Nuclear Energy Institute (NEI) Procedure, NEI 96-07, Revision 1, “Guidelines for
10 CFR 50.59 Implementation,” notes that licensees activities which are
controlled by regulation (e.g. 10 CFR 50.55a), take precedence over the 10 CFR
50.59 requirements. NEI 96-07, Revision 1 was endorsed by Regulatory Guide
(RG) 1.187. Similarly, RG 1.187, Section D, “Implementation,” notes that 10
CFR 50.59 cannot be used in those cases in which a licensee proposes an
acceptable alternative method for complying with the specified portion of the
NRC'’s regulations. Licensees are encouraged to use caution when revising or
changing programs or procedures referenced in an approved relief request or
TRM. Any changes or updates that supersede or overwrite an alternative or
relief authorized in a relief request must be approved by the NRC unless the
requirements of the ASME Code can be met. Utilization of the 50.59 process to
change the requirements of an approved relief request is not appropriate.

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 Tenth NRC/ASME Symposium on Pump, Valve and Inservice Testing
in 2008. The Flowchart, Appendix-1, “Use of 10 CFR 50.55a Regulatory
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Requirements for Development of Snubber Inservice Examination and Testing
Program,” is attached for quick reference to regulations applicable to snubbers
inservice examination and testing at nuclear power plants. Licensees who
believe that some of the items discussed are applicable to their facilities may
wish to review their current ISI and testing programs for snubbers and modify or
update their programs, as appropriate.
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Use Subsection IWF of ASME B&PV
Code, Section Xl for Integral and
nonintegral attachments etc. of snubbers

A 4

IWA-1400(c), Requires Licensee to
Submit Snubber Program to
Regulatory Authority (NRC)

IWA-6000 provides “Record and
Reports” requirements.

Note: NRC will not perform any review
of submitted snubber program.

Code Cases, which
are not approved for
use in RG-1.192, may
Code Cases [10 CFR PR be used by submitting
RR and if approved

TS, TRM or other licensee-
controlled document in lieu of the
ASME Code requirements

10 CFR50.55a(a)(3)(i)

\4

ISTA, General Requirements
ISTD, Snubber (pin-to-pin) Inservice
Examination & Testing Requirements

Use Subsection IWF of ASME B&PV Code
Section XI for Integral and nonintegral
attachments etc. of snubbers

A 4

\ 4
Sunbber Examination and
Testing Program based on
authorized alternative TS,
TRM or licensee-controlled
document

v

ISTA-3200, Requires Licensee to
Submit Snubber Program to
Regulatory Authority (NRC)

ISTA-9000, provides “Record and
Reports” requirements

Note: NRC would not perform any
review of submitted snubber program.

Applicable ASME Code

IWA-1400(c) or ISTA-3200, Requires
Licensee to Submit Snubber Program
to NRC

IWA-6000 or ISTA-9000 provide
“Reports and Records” requirements

Note: NRC would not perform any
review of submitted snubber program.

* Flow Chart is for guidance only. For complete details, see 10 CFR 50.55a
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Abstract

The American Society of Mechanical Engineers (ASME) Code for Operation and
Maintenance of Nuclear Power Plants (OM Code), Subsection ISTD, describes
the preservice and inservice examination and testing requirements for dynamic
restraints (Snubbers). This Code was originally published as an American
National Standards Institute (ANSI) standard (OM-4) in 1982. Since that time the
OM-4 Code has been revised and improved over the years. For the first time
OM-4 was published as Subsection ISTD in the ASME OM Code in 1990, which
has been also revised and improved over the years and is published in its latest
version in the ASME OM Code, 2009 edition. The OM-4 document has been
referenced for many years within the ASME Boiler and Pressure Vessel Code,
Section XI, Rules for Inspection of Nuclear Power Plant Components.
Specifically, the snubber inservice inspection and testing requirements were
referenced as ASME/ANSI OM, Part 4 (OM-4), located in Section Xl, Article IWF-
5000. While the snubber examination requirements were referenced in IWF-
5000, there were many owners who asked for relief from the Section Xl
referenced requirements using similar requirements located in owner’s Technical
Specifications (TS) or owner controlled technical requirement manuals (TRM),
relief was granted in order to avoid overlapping boundaries between the ASME
OM requirements and the Section Xl requirements. This has resulted in a wide
range of program approaches and differing snubber inspection and testing
programs.

With the publication of the 2006 addenda to the Section XI Code, the
requirements previously located in Article IWF-5000 were deleted. When Section
IWF-5000 was deleted, the requirements for examination and testing of snubbers
as required by 10CFR50.55a would now point to the ASME OM Code,
Subsection ISTD. Since there is now be only one requirement within the ASME
Code for snubber examination and testing requirements, it is anticipated there
will be fewer relief requests when owners prepare updates to their snubber
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examination and testing programs. Therefore, when owners prepare their ten
year inservice testing (IST)/inservice inspection (ISI) program updates that
incorporate the 2006 addenda of the Section Xl Inspection Code, the snubber
requirements will be required to be in accordance with the ASME OM Code,
Subsection ISTD. This edition of the ASME OM Code is referenced in the NRC
Rulemaking published in Federal Register on June 21, 2011 (Federal Register,
Vol. 76, No. 119, page 36232-36279). From this point forward, owners are
required to meet the requirements of the ASME OM Code, Subsection ISTD, for
snubber examination and testing requirements when they update their ISI or IST
programs otherwise 10 CFR 50.55a requires to submit relief request to NRC to
use alternative in lieu of the ISTD requirements.

Since this will be a change in requirement, owners may be asking some of the
following questions. What is the difference between our existing program
requirements and those included in the ASME OM Code, Subsection ISTD? Will
this change the way the current snubber examination and testing program is
implemented? How much effort will be required to make this program change?
Although this paper will not provide specific guidance for the implementation of
the ISTD Code, it will generally describe the requirements of Subsection ISTD
and identify typical areas where changes may be required to existing snubber
examination and testing programs.

Introduction

Subsection ISTD Preservice and Inservice Examination and Testing of Dynamic
Restraints (Snubber) in Light-Water Nuclear Power Plants is included as part of
the ASME OM Code. Therefore when users state they are adopting the ISTD
Code, they are also adopting the general section of the ASME OM Code, titled,
ISTA, General Requirements. It is within Subsection ISTA of the OM Code that
the general requirements that apply to snubber examination and testing
programs as well as other IST programs can be found. For example, paragraph
ISTA-3200(a) requires IST plans to be filed with the regulatory authority having
jurisdiction at the plant site. This will now apply to snubber program plans.
Further guidance on submittal of test plans can be found in Non-Mandatory
Appendix A.

ISTA-1100 establishes the scope of snubbers to be included in the snubber
program. There are some additional general requirements found within ISTD
that are snubber specific which are not included in ISTA. Therefore, in order to
implement ISTD, one must satisfy both the specific and general requirements of
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ISTD as well as the general requirements of ISTA. Within the general
requirements sections are included 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 are no longer appear in Section Xl, IWF-5000, both repair and
replacement actions are required to be in accordance with Section Xl as
referenced in ISTD-1500 and ISTD-1600.

Within ISTD there are three main elements that 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 the ASME OM
Code, Subsection ISTD. These three elements are:

Examination

Service Life
Monitoring

Examination

Visual Examination of snubbers is the first leg of the ISTD Snubber Program.
The examination requirements for snubbers are found in Section ISTD-4000.
Within this section are both preservice and inservice examination requirements.
The preservice examinations confirm proper installation of the snubber and that
the snubber will restrain load. For operating plants, there may be a new snubber
design or location where preservice requirements must be addressed. The
inservice examination requirements commence after power operation and are
performed on a schedule determined in accordance with ISTD-4252 and the
application of Table ISTD-4252-1. Visual examinations are required with a
maximum interval not to exceed 48 months, or every other refueling outage. This
frequency may vary depending on the results of the previous examination
interval. If the results include several visual examinations that are determined to
be unacceptable, then the next examination interval could be reduced. On the
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other hand, in the case of only a few unacceptable examinations, the interval
could be extended up to the maximum as noted in ISTD Table 4252-1.

ISTD Table ISTD-4252-1 is essentially identical to the table which was included
in Generic Letter (GL) 90-09 issued by the NRC addressing the extension of
snubber examination intervals. Most snubber programs are using the approach
of GL 90-09 and that frequency table for visual examinations so the change to
move to ISTD in this area is not significant. Further guidance on the use of ISTD
Table ISTD-4252-1 can be found in Non-Mandatory Appendix G.

In addition, there is also an approved Code Case, OMN-13, which allows the
extension of the visual examination interval beyond as specified in Table ISTD-
4252-1, to a maximum of once every ten years after the prerequisite
requirements of the OMN-13 Code Case have been satisfied. While using OMN-
13, at any time during an examination interval the cumulative number of
unacceptable snubbers exceeds the applicable valves from Column B in Table
ISTD-4252-1, the current examination interval shall end (more details see OMN-
13). In order to use this Code Case the existing snubber program must meet all
the requirements of the ISTA and ISTD Code.

] 10 Year
] Interval

As defined by ISTD-4220, the snubber population may be considered as one
population or may be divided based on accessibility categories for visual
examination purposes. This may differ slightly from some owner controlled
programs which may have allowed separate groupings by area rather than by
accessibility. When moving a snubber program into ISTD space, this should be
checked.

The boundary for 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 or TS controlled
program where the structural attachment and piping attachment might also be
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included in the examination program as part of the ISI Program. These structural
attachments remain in the Section XI component support ISI examination
program under present code requirements. Coordination with the I1SI program
manager is required to ensure that the structural attachments have the proper
examinations performed. Some plants keep the inspections under the snubber
program using VT-3 qualified individuals to complete the work. ISTA-1500(e)
requires the owner to use qualified individuals which may or may not be VT-3
qualified.

One provision defined under ISTD-4240 visual examination requirements allows
the re-categorization of an unacceptable snubber to be considered acceptable
after the completion of an acceptable functional test. This test must demonstrate
snubber operational readiness and confirm the unacceptable condition did not
affect the snubber’s operational readiness.

Testing

Functional testing of snubbers is the second leg of the ISTD snubber program.
The testing requirements for snubbers are found in Section, ISTD-5000. Within
this section are both preservice and inservice testing requirements. The
preservice tests confirm proper operational readiness of the snubber before
installation in the plant. This 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 prior to installation of the snubber. The inservice testing
requirements begin after plant power operation and are performed once every
fuel cycle as stated in ISTD-5200, however, testing may begin no earlier than 60
days before a scheduled refuel outage as stated in ISTD-5240. The sample
testing required under ISTD is intended to capture a snapshot in time to
determine the overall condition of the snubber population.

The functional testing must utilize one of the two test sampling plans identified in
ISTD-5260. The two plans identified are the 10% plan and the 37 plan.
Generally the 10% 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% plan is 10% 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.
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Design Test Plan Groups

Snubbers may be grouped in various DTPG’s according to the criteria outlined in
ISTD-5250. The purpose of this grouping is to combine snubbers of like design,
application, size, or type. There is some strategy involved in establishing the
initial DTPG groupings due to additional testing being determined by test failures
within each DTPG group. The size of the sample is a function of the size of the
group while using the 10% 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 900 mechanical snubbers of various sizes, however, same
manufacture.

Example 1:

Grouping —one DTPG

Use 37 test plan — initial sample size is 37 snubbers.
Use 10% plan — initial size is 90 snubbers.

Example 2:

Grouping — two DTPG’s, small snubbers = 150, all others =
750

Use 37 test plan on large sizes — initial sample size is 37
snubbers.

Use 10% plan on small sizes — initial size is 15 snubbers

Depending on which of the approaches above is used, there would be a different
result in expanded testing scope requirements if test failures were identified.
Whichever test plan is chosen, once the testing begins it must be continued
through until the end of testing and must be concluded in accordance with ISTD-
5330 for the 10% plan or ISTD-5430 for the 37 plan.

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
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criteria for these tests as they will be dependent upon the design criteria used for
each plant. ISTD-3210 requires tests to be performed at sufficient loads to verify
these test parameters.

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 condition of the snubber to bias the test results prior to performing the as
found test. The purpose of the inservice test is to determine if the snubber is in
fact ready to operate if it is called upon to do so. ISTD allows options to use
various test methods to accomplish this test, e.g., bench test, in-place test,
subcomponent test, indirect measurement, and qualitative tests. These differing
approaches are described under ISTD-5220 and ISTD-5230. 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 piston rod, then per ISTD-6400,
the snubber fluid must be evaluated and piston seal integrity verified.

All test failures must be evaluated to determine the cause of the failure (ISTD-
5271) and 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 are
identified and there is a distinguishable failure mode determined, a failure mode
group (FMG) may be established. The benefit of establishing an FMG may allow
limiting the additional testing to the group of snubbers identified to be the same
FMG. Owner controlled programs may not have the ability to define an FMG for
continued testing as is available in the ISTD Code. All 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 due to 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 leg of the 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 as required by ISTD. Most
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programs monitor performance of their snubbers from a reactive viewpoint.
When there is a problem, it is addressed. Or, they establish a seal life for
hydraulic snubbers and replace seals before they expire calling that “Service Life
Monitoring”. ISTD-6000 outlines a proactive approach that predicts service life in
order to take appropriate action in advance of encountering a problem. When
moving to an ISTD snubber program, there is usually significant work to be done
in the area of service life monitoring. Programs may consider service life by
performing some kind of maintenance on snubbers, but they fail to document a
service life strategy and approach toward maintaining a healthy snubber
population. In developing an effective service life monitoring program, the owner
must consider alternatives and develop his own strategy to maintain the health of
the snubber population.

Whatever the service life monitoring approach taken, it needs to be documented.
ISTD provides certain prerequisites for an SLM program and additional
information in Non-Mandatory Appendix F. Initially, ISTD-6100 requires the
prediction of a service life for each snubber based upon manufacturer’'s
recommendation or design review. Sometimes service life is confused with the
design life of a snubber. ISTD-2000 defines service life as the period of time an
item is expected to meet the operational readiness requirements without
maintenance. Even though there is substantial documentation published to the
contrary, many plants still consider the service life of the basic mechanical
snubber to be 40 years. This may be true for some environments, but definitely
not for other environments. A good SLM program will take the environment into
consideration when establishing the service life of the snubber.

Each fuel cycle the service life for all snubbers is to be evaluated and adjusted if
necessary based upon technical data gathered from snubbers which have seen
service in the plant (ISTD-6200). ISTD-6300 requires an evaluation to determine
the cause of snubber failures with consideration given to reestablishing the
service life based upon that evaluation.

Due to differing plant conditions, there may be some snubbers that are evaluated
more often than required by either of the sample plan testing programs. 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, when a hydraulic snubber is located near a high temperature heat source, the
seals and fluid may reach the end of their service life earlier than expected. If the
normal cycle to work through a snubber population is 15 years, then these
snubbers will not come up for testing before the service life is exceeded.
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When service life testing is performed early to address this type of issue (ISTD-
6500), the results of such testing do not require testing of additional snubbers as
would be required by ISTD-5320 or ISTD-5420. However, appropriate corrective
action must be taken based on an evaluation of the failure. Performing SLM
testing may be a prudent practice to gain additional information about the
performance of the snubber population. However, many snubber program
owners have difficulty scheduling optional testing that is not required by Code or
TS due to schedule or budget concerns.

There are numerous approaches and strategies that can be implemented to
establish an effective SLM program. Non-Mandatory Appendix F provides
additional insights that might guide the program owner to establish this strategy.

Conclusion

The ASME OM Code, Subsection ISTD, defines the requirements necessary to
establish a comprehensive snubber examination and testing program. ISTD
allows the program owner significant latitude to shape the actual snubber
program; however, the essential elements of ISTD; 1) Examination, 2) Testing,
and 3) 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 the essential
elements of the ISTD Code.
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Abstract

A check valve is located on the water feed pipe connected to the steam
generator in nuclear power plants. It is required that the performance test of a
check valve at a high temperature and pressure should be performed based on
American Society of Mechanical Engineers (ASME) QME-1, “Qualification of
Active Mechanical Equipment used in Nuclear Power Plants,” for the practical
use in nuclear power plants. This paper investigates the design technology
considering design characteristics and the high temperature/pressure test of the
check valve which is one of the important components in a nuclear power plant.
In this research, the functionality and structural integrity is verified by experiment
and analytical approach, such as the simulation of closing time and the analysis
of stress and fatigue. The functionality is investigated under a reverse flow
during an accident event. The test setup consists of the practical prototype of a
check valve with the material of ASME SA217-WC9 and support equipment
consisting of a Tank, Sensors, Rupture disc, computer, and feed pipe. The
structural integrity is associated with the stress and fatigue life under the loading
conditions such as fluid pressure, end-loading, and thermal expansion. The
structure analysis is performed based on Fluid Structure Interaction (FSI)
technology providing the integrated solution of the coupled structural-fluid
physics. The fluid part is first solved based on Computational Fluid Dynamics
(CFD) modeling to calculate the fluid pressure on the solid casing structure.
Then, the structure part is resolved based on the Finite Element Method (FEM) to
compute displacement and stress under the pre-calculated fluid pressure and
other loads such as end-loading and thermal expansion. Finally, the fatigue
analysis is applied to compute the fatigue life for the closing duration of a check
valve by utilizing the stress data derived from the previous structure analysis.

Introduction

A check valve is a mechanical device used in a wide variety of applications that
normally allows fluid (liquid or gas) to flow through it in a single direction. The
check valve is also regarded as one of the fundamental components widely used
in safety systems of nuclear power plants (NPP). Figure 1 depicts an example of
a check valve in a nuclear power plant. Practically, a check valve mounted on a
flow line is generally used to protect a centrifugal pump and the related
equipment, establish a flow direction, and maintain a pressure state during an
operational mode change in the nuclear power plant. The check valve in a
nuclear safety system also takes a role to supply sufficient fluid for safety feed
and auxiliary feed in Design Basis Accident scenarios. Additionally, the check
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valve can often be exposed to severe temperatures and pressures due to
operating conditions in the nuclear power plant. The failure of check valves can
result in the undesirable effects such as water hammer [Reference 1], over-
pressurization, and damage to the flow system. Therefore, the check valve in
NPPs should be designed to operate normally under severe operational
temperatures and pressures and obtain the required reliability of the standard
codes such as ASME QME-1. Additionally, the check valve should be well
designed with sufficient sealing and shall protect against water hammer in normal
operational mode [References 2, 3]. However, it is not convenient to totally fulfill
the requirements of the standard codes only by experimental testing. Thus, the
analytical approach can be a fine alternative method to support check valve
design. The advanced analysis technology of the Fluid Structure Interaction
(FSI) method is a promising approach that provides an integrated solution of
multi-physics problems including thermal fluid dynamics and structural dynamics.
Unfortunately, this advanced analytical approach is uncommon in NPP and this
paper will demonstrate the advantages the FSI design method for NPP
mechanical equipment analysis.

In this research, a study on an analytical approach for simulation of the check
valve was performed based on the FSI method, which describes the integrated
phenomena of thermal fluid flow and structural deformation. The numerical
models of the fluid and structure parts in the check valve were constructed based
on Computational Fluid Dynamics (CFD) and Finite Element Analysis (FEA).
These numerical models were also verified with the experiment data and then the
analyses were performed under loading conditions considering the effects of fluid
pressurization, end-loading, and thermal expansion, which were required for the
qualification of the check valve for nuclear power plant use according to ASME
QME-1. As a result of analysis, the valve stress and life cycles were obtained
and evaluated.

Check Valve Experimental System

The test check valve system for a reverse flow was prepared as shown in Figure
2. This apparatus was composed of the surge tank, test check valve, pipe line,
pool, rupture disk, various measurement systems, personal computer for storage
of a measured signal data, etc. The test check valve system generates a reverse
flow in the check valve through a pressure difference between the tank and
rupture disks. The direction of reverse flow is from the tank to the rupture disks,
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which is caused by lowering pressure between two rupture disks. Therefore, the
check valve is operated from the open to the closed state.

Figure 3 depicts the experimental instruments for measurement of some data
such as pressure, position, vibration characteristics, and strain. The strain gages
were attached to the expected weak points on the surface of the piston for
evaluation of the deformation and stress.

Numerical Analysis and Results

This research investigated the advanced analysis technology of the FSI method
for a more reliable approach to evaluate the integrated results of pressure,
temperature, deformation, and stress in the structure of a check valve. FSI
occurs when fluid flow generates forces on a solid structure, causing it to deform
and potentially perturb the initial fluid flow. In this study, a one-way coupling
method for FSI simulation was used by ANSYS software since the fast fluid flow
almost dominated the structure behavior in the check valve. The numerical
models of fluid and structure regions were constructed based on CFD and FEA.
Figure 4 shows mesh generations of two numerical models for CFD and FEM
analysis and Table 1 summarizes main features of each models such as solution,
algorithm, property, node & element numbers, and element shape in the table.
The numerical model was verified with the experiment data.

The fluid region was first resolved by the three dimensional incompressible
steady flow analysis with the Raynolds-Averaged Navier-Stokes and continuity
equations in ANSYS. The turbulent model was the k-e model with wall function
and the tetra element was used for mesh generation. Boundary conditions were
defined by imposing the design pressure (8.9 megapascals [MPa]) at the right
side of the check valve in Figure 4 (a) as the inlet boundary and atmosphere
pressure at the left side as the outlet boundary. The pressure and velocity of the
fluid region were solved by CFD analysis with boundary conditions at the open
state of the check valve. The plot results of pressure and velocity are shown in
Figure 5. The pressure was concentrated on the base region due to the impact
of high velocity water. This pressure distribution data was used as a loading
condition on the internal surface of the structure region in the following FEM
structure analysis.

The structure region was also solved by the three dimensional static analysis in
ANSYS simulation using the pressure data of the CFD analysis results. The high
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order hexa-element was dominantly used for the mesh generation in Figure 4 (b).
This FEM structure model included three types of load conditions. The first load
condition was defined by imposing fluid pressure distributions in the open and
closed states on the internal surface of the check valve. The second load
condition was applied by an end-loading condition which is defined in the
functional qualification requirements for active valve assemblies for nuclear
power plants in ASME QME-1. The equivalent moment load was used for the
end-loading condition. The third load condition was defined by considering the
thermal expansion from temperature gradients. Thermal expansion can be an
important design factor since a check valve is operated at a high temperature
during plant operation. Before the static structure analysis with thermal
expansion was completed, thermal conduction analysis was performed to obtain
the temperature distribution in the structure region. A geometric boundary
condition was defined by imposing the fixed support at both end sides of the
check valve.

Figure 6 shows the deformation and stress contour results obtained under the
first loading condition. The maximum deformation and stress coincided closely in
the border area between the piston part and pipeline. Figure 7 depicts contour
results obtained under end-loading and thermal expansion with fluid
pressurization. The maximum stress occurred at the similar position in all load
conditions of fluid pressurization, end-loading, and thermal expansion. The result
shows the maximum stress is approximately 155 MPa in the end-loading
condition. This stress level did not exceed the allowable stress of the steel
material. To support this analysis, thermal conduct analysis was carried out in
advance to obtain the temperature distribution shown in Figure 8.

A check valve often changes from an open to a closed state during plant
operation. This repeated loading causes premature failure in the material by
fatigue. The fatigue can be evaluated by the stress-life (S-N) method that is
widely used in design applications. This S-N approach is based on fatigue
curves of stress versus number of cycles such as S-N curve shown in Figure 9.
For fatigue evaluation, the mean and amplitude stresses were calculated by
using the stress result from FEM structural analysis. The alternating stress level
was obtained based on Goodman diagram [Reference 5], and its life cycle was
determined by interpolation in S-N curve of Figure 9. Finally, the result of the life
cycle according to loading conditions is shown in Table 2. This life cycle level
was qualified to satisfy a conservative cycle (2,000) of the standard code and
specification.
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Conclusion

This research investigated the FSI analytical method for the simulation of a check
valve. The numerical models of the fluid and structure regions in the check valve
were solved based on CFD and FEA. The results of the FSI analysis showed the
fluid pressure from CFD and the stress distribution from the FEM. The analysis
results, with certain loading conditions, provide contour stresses comparing the
effects of fluid pressurization, end-loading, and thermal expansion. Finally, the
material fatigue was computed from the stress data of the previous static
analysis. Therefore, it is hopeful that this design approach by using FSI method
is a beneficial guide to solve multi-physics engineering problems of nuclear
equipments.
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Figure 2. Schematic of a test check valve system for a reverse flow simulation

43



Strain gages

Fracture of Rupture Disk
After test

Check valve

. -
Measurement of Strain 1

1
5 1'\ Measurement of
and vibration characteristics

pressure and position

"7. .

Experimental instruments

Figure 3. Experimental instruments for data measurement

(a) Fluid region (b) Structure region

Figure 4. Mesh generation used for CFD and FEM analysis

(a) Pressure contour (b) Velocity plot

Figure 5. Plot results of CFD analysis at the 100% open state
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(a) Total deformation (b) Equivalent stress

Figure 6. Contour results with fluid pressure load

(a) Stress in End-loading (b) Stress in Thermal expansion

Figure 7. Stress contour in end-loading and thermal expansion with fluid pressure
load
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(a) External distribution (b) Internal distribution

Figure 8. Temperature distributions in thermal expansion
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Table 1. Features of CFD and FEM numerical models

CFD analysis FEM analysis
Region Fluid Structure
Solution pressure, velocity deformation, stress
Algorithm Finite Volume Method Finite Element Method
Property Water Steel (ASME SA-217)
Node number 180,000 170,000
Element number 36,000 53,000
Element shape Tetra Hexa dominant

Table 2. Life cycles according to loading conditions

Inlet pressure Alternating stress Max. stress Life cycle
(MPa) (MPa) (MPa) (x10%)
Fluid pressurization 44.8 140.3 12.5
Fluid pressurization
+ 8.96 51.0 155.0 7.0
End-loading
Fluid pressurization
* . 501 1531 7.5
Thermal expansion
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Abstract

This paper presents an assessment of the performance of Borg/Warner (B/W)
check valves installed at the Palo Verde Nuclear Generating Station (PVNGS).
The objective was to systematically review the recent performance of the
PVNGS Borg/Warner swing check valve population to develop a basis for
improving its reliability. The range of valve sizes and different potential
contributory failure causes identified necessitated the application of a proactive
programmatic approach versus a piecemeal reactive approach.

This evaluation highlighted not only the uniqueness and importance of the large
Borg/Warner check valve population to the three PVNGS operating units, but
also underscored the importance of carefully considering remedial actions due to
the immediate and expensive impact of unsustainable solutions. The
Borg/Warner valve population had performed reliably for the first 10 operating
cycles, suggesting that the design was not inherently defective. However,
‘running the valve to surveillance test failure” was not an option, given the valves’
location inside containment and its low usage, and the associated rash of
unreliability that challenged plant Operations, as it manifested predominantly as
a failure to pass local leak rate tests in Mode 3 during startup. These failures
were attributed mainly to two reasons: accumulation of deposits in narrow
clearances, which limited articulation at sliding surfaces, and improper
reassembly related to valve internal dimensional relationships and design
features.

Maintenance personnel responded vigorously to the challenge of managing this
“field fit up valve” population of valves by developing an elaborate (90-page)
valve assembly procedure and a test and measurement apparatus to
compensate for the complexity of reassembly. Before this program was
completed, a second initiative was launched to introduce sweeping changes that
would reduce the internal clearances of the valve based on “optimized”
dimensional data purchased from the valve vendor. The rigorous maintenance
procedures include mechanisms to detect vendor quality issues and eliminate
maintenance errors. However, such intricate processes are inherently expensive
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and not sustainable in the long term, given the reality of subject-matter experts’
turnover and variance in outage crews, creating a potentially unresolved
production risk.

This paper discusses various options for improving the reliability of the PVNGS
Borg/Warner valve population that will enhance plant safety and availability, and
minimize avoidable challenges to Operations and burdens to control-room
operators, as well as unexpected impacts on operation and maintenance (O&M)
budgets and outage schedules.

Introduction

The Palo Verde nuclear generating station has 68 Borg Warner (BW) swing
check valves installed in the emergency core cooling systems (ECCSs) of each
of its three identical operating pressurized boiling-water reactor units. Over time,
these 204 originally installed and now obsolete valves are proving to be
increasing unreliable for sustaining plant operations, and with age, they have
become burdensome to maintain. Palo Verde initiated a project to develop a
sustainable and cost-effective approach to improve the reliability of this large
population of check valves, to reduce burdens on the control-room operators,
and minimize unexpected impacts on O&M budgets and outage schedules. The
goal was to develop a strategy to alleviate undefined production risks and O&M
costs stemming from intermittent local leak rate test (LLRT) failures during
startup, and possible future loss of specialized valve expertise.

APS BORG WARNER CHECK VALVE POPULATION

Unit1 Unit 2 Unit 3
42 42 42

[ ] Bolted Bonnet
[ Pressure Seal Bonnet

Figure 1: Each unit at Palo Verde has 38 BW safety-related swing valves in the safety
injection (SI) system and 30 valves in the chemical volume and control system (CVCS).
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The Design Problem

The 204 swing check valves installed at the Palo Verde are all of the bonnet-
hung design and range in size from 3 to 24 inches (Figure 1). Some of these
valves are of the bolted bonnet design (Figure 2), while the rest are of the
pressure-seal bonnet design (Figure 3). Palo Verde nuclear station is unique in
having such a large population of these valves in its ECCS systems, although
some valves of this style are installed at other U.S. power stations.
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Figure 2: Typical bolted-bonnet BW swing check valve
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Figure 3: Typical pressure-seal bonnet BW swing check valve

The central problem stems from the inability to visually observe and adjust the
position of the disk assembly relative to the body seat once the valve is
assembled. The disc hangs from the bonnet, and the valve seat is welded to the
body, so there are numerous factors that affect the final position of the disc with
respect to the valve seat, including the fact that the position of the bonnet itself
with respect to the body is not well defined. This last problem is further
exacerbated in valves with a pressure-seal bonnet where the disk assembly is
apt to move as the bonnet is hot torqued and secured in its final position. This
requires carefully controlling a large number of internal dimensions to achieve the
right geometric relationships that will ensure a proper disk-to-valve-body seat
contact (Table 1). The inherent variability in these dimensions and their influence
on assembly requires specialized valve expertise and disproportionately
resource-intensive procedures and tooling to work the valve.
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Table 1: Examples of dimensions that vary
(* indicates dimensions that significantly influence assembly)

Bonnet Assembly

Body

Bonnet thickness*

Height of seat centerline* from top of
body

Clevis height*

Seat angle* with respect to vertical

Hinge-pin diameter

Seat angle with respect to horizontal

Hinge-pin hole diameter, location in
clevis*

Seat offset* with respect to seating
surface

Bushing ODs, IDs

Seat width*

Swing-arm length*, hole diameter /
thickness at disc stud*, material

Diameter of seating surface* (both
horizontally and vertically)

Spherical bearing height*, diameter,
chamfer (some have one side)

Height of seating surface*

Disc diameter®, thickness

Height of ledge where bonnet initially
seats (pre-assembly)

Location* / diameter of stud hole in
disc*

Seat hard face thickness

Disc stud to disc weld size, quality

Location and size of diametral chamfer
between retainer threads and sealing
area

Disc gap size*

When originally installed, these bonnet assemblies were custom fit to their bodies
by the vendor. As seen in Table 2, the majority of these originally installed
valves performed reliably for the first ten operating cycles. But the valves’
reliability hinged on the implicit assumption that each bonnet assembly would
never leave its original body. This, however, was an unsustainable condition
because of the valves’ location in containment and the need to minimize time at
the valve to minimize as low as reasonably achievable (ALARA) exposure
required that the disk assemblies be switched. Once the link between a bonnet
assembly and its mating valve body was lost, problems in these field-fit up valves

multiplied rapidly.
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Table 1: Operating history of a sampling of valves over 12 inches in the
population of BW swing check valves, indicating the refueling outage (Rx)
when a valve required rework

RC Loop Check Safety Injection Tank
Syste | Valves Discharge Sl Injection Header
m
Valve 217 | 227 | 237 | 247 | 215 | 225 [ 235 | 245 | 540 [ 541 | 54 | 543
ID 2
Unit 1 R6 | R1 R1T [R1 [R1 |R1 R4 | R1 R1

0 1 1 0 0 0 1

Unit2 [R1 R1 R1T |R1T [R1T |[R1 |R1 [R1

0 1 0 1 0 1 1 1
Unit 3 R9 |R8 [R1

0

This problem became a wider concern when highlighted by NRC Information
notice No. 89-02, Malfunction of Borg Warner pressure seal bonnet check valves
caused by vertical misalignment of disk (Reference 1) which described the risk of
the top of the disk getting caught under the top of the seat (Figure 4). BW/IP
CFRN-9301 10 CFR Part 21 report concerning 3-in. and 4-in described the
potential for the disc of specific model valves (which Palo Verde did not have) to
over-articulate and become wedged against the seat, preventing a closure
(Reference 2). Such disc cocking and wedging under the seat could result from
an excessive gap between the swing arm and the disc stud washer caused by
excessive weld buildup at the disc to stud weld.
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Figure 4: Depiction of the top of the disk getting caught under the top of the seat
and a photograph of the bonnet hung disk assembly

During normal operation, these valves remain closed throughout the entire fuel
cycle. This increases the likelihood for magnetite released by the system to
deposit in the nooks and crannies and over time make the sliding and rotating
joints stiff and arthritic. The added requirement for these valves to meet LLRT
requirements in Operating Mode 3 during startup means that each failure
automatically delays startup and often results in the plant returning to a cold shut
down to allow for a valve inspection and repair.
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Cost of Unreliability

The ongoing valve unreliability is reflected in high O&M costs driven by a number
of contributing reasons including:

High cost of some replacement spare parts which rival the cost of a new
valve.

Extended outages and lost generation resulting from delaying startup to
inspect valves that fail in Mode 3 and require returning to Cold shutdown
(Mode 6).

The resource intensive nature of routine maintenance (90 page valve
inspection and assembly procedure)

Given that the RCS/SI valves are in high dose areas, ALARA-intensive in-
situ valve body seat repairs.

Burden to control room operators to continually depressurize systems
affected by a leaking valve.

In addition to the above tangible costs, there exist intangible costs of future
unreliability to this large population of obsolete valves in the ECCS systems of all
three units. A common cause problem found in any one of the larger obsolete
safety valves that requires a valve replacement poses the risk of extended
unavailability at one or more units. This extended unavailability allows time for
the engineering required to identify suitable replacement alternatives and the
long lead time for delivery of replacement valves. At the high cost of lost
generation, such a delay of even a few weeks would grow to a substantial sum.
Other lesser but perhaps more likely intangible costs would be driven by:

Loss of specialized valve fit up expertise through retirements and
competition for suitable outage crews to rework valves,

Maintenance induced errors generated by complex procedures and
shorter outages, and

Added management and regulatory oversight generated by the perception
of unresolved reliability issues.

Table 3 attempts to capture the direct and indirect operation and maintenance
costs related to hypothetical repairs.
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Table 3: Pro forma operation and maintenance cost of hypothetical repairs
estimated by plant staff

Maintenance type Shifts| Hours | No. off Man | Direct Cost
men | Hrs | $35/hr.(est.)

ROUTINE PREVENTIVE (PM)/CORRECTIVE MAINTENANCE (CM)

1 | Valve disassembly and inspect — including 1 12 2 24 $840
recording of critical dimensions
Larger valves require rigging (12—-14 inch) 45,000
- Small valves under 10-inch 25,000

2 | Valve Replacement (plug and play), assuming| 1-2 12-24 | 2 48 $1,680
availability of replacement assembly
- Larger valves require rigging (10—14 inch

3 | Seat Work to repair seal areas

Larger valves require scaffolding/rigging 2 24 3 72 $2,520
(212in.) 1 12 2 24 $840
- Small valves £12 inch
4 | Decontamination 2 24 2 48 $1,680
5 | Reworking bonnet assembly 1 12 2 24 $840
6 | Reworking spherical bearing 3-4 |36-48|2 96 | $3,360

Cut nut at welded stud, code weld, inspect,
Re-lap seat and reassemble

7 | Other — regardless of size — Radiation 12 1 12 $480
Physics Coverage (2hrs), Engineering (2 hrs),
Welders (4hrs), Planning(4hrs) @ $40/hr

8 | Spares and cost of carrying inventory

ESTIMATED COST OF PM (1)
Larger valves require rigging (12 — 14 inch) $45,000
- Small valves under 10-inch $25,000

ESTIMATED COST OF CM (1+2+3+4+5+6+7)
Larger valves require rigging (12 — 14 inch)  $55,000+ spares

- Small valves under 10 in. $30,000+ spares
COST OF APPARENT-CAUSE ANALYSIS/ROOT-CAUSE ANALYSIS
9 | ERCA/CRDR @ $40/hr | 140 [10 [ 400 [ 16,000
COST OF ALARA
10| ALARA

High dose (inside shield wall)
e.g., loop checks 160—180 mRem/person/
8-hr shift

Medium dose (inside containment outside
shield wall) — 20-30 mRem/person/
8-hr shift
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Low Dose (outside containment)
e.g., CVCS checks — 10 mRem/person/
8-hr shift

COST OF LOST PRODUCTION

11| Lost generation during seat work /occurrence
spare $1,000,000
12 | Time to power down after an UNSAT $1,000,000

IST leakage test in Mode 3 or 4 and
subsequent power up

Plant Response

In the recent past, Palo Verde has conducted a number of corrective-action
reviews to study this sporadic unreliability and identify common causal effects.
As part of its component programs (References 3-8) Palo Verde investigated

included:

1. Bonnet-hung disc hinge assembly prevents a visual verification of proper
disc alignment on the body seat once the bonnet is installed in the valve
body.

2. Spherical bearing introduced to provide extra play of the disc/hinge
connection (to ensure self-alignment).

3. Weld at the disc stud to disc—that can interfere with the spherical
bearing.

4. Weld on disc stud threads.

5. A 5° seat angle and axial location of the valve seat relative to the opening
at the top of the valve.

6. Metal-to-metal seats—more difficult to seal at low pressures.

7. Pressure seal requires a hot torque that can result in stresses on hinge
arm stretched between a pressurized disc and a rising bonnet (i.e.,
uneven lifting of bonnet under line pressure can result in a loading of the
hinge arm).

8. Materials of construction:

a. Washer 315 CRES

b. Nut ASTM A194, grade 8M

c. Ball (spherical bearing) Stellite #6B

d. Swing arm 17-4 PH material (AMS 5398)
e. Stud ASTM A276, Type 316A

f. Disc ASTM SA182, Type 316

These studies pointed toward two key common factors: (i) improper reassembly
related to internal dimensional relationships and design features, and (ii)
accumulation of magnetite deposits in narrow clearances and loss of articulation.
These studies, when narrowed to individual valves or subsets of valves, also
attributed the failures to various other potential contributory causes, some of
which were validated by physical evidence and robust technical basis, while
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others were not. Table 2 lists the range of potential contributory factors identified
by plant staff over the years.

Palo Verde maintenance engineers launched an effort to understand the
correlation between variances in various internal dimensions and proper valve fit
up. This effort has culminated in a 90-page valve inspection and assembly
procedure [3] and a number of specialized assembly tools to improve the
reliability of this population of valves. Palo Verde also launched a dimensional
optimization program to “tighten up clearances.” For this, the plant procured
optimal dimensions and geometric relationship data for key components (Figure
5). These dimensional changes were applied programmatically to the entire
population to reduce internal clearances based on “optimized” data.
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Figure 5: Examples of variable dimensions that significantly influence assembly

New disassembly practices require qualified check-valve inspectors to verify
freedom of movement of the disc hinge-arm assembly (Figure 6), by checking for
(i) rotation at the spherical bearing (disc yaw), (ii) gimbal or articulation at the
spherical bearing (disc pitch and roll), and (iii) rotation at the hinge pin (ability of
hinge arm to swing open or close). Excessive disc gimbal can cause the disc to
cock to an extent that it catches under the seat during closure. Disc rotational or
articulation stiffness, caused by the accumulation of deposits or mechanical
binding, can prevent the disc from being properly positioned on the valve seat
when the disc closes from an open position. For proper reassembly, personnel
must therefore carefully maintain and verify a number of dimensions, such as the
radial gap between the hinge arm and the disc stud, the axial gap between the
hinge arm and the disc, and the hinge arm and the washer for any given axial
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position of the hinge arm, height of the disc stud to disc weld, height of the
shoulder in the disc stud relative to the height of the spherical bearing, OD of the
disc washer relative to the hinge-arm bore, and perpendicularity and eccentricity
of concentric dimensions. It is this level of attention to detail that makes valve
reassembly cumbersome and specialized. The time required to perform such
intricate steps and checks does affect ALARA, given that the RCS/SI valves are
in high dose areas.
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Figure 6: A reduced clearance between the disc and the hinge arm impairs the
disc’s ability to articulate freely to seal against the body seat.

The newly developed geometric relationships, elaborate procedures, specialized
tooling, and the new vendor-developed acceptance criteria were expected to
solve the problem. But the tight clearances actually may have resulted in valves
becoming arthritic faster in the presence of the magnetite deposits. Despite the
noteworthy efforts and expense, this population of valves continues to exhibit
sporadic unreliability.
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Table 2: Sampling of potential contributory factors suggested in CRDRs

Test Procedures Application

Insufficient DP during IST testing High dose area (1 or 2 man-rem; 10
days to get parts out of shop)

Manufacturing Defects Infrequent usage (except for valves in
charging system)

Spherical bearings installed upside Loose parts concerns

down

Large disc-to-stud weld Maintenance Induced

Bonnet bore out of round—Grafoil Uneven lifting of bonnet under line

seals pressure—loading the hanger

Valve seat angle out of plane 5° vs. 12° | Excessive seat lapping—seat cocked
sideways

Axial projection of seat Limited interchangeability of disk
assembly

Seat cocked sideways Vendor Guidance Induced

Hanger arm-disc post holes bored off Lack of consistency on tolerance and

center dimensions

Hanger arm casting voids Generalized vendor inspection
guidance insufficient
Tack weld

Technical Approach

Given the plethora of contributory factors suggested, the range of valve sizes and
styles, the wide variance in internal geometry, the standby safety function of
these valves, and the ongoing high O&M costs involved, the present evaluation
focused on a broad strategic approach instead of a narrow, piecemeal approach
of modeling individual valves. Furthermore, it was recognized that, more than
just being a challenging technical problem, the ongoing operational uncertainty
made this equally a production risk management and economic problem. The
substantial direct and indirect costs of replacing the 204 valves en masse also
underscored the need for a rigorous holistic review.

The first phase of this study consolidated the best available information and plant
experience on the population that had been gleaned over the years. This effort
consisted of compiling valve operating history, maintenance records, root-cause
analyses, and reliability improvement initiatives, as well as a discussion with
plant domain experts involved with maintaining this valve population. The next
phase of the study critically reviewed previous root-cause evaluations and
categorized the findings based on the supporting physical evidence and rigor of
evaluation. This involved a review of selected plant Component Repair and
Disposition Reports (CRDRs) and an examination of which corrective actions and
programs had worked and which had not.
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This study was able to compartmentalize the role of various contributory factors
stemming from system, valve design, and maintenance constraints, as well as
from the unintended consequences of improvement initiatives.

Solution Strategy
The above findings helped reframe the problem into three groups.

e Group A — Valve problems that were well understood and for which the
underlying sources of unreliability were demonstrably eliminated based on
a well-defined technical solution

e Group B — Valve problems that were well understood but could be not be
eliminated and had to be managed

e Group C — Problems that are not completely understood based on
available information and studies.

Recommendations, Solutions, Path Forward

To implement the above solution strategy, one must first determine whether a
specific problem is well understood or not; therefore, it is essential to determine
the root cause and assess the reliability of this determination. Once this is done,
the solution that best fits each target group can be implemented.

e Group A — For issues that are being eliminated:

o Stay the course while continuing to validate solutions

o Where possible, streamline valve procedures to simplify
maintenance and optimize inspection frequencies.

e Group B — For issues that cannot be eliminated, the options that should
be evaluated include:

o Where possible, streamline valve procedures to simplify
maintenance and optimize inspection frequencies.

o Selectively maintain spare sets of internals for each problem valve
body (e.g., where replacement valves will be equally susceptible to
system-induced unreliability).

o Prepare design engineering packages to order replacement valves
for targeted applications, judiciously selected using a probabilistic
analysis.

o Procure and maintain a supply of ready-to-install replacement
“parachute” valves to prevent an extended outage at one or more
units. This would include valve applications that have required
repeated seat rework, or identified by in-service inspections as
requiring a body replacement, or valves with long procurement lead
times.

e Group C — Rigorously evaluate valves whose failure modes are not
completely understood, to place them in Group A or B and to guide
expensive replacement decisions.
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Conclusions

While the case study presented in this paper focused entirely on a population of
Borg Warner swing checks, the underlying concepts for ensuring continued
future reliability with aging, obsolete equipment has broader applicability. With
the vast majority of units securing operating-life extensions, it will become
increasingly important to examine sustainable strategies to manage aging,
obsolete equipment to ensure plant safety and economic viability. The significant
financial impact of equipment replacement decisions underscores the need for a
rigorous technical evaluation and proactive procurement of strategically selected
“parachute” components. This will provide an approach that balances the call to
maintain aging equipment using technically defensible and proven solutions
against the need to replace known bad actors with improved technology without
introducing any new problems.
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Abstract

Generic Letter (GL) 96-05 required licensees to develop a program to
demonstrate that safety related motor operated valves (MOVs) are capable of
performing their design basis functions [3]. The Joint Owners Group (JOG)
consisting of Boiling Water Reactor (BWR) and Pressurized Water Reactor
(PWR) Owners Groups undertook a comprehensive testing program lasting
approximately 6 years to characterize age-related degradation in safety related
MOVs. To address GL 96-05, the JOG had plants perform differential pressure
testing on various motor operated valve designs as part of the periodic
verification program to determine any evidence of age-related degradations on
safety related MOVs. At the end of the testing, the JOG produced a topical
report, MPR-2524-A, documenting the results of the tests that covers the
following: classification basis of industry safety related valves depending on the
potential for age-related degradation, the threshold coefficient of friction of valve
materials, and margin determination [4]. The JOG topical report proposed an
implementation schedule of 6 year for plants to comply with the JOG program.
The Nuclear Regulatory Commission (NRC) issued a Safety Evaluation that
states that the topical report is an acceptable industry response to GL 96-05 for
valve age-related degradation [6]. Since the issuance of the NRC safety
evaluation, plants that committed to the JOG program have established
programs to implement the JOG document. Among the elements of the program
implementation are valve categorization, design basis calculations to confirm
operability, and design changes and modifications, if required. In implementing
the JOG program document, the primary goal is ensuring that the valves are
operable and will perform their safety related functions. A secondary and
equally important goal of plant evaluations is striving to get sufficient operability
margin to reduce the periodic test frequency of the valves. Westinghouse, as a
valve manufacturer and a Nuclear Steam System Supplier (NSSS), has provided
support to a number of plants in their JOG implementation process. While the
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majority of the work we do has been on Westinghouse designed valves, we have
supported other non-Westinghouse valve evaluations. In doing so, several
technical approaches have been used to gain margin for our customers ranging
from purely analytical approaches to valve modifications or a mixture of the two.
In this paper these approaches will be discussed. Practical, cost effective,
approaches based on experience gained from plant support on gate and globe
valve evaluations are presented.

Introduction

For years the valve industry was not challenged by design standards to meet
performance requirements. Vendor experience with the specification and
application often guided design acceptance. In the author’s opinion, the Three
Mile Island Unit 2 (TMI-2) accident in 1979 initiated industry-wide interest in valve
operability assessment to address the operability of safety related valves in the
nuclear industry after the TMI-2 accident. Following that event, the nuclear
industry, with regulatory oversight, embarked on understanding what it takes to
have good, reliable, valves for safety related applications. In nuclear power
plants, the majority of power operated safety related valves provide either open
or flow isolation functions during plant operation including postulated accident
scenarios. Figures 1, 2, and 3 illustrate the three main valve groups typically
used. As shown in Figure 1, gate valves use gates to affect flow isolation, the
globe valves use a plug to provide flow isolation, and butterfly valves use
symmetric discs to do the same. Over the years the NRC has used regulatory
mechanisms to ensure that safety related valves perform their safety related
functions. In Bulletin 85-03 the NRC required licensees to ensure that MOV
switch settings are properly set and maintained so that valves can operate under
all design basis conditions [1]. In GL 89-10 the NRC required licensees establish
a program to demonstrate that motor operated valves are capable of performing
their safety related functions during accident conditions. At the closure of GL 89-
10, GL 96-05 was issued which required licensees to develop a program to
demonstrate that safety related MOVs are not susceptible to age-related
degradation and are capable of performing their design basis functions. The JOG
consisting of BWR and PWR Owners Groups undertook a comprehensive testing
program lasting approximately 6 years to characterize age-related degradation in
safety related MOVs. To address GL 96-05, the JOG had 98 participating plants
perform differential pressure testing on 176 motor operated valve designs from
many vendors as part of the periodic verification program to determine if there is
any evidence of age-related degradations on safety related MOVs. The focus
was on the determining the thrust and torque values required by the valves and
not on the actuators. The tested valves covered many suppliers and
Westinghouse gate valves were one of the designs dynamically tested in the
JOG program. At the end of the testing, the JOG produced a topical report, MPR-
2524-A, documenting the results of the tests. Two of the principal parameters
identified in the report that govern valve thrust and torque are the coefficient of
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friction of the sliding or rotating surfaces in the case of gate valves and butterfly
valves, and area factor in the case of globe valves. In this paper, we concentrate
primarily on gate and globe valves because margin determination and how
margin can be recovered is most commonly affected by the JOG report. While
this paper focuses on gate and globe valves, some of the issues discussed can
be extended to butterfly valves.

Valve Operability

A valve is operable when the actuator thrust or torque exceeds the opening and
closing thrust or torque at the design basis conditions taking into account the
structural integrity of the valve and the actuator and any associated uncertainties.
For gate valves, the JOG established the threshold disk-to-seat coefficients of
friction (COFs) for plants to use for different material pairs and operating
conditions. The JOG prescribed threshold coefficients for gate valves are
significantly higher than the traditional values recommended by the valve
suppliers and which were used to size the valve actuators in operating plants.
The higher threshold coefficient of friction has been a source of consternation to
the valve suppliers because they do not believe that their actuators were
improperly sized and to the end users (i.e., the utilities) because that requires
resizing the plant actuators and reconfirming whether or not the valves are still
operable.

In addition to the increase in valve COF, there are other factors noted in the JOG
report that affect valve operability which include uncertainties associated with
both actuators and valve design covering such areas as; switch repeatability,
actuator spring pack relaxation, rate of loading, etc. The increase in valve COF
combined with the increase in uncertainties considered by the JOG report results
in reduced margin on MOVs, which is functionally defined as:

Margin(%)
_ Adjusted Actuator Output Thrust — Adjusted Required Thrust
B Adjusted Required Thrust

(1)

X 100

Divide the right hand numerator term by the Adjusted Required Thrust in the
denominator.

Margin(%)
B { (A djusted Actuatar Qutput Thrust J

Adjusted Required Thrust
(Adju.sted Required T}n‘ustn 00

Adjusted Required Thrust

(2)
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Equation 2 can be simplified to:

Marain(06) I(Adjustgd Actuator Output Thrust
wergm B Adjusted Required Thrust

]—l}xlﬂﬂ

The adjusted actuator output includes uncertainties which cover:

Test equipment accuracy
Torque switch repeatability
Rate-of-loading

Spring pack relaxation

Stem lubrication degradation

The uncertainty inputs come from various sources. Test equipment accuracy
comes from the test equipment supplier. Torque switch repeatability data comes
from the actuator manufacturer (e.g., Limitorque). The rate of loading comes
from the plant or another industry source based on performing multiple static and
dynamic tests on the same valve to isolate the rate of loading. The spring pack
relaxation comes from the actuator manufacturer. The stem lubrication
degradation is based on plant experience.

Rewriting the Adjusted Required Thrust in its component parts:

Adjusted Required Thrust (4)
= {{Rﬂ'qu:".r‘gd Thrust) (1 + All Uﬂcgrtafﬂtiﬂ's:]}

Because All Uncertainties are taken into account in the Required Thrust:

(3)

Adjusted Actuator Qutput Thrust = Actuator Output Thrust
Substituting Equation 6 and 7 into Equation 5:

Margin(%)
I( Actuator Output Thrust jl

(Required Thrust) (1 + All Uncertainties)
- 1} » 100

Equation 1 and Equation 6, though written differently, are equivalent. The JOG
document MPR-2524-A, recognizes that individual plants could apply the
uncertainties either to the required thrust or to the actuator output or the
combination of the two, as long as there is no double counting.
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For a gate valve the required thrust is

T = VF = AP * A+ Fogouing + Fic
(7)

Where:
VF = Valve Factor
AP = Pressure Drop Across the Valve
A = Effective Disc Area
Fpacking = Packing Force
Fsg = Stem Ejection Load (can be neglected in the opening direction for
conservatism)

The valve Factor (VF) is defined as
VF ciosing = (COF)/[cos(T)-(COF)*sin(T)] (8)
VF 0pening = (COF)/[cos(T)+(COF)*sin(T)] (9)

Therefore, it is clear from the JOG document that the word “Adjusted” denotes
the inclusion of uncertainties such as; rate-of-loading, test equipment inaccuracy,
torque switch repeatability and, spring pack relaxation to both Actuator Output
Thrust and Required Thrust. In order to make the calculation clearer this paper
applies all of the Uncertainties to the Required Thrust Value; this way the
Actuator Output Torque is unmodified. Either approach, Equation 1 or 2 yields
the same results.

Why Margin?

Margin confirms not only operability and no concern for age-related degradation
but also provides a matrix for static testing of the valves in accordance with MPR-
2524-A. Table 1 illustrates the risk-margin matrix showing the distribution of
static test frequency based on risk margin values [4]. For example, a high risk
valve with high margin can be statically tested every 6 years and one with low
margin must be tested every 2 years. Similarly, a low risk valve with high margin
can be tested every 10 years and one with low margin must be tested every 6
years. Table 1 shows that the higher the margin for any valve the more years the
static test frequency can be extended, which translates to more savings for the
plant by reducing maintenance costs and personnel dose.
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Table 1: MOV Static Test Frequency Criteria

PV Test Interval (years) for...
Risk . Medium . .
Ranking’ LOV\:) Margin Margin I-nghoMargm
(= 5%) (5% < 10%) (2 10%)
High Risk 2 4 6
Medium Risk |4 8 10
Low Risk 6 10 10

' — Based on Plant Risk Ranking
Margin Improvements

As shown in the above equations (Equations 1, 2, 3 and 6), margin is not only
governed by the required thrust or torque but also by the uncertainties. Both
margin and uncertainties are additive and therefore minimizing their respective
contributions increases margin. As a valve designer, Westinghouse was faced
with providing supporting evaluations to plants that have Westinghouse designed
MOVs in their safety systems. Customers have made many different types of
requests covering structural integrity, weak link analysis and margin
improvements. Over the years of supporting plants in design basis calculations
and margin assessment improvements, a number of practical options to gain
margin have emerged. Table 2 summarizes practical approaches that have
evolved over the years of our support including MOV evaluations. The goal of
margin improvement is to make necessary analytical and design improvements
to arrive at an acceptable overall margin to serve the needs of the plant. This
may require hardware changes in some cases.
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Table 2: Approaches to Gain Margin

Area of
Improvement

How it affects
margin

Basis/Justification

Expected Margin

Sliding Surface
Coefficient of
Friction

The COF is the
main factor that
affects the required
thrust or torque.
See equations.

Reduction of COF is
permitted when there
is a qualifying basis
for the reduction in
accordance with
MPR 2524-A.

COF reduction by
20% results in a
margin
improvement of
10.5%.

Stem to Stem Nut
Coefficient of
Friction

The stem to stem
nut friction affects
the translation of
motor torque to
thrust.

The reduction can
occur if the plant data
support the
reduction.

A reduction in stem
to stem nut COF
from 0.2 to 0.15
increases margin
by 25%.

Actuator Rerating

Actuator capability
provides the basis
for margin
assessment.

A number of
Limitorque actuators
have been rerated for
higher capability by
Kalsi and
Westinghouse

(See Note 1).

Depending on the
rating program
used, the gain can
be up to 60%.

Degraded Voltage

Degraded voltage
affects the actuator
capability as the
output varies
proportionately to
voltage squared
(AC Motors).

For conservatism,
some analysts
assume that the
valve is subject to
degraded voltage.
Sometimes it is not.
Need to verify
susceptibility to
degraded voltage.

Deletion of
degraded voltage
improves margin by
36%.

Valve setting from
torque limiting to
position limiting

Valves can be set
either by torque
limiting or position
limiting. Position
seating reduces
uncertainties
significantly.

The vendor must
have the capability to
provide the position
seating guidance.

Position seating
margin
improvement can
be in the range of
20%

Use of the actual

A conservative
differential pressure
across the valve

Performing system
calculation that
confirms the actual

Using the actual
pump pressure for
example; 2500 psi

Differential that does not reflect | differential pressure instead of the dead
Pressure the actual across the valve head of 2700 psi
differential pressure | reduces the improves margin by
reduces margin. conservatism. 10%.
In some cases the .
. ; Evaluate if the : .
. margin or lack of it An increase in
Spring Pack is driven by the actuator can have a sorina pack load
Limits y higher spring pack pring p

limits of the installed
spring pack.

load limit.

improves margin.
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Gear ratio Change

Thrust output of the
actuator is directly
proportional to gear
ratio. The higher
the gear ratio the
higher margin
potential.

Provided that the
reduced speed of
operation is
acceptable and the
structural limit is
acceptable.

Increased margin
depends on the
ratio of the gear
ratios.

High temperature

affects motor Evaluate and use the The margin
. improvement
Temperature actuator output. See | actual environmental o
" between 104°F and
Effect (AC) Limitorque temperatures of the 0
. 356°F can be as
Technical Update MOV. hiah as 30%
93-03 9 °
The margin
improvement
High temperature Evaluate and use the | between 150°F and
Temperature affge cts mgtor actual environmental | 340°F for 100 ft-Ib
Effect (DC) temperatures of the at 250 volts DC is

actuator output

MOV.

24% using
Limitorque
guidelines [5].

Structural Weak
Link Analysis

In some cases the
structure may limit
the set-up window
and the overall

Review conservative
criteria or even
change material to
increase structural

The amount of
margin depends on
the extent of
improvement in
material properties

Direction of Flow
of globe valves

margin. limit. gained by the
change.

Typically, the
maximum thrust is
assume.d in the If the actual flow
calculation of globe T

direction is known .
valve thrust The margin

requirements
because it is not of
clear how the
valves are installed
(i.e., over the seat
or under the seat).

the actual equations
governing the valve
operation can be
modeled.

improvement can
be substantial.

Packing Load

Typically, the rule of
thumb packing load
is 1000 Ibs per inch
of stem is used.

Determine actual
packing load from
diagnostic testing
and apply it.

The margin
improvement in low
differential pressure
applications can be
substantial.

Note 1: To request more information on Limitorque actuator re-rating programs please

contact:

Westinghouse Electric Company; Nuclear Engineering Marketing, 1000 Westinghouse Drive, Cranberry

Twp., PA 16066
or

Kalsi Engineering, Sugarland, Texas
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Conclusion

This paper has discussed how MPR-2524-A defines margin and why margin is
important for operability assessment and static test frequency to demonstrate
operational readiness. The paper has also presented various approaches the
authors have used to gain margin on MOVs. It is noteworthy to point out that, of
the all the approaches presented, the use of COFs lower than the threshold
values is the most challenging in that it relies completely on the availability of
substantial differential pressure tests, which most suppliers do not have. To use
a lower COF, a qualifying basis evaluation in accordance with MPR-2524-A is
required. It is recommended that the utility MOV engineer that is considering this
approach should check with their valve suppliers to determine if such data exists
to support the GL 96-05 evaluations.

References

1. NRC Bulletin IEB 85-03, "Motor-Operated Valve Common Mode Failures
During Plant Transients due to Improper Switch Settings,” November 15,
1985.

2. NRC Generic Letter GL 89-10, “Safety Related Motor-Operated Valve
Testing and Surveillance,” June 28, 1989.

3. NRC Generic Letter GL 96-05, “Periodic Verification of Design-Basis
Capability of Safety-Related Motor-Operated Valves,” September 18,
1996.

4. MPR-2524-A, “Joint Owners Group (JOG) Motor Operated Valve Periodic
Verification Summary,” November 2010.

5. Limitorque (Flowserve), 5114 Woodall Road, Lynchburg, VA 24502
(Contact: Technical Service).

6. Final Safety Evaluation of the Joint Owners’ Group Program on Periodic
Verification on Design-Basis Capability of Safety—Related Motor-Operated
Valves (2-page letter with 24-page enclosure) — ADAMS Accession
Number ML082480638.

71



L

0

ILJE:EH

E—

3 |
| -
—

in
="

@
)

DESCRIPTION

HANDWHEEL

YOKE SLEEVE

GLAND FLANGE

GLAND EYE BOLT

PACKING

BONNET BOLT

BODY

BONNET

© |0 || o H (N

BACK SEAT

STEM

SEAT RING

WEDGE
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Figure 2 — Typical Manual Globe Valve
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Figure 3 — Typical Manual Butterfly Valve
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Online Valve Monitoring Helps Shell Achieve Goals at
the Ormen Lange Gas Plant in Norway

Stan Hale
Score Atlanta, Inc.

Abstract

Located on Nyhamna Island on the west coast of Norway, the Ormen Lange Gas
Plant is the source of 20% of the natural gas imported into the United Kingdom.
The gas is transported via the Langeled subsea pipeline across the North Sea
from Nyhamna to the Easington Gas Terminal near the mouth of the River
Humber on the UK’s East coast. A/S Norske Shell operates and maintains the
Ormen Lange plant.

Ormen Lange is one of the world’s most advanced gas processing plants but is
operated by a skeleton crew. In fact, Shell’s goal for the facility is to operate and
maintain the plant with as few people as possible. In order to accomplish this,
online condition monitoring systems are employed to monitor virtually everything
that moves in the plant including pumps and compressors, control valves, certain
structures, and critical shutdown isolation valves. A stated goal for the plant is
that 70% of the maintenance budget and maintenance spending should be based
on the results of condition monitoring. This lofty goal carries some element of
risk since critical components cannot be allowed to run to failure. Any disruption
in supply from Ormen Lange during the winter months causes significant
perturbations in the gas markets and affects prices across Europe. Therefore,
equipment condition must be accurately reflected by the monitoring systems and
maintenance performed at the moment it is needed.

This paper shall discuss the condition monitoring approach for the 41 most
critical shutdown isolation valves at Ormen Lange. The population of critical
valves includes a mix of single and double acting pneumatic and hydraulic gate,
ball, and flow control valves. These valves are instrumented with strain gages,
pressure transducers, and acoustic leakage sensors. The sensor data is
continually streamed to a data acquisition system that combines other important
data pulled from the plant’s distributed control system (DCS) such as command
signals, limit switch signals, and upstream and downstream system pressures to
create a complete picture of what is occurring at the valve during operation.
Acceptance criteria for key parameters such as thrust or torque output at various
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points in the cycle, stroke time, leakage, and other critical measures are
automatically evaluated by the valve monitoring system after each cycle and
icons in the system display software provide a visual indication of current valve
condition.

The monitoring approach is essentially the same as having a motor-operated
valve (MOV) or air operated control valve (AOV) diagnostic system continually
attached to these valves at all times. In our nuclear plant world, the analysis is
akin to evaluating Generic Letter (GL) 89-10 data every time a valve cycles, in
effect, allowing the valve to test itself and call someone when something changes
for the worse. Score Atlanta has been assisting Shell in evaluating the on-line
results and performance of these critical valves for the past 3 years. The data is
accessed with the right permissions from computers on the Shell network or
remotely through the internet and the normal valve signature analysis process is
used where needed to evaluate condition. The approach taken at Ormen Lange
illustrates how industries around the globe are leveraging the lessons learned
from over 25years of valve testing in the nuclear power industry by adopting
systems that make valve diagnostics and condition monitoring a permanent and
critical element of safe operations and effective plant maintenance.

Background

Following the introduction of the early MOV and AOV diagnostic systems in the
mid-1980s, the effectiveness and benefits of valve condition monitoring and
signature analysis were widely discussed in industry forums such as the
American Society of Mechanical Engineers (ASME)/Nuclear Regulatory
Commission (NRC) Pump and Valve Symposium, various Electric Power
Research Institue Valve Symposiums, MOV and AQOV Users Group meetings,
and at other nuclear industry conferences. The early success of diagnostic
systems for valves has also been well chronicled in numerous industry
publications and a wealth of information is available on the internet for those
seeking information on valve diagnostics and condition monitoring. The ASME
code committees have also made adjustments to the various codes and code
cases to get the most out of valve diagnostic and signature analysis techniques
used as alternative methods for in-service testing of valves in nuclear power
plants.

The leading valve diagnostic system and service suppliers have also marketed

every process industry in every corner of the globe where improved valve
performance is desirable. Because of the high cost and absence of regulatory
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pressure, adoption of valve diagnostics has not been as wide spread in other
industries when compared to nuclear. However, that trend is changing at a fast
pace. The move toward valve diagnostics and condition monitoring has moved
fastest in the offshore oil & gas industry on the Norwegian side of the North Sea.

The initial adoption of valve diagnostics for the most critical valves on offshore
platforms by Norwegian oil companies was not initially encouraged by the
Norwegian Petroleum Directorate which is responsible for offshore regulatory
compliance. However, after several years of experience with on line data
acquisition and analysis, the current expectation among operators is that critical
valves must be monitored at some level.

By 2003, at least a dozen Norwegian offshore platforms were monitoring critical
isolation valves with on-line monitoring systems. Strain gages, hydraulic and
pneumatic pressure transducers, and acoustic leakage detection sensors were
producing a new level of confidence in valve performance. About this same time,
engineers designing systems and components and planning maintenance and
operating strategies for the Ormen Lange gas plant were searching for industry
best practices related to valves.

In addition to valves, Ormen Lange has become synonymous with best practices
in all areas of offshore oil and gas production. The gas field itself lies offshore
and approximately 75 miles northwest of Kristiansund where the seabed is
approximately 3,300 feet below the surface. There is no platform or other vessel
on the surface above the wells as would normally be expected. The wells are
completed subsea and the gas is piped through two 30” pipelines to the Ormen
Lange plant on the remote Nyhamna Island. On the island, the gas is processed,
compressed, and then piped 750 miles across the North Sea to the UK.
Approximately mid way to the UK the pipeline crosses the Sleipner platform.
Shell took over operation of the plant on December 1, 2007.

One over-riding strategy that helped guide the design and planning process was
the need to minimize the number of people required at the plant for maintenance
and testing activities. As a result, heavy use of condition monitoring systems for
as many components and process systems as possible would be employed. The
strategy was clear and detailed specifications were developed for the valve
condition monitoring system and multiple suppliers competed in the bidding
process.
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The V-MAP on line valve monitoring system was one of the systems selected to
meet the condition monitoring goals of the Project.

One required feature of instrumentation used in the hazardous oil and gas
environment involves assurances that electrical faults or instrument failures will
not create enough energy to ignite a potentially explosive atmosphere in the
immediate environment. Various strategies are used around the world to protect
against potential ignition but the breakthrough for condition monitoring was the
development, certification, and use of intrinsically safe circuits and devices.
Intrinsically safe electrical circuits require very little power to operate and are
designed such that normal operation, faults, and shorts cannot release enough
energy or heat to ignite an explosive atmosphere.

A critical requirement of the Ormen Lange valve monitoring system was the
ability to detect through-valve leakage after the valve closes. Through-valve
leakage is one of the most important test parameters for the oil and gas industry
and certain valves must be tested periodically to verify they will not leak when
needed in an emergency. Broadband acoustic emission sensors are employed
by V-MAP to detect the high frequency noise caused by very small leaks at high
pressure. The leakage noise elevates the broad band emission output of the
sensor and also creates an initial peak above 100 KHz that spreads in both
directions from the peak when the amplitude increases as a result of increasing
leak size.

The sensors and amplifiers used in the field provide the conditioned data in a
format needed for automated recording in a safe area away from the valves.
Much like the portable systems routinely used for periodic MOV and AOV testing
in nuclear plants, the data acquisition units (DAUs) capture multiple channels of
sensor data streaming from the acoustic emission sensors, the strain gages, and
pressure transducers in the field. The DAUs stream the captured data in digital
format from the sensors to a server in a remote location. Data from the plant
control system is linked to the field data in the server via an OPC link. The plant
data includes time stamps for initiation of the valve cycle, limit switch actuations,
system pressure at the valve, and differential pressure across the valve when the
valve is closed.

The V-MAP application running on the server provides automated analysis of the
incoming data based on user defined limits in the software. When acceptance
criteria are not met, the V-MAP user is alerted at his workstation when viewing
the main V-MAP dashboard. The visual icons representing each valve change
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from green to red or yellow based on automated analysis of the data. During the
early phases of operation the alarms were allowed to trigger with every cycle
such that baseline performance could be established over a range of operating
conditions. After 3 years of monitoring, the acceptance criteria for force or
torque, cycle time, response time, and leakage have been adjusted to reflect the
baseline performance at various operating conditions and to help evaluate
changes over time.

Condition Monitoring Approach

As discussed above, the critical isolation valves at Ormen Lange include a mix of
single and double acting pneumatic and hydraulic gate, ball, and flow control
valves similar to globe valves.

Strain gages are attached to the valves to detect changes in actuator output or
loads in the valve that may affect performance. The precise location of each
gage was determined by finite element analysis (FEA). The FEA identified the
best location for the gage and the appropriate conversion factors for converting
strain to torque or thrust.

Since the actuators are hydraulic or pneumatic, pressure transducers are
installed in the supply lines between the hydraulic control solenoids and the
actuator cylinder. It is important to point out that the actuators and valves used
at Ormen Lange are much larger than the typical nuclear plant valve. The
isolation valves at the landfall accommodate the 30” pipeline from the subsea
wells. The critical shutdown valves on the export side of the plant are 42” in
diameter with a maximum gas pressure at the valve of 3,600 PSI. The hydraulic
actuators for these large gate valves can easily apply greater than 250,000
pounds of force to the valve at the maximum hydraulic system pressure of 4,700
PSI.

The leakage criteria for each valve vary by valve and application but the typical
acceptance criterion is .02 kilograms per second (Kg/sec) and .05 Kg/sec. The
leakage criteria seem tight, but when converted to flow it would be over 100 liters
per minute depending on the gas density. The acoustic sensors and signal
processing used will detect a leak as low as .1 liters per minute.

The Ormen Lange plant was designed and built to the highest safety standards

consistent with International Electrotechnical Commission (IEC) 61508 and
61511. IEC 61508 is applied during the design of safety critical systems to
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ensure that electrical, electronic, and programmable equipment are analyzed
such that the risks caused by failure of systems or components to perform
intended safety functions are minimized. IEC 61511 establishes requirements for
the specification, design, installation, operation, and maintenance of a safety
instrumented system, so that it can be confidently entrusted to place and/or
maintain the process in a safe state.

To reach the desired level of safety at Ormen Lange, features such as partial
stroke controllers for valves were installed in addition to the condition monitoring
system. Partial stroke systems facilitate periodic exercising of valves that cannot
be closed during operations. As a result, valves that must remain open for
extended periods of time, such as those at Ormen Lange, can be patrtially cycled
and monitored at some frequency. Both valve and actuator condition are
monitored and evaluated after every full cycle and valves that remain open for
production reasons can be partially closed in order to evaluate potential changes
in performance. Since these valves may be cycled at any moment and multiple
valves close at the same instant during shutdowns, it is not practical to capture
the periodic test data with portable systems. Automated on-line data acquisition
takes the human element completely out of the testing process and cycles/test
opportunities cannot escape the continuous monitoring process. Even after the
valve reaches the closed position, the acoustic sensors continue to stream data
to the server where it is combined with system pressure information to assess
the potential of a developing leak.

Strain gage devices and hydraulic transducers wait for the next cycle and the
command signals from the control room trigger the software to look for activity at
the valve. The automated analysis system looks at each parameter and decides
when to alert the user.

Data Analysis and Results

The typical valve actuator at Ormen Lange is spring to close single acting
hydraulic. However, there are also several double acting hydraulic and some
pneumatic actuators. The hydraulic system operates at 4,700 PSI and solenoid
valves route hydraulic pressure to the actuator to open the valve and they also
release the pressure to allow spring closure.

The gate valves and actuators are both reverse acting, which means the valve

stem is pulled upward or out to close the valve. When the stem is pulled upward
or out of the valve, it lifts the gate (obtuator) to cover the orifice and shut off flow.
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The gate is pushed down by the actuator to open. This creates a temporary
orientation issue for an analyst familiar with the operation and signature
characteristics of a typical gate valve used in a nuclear plant environment.

The backward looking signatures are easier to keep straight for a single acting
spring close actuator because hydraulic pressure opens the valve and the
release of hydraulic pressure allows it to close as the spring extends. One of the
early analysis issues uncovered by the monitoring and signature analysis
process was related to how fast a valve can close as it exhausts hydraulic
pressure. The signature data revealed that for the typical actuator the hydraulic
pressure required to start spring compression, which also starts moving the valve
in the open direction, is 1,200 PSI. The springs reach full compression, which
puts the valve in the full open position at approximately 1,750 PSI. However the
hydraulic system pressure continues to increase to 4,700 PSI after the valve
reaches the full open position. In order for the valve to close, the hydraulic
cylinder must release sufficient volume to reduce the pressure from 4,700 PSI to
1,750 PSI before the spring can overcome the pressure force and start to extend
which closes the valve. Flow restrictions were found which delayed the start of
the closure process and extended the closure time for valves required to stroke
within certain limits required by the safety analysis.

There were several different issues that caused the response time problem. In
some valves, the size of the exhaust side tubing was increased so the volume
could escape the actuator cylinder faster. In other cases, the hydraulic control
blocks that contain the solenoid valves were replaced.

The strain sensor data is used to evaluate changes in running force on gate
valves or torque on quarter-turn valves that would affect the available margin to
operate the valve. Some minor changes in torque have been observed over the
first 3 years but not to a level that would challenge the ability of these robust
actuators. By evaluating the relationship between hydraulic pressure and
force/torque from the strain gage, the analyst can assess changes in the valve
and actuator and determine the location of the observed degradation.

The acoustic emission sensors used to monitor the valve for leakage after it
closes are sensitive to very low level leakage down to .1 liter per minute.
Because of the designs used, it is very rare that one of these valves will develop
a significant leak and to date there have not been leaks that would challenge the
acceptance limits discussed above. However, it is clear that some of these
valves do develop very low level leaks from time-to-time that are self correcting.
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These leaks which are detected by the system are typically a few liters per
minute and can be corrected by simply cycling the valve. Debris might normally
be expected but the gas is very clean by the time it reaches these particular
valves. At this point they are simply monitored because when the valves close
the plant or system will typically be headed toward shutdown and lower
differential pressure across the valve. The cause of these low level intermittent
leaks is not known but suspected to be related to how well the seats mate during
closure under different operating conditions.

The valves with partial stroke control systems are exercised regularly and the
data is automatically captured and evaluated by the system. Since the valves do
not fully close, there is little diagnostic information about the condition of the
valve gained from a partial stroke test. However, the partial stroke limit switches
play an important role relative to stroke time. The amount of time required
between the close command, the release of the solenoid, the valve starting to
move, and then reaching the partial close limit is recorded and trended.
Changes in these times could be indicative of changes in the hydraulic system,
changes within the actuator or changes within the valve. The simultaneous
recording of the strain and hydraulic pressure sensor data helps to isolate
whether the change was due to changes within the valve or actuator.

All of the data is captured automatically without user intervention. The data is
processed and analyzed and the results made available through the site network,
the wider Shell network, and outside of the Shell network through the internet.
The end result is continuous real time confidence in the condition of critical
valves versus the unknown and often changing condition not detectable by
periodic testing programs.

Growing Adoption in Oil & Gas

The growing adoption of on-line valve condition monitoring in oil and gas closely
mirrors what occurred in the nuclear power industry when portable valve
diagnostic systems were first introduced. In the early days of adoption by
nuclear plants, the targets were problem valves known to directly affect safety or
plant operations. In the Ormen Lange case, it is about getting the most out of the
plant at the highest level of safety. This strategy has spread throughout the
Norwegian oil and gas community and into other parts of the world as well.

V-MAP valve monitoring systems have been installed on offshore platforms in the
North Sea and in the US Gulf of Mexico to monitor critical valves and known
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problem valves. Similar systems have also been installed on offshore platforms
in the Malaysian waters of the South China Sea and most recently in the Tar
Sands of Northern Alberta.

In the Tar Sands case, the initial targets are the 3 position coke shuttle valves
operated by Rotork motor operators. These large ball valves create multiple flow
paths which allow bitumen to flow into the coking tower from one pipe and out of
the coking tower through another pipe. These valves are notorious problems that
eventually lead to extended maintenance outages when they seize due to
excessive build up of hydrocarbon products within the valve. The monitoring
approach is to trend increases in the torque required to operate the valve over
time and schedule maintenance before the actuator can no longer change the
position of the valve. If the valve seizes with the tower full of bitumen it will
harden and require extensive manual effort to remove so payback is achieved by
avoiding the high cost of losing a coking tower in this fashion.

Considerations for Nuclear Plant Valve Testing

On line valve monitoring is not completely foreign to nuclear power plants in the
United States. On line data acquisition was implemented for a small population
of MOVs at the Pilgrim Nuclear Plant in the mid-90s as part of the GL 96-05
program. The data acquisition units are not linked to the outside world through
the plant IT network as in the Ormen Lange example, but they contain sufficient
memory to record the required data which is accessed locally by plant personnel.
The data acquisition units are connected to strain sensors on the valve stem and
current probes necessary to detect switch actuations are installed in the actuator
switch compartment.

Unfortunately, on line valve condition monitoring did not gain traction as nuclear
plants developed and implemented GL 89-10 or 96-05 MOV programs or the
AOV programs that followed. As a consequence, plants have revisited valves at
regular intervals to perform the periodic testing required by the MOV and AOV
programs. The continual at-the-valve testing requires consideration in the outage
planning process and additional testing resources are often required to install
equipment and sensors on the valve in order to obtain the required data during
the outage.

The many simultaneous outages across the nuclear industry during spring and

fall refueling seasons continues to tax the various suppliers and demand for
qualified testing resources often exceeds supply. Valves fail the test acceptance
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criteria from time-to-time and an unplanned corrective action is added to the
outage workload which may also demand additional resources. The process of
finding the appropriate qualified resources to perform the testing, performing the
tests during the outage, adjusting the outage workload to accommodate
emerging corrective actions, and risking extending the outage schedule due to
availability of parts may not always represent the most efficient approach. These
are the very issues that Shell wanted to avoid at Ormen Lange.

In the Ormen Lange case, the valves test themselves during each operation and
the Shell engineer responsible for valve condition monitoring is not even located
at the site. Valve testing is not a part of the outage and personnel qualified to
perform valve testing are not required. Maintenance is instead a precise
orchestra based on the data observed during operation.

Because of GL 89-10 and GL 96-05, strain gage sensors of some type are
already installed on many nuclear plant MOVs and some AOVs. The addition of
data acquisition devices that can connect field sensors to the plant network and
to the outside world can be easily adopted at a lower cost than once expected.
At-the-valve data acquisition units can communicate data using a dedicated
valve condition monitoring network or the existing plant network directly to the
valve program engineer’s desk near real time. As a consequence, valves test
themselves and all program testing requirements are completed as the valves
cycle during normal operation or during the shutdown process. Like Ormen
Lange, this online approach makes outages without at-the-valve MOV or AOV
testing a reality.

One hurdle to nuclear plant adoption may be how to overcome the real-time
stream of accurate information on valve condition while the plant is operating. In
keeping with the highest standards of safety this is desirable. However, it can
also give operators too much information and lead to unnecessary actions. This
issue is also a concern in the oil and gas facilities where on line systems are
currently used. Operations and maintenance personnel must be conscious of not
blurring the line between the systems required to operate the plant and the
condition monitoring systems required to maintain components such as valves. It
must remain clear that an alarm in the condition monitoring system does not
necessarily mean the component is not operable and this type of alarm should
remain invisible to operators. However, an alarm in the condition monitoring
system does alert maintenance and engineering that something is changing and
it should be evaluated. Occasionally, there may be alarms in the system that
after complete evaluation require immediate action.
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Use of on line approaches with ASME Appendix 3 (OMN-1)

The ASME working group responsible for the OM codes related to the operation
and maintenance of nuclear power plants and specifically the MOV working
group continue to process inquiries related to implementation of Mandatory
Appendix Il of ASME OM-2009 (also known as OMN-1). Several formal and
informal inquiries related to Appendix Il relate to test frequency and grace for
missed periodic tests.

Appendix Il represents a change from the prescribed test intervals of GL 89-10
toward empirically derived frequencies based on test data from each valve or
from groups of similar valves. The “every 2 years” of GL 89-10 and the variable
intervals of GL 96-05 and the Joint Owners Group Program are relics of the past
under Appendix Il rules. The new approach of Appendix Ill requires nuclear plant
licensees to consider margin, risk significance, performance trends, preventative
maintenance schedules, and other factors that could affect performance when
setting test frequencies for program valves. It is a highly data dependent and
analytical process not too dissimilar from the IEC EN 61508 processes used to
establish failure rates and diagnostic coverage of components that effect safety
in oil and gas installations.

As plants adopt Appendix Ill, they will analyze existing data and set test
frequencies based on the above discussion and factor those tests into future
outage schedules. Since the average number of MOVs affected by Appendix Il
and GL 89-10 is approximately 100 per nuclear reactor and each MOV on
potentially different schedules for testing or other program activities, the chances
that one or more may be overlooked or a scheduled test requirement missed is a
real concern which has already occurred for at least one plant.

Both of these issues and others are resolved by continuous monitoring of
program valves and automated data analysis. However, since the software
driven analysis can only be used to assess certain hard coded criteria such as
running loads, available thrust or torque, total thrust or torque, and other key
events, manual analysis by a skilled person or program engineer is still required
at some frequency. As suggested by the overriding theme of Appendix Il the
manual, visual review of data would be based on the abundance of data
generated by each operation over the life of the valve.
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Disclaimer

The views discussed in this paper are those of the author and do not necessarily
reflect those of any of the organizations discussed herein. The conclusions,
interpretations, recommendations, or any opinion expressed above may or may
not be completely the same as those of Score Group, Shell, the ASME MOV
working group, or any other organization referenced in this paper but are based
solely on the experience of the author relative to valve condition monitoring over
the past 25 years in a range of industries.
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FIGURE 1
Ormen Lange Location

FIGURE 2
The Ormen Lange Plant on Nyhamna Island, Norway

86



¥-MAP(s) - Ormen Lange - [System Status - | Ormen L4 15117560193
F Bl Arting Mairtenance QperationalData Securty Window

- N8 2 8.

B 2212

FIGURE 3
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FIGURE 6
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Abstract

The purpose or scope of the American Society of Mechanical Engineers (ASME) Code
for Operations and Maintenance of Nuclear Power Plants (OM Code) is to establish the
requirements for pre-service and in-service testing of nuclear power plant components
to assess their operational readiness. For Motor-operated valves (MOVs) this includes
those that perform a specific function in shutting down a reactor to the safe shutdown
condition, maintaining the safe shutdown condition, and mitigating the consequences of
an accident. This paper will present a brief history of industry and regulatory activities
related to MOVs and the development of Code requirements to address weaknesses in
earlier versions of the OM Code. The paper will discuss the MOV requirements
contained in the 2009 version of ASME OM Code, specifically Mandatory Appendix Il
and OMN-1, Revision 1.

Introduction

The requirements for pre-service and in-service testing of nuclear power plant
components to assess their operational readiness, are found in the ASME OM Code. It
identifies the components that are subject to test and Owner’s responsibilities under the
OM Code. The OM Code addresses test methods and intervals, defines the
parameters to be measured, and provides criteria for evaluating the results. It also
provides requirements for corrective actions. Its jurisdiction covers components that
have met the requirements of the construction codes and commences as soon as those
requirements have been met. The MOVs covered include those required to perform a
specific function in shutting down a reactor to the safe shutdown condition, maintaining
the safe shutdown condition, and mitigating the consequences of an accident.

There are several approaches that can be used for component operation, testing, and
maintenance. One is to simply operate the component until its performance degrades
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to unacceptable levels or it fails and then fix or repair the component. This run-to-failure
approach has never been acceptable for safety-related components. Another method is
to take a deterministic approach where components are placed in categories based
upon design and function. Specific test requirements are defined for each category.
Newer operations and maintenance strategies include risk-informed and performance-
based testing, where tests and intervals are based on the impact to plant safety and the
performance characteristics of the component.

The ASME OM Code was developed in the 1970’s and early 1980’s, and prior to the
development of diagnostic testing. At that time, deterministic based testing and
maintenance was considered to be the best available approach. This deterministic
approach was implemented in the ASME OM Code, Subsection ISTC, “Inservice
Testing of Valves in Light-Water Reactor Nuclear Power Plants.” Stroke-time testing
was the best the industry had at the time and was considered adequate for assessing
MOV operational readiness. ISTC included requirements for position verification,
quarterly exercising, stroke-time criteria for the quarterly testing, and leak rate testing (if
required).

Industry Experience and Regulatory Actions

In the early 1980’s, the nuclear industry began to develop an awareness of problems
with MOVs. The United States Nuclear Regulatory Commission (NRC) issued
numerous concerns and cautions, and issued a series of documents that resulted in
utilities developing MOV programs.

Inspection & Enforcement Bulletin 85-03, Motor-Operated Valve Common Mode
Failures During Plant Transients Due to Improper Switch Settings. In response to MOV
events the US nuclear utilities were directed to reevaluate the control switch setting on
selected safety-related MOVs. The torque switch settings were to be high enough to
ensure valve operation at design-basis differential pressure conditions. This introduced
the use of MOV diagnostic testing.

Generic Letter 89-10, Safety-Related Motor-Operated Valve Testing and Surveillance.
This Generic Letter (GL) expanded the scope of Bulletin 85-03 to all safety-related
MOVs and led to utility MOV program development. These programs included:
Review of design-basis conditions

Development of switch setting calculations

Use of static testing to set torque switches

Performance of dynamic testing to demonstrate MOV operability
Establishment of methods to maintain proper settings for the life of the plant
Proper post-maintenance activities

Generic Letter 96-05, Periodic Verification of Design-Basis Capability of Safety-Related
Motor-Operated Valves. Recommendation “d” of GL 89-10 requested that licensees
prepare procedures to ensure that correct MOV switch settings are maintained
throughout the life of the plant. GL 96-05 provided more complete guidance regarding
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periodic verification of safety-related MOVs and superseded GL 89-10 and its
supplements with regard to MOV periodic verification.

A significant concern to the ASME OM committee was the fact that MOVs successfully
passed the OM Code requirements, yet required additional testing, analysis, and
upgrades to function at design basis. The ASME OM Code requirements for MOV's
were inadequate and lagged well behind industry and regulatory activities. NRC
expressed their concerns in the September 1999 Federal Register, 10CFR50, Section
2.3.2.5

“...since 1989, it has been recognized that the quarterly stroke-time testing
requirements for MOVs in the Code are not sufficient to provide assurance of
MOV operability under design-basis conditions.”

Development of OMN-1

The ASME OM Subgroup on MOVs (formerly the OM-8 Working Group on MOVs) effort
to update the Code requirements for MOV testing began in 1989. The goal was to
create consensus-based in-service test requirements that would assess operational
readiness and eliminate the need for regulatory-based MOV programs. The new
requirements would eventually replace the MOV related requirements in ISTC. The
ISTC leakage rate testing would not be affected. In the early 1990’s, the Subgroup on
MOV:s developed new test requirements and selected the ASME Code Case format for
initial use. The Code Case format provided the quickest path for producing a
consensus document. Code Cases are voluntary alternatives to Code requirements but
they allow requirements to use and feedback obtained prior to becoming mandatory
Code requirements. Code Case OMN-1, Alternative Rules for Preservice and Inservice
Testing of Active Electric Motor-Operated Valve Assemblies in Light-Water Reactor
Power Plants, was published with the 1999 Addenda to the OM Code.

OMN-1 is performance based, where testing requirements and frequencies are
determined using MOV classification (similar to ISTC), design and capabilities,
operational use and environment, and maintenance programs. It provides test
requirements for the design basis verification test, preservice test, inservice test, and
post-maintenance test. OMN-1 encourages the use of engineering evaluations when
determining the testing strategy and frequency for each MOV or for groupings of MOVs.
Testing frequency is based on MOV design, capability margin, and what the Owner
knows about MOV degradation rates (history). OMN-1 replaces the ISTC requirements
for quarterly stroke-time testing, position verification, and provides exercising
requirements in lieu of the ISTC requirements. It is also the first ASME Code document
to allow risk-informed techniques.

Prior to the approval of OMN-1, utilities had to maintain dual test programs, one to meet
the requirements of the ASME Code and one to meet NRC concerns (GL 89-10, GL 96-
05). OMN-1 programs satisfy the concerns and requirements in both. GL 96-05
identified the OMN-1 Code Case as one approach for meeting the requirement of that
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GL. Based on the 2000 modification to 10 CFR 50.55a and later in Regulatory Guide
1.192, OMN-1 was approved for use.

Code Case OMN-11 — Risk Informed Testing

As the ASME risk informed initiatives progressed in the 1990’s, the Subgroup on MOVs
submitted another Code Case to expand the existing risk initiative section of OMN-1.
This became known as Code Case OMN-11, Risk-Informed Testing for Motor-Operated
Valves. In order to apply OMN-11 the Owner must first be using OMN-1. OMN-11
allows the Owner to relax the grouping criteria found in OMN-1, Section 3.5 for Low
Safety Significant Component (LSSC) MOVs. Existing groups of MOVs can have LSSC
MOV:s associated with them for the purpose of reducing the overall test burden.

ASME OM-2009 and OMN-1, Revision 1

While the development of Code Case OMN-1 was a significant accomplishment, it was
only the first step toward updating the OM Code. The Subgroup on MOVs has
continued to address industry feedback to improve OMN-1 and develop a change to the
mandatory requirements in the OM Code. The goal has recently been completed in the
latest edition of the OM Code. The 2009 OM Code no longer includes the stroke time
and exercising requirements for MOVs in Subsection ISTC. Instead, ISTC refers MOVs
to Mandatory Appendix Ill, Preservice and Inservice Testing of Active Electric Motor
Operated Valve Assemblies in Light-Water Reactor Power Plants. The 2009 OM Code
also includes Code Case OMN-1, Revision 1, Alternative Rules For Preservice and
Inservice Testing of Active Electric Motor Operated Valve Assemblies in Light-Water
Reactor Power Plants.

The text of Appendix Il and OMN-1, Revision 1, is identical. Appendix Il becomes the
required IST for MOV for users under the jurisdiction of the 2009 OM Code. OMN-1,
Revision 1, allows voluntary use of Appendix Ill requirements for users under the
jurisdiction of earlier versions of the OM Code. The scope of Appendix III/OMN-1,
Revision 1, is an IST scope which differs from the scope of MOVs mandated by the
NRC in GL 89-10 and GL 96-05. The scope impact has been minimized by being
applicable to Active MOVs required for safe shutdown of the plant. The revision
continues to stress the importance of engineering evaluations and justifications in the
determination of testing methods and frequencies. Some prescriptive elements found in
the earlier OMN-1, including confusing diagrams, have been removed. The use of
torque versus thrust for determining margin has been clarified and Code Case OMN-11
addressing risk-based initiatives has been fully incorporated. Considerations for new
testing strategies, such as Motor Control Center (MCC) diagnostic testing, have been
added. Finally, quarter-turn plug and ball valves have been specifically addressed.

The 2009 OM Code was published in March 2010 and is now being reviewed by NRC
for endorsement. The endorsement process is expected to take approximately 2 years.
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Ongoing Efforts

Code Case OMN-1 is being implemented at numerous sites across the US. Other sites
have stated a desire to implement Appendix Ill when it is endorsed by NRC. Table 1
provides a list of these sites and is based on our best feedback to date. The OM
Subgroup on MOVs continues to address questions presented by industry and
regulators. Feedback from users is appreciated and used in the effort to continuously
improve Codes and Standards. Recent questions received by the Subgroup and status
of these efforts include the following:

Implementation Guide. The Subgroup on MOVs has considered the need for an
Implementation Guide for Appendix Il and Code Case OMN-1. The Subgroup is not
currently working on this guide since other industry groups are actively working to
provide this. The IST Owners Group has a draft implementation guide which the
Subgroup on MOVs will review and provide comments.

Scheduling Allowance (Grace Period). The ASME OM Code establishes the IST
frequency for all components within the scope of the Code. The frequencies (e.g.,
quarterly) have always been interpreted as “nominal” frequencies and Owners have
routinely applied the surveillance extension time period (grace period) contained in the
plant Technical Specifications. However, instances have occurred where regulatory
issues have been raised as to the applicability of the Technical Specification “Grace
Period” to OM Code required IST frequencies. A Code Case and Code revision is
being developed to address scheduling allowance. Current thoughts include a < 25%
extension for test frequencies of < 2 years, with a maximum 6 month extension for test
frequencies > 2 years. The allowance cannot be cumulative.

Missed Inservice Test. The ASME OM Code provides corrective actions for IST where
the acceptance criteria are not satisfied. However, the Code does not consider the
scenario where an Owner fails to perform an IST. The plant Technical Specifications
typically contain required actions for a missed surveillance; however, instances have
occurred where regulatory issues have been raised as to the applicability of the
Technical Specification for a Code required IST that is not performed. A Code Case
was suggested to resolve these issues and incorporate requirements when an Owner
identified that a Code required IST has not been performed. The OM Committee is not
pursuing this Code Case. The general opinion is that the Code provides requirements
and should not provide an “out” for those who break the requirements.

Technical Inquiries. The ASME OM Committees meet regularly to conduct standards
development business. This includes consideration of written requests for
interpretations, Code Cases, and revisions to the code. ASME OM meetings are open
to the public and we encourage feedback, questions, and suggestions for improvements
to the Code. Instructions for the preparation of technical inquiries are contained in the
front pages of the OM Code.
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Conclusion

The ASME OM Code, Mandatory Appendix Ill and Code Case OMN-1, Revision 1
provide the requirements for design-basis verification, pre-service, and in-service testing
of MOVs to assess their operational readiness, These requirements have evolved from
industry experience and regulatory actions that have produced significant improvement
in the state of the art in MOV technology and diagnostic testing. Implementation of the
OM Code and Code Cases should improve the reliability of MOVs, assure their
performance at design basis, and eliminate the need to regulatory-based MOV

programs.

Table 1. Implementation of OMN-1 and Appendix Il

Sites using or implementing OMN-1

Sites planning to implement Appendix
i

Beaver Valley

Exelon (9 sites)

Calvert Cliffs

Southern Nuclear (6 units)

Clinton

Duke Power (3 sites, 7 units)

Comanche Peak

TVA (3 sites, 7 units)

DC Cook

Diablo Canyon

Ginna

LaSalle

Nine Mile

Palo Verde

Peach Bottom

Perry

Salem

San Onofre

South Texas

Wolf Creek
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Palo Verde Implementation of ASME OM Mandatory
Appendix Il

Domingo A. Cruz
Component Programs Engineer
Palo Verde Nuclear Generating Station

Abstract

This is paper is a complement to the overview presentation on American Society of
Mechanical Engineers (ASME) Code for Operation and Maintenance of Nuclear Power
Plants (OM Code) Mandatory Appendix Ill, Alternative Rules for Preservice and
Inservice Testing of Certain Motor-Operated Valve Assemblies in Light Water Reactor
Power Plants. The paper will discuss how Palo Verde Nuclear Generation Station (Palo
Verde) is implementing Mandatory Appendix Ill to determine the operational readiness
of motor-operated valves (MOVs) and the inservice testing (IST) requirements for
quarterly-stroke-time and position verification for certain MOVs.

Introduction

Arizona Public Service (APS) - Palo Verde elected to adopt the ASME OM Code
Mandatory Appendix Ill as part of its IST Program. This election was submitted to the
Nuclear Regulatory Commission (NRC) as part of the periodic 10-year IST update
required by Title 10 of the Code of Federal Regulations (10 CFR) part 50.55a. Included
with the IST submittal was a valve relief request which specifically adopted ASME OM
Code Mandatory Appendix Ill. Mandatory Appendix Il allows the IST program to
remove stroke time testing and valve position verification for MOVs. It has been long
recognized in the nuclear industry that stroke time testing does not provide assurance
of valve / actuator capability. The stroke time testing essentially served to exercise the
valve.

ASME Mandatory Appendix Il allows the reduction in IST testing based on
implementation of a more rigorous MOV diagnostic testing program. The primary
concept imbedded in the Mandatory Appendix Il was that credit would be taken for the
MOV program developed under NRC Generic Letters (GL) 89-10 and 96-05. Although
there are a number of technical requirement differences between the testing program
development pursuant to NRC Generic Letters and Mandatory Appendix I, the basic
concept is still valid.
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Historically, IST testing has been performed under the auspices of surveillance testing
in accordance with Plant Technical Specifications. IST test conducted was originally
required by Technical Specifications (TS) Section 3.0. Testing is now required per TS
5.5.8 and Technical Requirements Manual (TRM) 5.0.500.8.

Based on the election of ASME OM Code Mandatory Appendix Ill, it is not clear if MOV
diagnostic tests need to be performed as a surveillance test or simply the
implementation of a required test program.

This paper presents the results of research into the requirements associated with MOV
testing. The regulatory and administrative aspects of the requirements were
researched.

Regulatory Requirements

The basis for regulatory requirements originated in 10 CFR 50.36 as implemented via
TS.

e Review of 10 CFR 50.36:

10 CFR 50.36 defines the requirements for Surveillance Testing and
Administrative Controls. It is clear that if the NRC intended the IST program (and
via Mandatory Appendix Ill) to be included in the surveillance test program that it
would have included these test programs specifically in Section 3.0 of Improved
Technical Specifications (ITS) or would have invoked surveillance requirements
in Section ITS 5.5.8 and TRM 5.0.500.8. However, the NRC elected to include
IST under Administrative Controls Section (5.0) of ITS.

It should be noted that there are surveillance testing requirements contained in
selected sections of ITS 5.0.

e Review of Palo Verde Technical Specifications:

The requirements for surveillance testing originated in the plant’s TS. For the
most part, surveillance requirements (SR) are contained in Sections 3.0, 3.1, 3.2,
et. al of TS. The SR’s are specifically tied to the accompanying Limited
Conditions of Operations (LCO’s). The definition of SR’s is not contained in TS
Section 1.0, but the meaning and requirement of SR’s are clear from the context
in Sections 1.0, 3.0, and 5.0 of the TS.

Most surveillance requirements are contained in TS Section 3. However, during
the transition from 1980 and 1990 vintage TS to standardize ITS, many
programmatic and SR were removed from Section 3.0 of TS and moved either to
Section 5.0 of TS or to TRM, e.g., radioactive effluent monitoring program,

100



tendoning testing, etc. The surveillance requirements called out in the TS Section
5.0 and TRM need to be performed under the auspices of TS and the site
surveillance test program.

The basic requirements associated with Inservice Inspections (ISI) and IST are
contained in TS 5.5.8 and TRM 5.0.500.8. It should be specifically noted that no
surveillance test verbiage is contained in these specific sections of TS or TRM.

Administrative Requirements

Palo Verde procedures PD-0APO1, Charter 6.0, 73DP-9Z2Z14 and INPO Guideline 83-
031, Rev 2 were reviewed.

e PD-0APO1

o Charter 6.0 of PDOAPO1 provides overall administrative requirements
associated with testing and inspections performed at Palo Verde. It should
be noted that while PD-0APO1 includes the IST program under the
surveillance program, this is not a requirement of either TS or the TRM. It
appears that either this was a specific election of APS/Palo Verde or it is
based on historical methodology for implementing the IST program.

o 73DP-92714

o 73DP-9Z2Z14 specifically is scoped to include only surveillance testing
requirements. Implementation of engineering or other test program is not
included in 73DP-9Z2Z14.

e [INPO 86-031, Rev 2

o INPO Guideline 85-031 specifically includes IST programs under the
auspices of surveillance testing. However, 85-031 was last revised in
March 1992. During that time frame, IST was included as a surveillance
test per TS 3.0. This is no longer the case under ITS.

Evaluation of Requirements

It is clear that IST testing was previously required to be performed as a surveillance
test. IST testing does not need to be performed as a surveillance test based solely on
the verbiage contained in ITS. However, Palo Verde as elected to include the IST
program as part of its surveillance test program per PD-0APO1.

There are no bases in Mandatory Appendix Ill, GL 96-05, ITS, TRM, INPO Guideline
85-031, PD-0APO01 or 73DP-9Z2Z14 which specifically requires that the MOV program be
performed as a surveillance requirement. This review includes technical, regulatory or
administrative perspectives.
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The only logic which lends itself to pre-suppose that the MOV program needs to be
included in the surveillance program is if it is constructed to be a direct part of the IST
program. This latter logic is not deemed viable since the original concept was for IST to
take credit for the MOV program as opposed to incorporating the MOV program into the
IST program.

Supplementary Information

The existing MOV diagnostic testing program is well established and has been
functioning adequately since issuance of GL 89-10. The imposition of additional
administrative requirements does not enhance the MOV program nor does it enhance
nuclear safety. The only portion of the MOV program which interfaces with the IST
program is the performance of periodic verification testing (PVT), i.e. inservice testing
per Mandatory Appendix Ill. There are many MOV tests performed which are not
performed as a PVT, e.g. CMWO retests. The basic requirements associated with ISI
and IST are contained in TS 5.5.8 and TRM 5.0.500.8. The ISI program is currently
conducted without surveillance tests even though the requirements originate from the
same sections of the ITS and TRM.

Conclusion

It is clear that the method of implementing Mandatory Appendix Il requirements is to
utilize a surveillance test package as an administrative device to take credit for MOV
diagnostic testing. It is also clear that it is not required to be performed as a surveillance
test. The current program is functioning adequately.

Based on information noted above, APS/Palo Verde decided not to utilize surveillance
test packages for MOV diagnostic testing. Implementation of Mandatory Appendix Ill
can be performed without using surveillance tests. The MOV program will continue to be
implemented in conformance with GL 89-10, GL 96-05 and Mandatory Appendix Il
while the IST program will continue to take credit for the testing performed under the
existing MOV test program as implemented by site’s Routine Task program.
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Code Case OMN-1: An Individual’s Perspective

Bret R. Collier
Enercon Services, Inc.

Abstract

American Society of Mechanical Engineers (ASME) Code Case OMN-1 has been
around for a number of years. Several nuclear power plant sites have implemented the
original revision version of this Code Case, and at least one having received approval to
implement the 2006 version. The requirements of Code Case OMN-1 have recently
been incorporated into the 2009 Edition of the ASME Code for Operation and
Maintenance of Nuclear Power Plants (OM Code) as Mandatory Appendix Ill, which
means that once this edition of the OM Code has been approved by reference in the
Code of Federal Regulations, all sites will be required to adopt these testing
requirement/methods upon their next inservice testing (IST) interval update.

| was first introduced to OMN-1 at Wolf Creek in 2000, which was one of the first plants
to implement this Code Case. | have been involved with OMN-1 at LaSalle and |
recently wrote the first Relief Request used for the implementation of the 1996 version
of OMN-1 for Peach Bottom Atomic Power Station.

The transition from traditionally utilized quarterly IST stroke timing of Motor Operated
Valves (MOV) to essentially taking credit for the MOV Program can be a complicated
undertaking. There are a number of factors that one must consider and address in
order to undergo a smooth program transition. The purpose of this presentation is to
provide for those Program Owners who have yet to implement OMN-1, insight into the
advantages and disadvantages of adopting a risk based MOV Inservice Testing along
with an experienced view of the implementation process.

Introduction

ASME Code Case OMN-1 was first published with the 1996 Addenda to the 1995
edition of the OM Code. This version of Code Case OMN-1 has been referred to as
“revision 0” in the June 2003 release of Regulatory Guide 1.192, “Operation and
Maintenance Code Case Acceptability, ASME OM Code,” where it was identified as,
“Conditionally Acceptable”. Since then, Code Case OMN-1 has gone through at least 3
revisions with its latest version published in the 2009 edition of the OM Code.
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The 2009 edition of the OM Code, in addition to publishing the current version of Code
Case OMN-1, added Mandatory Appendix Ill, “Preservice and Inservice Testing of
Active Electric Motor Operated Valve Assemblies in Light-Water Power Plants”,
essentially incorporating the rules and requirements of Code Case OMN-1 into the
actual OM Code.

This means that once the NRC incorporates the 2009 edition of the OM Code into 10
CFR 50.55a(b) by reference, all future IST Programs will be required to apply these
rules in lieu of the standard requirements provided in ISTC when addressing their
electrically driven, active, motor operated valves. (Note, until the NRC incorporates the
2009 edition of the ASME Code into 10 CFR 50.55a(b) by reference, it is unknown if the
NRC will add additional stipulations/requirements to Mandatory Appendix Il1).

The Revision History of ASME Code Case OMN-1
The following table attempts to explain the revision history of Code Case OMN-1. Over

the years there have been a number of changes made to this Code Case, but each re-
issuance of the document has not always been denoted by an indication of revision.

Release | Publication ASME NRC Type of changes
Circumstance | Denoted | Denoted
Revision | Revision (not all inclusive)
Level Level

1 OM 1996a not
denoted

2 OM 1999a not 0 "' [ No Change, only reaffirming
denoted the 1996a version

3 OM 2004 not unknown | Revised to address up to the
denoted 2000 Addenda of the ASME

Code along with non-
technical format/verbiage

changes.

4 OM 2006a not Note 2 | Technical changes, mainly to
(also re- denoted address the Conditional
published in Acceptance Limits initially
OM 2009 imposed by Regulatory Guide
along with 1.192. Also added a
Rev. 1 listed statement to recognize Motor
below) Control Center (MCC) testing.
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5 OM 2009 1 unknown | Non-technical verbiage
changes along with the
removal of all figures which
should have been removed in
the 2006 edition but were not
due to a publishing error.

1 — Regulatory Guide 1.192 (2003)

2 — In initial discussions with the NRC in preparation for submitting a Relief Request to
use the 2006 published edition of Code Case OMN-1, we were first requested to
identify this version of the Code Case as, “Revision 17, however through the Request
for Additional Information (RAI) process, we were later requested to make reference
to this issuance of the Code Case as, “Code Case OMN-1 from the ASME OMb
Code, 2006 Addenda”

What is Code Case OMN-1/Mandatory Appendix Il

In short, the testing methodology utilized by Code Case OMN-1/Mandatory Appendix I

(henceforth to be referred to as “OMN-17) provide enhanced methods to both determine
the operability of an active MOV and provide better/more accurate criteria to be used for
trending the continued operability of the MOV.

In editions of the OM Code prior to 2009, an active MOV would be stroked timed in its
active direction with those results compared to stroke time limits derived either directly
from OM Code requirements or from the plants Design Basis Requirements. These
stroke time results were also “trended” by the IST Engineer so that they may
subjectively recognize a detrimental operational trend and apply corrective actions prior
to the valve being unable to perform as required. Testing normally took place during
plant conditions that allowed for the ease of testing, thus resulting in these MOVs being
stroked during static conditions, i.e. zero flow. While these stroke time test were easily
repeatable (a criteria vital to produce trendable results), the information provided by this
style of testing is not as suitable for detecting component degradation as is the MOV
Program where testing takes into account the dynamic operational performance of the
valve (i.e. under design basis accident flow conditions).

What OMN-1 does is essentially take credit for the MOV testing currently being

performed to comply with NRC Generic Letter (GL) 89-10 and GL 96-05 in lieu of the
quarterly stroke time testing previously prescribed by ASME ISTC.
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As with most IST, there are advantages and disadvantages with adopting new testing
methods. In my opinion, the advantages far outweigh the disadvantages with the
adoption of OMN-1. In the remainder of this discussion | will review, based upon my
experience working with and implementing OMN-1 programs, some the advantages,
disadvantages, and pitfalls that a utility may face with the adoption of an OMN-1
program.

Advantages

Reduce the Amount of Testing

Prior to the 2009 edition of the OM Code, ISTC required that active MOV be stroke
timed quarterly, if not on a cold shutdown or refueling basis, based upon plant
parameters. To comply with these requirements, many man hours must be spent by
Operations, Engineering, Health Physics staff, in addition to a number of other support
departments in preparing for and performing these test. The adoption of OMN-1,
essentially takes credit for testing which is already being performed through the MOV
Program. As a result, the maijority of the man hours previously expended in the
preparing for conduction of these quarterly testing will no longer be necessary, saving
tens of thousands of dollars per year.

Reduction in Radiation Exposure

Not having to perform quarterly stroke time testing will reduce the amount of time
personnel need to be in radioactive areas, thus reducing the sites collective dose.

Better Test Results

The purpose of IST is not to simply comply with regulatory requirements but to
determine component operational readiness and to provide assurance that pumps and
valves which perform a specific function in shutting down a reactor to the safe shutdown
condition, maintain the safe shutdown condition, and mitigate the consequences of an
accident, will perform as required. In order to make the most accurate determination of
the ability of active MOVs to perform these functions, the most effective and efficient
tools should be applied. MOV Program testing based upon GL 89-10 and GL 96-05
takes into account the valves operation under dynamic accident conditions and provides
results from which the valves “margin” under these conditions can be more accurately
determined than through the standard IST static stroke time testing practice. With these
more accurate diagnostic tools/methods, a more efficient and effective preventative
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maintenance approach can be applied to the valves, resulting in a cost savings in both
manpower and component availability.

Reduce Valve Wear

With the adoption of OMN-1, IST will only require that the valve be operated once per
refueling cycle, for which credit can be taken for via normal plant operation, in addition
to the MOV Testing frequency instead of quarterly. This reduction of valve
manipulations should reduce wear not only on the valve seating surfaces but wear on
the motor operator.

Disadvantages

Change to the Process

The adoption of an OMN-1 Program requires that an extensive procedure revision
process be undertaken which will necessitate a review of the plants design and
licensing documents along with training the plant staff on the new
requirements/procedures. This conversion process will take some up front time and
funding, but cost will be repaid many times over as a result of reducing the number of
future MOV tests.

Up until now, nuclear plants may have put off adopting OMN-1 due to the initial funding
and manpower cost, but as a result of the issuance of Mandatory Appendix Ill, delaying

the adoption of OMN-1 will no longer be optional.

Operability Test / Post Maintenance Testing

Before OMN-1, if maintenance was performed on the valve (not the operator) of an
MOV, operability might have simply been determined by the performed of an IST Stroke
Time Test. If the measured time met the acceptance criteria, the valve could be rapidly
declared operable. Once OMN-1 is adopted there is no longer an IST Stroke Time test
which can simply be applied as the Post Maintenance Test (PMT) when work has been
performed on the valve itself. (Work 